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r
 R eport on A c t i v i t i e s  o f
4 .  UNIDO-Workshop 
on F e r t i l i z e r  P la n t  M aintenance

P la c e  or t r a i n i n g  CHEMIE LINZ AG, L in z ,  A u s t r ia  
P e r io d  o f  t r a i n i n g :  May 11 to  Ju n e  2 6 ,  1931 
P a r t i c i p a n t s :

Mr. Md. Mansur Rahman/Eangladesh 
Mr. A.U. Mohammed Zubair/B anglad esh  
Mr. Yang Zhichao/People Rep. o f  China 
M;r. D essoki R. Ramadan/Egypt 
M r. Prem Kumar/India 
Mr. Jo h an n es P u d jih a r ' :o / ln d o n e s ia  
Mr. 'r tursid i Iaz iioor«^ noto/ lnd cries i 3  
Mr. J .A .M . S i l v a  C osta/ P ortu g al 
Mr. A.M. F e r r e ir a / P o r tu g a l  
Mr. A. H ass ib  E l-A sm ar/Syria  
Mr. Murat Ercan/Turkey 
Mr. R i f a t  Günebakan/Turkey

T r a in in g  programme:
1 s t  veek : May 1 1  -  May 1 5 , 1 9 8 1

Opening o f  f o u r th  workshop by Mr. C. K e le t i  , g e n e ra l  
in fo r m a tio n  on Chemie L i n z ,  vorkshopprogranune, 
i n s t r u c t i o n s  on s a f e t y  m e a su re s ,  fundam entals o f  
m a in ten a n ce , sp a re  p art? ; sy stem .

2nd veek : May 18 -  May 23 ,1981
The t r a i n i n g  took p la c e  in  th e  t e c h n i c a l  s e c t i o n  
r f  th e  ammonia d e p t . ,  c e n t r a l  workshop, e l e c t r i c a l -
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I VL

and in stru m en t d e p t. The team was s p l i t  up 
i n t o  s e v e r a l  groups. Study v i s i t  to  p e a t  p ro­
ducing p la n t  n e a r  S a lz b u r g .

3rd week: May 25 -  May 29 ,1981
A c t i v i t i e s  were s e t  in  th e  t e c h n i c a l  d e p t ,  f o r  w ater  
supply , gas re fo rm in g , a i r  s e p a r a t i o n ,  u rea  and 
melamine p ro d u ctio n , c e n t r a l  workshop and m«iteirûi 

t e s t i n g  d ep t.
I

4 th  week: Ju ne 1 -  Ju n e 6 , 1 S 81
During t h i s  week l e c t u r e s  and p r a c t i c a l  work took 
p la c e  i n  t e c h n i c a l  d e p t ,  f o r  n i t r i c  a c i d ,  c a lc iu m  
ammonium n i t r a t e ,  ammonium s u lp h a te ,  s u lp h u r ic  a c i d ,  
compound f e r t i l i z e r ,  cem ent, p h o sp h o ric  a c i d ,  s i n g l e  
super phosphate and c e n t r a l  workshop, as  w e ll  a s  w ater 
supply and gas re fo rm in g . Study v i s i t  to  hydro e l e c t r i c  
power s t a t i o n  on th e  Danube.

5th  week: Ju ne 9 -  Ju n e 1 3 ,1  £»31
T r a in in g  a c t i v i t i e s  c e n t r e d  on l e c t u r e s  i n  m easure­
ment and con troll d e p t . ,  c e n t r a l  v o rk sh cp , n i t r i c  a c i d ,  
ammonium s u lp h a t ,  s u lp h u r ic  a c id  and compound 
f e r t i l i z e r  p la n t s ,  heavy duty bag p ro d u ctio n  f a c i ­
l i t i e s .  Study v i s i t  to m ain ten an ce  s e c t i o n  o f  p e t r o ­
ch em ica l p la n t  in  V ienna.
I n s p e c t io n  o f  heavy equipment d i v i s i o n  o f  V o est  A lp in e .

6 th  week: June 15 -  June 19 ,1S31
In  the departmens f o r  c i v i l  w orks, e n g in e e r in g  and 
d e s ig n , m a t e r ia l  t e s t i n g ,  in s t r u m e n ta t io n ,  b o i l e r  
in s p e c t io n  and s a f e t y  v a lv e  r e p a i r ,  t r a i n i n g  i n s t i t u t e ,  
e l e c t r i c a l  m ain ten an ce , n i t r i c  a c i d ,  s u lp h u r ic  a c id  .

• and ammonia p ro d u ctio n .

\
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7 th  week: Ju n e  22 -  Ju n e  2 6 ,1981
The f i n a l  week was sp en t i n  v a t e r  su p p ly , gas r e f e r  
ming, c o o l in g  w ate r  p l a n t , m a t e r ia l  t e s t i n g  d e p t . , 
in s t r u m e n ta t io n ,  e l e c t r i c a l  workshop. Sem inars 
v e r e  provided  on c o s t  con t r o l l ,  p o l l u t i o n  c o n t r o l l  
and r e f r a c t o r y  l i n i n g .  Study v i s i t  to  m aintenance 
s e c t i o n  o f  a c r y lo  r . i t r i l e  p la n t  i n  Erins and to  
b e a r in g  m anu facturing  z^ rk s  i n  S t e y r .
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RECORD OF WORKING TIME

Month: May 1 981  

Name: v-* ' ' —  
N a t i o n a l i t y :  / ' > * * •  > i n -

"  P r o j e c t :  UNIDO-Workshop ( j j

•lay
Date Dept. A k t i v i t i e s S ig n a tu r e  CL

1 0 .

1 1 .

/ f  / l / ' - l ’AS- / / -  L P A» >V J) , r) ft-'' /> t  ** "t ^  V < L. 1

N i  - t -  < ' •’ c  (  f i'  /  (/\ ^  p  t o  1 H ‘ • //.< • i t s i '  (  i- S ' - ' fr -n .t j  <•> i
1 ..............- .

1 2 .
V

lb  < / / v  ‘V //  ( S' P t '<  < > ' / < * 1 7  ' A  , » f  r ,

1 3 .
in ' N \ ? r-'L C .'tC  u  ». 0  t r  y  t' /  f  '■>/•'< s  /> /■ •'•/ ' . / c v  t v » /  /y >'t t ' f  f  f  A t (  <v 7

1 4 . i
7~ 1 S\J A., {.■ ;? U  c ( ' h  t'-'At/Mr? /\ A A /f  y  • ( /  >1 /  ’ 7 < y < -T 7 f  s-r  ( V  /■ /

1 5 . Ki C c  < ,0  n> , -.st\ T r e )  ,\j OT- C  c / 1» /"S /T '£ <■>//•/A/ T A j / ia » , ' /  & €  W ' A t ' r *  ’(  ,V »- 4 ? y ’ 1

1 6  ; / f > * y •

1 7 . r r o t - t  r> 0  v

1 8  . A T } *
D /ft  c Ui: fcyOAJ jter M-J> / *j£, A X km f  A j/ i i  rra • Ê Ov’ r, V/V^/’r  7 t l  C*<* » 

i^rr , • * * * -  U4U# T * *  & r> e*py-T  _ t> J S C {JZI.ÌG*J O Ai V/AfL/CN/i 0 /*  <. e s

1 9 . ft ' i  C ( / i f i / i  Al O AJ S  /A /C  t «  772A/AI V I*  i f  f r o  ■S’ /A / i i t e  T72././A/ O iv  1 r-. 
O ' > c u t  < //> aj o u  V A ft-ieiD j. i K /

•0CM

~T /t* . , . ^ / S  c y  S S /O » ;’  1 r M  '  A/ ^  7-7? i /  H yfr,\ jr it  BPS’, <T e  sV f^fT  r )  Ì. O / j c t / C C i« « /  W / r i - l  AV ». > r^n r^ 1.  
r  .............  7^» « T / e  P r .

w /

2 1  . ^ 7  r  ■ fjr»*y»z:---- ----------------------------------- w x r i ! ------W A

2 2 . A t m D / S C y t t i o M  0  AJ V A -n - 1 0 0  C f A - e / i , . » , ,  * / a j  C o a ja J a  r .n 'o /O  o ( * - P l a *j t ■ it s
2 3 . Q & t s e & a l r~o P C r A - r  P c a .*j t  P J f ' m - f L C ^  C rtTr-t i & . C / AJ b  Aj & a o  S A c z A o t K t . O vu ^

2 4 . f-A O  U t  p > A y >

2 5 ^ ______ y t t  v J ^ / t r i / i i / D O  a/O o p c ,A A jt  -c -A rT ifiJ e p ? t > & f r ,  i t u r r  r v  w on -*- e n v p  p

•VOC\JI n V  I ^ i r  7 - 0  WULCW C -^ r V T T Z A t - \rJOt*.*.*t*0P , t> tlSC-OZ S/0*vJ 0 AJ V A, ft-t c-u i. V JC tlK  r ^ A / 't O A v o E A

2 7 . T~E- i - i y / z c O £ *  to*) iv/rf* C d f c r  Oc^pr, y f e t r  t o  c*T7^ f e v t c  iA jo / i* .* s + ó /> ,

2 8  . 7 & t »u> ■ h o t ,  t  P A  y

2 9 .
J> 1 Ì .C  1/  < t / t W  O aJ VAP-tOO* At&TO-ctP u * t z  £> / AV s*ArtAt d t ,  t /A /lv « t/<  e i u ^ i V ^ ^

3 0 . /»^C? i-  /  »  A» y-

3 1 . /-A 5  i_ / / > / 4 V ,

i !
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‘ RECORD OF WORKING TIME
Name: Mr.Md.M. Rahman 
N a t i o n a l i t y :  Bangladesh

n P r o j e c t :  UNIDO-Workshop

i t e Dept. A k t i v i t i e s S ig n a tu r e  CL

ie 1 TH*J • T74& <-!/= TT <; 6 S ' r  . /ieP+t/L UJOf'M <J/= Z> /¿ y  ¿5- ft. CP* Ayr -

2 -  VK»' <yrul>yt*t<i At- T7Vt C'-t̂ -AT/TZArC- '*SO£*St*t?P

3 J  *f H/ <=.TT/t>y t Ak, A T E *i THF C&n/nttL. k/ OA.K<3rtO f

4 Ov A - r /  " L- * ** ^  ey-TA/t; ivyTiv Ce<t6n &epT. Meerrtiu ivirn oajcpc ĝ- T̂gA/p r ,friA,Tfi

5 T7>k: v / < i U A  L - f ? H - e = A t T  f i t i W A / f i «  WecDt/MC,^ £4y><wV/.'4 f - t t u r *  ^ Co,vf y r r a  r^i !

6 VT-rv r /-XT i f y  C U R  S/O A) 7 0  Myonci  ê .£-C"T/*/Cx P0iO<S/i KTHT+QAJ A  T /H W /V/5f V , • ' W x i  v / " —
7 A' c? ¿-i' y . * ‘
8 HO C! t>A V
9 /4rny •i/rtwr^O /*7 /yjT/vj i t r ? ,  f/s»r€'* /7/v;<7. P lA/v T *hM S?AG NAHUfwt

10 /4T/U» A t t^ ajj>b  t> a t  T , - f e  a- T n  P & P T j A n  P caa/ 7 .
11 j r A A T7 r Aj ,\ r  r> /} 7 yf pi~ U ' i ’ t- At t 7 O /' * /’»4 . i ; ■' '"/ _ •  ̂ 1 :' Y ' :

12 (P  .-.r/v£ "  -  "* t o  \,'<">r:->r a  i. p } *■; c •> '1\ILA, X X _____
13 • - »' /’.V I / -  ■./■ ’"  7 - / ' • '  • / •  C y i V r  /  U ■ r  . v f t  . x'-/KaC ^ - A ^ - — - —

14 f  !  A  '  /■ ' *  / t

15 ' ' / <<•  c /! . / t . ■ /')i- *> /“ V / /  P r  /1 / ’ ** ' ' f 't *• / /  c / ' i* <- ** ' %f ' S ' ,  ,

16 r r * r * . 7* t. ‘  ̂/ £.* ^ 'v ‘- V  ^  ^<7 '■ r / ‘ C (' /" V- Py • . / / /  ' C P t , t ' 4 , ., ;

17 < >/- / ' ' ( - / ’At / ) ' < C t  '<* »<• / • . ' t  fir f- ^  ~>C / ■ r  t’ :»■  * A t  f ' i  t  r .  < 1 - ’'/>■ ■  A . t v 1 7 ' r- > )

18
l* • . * • . -f ‘ ■ . . ■ t

* * f   ̂ , A A y
: V v*/_ v  "—

19 rr~ p <' j  i  #) * y; i '  / «  ; / • .y  /5/ W / . ' t  t > ‘  *• '  '/<r ’. / y / v  . , f / ■ / . / > , •  x. ->

20 /  t y  t / / i  /1 Y

21 /  - O/t y

22 /> r  r, />,< s t ’ • ’ l A . r \ ( ’ / ' / '  / V ,• » < . / / /  - ■••. ,  r / /  / ,  A  A, r
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Ñamo: Mr.Md.M. Rahman
N a t i o n a l i t y ;  Bangladeshi
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RECORD OF WORKING TIME

81 P r o j e c t :  UNIDO-Workshop

t e Dept. A k t i v i t i e s S ig n a tu r e  CL

ne 23 / 4  '  C
, ^ / v  / ;• . > /• '■ '/ • ‘ i  ‘ > t r  v -• /■/, i ,

24 ' - V  r  i _  ̂ * '* ' 7  ’  r  s i  <■ r  v ■ t  *' • ' /■ ! y  c  /  V  ✓ 1 * * /> • . .  v  K  ' - /  *  s  > ,  . :  »  ,  j :

25 ' '■ • :  i  f  .• /< > i .. / i  ’  '  .* ' / •  ; ■'1 ■ ■ «. • , • • / / • .

26 ‘ ' •  •• . ' • , /<•». v  4  /  /•' ' '  ‘ ■ ■ a /  c a '

27 )
....................................................................................................  )

..... V  , ,

i  ^
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' RECORD OF WORKING TIME

"  P r o j e c t :  UNIDO-Workshop

Month: May -igei 
Name: a l- m 7 1 

N a t i o n a l i t y :  •-,£. « /-< '■-

la y
D ate D ep t.

1---------------------------------------------------- :-------------------------------------------------------------------------------------------------
A k t i v i t i e s S ig n a tu re  CL

1 0 . > «V
^ C C / i  ^ t .  fif=t i s ' t r i / O p  , / ) 7 7 {  A/.-i/ t > n , Y  C l

1 1  . C i \ aW:", c  : r ' / f  4 7// Iy X i ' k i / I P P  J rJ r /.'r Ai - t  , aa' 7 , 1  f  u  ■ h a K a Cx

1 2 . • A/.-CCilVr r> r n c > ‘i l ' ^ n n c  . O l i G . A r J / l A T / f i P l  C K J ' . L .

13. " T « " 7 H l i C T  t ù K ± .  '/£ » ¿ I'li'tl • ¿»/¿r (.'¡.i'rTU. w»!7 l C / l/> t  t > L - r > A t : v , n .  r
r
A /\ A / \

14 . " t ' v  MA tfJ ri - KÌA- i J c- e . ï P A i ?  1-' C ' A / ' T ì  ' - v i r r ^ f  e-T c  L

15 •
■ ^ Pc~F¥\,fz c  ti (> a aJ/ i # 7 /r *J UP c c  • » 1 1 /  7  7 o  h a a a j 7C t v  a /Or Pt  - ¡ PA P’/ s < / * _ r  A  J P

16 i / 1 r.AV '
17. P r l i l > A - /

1 8  . T ///v ' r /  «•*; A "  .7* Aj.’ iCVli m u t K A / t e P  ■ P - l f  < . '• ! /■ - / .  / /.(V r v  <• r c  ■ r-y K’L’.I >'!'  S't’.'r '  /• /•< ,
-

* •  ' .A* 1 / Aft *) /  I /
! 1 9 . T V f J <*>/£¿1. Si £2, '•fl'-'. • C P l ) -*> ,*}(.. M r t X T l  . U(t/Ll>LLt V "■« /v.->v /-re l£ ‘ ,!/':,..■/?> 7' //t ■.!■■'//. A,c J  J  .. . 1

•

oC\J T N E / t m P »'»£<•« . r/r<-i - I , r / I  I f , ’ . 1 X 1//1  r , r  h f - J '  r  7 Y “ H A T f t  ‘ A c  7 / r  r . . .  . r  r  “ R I A * .  / * " ,  i / A  • *••  , 1  r  - r~ I'” . I .

2 1  . T  H t * J 'f l \  *.-»//■ *r',.T*Ar V» ■> - ,'r <• f>i '* J £'(TA / i V / M / .  ri  l'f ffrf.'i ,Lv,A' P< t /P. <■>* Ptk' ' v  < v ■’ / * ' rv ‘ * 1* '  r r

2 2 . 7  H  Ia J i * r * ^  V t  f i v  A M A  A i f f . f ’ - f c /  O '  ^  * 7  t * e & +  t ù t , i +  * / > ' . * '  ^  . \ ' ‘. , r t y —f * f  -r/ '  * /A /A .V ,  7 V r .

2 3 . j  f  V  A £ 5 / C » v> r ' '  p i  A ’ I ' t A n j r  <?>* <“  L .  r » X 7 \ P  ; . / \  £ V / * i  7’ / ,  ■ V Y U a _ —

2 4 . /  r.-* A V
2 5 . & 7  H .V . 7 «  Ì f t  A  ■ H U  A H / * t T  / ' / a a PL.  a M - a I - < / ' • / ' a / ’ ( “ f  r. t . A , r  V ‘..A fi, 1 / . - ’ /.-Kl .  i ' / Ar J >  •. .  > f  1 t  ’A  . y - A f ,  r  V . '

26 . & 7 H / A T & »■»V ▼  T &  l X ,/ » V H t / A l O f i t l  A! fi ,  ■ 4 . *. 7 u & r 7 >  r v t  V A T i r \ X , \ j ‘~ 1 A Ì W  k / / . A i / P  / a K / * ! X  ■ /■! r  fi ’ . ' • * ,  . A  i  A  , -»• # ' A« .V . /1 > •( • ; r , . v / r j  | Ì i / A À

2 7 . T f  L  / T H U I • / j r m  ¿ ¿ f  r * - r  A l  A< l  *7  V V  » r .  ^  A»/X f n ^ r u  A  r . ' p ' * -  V  - V  /  A A  i # / ‘ « Vrf < 1 . A.I / 1 ^  ) ‘1 ' 7  y  "  f r\ Yy
J 1 / / /  

' 1  *. ■' »J ' l > i .  A ' / < a Y7]:

28 . 7 / r i  /  t > A V

2 9 . A T  6,

30 . ' / Z 1/  /  / j A  /

31 . >/r/ /  £>Ay

_______I

I



CHEMIE LINZ Afì

IV L
•l V

u Month: June 19^1

RECORD OF WORKING TIME
'xüi- Name;Mr. a .U .m. Zubai. r 

N a t i o n a l i t y : Bangladesh
^  P r o j e c t :  UNIDO-WorJcshop

a te D e p t. A k t i v i t i e s S ig n a tu r e  CL

le  1 A T  A ' • ' ./• 7V . •••_/•'*/ V. .'l VS
2 A  T a / tr*, v 7 *9 /J. p. ’ v ' *f‘ A h rn-P'' t AA/\rr.\‘tX f /  K ,■>, , a, /» T.J r S-Ai / a. *. i ' . /  ■". • ’ . t A V v \V

3 A T N i iAC

4 T  K  r \ e.%< \ j  '( ' f i n T / r  *« N 7./Ì./V 5:1/7. //»fs 7/. /•;./< ■ t . m  ih>T'» j, N: t. i L’//.ßi . <■'< > •' i .. 7/r-'. "  "■ A i, •(. \  \<
5 A  7 a / '"-v 7 7ff < A A . r  A.\i, . '-.fi' 1-i 4/A/. ' ''
6 uriyf 7¿Al iv.p.1 7<- H // 'L ö  n t  C n.ic i f *S 7 td  i/viT/crv /»/ AA.iy.'V 7S£ /V
7 L *O i  -f.A /
8 7 r , iS A 7 ‘
9 A T P 7 C> A f f  ■ 7 t *.’/ ».Vii. <*/«•. /’1/’.': •" 'V i f *.•: 7 W /fr  1 ,1 C f  /1//. rV * a- \  *  //> \ . f* t 1 f-n. r »

10 A T fi » >> ? ~r • t f'<! NT  ■ ' ■ /, _/• . Ai’ fA Ì l'/’A'" » 'V.." ' A Afu'.f7> SA ‘ ■"/t 't .

11 J','1 ti.'t D 5-»»t«VV/ / / t AI ''»Ti BMi>; f r  7 / • . iv ,»»/. t i i f l  Tr // .,s At !. l/(. ’ S^J.V -fu i  •
12 V7J.-T 7 (7 l/fffs-' A//>fAf7 AT //*/■?
1 3 l / l i '  /  7r> /Y 7*'0i ' / f r / / /  /> y l/'/rW/J* -
14 / 'y
15 A t  7> •'‘S't/.Wvs/ / r .n  r /»«’ •• H 'V.'/s . firvArf.»s VA l r"S . '  . / i ’ / f 'S i">' ' . ’ ' - . f i ' .  t'l A, / T .
16 A 7  f> r 1j t f t t  '•/»/.//♦■*/• < "  Ti'if t/A/.t -ti. /'/'i <’,1 / //<, A/S *■ r. ■* > /1 "'S  ■'•.'/ 1,
17 a l w/7// M J H aI T x r r r r  /'S n  hj £■/’ /; i "  0 / a/SattR  .
18 A  OL / i>>% v
19 A r p ¿>/Sf i. i<;/fvj /Hrvi/T C f>r>nL%i BAJ i  "  tN F n C  / A  A T f l  Al &h V s .. ..

20 fifiCL / Z>/̂  v
21 A t > L / b  Ay . ..
22 ~TH P V'<srr To MATCT/A-L. YC-^-T/ATi W7>77, /VCfftV ' ■



CHEMIE LINZ AC

IV L

Month :SJ U
4>  ©

* RECORD OF WORKING TIME

81. P r o j e c t :  UNIDO-Workshop

June 1 9 8 1
Name: Mr. A.U.M. Zubair 

N a t i o n a l i t y :  Bangladesh

»te Dept. A k t i v i t i e s S ig n a tu r e  CL

ne 23 T H  p
Cf Ï--V

s e v f  F c f- n u r . * - > t  9 "  t V - t A t  t i ^ T ' A T ,  ¿ i ' i s .

24 ¿ i e - y j r t 2u L ^'S/7 70 A c è v i o  r e v /  f ' ^ ^ r j r  /*,/■ **;/a/T, T t / i r l  ■ > ! ' A c t  iv ’ f  ^  7  SVi y/’ ,

25 * 1
C - C ' I  C t r U T C P i  • 7 / Aj />i_ / tt 'T7 /AÌ7 i h i l  T U f i J / f i f l  P P  l l  0 '  / 6 >0 <'\>ihjT>P£'/_

26 t .
f / t j - t r u  c L -s s / e r jS  1 - Ì i  A-e 7> / f ■ '*  / mT c ^ ' S o ' d

27

. 0  / V -— 1

'1 1 L 'i,  ,
k  \> ‘ ' C



CHEMJ.E LINZ AG

IVL
Month: May -1981  
Name: )'M<j Ch'AG 

N a t i o n a l i t y :  (
* RECORD OF WORKING TIME

4 )
)

'  P r o j e c t :  UNIDO-Workshop

'■iay
Date Dept. A k t i v i t i e s S ig n a tu r e  CL

1 0 .
1 1 .
1 2 . T sit'c ¿.CO c e  -A e , .  / f<7/,, / <1 1 /
1 3 . .It' / ' / ’ 2 r  d  v
1 4 . t>>d. ^ r /  5 /  J > i O h / f r * ; c 1  >/cC .  . }^cT/ f t  ? 1/C f e  , ■, o f  <2 /.
1 5 . /'£/><.?// i> r scf r 'oï '  o f  c  / j t f v f  fo  » /1.1 ! n /f  f/Si :-<ur / / < / > /  f T f
16 . ¿zcZk/<-'\/
17 . M t / c i y ..............
18 . >- J  ft  uY'*/fTji iC7~ /A, Cf/Z//.//? ¿i YîlY s I/ ¿Yf'Ste /f/t/jT. ,  f h i  {
1 9 . -^ fh  L-:T lZ/j/yr//»-e_/> f k  Y/r•>, Y f  t , f
2 0 . J f s e f t \ 4  X ' / f f  SiÉc7Yìft~>c I'YeY/cO/ / / c i \ x r f / ‘> Cl, f  O •*,?/*• z-e_a_f f c + Y  e /r  y-teLy

----frt----=------------------- 1------

21 . ^ f t / Y v / n . ^  . / { T  s f r  e f f / r a  f  Yx¿¿Cl/ f f / s r / / f
'

2 2 . ~l>YcrYt//J/X  n f  x /x x f s - y  oûJ  o/~x±Z./- f f / s 7 f +  ■
2 3 . fz C u  Y k  - o/î î a /  s / ( e .Z  /tee* - w / r f a s a
2 4 . # c / , S a *  ' J "  Y

_____ ,

J
2 5 . o f  x x / * f 7 h t f  •y*^-/z\Y^x'>
2 6 . - <i/iZ e /f  , ‘/ l4 o f  C C u f / f c z / . \ l U r ; ^ .
2 7 . f  o its e J c fL t  x e f / ì j f  ¿T aT Ì vc/  . < ' ' / /  x f .e e /X y Z o _ C ' [  •. \ /■̂•••-
28 . Y f f /  j A f / . Y n f  p f  - f i t x f f x c l s ~ )
2 9 . . , 'Ku----
3 0 . Y / c f  c/a x ' 1'
31 . Y Z c/ f Y C/___________ ;_________________________

7

_ 1



CHEMIE LINZ AC " Ú . Ù Month: ju n e 1 981
IVL Name: Mr. z . Yang

RECORD OF WORKING TIME N a t i o n a l i t y : China
P r o j e c t :  UNIDO-Workshop

i t e Dept. A k t i v i t i e s S ig n a tu r e  CL

te 1 . Xitì^— -•
2 c p f  r r / 'T?s-ccf W*/ :s / n yJ /U< L—
3

t 7  ̂ /
/Ó u—

4 ■ • -7 / . --»r - -
■'i

5 t<<i-—
6 < i/— ^  /

7 ■ r-'L- < ,/
8 Ä . /

9 )
\

10 i
11 w / l .  c - / « / c * .7 * ~  Z27(f ~ -$77J. rí-¿)¿:> cisT » ? * .. t
12 XZ ■¿' 6£  Z T  / ¿ S S J ?
13 'ÙÒXt i f  .s ù  iZ L i V "  V̂-É’Û.jtf'f'L.t ’¿U C '• ¿í/SLí^
14 f /c t > ‘d A íí
15 r J ù f <<-r U'T -Í-CC J . • f  **“ * >>i ...
16 cC f ¿C jij *-$'77-/ C úyzca Z,-t «- „ z ]• i
17 l'î -C ¿C Í J l/ j í  ^ k r c m / ' f ^ e  _. 1

18 Æ & r *  1
19 L Cf ü/\<J thS_ cxJ / f  ¿ m  ZúzpXM f't~  ̂ * ,Z * G.\~—
20 ‘ ’ '/ 'J '. L / trf.< V ........  ■- ■ ■ --
21 / / -1 '* '/. .< . i h : . i
22 '■/ / ■ _ / *7" » • +- - .

■ .7 % t . ^ .*■■, ■<  ̂ i ■-•'/ i'r/y.-.i . /¿.S/, ' ,-, /---- - A'/ . -i'/ / //< r.f /  ------------------------------------
t

J
1



CHEMIE LINZ AC u S J Month: j une igf?1
IVL

' RECORD OF WORKING TIME
Name: Mr. z .  Yang 
N a t i o n a l i t y :  China

81 P r o j e c t :  UNIDO-Workshop

i t e Dept. A k t i v i t i e s S ig n a tu re  CL

ne 23
24

i , / . " ’ r** •< ‘  ̂ — • .f  * /' • • •• .
25
26
27 ‘ »

h f  '

\  .Tir / >. '

j

Í



CHEMiE LiNZ AG u  * 4 V J
1'  V.

Month: May 1 9 8 1
TVL

'  RECORD OF WORKING TIME
W Name: Mr. D.R. Ramadan 

N a t i o n a l i t y :  Egypt ,
5 8 ! P r o j e c t :  UNIDO-Workshop O

i t e Dept. A k t i v i t i e s S ig n a tu r e  CL

IV 10 Yvi Vii'NKjrf. m T Z "w l7 r^  Voy C . L I
1 1 <fWr iuui<2- A  7 H £  4  . W o K k U Ir l)  vW lftofiUClVou *lo c l ,
1 2 . u ' r W k ^ \ o p  o ?  c . L . r  , 1

13. 1 k )3 > T R a C T "/ > U ^  CM <±A\CTy  M A LSu£ t f S ,  bi<*CU ^O O \j C i v i l  . y V u i ^
14 o \  MAlvW/r u A \ JC ? ( PrtRY S S y s T P ^  c>V C . 7 J

13 R c p A i f ?  o t i ^ A U N ^ A i V ^ k i  c^' c l  t V I S . I T 77  ̂ K A iU f T k J A L iC F  « ^ .d .  H f P 1
1 6 Vfc'/iT^Py \ 1 ’
17 X V W i t o t y
18 S A ,  f . w K j r - ,  I T  M E  i u^»T7?fl i o r  Y ^ r ( V ) .

! 1 9 r i 7 ’ii c f y l k i r -  /a P  ( w P . T t f u ^ A Y  U P  p r . P t f . /
2 0 H r r 7 T o < ^  l«J i "I / J i u ^ T t f u M P  M r  C>CP/9. /9foP> H f l n r * u a Z  T Y ^ T /  w c s . f a l i -
2 1 r / r t / i > v / k ) ^  o t ( T E L  }  /^ l  F C T ' & x C r t l  r V - p / K
2 2 ^  // \ r
23 P x < L u  15*3.10 to "iTs P z ^ l  ~ p i  x>rvi TV » C C L U C  /9 ^ C./3/ 1 ? f5 O  .
24 Y v\ol*i^evw |
25 S t i h w m P. a i f  E V T f O  Q /L frZ /iM iu  p Z / ^ l u T . v k d 4 , /
26 ^  ...............  ^  // Y/ . -  ' ’ \
27 M t F i r T . u r x  L U -T H  ( T F L ^

f ,

28 P - V ^ t  p r ^ u c Y  ^  f -1 ia<\t > a '. 1;
2 9 S i " .  1 O W / l i t f  / l X  +  t A  U 7 .f t\ o % )u A  -  \
30 M rp| i v > a y
31

M

i I



CIIEMIE LINZ AO

IVL
u
&

' RECORD OP WORKING TIME

Month: June 1 9 A 1

Name: Mr. D.R. Ramadan 
N a t i o n a l i t y :  Egypt

P r o j e c t :  UNIDO-Workshop

a te Dept. A k t i v i t i e s S ig n a tu r e  CI»

1e 1 ' I / 3  rft ¿ ( ' Ì Y é i  \ lì .tè ‘1 c  < i f f C /  -  C'/\ i- L 1/1\fJl
2 t  i 1 v/ ;

3 /1
4
5
6 \C-tv
7 > SS ^  <*.»/
8 y ■ ">1
9 -it f  (  /VT’ P ^  V\? C o q  j  C a  1  P*'1  ̂ *  Y _ L __ _̂_________

10

11 f-L*.' ~tY?i î . : ' ¡'■Wl'ZÜ? v t l '  & --/ A  i sjt ./ C ¿1 .“\” v 1
12 ~fT\ -i.1 4— \ 'f /t / f ^ x  v~ 7 / 1 i\i ~j

1

13 \ J i c \ ‘T~ 7 D/_ TT4 r  t-4 Vr t-A V 1-  / •./ . f
14 \ V—\ / . \"\ A \J
15
16 1 /
Ï? M ♦ jt ¿TT_a / T" i i .  > s. . t 1 1 A JÙT r*-. A P / J  vjV^LUV,-
18 K v Y\ *»/ *V ^  a  v/
19
20 X . , » /  J

21 V-

22



t

81 P r o j e c t :  UNIDO-Workshop

CHEMIE LINZ AC!

IVL it )
RECORD OF WORKING TIME

u Month: June 19A1 
Name: Mr. D.R. Ramadan
N a t i o n a l i t y :  Egypt

»te Dept. A k t i v i t i e s S ig n a tu r e  CL

ne 23
24 \ 7  1 "  1 " s V  ,* (  f tz T A tfiw  i ' t c t / S l :

25
26
27 ' ' ( /  c/

/ r r r i



r

CHEMIE LINZ AC 
IVL

Î

Q
4>

RECORD OF WORKING TIME

Month: May ig8i 
Name: ft'cn K o m /ia 
Nationaiity: ¡t i .m a i i

"  P r o j e c t :  UNIDO-Workshop

■layDate Dept. Aktivities Signature CL
1 0 . &£NL. fAfULlVAL- /N .. VifWN/l. A T T R H A e n  A T CHEMIE L f n  _
11 . Cf'FN/Md f /-' F-CuPTH W eCK iH c  r  . / N T P C A . / < T t C r* Tc Cl. f TA N /Î c /••/.' V 1 f1 2 . i 1 's* O P. P SLU c P Pf.C C P .A M M E  r £' C/-) 7*<’.'s <*J ~/f /-v £/" C L I \s V\\JQ1
1 3 . tt I n s  r jZoc rtcMZ ùn s a f f t v  m/ f a S o  /J F .1 h u c u s s t c t *  s v* i r  h <■' t u, l. nr P e r
1 4 . 1 » F u n  ¿A MC- J* TA LS OF MAIN TE N A MC.F. SPARE PAKTS L y s r C T l  OF CL
1 5 . o P.EPA/A CPCtAN/JL AT/ CN CF CtiEMLG. U I N «2. - Vt± ! T Té MA/t y", fifi P T T PTP ..
16 ; \ JV 0 L / A A V
17 . X J-i C L. tS> A y
18 . /1 T H »/iw ^i^tr/zìN C/' b £ P T r ,  Ay /"fj2. /-’/<,« HiNat-fi. - W.&tT_. TÙ.X CMp'HF&icAi ) f r
1 9 . A t  h

/»iOU1i>/ic yii KNJ PfirR M n n* r . Cc/it-ntiS Cfi C CM Ptl A s± - V>SiT Tc CL fi A tt/-/c N //1 t K
2 0 . TM c 4 r f-L A i* r

1- E c . T u f t E . Ay T n s t R u m Cn t  ¿wn.A MATE (UAL. TESTING, Ff i -PrrS
J J

21 . f * T  H D i S t u s s  , a t * s  P e a .  C C m fi tF u G A  L. < tMPPELSe P -t Po m Ps — viS z t  Tc _S ì n C/.,~ TfUU,> 1 f)
2 2 . A t  h T£c n b isc  uLL ic/*i /2 e c; P Pc  Al. £ riL + Aj>M,t*i.*r/CATici* C F b fi P f r  /> t m ‘ ^ : h !j
2 3 . Gs£ mL Üucl*/Zx/ûN  Tc Pfifi T Fl ANT Cfi c-i_. /*£AP SAl-F'.PUjCG

\

2 4 . AH o  L i J> Ay

2 5 . 6>t  H /N T£c bue  r i ci* c f i u P E A  P l a n t  * \'sL I T 7 r (jt.'fiA PLA N 7' + S rcPARfi ] J u nA r.
2 6 . A. t b i n t  P c  nue  t ter* Vi l i  t c f  t i e  L . < m • /* t~ Pl a n t 1 ] w M J

2 7 . TER 4 tu LfiCTOKfiS. P f t l  f iLfic /. •+- c £N TPAL *feK.K Sfiep bC P t TL /1 LL i i‘tX/7 Te Fl. FC,
28 . x' JA 0 L 1 h F*  Nc PKi l i c P -frv Aa l f n c /h c  ni j _____
2 9 . & T h b  IICULLIPNL F e e  Up-Efl S i f i p p p p .  -  ViSt r To U Ce A &ICPAC,£ •* A fi Cf'F, ’i* F, u n . j
3 0 . * HOLIOAV
31 . ____ 1

l-IOLlPPy



.CHEMIE LINZ AC3

IV I 4>
RECORD OF WORKINC TIME

u u
r'\

Month: j unG 1 9 ^ 1  
Name: Mr. P . Kumar
N a t i o n a l i t y :  In d ia

31 P r o j e c t :  UNIDO-Workshop

a te Dept. A k t i v i t i e s S ig n a tu r e  CL

le i A r a M  r ß f  o j  f  r i C M  f  <-* t > ä P ~ T .  \/ 1 1 T T c  b~*AT£/il K j ,  *  A i t i - É  r\ b t ' f  t> i - / ' l7bJL

2 A T  G V i C , T  T C  S r £ / ) M  A E Ccfi i H  Q 4 G A S  D/v,<>ib*(; P l a m t s  A i s  < v  Sc ! f  /v<. Cr  P A c A ì- E m . s ì  m ù \

3 / I t  P I N T Ì Ì C I Ù C  W f N  V I S I T  ■ A f±t b 7 i f « .  D / l < c / « a ' / V i  f l / l i ' W T  H  1 - S c  t-i *  Tv P à. P l /, m

4 c t m .
•*. C E M E H ; t en H T

m e e t i n g  î . / t h  ¿ E s t e n  n e P - T T  . o n / O L  r - ì f f r / 1 ' i c  l Ai i r bt  m c A K s

5 a t  P
t i u A/C. / L

! h t A c c u s e  n o n  _ v i S / r  n u n  T E C H ,  f l / i c i / u / e w j  P E C .  P £  ft. /  He  s  / ’/ /  /t t n  f  h -% <,
f  \]A j \j X s  ___

6 -  -  „  „  .  _ . p A ^ i f - I A r  J T r / ‘ Ai i E  / ' W 1 T H- • * ’* '£  / i ^ l
t u c v / ^ i / i w  T O  f l A w / N O £ N  A S r / i M  J W o i t l i  /- z_/»o T > O c .  P l /i H t .

/ v j

7
< H c t - 1  ù A V ___________ :____________________ :_______________________________________________________

8
V

>oo

9 A T M W / S / T  T o  A h  fr T  £ c  H.  J b / S C u ^ S / c H S  P £  P. . M i r P l t A c i b  H P>a  C  P P c a
10 A T M  *  T l l w

_  -  PlHIMTi 
V I S I T  + T f C H .  O l S C V S S t O H t  P e a . .  C A M  Pc A m T , V I S I T  T O  T « N 8  ♦ t v o / K

11 T H  k / S Y H f t s t a M  * . E q .  £ £ t ” Z  -  A t t H  TO  A i d s . - c h & p  * -  a i s ^ s s i o m s  A e q c e M r .  H e / e x - s H o P s

1 2 <i èA0C V I S I T  t o  V0 E S T  A j . P / n £  h j o P h s . A t  C / / M Z

1 3 Q S M L . V i s i t  t  0  P e t  P 0 C . H £ M T £  S c. h  w e c  H A T  4- € * t c - u P S / o H  Te> V I E M M A

1 4 < H  0 L  IJ> A  y
11

15 T M  P T E C H  Ò I S C O S S / 0 H S  < £ Q .  M E c H .  r e s r t / M G ^  y  n E T A U o Q f i A P H Y  O P  S. T f £ L s  .
L .  , ! » « ■ * / * , /1 6 T M  P O f S c c / S J  >0 M S  £ * < i .  N O H  t £ t  r £ O c .  T i l / £  T £ S r / / M $  P P  n  A r e  A t A S X  i  C O P E o S f O M C o u r . j  P w v \  I A Z W ,  b\

17 M s c u  s s i o h J  w i t h  O E S / Q H S  +  C/Vli.  £ H Q 6 .  o e p T -r s.  ¡ m i r  r o  *tft eqe> 4- o s c H M g e  Pv m P J

1 8 ' H O l - l J > A y

19 f i r n ù t S c v s x t o H  s  w / t  H E ” 6 A S .  i  E  C A t *  CL ¿ v *  C p j  m A s r p  H £ A t  & o n - e p ^ • j fU_____

2 0 \ H o t - i  x > P y

21 V H o a  r > A V  ■

2 2 T r t E $  P M E  P A L  v i s e  t  T C / N J T ) A ; v W A / r  T > G p r r



CHEMIE LINZ ACI Month: j urlr> i 9 fli 
Ñamo:Mr. P. Kumar 
N a t i o n a l i t y :  India

IVL ' &
RECORD OF WORKING TIME

81 P r o j e c t :  UNIDO-Workshop

i t e D e p t. A k t i v i t i e s ( S ig n a tu re  CL

ne 23 f i  T /V t>, s.c >.*is <c.'H f\fî,cu>- P Re At-E e t~ t ' A  r* s ^ c /V /)  r/f A H -i P'A Ç P'-'iKr.t H/UÀ L L 4 A A A r f . % ^ ( r

24 C i  h V i i /  T* f ~  r  A  <■' P  Y i - C  i'Y / r R  V  L. p L A M  T  E H  h> S. V P>EARt M C  n o n / ' f l  r I r g ÿ

25 C ê  A t C c - i  r  C c M T C c L ^  /<VA¿ M f f T / H C  * tr* t£ > 0  Pc C CIS r< c  f~S C ' C H T P C L *----- *------
26 F / n A L  í a c u i j / f M  / Z a c . A T A / t ^ - r

27
p

1

-

Ì I



TBILNEHMER аш 11 4 .  UNIDO -  WORKSHOP ON FERTILIZER PLANT MAINTENANCE » 11 .5 .1 9 8 1  -  2 6 .6 .1 4 8 1

'N r. : T e iln eh m er: Geb. Daturn, Geb. O r t : A n s c h r i f t : B e ru f  1

1 . Mr. Md. Mansur RAHMAN 1 3 .1 2 .1 9 5 2 No. F 1 3 0 .  O f f i c e r s  M ess. NGFF M ech .E ngin .
Bangladesh D acca . B angladesh D enchergang, S y t h e t

2 . Mr. Abul U la Mohammed ZUBAIR 3 .  3 .1 9 5 4
Bangladesh Chi t ta g o n g .B a n g la d TSP Complex L t d .* C h i t ta g o n g M ech .E n g in .

3 . Mr. Zhichao YANG 1 2 .1 9 3 4 The P e tr o c h e m ic a l  P l a n t E l e c .E n g i n .
China Guangdong. China Guangzhou

4 . Mr. D essok l Ramadan RAMADAN 1 0 .1 2 .1 9 4 6 Semadco. T alkha M e c h .Ih g ln .
E g y p t »

K alu o b . E g yp t

5 . Mr. Prem KUMAR 
In d ia

4 .  2 .1 9 3 6 N a tio n a l  F e r t i l i z e r s  L td .
Nangal U n i t .  Naya Nangal 140126 
D i s t r i c t  Roopnagar (P u n ja b )

Mech’.  E ngin .

6 . Mr. M u rsld i KASDIOPRANOTO 3 0 .  8 .1 9 3 9 P .T .  P e t r o k im ia  G re e ik M ech .E n gin .
In d o n e s ia S a l a .  I n d o r e s ia J l .  A. Y a n i .  G re s ik

7 . Mr. Joh an n es PUDJIHARTO 7 . Ю .1 9 3 8 (same a s  above) M ech .E n g in .
In d o n e s ia Prembun, In d o n e s ia

8 . M r .Jo s e  A ntonio Matos SILVA COSTA 1 9 .  2 .1 9 5 0 S .  S e b a r t i o .  3860  Avanca M ech .E n gin .
P o r tu g a l A v e ir o ,  P o r tu g a l

9 . Mr. A ntonio  M ario FERREIRA 1 9 .  5 .1 9 4 1 D ir e c c a o  de Manutencao M ech .E ngin .

0 .

P o r tu g a l

Mr. Abdul H asslb  3L-ASMAR

F i g u e i r a  Da F o z , 
P o r tu g a l  

Г" 1 $ .  3 .1 9 5 1

Q uim igal, 2830  B a r r e i r o  

Homs, S y r i a M ech .E ngin .
S y r i a Homs. S y r i a P . 0 ,  Box 280

1 . Mr. Murat ERCAN 8 .  6 .1 9 5 4

2 .  "

Turkey

Mr. R i f a t  GÜNEBAKAN

I e  t a n b u l , Turkey 

2 1 .  5 .1 9 4 0

Azot S a n a y i i  TAS Gsmlik 
T e s i s l e r i ,  Gem lik/Bursa 
A zot S a n a y i i  T a a ^ I s l .  K o n t r o l ,
S e f  MUhv  Gemlik

M eoh.Engin . 

I n s t r .E n g i n
Turkey G a z ia n te p ,  Turkey
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CHEMIE LINZ A(«

IVL
£ >
i t )

О Month: May i 98 l (cT.
Ф Name: A/UPS, ¿7)/ л  .

RECORD OF WORKING TIME N a t i o n a l i t y :  / aj .õckc  л/-\
*  P r o j e c t :  UNIDO-Workshop

а У )a te Dept. A k t i v i t i e s S ig n a tu re  CL

1 0 . A /\AL A  '4~i_ /*.' l i W M A  x i Y  C L •Л
11 . C 'P l k / a)¿-> c / J / / c  ¿/ T- n  с’л 'д '^ / г/ ' /Л, /~P ¿ ' / 11 С/ уaa¿< ГС Oc. A ¿/)*.<•>t'С

1 2 . IVc/CKÜ/f С / ’ P / ¿ c i 'С Л 1С-/¿ ~ , C'äJ l -Л A./)»/~/r*L Г Г  0 Г У Т  . . . .
1 3 . Гл,ит л'ч вГ'СУС ¿'/L A / T M I  . />/Л0 Г$Х/1'АС ty.C-tl ' tt •ч V f 4

1 4 . Tl л , аА а ц  к >'4 с  * с г  А / А / л.'г с л л л , с-С' $ s» * .¿  *а Г ас з'улуг л / г  a 0 L I
1 5 . /<У t'AiSL ¿c А л , / ) А  Г / о л;  р г  a  L. / L¿ J >r  / г  А /А/Л, TL-А, /)у сб "  SY )*}/.',~У/ССА АС? 1

16 ; fToJL/  А А - у ,

1 7 . H o l /  а *  у
1 8  . А г  H- /  / Ш Г Г Ф Г Т

'  ̂ f e
1 9 . A r  н АЛСьЛ'гл; / t /Ьъ-и-г A-tA-tjcrcbA-Kc с  *с¿У) л; < ьУ)т} ¿ ч  / tr>¿̂  / 0 Г  L ' / ¡ /Г ' }  /<Г ¿ i  //, 

óc/w¿̂  г н и  л ее ?  L i-rey Coaj a . / ч:с4с/v ч / o t h  ., - J  К  /

2 0 . Т Н г/ГА Р T A T  С  А 6  а  /tv Î А Г ,СЛ;  ¿ у , 7 Г  4К/> СГ4К/>*Ау /  ГА /Р Ь +^аГ -  л ъ  ¡Т-ктОА  ‘ /Ы ^  S-LiC-tucr . ï  t e  Air ÖA ^2-rc, C f  /  '  ' '  ÍC.CT¿ К ¡/¿л^чУ__
21 . A T b Агг<-'{Г,Г~>С' ' 4  И АН  г  / Ъ а  с  ол/ а /СГНС/ к 9С2-иПС~к / М А Г А  V ¿ i//s> f l '  Ь/Л) ¿í¿¿

¿  г .. -

2 2 . A  Г  H- T?sc L iS-/¿ ,v  Cjnr~tíi~ /V’2vv ГССПЫС. y A¿V>áí-7~ С7Г- 1 f v

2 3 . ^yCt/Aír/XT/L' 7~<r / '¿А Г  S>¿PA>T Г Г  0 ¿  ЛС-А/^ T A c  У *1¿ 'Al С- 1 7

2 4 . r P r i-C P A T  .

2 5 . г м  p . s A S C C S J / C A  A A i t f ’T '  ¿ v  C r t - ~  £ ' r  m / a í -aç /ГЛ/£> /  У~С J A t ' ¿> H ¿ ¿ г  А  А У Л / -  /~ Т ( А  •7С/Л*/' <г/=- 
S A JL / Г ' AÁ& C  / V ¿ M  A%.j> AZ-é-AtuC t-^-rx-ek * /  Í^í/C í ./é V £ K .  А  С С - К . А - / С -  ¿ / A . ' L 7l 1 1 Ш *1 -

2 6 . Т А Р ÃAPiO / ¿ ¿ ‘ Г о У  1 < r^  ^  r ¿ T \ 'C / ¿ < T  t  í A ^ ’ C  A A * * -  /УГА iL>*Ç¿ y  f ¿ " K , K  / / v r  /С  4 J s \. ¿ ''T C  * ¿ t  A -  —

5 ¿ 'A ! £ - / « / ^  М Г Т Л с Л ' # / С Л А > и у  / W V ^ W 7 Y Í X >  . 3 !

2 7 . TPL/TPW
л Й Г  A ^ T M i v T X r 'c ^  t / L kjOZ l \ Á jt*u<rsA )ü

28 . М о с / П А У  . J  . ,
2 9 . T M  P  . ТА^ГЛСГ' ЪГ/Z o v c T t t ;  ¿ т A ri t\ 'cr¿  " , CMí -~A-i /C /}-l ¿ à & daca ТО *-' <r . lâ d tù
3 0 . /Г г  с /  û Æ y
31 . M e i / / P )  >  .



CHEMIE LINZ AG

IVL
J V  w*
'« v r.".v.i/ 'i£:

RECORD OF WORKING TIME

Monin: Juno 1981
Name: Kasdioprariot'-;
N a t i o n a l i t y :  Indonesia

P r o j e c t :  UNIDO-Workshop ( ( .

i t e D ep t, A k t i v i t i e s S ig n a tu re  CL

ie 1 A t 6 j A  **?*</- i/* r ,c 4 , A  -*,V *' ■« . ,v  >y ■ 
w n r iV  £. y-VJ-' ~V-- '  A  t • ’ - V (//'/» n

2 ' x r u *  ( A  A  it / / / ’.)' ( - '^ 2 *  A h  'JJ h  L'/.C, A  A j i ./ . • 
3»VVf/.V /¿ A V i .¿VfA-v? tfV -tfW /irtìw i., /y . /  . . . J W

3 ATP J/J t t, j'jV ¿vV 4 'A t ii-f— J\TA* &ts i  S 'TTyiA) , • /  ¿y/J 'A  p *>'
in  ptjl. / r y  4 a; / J /, T> y  .; / ZT?W . /  JVt. 4h l, / j  PLLrlr"iA.. A* / > ) /7

4 7~JCj,l ’O J U I -A )  /  L H '/ J P ò  /  ¿ f t / L  ¿VSTT'JfS c A

5 A T T é -y / t è ^ i ì n - i -^  J ln x z n tA "  ( :> *  ✓ n.' / A S r y . Ü  /V s iK  ; -  
/"2? i J / A l / — r  H t -A -f iJ i"  A- r  */Z'-3 Z'.'/Tj /Z* 't A i  A i

6 t i  X  £  t ;  o /0  / " o  '~ y j ) n > o  Piynt-79. k r # r .  c A  ¿y/tUi .
7 ' / / / V  / A  A  <r ‘ •
8 / i r  1 / D / )  y
9 AT1 dZ v< J  tf1* r *  ' x f ; t / '  7>y-i.v' . 'V* £'*’ <s A .V / j  J A P  ^ S / A  1 <yo? A'S/At  A

.?_______________
10 7~t »v J M + J i W  A « , r > u  / R U l l u M -  ¿ H C - ^ ^ y z  / & £ ? £ , < -J
11 - ^ ^ P C X t l S K l  k F /A ,"* . e M '/ 'Ó F  XvM a. /  . J ^ o  I 's H A  /Z4fA/L ,  As*.' ^ì>z/rì//p ;

12 P X c t - 'f lS  '  C * J  AD b ' r r x 'A '  A L P / A J i > >

13 c * C P r v  A A A - ^ c r t A ^ c A X -  A c / I k  T  V /A TL 'A /^  , ^  W > /7 l /tW  / / ^  .
14 / r E H /u ^ L ” , /
15 T R I / j T M F / X ^ r / T a ~ - M t *

■ ? / / , /1
16 A  MA ' \AAlK^KfVt>A \ iV I /=V>' AV Jt* r r t t  70 L A t l - t . - -  ; ZA, ' / '  ÄUA//4-K  i f .  ; 

A /tM i S'AsL i-yv //tTYt . C m t L -  AlAé.tt/A-1" - A  // . * t- , *'*■*. CL J
17 fU-CTtAJt, i '-in r  J7t-'J/6A’ AY>y~ ; Ol i n e  P c / A  J  \ ,,U t  /  ¿> . ¿r- /1 .0  .

____________________ j._____
3 * * TX-A/AJ/AJL ¿ Ü i f i T L  J  / A s S A 'C U  »/¿ A V A  A 2  ~**A~. i
9 *£= H r  ¿ -! A  A - y  H i  t A:' !  ¿J/\ A  }

20 z a p  / /  /y /t i '  /  -' W ^  !
21 H p L / A / )  A  /  S (A a . ' A / [  y  \

22 r e ~ L  . AsA~C~rr*ft ̂ f-z. y-1/7 yrM "<> / / ^ » X  7 > y1 /  /  »  ,VV ' ' ’ V'y ^  , : ^ • l<' /   ̂^  I l y . - iV « .  jr //¿" y- t . A  / ^ y ; J ?~b A - y  . o-r, y-<y A c  A t  /  s r £ a, v . _,-------------------



IVL* .
RECORD OF WORKING TIME

81. P r o j e c t :  UNIDO-Vorkshop

CHEMIE LINZ AG u Month : j une> T9 fl-j
Name:Mr.M. Kasdiopranoto
N a t i o n a l i t y :Indonesia .

t e Dept. A k t i v i t i e s S ig n a tu r e  CL

n e  2 3 T b 'ì. S '4A / ? .1 ■ /V-^A.4 ( // Xt-rr-é V
24 TC L/i//~ C / r t - K o i y  <,sA:z /tz  i^cTC/c /-’K/Js  >/>'1 /Ì.- ¡V A t  t 4  {  ,>c  ¿V '?  //»#*./

25 </¿¿>"/4 6 U,>AV ¿Vf.'," / UA-, / ) t / //'■. /7,V .VV.'W
26 Tt-L (  ¿ ¿ c / A ^ C / t s  <Jt J /1 n r  / ' /  A / -  , / i  J 'S'
27 / ‘

\ T r 7 ^  1
 ̂ ^ Z.-//A (V/)/ A y



-igg-, P r o je c t :  UNIDO-Workshop

CHEMIE LINZ AG
IVL 4 > £■■

RECORD OF WORKING TIME

Month: ¿y/ l r>)
Name: ■ /. /’ ¿/ //// / j
N a t io n a l i t y :

Date D ep t. A k t i v i t i e s S ig n a tu re  CL

Mav 10 (*f€NCRA-L , f  /?  R  /  L’A- L /  /V IT '(T V  A- . A- T  T  €  A ' P r  0  A  /  C. C

11
*7 l' '  A  o r AT / f t  &  c p  T M ’cT <y TM i / C T / F 7 F'T/X’c C p C /o m  /'<-• c T  F /A ^y-f^ , 7  .

12 * i-l A' A  f i c r  r K O & r  K  AMTj<? C ty  O' AAJ, ’,r /C M  CM ' C T -  / ' ,
13

A .TT/[/, ^ / r / \ C / C r / C M S  £>-\j r e  r y  T /A  A ■>(.//{ F \ \  o /s<? i/y,cA' /  >/- 7
1 4 * F c ' t /  y  Me K  T A L 7> C F  M .iJ /J / 'C M /\ vC /  x’>rAHE- AAApJ 'F L / t C ;  O-- ( 7

*' ' ' mmf ' " 1 -

1 5 A ’ t '  /  V i / / ;  C M G A X /P /)  T/C7J M  C L  ¿'/S ¡J- r e  L'/A JAJJ L A'A A C r /  J Pf. M m
■ 1 6 - , ' ^ L ,  dA  y  - -
17 — />6 C/ d 4  y ~
18 A t m MSA*/*’<r Mac ( /s j/ tn  4/S4 A ty  , M rFFKVffh ' M M /-  Tat a  4cce*/T4*tF i f y  C/ M /  ft'A /m ’ [  J -
19 A r  h ,l/cr{ F/A/i? A /j C a ij/ fK ' T /K  t M  t , T ifS f/xA ji.rA / / ^ / v ^ S  m  fttf/M ’ ittfis  MhM K
20 (r ff t 'i / tA L F <■ r  g  /-v  t  . 7~Me A^y> 7~M /\
21 A t f t Mc7<\)iMir J / 4 C  i/ fo /c M  H//7/T 4  74- M/ti'ft<CfK 'fm p A ty i'M  "¿ fa y  - ,r c VF

t i r
22 A tm Mcaa,, a, £~ ,/W  ( uf-J/ck F / f y  4T/9 T/<t A y/z^t/Ta f T ry , MrAUS/jAtf /F W /rt KtXA M l// xi
23 6  P/Vc'(0*L b  /  J / ~ o p  T l-a  ~  f I a -A 'T  A L  4  F A C 'c  y u /s \’Q H U W x  _  ..
24 — / ;  C c / £> 4  Lr J
25 T/cnM/hUf h i r t f  7Mj> vtTN£$r ¿/¿masoaj/ c f t ±7 4 /  n U d ^ / -  /  i1
26 “>v HoHh, h  b  J>U U /M 'iC h ( cF T /A j t iC j  y A F f r H M c f y  k iT h th i t f iS ’jW C / 7 f a 7  4 ?  ¿/t£
27 4" th e  Ah ¿077/^4: /O U  M F F  r/A ytr ) MOK/L/AJLr OJ7M F t i  H A ,' AFT bsrtf. 7 M k ~
28 - m e ,  ¿4-y /
29 T U T tc'/FA'FJV / 'A ?  OFM'-AsS r / iA T / n j  /ht>4<L? T7-J/ A /  ¿-AA HA Ft MB MJ C // Q /  . ¡¿/a./ \L
30 - /A t C t  PA y
31 - / n  L / Q A y /

- ■ ' / ______
/

J



СНЕИ1Е LINZ AG u.1 г
{ J МолL h : Junc l 9Я1

IVL

P r o j e c t :  UNIDO-Workshop

Vi)
■ RECORD OF WORKING TIME

w Name: Mr. j. Pudji.harto^ 
N a t i o n a l i t y :  Indonesia

i t e D ep t. A k t i v i t i e s S ig n a tu r e  CL

ie 1 Z f T é r A ffr ifa /A /c r / V /  C i/ jv ,  v /T / f  4 Г &  /> '/> /  fcb/s

2 4  т  Ф '7 lK A /  P lÀ Л у С у /J /c v  s tT #  С Ы / A F T ù W C W  f i f a  г  7 *  C/A . \

3 4  r r / Ъ т  Jc<*y ÌJJ iìi-JH tx . V l  i {  /f-r~/’ Mj'r-, /  A f'C Autr-', a AV.7  Cf/U-

4 CreveKt-L &r&A‘/AtS ^ С 7 /* ;Ч V/t'/f / Л/g* У  tfl/ào ¿ 7 7  Ь/ЕГГ/Цс У*ГА t/fy/po & 4уфл' к'.Ар Сф/Ц’л '

5 / f  T P ¿4\j<-1 ¿'Tf-Lt-x, b ì t y  / f / 7 *  Л » н /■/••» ^/>i. K.J l / ' ì . £ -

6 ( r ttV ìiW I /'■e ì/'/J t T i r  p  7C v t  к  s '?4 i t i t i  , l  Ài' c \ U i  f i  to'/A, V  t ?t i )
7 — À O Ì /* t
8 — /J~&//(£ * -* , «t f u i "  7ti;*x / Г Г \ Х . . . .
9 T f f k l /Ч с у Н ^ у  A f-rtr-tu tì, f t t u '

Ю T  i t t i *' À - z /^ ty ^ C  /* 4 W - , \  //.'Jr>*cl 7 /  ‘V ^ > c /  bKSwjtr a / / .  ' ‘y t i " 'u'v  ------t
I И 7  f f  V " A 7/#47 f<L  K'S^ К  ¿‘ Xiu- t-/- л /7 Ч ч - C ¿ w
1 12 ¿ ге к ко н . ТТТТТтЩ  l'V’O irJ T  A  i  A /AJ£ <i / 4  J’

| 13 ¿£K'r7#<i L '« / i / 7 t  ò P i  /У 0 (  / /£  ¿-//С tC  P i. * t i У  tA  1. ' /¿A/j
14 - t f r L i  ¿>4 Г
15 7  N  P Р /гК и /Ц /) l  J-i( 'K U / s v  A ' t T / f  T fjf?  f J y f'fc ''. H 'fy 'ly À s /t ,7>Ì/l-'7  A v !
16 TM P/ATK / 7 0 # л , у  *> {- r / y p  Р ф  * 4  7 T T JU  £ < J~  v n i  м ,< Щ / ' ■ p
17 Jb P ti£  p JK  t i & t / ' / u f r .  Q v t t  Ò & 7 T -  : D a t e t i  Л-/У ;  <?/?£/ C< ¥ w  r * .

18 — /i-o /iC L ty  Ccrr/iii C / ? r / r A — ] . —  _______
19 ¿- w/Ч & У л м е ц --^ rj  /-4,/  ̂ &* ? / ;  4./- r ) r t i , / 7 У /  h  /iy —r ^ ^ Ц Л А /Ы уСЫ у̂ л а , ^
20 ffo  L V  Ы У у

21 f+VLipA Y # у
22 г  / ч е . /V/^/ĥ d (pi v o<ist*t t к 4 )^  T pF :. у



CHEMIC LINZ AC,
IVL

u
( û

RECORD OF WORKING TIME

y

8T P r o j e c t :  UNIDO-Workshop

Month: June 1 9 8i
Name:Mr. j . Pudjiharto 
N a t i o n a l i t y :  Indonesia

i te Dept. A k t i v i t i e s S ig n a tu r e  CL

ne 23 T £ L r h ? '£ (-  AfA- , / / A  V ;  ' i / -

24 Gc t  ̂ A * . '£ i% 's  t A- ~L.S i ' f  y  ? ^  Ac/1/.x/ .y

25 1/ , c j i  iU. x^,l U u c /^ 'ty. . , C ^ r  L?/rvA-'fi-< t  frr-i

26 t /”V /L<-C ty ** L m. 1 t

27

’

.

-
/

_________________________________________________:______ ___ __________________ ,. /  ,/
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CHEMIE LINZ AG

IVL

Mon t h :' J  M

&  w
* RECORD OF WORKING TIME

Month: j unp t 9 я i
Name Mr.j .a .M. Silva Cont
N a t i o n a l i t y :Portugal

P r o j e c t :  UNIDO-Workshop

a te Dept. A k t i v i t i e s S ig n a tu r e  CL

ie 1 T h w J t u  f4 {- 1 }<. U i  .
2 T  h vJ j l l v  ._. .. '
3 T  h к/ ^ч+п í íu j ' ,v ^ .  4 кл tz-o-il/  ̂kr ,^ ,.................... rU¿- -____

4 Кл-í h Wl I h  Uaâ cÖc) (X̂ jí-1 i J-i j-*Ui-4voL-k СЛл tVwtí. Cr ■ Í7.Ç í: l k¿ 1_______ __________________
5 T и лУ kl-l vj-CíAé a Ô, ixĴ  4- L jL tJLoilti-OX-í (*л 1C >v |~.л . 1 í ( a _ . -----
6
7 —
8 —
9 Ат P (j<ay#«wly^'tV4 o^A íP. 1/ f u i  /o &.S.P.

%

10 A TP
11 A T ? N  I>. к r í X j . /1

12 io WO*4 4 í |чл . ajC / M ллл. Ч Т Г

13 \/\'bt4 4o Д̂ 4л o í 1лд / U l¿uM  A n p / y
14 .---

I
15 A T p Nfn\/CAAjjf. Р4л.,*-4
16 4Ti* 5\4е»пдл ^«^vJ jJ ouC
17 Пикмь w.'JK Jkoi'v» л*лсР &Vt -Ааод4а*-дмЖ ta G8 1 e**.e/ ôtHSNtP,

m

18 ÿo-CIWe^
19 ATP U
20
21
22



C H E M I E  L I N Z  A O u
' 4  A

V Month: june i9 ß i
IVL* €¡r Name: Mr. j . A . M .  Silva

RECORD OF WORKING TIME N a t i o n a l i t y :  Portugal
01 P r o j e c t :  UNIDO-Workshop

ite Dept. A V t i v i t i e s 1 S ig n a tu r e  CL

ne 23 / > 7 A/ iv M X t / C C U v w v r
24 :

25
26 ■ y i

27 \ 1 '

. . . . . .  * p ■ f f ] -  /1 ...............
C o  _ v Ì ^

¡
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CHEMIE LINZ AG S ri
'»k

\ J.r w M 0 n l h : May 19»1
IVL VÌÌr

■ RECORD OF WORKING TIME
w Name:Mr. A.M. F e r r e i r - i  

N a t i o n a l i t y :  P o r tu g a l
58-1 P r o j e c t :  UNIDO-Workshop

a te Dept. A c t i v i t i e s S i g n a t u r e  CL

av 10 I ~  I'v n i r k . '  i t -  <■ H C H J r L.U' i  '■"() a  i.V 1 V /■» l  Pm \  i w.'

11 9  1 . t l j t L  f> t H E h i h  L T i v  V  . Vf /A fc'T r T U .  e C i  W & r t c r 1

12
13
14
15
16 . ,

17
18
19
20
21
22
23
24
25
26
27

28
29
30
31

J



CHEMIE LINZ AC]

IV L
uf V \ J,r~. Mon L h : June 1981
lv*/ № Name: Mr. a . m. Ferreira

RECORD OF WORKING TIME N a t i o n a l i t y : Portugal
P r o j e c t :  UNIDO-Workshop

a te D ep t. A c t i v i t i e s S ig n a tu re  CL

ie  1 4 t m v»-if 6A<«: J«U C W  0  T -A -T W V IS IT  'lO. (o i< « U  ^<-1o A t P nvr 0. 1 M iuu i: (.ct„Tcii- >riTi L, VA. V 1
2 AT ^ uEfo*T t* .»Ol-T ^  f 0*\ ri> F ">V 1C rv**/ n "hr: l?r*'Vi7 VJlU*. . tfT 'llT  T O I  ti-fi
3 N / *  w
4 f% pwF-c a l f- T I  fti S- uu'TH T -k  ?p TTsw A u t >  .ol/ tI gS n f  r.ft»C' Per. .IIHtTlwjC- U TlH u<vIJOO •' LPd. n h t C r  lY-kt. k.C < Vfti , ¿.

5 t  T. y i\-i^rt 'Irf C A  K' Va-<a._'  ̂ , v K C >-t.c j-x e Li-Cc .k V
6 Excoitvrow ~io M y r to  -PLECTurcft-L. Pe iWE«.s-T aH oM A  R OCpr ft) S> P M
7 — HoL 4 * y  _ ............
8 -
9 f . C&&4VTiATTo*j r f  ATP. . v js t tT o s.s . p

10 *v t  T \j;i-»i4"~(t> T 'k o ^ \v :  k L  /1 i ■ ii. 1 tOvC'H ' \ ^ i\
11 ft T ' p u W ^ V  -Nii. '̂4-'Vo •■ v. nA ’if- V) v\  r^Cv '̂V'-
12 T ^T  T I 0 . v O tS T  A L P I  ft /  L IM A
13 V I ^ I T  ~10 P p l t c  [H P M iC  7  l / I f f / A
14
15 AT- >P
16 is T P tfv-fci 'It; tU* № f  k  ^ ‘ -‘V-\ixaV P ^ i P«-'! O-.xu/vutw ,-(m W ' '".I-
17 W t.v < L  ivcbu J k V .  *<-«* C -^ r l  ~ i \ v  . U r ^ -  ^ S -  G- CM A o g h s u e - * .
18 ----. l / . - l i i 'Y
19 ^ o ;l . ^ i* ^  •. -^W ts 4^‘ - $  l V  V u tU iu * . ; )  ,
20 J l'L
21 Aiit*- -----  ..
22 T e l .k>vf i “o l;C c t^v ti> i' \ji/c'xld -jU i Vt O -' -$  Wi^U. c<- ^  fVv r , ^ ^ l£'w ’



IVL . ^
RECORD OF WORKING TIME

»81 P r o j e c t :  UNIDO-Workshop

CMEHIE LINZ AG « u#*v.
W 1

Month: j u ne 1 9 H1
Name: Mr. A.M. Ferreira 
N a t i o n a l i t y :  Portugal

ate Dept. A k t i v i t i e s S i g n a t u r e  CL

me 23 ^  ̂ f* | t'tr&'.Vt.Vkllf C/j 1*’ t*vV Ju e1— ilfl/-* 1 ">
24 :

25 VUalVi' v̂ \j I ’vm t to  V'tfGL J
26
27

{  ■ ( }  1
’r ‘ ■ ' '

*



CHEMIE LINZ AC 
IVL

‘ RECORD OF WORKING TIME
Name: n / i . ¡\ ■ ,ltAK
N a t i o n a l i t y :  , , ,

Month: May 1981

* P r o j e c t :  UNIDO-Vorkshop

May
Date Dept. A k t i v i t i e s S i g n a t u r e  CL

1 0 . rjrni 't*' vafTuui . ni4tnJé</ tlL .lt. n . -- --
1 1 . / ( /
1 2 . / \NfHl\iInfi » òrìA ìidtion . HU cL«**>aü**Hfr r? v-Häm salma c f  c i V  v  ■ -
1 3 . /' Un '/cui iton i rh un a tursi > dncun/oh ui// (nfd dff'A/i ,.nu r
1 4 . 7 f*ndflto>unt\,U vi'/nein 1<//+/h <) iPat-f <>U /<•/>/ r i  f l 1
15 . / X  !•/»«//- tfiri/Uitien Ct t i .  Yt}>f TC t ’/O-dd UfiilC t ult/ 'à i /  A J P

J
16 . / ' tbl'Jj*
1 7 . / <HLl ■;/*•!
18 . rnw idut **"* CCnt‘"2( ’"MVV ' *ttd >t.*/ßtk,h tn / ,/tA/ n'v7
1 9 . 7 HM viut A* i ?> *■ i/./i />, .i j /</\w/// i : >u -
2 0 . Tm£ . Tau* Mf/Knt U ,/h i‘  TMi'l tnitr-t.'inu" l>P,nT <»>1/7 777 tutnsrrljT/,'! ,ll /)<•/>/■ / - n   ̂ ..
21 . Th w AfH* m iiii Wh i-ieut /< ,./>» //j. nhool *< n cL 1 Siili Tu f/n Cf/t/, ikóP — . -
2 2 . TUM Vfiti fa iks /Ha in uw \dieo/ . j -hJ  t Jji t¿l t.UPi >l ihù?
2 3 . c> C ■ U 1 »t (
2 4 .

_____

2 5 . r .ru Vr>it fo RTH J t p r  . i . U tditi , I.M-lWj.
2 6 . ;?TH .A1Ù
2 7 . $£№*'* L Mrstwi* until 7fL /7 tc/t tcal J f 7  a-t\J C Jn /i-a-/ utefK ihof> . <«( ft «/'ri'1 ■ •!<.- / {//̂  >;..//. y <> - « _
28 . / t/eLédaH . 7 (
2 9 . AT 6 >//>/' /<- « /!/<•/ .t> .*/.■»•"? , <’LrtS\ . •Cjt'iA' l/.<*;'! . !/ftii4£to? —t J l f - . (fi u A
3 0 . / /■/.</ •

31 . / HfJttlO'l



CliL'MIL‘ LINZ AO u U Mon t h :
IVL

' KECOND OF WCKJUNC TIME
Name: ^  
N a t i o n a l i

P r o j e c t :  UNIDO-Worknhop /

ite Dept. Aktivities Signature CL
le 1 A T  N ,  /7/ „•

2 t\ n V />/it unteti flu r-,L*l/ ..III fit rsf\,<r tilf ,i ' //. ^  / t/lf < . / V t i / o  . .........

3 A  r / v ■ '  / 1  / 1 /i, latiCii » / r/u / . / / /  >r,irjftr ‘ Ic'ti'.'t

4
5 /1 T/V *■ 1 ' 1 f  f'' 1 /"OV /V ! . 1  1 < » t  Il 1 1 i <-?! 7 >/,< / r < / 1  / 1  « 1  . Ll.t /lillà t ' i ^1/. ,H ■ __ ^

6 •?,•)>*. l Ai iti 'Lli:  .1 ?L< filiujmtJ/ 11 fllllN ///PtÎL i lit T t\U f / . i . l '  I I ' / . ’. I I 1 _ .
7 / J____
8 /

/Pi /n/»f
3

9
A T T . l i A ,10
A T Ì '  ̂ L'rt'imn 1 it //'fun 1 i / h i d  l’itnl/ m u /  Alili l>fi u,, L /h iti l'fmi/

y
1

V U C ^ N
1 1 A T I ' i/'/OP-J i f »  a  A  t  1 -  ̂.5 ‘' l K <  / 1  ’ V i i / /  A' -i- n-' P ' V h /  •

12 Jt »U. ¿4/ V//// A  V W i /  J l l r i M f / l  )Hl

1 3 l O U  i </ - P A r / ? i '  c f f f ' M i e  !vi£AfA/A ■

1 4 / LJ

1 5
A T H

1 6 A T I ]  . A r ? »An -L
17 V/U . .»<

11 ̂Vu ̂
1 8 / ! -, (r. i|

. 1 9 A T * ' i k  ( / 1 *//•//«»" H < / r f  r f « n t  a > - H - J  ■ h  ïwii >M t " - ' f  timi t M i . / / ’. i  1 l i / i . ; / / .  1 /L ' . i . i . u  < ¿ ^ ,1

20 / '/. i j ii

2 1 / iL:  J 1 i'<“1
2 2 T r  L \'D‘ t V'V fl L f  i l Cii. /  ‘u-*i l<— --------------------------------------------



CHEMIE LINZ AC, / J/4 u Month: j u n o  i9fli
IVL o .t )' RECORD OF WORKING TIME 'xtf' Name: M r.  A . H .  E l - A ^ m a r  

Nationality: S y r i a
•81 project: UNIDO-Workshop

ate Dept. Aktivities Signature CL
me 23 .7  / - 7 :,i-

24 V - ‘< v - ' t ' f  A C K U , ,;„.J.v , S'Tt'Yrt ;
25 i. i '' • /Li i f. LVr'tV.- . A-br»/ •'¿•¿hhi' i  < >■ >i /•$, /

26
27

*

:
iii
!----------------



CHEMIE LINZ AG 
IVL

9

'  P r o j e c t :  UNIDO-Workshop

Q
&

* RECORD OF WORKING TIME

Month: May 19gi
Name: ^ ¡ k R i' T  £•-*,/ ,»:v 
N a t i o n a l i t y :  y

May
Date Dept. A k t i v i t i e s S i g n a t u r e  CL

1 0 . k * - n e >  ^(i / \ r n ' v , T  .A n  \ / i - ü i ' i ' a . r ^ i t r : f . w i e J  V:,y '  L - .
11 . -7 O y > . _ ' , Wr. c| . .  /  l i  4 7  j i p  i. !  '■'.•),]>_ t  • >. r.  / 0 7  r n  ¿t r . n

1 2 . h
i d i

1 3 . 'i l A ' t r i ,  i  t i L i - . i  £>»'>. s o f ' i t y  W Î V . ! A , ' 1 1 " Î .  , r i  i f  „• . i . i . - i lA C.I.U-;/ .7- :  f , - : i r  . v  i - i v / l T f c n r
1 4 . /

L  j > M a i l '  l ? L \ c t  i \ c  “  ! / p - n  r e  ^ a r f . M  u . j . '  £ r rVt o f  C L .  . I

15 . / / . )
16 ; -

1 7 . —

18 . 7 7 W £ .  f- I n A .  ö t  p t  j  V i j i t  f o  I n . f i t ' .  w ^ r k j / i c p 1 / /  /
1 9 . r  n a V ' - " V  / c  i h r  > - i r e  j f t . f y '  7 rW £r ̂  V “ A  7 ‘ ¿At? ^  ivtruu-i > c. «..«>7 t, , c'«.! ) * /u / t4s r  / s < ^ - --------------- y l

•o<M

i ( c e n c i a i  < * ' < r e  v - v . f h  / n  c* /•- i Ti r 'WMf ri t  .c<nr,‘ << 1 T t O i . o  i - \ / ’•-•'■i t At f . \ t r J  '  >

21 . T B L V i j H  J o  t h e  h > ‘j k  / c w  f r n . / i t o  j j a h o '  i-* /  h u f v *  ) t v i n i  to ¿Ac n . y l f t , 1 r ui <  j . A / iw** .  »*.■ b«. / /V*l, P j i n J .S  i

2 2 . T B L . V i j ' i r  7t- / A f  f i t ’ t f r u l l i  wvwt k / A t, j’ .f

2 3 . G e n r f o  I IG A. C C r  j  t c i7  ¿ c  P  o  r 7  c  *  6  L  n  i- < : r -c->t j I z  i ' i . i 1 i.f . / V  ..f ,rI
2 4 . —

2_5 « 7 7 7  VV O r  s o  h ' J 'u t-/ ( 1/11 ru 1 \<V'. 1 .OA c p  , V' JiV 7*- ¿ A r  ivtciiri c c » t f v c i l  i v t t ' f c / A t p .

2 6 . T h w V / J i f  7o i h e  C r r p i - n J i >  r i j  p / c - j f i c  M ( , l c - r m l  o n c i  r l i f e t  /Vi r  7<v/ vV c  f t  / /| i - r  j

2 7 . O r  n e * - n i G e n e r o /  A i j ' e ^ f c n K / î  i v i  i h  / A e  B L T n c a l  e n d  t  t  * i c  i £•/ t V c r  i  W u p

•
anca —

2 9 . T H W 7 c  / A r  f i  v i ' J  m,<vi  i-.i t 1 n t u l  3

3 0 . —

31 . —



Month :CHEKIE LINZ AG 
IV.L &>

RECORD OF WORKING TIME

{ J
r •• June

Name: Mr. m . 
N a t i o n a l i t y :

1 9 3 1  
E reran 
Turkey

31 P r o j e c t :  UNIDO-Workshop

a te D ep t. A k t i v i t i e s S ig n a tu re  CL

ne 1 T m W ^   ̂ T !f\/ c ► '«./ J) '£T t- 1 c ' J f'trvt ¿-/i u ! 1 /i. .'mr Ì i Ao 'j '■ ■( i. > Ì ( 1 1 U/\ t
2 t m W \  -,IVt 1 C | 1 ' i w » t • *U‘* |c* fM * : ^  t i H ) t * iXl t.» » ù*\ i *\ **•1 M t •> 1 f r t i-i n i (j l/i i /1 i *C ' r 1C j'c *i > i,i «
3 T H  v\ / N *• I  / c  *Ikì  ~Lh i  i n  <•', .k Ih i  / ,  / i i t J v m n - , /  .•ct</ •  ̂ • >' « -» ;  < rj£  ¡i'ifh * h r  in K-rAn c .

4 (3 C‘i It r>': I V ii" /  ^  Hkj /  r>q . C r-Itvri/ vv/Wl (A/m (. < t n -1 "Jit V\,'l i I-; ¿i v ., / t f  t J U o i i ». ■' /'Ì 7 ,

5 ~T HVV / / P<.̂  rA<.i\un^<ff 'VK' n-r^//< I.'/( ¡"-<u f  c i .V/’ itJ.i-w r | t |  ,i Av rv/.iM c-t-̂ i A- A-f)
6 ^ 'I ' l l f r i l  I ^ \  c t i . ' /c i \ ¿o' e ie t<n 'c  Au. f  •rtc r/| ’i i )  . / i h . t i n cie n
7 — '

8
9 P  T : \ l ( IU <<n • I c-'i 6 n ’-’t  A T (V  Ol'pt. J Vu>* l<- A./|K >'Wl/, limalo, |'|,|V| i . / l f / i '  miA  I'll; Ai.iJtw -f ill  ̂K , 1 < ;

10 /9 1 Vi / 3 ■** C/J )V i C t> ii il i f  lit i i i ^  j ><. i 1 /4, e \

11 /9 T  Aj . X (. 11 r  C /.  ̂ |\('./<rio /l t \/jl(tin )1 f.»~t 1 c |V ■/,,,!•( . / « V..VI | » , ' l l ' '
12 GV*I ir*.:/ V; i " f  -fc \l c '.-j  t  f l p ’f'e /  Linx.
13 (; r  i l f r n l \  • ) "i -*c (hcii.n / 'A in ' t ' /  V/C/’i/ k i
14 —

15 T  /VI r /■’.;;ii'./ii.i --ii c o t "t r  k  !  • vtf tin r 1 i it-m  ; vs (< vc ( i / 1 >•> : j r'iv ( a .  ^  i/ '■ A / / m  f|

16 T i ^ r J*/ Ur^i **c * c ^ \ »luA ■. ̂ tTti' l'( ^  v t  f c v f  i#»Cj e-'«/*, /* t- M  t

17 &  (VIer ci C e i r e . i l  Airc/.h<> »• w- ^  O  vi 1 <»»•«:' PcJiy/i tk - f i ' j  . X ‘- i  i  i c /■/?&< ^

18 —
------------------------------;------ u ; ,-*n 1 »Vi. vi c l :

19 T  M  P 5Vi/f/'ec/ c/> î it»11 (Iv j 1 im/ i / ' V C  ¿(. / ■/'io'/ e • f'.v; r t P

20 —

21 —

22 f i r e > . t- /y /t<<i ‘Â** *v i /t't // rc.. .*i*|f*//i i / /r<vi ty -C / 1 • »■/• r i 1 v , ■■ i | r̂- 1 / u  i ( .< <(-v' ’ i 11, V i

J

i



CHEMIE LINZ AO
rw.-.« . / •

i f ....../4 uJ'W Month: J u n o  i 9 ° ' i

I V i
' RECORD OF WORKING TIME

№ Name:Mr. M. Ercan 
N a t i o n a l i t y :  Turkey

>81 P r o j e c t :  UNIDO-Workshop

i t e Dept. A k t i v i t i e s S i g n a t u r e  CL
j ie  23 •It  e / ^ / Sv v _ij n.,| c / * i c  (’ t w < i • ̂  J  > /t  < •'A  t **/'■•(p C| ‘•s«: -'fc,) /v m ' » |' /’’* "f i'/ ' * ♦ ' * 'o v ij t p- ri o f",

24 * / t  "/ C / ’̂ Cf yli 'M t / »Cl/7 T i a J '  /» * «;n( / )» k-i . i * a «'y , / n T f  / J V t y  \ *. :

25 C ~  t’ llt'I'il / f ) i  ;  c t > / /ĉ  i t t O  1 1  m ! i • / M / \ c i  f«. c /. /» ^ / / /»11 r / /. ''iy n , . f ̂

26 p ~ m u l c ¡ i- ‘ <■ «- ■ • / , i u - «  » ; c- y  ■ i' <■ i 'o/J /v . ,i o  r/i i ; > ( c'

27 ✓
/

.

’  H I  ¡ 1  ^u *

i
I
f  _ . . .



w

CHEMIE LINZ AH 9  9

IVL Vf) #
' RECORD OF WORKING TIME

" P r o j e c t :  UNIDO-Workshop

Name: P ,/ o /  (-u/\u /v; » 
N a t i o n a l i t y :  \r c.

C Le . •i )

Month: May 198n

MayDate Dept. Aktivities Signature CL
10. (-I'.tt/'J-U f A t r  1 •< 1 / n Vi f lion , ri / / f n 7 f lV l> V ^
11. ( 0  /5 f r? i n of //?£ Z W i't /: / r o <:/(.< f //1? n ( c  C l r L 112. Wcrfslirp dnjfrif" r r f  a n/sc/f /on <? / f f
13. 1/ .'os 1 r  u  t  /  i c  n  Cn s 0  /  f  ^  «vC ■> S  .1 r  c  \ ( , - J  i , m i  i un W.N, (  i \; / /  ,V f  ^ 0  ,■ •/ ,M, 'f
14. /s f V.» v> Z o >vi r  n 1 r\ 1 o of iv\0iitP C.i rtn( T J 'ipüi ( p c i t i ^  «./<■» h of C i- 1

15. i? f p r i , r  0  c  , f r' o ' sa i o r\ of C 1. \j i <> > i /  c »'fl .nlcrtcoi Cc P P  p a <  } m< ,¡1 A i p —^
16 ; / / c l i  <J d  y
17.
18 . Tfl vJ C  e  d r  g !  \ f l j  o r k  f , k  cp T t ^ T .  -19. v . // i l /lfc- 7T

I 20. Z ! s/e. r> /’i./s n/o -f / if, n ca iTf/ A / g. ̂ f r ' t  a  j 7-f •> A / o ,/f . Zv.v
| 21. t  hvaJ C  c. n/f r Li/ V/V) o r  k  i h &  P

! 22. ¡■f
"  " i i i t -

23. i_l' I ■ _ f>, ̂ i £k c or MuH t ̂ p f a T plan/ of c  i  . v t o r sf( |2 —
24. f

.25, t a rp M  "f 1? T l r« \ ]P ̂  1 1 V\ Ü5 f ̂  & t Ì W\ K\rf •
26. T.MP /x 1/ p  > 0  / £ } '

27. Cc r ck \*J ̂  f  ̂ I'l <' p >•*• vaJ ^ 1 ̂ t "1 r i C ov / ) ̂ «L jo f •
28 . / r  g / /’ J  a v/ i
29. ■ F M p f̂ \ r\ ̂ (’ r 1 rj 1 T <*- S i l V,  ̂p c‘ 1 4M •' n f ■ " / , -
30. fl i cJ O 'j
31 . ______________________ £__________ •

i I



CHEMIE H N ¿ AC

IVL

Month: j une -igfii
Name: Mr. R. GUnobakan 
N a t i o n a l i t y :  Turkey

&
RECORD OF WORKING '"IME

, P r o j e c t :  UNIDO-Workshop

te Dept. Aktivities Signature CL
e 1 A T N N/Zr~ / C Z z .  / cV C /-I 4V j A  A l , A S o,,, „■/ /3 ex f /> r c J  u c h

2 f f /t A o  ■•f' -, ? * \\ , V ^ -  :
3 .'t ' / n  't '' o JIG /
4 j>lo o i ** XpfYy E h  £  r  Cl}  AA Q. $ i~ ì  r i f  VJ f t A /.{(->! c JO Wjof ̂  C o i ' i i C i l
5 f i T j i A j , i  f  1 C A c  / oi  ,  C A  /A, A  'A A S o  f) J  J\a  r  p r 1.1 ol a ( '/ . / / /  .. ..
6 / J X 'S . / J ■ , _ ( t<tur.¡0 h io AhjiifO £'<‘k f r , K. 

J  1 S 1 (0 r  .0  \ A J  E f .$ 1 Ci v 1 0 Ik! . pOvAj t/- .A )i... ¡ \nel) ,\ j
7
8 h sfrvme Ki f-*’ -f /,n •-/ V 11 ..... - i
9 T H t JA t r i C r j \ v n 4

i 10 T  VvE / /  ' Ss > ■ — ' *
11 T M  E M?rv\iv\f ,S( a (V'< sfcf/ s *■' r.\fO~l 1 U 01 //iŜ ruŵ L̂  /V 0 ̂ ■ i  ..
12 V  i  ̂ i 1 . o Vs/ 0 e S 1  / p t ki è
13 \Ji<s;Y-  h  v> ' P e ^ r O  C U f vva 11 P ie rr i a *\fl * ' WA Cric
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General In fo rm atio n
Em»ftno*r (DurdiMtiltg* an)

4 .  OMIDO-Workshop

HISTORICAL EVOLUTION CF CHEMIE LINZ AG * 1 2

Start of erection in 1940, heaping up the area near the Danube for 2 - 4  meters 
withgravel from the port.
Question of location: The new plant was situated as a neighbour of VOEST because 
there was a surplus of coke oven gas.

The original name o f  our company was "Österreichische Stickstoffwerke AG" 
(translated: Austrian Nitrogen Plants Ltd.). Initially only nitrogen fertilizers 
have been produced. This old name was too corr.p2icable and too long for inter­
national usage. So we chaeged it to "CHEMIE LINZ AG" some years ago.

Original layout of our facilities:
1. extension step: 50.000 t N
2 . extension step: 100.000 t N
Start of production - Primary N : October 1942

CAN : March 1943
In the year 1944 we had reached a production of 55.000 t primary N.

During the second world wnr our plant was bombarded by SCO bombs. From Vay 1945 
to July 1946 production partly sood still due to damage and power supply.
Until 1948 the former production was reached again. It was boosted strongly _r. 
the following years.

1957 1967 1977
Production of primary N: 164,000 t/a 275.CG0 t/a 466.CQ0 t/a

The number of different products increased during the same time from 2CC to 130G.

Th» most important results of our chemical - technical investigations ycu will find 
in the Know How brochure of our enterprise.

The most significant erections:

1939 Foundation of the enterprise "Österreichische Stickstoffwerke AG"
with a layout figure of 50,000 t N.

1943 Start up as an enterprise producing only nitrogenous fertilizers

1944/45 800 bomb-hits, closing of the plant

1945/46 Reconstruction, installation of the departments investigation, 
development, sale and training,

1948 Foundation of pharmaceutical division and continuous extension of all
plants

1953 Foundation of the production line for plant protective agents

1954 Start of the plants "Gypsum Sulphuric Acid" and SSP

1960 Start of organic production facilities (prepla3 tics and plastics)

1975 Erection of the plant at E\.\S (acrylonitril)



TABLE OF DEPARTMENTS TOU CAN VISIT DURING THE COURSE

ATM: Division A t technic, high pressure
Single train plant for NH3-production, old ammonia synthesis plant, 
ammonia storage.

ATG: Division A, technic, gas preparation
Synthesis gas preparation from coke oven gas and natural gas, gas reforming 
plant, M a ter supply for the whole company, boiler feed water treatment, 
oxygen plaot.

ATN: Division A, technic, nitrogen fertilizers
Nitric acid, CAN, ammonium nitrate, ammonium sulphate, storage, bagging and 
shipping, plastic bags.

ATP: Division A, technic, phosphate fertilizers
Sulphuric acid and cement from gypsum, sulphur burning plant, single super­
phosphate, NPK, phosphoric acid, storage for fertilizers and raw materials, 
bagging and shipping.

BTH: Division B, technic, urea
Urea and melamine plant, storage, bagging

THW: Central technic, main workshop
Manufacture and repair of vessels, heat exchangers, pipes,...
Machining shop, repair of pumps, gears, .....

TEL: Central technic, electrical department
Planning of electrical equipment of new Chemie Linz plants, 
electrical maintenance, balancing of rotors

TME: Central technic, instrument department
Planning of instrumentation systems, weighing systems, maintenance and rare

TMP: Central technic, material testing
Recommendation concerning material selection for new and existing slants, 
check of welding seams, corrosion tests,...

You will have also the opportunity to visit the following departments for a 
short time:

TEW: Central technic, civil department
Planning of new buildings and maintenance of cuildings, streets, rails, 
sewerage. Insulation and painting group.

US: Safety department
Safety instructions, registration of accidents, fire origade, safety means 
(masks, filters, respirators,...)

TK3: Central technic, design
Coordination o f  all investments (new plants), improvements in existing plan 
together with production- and maintenance departments, working out of 
drawings and investment programmes.

IVL: Central planning, li:ensîs
Licenses and Know How fr<m C r . e m i s Linz

GBR: Discussion with members of tna works council.



MECHANICAL JUflà füfi CrênATCRS

CHEMIE LINZ AG

During start up of a new plant normally we have some maintenance personnel in shift 
( 1 or 2 shift locksmith). If the plant is in continuous operation there is no 
maintenance personnel in shift, for the complete plant of Chemie Linz only in two 
departments (ATN and ATP) each one shift locksmith is working. For example the 
single train ammonia plant, water treatment and also urea plant don't have a shift 
locksmith. If there is a trouble the operating people (production) can call the 
stand-by-service (on call service).

For every production department
1  chemical engineer or production foreman - 

for every maintenance department
1  mechanical engineer or maintenance foreman and
2 locksmith with good knowledge of the plant are on call for the time of 

o n e  week after the normal working ti»«i and during weekend.

Since some years in Austria the profession "CHEMIEWERKER" (operator for chemical 
plants) can be learned. After the normal education in school (normal age of the person 
1- years) a young person can join e.g. Chemie Linz and can learn for 3 years this 
profession. During this education in school, workshops and different plants the person 
becomes familiar with small maintenance jobs. Therefor in Chemie Linz the operators 
are allowed to fulfill certain maintenance jobs under supervision of the production 
foreman and in responsibility of the production department.

¡n the following maintenance joos allowed for operators are pointed out:

Mechanical jobs allowed far operators in department . . .

After order and instruction by the shift foreman the following jobs are performea 
by production side after relevant guidance uy the maintenance side in the later 
mentioned units.
Beside the general precautions the following particular safety instructions have to 
oe considered:

Pipes resp. pumps are to depressurize and to drain, hand wheels of valves - if 
required - are to block, blinds have to be installed, switches for motors are to 
lock or fuses are to be removed by the electrical department. For jobs with aggressive 
mediums the common safety means (e.g. goggles, orotective suits, rubber boots, 
gloves etc) have to be used. Flight devices or masks are to keep ready, also water 
in form of a flexible water tube. In case ofescaping N0-, 502-, CC/C02- or other 
dangerous gases the working area has to be left immediately.
In principle all jobs are to be fulfilled in such a way, that neither the worker 
nor its surrounding will become endangered.

For all jobs up today a work permit was required also in future a work permit is 
necessary (look to safety instruction n o . 6 -  maintenance jobs in the plant).

\ >
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General instructions for all jobs

1) Don't use wrench extensions for tightening sf screws
2 )  Tighten nuts on flanges and lids crosswise and uniform
3) Clean sealing surfaces before installation of new gaskets. Treat.-,sr.t of gaskets 

before use:
For steam, cold water, hot water, air,
sulphuric acid, lye mixture graphite + oil
Nitric acid, NPK-slurry, ammonia silicon grease

4) Use only not damaged oolts of sufficient length in the required quality and use 
not damaged nuts. Grease them before use.

5) In the case of changing armatures pay attention to material pressure range 
and flow (arrow).

6 ) The general allowance to fulfill maintenance jobs is limited by nominal pressure 1C. 
T) Welding joos are not allowed
8 ) To erect scaffolds higher than 1,5m is not allowed (call scaffolders).

Gask e t  material to be used:

Stean, water, condensate, cold gases,compressed air, <iingerit 400 UNIVERSAL (blue)
lyes

Phosphoric acid 

Nitric acid 

Sulphuric acid 98 %

Sulphuric acid below 76 ji, h2SiF6 

Gils, coating agents

or Alingerit red 

Ruober reinforced by faerie 

klingerit 4C0 or Klingerir Acicit 

Klingerit red or Teflon 

^ i n g e r i t  Acidit or k l i n g e n t  rsc 

\lingerir oilit or «.lingerit rsc

Beside the already mentioned general joos for every --nit of the csoartment particular 
joos are listed up, which are also allowed to ce performed oy preauction oerscnnel: 
Some examples:
Sagging and shipping (unit 6 2 G ) :
Greasing of vehicles (dumpers, fork lifts, wheel-leaders) wCwF
Bag welding nachines: Turn or change of r izor olades 

Clean the filters of the vacuum pump 
Equalize felt-disk
Clean preheater and pre-pressing device (grease with silicon oil) wuwP
Reolace tubes
Check and clean cooling water filters
Adjust ammeter for heater

Loading of accus «LwP

Central raw material storage (unit 6 3 1 ) :
Change armour plates on conveyor chutes ¿WP
Repair small defects on belts WWP
Change shear-bolts on reclaimers wuwP
Replace grease nipples and grease tubes *WP
Clean and oil pneumatic hammers WCWP
Replace rubber aprons and belt cleaners .iwP

Signed by
Head of production department

Signed by
head of maintenance department

r
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Safety instruction 17

V C ^ c L E  ELECTRIC чд\3 " C L S  AYd v C l \

To ^ix the required precautions ana Tor the interest of good cc-oceration 

outdoor companies and workers from outdoor conpanies uncer observance of 

u'VE - instructions E 1 and E f e  following precautions are ordered:

v o.aole electric "“and tools

1 ) for jobs in vessels, containers, t-oes and similar s-ail equipment z *  ; 

conductive material and

for jobs on such equipment with comparable narrow d a c e  conditions.

2) Jobs on metallic conductive roints such as grids and steel-constructions
31 jobs cn good conductive Points (soil, concrete).

1 ) for joos on poor concuctive points Supn as -or* f e e s  « i f  try and ~ot - 

d o e r s ,  offices, or tile-floors.

Adcitional there is mentioned f a t  oiscon-ecting o r a n s d r - e r s  m,_£ t oe loca 

outside of the dangerous rooms ana only connection of o-e electric hand to 

is aliened.

Cn supplement you can see different kincs of electric nand tools and tne 

allowance of use.





Safety instruction 6 

•-'AINTENANCE IN THE FLA.NI

All jobs m  connection with maintenance, erep’ion, ;er>,::L"g, etc
on or fcr scuio-ents of oiants are to he allowed cy a .erscn :*soor;;;l; *or m i s  
olant before start of worl-ans'uc. ’ - ¿ 3  is done 3 written "i,_'_C«A\CE - S-'ccT-’ 
for repair works (see sheet A 79 o ) , signed by the res crsidle leacer of the pertain 
area or m  charge cf the leader by a cerson who is ’•ace responsioie oy m e  
manager of the department.
“ he allowance sheet is  v a l i d  only f c r  one c e r ta in  . c r k ,
Due to in s ig n if ic a n c e  or l i t t l e n e s s  ano i f  tnere i s  no r i s x  re rfo r—a-oe of ;r< 
is  allcwed without allowance oaoer.  'o ? i<  such 3 1 = me r e 5 0 0 ns 1 0 1 . 1 t .
of  ordering-  (production foreman) and o e r f o r - m g - o ' - ' i c e  [ - j i r c s n a r c *  'or e -a n . ' .
The issuer of the allowance sheet and the performer of m e  wcr* are r e s c o n s i d s  
for using the oreventation-xeans b e f o y  and during f a  service ..or«.
C n principle t’’is allowance sheet shail ce for all oeoole ccncerned witn ere 
service job:

- 9  1) a memory aid
2) avoiding misunderstanding oetween ordering and performing =ioe 
2) exact  determination o f  precautions  
•1) c l e a r  l imited r e s c o s i o i l i t y

The allowance oarer has to oe signed ce for  . c r < - : e : ‘ : ~ a r ' : e  oy me t s c - - io a.  : i ‘
Tne o r i g i n a l  (yel low) c f  the allowance snaet is  < e ; t  Z j  me .-.or* a«eo_ti~g sioe,  
me ocoy (white) remains cn tpe i s s u e r .
If the repair is  oerformed oy p er so n */  ‘ ren c m e r  .■ or-'S'oos (T-w, " _ e
fore- ah of  tne other workshop get me s.iowance oaoer a'tar m s t r . r t i r n  -ro--  me 
technical  (-a intenance) side  of tne olant anc the c m e r  . c : < = " c :  c o ' f ; ”  agree- enc 
to the ordered precautions oy s ig nature.  2 s s i c e s  m i s  roeoiai  - e a r s  o '  c o . r - e  
a l l  the tc e c i f io  ins ¡ .ructions for  tne tec^n^cai  n.st oe ooser-.ec. T-is
s p e c i f i c  ins tru ct io n s  are not wr itte n on the allowance s^eet .

After finishing the wor< the responsible person of the executing wcrxsnco fills 
out the tear-off-part of the yellow original sheet with time, date ard signature 
and hand over this part to the issuer. The issuer sticks the tear-off-cart to the 
white copy (speci-en) of the allowance sheet.

.** . Because there is a testrun nessersary after finishing the repair, the-rasponsicle
maintenance man fills out the rubric "SWITCH TO TESTRli.N" with time, date and sign 
it. The foreman of the plant workshop signs also this column and arranges with the 
production foreman the start of the machine. During testrun the allowance sheet 
(yellow) is on the production side.
After regular performance of testrun the allowance sheet comes back to the repair- 
foreman who signs the rubric "WORK FINISHED" and the tear-off-part is handed to tha 
issuer in above described wise.
Can the repair not be finished on the same day one has to ask for extension of 
allowance. Therefor the issuer has to write a note on the yellow sheet with 
dublicating to the white copy .
As expedient for making out of allowance sheets and fixing precautions there are 
provided special supplements in which the danger and the required orecaution is 
mentioned.
Permanent allowance sheets for routine-works can be issued for a limited time of 
one year after consultation the safety engineer. The issue of reauired single­
allowance sheets befor performance of concerned war« is done in own responsibility 
by the deputies of responsible person (foreman) Cased an the permanent allowance.
The observance o f  the ordered safety-instructions by the executing people is c o n -  

troled b y  the competent supervisor. Allowance sheets for e n t e r i n g  p f  s e w a g e s  and 
P u r i f i c a t i o n  ruts must be s i g n e d  a l s o  oy t h e  c-a'ety ter: ar m e n  t .



Safety instruction 13 

SCAFFCLDI\3S, LADDERS

For erect ion o f  s c a f f o l d i n g s  during execution of  c i v i l - w o r k s  the § 1 /  -  33 of  t~e 
order about "prevention of  '«orders ara e - r l o y e e s ” 1 3  v a l i d ,  fu rth er  the otanoard 
"G\CRM В 4C07 -  s c a f f o l d i n g s . "  § 35 -  37 and C'.uRM F  51ГС concern lad de rs .  Revision  
of  iadders according s a f e t y  instru ct io n 2C.

During er ec t ion  and «orbing of  s c a f f o l d in g s  the fol lowing procedure i s  c o i i c a t e r y :  
Erect ion j f  var ious s c a f fo l d  is  c e r f c r - e a  by civil d er ar t - e n t  due to order—sneets 
( f : : n  A 1 9 ) .  The o r i g in a l  of  this  s~eet  1 5  sent to t - s  c i v i l  c e c t .  from the troere  
ore copy together with the order ' " ;r  dismantling z f  t - e  s c a f fo l d  regain о t~e 
•orcerer and one cooy goes to the s a fe ty  e r g in e e r .  ' ' •e safety  engineer has ~.~a 
p o s s i b i l i t y  to ore ce ive  s a f e t y  in t e r e s t s  cn time.

In a l l  the cases that  c i v i i  dept,  has a oermanent «сок order fc r  o u i i d m g  of  
s c a f f o l d s ,  the number of  the permanent work order rust ce written on tne order  
for  bu i l c in g  a  s c a f f o l d .  Tnerfcre no separate work order i s  required.  Is  there ~o 
permanent work order by c i v i l  debt.  beside the order f c r  cu i ld ing  a s c a f f o l d  a . s t  
a work order is  required for  accounting t " e  work-ansnio The sheets are so srra~oed 
that ootn c a r ts  can oe written as co pie s ,  work orcer and s c a f fo l d  order ~u = t i s  
handed over to c i v i l  dept.
'he cetermination o f  wur<_ anship in saoh 0 3 3 s is  to oiv .de  in:  с - act  . l a c e ,  r i _ 
z f  t*“? -C3rf*Cij 3rw ГЭС-1Г tii lC2C 2 rl.. i. ̂ . 1“ '• Z  .

rrderer  take o ,a r  to» sc af fol d  o-. signature  o n  one concerning s c a f f o l d  oroei  
(s c a f f o l d  taxen e v e r ) .  Csre for  the s c a f f o l d  arc  to - a i r t a i n  i t  in a rsou lar  stete  
t i l l  now i s  the duty of the orderer.  -e  nas to cnec< continuously,  ne i s  “ dt 
rssoonc ipls  for tna f a u l o l s s s  ano r e g _ la r  erect ion itn is  tne e « c l u s i . e  t i ' . j
o f  the s c a f f o l d e r s .  rut  taking over o s r t .  i s  resoonsiole  for  tne f a u l t l e s s  state
of  tne s c a f f o l a i n g s .

To avoid tne improper use o f  not read,  s c a f f o l d s  or seen s c a f fo l d s  not ta<en over ,  
the c i v i l  dept ,  has to mark i t  by a e l a t e  "Don 't  s tep to s c a f f o l d " .  I f  the
s c a f f o l d s  are taken over these pla tes  are removed.

For the case that a scaffold is not used longer, disassembling of the^scaffold 
must be ordered with the sheets Э - 5 of form A 99. Immediately after beginning 
disassembly the civil dept, fix the plate "Don't step to scaffold" on the scaffold. 
Than the scaffold must be removed promptly.

Concerning wooden double-ladders according CNCRM F 5120 instead of c h i n s  there 
must ba used steel-ropes with 4 mm diameter to avoid moving of the two beams 
(look to safety instruction 20).
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WCRKI rjj TI"E :

In Aus tr ia  the general workirg tine i s  40 hours per week.

General shj*~t:

F l e x i b l e  working time: S t a r t  a t  morning 6 .3 0  t i l l  6 . 1 5  h
3/4 hour int er ru tio n for  lunch 

Close at  afternoon, Mo -  Thursd. 1 5 . 3 0  t i l l  1 7 . 3 0  h
Friday 1 2 . 3 0  t i l l  1 4 . 0 0  h

Recording of  actual  walking time on "time r e g i s t r a t i o n  c a r d s " .

Zeiterfassungskarte CHEMIE UKZ AG

Name:

Zeitraum:

v.

Kurzzeichen :____________________ b.
Personalnummer :

*  Saldo 1 : j1 _

Summen der plus- bzw. 
minus-Abweichungen :

i  1 «
1 r
1

kommt Fixzeit geht WZ/BZ
r + ; _ .

Mol
___ |______ 1  j

Di !i i ! 1 1
Mi j ! j

Doj
__• }

1

Fr j i ;
i 1

A 41 b

WE--- MASHiNâ, -TIH£ 
B É ---hfiTHlNÜ, T|M£

! I  TO TA L « A u t x c t+ Gesamt- : — Saldo:
' I  BA LÄ ü ci~ ör  
I *  Saldo- roftndt 
j -  Vortrag : CAW
[ i RAi-AHCe «Pt f

Saldo 1:

tie, uArueeUnterschrift—

-  SAt-AMCetiDCl
* Saldo 2:

Summen der plus- bzw. minus-Abweichungen : 1
i  I

: kommt Fixzcit geht WZ/BZi+ ! -*■ -
.Mo :

Di j

Mi ; i

Doj
Fr | f

The maximum plus-  or minus-balance o f  one complete r e g i s t r a t io n  card i s  allowed 
with 10 hours.  The employees o f  Chemie l inz  can take two fr ee  noons or a f t e r ­
noons c r  one free  day per month i f  they do not go across t^e 10 hours l i m i t  
and i f  the superior give his consent.

S h i f t  systems:

Most of cur plants are on stream 24 hours per day. For t h is  production l i n e s  
in the d i f f e r e n t  departments tnere are 4 s h i f t  groups working 8 hours cer day 
according to a s h i ft  table .  These groups meet also  the 4G-hours-week with 
temporally f ixe d f r e e - s h i f t s .

Examples for  d i f fe r e n t s h i f t  systems: A 3 c D
2 s h i f t  groucs A,£ Monday t i l l  Frid-iy 6-<4 14-12 p;-tgir.g, loading
3 s h i f t  groups A,c,C Monday t i l l  Frid-.-y <-44 t o - l l t l ~ b superoncsphats
4 s h i f t  grouts A , 3,  C , D the whole week fe- AH n - b f i f e most productions



S-cCESTIOfi SYSTEM

In i?53 Chemie Linz AS has introduced 
£ suggestion system.

-ow to m ake a suggestion:

Ee clever, 
m a k e  suggestions

ISI

1) The idea:
Everybody can suggest. The office "Suggestion System" 
and the mem b e r s  of the works council will help 
composing a suggestion.

2 ) r’r e s e r t a t i c r :
Possible over the sucerior, tne office of suggestion system 
o r  the w o r e  council. Cns car also o_t the proposal into 
the "suggestion-letter-box".

3) Registration and examination:
The office check the suggestion for m a ll y  and ask for 
the opinion o f  ore or m ere expert«.

¿) The decision;
Acceptance or rejection o *  suggestions is the duty of 
a "suggesticn-ccmnission".

5) Re«ard:
The experts calculate the annual sawings end the 
sucgestior-cc-mission has to fi* m e  reward.

6) Payment:
If the suggestion i= positive the employee will get the 
reward together w ith the monthly salary.

We distinguish estimable and ccrp_table suggestions.
Concerning an estimable proposal ere can re-arc the suggestion with 2C C ,- up to 
3CCC,- shillings, deperdent on tne result of the valuation system. .

Criterions in the valuation system:

Importance 
Kind of solution 
Effect o f  the proposal 
Frequency of application 
Site of suggestion 
Elaboration 
Realization costs

error t o o t ................negligible
o r i g i n a l ................already used
conplete change . . . .insignificant change
often .................. single
own b u s i n e s s .......... foreign business
practically cestPd . .net tested
up to 5 3313,- . . . .  more than S  5G00,-
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SALARY SYSTEM LEAVE

In Austria there is a collective agreement between the Federation of Trade Union» 
(labor unions) and the industry. In a distance of 1 to 2 years the two ccrties 
fix the wage ;->crease for a certain p-riod.

In Chemie Linz AG there is a special system called "Salary regulation” .
Our salary ir calculated as a sun of four grouos:

2) Basic salary (B5)
It depends on the cositicn of the employee.
The scale cf basic salary is diviced into 23 steps.

2 ) Seniority-value in cercent of the basic salary (EV)

^ 67 ■ years of service in O e n i o  Linz
90 -  srtry years (age)

3) Experience value (EV) in percent of the basic salary.
This value is 1 % per CL-service-year up to a maximum of 18 fj.

4) Personality-value (?V)
It d'ipsrids on the opinion of the superior and increases from 3 to ^

‘-'onthly salary: PS +- SV EV +• PV

Holiday (leave credit)

Up to 2~ s e r v ic e  years : 2 A- week-days ( 4 veaks ) f c  -  5a

T'ore than 20 c s r v i c e  y e a r s :  30 week-days ( 5 weeks ) f\0 -  S<j

The study-years are arcounted in the sorvice-yrers in the *cllowing amount:
Charge for Technical dirh Schcol : 3 years (duration of schorl 5 years 
Charge for "'ec'-nical University : 5 years (duration 5 - 8  years)

More than 25 CL-service years: 30 actual working days ( £ weeks)

Addit ional  freet ime

for marriage, birth cf a child, removal, death of relations in the amount of 
1 to 3 days.

Recreaction leave in comoany own hostels

Every 21 months: 
27 months: 
37 months: 
96 months:

Production and maintenance personnel in very dusty and durty areas 
Foremen and workers, laboratories 
Employees in production cf'ices 
Employees in administration offices



Beside the legal rules end directions there exist some other 
SAFETY INSTRUCTIONS in the company of Chemie Linz AG:

1) General instructions: Competence, foundation^ smoking prohibition, alcohol
prohibition, maximum speed inside the area cf CL, first aid performance, 
safety advise, . . .  .

2) Information procedure on fire brigade actions and accidents
3) Operation of fire brigade
4) Alarm ways for the fire brigade
5) Safeguard services
6) Maintenance business
7) Local extinguishers
8) Use of protective hoods
9) Entering of vessels

10) Foreign company workers in the plant
11) Protective equipment and protection clothing
12) Safety instruction N <
13) Scaffoldings, ladders
14) Storage of burnable materiels
15) Use of solvents .
16) Radiation protection
17) Portable electric hand tools (power tools)
18) Directions a^d marks for safety work
19) Responsibility for repairs on pipe!ine-briages
20) Bolt shooting devices
21) Directions for chemical labs
22) Apparatus , devices and equipments obligatory to revision
23) Loading wcrxs on waggons
24) Tr.mcoorticn tanks
25) Glass carboys (bal loons)
26) St e e l  b o t t l e s
27) Pressure v e s s e l s
28) 5afety in the field of railway
29) Showings round the plant
30) Vehicles without rails (fork lift trucks,..)
31) Alarmplan for special departments
32) Fire protection in glue-plant 
13) Report of industrial accidents 
34) Transport o f prussic acid

Yearly control  of a l l  continual  conveyors ( b e l t - ,  chain-conveyors,  . . ) and 
notice of  the inspection in a check-bock.

Yearly earthing control on tanks for burnable materials

Control of the lightning-rods in a distance of 2 ¿ears.

d i n e d  we w i l l  d iscu ss  in d e t a i l .The ite'-’ s unde
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E x a n o l e  f o r  In v e n t o r y  r e c o r d

610/021 S u lp h u r  m e l t i n g  p i t ,  2 1 . 0 0 0  x  4 . 3 0 0  x  1500  mm 
w i t h  c o i l s  and a g i t a t o r
Three  phase c u r r e n t  m o to r ,  5 . 5  kW, 1 4 0 0  RPM, 
g e a r  t r a n s m i s s i o n  t o  84 RPM, motor-number 6 9 3 9 7 0

6Ю/С22 S u lp h u r  pump, v e r t i c a l  t y p e ,  s i z e  1 1/4 ,  . 
VSO -  861 -  1/4 ,  t e m p e ra tu re  o f  m o l te n  su lp h u r  
135 °C F a .  Lewis & Co ; 
TPC-motor,  4 . 8  k'.V, 2870  RPM, motor-num'a/er 6 9 4 2 0 0

610/ 023 Su lp h u r  pump, e q u a l  w i t h  610/022
TPC-motor 4 , 8  kW, 2870  RPM, motor-number 694201

610/ 024 Su lp hu r  f u r n a c e ,  v e r t i c a l  c o n s t r u c t i o n ,
3130  0  x  7 7 5 0  h i g h ,  s t e e l  s h e l l ,  b r i c k  l i n e d  
m a n u fa c tu r e r  R e i s n e r  & Wolf

610/025 Waste h e a t  b o i l e r  1800 0  x  7 6 0 0  l o n g ,  225 n2 s u r ­
f a c e ,  16 kp/cm2 steam p r e s s u r e ,  i n s u l a t e d ,  
r e g i s t r a t i o n  number 2 2 3 6 ,
b o i l e r f e e d w a t e r - d r u m  1500 0  x  5000  l o n g ,  10 m3 
volume

610/026 Hot gas  f i l t e r ..........................  « »



£/*£*■ O S l S A r  A t

IHVEETORY SYSTEM

Each building in the company has an own number. Por admini­
stration buildings the numbers 1 - 9 9  are reserved. For the 
different buildings in the plants the numbers 100 - 999 are 
in U3€• Each machine and apparatus has an apparatus-number 
(e.g. 610/024 - sulphur furnace of Hon3anto plant). The first

( u u  / r )three figures mark the building in which the machine is in 
action. The second three figures determine different machines

(U H ir]in a certain building. Electrical motors are separately num­
bered and inventoried by the electrical department. All machines 
and motors in the field and the replacements in tb.* stock are 
marked with the apparatus number.



LECTURE
FUNDAMENTALS OF MAINTENANCE

1
1

1) Production and maintenance

Position of maintenance in a production process

2) The maintenance cycle

3) Some technical terms 

Administration 

Precentive maintenance 

Corrective maintenance 

‘■'od if ication 

Replacement

Direct preventive maintenance

Indirect preventive maintenance
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Subjactiva inspection 

Objectiva inspection

Surveillance 

Bath tub affect

4) The economic effects o f  preventive maintenance

4age costs 

Material costs 

Administration costs 

Purchased services 

Conversion costs

Direct maintenance costs 

Indirect maintenance costs:

6) Maintenance in a production process

a) Operation

b) Control

c) Care

d) Maintain

e) Cn-ck

f) Perair

Duties of proouclion department

Duties of  maintenance Ceoart-ent



7) Maintenance and company— intern organization

8) The man in the maintenance process

9) Wear —  reason for maintenance 

Wear

Corrosion

Fatigue

Ageing

Kinds of wear:

1C) Wear- and corrosion— phenomenons

a) Even and scarred corrosion

b) Hole corrosion

c) Ir.tercrystallins corrosion

d) Transcrystalline corrosion

e) Layer- corrosion

f) Bacterium corrosion

g) Crevice corrosion

h) Fatigue

i) Ageing

k) Thermal influences

11) Types of faults
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12) Registration of wear-processes

1 4 }  a)Activs and b) passive protection against corrosion

.a) Avoidance of destruction b) Building of a protective layer

15) Technologie and methods of maintenance

/

\

)
Operating people

- duties

knpwl gflii 
a c a u  t

'■"aintenance ceoola

technical behaviour, «ay of operation, trouble behaviour, «par behaviour, n a terprce
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saint.after trouble

the plant______
u n planed

repair of
daaapes __

I plant shutdown
: ■ • : i ■■— ..
I search for trouble 
1 determine^trouble

[dismantle^partly

check for sub—
.a rn n a n t fyulta __
determine (subsequ. 
secondary faults
repair primary and 
secondary faults

[assembly

t testrun
f start operation

16) Repairs

I Methods of m a i n t e n a n c e  |

mainte n a n c e  due to pre-
dstsrîîi-îd

3

I planedmaintenance
periodical check periodical rspsir

J plant shutdown 
1 i---------

[ check operation j 1 check operation

[ plant shutdown
1--------"T”------- j
1 dismantle partly | 1 d i s mantle partly |
_________1_________
check determined m
Parts.. \ VéK------ 1 check, touch u p  or
replacement or replacement of de—
touch up required? 1 tsrmxned parts nr

« . j groups
c a rry o u t  replace-
m e n t  o r touch u p  t - -- —

j assembly
1 .a

j assembly
* - - - 1 
_________ 1l 1 ______

( testrun 1 [testrun 1
--------- 1 1[ s t art operation | [ start operation |

standardised

plant shutdown 

I check operation

di s m a n t l e  partly

r e p l a c e  determined 
carts or qrcuos

¡ assembly

[ t e s  trun

( start operation

17) Maintenance schedule

18) Preparation of maintenance

19) Maintenance
Management - Planning -  Realization

20) Demand far repairs



21) Investigation of repair material

22) Planning and account control of ma i n t e n a n c e

23) Specialization according to used machines

Euiidings
C i v i l  facilities (streets, sewage,...) 
Vehicles
Hoists and conveyors 
i-'achine tools 
Tubes
Pumps, conoressors, turbines,...

I

2 4 ) S u r v e i l l a n c e  and maintenance in cnemical  r i a n t s

25) Mainte n a n c e  and pollution control
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4 . UNIDO-Vorkshop

LEAFLET ABOUT HA!IDLI?.'G OF AMMONIA

1 .  P r o p e r t ie s

1 .1  At normal c o n d it io n s  Ammonia (NH.j) i s  a c o lo u r le s s  gas 
w ith  a c h a r a c te r is t ic  pungent odour. I t  i s  re a d ly  
l ig u e f ie d  by c o o lin g  o r  com p ression . The l iq u e f ie d  
Ammonia ev a p o ra te s  re a d ly  and f a s t l y  a t  a tm osp h eric  
p r e s s u r e . T h is  g iv e s  r i s e  to  a s tro n g  r e f r i g e r a t i o n
to  40 d eg rees C below z e ro . Ammonia i s  v ery  s o lu b le  
in  w a te r , the s a tu ra te d  s o lu tio n  c o n ta in in g  35 %

Synonyms f o r  aqueous s o lu t io n : Aqua ammonium; W ater o f  
ammonia; Aqua ammonia; Ammonium h y d ra te .

1 .2  L iq u id  Ammonia, aqueous s o lu tio n  o f h igh  c o n c e n tr a t io n , 
l ik w is e  gaseous Ammonia o f  h ig h e r  p e rce n ta g e  have an 
i r r i t a t i n g  e f f e c t  on th e s k in , m ainly th e  g e n i t a l s  the 
r e s p ir a to r y  t r a c t  and mucous membranes o f  th e  n o se , due 
to  an a lk a l in e  c a u s t ic  a c t io n .  L iq u id  Ammonia can  a ls o  
cau se  f r o s t b i t e s .  The pungent odour i s  w aring in  due 
tim e .

Maximum a llo w a b le  C o n cen tra tio n  in  a i r  ( *  M .A .C .) 50 p a r ts  
p er m il l io n  (=  TLV: t re s h o ld  l im it  v a lu e)

1 . 3  F i r e  and ex p lo s io n  hazard a re  p re se n t but a re  co n sid e re d  
sm a ll.

./2
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* )  M.A.C. = th a t c o n c e n tra tio n  in  a working atm osp here, o f  a 
d u s t, fume o r  vapor such th a t  i f  i t  i s  exceed ed , fo r  
a p p re c ia b le  p e r io d s , damage can be caused  to  th e  h e a lth  
o f  exposed in d iv id u a ls .

2 . Handling

2 .1  Ammonia, gas o r  l iq u id ,  i s  b e s t  removed by sp ray in g  w ith 
much w ater in to  i t .

2 .2  E x p lo siv e  l i m i t s :  16 to  25 % by volume in  a i r .
At c e r t a in  l im it a t io n s  ( 1 5 ,5  -  27 V olji NH )̂ an 
am m onia-air-m ixture i s  e x p lo s iv e , th e r e fo r e  in  room s, 
where such m ixtu res m ight o c c u re , the use o f  open 
f i r e  o r l i g h t ,  a ls o  sm o k in g , a re  p r o h ib ite d .
In  ca se  w eldings o r  jo b s  w ith  open flam es r e a l l y  
have to  be done during e r e c t io n  o r  r e p a ir in g  work, 
t h is  i s  only  p erm itted  w ith  th e  s p e c ia l  approval o f 
the management o f  th e  company under adequate 
su p e rv is io n  and o b serv in g  s p e c ia l  p re c a u tio n s .

2 .3  Poisonou sness and danger o f  e x p lo s io n  need utm ost 
c a r e  a t  a l l  jo b s  a t  c o n ta in e r s ,  a p p a ra tu se s , l in in g s  
and f i t t i n g s  f o r  ammonia (d e p r e s s u r iz in g , c a r e fu l  
e v a cu a tio n , blow ing out w ith N2 , rep ea ted  r in s in g  
w ith w a te r, d e tach in g  and c lo s in g  o f the p ip in g s)
Mines and c a n a ls  a re  o n ly  allow ed to  be e n te re d  
w ith utm ost c a r e  and u sin g  th e s u i t a b le  b re a th in g  
equipm ent. The p re ca u tio n s  fo r  ar  . an t p re v en tio n  
o f  the "B eru f s g e n o ss e n sc h a ft” , e n d .  4 ,  S e c t io n  A 
a re  c a r e f u l ly  to  be o b serv ed .

3 . S to ra g e :

3.1 Cylinders should be stored away from heat and sunlight.

• /3



3 .2  They should n ev er be dropped.

3 .3  C on n ection s to  th e se  c y lin d e r s  should be t i g h t .  C au tio n  
should  be observ ed  when opening c o n ta in e r s ,  and gas masks 
should  be worn.

3 .4  Recommended s to ra g e  in  f i r e - r e s i s t a n t  s t r u c t u r e s ,  away 
from  C h lo rin e  , Brom ine, Io d in e  and M in era l a c id s .

3 .5  W ater i s  an e f f e c t i v e  f i r e - e x t in g u is h in g  a g e n t.

4 .  Treatm ent and A n tid o te s

I f  l iq u id  ammonia i s  s p i l le d  upon th e  c lo t h in g ,  a l l  
c lo th in g  should be removed im m ediately and th e  body 
thorou ghly  drenched w ith  w a te r. I f  th e  eye i s  in ju re d  
by ammonia, i t  should be washed im m ediately  and c o p io u s ly  
w ith  w ater and t h i s  may be fo llow ed  by th e  in tr o d u c tio n  
o f  a sa tu ra te d  s o lu t io n  o r  b o r ic  a c id . I f  p ain  i s  s e v e re , 
use lo c a l  a n e s th e t ic ,  such as 0 ,5  % s o lu t io n s  o f p o n to ca in e  
h y d ro ch lo r id e . T h e r e a f te r ,  the a p p lic a t io n  o f  o l iv e  o i l  
o r  some s im ila r  o i l  i s  d e s ir a b le .  C ontinuous warm b o r ic  
com presses to  th e  ey es may be o f  v a lu e . The u su a l trea tm en t 
o f  c o rn e a l u lc e r s  should be in s t i t u t e d  and an op h th alm o lo g is 
should be c a l le d  a t  o n ce . R e s p ira to ry  and c i r c u la t o r y  
m easures should be taken  i f  the c o n c e n tra tio n  o f  fumes 
h as been sev ere  and the r e s p ir a t io n  a f f e c t e d .  In h a la t io n s  
o f  from 5 to  7 % carbon d io x id e  in  oxygen should be given 
and i f  pulmonary edema e n su e s , the use o f  oxygen by means 
o f  a te n t or in t r a n a s a l  apparatus i s  a d v ise d .

5 . P re ca u tio n s

5 ,1  Ammonia vapours a re  l i g h t e r  than a i r

. / 4
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(d e n s ity  = 0 , 6  r e f e r r in g  to  a i r )  th e r e f o r e  th ey  
escap e overhead . Good a e r a t io n  overhead  has to  be 
cared  f o r  because o f  t h i s .  At sudden ammonia e s c a p e s , 
f o r  in s ta n c e  a t  b reakag es o f  tu r b in e s ,  f i t t i n g s  o r 
c o n ta in e r s , le a v e  rooms as q u ic k ly  a s  p o s s ib le ,  pro­
t e c t  mouth and nose by h o ld in g  m o is tt  ied ra g s  in  
f r o n t  o f  them. Even a dry h a n d k e rch ie f o r  th e s l e e f  
o f  a ja c k e t  w i l l  do a t  an en ergan cy  a t  f i r e .

5 .2  Leakages can be found by se a rch in g  w ith  a wooden 
o r  g l a s s ^ t i c k ,  which was dipped in t o  HC1 s o lu t io n  
o f  about 15 % (b e  c a r e f u l ,  c o r r o s iv e ! )  o r  w ith  
m oistened red  litm u s p ap er; a t  a p re se n c e  o f  
ammonia, w h ite  m is ts  o ccu re  r e s p . th e  litm u s  paper 
changes to  b lu e .

5 .3  A bsolute n e c e s sa ry  jo b s  in  ammonia p oisoned  rooms 
( f o r  in s ta n c e  h an d lin g  o f  v a lv e s , tu r in g  out o f 
m achines, sa v in g  o f  h u rt p eo p le) o n ly  u sin g  s u i ta b le  
p re c a u tio n s , f o r  in s ta n c e :
F r e s h - a i r - ,  com pressed a i r  o r  oxygen b re a th in g  
ap p aratu ses and use o f  an im pervious s p e c ia l  s u i t  
fo r  the p r o te c t io n  o f  th e  body ( p ic t u r e  1 and 2)

5 .4  At th e use o f  th e  oxygen b re a th in g  ap p aratu s
the f i l t e r  K, i d e n t i f i c a t i o n  c o lo u r  g re e n , i s  to  be 
used. At th e s to ra g e  in  rooms 'with normal 
hum idity , tem p erature and atm osp here, th e  f i l t e r  
i s  du rable f o r  3 y e a rs  in  an unused c o n d it io n  when

. / 5
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c lo s e d  by th e m a n u fa ctu re rs . A fte r  e x p ir a t io n  o f  the 
tim e o f  s to r a g e , a ls o  unused f i l t e r s  a re  n ot allow ed 
to  be used any more.

5 .5  At th e  work s tro n g e r  ammoniacal w ater (ammonia s o lu t io n )  
w e l l - f i t t i n g  s a f e t y - g la s s e s  have to  be u sed , so th a t  no­
th in g  can s p r in k le  in to  th e  e y e s .

p ic tu r e  l p ic tu r e  2

/ 6
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Pecvcling

Increasing density of population, the formation of over­
crowded regions, Trowing industries with expanding 
nroductions and finally, welfare of each people lead to 
an enormous burden on environment. The disposal of growing 
wastes of industrv, traffic and homes had become a world­
wide Droblem, which concerns each of us.

Wastes coming from industry, business and house-hc-.cs are 
distinguished belonging to their use in cooling waters, 
Drocess waters or fecal waters. All these waters burden 
in various m.anrers the waters in whies, tnev are drained off, 
there are rivers, the lakes, tĥ  seas and so on. In this 
way, the natural force of self purification is not suffi­
cient as it is chown bv many examples.

Hence, industries and public administration spend a lot 
of money for purifying waste waters. So the industrv of 
Austria spent 9 billion Austrian shillings on purifvina 
water in the years 1970 to 1970. 'ihat is 41 percent of 
the whole environmental expenses. To keep the quality of 
water in good condition or to improve the qualitv of it, 
many project- ct canal i^ation, r i”:r i cat i on niar.-" ¡r i 
control system^ ire realised. Che-’; •? Air./, now cpo*" d1'
"’TO million shillings on environmer.ta 1 purposes. 
iV million -hill inns are related to purifying water.

. / 2
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Cooling water

The water supolv of the industrial plants of Chemie Linz 
ir. Linz and nnr.c ir resulting total Iv from Danube water 
and not from underground water.

In this connection we have to emphasize that "lost waters 
in our plants are cooling waters. I think there are 
about 95°i cooling waters. This predominating part of our 
water input is given back to the river as clean water 
which is a little warmed up bv the coolers of our plants. 
Out the warmim ut> of our coolinc water is ir.sicr.if leant, 
because waste heat is used with priority in our olar.t. Ihe 
warmina up of the Danube by our cooling water i- on.lv 
0,05 to 0,1 C. The warminc uo defends on the water bear!no 
of the Danube which is various in certain limits. I he 
leaiclative 1 i ”"i t in Austria for war-nine uo th° Z an."-1e

Anoraanic process waters

Only a small part of our industrial water given back ro 
the Danube ic oolluted. Where it is oo<riole, all 
Dolluted waters are purified and neutralized at -he oricin 
of rheir formation. In. our Plans there are -”ore than 
100 separators and neutralisation units.

From the view of energy where it ic possible process- and 
washing waters are recycled. In doir.a so, two profits are 
obtained : f i r̂ r , far rami ns purification of warn® wa rprf 
and eerondl v, the production of val u able r^w material «*.

./i
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well-krown recycling processes, fer example, rhe production 
of AIF^ from fluoride containing waste 'voters of the 
Phosphate fertilizer produceicr. . The Alt,, is a decir“d 
raw material for aluminium electrclysir . The know how of 
this process was giver. to many foreior. countries and now 
there are such plants in DDB, Romania, "apan, Sweden and 
*ugoslavi a.

Fecal waters and Industrial organic 
process-waste waters

It is known that oraanic substances from industry and house 
holds are discharged into rivers end lakes. Ir. thi° waters 
the organic cubstances are eaten hv bacteria , exictir.g ir. 
the water. By this process CC„ and d„C are formed. Inis

s . A
reaction is a basic reaction for natural self puri flea tier, 
processes in our waters. This reaction car. only run in tne 
presence of a sufficient amount of oxvger.. In. absence of 
oxygen the micro-organism cannot exist. According!v, 
purification of waste waters is increasing in cases of 
decreasing of oxvaen. Such reactions caused by micror ersa- 
r.ism are used to ourifv waste waters by biological puri­
fication plants. These purification. Plants are installed 
before the waste water is running down to the rivers and 
laker, so that only purified water i s coring into the 
riverc and lakec, in the purification plant an additional 
effect is obtained bv bringing in much mere oxygen bv 
means of mechanical treatment. qe<'ider, with this mecha­
nical treatment of waste waters, the arising sludge in

. / *
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the biological step is recvcled. In this wav a purifi­
cation of waste water is auarar.teed and only clean 
water is drained into the rivers and lakes.

xeaior.al purification Plant Linz

In comparison -ith many other river? ir. densely populated 
reaions, the water quality of the Danube is not bad. In 
Austria we have water quality standards . The Danube in 
Upper Austria is of the class IT and III of a basis of a 
valuation of four classes . 3y damming up the Danube 
in 1 9 7 9 for erecting a water power station near Linz, 
now better water quality standards are required. House­
hold wastes toaether with industrial wastes should be 
purified -in the reaional purification plant Linz.
This Diant can purifv all waste waters of the region of 
Linz includina industries. So the waste waters of the 
'■'hemie Linz, the VCPST-AlDine 'steel works'* and of the 
rnnser sugar inductries are Durified in this biolocical 
ourification plant, too.

Outside of waters resulting from house-hold and business 
orcranic waste waters are coming from industry. In our 
plants also organic waste waters are existina. But now we 
are making creat efforts ir. minimizing waste waters, 
'"'enerallv, people believe that onlv poisons are danseroK 
in waste waters. Admittina, poisons are very dangerous 
to natural self purification processes that all organic 
substances like unooiseness solvents, articles of food 
and detergents reduce the oxvaen contained in. the rivers 
ar.d lakes.

/5
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This information should make von underctand that pouring 
out of liquids in drain pioes in laboratories is surely 
not the right wav of waste disposal.

In principle, all wastes should be separated from water. 
Furtheron, all mother liquors should be recycled and solvents 
should be recovered, because , as you know, the purification 
of waste waters in mixed and in diluted state is much more 
expensive and technically more difficult. Clean water is 
nowadays too valuable to be used as means of transportât’on 
for waste disposal.

Activities in our works situated 
in rnns (near Linz>

In our new plants, situated in r̂.r.s, acrylonitrile is 
produced. Most of the waste water i«* incinerated. Cr.lv a 
small Dart of waste water whose burning ic not eeoro-ical, 
has to be Durified bv a biological treatment.
To realize these processes it is necessary to combine re­
cycling steps and enrichment stages by adequate energv 
consumption. In the past , diluting of waste waters bv 
coolina waters was desired in order to reach lower concen­
trations of emission in the waters.fuch a dilution of 
waste waters is disturbing , if a biological treatment of 
waste water is intended. In our plant in rnrs, a special 
«■ewage system is erected to separate cooling waters from 
biological treatment plants.
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Recycling methods

Tn various point? of my essay you heard of recyclings or 
recycle methods. A? a matte’" of this principle, raw 
materials are recovered from wastes and can be used -o 
further reaction?. Nowadays, recycling is of great 
imDortance in waste economy.

Tn chemical industries the recycle methods have been 
applied long before environment protection was born. The 
reason for such application was to improve yields of chemical 
reactions. An example is the synthesis of ammonia by 
reacting nitroqen and hydrogen. Once, passing of the 
reactants leads to yields of 33%. By means of recycling 
yields can be increased u p  ’to 93°i.

Another example is our gvpsum. sulphuric acid process. 3v 
Droduction of niah quality phosphate fertilizers, a great 
quantity of sulphuric acid is u^ed to separate an unde­
sired surplus of calcium from raw phosphate. Sy this 
reaction CaSO^ is formed, the so-called gypsum. This 
waste material is utilized to a simultaneous production of 
Portlandcement and of high quality sulphuric acid. Sulphuric 
acid is recycled to fertilizer production. This recycling 
of gypsum prevents the formation of giant waste gvpsum 
heaps. On the other hand, more than 110 000 tons per year 
of calcium sulphate can be saved from natural sources.

A further example from Chemie Linz is the recycling of 
lubricating oil*- and the work-off of fibre wastes and 
polyethylene wastes.

/ - 7
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Thece recvclinar bv Chemie Linz are the r°ason that not tore 
than 1 % wastes are produced in comparison to the total 
production of chemicals. 1 % waste is a very low value in 
comDarison to 10 % in the great chemical slants of western 
Germany's industry cr other industrial sDheres.

Removal of wastes

Removal of wastes is a great problem. Not all wastes can 
be carried to refuse pits. In Austria there are only a few 
possibilities for removal of difficult wastes. Therefore 
it is necessary to remove these wastes in foreicn countries 
where thev are burned in special furnaces. In our Plants 
an oraanisaticn for wastes has been installed, it is the 
organisation-Dlan for wastes. This oraanisatior.-plar. 
fixes each waste from production process and determines 
its removal or its recyclina. If the way of removal is 
cone, there exists a waste book which determines what has 
to be done with the wastes . In this manner all wastes are 
registered and their further wav is determined.

It is not possible in my time to speak about all this en­
vironmental problems. It is the aim of my report to show 
that chemical industries are able to colve th-̂i - problems 
of environment within a sociable limit. New techr.oloaies 
make it possible to realize more extensive laws for the 
protection of environment. The proceeded development lets 
us see the future with optimism. This optimism seems to 
be very necessary, thinking of the great problems of the 
future , first the growth of the world population and secu­
ring of sufficient food for people and secondly, to make 
a natural environment possible in the future.
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RESPO SIBILlTY OP DEPT. ATH

M ain ten an ce o f  th e  e x i s t i n g  ammonia s i n g l e - t r a i n  u n i t  
and o ld  H P -p la n t i n  th e  b e s t  way (good p e rfo rm a n ce , 
low c o s t s ,  s h o r t  t im e ) .

Im provem ent and r a t i o n a l i s a t i o n  o f  th e  d i f f e r e n t  
f a c i l i t i e s  and p r o c e s s e s .

P r e v e n tin g  o f  a c c id e n t s

C o n tr o l l  o f  m a in té n a n ce c o s ts  >

W orking o u t o f  shutdown programmes

C o -o p e r a t io n  w ith  d i f f e r e n t  d e p artm en ts  c o n c e rn in g  
e x p a n s io n  o f  e x i s t i n g  and i n s t a l l a t i o n  o f  new p la n ts

Good c o n t a c t  w ith  p ro d u c tio n  p e o p le  and some c e n t r a l  
d ep artm en ts  ( c e n t r a l  w o rk -sh o p , e l e c t r i c a l  d e p t . ,  
in s tru m e n t d e p t . ,  c i v i l  d e p t . ,  d e s ig n , s a f e t y ,  . . . )

S tan d  -  by s e r v ic e  from  fr id a .y  t o  monday:

1 e n g in e e r  o r  forem an
2 lo c k s m ith s
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A  . .. DIVISION A  (AG RICULTURE CHEMICALS)
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H ___  N IS H  PRESSURE PLANT

7MS FOREMEN ARE ALLOCATED TO THE CERTAIN JOQS
THE W AFERS  -  IF  NECESSARY -  ONE CAN SHIFT BETWEEN THE
H  FOREHAH-GROUPS



Singl^-Train-Unit
H » i w t o w » w r a

Lay out of the unit: 240 000 t/year NH^ reap. 850 to/day NH^ 
Peb. 197:: Start up of ammonia»production.

<5

Productions figures:
1975 200 000 t/year NH,
1976 262 ООО " IV

1977 290 ООО " m
1978 294 ООО " m
1979 334 ООО " m
1980 291 ООО "
daily production nov: 1 000 t/day

For maintenance ve needed:
hours material

1975 117.000 11* 2
1976 84.000 5,0
1977 60.000 7,1
1978 108.000 * 1 0 ,0  *
1979 40.000 • 1 ,6
1980 90.500 ** 4,8 **
*) 1978 vis the 1st general revision
**) 1980 a revision for changing cathalyst in primary reformer 

For this revisions ve needed:
. *) 67 000 7*0

* * )  5 0  0 0 0  3 , 0

The investment coats for the single»trai-unit vas about 
500 Mio S in 1974.

On stream days:
1975
1976
1977
1978
1979 -
1980

Syn, gas production 
280 days 
317 "
335 "
326 •

362 •

MH^-production 
217 days 
294 "
321 ■
313 "
355 ■
310 «.328
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ATH/Pa/Wl

HISTORY OF AMMONIA PRODUCTION-PLANT (ATH)

1 9 ^ 2 : S t a r t i n g  o f  ammonia-P ro d u k tio n  7 5 -0 0 0  J a t o  N
! w ith  4  u n i t s ,  e a c h  w ith  6 0  to  N/day.

' iI
I

l
H

1 9 6 6 : E x p an sio n  to  3 0 0 .0 0 0  to / y e a r

1 9 7 5 : STARTING o f  ammonia s i n g l e - t r a i n  u n i t
Lay o u t :  2 0 0 .0 0 0  to  N/year
1 9 7 8 : 2 4 2 .0 0 0  to  N /year, a l s o  we had a

g e n e r a l - r e v i s io n  f o r  6 weeks

Due to  good o p e r a t io n  and good m ain ten an ce  th e  p e r c e n t a l  
ru n n in g  tim e o f  a l l  ou r f a c i l i t i e s  i s  v e ry  h ig h .

(1 0 0  % » 365 days p e r  y e a r )

p . e . :  R e c ip r o c a t in g  co m p resso rs  9 9 , 5  %
G e n e ra l r e v i s i o n  e v e ry  4 5 .0 0 0  hou rs

I
5 3 »

\
\
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DgYilogatgt of Syngas—Compressors of Single—train-Plants

In the first Single-tr&in-plantsf designed by Kellog there
were used syngas-centrifugal compressors which were developed✓
by Clark. The pressure in ammonia reactor was fixed with 
ca. 160 bars. To reach such a pressure Clark has designed 
compressors with two cases. The speed was approx. 10.000 Bpm.

Improving the efficiency of ammonia synthesis made it necessary 
to increase the pressure in the ammonia synthesis.
Nuovo Pignone, BBC, Cooper-Bessemer and Clark designed 
sompressors which reached a pressure of 320 bars.

I

One of the problems of high speed centrifugal compressors 
is their low weight, compared for example with receprocating 
compressors.

The pipelines to and from the compressor have large diameters, 
there exist high pressure.

Therefore it is very important to prevent forces of reaction 
delivering to the compressor. This is also a very important 
point for steam-turbines. The reaction force of steam 
pipelines is - caused by the high temperature of steam ($00°C) - 
very large. In our plant we did not make good experiences with 
pipeline carrier with springs, because the reaction force of 
the spring depends on the spring-constant. #

•

3b we concepted carriers holded by weights. This kind of 
carriing pipelines needs more place, the advantage.is to 
have constant forces delivered to the pipelines.



Experiences in Sealing the 4th Stage of the Syngas-Compressor

After having operated our syngas-compressor half a year ve 
had to svitch off the compressor because the oil-consumption 
increased. Removing the seals ve noticed, that the seals 
on recycle-side vere o.k., but on syngas-suction-side the 
high-pressure sealring vas demaged. The vhite metal vas 
melted and the 0-ring vas brittled.

Enclosion 1 shcvs hov the seal-consumption increases.
In enclosion 2 the operation conditions of the seals are shovn. 
A draving of the seals vith dimensions shovn in enclosion 3.

In enclosion 2 it is obvious that on 7.9., 9*9. and 12.9. the 
seal-oil-temperature TI 6025 had increased.

Except of this temperature could not be noticed any other 
disturbance. The result of the analysis of the residuals 
found on the seal ring in the case of the comprsssor and 
in the automatic oil-separator vas, that the residuals vere 
no coke-products of the oil.

The residuals (zincdithiophosphate) are caused by connection 
of oil vith ammonia at the existing high pressure.

After having repaired the compressor ve had a seal consumption 
betveen 1 and 5 litres per day.

The brittled 0-ring material vas viton. But viton is not 
resistant against ammonia and ve changed it to Silikon vith 
success•

To avoid a arise of zincdithiophosphate Nuovo Piguone had 
made folloving arrangement:

./2



1. To install a connection betveen syngas-discharge and 
balance-gas.

2. The pressure in the balance-gas should be holded about 
0 * 5 - 1  bar higher than the syngas suction pressure. Through 
this improvement the pressure of ammonia in Reference-
pipe is reduced.

After having installed this connection-pipe we did not 
have any difficulties with the seals of the 4**1 case.
It is to take care that the Quenchgas in the connection- 
pipe has a temperature lieing higher than the dewing 
point of the gas.

If the temperature is below dewing point the labyrinths 
could be demaged by erosions.

The arrangement of the Quenchgas-pipe can be seen in 
enclosion 4.
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T e c h n ic a l  E x p e r ie n c e s  in  th e  B e n f ie ld  System

1 . L o v -P ressu re-P u m p s P 401/ 402 f o r  B e n f ie ld  S o lu t io n

S t a r t i n g  o u r p la n t  we n o t ic e d  t h a t  th e  lo w -p ressu re-p u m p s 
d ev elo p ed  a n o i s e .  We su sp e c te d  th e  rea so n  f o r  t h i s  n o is e  
to  be c a v i t a t i o n .

A lthou gh  v e  ch eck ed  th e  pump in  p re s e n c e  o f  an e x p e r t  o f  
W o rth in g to n , v e  co u ld  n o t  f in d  any in d ic a t io n  o f

i
c a v i  t a t i o n .

We i n s i s t e d  on th e  w a rra n ty  to  b e  p ro lo n g ed  f o r  one more 
y e a r  by  W o rth in g to n .

W o rth in g to n 's  e x p e r t  ag reed  to  i t  and e x p la in e d  th e  n o t ic e d  
n o is e  w ith  c i r c u l a t i o n .

B e fo r e  th e  p ro lo n g e re d  tim e  o f  w a rra n ty  was e la p s e d , we 
ch eck ed  th e  im p e l le r  o n ce  a g a in  v e ry  e x a c t l y  b u t th e r e  
was n o t found any in d ic a t io n  o f  c a v i l a t i o n .

When ve had to  change th e  s e a l r in g s  th r e e  months l a t e r  
we n o t ic e d  th e  f i r s t  in d ic a t io n s  o f  c a v i t a t i o n  -  th e  
b ack  o f  th e  b la d e s  were b i t t e n .

S te p s  f o r  s o lv in g  t h i s  problem

a )  W eld ing th e  b i t t e n  s u r f a c e  w ith  e le c t r o d e s  c o n s i s t i n g  
o f  h a r d fa c in g  a l l o y .

b )  In t r o d u c t io n  o f  3 -  4  m̂ /Vi N itro g en  in t o  th e  s u c t io n  
p i  pe o f  th e  pumps.
— We have two low p r e s s u r e  pumps f o r  B e n f ie ld  s o l u t i o n .
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In  th e  s u c t io n  p ip e  o f  one o f  t h e s e  pumps t h e r e  a r e  two 
e l lo w  p i p e s .  At t h i s  pump we found c a v i t a t i o n  o n ly  on 
one s id e  o f  th e  double  f l o o t e d  i m p e l l e r .

The s u c t io n  s i d e  o f  th e  second pump i s  c o n n e c te d  w ith  a 
T - p a r t  fo  th e  main s u c t io n  p i p e l i n e .

At t h i s  pump we i n d ic a t e d  c a v i t a t i o n  on b o th  s id e s  o f  
th e  im p e l le r  a f t e r  o n ly  4 2 0 0  w orking h o u r« .

Our e n g in e e r in g  f i r m ,  F a .  Uhde, found -o u t ,  t h a t  th e  n o i s e  
o f  th e  pump d is a p p e a re d  by o p e r a t in g  th e  pump w ith  115 % 
o f  th e  normal flow  c a p a c i t y .

3 y  re d u c in g  th e  flow  c a p a c i t y  th e  ^ o i s e  i n c r e a s e d .
T h is  syrpfcm was a l s o  an i n d i c a t i o n  t h a t  th e  e o i s 3 was 
caused by c i r c u l a t i o n .

2 .  High P r e s s u r e  Pumps P 4 0 3 /4 Q4

3y  washing and c le a n in g  o f  our p l a n t  c u r in g  th e  s t a r t  up 
th e  s e a l s  were co n tam in ated  w ith  d i r t .  So we had to  
change t h i s  p a r t  from tim e t o  t i n e .

Having s t a r t e d  th e  p l a n t  i t  was n o t  n e c e s s a r y  to  change 
t h e  p a ck in g s  f o r  about one y e a r .  But a f t e r  t h i s  t im e  we 
had a l o t  o f  problem s w ith  th e  P a c i f i c - s e a l s .  Sometimes 
we had to  change th e  r in g s  a l r e a d y  a f t e r  one " 'e s k .

We found o u t t h a t  we got s p a r e  r i n g s  from P a c i f i c ,  t h a t  
were n o t  f l a t  and f a l l  o f  c r a c k s .

T i l l  t h i s  t im e th e  s e a l r i n g s  were g r e a s e d  w ith  B e n f i e l d  
s o l u t i o n .  Having such a l o t  o f  p rob lem s w ith  s e a l s  we 
changed th e  medium f o r  g r e a s in g  th e  s e a l r i n g s  and 
used co n d e n sa te  w ith  a te m p e ra tu re  o f  65  °  -  70 ° C .
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C ond ensate o f  such a te m p e ra tu re  i s  more q u a l i f i e d  f o r  
g r e a s in g  s e a l s  than  B e n f i e l d  s o l u t i o n .

The p r e s s u r e  o f  t h e  c o n d e n s a te  h as t o  be a l i t t l e  b i t  
h ig h e r  than th e  s u c t io n  p r e s s u r e  o f  th e  pump.

To make t h i s  improvement i t  v as  n e c e s s a r y  to  i n s t a l l  a 
c o n d e n sa te  c o o l e r  and a c o n t r o l l i n g  sy ste m .

S in c e  we o p e r a te  w ith  t h i s  m o d i f i c a t io n  th e  s e a l s  have 
t o  be  changed a p p r o x im a te ly  o n ce  a  y e a r .

3 .  E f f i c i e n c y  o f  th e  CO^-Removal-System

A f t e r  h a v in g  s t a r t e d  our p l a n t  we d id  n o t  o b ta in  th e  
e f f i c i e n c y  o f  gas p u r i f i c a t i o n  gu aran ted  by Uhde.
A f t e r  a l o t  o f  d i f f i c u l t  e x a m in a t io n s  we found out t h a t  
th e  bad d i s t r i b u t i o n  o f  p o to ss iu m  c a r b o n a te  s o lu t io n  
was th e  re a s o n  f o r  our p ro b le m s .

By i n s t a l l i n g  l e a d in g  p l a t e s  we improved th e  d i s t r i b u t i o n  
o f  B e n f i e l d  s o l u t i o n  to  th e  c e r a m ic  i n t a l o x .

The e f f i c i e n c y  o f  p u r i f i c a t i o n  in c r e a s e d  a f t e r  t h i s  
m o d i f i c a t i o n .

F i n a l y  we i n s t a l l e d  two r e d i s t r i b u t e r s  in  ou r a b s o r b e r  
and re a ch e d  th e  d e s ig n  e f f i c i e n c y .



I V L /

O p e ra t in g  I n s t r u c t i o n  V 103

t

f o r  a  v e r t i c a l »  d ou ble  w orking r e c i p r o c a t i n g  c o m p re s s o r ,  
w ith  two c r a n k s ,  co m p ressin g  gas in  two s i n g l e  s t a g e s .

The o p e r a t o r  must be w e l l  i n s t r u c t e d  abou t th e  f u n c t io n  
o f  t h e  c o m p re s s o r .

A D esign  D a te s

M ed ia :
Flow r a t e :
S u c t io n  p r e s s u r e :  
D is c h a r g e  p r e s s u r e :  
S p e e d :
C o n t r o l l i n g  s y s te m :

n a t u r a l  gas 
37 000 Nm3/h
2 0 ,9  b a r i i , can be v a r i a t e d  
46 barii 
495 U/iain
a u to m a tic  r e v e r s e  flow  r e g u l a t i o n  
to  50 % o f  d e s ig n  gas f lo w .

B S t a r t i n g  up o f  th e  Compressor

1 .  In fo rm  t h e  c e n t r a l  comando s t a t i o n  o f  ou r company ab o u t 
t h e  s t a r t  up o f  th e  co m p re s s o r .  Between two s t a r t s  i t * s  
n e c e s s a r y  t o  w a it  20 m inutes a f t e r  t h e  f i r s t  s t a r t ,  
b e c a u s e  d u r in g  s t a r t  o f  th e  motor c o i l s  a r e  h e a t e d .

2 .  Open th e  c o o l i n g  w a te r  main v a lv e  and a l s o  v a l v e s  f o r  th e  
c o o l i n g  sy stem  o f  th e  d i f f e r e n t  p a r t s  o f  th e  c o m p r e s s o r .  
( S o a l  p a c k in g s ,  c y l i n d e r s ,  o i l - c o o l e r ) .

3 .  Check l e v e l  o f  o i l t a n k .  I f  o i l  te m p e ra tu re  i s  b elow  10  °C , 
i t  i s  n e c e s s a r y  to  h ea t  up w ith  s te a m .
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4 .  S t a r t  a u x i l i a r y  o i l  pump and ch eck  o i l  p r e s s u r e .
(minimum 2 b a r i i )

5 .  Open v a l v e s  in  s u c t io n  p i p e l i n e  and ir. bypass p i p e l i n e .
Check th e  s u c t io n  p r e s s u r e .  With reg a rd  to  th e  r a t e  o f  
s u c t io n  p r e s s u r e  s e e  p o i n t  C 1 .

6 .  D ra in  th e  c o n d e n s a te  s e p a r a t o r s  F 103 and F 10^
( s e p a r a t o r  in  f r o n t  o f  th e  co m p resso r  a n f  a f t e r  b y p a s s - c o o l e r ) .

•v

7 .  Open v a l v e s  in  d i s c h a r g e  p i p e l i n e .

8 .  S t a r t  th e  m otor and o b s e r v e  th e  o i l - p r e s s u r e .

9 .  S w itch  o f f  th e  a u x i l i a r y  o i l  pump and check  th e  o i l  
p r e s s u r e  once a g a in .

1 0 . I f  e v e r y t h in g  i s  o . k . ,  th e  co m p resso r  i s  ch arg ed  by 
s lo w ly  c l o s i n g  th e  b y p a s s -v a lv e  and by means c f  th e  
r e v e r s e  f lo w  c o n t r o l l i n g  s y s te m .

C O p e ra t io n  o f  th e  Machine

1 .  I t  i s  v e r y  im p o rta n t  t o  ta k e  c a r e  t h a t  th e  d i f f e r e n c e  in  
p r e s s u r e  between d is c h a r g e  ans s u c t io n  i s  n o t h ig h e r  than 
2 7 , 4  b a r s .

T h e r e f o r e  i t  i s  n e c e s s a r y  to  a d ju s t  th e  d is c h a r g e  p r e s s u r e  
in  dépendance o f  th e  s u c t io n  p r e s s u r e .  F o r  e x a m p le : i f  th e  
d i s c h a r g e  p r e s s u r e  i s  4 4  barii th e  s u c t io n  p r e s s u r e  may 
b e  1 6 ,6  barii a s  minimum.

The s u c t io n  p r e s s u r e  should  n o t be l e s s  than 9 ,8  b a r i i ,  in  
t h i s  c a s e  th e  maximal d i s c h a r g e  p r e s s u r e  i s  3 6 ,2  b a r i i .
The s u c t io n  p r e s s u r e  sh ou ld  n o t  be h ig h e r  t h a t  27 b a r i i ,  
i t  i s  im p o rta n t  t h a t  t h i s  maximum p r e s s u r e  i s  n o t  r e a c h e d .
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F o llo w in g  p o i n t s  have t o  b e  checked  p e r i o d i c a l l y  
and must be w r i t t e n  in  a o p e r a t in g  book f o r  i n s t a n c e  
e v e ry  h o u r :
a )  S u c t io n  p r e s s u r e  ( S a f e t y  v a lv e  i s  s e t  a t  30 b a r i i )  

D is c h a rg e  p r e s s u r e  ( "  "  "  "  a t  46 b a r i i )
b )  O i l  p r e s s u r e  a f t e r  c l e a n e r
c )  O il  te m p e ra tu re  a f t e r  o i l  c o o l e r
d) T em p erature o f  d i s c h a r g e
e )
n
g)
h )
i )

co m p resso r  b e a r in g s  
m otor "
m otor c o i l
c o o l i n g  a i r  t o  t h e  m otor 
c o o l i n g  a i r  from th e  m otor

j )  c u r r e n t  consum ption o f  th e  m otor .

3- D uring th e  i n s p e c t i o n  round e v e r y  two hours fo l lo w in g  
p o in t s  a r e  t o  be  c h e c k e d :
a )  S e a l  p a c k in g s  f o r  t i g h t n e s s
b )  D ra in in g  o f  s e p a r a t o r  F 103 and F 104
c )  Com pressor f o r  k n o c k in g .g ru m b lin g  and unusual n o is e  

o f  th e  v a l v e s .
d ) L evel o f  th e  o i l  t a n k .

4 .  C o o lin g  w a te r  f lo w  r a t e  i s  t o  be a d ju s t e d  n o t t o  p a ss  
a maximum te m p e r a tu r e  o f  45 °C o u t l e t .

5 .  The com p ressor  i s  t o  be  sw itch e d  o f f  im m e d ia te ly  i f
a )  a b e a r in g  o r  a s e a l  p a c k in g  i s  o v e r h e a t in g  o r  i f  

a s e a l  p a c k in g  i s  l e a k y .
b )  p r e s s u r e  o f  l u b e - o i l  i s  l e s s  than 1 , 5  barii
c )  sudd enly  a k n o ck in g  n o i s e  i s  h ea re d  o r  i f  th e  

v a lv e s  o p e r a t e  n o t  p r o p e r ly
d ) a s a f e t y  v a lv e  does n o t  c l o s e  a f t e r  b lo v in g  up.
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D S w itc h in g  o f f  th e  Com pressor

1 .  S v i t c h  o f f  t h e  motor
2 .  C lo s e  v a lv e s  in  d i s c h a r g e  p i p e l i n e
3 .  C lo s e  v a l v e s  i n  s u c t i o n  p i p e l i n e
4 .  C lo s e  c o o l i n g  v a t e r  main v a lv e
5 .  I f  n e c e s s a r y ,  purge co m p resso r  v i t h  n i t r o g e n .

E G e n e ra l  M ain ten an ce

C ran k case  i s  f i l l e d  v i t h  o i l ,  ty p e  M obil o i l  e x t r a  heav y  
v i t h  a v i s c o s i t y  o f  6 0  -  83 c  S t  a t  50 °C te m p e r a tu r e .
O i l  le a k a g e s  have t o  b e  compensated v i t h  t h e  s ame o i l  t y p e .  
I f  t h e  co m p resso r  does n o t  o p e r a te  f o r  a lo n g e r  p e r i o d e ,  
th e  co m p resso r  must b e  tu rn ed  by hand on ce  a d a y .
B e f o r e  doing t h a t  th e  a u x i l i a r y  oilpump has t o  b e  sw itch e d  
o n .

*
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I m p o rta n t : The d i f f e r e n c e  in  p r e s s u r e  between s u c t io n  and d is c h a r g e  may n o t  h ig h e r  
than 2 7 ,4  b a r s .

P o s .  Nr. [O p e r a te  ra n g e ' Alarm /shut down

S u c t io n  p r e s s u r e PIALLHSL 120 s e e  point C 1 h ig h :  18/10 barU 
low : 2 8 / -  barU

D is c h a r g e  p r e s s u r e P1AHHSH 119 max. 44 barU 45/52 barU

T em p erature  o f  d is c h a r g e TIAH 110 
TlAH 116

ooo•X«0E 1 3 0 / -  °C

O il  p r e s s u r e  a f t e r  c l e a n e r PIALISL 113 2 - ( 3) -  4 , 2  barU 2/1 , 5  barU

In stru m e n t a i r  p r e s s u r e PIALSL 221 7 - 7 , 5  barU 4/4 barU

O il  te m p e ra tu re  a f t e r  
c o o l e r

TIALH 113 25 -  40 °C low : 1 8 / -  °C 
h ig h :  5 0 / -  °C

Tem p erature  o f  co m p resso r  
b e a r in g  e a s t TIAHHSH 107 45 -  65 °C 70/80 °C

Tem p erature  o f  co m p resso r  
b e a r in g  w est t I ah 111 0 1 >o 0 O O 75/80 °C

T em p erature o f  c o o l i n g  a i r  
to  th e  motor TIAH 101 5 -  35 °C 4 0 / -  °C

Tem p erature  o f  c o o l in g  a i r  
from th e  motor TIAH 102 2 5  -  60 ° c 6 5 / -  ° c

T em p erature  o f  m ctor 
b e a r in g TIAH 106 40 -  65 °C 70/ - °C

Tem perature o f  m otor c o i l s TRAH 104 60 -  90 °C 105/-°C
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D rav in g  up a Programme o f  a G e n e r a l - R ev is  io n  o f  a  S i n g l e - T r a i n

1 .  O p e ra t in g  o u r  p l a n t ( a l l  t e c h n i c a l  d e f e c t s  and le a k in g s  
a r e  r é g i s t e d  i n  a b o o k l e t .  T h ese  d e f e c t s  do n o t  make i t  
n e c e s s a r y  t o  turn  o f f  o u r  p l a n t ,  b u t  d u r in g  th e  n e x t  
s ta n d in g  a l l  t h e s e  d e f e c t s  must be r e p a i r e d .

2 .  The t e c h n i c a l  d ep artm en t p u ts  up th e  programme f o r  t h e  
r e v i s i o n s  o f  t a n k s ,  b o i l e r s ,  c o o l e r s ,  e t c .  which have 
t o  b e  d o n e .

In  a d i s c u s s i o n  v i t h  t h e  TÜV ( t e c h n i c a l  i n s p e c t i o n  
d e p a r tm e n t)  and th e  m a t e r i a l  t e s t i n g  d ep artm en t t h e r e  i s  
f i x e d  th e  c l a s s  o f  i n s p e c t i o n .

The t e c h n i c a l  d ep artm ent i s  a l s o  r e s p o n s i b l e  f o r  th e  
i n s p e c t i o n  o f  th e  m a ch in e s . G e n e r a l ly  t h e r e  i s  t o  sa y  t h a t  
a machine w hich o p e r a te s  norm aly  should  n o t  be  opened .

B e f o r e  d e c id in g  to  open a m achine o r  n o t  two c o n s i d e r a t i o n s  
sh ou ld  be d on e:

a )  By m easu rin g  th e  e f f i c i e n c y  i t  i s  p o s s i b l e  to  r e c o g n iz e  
a d e f e c t  o r  a w ear f o r  example on t h e  l a b y r i n t h s  o r  on 
th e  b a la n c e  drum.

b )  Comparing th e  o p e r a te  d a te s  w ith  t h e  d a t e s  a f t e r  f i r s t  
s t a r t i n g  up t h e  m achine t h e r e  a l s o  can be drawn c o n c lu s io n s  
abou t c o n d i t i o n  o f  th e  m ach in e .

T h e r e f o r e  i t  i s  v e r y  im p o rta n t  t o  r e g i s t  a l l  d a t e s  t h a t  
a r e  tak en  a f t e r  f i r s t  s t a r t  up v e r y  e x a c t l y .

The p a r t i c u l a r  works which have to  be  done a r e  o rd e re d  in  
groups (fro m  1 00  to  7 0 0 ,  s e e  e n c l o s u r e ) .
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E v ery  work must b e  v a lu a t e d  i n  r e g a rd  to  le n g h t  and t o  th e  number 
o f  r e q u i r e d  w o rk ers  by  a  fo re m a n . A fte rw a rd s  must b e  made a 
t i m e - t a b l e  w hich shows th e  number o f  th e  n e c e s s a r y  and d i s ­
p o s a b le  w o rk e r s .

X

X



G R O U P 1 0  0

0-101

W-101

H eater f o r  h e a t in g  naphtha o r  n a t u r a l  g a s .
Open and c l o s e  manhole c o v e r .
In s p e c t io n  o f  th e  p r o t e c t  i r o n - b a r s  o f  th e  b u r n e r s .

N itro g en  p r e h e a te r
Open l i d  f o r  o f f i c i a l  i n s p e c t i o n



G R O U P 2 0 0

%

V -202  I I .  W-208 I I I .  W-210 S u p e rh e a te r  f o r  h ig h  
p r e s s u r e  steam

P r e s s u r e  c h e ck .

W-207 Superhecfer f o r  medium p r e s s u r e  steam

P r e s s u r e  c h e ck .

V-2C9 , W-211 H eater f o r  p ro z e s s  a i r  

P r e s s u r e  check

V-202 , V-203 Combustion a i r  b lo w e r , f l u e  gas blow er 
Cut o u t th e  s h a f t - c o v e r - s h e e t  f o r  o i l  l e v e l  
i n s p e c t io n  g l a s s  and f o r  grease n ip p le s .  
I n s p e c t io n  o f  th e  guide b la d e - b e a r in g s

Prim ary  re fo rm e r
Open two o f  th e  c o l l e c t o r  p ip e - c o v e r s ,  check  
and c l o s e .
Open manholes , in s p e c t  cham otte  co v er  . 
C lean  f l u e - g a s - c h a n n e l

A d d it io n a l  h e a t in g  f o r  w a s te -g a s  
Open m anholes, in s p e c t  ch am otte  c o v e r

0-201

0 - 2 0 4

. /  2
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0-202

Combustion

In s p e c t io n  

B—210

V -2 1 5

t ï  B -208

B—203

B -209

A d d it io n a l  v e s s e l
I n s p e c t io n  and c l e a n i n g  o f  i n s i d e .
R ep a ir  com bustion a i r  h e a t -e x c h a n g e r  ( No. 4  
i s  b lo c k in g )
In s p e c t  v a i l  a t  in s p e c t i o n  h o l e .  C le a r  l u b r i c a t i o n  
p ip e s .

a i r  and w aste  gas duct 

and c le a n in g

Mixing s t a t i o n  f o r  steam  and n a t u r a l  gas 
In s id e  in s p e c t i o n  and check  n a t u r a l  gas b a f f l e

Water p r e h e a te r
Remove h e a t-c h a n g e  p i p e l i n e s  f o r  i n s id e  
in s p e c t i o n .

R e l i e f t a n k
Open h a n d h o le s ,  b l i n d  o f f ,  o f f i c i a l  in s p e c t io n  

D e g a s i f i e r  tank
Widen p assag e  f o r  L -2 0 6  (L e v e l  c o n t r o l l e r )
Check shover (System  S t o r k )  and change T - p a r t s .

In stru m en t a i r  tank
In s p e c t io n  and c le a n i n g  o f  tan k  and l e v e l  
c o n t r o l l e r

/3
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P -2 0 7 , P -2 0 8  BFW-Pumps
Clean f i l t e r  . P -208  : Change f l a n g e  o f  
v a lv e  f o r  minimum lo a d  p i p e l i n e

T -2 0 3 T u rb in e  f o r  P-207
R e p a ir  o i l - l e a k a g e  o f  c l u t c h - c o v e r
Change i n s u l a t i o n .

B—212 N atu ra l g as  m ixing  s t a t i o n  
Remove and i n s i d e  i n s p e c t i o n .

K—201 Secundary re fo rm e r
Open f o r  changing  a i r  n o z z le .

W—201 P r o c e s s  gas h e a t  exchanger
Open b oth  manhole c o v e r s .  (G ask et  o f  th e  h o t 
manhole i s  n o t  t i g h t  )
C lean in g  and i n s id e  i n s p e c t io n .

V—203| B F V -p re h e a te r
Change p ip e  b u n d le , i n s i d e  i n s p e c t i o n  
Cb?nge d r a in  v a lv e .  I n s t a l l i n g  t e s t - b l a d e s .

B—201 Steam b o i l e r
Open and i n s i d e  in s p e c t io n  . P r e s s u r e  check 
( P r e s s u r e  ch eck  a l s o  f o r  No. 4083  and 4162  ■ 
support system  )

T-201 T u rb in e  f o r  p r o c e s s  a i r  com pressor

•/4
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V -204

V-201

V-214

T -202

T—204

In s p e c t io n  o f  th e  r o t o r  . R e p a ir  o i l  le a k a g e  
o f  th e  c o m p r e s s o r -s id e  c l u t c h  c o v e r .

R ep a ir  s e a l  p ack in g  o f  c o n t r o l - v a l v e  and th e  
le a k a g e  o f  th e  p i p e l i n e  f o r  th e  p r e s s u r e -  
i n d i c a t o r  o f  th e  i n j e c t o r  ; th e  i d l i n g - d e v i c e  
does n o t  f u n c t io n  p r o p e r ly

i

Condenser f o r  T-201
Open f la n g e  and i n s i d e  in s p e c t i o n  .
R e p a ir  c o o l i n g - v a t e r  p ip e  t o  th e  co n d en ser

P r o c e s s  a i r  com pressor
Check lo v - p r e s s u r e  and h ig h - p r e s s u r e  r o t o r  . 
G ea rb o x -s id e  h ig h - p r e s s u r e  r o t o r  b e a r in g  i s  
l e a k in g .  C lean a i r - c o o l i n g  o f  l o v - p r e s s u r e  
com p ressor . Change c o o l i n g - v a t e r  v a lv e  f o r  
4 .  s t a g e .  Check ..on r e t u r n - v a l v e .

P ro c e s s -a d  r - c o o l  e r
I n s id e  i n s p e c t i o n ,  a l . ;o  f o r  condensed v a t e r  
tank and l e v e l  c o n t r o l l e r .

T u rb in e  f o r  g e n e r a to r
R ep a ir  s e a l  box o f  steam e n t r a n c e  v a lv e

B a c k - p r e s s u r e - t u r b in e  f o r  g e n e r a t o r .
R e p a ir  s e a l  box o f  steam  v a lv e



G R O U P 3 0 0

w-301

1-301

CD

V-302 t 

1-302

s

Gas heat-exchanger
Pressure check. Repair leaky head-gasket.

NT- CO- Converter
Official inspection, manholes to be opened in 
service.
Change nozzle for condensate

V-303 BFW-preheater
Official inspection . Repair baffle T-310

Low temperature-converter
Open man holes to change catalyst.
Official inspection.

/
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K—401

F -403

W—401

W-402

V-403

V -404

V-408

A bsorber
Open m anholes, remove c e ra m ic  i n t a l o x  and 
i n s p e c t  i n s i d e .  I n s t a l l  r e d i s t r i b u t e r s .
R e v is io n  o f  th e  l e v e l  c o n t r o l l e r .

Lye s e p a r a t o r
Open f o r  o f f i c i a l  in sp ection  .  ^Revision o f  th e  

l e v e l  c o n t r o l l e r .

Steam g e n e r a to r
Open f o r  o f f i c i a l  in s p e c t i o n  ( i n s i d e  r e v i s i o n  
and p r e s s u r e  check  )

BFW -preheater
Remove h e a t -e x c h a n g e r .  P r e s s u r e  check  ( 2x) 

R e b o i le r
Open f o r  o f f i c i a l  i n s p e c t i o n  ( i n s i d e  and p r e s s u r e  
ch eck  )

B e n f i e l d  s o l u t i o n  a i r  c o o l e r
Remove d i s t r i b u t i o n  p ip e ,  p r e s s u r e  t e s t .

B F W -cooler
Remove bundle ( i n s i d e  in s p e c t i o n )

./2
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B—40 4  

F-401

F—402

F -406

K-402

*
S

F—407 

V—406

R e l i e f t a n k
Open manholes f o r  c le a n in g  and i n s p e c t i o n .  

C ondensate s e p a r a to r  .
Open manholes f o r  c le a n in g  and i n s i d e  i n s p e c t i o n .  
O f f i c i a l  in s p e c t i o n  f o r  l e v e l  c o n t r o l l e r .

C ondensate s e p a r a t o r
Open manholes f o r  c le a n in g  and i n s i d e  i n s p e c t i o n .  
Change d r a in in g  v a lv e .  O f f i c i a l  in s p e c t i o n  
o f  l e v e l  c o n t r o l l e r .

Lye double f i l t e r
I n s id e  i n s p e c t i o n .  G rin d in g  4 -v a y  v a l v e s .
Change v a lv e  i n  th e  p i p e l i n e  t o  th e  f i l t e r  
(v a lv e  c a s e  i s  co rro d ed )

Des o r b e r
Open manholes f o r  i n s i d e  in s p e c t i o n  and c l e a n i n g .  
R e p a ir  co rrod ed  p i p e l i n e  t o  P -4 0 5 .
I n s t a l l  PV/H- 411 and PV/H- 412 in  
p ip e l in e - s y s t e m  .

I n j e k t o r  :
C o n tro l  i n j e k t o r  n o z z le s  and v a l v e s .

BFW -preheater
Change p i p e l i n e s  o f  BFW-system.

•/3
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T—401 B e n f i e l d  s o l u t i o n  tu r b in e  
S e a l  b e a r in g s  o f  g u id e -b la d e s  •
Change p i p e l i n e s  f o r  g r e a s in g  s e a l s  v i t h  conden­
s a t e  o f  T -401 and h ig h - p r e s s u r e  lye-pump P -4 0 3 -



G R O U P 5 0 0

1—501

F—501

W -5 0 1

W—502

2=5031

I
\

\ '

Methane g e n e r a to r
Open manholes f o r  i n s i d e  r e v i s i o n

Condensate s e p a r a to r
Open manholes f o r  i n s i d e  r e v i s i o n  and a l s o  
r e v i s i o n  f o r  l e v e l  c o n t r o l l e r .

•

Gas -  Gas h e a t  ex ch an g er
Remove h e a t -e x c h a n g e r  f o r  o f f i c i a l  i n s p e c t io n  
and p r e s s u r e  c h e c k .

B o i l e r
Open f o r  c le a n in g  and i n s i d e  r e v i s i o n  

504 f i n a l  gas c o o l e r
Open f o r  c le a n in g  and o f f i c i a l  i n s p e c t i o n .  
Welde in  a v a lv e  i n  c o o l i n g - v a t e r - p i p e l i n e .

I
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G R O U P  6 0 0

T-601 S y n g as-tu rb : ie
I n s p e c t io n  o f  c o n d e n s a t i o n - t u r b i n e - r o t o r  and 
o f  th e  co n d e n se r .  )

S )

R e p a ir  d e c re a s e d  c o o l i n g  v a t e r  p ip e .  
Check s t a r t - u p  equipment and a d ju s t  i t .  
Change p re p ared  o i l  p ip e l in e s  .

V-601 Sy n gas-com p ressor
In s p e c t io n  o f  b e a r i n g s ,  s e a l - s y s te m  and r o t o r s  
o f  c a s e  1 - 4 .

©

m

I n s t a l l  c a p a c i t y  f l o v  m easuring n o z z le s  in. 
b a la n ce -d ru m -p ip e s  o f  s ta g e  2 and 3 
(F -6 0 0 6  and F—6 0 0 7 )
Change g a s - c o o l e r
O f f i c i a l  i n s p e c t i o n  o f  s e p a r a to r  F-606  
( a l s o  l e v e l  c o n t r o l l e r )  , F-601 , F - 6 0 2 ,  F-603» 
F - 6 0 5 ,  s e a l  o i l  ta n k s  No. 4 0 5 4  -  4057  • l e v e l  
c o n t r o l l e r s  4156 and 4157 , and s e p a r a t o r s  
4208 , 4058 and 4 0 5 9 .
I n s t a l l  v a lv e s  i n  s e a l - o i l  p r e s s u r e  p ip e s  o f  
s e a l - o i l  pumps.
Change o i l - f i l t e r s  and c le a n in g  o i l - h e a t e r s .  
Change one o f  th e  o i l - c o o l e r  bund le and c le a n  
th e  o t h e r  one .

4

0 -7 0 1 S t a r t - u p - h e a t e r
In s p e c t  s u p p o r ts ,  p r e s s u r e  check
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i  W—701 V a s t e - h e a t - b o i l e r
Open " B r e t t s c h n e id e r "  g a s k e t .  O f f i c i a l  i n s p e c t i o n  
p r e s s u r e  c h e ck .

W—708 BFW -preheater
Open " B r e t t s c h n e id e r "  g a s k e t  ( s e a l  r i n g  i s  l e a k )  
O f f i c i a l  i n s p e c t i o n ,  p r e s s u r e  c h e c k .

i
B-701 N H j-e x p a n sio n -ta n k .

Open tan k  f o r  c le a n in g  and o f f i c i a l  i n s p e c t i o n .

B -706 M ix in g - s ta t io n
Remove f o r  i n s i d e  in s p e c t i o n .

F-701 N H ^-separator
Open l i d s  and remove p i p e l i n e s  to  th e  s e p a r a t o r .  
C lean and i n s i d e  i n s p e c t i o n .

F—702

i
N H ^-separator
Open l i d s  and remove p i p e l i n e s .  
C lean and i n s i d e  i n s p e c t i o n .

W-703 G a s -c o o le r
Remove e lb o v s  o f  tvo  o f  th e  f i v e  c o o l e r s .  
P r e s s u r e  check  on t h i s  c o o l e r s .

;  W-704 Gas /  g a s -h e a t -e x c h a n g e r
Open f l a n g e s  and remove b u n d le . C le a n in g  and i n s i d e  
i n s p e c t i o n .

W-705 F r e e z e r
Remove f l a n g e s  f o r  i n s i d e  i n s p e c t i o n .

4
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ATG
Empting«, (Ourctwdiitg* an)

4« UNIDO-Workshop

P l a n t s ,  A f f a i r s  and Competences o f  D ep t. ATG

1 0 7 ,  146 Old and new waterworks ( r i v e r  w a te r ,  c o o l in g  
w ater supply)

140 C h lo r in a t io n  s t a t i o n  f o r  w e ll  v a t e r

144
( 0 , 7  r  0 ,8  mg C l A  H20 )
Shallow  w e ll  ( h o r iz o n ta l  f i l t e r  tu b e s ,  w e ll

204
s h a f t ,  pumps)
A ir  d iv id in g  p la n t  (2  u n i t s ,  each 1 700 Nm'Vh ° 2 )» 
compressed a i r  supply

204 a ,b  
2 0 6 ,  209
207
208

B o t t l i n g  o f  oxygen and compressed a i r  
N2-g asom eters  (2  000 m^, 500 m^) g a s -  
0 2-g aso m eter  (10  000 m^) h o ld e r  
Cracked gas (M2 + H2 ) -  h o ld e r  (25  000 ra )̂

R . - B r . Pipe b r id g e s
RN Network o f  p ip e s ,  p ip in g  o f :  K0G, n a t u r a l  g a s ,  

h e a t in g  g a s ,  crack ed  g a s ,  steam 2 5 ,  2 0 ,  7 ,  2 b a r ,  
compressed a i r ,  r i v e r - ,  w e l l - ,  hot ( 9 0 ° C ) - ,  
warm ( 4 0 ° C ) - ,  d r in k in g -w a te r ,  b o i l e r  fe e d  w a te r ,  
co n d e n sate , oxygen

M achines, com pressors and pumps in  d e p t . - a r e a  (e x c e p t  
stand ard  pumps)

. /2
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201 D esulphurution o f  I0G
212 B a t t e r y  (b lo c k )  o f  b o t t l e s  f o r  h ig h -p re s s u re  N2
202 Old gas d iv id in g  p la n t  (re fo rm in g  p la n t )
220 Naphtha and O rth o xy lo l  s to r a g e s  and pump s t a t i o n s

P i p e l in e s  f o r  naphtha and o r th o x y lo l

1 0 1 ,  211 
110 
110 a 
203 
21 3 
214

N atural gas p re s s u re  red ucing  s t a t i o n s
Old b o i l e r  house (2  u n i t s ,  each 12 t/h steam 25 b a r )
C on tact mud c i r c u l a t i o n  r e a c t o r s  ( f l o c c u l a t o r s )
B o i l e r  f e e  v a t e r  trea tm en t
Naphtha feed  v a t e r  s to r a g e s
Naphtha -  steam -  re fo rm in g  p la n t  ( i C I - p l a n t )
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ATG/Mi/t
'.iék- m f l n  r \ A  nI 7  W  V -T  I t

/ HISTORY OF Np -  PRODUCTION (ATG)

Np ____ p a r ts  Of N in  NHj ( 1 4  Mol N + 3 Mol H = 17 Mol NH7 )

o

»

* 0

S p rin g  1 9 4 0 : Beginn  o f  r a i s in g  th e  t e r r a i n  about 2 -  4  m.

Antumn 1 9 4 2 : S t a r t in g  o f  p ro d u ctio n  on b a s ic  KOG.
(1 u n it  fo r  d e su lp h u ra tio n , 3 u n its  f o r  gas 
d iv id in g  and 3 fo r  C O -co n v e rs io n ).

1 9 4 4 : Output 55 COO t  Np/a
\ \

, < vA
1944/ 45 : "  800 bombs from a l l i e d  a i r f o r c e s  exp lod ed  

! in  C L -area  *nd p la n t s .

May 45 -

J u ly  4 6 : No p ro d u ctio n  as n e i th e r  XOG nor en erg y  i s r e  
a v a i la b le .

1948:, Output from 1944 vas reach ed  a g a in .‘t

P ro d u ctio n  in c r e a s e
V

1 9 6 5 : to  2 3 7 .0 0 0  t  Np/a or 718 t/d max.

(3  u n i t s  f o r  d e su lp h u ra tio n , 6 f o r  gas d iv id in g  

and 7 f o r  C O -con v ersion )
I♦

1 9 6 6 : S t a r t  up N aphtha-Steam -R eform ing p la n t .

In c r e a s e

>/
1 9 7 4 : to  about 320 000  t  Np/a.

"H ~ £lt> ooo (- *
0/; m ; ' /<■>/,

>



Naphtha - Steam - Reforming - Plant (ICJ-Process)

Generals:
Engineered by Humphreys Sc Glasgow, London, 1964 - 1966; 
erected by ourselves. Laying out: 300 t Np/d (365 t NHy'd) 
at a pressure of 28 (max. 31 bar). 3eyond of ICI licence 
(our risk) we increased the working pressure (inlet prim, 
reformer) to 38 bar and the daily output to ¿20 t Np 
( 5 1 0 t/d NH^). Ve had bought machines, apparatuses and 
pipes qualified for the heigher pressure.
Feedstock:
1966 (start up) - 1976 Naphtha (strait run benzines) 
since 1976 Natural-gas.

Maintenance:

hours material costs (Mio S)
1974 21 o o o ' ,3
75 general overhaul 56 o o o 7,4
76 24 000 1.6
77 general overhaul 46 ooo 4,2
73 16 ooo 1 ,6
79 21 000
30 (3 months) 3 ooo 0,1

On stream days:
1 974 363
75 general overhaul 324
76 366
77 general overhaul 325
73 intended 3 days-shut down during Oir.gie-train-shut down 

for welding piping - connectiens between both plants.
362

79 365
30 till now
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The "Contaot-liud-Circulation-Reactor" la  esp ecially  used f o r  
eondittoning of aurfaeo vate r  vhtoh Bust be oleared of suspended 
s e tte r«  colouring sustanoes, organic d ir ts  and carbon* Furthermore 
good re su lts  are attained in other f ie ld s  of water treatm ent, 
esp ecially  a t  delronlng, deaanganitlon, deacidifying, d eo ilin g , 
s te r i l iz in g  (d«germinatin g ),  removing of disagrreable odour- or 
flavour substances, but a lso  algas and f lo a t  slime* In the water 
tre a tin g  process many of these e ffe c ts  are to be attained  ainultanously•

-4-

1• In le t
2 . In le t eontrol valve 
5* Cone
4* Top ascending pipe 
•5* Lower asoending pip#
6 . Lengthening pipe 
7* Mixer
8* Rotation orusher 
9* Untreated water d is trib u te r  .

lO.Mainshaft of mixer 
11* Variable speed motor 

(fo r  the mixer)

12* Desludgor motor
13* Shaft of desludger
14* Desludger 1
13* Sludge bottom with mixer
16 . C lear water co lle c tin g  

channel
17. Outlet of o lear water 
18* Catwalk and r a i l
19* Bridge

t
20 . Overflow
21. Sampling pipes

!
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2- Zule ubrege hr епЫ 

1 Копи»
4. Oberes Steigrohr

5. Unfern Steigrohr

4  St^igrolinnfMitgtnMf 

7. lib ra m i

8. Webeibrecher
9. Rohwasserverteilung 

10. Rùhrweri-Anfnebswelle

11. Regelborer Antnebsmofor 
für lü h m tfk

12. Schlammräumeronfrieb

13. Srhlammräumer-AnthebsweUe

14. Schlammräumer

15. Schlammsumpf mñ lib ra m i

16. Remwosseriammelnane

17. Reínwasserobloui 

16. Steg und G e lin d e r

19. loge rbrücke

20. Oberlauf

21. Probeentnahme Леве*

/

B A U W F Ì S E N

SioftlbeSdher mit Bef on sohle Gonjttohlbehdlfer ohne Sddommrdvmer

Die obigen |auwe»en kennen beliebig kombiniert werden

-  4
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C e n e r  a l f t a o h n l o a l  d a t a

Capacityt
Turn-around tlnat 
(dwell tin « )
Internal c ircu la tio n :
Saving of ehealcalai
Speed of ollmb-up:
Transparence in oleaneA 
water:
Turbidity content in 
discharged water:
Hat* of blow down*
Hud oontenti•

5 - 3  000 n^/h (per u n it) 
about 6 0 - 9 0  ninutea

3 -  5 x  Quantity of flow (Capaoity)
30 -  40^ compared to conventional plants  
c a . 3 - 5  m/h 
often 1 , 5  -  2,0 a  '

10 a g / l ,  often 3 - 5  a g /l

0,5  -  1 . 0*  of capacity
15  -  25 g solid  n a t ta r / l  
(9 7 ,5  -  98,59* wateif)

F u n o  t l o n

I
F ir e t  the untreated water flows into the eylindrio middle-part 
and 1 « there aired with recycled deposite products and chemicals.. 
The ris in g  streao is  produced by a speed regulated mixer which 
vorks lik e a c ircu la tio n  pump. This mixer makes a good mixture 
of a l l  components: raw w ater, chemicals and chemically a c tiv  mud. 
By help of the contaot e ffe c t of mud the formation of flakes  
begins immediately, inoreasing then quickly. A fter having passedI
the mixing zone water oomes into the reaction  zone and changes 
i t s  streaming d ireo tion . In th is  zone a l l  ohemical reaotions  
happen whereby the flakes grow and grow. j
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Then a p art of-tfie water coaea into the aacending pipe, while 
the other par^streams to  the outem parts of the reactor* On 
the bottoa edge of the lower cylindrio part of the big oone a 
sharp separating zone is  formed between mud and olear water*
Hud p e p tid e ?  sink to the bottom*' o le a r water rises  to the 
surface* In the outern a^rea of the big cone the climbing speed 
goes slower and therefore even small m ud-particles cannot r is e *  
The c le a r , oonditioned water flows into a top co llectin g  
channel (grouve)* 3y a slowly turning desludger the sunken 
mud is  transported into the siia^ p it and then further thickened, 
in  autpmatio Yalve removes the mud from the reaotor in in tervale*

O p e  r a t i o n

The c h a ra c te ris tic  foature of the KSU-reactor is the in ternal 
c ircu la tio n } a quantity of 3 -  5 times of the capacity flow la 
circu la ted  in the mixing and floccu len t zone* In th is cy cle  a 
lo t  of a c tiv  mud is  carried  along, so that each p a rtic le  of raw 
water often touches mud and chemicals* The p a rtic le s  of slim  
work as c ry sta l centers on which products of precipitation  
s e t t le  down d irectly *  This principle of so called  "contact mud 
circulation*? is  the real reason f-or the surprisingly good 
conditioning e f fe c t . Good working of the re acto r can be seen 
on the sharp separating zone between muddy water and ris in g  
c le a r  p ater, further on the quick sinking process of old 
dereaoted mud.

% i
I
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Sine« long time i t  is  Vnow, th at s a lts  dissolved in water 
d isso cia t«  more or le ss  into th e ir  components, th at means in to  
ions* Common s a l t ,  (kitchen s a l t )  fo r example, d isso cia tes  to 
the p o sitiv e sodium ion and the negative chlorine ion. By th is  
d isso ciatio n  water is  e le c tr ic a l ly  conductive and so i t  is  
possible to separate catio n s and anions by d ire c t current* 
Nearly a l l  s a lts  dissolved in water d isso ciate  so in catio n s  
and anions and the most important of them can be put in order 
as to be seen in the following schemet

cations
Ca

Ca
Ug
Ca
i-g

ar.ions
( kco3) 2
( hco5) 2

S°4
C12
Cl„

y

r
Na Cl |
Na2 SÔ  > neutral sa lts
”a2

S l0 3 J
K -  carbonate hardness
N ■ not-carbonate hardness

K + N -  H « to ta l  hardness |

L



Mot a l l  Iona are equally good absorbed or delivered by ion 
exchanger«• A very good exchanging is  given between oationa  
and hydrogen ions and between anions and hydroxyl ions*
Polyvalent ions of heavy m etals, like iron and aaganese are  
f i r s t  taken up by ca tio n s , followed by alkaline earth s, lik e  
calolum and magnesium, and a t  la s t  potassium and sodium. A 
catio n  exchanger, which is  loaded with these ions is  regenerated  
by a c id . In th is process the cations are pushed away by the 
hydrogen ion of the a e id . According to the law of mass actio n  
(Culdberg and range's law) a surplus of aold is  necessary  
(opposite to the th eo re tica l quantity) fo r  finishing the 
regeneration. The same is  current fo r the regeneration of 
anion exchangers by sodium hydroxide so lu tio n . If  ion exchange 
substance is  exhausted, the ion most d if f ic u lt  to be exchanged 
w ill break through f i r s t .  I t  is  sodium a t  the cation  exohanger 
and i t  is  s illo io  acid a t  the anion exchanger.

The ions whioh are able to be exchanged are not only on the 
surface of the grains of the exchange resin  but also Inside 
( i n te r io r ) .  That means that exchanging reaction s need a 
ce rta in  minimum time, to obtain relatio n s between quantity 
of water, speed of f i l t e r  process and quantity of exohange re s in .

V ariations are possible, like strongly acid ic  and slig h tly  
a cid ic  cation exchanger, or strongly basic and slig h tly  baslo  
anion exchanger. S lig h tly  aoldic cation  exchangers can be 
regenerated without a surplus of acid and slig h tly  basic anion 
exohangers without a surplus of sodium hydroxide (caustio  soda).
In a combined employment of "s lig h t"- and "strong"-exchangers i t  
is  possible to further use the surplus of chemicals which is  
absolutely necessaxy fo r  the ”strong."-exchangers fo r  the 
regenerations of the ”s lig h t”-exohangers. By th is  a lo t  of 
chemicals can be saved. So I t  is  more economic.

The combination of a contact mud circu la tio n  reacto r with sand 
f i l t e r s  and a to ta l desalization  (dem inerallzatio) enlarges 
the eoonomioal p o ss ib ilitie s  of application of to ta l  dem ineralization  
p lan ts , sspsoially  of plants with large hourly o ap ao itiss .

i
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Total dem ineralization /  Procesa

Such a plant co n sists  of catio n  and anion exchangers vhioh!Bust be regenerated when the substance (resin) is exhausted.i
The regeneration process la s ts  4 - 6  hours. In th is  tin e the 
plant is  working with another row. So i t  i s  necessary to 
have a t le a s t  two rows of apparates. Fu rther i t ¡ i s  a great 
advantage to  have c le a r  water reservo irs (v e ss ile ) a t  the 
end of the plant fo r  short time requirements o f -  4 hours« 
e .g .  for sn ail rep airs or short troubles.

llixed bed f i l t e r s  are situ ated  only in the la s t  stage; they 
are considered to be safety  devices. The water treatment 
should be finished before nixed bed f i l t e r s .  They have only 
the function to  eatoh, or to  k ill  ir re g u la r it ie s  or natural 
"slippage". By th is , working safety ( r e l ia b i l i ty )  of the 
plant is increased, and fo r  pre-inserted  f i l t e r  groups oosts  

in dimensioning of a l l  apparatus ( f i l t e r s )  and operating  
expenses can be saved, beeause these apparatue can be fu lly  
loaded without r is k .

I

!I
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Durchsicht des Triebwerke» bei der 2 . u. 5 . Stufe-Kompressor Ost

Reparaturrorgang

i • F ü a r u n g a r i n g ä a s ä iu ie  b e i  a l l ö ü
4 Zylindern

2* Kühlräume b ei a lle n  4 Zylin­
dern re in ig en .

3« Prüfen der Kolbenstangen­
lage mit Rahmenwasserwaage, 
( i a  oberen und unterem Tot­
punkt) Der Kreuzkopf вив an 
der Lauffläche angedrückt 
worden.

4« Kolben mit Kolbenstange aus- 
bauen und b ei TEW prüfen 
bzw. e g a lis ie re n  lassen .

5« Laufbüchse ausbauen, durch 
TLP prüfen und wieder e in ­
bauen. 7/eiterselireuzweise 
la  unteren und' oberen Tot­
punkt vermessen, sowie mit 
Raucenvra33erw.oage überprü­
fen. Die Überprüfung der 
Laufbüchse шив bei einge­
bauten Ventilen durohge- 
fü hrt werden.

6 » Kreuzkopfspiele messen.

?• Xrouzkopfbolzen ausbaucn. 
Zustand der Passung übor- 
prufon und fe sth a ite n

в . Kreuzkopf ausbauen und b e i 
Tr prüfen und ev. e g a li­
sieren  lassen . (Stangenloch 
und Kreuzkopfbund)

9 . Gegengewicht ausbauen.

PO. Pleuelstange ausbauen.

r
X/ . - » . p f  rtUff + f  *-ff c f
VAe  ̂ «-

OeiMiKf * f  * f  * d

&<**«. « f  p * '* J* *  r*J.
btt'4-lt ^гли.«

) ~Th t
Ь*  Ov». 4kt K« -  — '~ j p*irfiLCe .

Hev*\»r*. ***d- fsiri-ь*. » W  . Ti

f&cg. /и li'C » * * .
f ky 714 7

*w«{ b ~ .,'ld  |‘ч е/ам’и . ‘
i  Vt-Л C*rtS-i 0,4 Ia f f - * *  *-** d  
CA**d*A , lHff-e*b4t'e+*. *V»’Ä  -fr *-+*"*- l ***■( • ?

с r 4  b*. d * » *  w 4 k
\/f-S -f ' •

ofcfc& riM c*. c f  c~ ron l> t*-4 '

'Pfiutf/e b o li  o f  c-ŷ # n i e A d  •
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und des p von P leu ellag er- 
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H . B ei Pleuellag«rzusammenbau 
achten , daß bald« Lager*» 
sch a lten  im Gehäuse f e s t ­
s itz e n .
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15 .  Pulet 3 - 1 3  g i l t  fü r  
beide Stufen .

1 6 . Hach der Messung der 
Atmung b e i beiden Stufen 
Hauptlager 2 , 3« 4t u» 5 
ausbauen.
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1 7 . Ausbau der Hauptlager
a )  Zuerst Messung des 

Lagersp ieles
b) Schraubenlänge im 

angezogenen Zustand 
fe s th a lte n

c )  Schraubenlänge im 
entspannten Zustand 
fe s th a lte n .^

d) Lagerschal^an aus- 
. bauen. Die Kurbel-

v e ile  muß zum Zwecke 
um c a . 1/2-Ia g e rs p ie l 
hydraulisch ange­
hoben werden.

e) InCgerscha^fen durch 
TU? prüfen la ssen .

f )  ffellenlagerzapfen 
durch TMP prüfen la s ­
sen.

18 . Hauptlager einbaue».
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19« Atmung messen -  K ontrolle 
(s ieh e  Pkt. beide Stu jiti

20 . Ausdkessetfn der Kreuzkopf- 
bahnen (Durchmesser und 
P a r a lle litä t ) -b e id e r  Stufen

21. Ausscritvlren der beiden 
Stufen uniiev. Zylinder- 
Korrektur.

22 . P leuelstange einbauen.

23 . Kreuzkopf einpassen und 
einbauen.

24.  Stppfbüchsenpackungen, 
Ö labstreifung und Kolben« 
(ohne Bespannung) e in ­
bauen. Messung der Kolben­
lage im angedrüokten Zu­
stand.
Der Kolben s o ll  an der 
O stse ite  (L au fse ite  des 
Kreuzkopfes) mindestens 
einen Abstand 1 ,7  -  1 ,0  010 
bei der 2 . Stufe und 
1 ,4  -  1 ,3  na bei der 3»
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haben« Da« heiß t, la  be­
spannten Zustand darf kein« 
Zwannlara d«a Kolbens 
entstehen«

25« Kolbenstangenlage mit
Rahaenwasserwaage prüfen«

26« F e rtig  -  Zusammenbau 
Schadräume messen«

27« L u ftf i l te r , ö l f i l t e r ,  Öl- 
«anne, R ifox, Impulsleit­
ungen reinigen« Ölfüllung 
Dichtheitsprobe der Luft­
kühler«

28« Probelauf

•)

29« Prüfung durch TMP
a) Gewindekontrolle 

Kreuzkopf 
Lagerscheinen 
Lagerzapfen 
Dehnschrauben (Haupt­
la g e r, Pleuellager, 
Gegengewichte, 
Stangenkupplung) 
Zylinderlaufbuchse (Bund) 
Zylinderdeckel (Rippen)
Zy1inde r-Innenrippen- 
verstärkungen.
Zy 1 ind ergehn, u sebund 
(Verbindung zwischen 2 
Zylinder und Maschinen- 
gehäuse)«
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PAPER 4-

BUCK D C -O FF RKFOBMBR TUBES DURING PLANT OPERATION

B. csxK uoa
1* Introduction

Vhen *  reformer tub« bursts during service the loss of gas through 
the leak is  not necessarily intolerable, but the leaking gas ignites inside 
the furnace and oeuaea overheating of tin  surroundings. To prevent damage to 
the refractory and to  the neighbouring tubes, i t  i s  necessary to iso la ta  ths 
failed  tube.

To achieve this.- either the design must make provision fo r  shutting 
off any individual tube or, i f  simple welded up connections are used, the whole 
unit oust be abut down and cooled b o  that the failed  tube can be cut out and 
replaced, or the connections plugged by welding.

Because the outlet p ig ta ils  usually operate in the region 700-800°C, 
and no valves are known that could be fitte d  in each p ig ta il, and because a t  
any ra te , the expense and complication of f ittin g  them in the design would be 
considerable, an a l l  welded design 1= normally adopted. In itia lly , when an 
overheated tube leaked, tho fumaoe had to be taken off line losing some 3$ hours 
production. This represented a serious loss of output. Apart from th a t, ii. 
reformer plants built for the production of town gas, the manufacturing authority 
i s  under legal compulsion to maintain a Minimum gas pressure and i t  could hardly 
afford tp shut down a  fUrnace even for only JQ hours, should a tube f a i l  during 
a period of peak demand. Consideration was, therefore, given to methods of 
blankingroff leaking tubes, which would not necessitate shutting the plant down.

2« Background

I t  has been standard practice fo r many years to squeeze mild steel  
pipes on gas and water service when i t  had become necessary to isolate  a lin e , 
and a number of devices are ccnmercially available for this purpose. However, 
the application of gross p lastic  deformation to  pressure equipment containing 
hot inflamzable gases had not been considered. The com ercially available 
apparatus for low temperature service are hydraulically operated, which is  
an advantage, but th eir frame has to be dismantled and then reassembled on 
to the pipe to be squeezed. This would have been perhaps acceptable for  
in le t p igtails  where the temperature is  around 400°C, but the manipulation 
involved would not be acceptable in  the proxioity of the hot outlet p ig ta ils  
(?00-5CO°C) . For that reason a & clamp squeezer was designed so that the 
vait could be placed onto the p ig tail where i t  runs horizontally ia jicen t  
to the reformer tube (Clark and 511 me a Paper 2, F ig . 2) and a ll  that was 
required in the way of preparation was to  remove the legging on th is section.

3« C Ciarp Scueezer

IV ta i ls  of the ac^tazar are given in the drawing in  F ig . 1 and the 
photograph of Fig. 2 . I t  is  driven by a short 6 ton hydraulic ram, a anufaoturec 
by Bpco Flexi-Force.

The main advantages of th is  design are:

( l )  The G> chape of the frame reduces manipulation near the pipes 
'before squeezing to hanging the device onto a horizontal part of 

• the p ig ta il. * .

I t  i s  oonneoted to the pump by means of a pressure hose of 
convenient length so that the operator i s  a t  a  aafe distance 
while th^ tube la  being squeezed. I t  is  relevant to mention

(2)



bore that in the ereat of a  p ig ta il cracking «fail« being iquaezad. 
Dillingham experience has ahem that ths fir«  that resu lt«  from a  
p ig ta il failu r* do«« not causo significant damage.

(3 ) Should ary aooidant happen to the hydraulic ran, to the hose,
pr to  the pusp, the quantity of .o i l  involved is  very small (1 -2  p in ts ).

(4 )  After squeezing, the Java can he fastened together fay means of 
perewa to form a permanent clasp to  prevent the internal pressure 
Opening up the squeezed pipe. The G olaap and hydraulic ram oan 
then he removed fay simply le ttin g  the Jaws slide o ff along the guides 
ffaom In the drawing.

(5 ) The jaws are lept in position fay naans of fa a l l  catches vfall* the 
plasp is  being hung and while pressure i s  being applied.

(6 ) Two la te ra l sheet natal pieces locate the clamp jaws an the pipe, 
pnd are crushed away as the squeezing operation is  in progress.

4 .  Laboratory Tests

Although from the above considerations i t  appeared th at blanking- 
off reformer tubes by flattening the in let anl outlet p ig tails  could be 
achieved with reasonable safety, i t  was decided to  carry out seme preliminary 
te s ts  on a laboratory scale .

In order to sisul&te plant conditions, a te s t rig  was arranged in 
which a length of pipe could be e le c tr ica lly  heated by nakirg i t  an integral 
part of % c ircu it connected to  a  low voltage high current source. One of 
the ends of the tube was blanked-off and the ether oonnseted to  a  273 p .s . i .g .  
steam lin e .- Provision for measuring the steam pressure iod for measuring 
and controlling the tesperature during the te s ts  was made. Samp la s  of both 
Znoolcy and Cr-lio pipe were tested . The clasp i t s e l f  was tested under a  
7 tom logd withouf i t  showing any permanent s e t .

4 .1  Incolov P ig ta ils

Two samples of extruded Incoloy DS tubing, 1.12/32  in . o .d . x 
8 s.w .g. es used for the fabrication of the outlet p ig tails  were used 
for the t r i a l s .  One sample was ex-sto res , but was aged for 72 hours 
a t  QOO°C in  order to bring i t  into a condition nearer to that of ths 
pipes a f te r  service. The second sample was cut from an actual p ig ta il  
whioh had failed due to the presence of manufacturing defects a f te r  a  
few months in service.

These samples were heated to 600°C before squeezing. During 
the f i r s t  te s t  as ths jaws touched the tube, the temperature dropped 
quife considerably, but by insulating the ends of the pige, ths 
temperature drop was eventually re&iced to  about only 20 C.

In a l l ,  eight t r ia ls  were performed. The resu lts were completely 
satisfacto ry , except in one case, when a number of nrrnll cracks 
developed on the outside of the pipe, but no leak occurred. This 
cracking was not thought to  be significant because the t r ia l  was dcr.e 
on a part of the pipe which had been overheated to nearly melting point 
during the in i t ia l  atteepte to adjust the temperature. Figure 3 ahowa 
ths general appearance of the tufas and Figure I* *  orosa seotiea through 
one of the flattened parte.

- 2 -



4 .2  Cr-Uo PU tall^

The te s ts  were done a t 400°C on a length of US Cz^Lo s te e l pipe 
lV l6  in . o .d . x 5 /3 2  in- wall as used for the in let p ig ta ils . At 
th is temperature the tube was too strong fo r the squeezer and a 
perfect flattening could not he achieved. - la- order to  increase the 
stress on the pipe, the width of the Jaw faces of the clamp was reduced 
from y in . to y in .-  but then the d u ctility  of the m aterial was 
Insufficient and the tube wall sheared. I t  was found possible to araid  
th is bjr carrying out the operation in  two stages. In the f i r s t ,  a se t  
of Jaws with j  in . wide and slightly  curved faces was used. This spread 
the deformation over a  large area, but s t i l l  l e f t  a gap between the 
two well faces. A second pair of Jaws with faces y in . wide, snl 
seai-circulax cross section was used to  close the gap. To achieve 
th is  the load had to be increased to 8 .5  tons. The clamp withstood 
th is overload w ell. Figures 5 and 6 show the resu lts  of the te s ts .
V '

During the tests  i t  was found that the original Jaws in 18/Q/Ti. 
were too soft and yielded appreciably during operation. This was 
prevented by protecting the Jaw faces with welded in serts of heat 
treated FY520 (B) steel whose yield  strength is  shout three times 
higher then that of a te a l .

5* Plant Experience

The p ig tail squeezer has been used successfully on several occasions 
to iso late  leaking reformer tubes. Squeezing the in le t p ig ta ils  has proved 
to be ss easy in the plant as i t  was in  the preliminary t r i a l s .

4

4

On the other hand, with outlet p ig ta ils  trouble has been experienced 
on three or four occasions owing to cracks forming during the operation. I t  
appears that the d ifficu lties  are due to  a combination of the following facto rs

(1 ) Efabrlttleoent during service. I t  i s  known that the d u ctility  of 
Incolcy DS decreases with time due to an ags hardening process.
The use of Incolcy 600 which is  now readily available and reputed 
to be less prone to  embrittlement during service w ill probably 
Isprova m atters.

(2 ) Decrease in temperature. As soon as the flow of hot gas through 
the p ig tail is  restricted  the metal temperature begins to f a l l  and 
90 does i t s  d u ctility . The more quickly the operation i s  completed 
the less likely i t  is  for trouble to occur. The possibility of 
increasing locally the temperature of the outlet p ig ta il prior to  
fqueezing is  also being considered.

;  ( 3)  The occasional presence of score marks on the surface and
ptringers of inclusions inside the pipe wall which fa cilita te  the 
in itiation  and propagation of cracks.

In spite of these occasional d ifficu ltie s  i t  has always been 
possible to blank-.off the failed reformer tube. Even after cracks have 
appeared in the p igtail i t s  flattening has been achieved a t a  second attempt.

The use of screwed on Jaws to maintain the p ig ta il gas t i^ it  has 
proved necessary. Whenever the Jaws have been removed, the leakage of gas 
from the reformer tube has been seen to  inoresse gradually becoming excessive 
a fte r  sc^e time. A second application of the squeezer and permanent  damping
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o t  th e  p ig ta il haa been sufficient to  roduae th a  la i^ is i to  % VI  «
•aoaa.%, ~

Conclusion

Blanking-off failed reforoer tubes without having to shut the plant 
down, by a^ieezing the in lot and outlet p ig tails  a t  teaperatura and under 
prws«̂ xw, has bean a  ooaplete success« So f a r  no untoward incidents have 
occurred and provided adequate qare i s  taken« the isolation  of the failed  tube 
can be schists^  without danger to  the operating personnel o r  to  the plant«

i
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AdaorptIon-Safety-Loop In Linde*a a i r  separation plant

Froa main condenser liquid oxygen comes to a pump which d e liv er*  
i t  a lte rn a tiv e ly  to one of two adsorption v e ssfts  f i l le d  with 
g e l . Then liquid oxygen flows back to the main condenser. By 
th is  the liquid Og is  perma|fent in c ircu la tio n  through an ad­
sorption apparatus. I t  holds back (adsorbs) of acethylene 
and propylene (propene). A ll hydrocarbons not adsorbed, lik e  
ethene, propane and so on somewhat enrich in the flu id .

By permanent taking out of the adsorption safety  loop 1^ of 
02-production and by evaporation of th is  ra te  the remaining 
hydrocarbons are removed fro a  the separation column (main 
condenser) fo r  the most p a rt.

The adsorption vessel has a service l i f e  of 8 deys. A fter  
th is  time f i l l in g  must be regenerated and the circu la tio n  
happens through the other vessel. Thq oontent of acethylene in  
the main condenser is  limited with 0 t 1 ppm. Analysis are  
made daily* By reasons of safety hot nitrogen (with a pressure  
of .5  bar) Is used as regeneration medium.
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CHEMIEUNZAG
EtapMngar (DurdWdiMg« ■")

4» UNIDO-Vorkshop

R e s p o n s ib ili ty  o f  ATW

1 .  Improve 8c en su re  s a f e t y  o f  o p e r a to r s  8c eq u ip m en t;

2 .  M ain ten an ce o f  p la n t  to  a ssu re  h ig h  p r o d u c t iv i t y

3 .  Improvement o f  e x i s t i n g  equipm ent 8c p r o c e s s  ( t o g e th e r  
w ith  APN) toward h ig h e r  p r o d u c t iv i t y ,  lo w er p ro d u c tio n  
& m ain ten an ce c o s t s .

4 .  C o s tc o n tr o l o f  m ain ten an ce  a c t i v i t é s .

5 .  L ia is o n  w ith  o th e r  d ep artm en ts o f  Chemie L in z  to  
c o o r d in a te  in te r d e p a r tm e n ta l  work
(m ain w orkshop, in s tr u m e n ta t io n , e t c . )

6 .  A s s is t  p u b lic  o r g a n is a t io n s  to aope w ith  d i s a s t e r s ,  
(ch e m ica l s p i l l s  on ro ad s e t c . )

O n -C all s e r v ic e

from  f r id a y  1 4 ,0 0  to  monday 6 ,0 0  

1 e n g in e e r  o r  forem an
1 m echanic -  (o n ly  i n  a r e a s  w ith o u t s h i f t - m e c h a n ic s ! )
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Shut down o f  p la n ts

Caused by l im ite d  manpower g e n e r a l ly  o n ly  one p la n t  may 
be shut-down f o r  o v e r h a u l.

p . e :  1 )  AC p la n t  Enns
shut-down 2 3 . A p ril 1979 
d u ra tio n : 1 week

2 )  N i t r i c  A cid p la n t  
shut-down 2 .  May 1979 
d u ra tio n : 1 week

3 ) Urea p la n t
1 2 .  May -  2 3 .  May 1979

4 )  S in g le  t r a i n :  unscheduled  shut-down f o r  one 
day o n ly

Manpower n o rm ally  a l lo c a t e d  to  in d iv id u a l p la n ts  i s  
s u f f i c i e n t  o n ly  f o r  normal m ain ten an ce . For shut-downs 
th e  group must be in c r e a s e d  in  s i z e .

p . e :  N i t r i c  A cid p la n t  shut-down
normal m aintenan ce crew  (group S e r v i)  13 men
p lu s  from ATN (group H e n n e rb ich le r) 8 H
m "  "  (group P o in t in g e r )  8 "
m " THW ( c e n t r a l  workshop) 20 n

A d d itio n a l hands a re  used to in c r e a s e  in d iv id u a l work­
groups o r  a re  g iv en  co m p lete  ta s k s !
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MATERIALS USED BY ATM

CODE COMPOSITION APPLICATION

mat-numbei* i n t e r n a t ,  code C Si Mn • c r Mo Ni

ALU 9 9 ,9  % f o r  p ip e l in e s  ta n k s (100% HNO,

1 - 4450 10CrNiNbl 89 ‘ 0 ,1 2 0 ,4 0 0 ,3 0 18 - 9 ,5 0 f o r  p ip e l in e s ,  tanks,, h e a te r  
(60  % HN03 )

1 .4 0 1 6 8 C r1 / (e x p ir e d ) 0 ,1 0 0 ,4 0 0 , 3 0 1 7 ,5 f o r  p ip e l in e s ,  ta n k s , h e a te r  
(45  % HN03 )

1 .4 5 6 1 * ) " N ic t r o th a l  40" 0 ,1 2 20 34 f o r  su p p o rtn et f o r  c a t a l y s t

Lead f o r  l in in g  o f  ta n k s , p ip e l in e s ,  
pumps

F e r r o s i l ic iu m 15 f o r  d eh y d ra tio n  column o f  HN03

1 .3 4 0 1 l20Mn50 1 ,2 0 0 ,3 0 1 2 ,0 r o l l e r s  in  CaC03 m i l l s

1 .7 3 3 5 1 3CrMo44 (o r
A lc a l )>)

0 , 1 3 0 ,3 0 0 ,6 0 0 ,9 0 0 ,5 0 f o r  ly e  p ip e l in e s  and drums

* ) DUR 600 f o r  v e ld in g  and to armour

1 .4 8 2 8 15C rN iSi2012 0 ,2 0 to O 0 ,6 0 1 2 , 0 b a s k e ts  in  NH3~ bu rn ers

T e f lo n * )  PTFE fo r  l i n i n c s  ( s p e c ia l  a p p lic a t io : 
& g a s k e ts )

4

* )  R e g is tr e d  Tradenames



j
u
v
 e

t 
и

т
гу

~



P
h

o
tp

k
o

rt
c

a
o

d
- 

P
ro

d
u

c
ti

o
n

 o
t 

O
yp

tu
fr

t-
 

C
o

t a
 n

jm
tu

i f
a

t/
i/

tr
o

ti
o

n
Ca

 - S
uf

to
 t-

pr
op

O
'a

ho
n 

A
m

on
co

' 6
on

ai
a 

pr
m

du
c t

io
n 

Tr
an

tf
or

m
ot

io
n

t



UnMrZwtfwn В м /twlw

CHEMIE UNZA6
Empfänger (O urd»*l*fl« in)

Teg

ATP

4 .  UNIDO-Vorkshop

HIS T O R Y  Of PHOSPHATE - FERTILIZER - PLANTS (APP -  ATP)

1954: Start of gypsum-sulphuric acid plant (production of sulphuric acid and 
cement from anhydrite).
Single superphosphate (now low demand)
Storages, bagging and shipping stations.

1958: Mixed fertilizers (closed after start of NPK-plant)

1958: Sulphur burning plant (Monsanto). Continuous improvements and expansions 
to increase capacity

1964: NPK - plant (1 granulator, 12 reactors, 1 cooler) - PEC process 

1966: Phosphoric acid plant, prayon process.

1967: First expansion of NPK - pl*nt (plus 1 granulator ana 6 reactors)

1969: New NPK-storage with conveyor bridges, bagging and shipping in the south 
area of the company.

1970: Second expansion of NPK-plant (plus 1 cooler and some improvements).

1972: Heat exchanger for raw meal in gypsum sulphuric acid plant.

1973: Third expansion of NPK-plant Cl granulator, 14 reactors, 1 cooler).

1978: Second belt conveyor from NPK-plant to storage.
Equipment to use valve-Dags

1979: Second economicer for Monsanto plant.

From start-up of the plants up to now have increased the capacity of the cifferent 
facilities by removing bottlenecks, for example:

Monsanto plant

Phosphoric acid

Layout 75 t/day H25C4
Actual 100 t/dey H2SQ4

Layout 60 t/day P205
Actual 130 t/day P2Q5

Due to good operation and good maintenance the percentual operating time of all 
our facilities is very high ( 100 it » 364 days per year) :

Examples: __

1977 1978 1979 1900

Gypsum sulphuric acid plant 96 % 95 * 96,1 % 97,6 it
Monsanto plant 98 it 97,3 % 94,0 *
Phosphoric acid plant 94 * 93 * 93,9 it 93,9 it
NPK - plant I 96 * 94 * 96,1 it 95,1 it
NPK - plant II 93 % 95 * 96,7 it 95,1 *
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Respu îbilitt and tasks of department ATP

Surveillance, check, maintenance, repair of different production units, stores 
raw material and final products, bagging and shipping, laooratory.

Spare parts oarticulary used only for a special ourpose in one, two or three 
departments —  order, record, store, use.
Common spares like screws, bolts, . . . are in the central store.

Drawings: Draughtsman for sparepart-drawings, modifications in the plant, sketches. 
Small projects are made oy the department, larger projects are made by the 
design— department. Drawings o f  design— department must be signed by the concerned 
maintenance and croductian departments. Record of drawings.

Contacts with outdoor companies, agents and reoresentatives, suppliers of spares, 
ma c h i n e s , ...
Jisit to suppliers. Correspondence with different companies, filing of 
correspondence.

Prospects, leaflets about special machines, parts, technics, materials used in 
the department

Contacts with other departments of Chemie Linz concerning repair, investment, 
oroduction, design, finance,....

ouoervision of delivery dates concerning spares, outdoor repairs, ....

Elaboration of shutdown-programmes in co-operation with prooucticn ana centrai- 
ceoartments.

safety in m e  workshop and for all field reoairs. ~ ~ e whaie equipment has to 
ooerate in a safe condition.

5afety instructions according to t^e Austrian law (one time per year),accident-.nctic

Information of foremen and staff, other decartments, suoeriors,...
Daily, wtexly, monthly, q u a terly,...

Investment programmes of small volume, repair programmes, estimation of costs.

Cost control for maintenance, monthly computer prints, quaterly reports to division 
(comparison precast - aqtual).

Collecting of literature and papers concerning used operations, machinery and 
processes.

Training of foremen and workers in the field of technical knowledge, safety, 
efficient performance of repairs,....

Experiments and tests of new parts and products.

Co-ordir.ation and co-operation with production aepartment (daily morning discussion) 

Calculations concerning machines, parts and the process.

Energy conservation (e.g, screw compressor - new or repair ?)

Engineering, orocess variables, physical chemistry

i



Accomplishment of authority-ordera like pressure tests, yearly check of conveyors, 
earthing measurement o f  tanks for burnable liquids.

Obligations concerning pollution control (oil, waste gas treatmert, . . )

Mutual control between maintenance and production departments resp. central depts.

Participation on seminars, courses, study o f  literature, visit of industrial fairs 
(e.g. A C h EMA,...) to improve technical knowledge.

Expert for suggestion system

Personnel problems -  salary, transfer to other deoartments, overtime, . . .

Jobs as adviser or start-up personnel in Austria or a foreign country.

Training of oeople from other companies.

Showing of plants to our customers and other intrested grouos (schools,...) 

Collection and filing of experience, repair cards,...

Stand-oy o r  on-call service from friday to monday
1 engineer or foreman
2 locksmiths



.ACTUAL PROGRAMMES, PROJECTS and PROBLEMS T o r d e p a rtm e n t ATP

Wheal loader with 1 m  shovel
Loading conveyers for very long wagons
Palettizer for open air storage, unit 63A

Replacement of fork lift truck
Replacement of dumpers by a wheel loader - 3 m  shovel
Replacement heat exchanger VI -  sulphuric acid plant
Replacement hot gas filter -  monsanto plant
Replacement phosphate scale - phosphoric acid plant
Improvements on bulk loading systems -  620a and 633a
Speed-controllers for belt conveyors
Belt conveyors for coke
Unloading and loading of ships
Asphalt for ooen sulphur storage
Dose of trace elements
Imorovement conversion in Vonsanto plant 
New sulphuric acid plant - douole absorption 
Sound protection —  unit 601 
Oose of coating agents (siliceous earth)
Lacerating machine for paper bags 
Dedusting units far phosphate and potassium 
¿econd palettizer for unit 634 (ooen air storage)
Scales for bulk product 
Replacement cement Gagging machine 
Tank for AS - lye
utilization cf sulphur concentrated iron oxide 
Preparation pf hot water for division C 
3ul< loading into vessels 
Reclacement KSB —  comoressars
Extension silo, bagging and shipping -  unit 633 
Coal dust combustion for cement kiln 
Utilization of acid-oil in the kiln

Dedusting of waste gases of spheràdizer I and II 
Sale of caterpillar (tracked vehicle)
Removal of fertilizer-rests from boxes - nearly empty - unit 633 
Utilization of excess steam
Pipeline for sulphuric acid between the units 608 - 626 - 627 
Covers of eternit on conveyor bridges 
Cleaning of cement silos
Investigations about use of palettizers in unit 620 a 
Investigations about corrosions on spherodizers 
Reduction of P205- and F-content in by product gypsum

Repair painting of conveyor bridges 
R oof repair of clinker storage 
Repair of chimney sulphuric acid plant 
Repair painting - unit 631
Repair or replacement of electrostatic wet gas precioitator
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r COMPARISON of maintenance costa 
1. quotar 1961, departr>wit ATP

1
1201 -  Sulphuric . add - vonsanto alant

General shutdown planned for June 1981

1"’C2 - G .-p s u i "  sulphuric acid olant
General shutdown planned for September 1931

1203 -  Cement
Routine check and overhaul in winter time. 
General overhaul of clinker crane.

-C I |

- 1 1 , 1 : 4  

>29,0:4

12C4 -  Supercnosphate >i4,3,o
Wooden front sices of tne buildings 621 and 622 are in repair (programme 
roof— repair cy civil ceot.). Change of granulation from granulator 1 and 2  

to granulator 3 and 4.

-  4,C;ii1205

1206

1221 -

Phosphoric acid

\PK production >11,74
Repair and painting of NH3-, natural gas- and water pipelines, preparation 
repair of spherodizer III (ring, lifters), installation of n.ew metering 
device for H3PC4.

Area silo west
Repair programme of roof-top not yet realized.

1222

1224

22 -  Area silo south

Cement silos 
Overhaul in winter time

-39,64

-12,5*

>I4,2,o

1227 —  Eacoing and snipping + p ,u ;«
Training cn and start of calettizing unit - -ig-er crsts ry oepartxents 
ATP, TEL, TVE.
Repair of reclaimer chain by Th w .
Vore breakdowns on loaaing vehicles.

1220 —  Cement bagging ->139,£i
Overhaul of complete bagging and loading station in winter tine.
Gauge pf cement Dagging machine.

1229 —  Central raw material storage -t,o*

1230 -  Department laboratory -5,£:*

1916 - ATP-’WorKshcp -5,-.*



SAFETY MEASURES FOR THE COMPLEX FERTILIZER STORAGE 
AT CHEMIE LINZ PLANT SITE________________

A. PRODUCT ' •

-  complex f e r t i l i z e r  (NPK) o r  o c c a s io n a lly  CAN (28 %) 
w ith  max. 0 ,4  % C.

-  s to ra g e  fe e d  te m p e ra tu re  max. 50° C. C on tin u o us  measurement 
by means o f  two ind e p e nd e n t th e rm o cou p les . Tem pera ture  i s  
in d ic a te d  and re c o rd e d  w ith  max. a la rm  in  th e  c o n t r o l
room o f  com plex f e r t i l i z e r  p la n t .

B. DESIGN MEASURES 

1« B e lt  conveyo rs

-  b e lts  w i t h in  th e  s i l o  i n  f la m e -a d v e rs e  m a te r ia l

speed c o n t r o le r  (s h u t o f f )
s t r a ig h t  ru n n in g  c o n t r o l  (a la rm )
emergency s w itc h  w ith  p u l l  l in e s  (s h u t o f f )

-  lo w e r b e l t  te m p e ra tu re -c o n tro l by p y ro m e te rs  f o r  the  
s to ra g e  fe e d  conveyo rs
(a la rm  in  the  c o n t r o l  room o f  the  s i l o )

-  d iv is io n  o f  the  b e l t  b r id g e  in t o  f i r e  f i g h t i n g  s e c t io n s  - . t
by means o f  w a te rs p ra y -c u r ta in s

-  emergency e x i t s  ( la d d e rs )  marked by a rrow s (a lw a ys  two 
e x i t s  f o r  each b e l t  b r id g e  in  a d d it io n  to  the  s t a i r s  
in  the  c o rn e r  s ta t io n s )

m e ta l d e te c to r  b e fo re  th e  e n tra n c e  o f  th e  s i l o  (s h u t o f f  
o f  conveyo rs ) and a d d i t io n a l  m agne tic  m e ta l-p ic k -u p  a t  
the  way o u t o f  th e  com plex f e r t i l i z e r  p la n t

/ 2
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- s w iv e l ch u te  lo c a te d  in  the  l a s t  d e l iv e r y  s ta t io n  b e fo re  
th e  s i l o  f o r  d is c h a rg e  o f th e  b e l t  co n veyo r to  th e
open a i r .

-  a rrangem ent o f  th e  b e l t  conveyors  so th a t  th e y  ca n no t 
be an i n i t i a l  h e a t source  f o r  th e  f e r t i l i z e r

-  f i r e  e x t in g u is h e rs  (C02) w i t h in  a d is ta n c e  o f  35 m a lo n g  
th e  b e l t  system

-  te le fc n  system  w ith  c o n n e c tio n s  i n  a d is ta n c e  o f  1 0 0  — 1 5 0  m

-  in t e r lo c k in g  o f  a l l  b e l t  conveyo rs  to  ensure  s h u t down 
o f  p re c e d in g  conveyo rs  in  case o f  f a i l u r e .

2 . S i lo  .

-  p a r t i t i o n  to  1 2  boxes, each w ith  a max. c a p a c ity  o f  5 0 0 0  t .

-  th ic k n e s s  o f  p a r t i t i o n  w a lls  d e s igned  t h a t  i n  case o f  a 
d e co m p o s itio n  i n  one box i g n i t i o n  in  a n e ig h b o u r box due 
to  h e a t t r a n s fe r  i s  n o t p o s s ib le .

-  a l l  c i v i l  e n g in e e r in g  m a te r ia l  used i s  fla m e  r e s is t a n t

-  fe e d  p ro d u c t i s  screened by g ra t in g s  to  remove lumps

-  h e a t sou rces  l i k e  steam s u p p ly  l in e s  and e le c t r i c a l  c a b le s  
a re  n o t in  c o n ta c t w ith  th e  f e r t i l i z e r

-  e le c t r i c a l  equ ipm ents a re  mounted s idew a rds  and d e s igned  
i n  w e t-ro o m -s ta n d a rd .
Main s w itc h e s  a re  o u ts id e  o f the  s i l o .

-  l ig h tn in g  ro d s  p r o te c t  the  s i l o

-  emergency o r ie n ta t io n  l ig h t s  in  th e  r o o f  to p  o f  the  s i l o ,  
a long  th e  re c la im e r  pa th  and in  the  l a t e r a l  b e lt - c h a n n e ls  
( a u to m a t ic a l ly  s w itc h e d  on in  case o f  power f a i l u r e ) .  No 
b u lb s  b u t o n ly  f lu o re s c e n t  tubes a re  use d .
Handlamps a re  n o t p e rm it te d .

/ 3
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-  windows f o r  opening and c lo s in g  along the ro o f  top (5 i  
o f  the ground f l o o r  a r e a ) .
A l l  windows a re  r e m o te -c o n tro l le d  fro m  o u ts id e  the  s i l o  
by a se p a ra te  s u p p ly  o f  com pressed a i r  and d a i l y  o p e ra t in g  
te s ts .

-  emergency e x i t s  fro m  th e  r o o f  to p , th e  re c la im e r  pa thes  
and th e  co n veyo r b r id g e s  m arked by a rrow s

-  e x t in g u is h in g  l i n e  (d ry )  f o r  f i r e  w a te r  i n  th e  head b u i ld in g  
o f  the  s i l o

-  f lo o d in g  l i n e  f o r  each b e l t  channel w ith  a c a p a c i ty  o f  2 ,5  m3/min.

-  h y d ra n ts  o u ts id e  th e  s i l o  co n ne c ted  w ith  a r in g  system  o f  
600 -  400 mm d ia m e te r

-  12 m obile w ater canons each  f o r  1 ,5  m3/min a d ju s ta b le  f o r  
spray o r  j e t  a p p l i c a t io n

-  f r e e  o u t le t  o f  p ro d u c t s lu r r y  a f t e r  open ing  o f  th e  doors  cn 
the  end o f  th e  b e l t  ch a nn e ls

-  emergency e x i t s  fro m  th e  l i f t

-  se p a ra te  r e p a i r  box f o r  r e p a ir s  on th e  re c la im e r  and jo £ s  
w ith  f i r e .

C* MEASURES BY ORGANISATION

-  g e n era l  s t r i c t  p r o h ib i t io n  o f  smoking
e x c e p t io n :  dayrooms, o f f i c e  o f  s u p e r v is o r s ,  workshop and 
co n tro l-ro o m  in  th e  head b u ild in g  o f  the s i l o

-  r e p a ir  jo b s  a re  o n ly  allow ed in  accord ance to  the w r i t t e n .
" jo b  perm it"

-  welding w ith in  the s to ra g e  s i l o  on ly  under s p e c ia l  s u p e rv is io n  
and not near the p ro d u ct. C o n tro l  o f  the sp o t f o r  6 hours 
a f t e r  f i n i s h i n g  o f  the jo b  by means o f  an in f r a r e d - in s t r u m e n t .

/4



—  * t  —i
-  o p e ra t in g  m anuals f o r  a l l  w o rk in g  p la c e s , s a fe ty  in s t r u c t io n s  

e v e ry  h a l f  a y e a r

-  c o n t r o l  o f  th e  s to ra g e  s i l o  e v e ry  h a l f  an h o u r re c o rd e d  by 
means o f  a p r in t in g -w a tc h  and c o n t r o l  book
w ire le s s  c o n ta c t  o f  th e  c o n t r o l  pe rson  to  f i r e - b r ig a r d e

-  s u f f i c i e n t  r e s p ir a to r s  f o r  com pressed a i r  and gas masks, 
most o f  th e  o p e ra t in g  p e rso n n e l i s  t r a in e d  i n  heavy gas 
p r o te c t io n

-  f r e e  access f o r  th a  tru c k s  o f  th e  f i r e  b r ig a d e

-  w a rn in g  p la n  (sequence) i n  th e  case o f  danger

-  s h o v e ls  and b u cke ts  a re  a v a i la b le

1



FACTS ABOUT STORAGE SILO FOR NPK UNIT 633

length 1S6 a
width S3 m  volume of the building: 125.COO m
height 22 m

12 boxes, each 50CO tons * 60.000 tons storage capacity
repair box for reclaimer
possible extension: 4 boxes each 5.000 tons = 20.000 tons

■"ax. storage height 14 m  wall thickness between the boxes: 1 m
m a x  storage width 43 m  number of gates to the storage : 24
max storage length 14 m

w echanical equipment:

Z reclaimers delivered by SCHADE (Western G e r m a n y ) , each for a capacity of 130 t/h. 
weight of one reclaimer: 40 t

capacity of feed conveyors : 2 x 60 t/h
capacity of reclaimers : 2 x 180 t/h

r.ead building with control -room, screens and crushers

length 46 m
width 15 m
neight 27 m

ragging and shipping

length 106 m
•rcth 19.5m width of the leading came 9.6 m
-eight of towers 24 m

v ecbanical equipment: 2 bagging and shipping stations, each for cu t/h bagged 
croduct and 60 t/h bulk product

5elt conveyors - feed conveyors to storage silo 2336 m
------------------ conveyors between silo and bagging station 700 m

conveyors for wagon loading 56 m
conveyors for ship loading 777 m
conveyors to open air storage 35 m

total 3904 m

Energy supply

electrical energy 800 kW installed power
drinking water
separate station for compressed air 
steam supply
fire water supply over 14 hydrants 

supervision and control from 2 control rooms
the whole plant is equipped with dedusting filters of high efficiency 
additional railway lines 45G0 m
additional streets 650 m
2 dayrooms for operating personnel, rooms for supervisors, modern sanitary facilities



9  CHEMIEUNZAG

ûeneral guidelines for fertilizer storages

jnder normal transport- and storage-conditions mineral fertilizers are wetner 
explosive nor self-flammable.

In general it is sufficient to hte fertilizer dry and clean to avoid contact of 
different products and in consequence chemical reaction of the mixtures.

Fertilizers with ammonium-nitrate (e.g. CAN,.\PK) can decompose under influence of 
extern fire or heat at temperatures above 130 C. Decomposition will proceed 
slowly without extern heat supoly through the total fertilizer mass. A yellcw- 
:rawn, pungent smelling, poisonous smoke will be developed (nitrouses gases - 
dangerous breathing-poison).

Preventive safety measures

If the following recommendations are onserved the cancer of thermal decomcosition
ran oe excluded certainly. In case of fire in a storage decomposition can oa
avoided with high propaoility.

Please observe:

1) Clean storage rooms before storing of fertilizer containing ammonium-nitrate. 
In particular follow this instruction for bulk-stores.

2) Eurnable products e.g. coal, sulphur, corn, oil and fuels also acids, u~slaked 
lime, CAN and thomas-phosphate are not allowed to mix with fertilizers and are 
to store separately.

3) Smoking and use of fire or open light is prohibited in the storage room 
(also welding, soldering,...)

4) Take provisions that ammonium-nitrate-containing fertilizers can not be heated 
from outside. Steam lines (even if insulated), electrical cables, electrical 
motors and heat producing lighting fixtures also hot exhaust gases of vehicles 
may not coma in contact with fertilizer.
Also thrre must be a guarantee that conveyors for fertilizer transport can not 
run hot,

5) Should occur a fire in the area of the warehouse immediately the fire origade 
must be informed in which buildings fertilizer containing arpmonium-nitrate is 
stored to protect such fertilizer stores against fire in the best way.

/ \



CHEMIE LINZ AG
guidelines for successful fight against thermal decamoosition of NPK-fertilizer

The necessity of the use of laoour-saving proaucts in the field of agriculture isads 
to fast increase of the demand for mineral fertilizers in general and ’.FK-orccucts 
in oerticularn

These fertilizers are not explosive or self-flammable under normal transport- ana 
storage— conditions. Complications are not to expect.

\PK-fertilizers containing ammonium-nitrate can decompose slowly at temperatures 
above 130 C oarticulary due to influence of fire. At some fertilizers decomposition 
will stop if heat transfer from outside is stopped. Other formulars can decompose 
completely over the whole mass of stored fertilizer and can develope a large volume 
of hot nitrouses gases (350 C) and water vapour.

rhe gases are poisonous, the fight against hot spots can only be performed by use of 
creathing devices (in the open with B/5t- or F/5t-filter3, in closed silos as well 
as in areas of nigh concentrations with heavy Dreathing devices).

\PK-fertilizers mostly are stored in oaper- or plastic-oags. An interruption of the 
reaction oy w a t e r - irrigation of the bag-piles will not be exoected. The most secure 
method to avoid extension of the hot spot is to divide concerned mass of fertilizer 
*rom the rest, to transoort it to the open air and to make full use of water 
spraying to stop reaction.

In case of decomposition of bulk fertilizer it can be brought to open air at an 
early stage of reaction (e.g. by shovels). Another way is to spoil out the en­
dangered amount of fertilizer b y  means of a strong water jet.

AT T E N T I O N ; Ths fight against decomposition by other measures (e.g. foam, carbon 
dioxide, steam, cover with sand or fertilizer) is useless. Decomposition even can 
be accelerated oy such measures.

In case of decomoosition of palletized material fork lifts can be used to remove the 
concsrned piles to the open air. Under certain circumstances wetting of the store­
house can be avoided. There is no danger for explosion for the fork-lift-driver. But 
he has to wear breathing devices.
After some time of reaction the bags will fall to pieces. The decomposing fertilizer 
then can be spoiled by a strong water jet.

Poisoned persons are to lay with the face to the ground, body in half-side-position, 
keep the person warm and calm and provide a doctor immediately. Wash eyes and mouth 
with neutralizing products (e.g. bicarbonate of 3 % concentration, but no boron- 
water) , eventually start breathing with oxygen.

Guidelines about useful storage of mineral fertilizers are distributed to all 
warehouses , the final users (farmers) will be informed in a proper manner.

This information is distributed to all fire brigades of Austria.
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PQLLLTICN C:\TRCXL 1V <iiSTE GAS

a) Injunctions c f  authorities:
u-j- to the very closed Location of  Chenie Linz to the town L.nr  -.e ~avs very  
severe injunctions  concerning pol lut ion c o n t r a i l .  I"1 tnp rLan-ing -state of a "ex  
r ia n t  -e  rave *o declare the volume, chemi c o l  a - a i y s i s ,  d . s t  : : - t ? ' - : ,  *s~:.e: =t .re 
z *  a l l  e f f l u e n t s .  . 3  are obl iged to r o n tr o l l  this  e f #ii;ants  i"> a r ? t ; r : " ; c  »ay 
and to sncw this  notes to the -outhotities.
Examples: Continuous recording of SC?-concertrat ion of  t ue .?ste  gas : r

suiphuric acid r i a n t s . Hust determination at  l e a s t  "'our t i - e s  rer . .ear.  
Analyses of  e f f l u e n t  - a t e r  from a i f r erent points c f  me sewace-s .. s ta n .

b'  "et h o cs  of  gas c i a a n i - g  in dept.  ATP
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The scotched economizer ia a construction of 
Bheinatahl Eoo GmbH.

Characteristicst

seamless eteelpipes 
fin-tubes of cast iron
two-piece elbows (cast iron) with asbestos sealing, 
filling the hollow between interior and exterior elbow 

with iron -file-chips, 
housing gastlght welded
water in- and outlet proteoted with oast iron and stuffing box.



The f i r s t  ECO-design in  the M onsan t-p lant o f  Chemie L in z  AG
woo 01» + r\ +-V>o ovefom o+■ PVtS +, + q crr\Tt c* ^-in^p 1 QAS WP V*ovP'*w w *■“ * *‘*v WJ  * •'-o**‘0 • ----- --- y - --- - -
th re e  steam g e n e ra to rs  between the p a ss e s  o f  th e  c o n v e r te r  
( c o o l in g  th e  SCte/SO^-gas) and one econom izer a f t e r  the 4 . p ass  
in  a c o n s t r u c t io n  a s  shown above. A l l  tubes and elbows a re  
in s id e  the housing p r o te c te d  w ith  c a s t  i r o n  a g a in s t  c o r r o s i o n .  
We can recommend t h i s  system  and v/e warn a g a in s t  a  c o n s t r u c t io n  
w ith  f l a n g e s .  In  Europe th e re  a re  on ly  a few e x p e rie n ce d  
m an u factu rer  o f  t h i s  tubes i . g .

P o s te r  W heeler, G reat B r i t a i n  
R h e in s ta h l  ECO GmbH, H ild en , Germany.

The s t e e l  p ip es  e i t h e r  w i l l  be s h r i n ’xed i n t o  the c a s t  i r o n  
f i n - t u b e s  o r  the d iam eter o f  th e  s t e e l  p ip es  w i l l  be in c r e a s e d  
in  consequence o f  o v e rp ressu re  a f t e r  f i t t i n g  w ith  the c a s t  i r o n  
f i n - t u b e s .  The c a s t  i r o n  s h ie ld  has to  be v e ry  t i g h t  a v o id in g  
co n d e n satio n  and c o r r o s io n .

A C I D - D I S  T R I B U T I O N :

In  our a c id  p la n ts  v/e have d i f f e r e n t  a c id  d i s t r i b u t o r s :
Monsanto p la n t :  D i s t r i b u t i o n  cup w ith  o v e r f lo w  w e ir s .

The m a te r ia l  o f  the cup i s  M eehanite C33 w ith  
<3.3/® C, > 2 .7 /  S i ,  0 .6 /  Kn, 0 .3 /  C r, > 0 . 5 /  Cu.

Anhydrite p la n t :  Trough d i s t r i b u t i o n  system  in  c a s t  i r o n  w ith
downcomers in  c e ra m ic .  E xperim ents  w ith  down­
comers in  s t a i n l e s s  s t e e l  1 .4 5 8 0  and c a s t  i r o n  
have been not s a t i s f a c t o r y .



FRINZIPLE SKETCH 0 ?  A CLOSED AND DUSTFREE BELT-CONVEYOR DELIVERY-STATION
I n  th e  f e r t i l i z e r  p l a n t s  o f  Chemie L in z  AO and Donau Chemie AG.
1
2 I
34
5
6 
7 
e  
9

10
1 1 <1 2 )

oonvoyor fram e 
s h e e t  d e t a i l  h o u sin g  
m a t o r ia l  fe e d  d u ct  
ru b b e r  b e l t  
r o l l e r
rearw ard  r u b b e r  a p ro n ,  12  mm t h i c k
f r o n t  ru b b e r  a p r o n ,  4 mn t h i c k ,  s o f t  ru b b e r
l a t o r a l  i n s i d e  ru b b e r  a p r o n ,  4 mm t h i c k ,  s o f t  r u b b e r
l a t e r a l  o u t s id e  r u b b e r  a p r o n ,  12 mm t h i c k
clarop-bow to  f a s t e n  th e  ap ro n s
e x h a u s t  d u c t  t o  a  d u st  p r e c i p l a t o r
b u t t e r f l y  v a l r e  t o  r e g u l a t e  the e x h a u s t  f lo w .

all the aprons are 
readjustable



( 0 lO C »rcjyiidüli CCll bolt tciioion )

n u t n m a t i C ;  l o a d  <38 00 1 1 0 0 n d

no s l id e  s l ip p in g
b e s t  p o s s ib le  e f f i c ie n c y

r e g u l a t e d  b e l t ,e ns io n

/ Whip
i  ínóínC TWtoue
C CcOMiVfL7o£auL£
D Ho.'iMewr FOÄ. 

iei.7 TewsoJ

FUNCTION :
The eng ine  to rq u e  B p roduces  a c o u n te r  to rq u e  o f  same 
s iz e  C f v /h ich  causes a movement o f  the  e n g in e  D around  
p o in t  1 . T h is  means ex tended  s h a f t  d is ta n c e  -  and lo a d  
depended in c re a s e  o f  b e l t  te n s io n .
B e s t power tra n s m is s io n  i s  managed by t h i s  tu rn a b le  
eng ine  fo u n d a t io n  in  c o n n e c tio n  v / i th  p o lis h e d -c a m b e re d  
p u l le y  and s p e c ia l  a d h e s io n  b e l t

SLIPPAGE :
s l id in g  s lip p a g e  i s  n o t  p o s s ib le  because o f  e x a c t b e l t -  
te n s io n  a d ju s tm e n t by  e n g in e  to rq u e . •al-j UikeL
th is  moans : 
h ig h e r  e f f i c ie n c y  
l o w e r i n i t i a l  b e l t  te n s io n  
lo w e r s tre s s  i n  s h a f t  b e a r in g s  
lo n g e r  v /o rk in g  p e r io d

BELTING :
co ve r m a te r ia l  : P c lya m id  
t i e  rod  j s in g le  p o lya m id

to  jo in  c lo s e ly  
cam ber. H igh  te;

t re a d  t chrom ium  le a th e r  ^ m ..j,,- ^
c o e f f i c i e n t  o f  f r i c t i o n  ( • '0 , 6  ) *

NOTICE ! :
• By chang ing  the  e n g in e  you have to  make su re  o f  r i g h t  

r o t a t io n ,  same w e ig h t and s in e  o f  eng ine  and l im i t a t i o n  
o f  whip movement (c r .r .-o r  o f  b e l t  damage! ) .



A T ? / '

F I T T I N G S  used by ATP
4

Medium :

p ro du ce r :
type  :
s iz e  :
m a te r ia l  :

s p e c ia l i t y  :

use !
w o rk in g  p e r io d

SULPHURIC ACID

R h e in h titte  -  V /estern Germany 
ga te  v a lv e  -  AZ 1915 
DN 15o , Pn 6
N r. 136« s t u f f in g  b o x -N r.4410 ,
TFE-asbestos s a c k in g .
tw o -p ie c o  c a s in g , s e a tin g  p a r ts  e a s i ly  to  
reg rinb jexchangeab le  wear p a r ts ,  no p re ssu re  
on s t u f f in g  box i f  v a lv e  i s  c lo s e d , low  
p re ssu re  d rop  because o f  low  tu rb u le n c e , 
fo r  c i r c u la t io n  pump to  absorber-93/o  /  12o°C. 
: s e v e ra l yea rs

p roduce r
type
s iz e
m a te r ia l
s p e c ia l i t y

use :
w o rk in g  p e r io d

T u f l in
n rocess v a lv e  w ith  TFE -s leeves 
DN 70
d u c t i l  i r o n  -  f u l l y  T F E - lln e d .
r o ta t in g  p lu g  in  a TFE -sleeve w h ich  i s  lo cke d
in  the  body. W ith o u t s t u f f in g  box and lu b r ic a t io n ,
s e a ls  a re  n o t exposed in  e i t h e r  open o r
c lo se d  p o s it io n
o u t le t  o f  a c id  d i l u t i o n  -  72-76 %

Medium : PHOSPHORIC ACID up to  3o °C
up to  5 5

p ro d u ce r :
type  :
£¿20 •
m a te r ia l :

s p e c ia l i t y  :

use :
w o rk in g  p e rio d

E rhard
d ia rh ragm  v a lv e  FD ( ru b b e r squeeze v a lv e ) .
DU 125 , Pn 10
c a s t i r o n  -  ru b b e r l in e d
diaphragm  -  s o f t  ru b b e r
w i t h o u t  s t u f f i n g  box, exchangeable ru b b e r 
l i n i n g  and d i n n h r a g m ,  

l i f t i n g  l i m i t a t i o n ,  

t h r o t u l e  v n lv e  iu  a c id  p ip e s .

p ro d u c e r D U rh o ld t
typo ty r e  v a lv e
s iz e DU 50, PN 10
m a te r ia l

c i a l i i y

: c a s t - i r o n  f o r  c a s in g  w i t h  a n t ic o r r o s iv e
p r o te c t io n  L a y e r; re  s i  ta in t ru b b e r  t y r e .
(T iU  -  s i lv e r e d  ru b b e r  p a r ts  f o r  s u lp h u r ic  a c id ) ,  i

i w ith o u t  s t u f f i n g  box , exchangeab le  ru b b e r  p a r ts  I
u -e  : 3 top  v a lv e  f o r  p h o s p h o ric  a c id .
v.oriih.g -.ri o<1 :



/ i l o  to  ViO °CMediyn

X

»rPTx-ST.UPWY . »= 1 .^  tn  1 .7----------------- -- -  f ^ * -  • ; ■
b lc a lc  ìurrnhosphate 
arm onitttn i t r a te  
c a lc iu m n it r a to , - d o r id e  and 2 0  % r a t e r

p roduce r :
type
c iz e  :
m a te r ia l  :

s p e c ia l ly  :

use ;
w o rk in g  p e r io d

W orce s te r
4466 T b a l l  v a lv e
DN 1oo ( 25 )
N r. 4 4 0 1  f o r  body, b a l l  and s h a f t .  
TFE fo r  s e a lin g s  
no m a in tenance , no g re a s in g , 
exchangeable  wear p a r ts

S io f-v a lv e  f o r  N P K -c irc u la tb n . 
: abou t 2  month.

p roduce r :
typ o  :
s iz e  :
m a te r ia l t :

s p e c ia l i t y  :

use :
w o rk in g  p e r io d

-----  Chemie L in z  d e s ig n e d .

DN 30 
N r . 4580
tube  i n  S i- c a s t in g ,  T F E -se a lin g  
exchangeable tube  and d is k  
s im p le  c o n s t ru c t io n .
T h r o t t le  v a lv e  f o r  N P K -s lu rry  to  s p h a ro d iz e r .
I 3 - monb

p roduce r :
typo  :
s iz e  :
r a t e r i a l  s

s p e c ia l i t y  :
use :
w o rk in g  p e r io d

T u f l i n
D 127 th rougw ay v a lv e
DN5o
s ta in le s s  s te e l  f o r  body ( 13 -lo -M o  
TFE f o r  r in g ,  s le e ve  and d iaehragm . 
no m aintenance and lu b r ic a t io n  
s lu r r y  c i r c u la t io n  
: s e v e ra l weeks

)

p roduce r
type
s iz e
m a te r ia l

: Geeos W-Germany
: PR- p lu g  v a lv e
: DN lo o
m t f e - s e a l in g

s p e c ia l i t y  : no s t u f f in g  box
lu b r ic a t io n  box fo r  a l l  t in e  g re a iln q  - 

use j s lu r r y  p ip e  to  sphe iro d ize r
9k



1
1 —
1

~RTT 0 "  Г" :гл by ATP (¿J

Vedl ил : SULD:;'JRIC ACID

CF.:r:RIFfJC-AT, PUVFS ( h o r iz o n ta l)

P roducer Ochsner -  A u s tr ia
tv  ne : U-IOR
c a p a c ity  : lo o  m3/h -  2o m (5o°C ) 93(S
m a te r ia l  : C r -c a s t in g  ( '.7i - a l lo y e d  )
s p e c ia l i t y : h y d ra u lic  s h a f t  s e a lin g ;  useab le  f o r  h ig h  i n l e t

p re s s u re .
use : c i r c u la t io n  rump -  a c id  s to r e .
fu n c t io n  : h y d ra u lic  s e a lin g  by a u x i l i a r y  im p e l le r .

i n  o p e ra t io n  no c o n ta c t o f  s h a f t  and s t u f f in g  box
because o f  a x ia l  s h a f t  movement.

w o rk in g  p e r io d  : about 1 2  month (te m p o ra ry  w o rk in g ) .

P roducer R he inhU tte  -  W estern geraany
type RE 153/265 0  ^  %
c a p a c ity 2.ko c r / h  -  2o m (up  to  12o °C -  93 % )
m a te r ia l N r. M 36
s p e c ia l i t y H y d ra u lic  s e a lin g  -  im p e l le r  w ith  b a cks id e  vanes
use c i r c u la t io n  numn fo r  a b s o rb in g  to w e r
fu n c t io n s t i l l s t a n d  -  doub le  s t u f f in g  box and s p e c ia l r in g  v a lv e

w o rk in g  -  h y d ra u lic  s e a lin g
w o rk in g  p e r io d  : abou t 1 2  month (c o n tin u o u s  w o rk in g ) .

P roducer R he inhU tte  -  W estern Germany
tyoe RE 3o/25o
c a p a c ity 5 o m /h  -  2 o m ; 6 o°c ; 66 -73  % .
m a te r ia l 1S75 S i- c a s t in g
s p e c ia l i t y d iv id e d ,  removeable c a s in g  in  s te e l  c a s t in g -

wear r e s is te n  S i- p a r ts  f o r  a c id  c o n ta c t .
h y d ra u lic  s e a lin g  -  im u e l le r  w ith  ba cks id e  vanes.
doub le  s t u f f in g  box and s p e c ia l r in g  v a lv e .

w o rk in g  p e r io d  :

. SUBMERSIBLE PUMPS ( v e r t i c a l ) .
P roducer R he inhU tte  -  Y /estern Germany
type GVS 150/ 265
c a p a c ity 113 a V h  -  15m ; lo o  °C ; 98 %
m a te r ia l N r. /¡136 , carbon s h a f t  box.
s p e c ia l i t y
use c i r c u la t io n  numD -  ¿ ry in g  and a b so rb in g  to w e r.
w o rk in g  p e r io d  : about 1 2  month ( c o n tin u o u s  w o rk in g  ) .

Mo 24.um : L ir iD  SUT.PHUR

s u-íeetsisí;: ru::?s

Producer R h e in h u tte  -  W estern Gcrmany
type GVS 25/22o
c a p a c ity ?Tb rnô/h - /(.5 m l i q i d  s u lc h u r ,  135 °C
m a c e r i- l cu.ut i r o n ,  s te c l  r h a f t ,  s h a f t  p r o tc c t io n  box N r ./fo 3 k
a ;e c ia x i t y cto.-sm heated ca s in g  ( 3 » 5  ba r )UT,0 s u l - hu r to  lb rn a o o .v.-:rvi:v* norio] : about 12 v ) -.onth ( c o n tin u o u :; w oru in r, ).



n  O H  A i f - f . * * -

S L

Medlun : NPK -  SLURRY lo o  °C , spez. r e i  ( i t  1 ,5  -  1 ,7

CENTRIFUGAL PUMPS ( G iudee pumps w ith  pack ing  f l u id  )

P roducer 
type
c a p a c ity  
m a te r ia l

s p e c ia l i t y :

use

K le in  ( Jeumont S ch n e id e r ) -  France
v;d 1 go g
I’O cP /h  -  If3  a , l / f 5 o rom
n r  LiiGo o r  G-X 1 oCrNiMo 27 5-
s h a f t  : n r  45 3o p la te  v /e ld in g  w ith  C e ls i t  5oNb
s p e c ia l des igned  im p e l le r
s t u f f in g  box w ith  TF E -pack ing  and s e a lin g  l iq u id ,  
exchangeable  r e a r  d is k s  and r in g s .
IP K -s lu r ry  to  s p h a rc d ic e r  and c i r c u la t io n .

p e r io d  o f  w o rk in g  : abou t 4  month (c o n tin u o u s  w o rk in g ) .

P roducer : W o rth in g to n
typ e  : 2  CNG 1o4
c a p a c ity  : 3o a v h -  6 bar  , iRoo rpa
m a te r ia l  : "V . 'o r th ite "  -  2oCr/25Ni+2,5Mo -  nb s ta b i l iz e d  and

th e rm a l t r e a te d ,  
s h a f t  n r .  4586

s p e c ia l i t y :  v a r ia b le  s p l i t  o f  im p e l le r  by movement o f  th e
c a s in g  cap.

use : N P K -s iu rry  c i r c u la t io n .
p e r io d  o f  7/o rk in g  : abou t 4  month (c o n tin u o u s  w o rk in g ) .

Medium : PHOSPHORIC ACID
H^Po^-slurry -  J>0 % P20ej , 3% H2S0^ ,
6o'o l iq u id  -  ko'i s o l i d ,  80 °C , y  = 1 ,7

SUBMERSIBLE PUMPS ( c e n t r i f u g a l ,  v e r t i c a l )

P roducer
type
c a p a c ity
m a te r ia l
s p e c ia l i t y

Ochsner -  A u s tr ia  
MOVS -  38 /  2oo
24o m5/h -  13,7 m 9 7 o rpm
nr. 4500
exchangeable wear d is k s  and r in g s

use : H7 P 0 , - s lu r r y  to  e v a p o ra tio n  c o o le r
p e r io d  o f  v o rk in a  : 2 - 5  month ( co n tin u o u s  w o rk in g )
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Ç î rrv ? T  '* r 2 rV 'iri'. ( c e n t r i f u g a l ,  v o r t i c a l )

P roducer : E n c iv a l -  Belguaj 
T y ro  : 5o BAV B So
C - .m c ity :  : 1+1 oJ/h -  18 n , H 5 o  rpra 
m a te r ia l  : n r .  45oo , n r .  h5?7  
s p e c ia l i t y :  im p e l le r  v.-ith b a cks id e  vanes

exchangeable vrear d is k s  and r in g s ,  
use : s lu r r y  to  f i l t e r
working period : about 5  month ( continuous working ).

Medium * Washing Water ( 5 t  H2 Si P61 2-3 i>  SiO 
- Waate Gas Cleaning. -jf» 1,05, t » 30 - 50 °C

Centrifugal Pimp, (horizontal)

Producer* Ochsner - Austria
îÿpe * S-tlor 2213/50 H
Capacity* 25 m3/b -  45 m - 2S00 rpa
Material t all parte with fluid contact - rubber lined, 

shaft protectionring Nr. 4550
Specialixy: hydraulic sealing (patent Mackensen)
Use t circulation pump for v/aate gaa cleaner
Working period
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Tc ;e p  ;he wear and te a r  o f  r o l l e r s , ty re s  and gearboxes 
o f  .r. i n c l i n e d , r o t a ’ in g  drum as lew  as p o s s ib le  ycu  have
tc- xeep up a c o n tin u o u s  movement in  lo n g i t u  • in a i  a x is -  
ur. and down. T h is  a x ia l  r.overncnt sh o u ld  be l i m i  ted by two 

o riso n ■ ‘a l  r o l l e r s .  The p e r io d  o f  m oving up and down 
(d is ta n c e  i . e .  60 on) sh o u ld  be a b o u t S h o u rs .
There a re  d i f f e r e n t  p o s s ib i l i t i e s  to  Manage t h is  movement:
1 . h y d r a u l ic

The k i l n  o r  drum s lo w ly  i s  pushed up and down by h y d r a u l ic  
c y l in d e r s  in  c e r ta in  p e r io d s .
2 . CROCCIRd 0? TRH ROLLERS
You s t a r t  s h i f t i n g  the r o l l e r s  a t  the  s t a t io n  w h ich  is  
n e a re s t to  the  im p u ls io n  o r  h o r iz o n ta l  r o l l e r s  and you 
c o n tin u e  downwards i f  n e c e s s a ry .
You a lw ays  have to  l i f t  t h e " r u n n ing up r o l l e r *  on t h i s  s id e  
o f  the  ty r e  where y o u in te n d the d r um to  move a lo n g . L o n 1t  
l i f t  to o  much ana a lw ays  keep the r o l l e r  s h a f ts  o f one s t a t io n  
p a r a l le l  o th e rw is e  a b ra s io n  w ould in c re a s e . You s t r i c t l y  have 
to  c o n t r o l  te m p e ra tu re  o f  b e a r in g s  ( 60 °C ) .  I f  the  drum is  
in  p o s i t io n  h ig h  and w o n ' t  come down you have to  lu b r ic a t e  
the  r o l l e r  s u r fa c e s .

ioLLtH.
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4 .  UNIDO-Vorkshop

M aintenance Problem s o f  th e  Urea P la n t

The m ajor problem in  an u rea  p la n t  i s  th e  s e a l in g  o f  th e  
h ig h  p re ssu re  s e c t io n .  I t  i s  o f  v i t a l  im p ortance th a t  th e  
s u r fa c e s  and th e  le n s e  a r e  v e ry  c le a n .  The le n s e  hardness 
must b e  le s s  than th e  h ard n ess o f  th e  p ip in g .
The g ask et o f th e  r e a c to r  manhole i s  an a lu m in iu m -tefio n  
ta p e  g a s k e t .

A second p o in t a r e  th e  h ig h  p re s s u re  pumps. We u se  pumps 
d esigned  and fa b r ic a te d  by W orthington (Hamburg). A fte r  
1 1/2 y e a r  o f  s e r v ic e  ve can  say  th a t  th ey  vork s a t i s f a c t o r y .  
The p is to n  p ack in g  l a s t s  about one y e a r .
The v a lv e s  have to  be changed about ev ery  s i x  month.

The packing ( d e t a i l s  g iv e  th e  a t ta c k e d  draw ings) has to  
be p re p re ss e d .
V alv es f a i l  m ainly b ecau se  o f  sp r in g  b r e a k s .
T h is  can be in flu e n c e d  by th e  sp rin g  m a te r ia l  and th e  
sp rin g  geom etry.
The CCg-com pressor -  which i s  m ain ta in ed  by ATH -  had 
problem s m ainly b ecau se  o f  v ib r a t io n s .

M a te r ia l problems e x is te d  m ainly d uring th e  s ta r t -u p -p h a s e . 
The welds o f th e  r e a c t o r  l in in g  had to  be re p a ire d  ( l in in g  
m a te r ia l  i s  3 1 6 L ).

. / 2
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U n ti l  now th e  la r g e  w idth b e l t s  in  th e  p r i l l i n g - t o v e r  
a re  n ot s a t i s f a c o t r y .  We have to  change them a f t e r  about 
1 1/2 y e a r , which i s  a to o  s h o r t  tim e o f  s e r v i c e .
We p la n  to  s u b s t i t u t e  th e s e  s y n th e t ic  b e l t s  by ru bber 
b e l t s  •

In  th e  u rea  s to r a g e  th e  main problem  was th e  sa ck -w e ld in g - 
m achine. T h is  was m ain ly  a  problem  o f  a d ju s t in g  th e  w elding 
tem p ératu re  and th e  le n g h t o f  th e  c o o lin g  zone on th e  
sack -w eld in g -m ach in e .
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U R E A  P L A N T

Our n s v  u re a  p la n t  t/as b u i l t  in  1975/1976 and s u b s t i tu te s
an o ld  300 ft con /day p la n t .
The s t a r t  up vas e a r ly  1977- The d e s ig n  c a p a c ity  is  
1C0C n tc n /d a y . I t  i s  a SNAM P30GETTI PROCESS. A f t e r  
overcom ing v a r io u s  s t a r t  up p rob lem s, ve can say th a t  
th e  pe rfo rm ance  o f  th e  p la n t  i s  good. S ince  1973 ire 
reached  an o n -s tream  £ ac tov  o f  330 days pe r y e a r.

Mayor equ ip  ament and i t s  ve n do rs :

equ ip  ament_____________________________________ vendor

COg--Compressor
(5 S tage re c ip r o c a t in g  com pressor) GKH (BRIO

■IIT^-rUir.ps
7 P lu n g e r pump W o rth in g to n  (3RD)

C arbona t Pumps
5 P lu n g e r pump W o rth in g to n  (BRD)

E je c to r .  Vacuum System ¡Ccerting (BRD)

Reactor V0E3T ALPINE (A)
Carbamate ‘separator i» ;i

Stripper F3M Milano (I;

Centrifugal pumps 0chsue r  L in s  (A )

Salt Conveyor System Hut 3cccherau (A)

Scrapper Schaae BRD)

Weighing System 
Sac’c '.'clchuc; Machine Libra 3RD)
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4 . UNIDO-Workshop

A c t i v i t i e s ,  D u tie s  and O rg a n iz a tio n  o f  th e  C iv i l  Departm ent

The main ta s k  o f  th e  c i v i l  departm ent a re :
-  P la n n in g  o f  c i v i l  c o n s tru c t io n s  o f  sm a ll and la rg e  

p ro je c ts
-  M a in tenance o f  b u i ld in g s ,  s t r e e ts ,  s te e l c o n s tru c t io n s ,  

s e v e rs , r a i lw a y  t ra c k s  e tc .
-  A d m in is t ra t io n  o f  a l l  docum ents, s t a t i c  c a lc u la t io n s  and 

p la n s  c o n c e rn in g  c i v i l  a c t i v i t i e s .  C on tac t w ith  p u b l ic  
a u th o r i t ie s  c o n ce rn in g  q u e s tio n s  o f  p u b l ic  o r  CHEMI3 LIN'Z 
in t e r e s t s .

P la n n in g  and a d m in is t ra t io n  a re  done by th e  p la n n in g  group 
w hich i s  d iv id e d  in  5 s u b d iv is io n s .

-  i n d u s t r ia l  p la n ts  c o n s tru c t io n  and s ta t ic s
-  b u i ld in g - ,  s to ra g e -  and p h a rm a ce u tica l p la n ts  c o n s tru c t io n
-  s te e l c o n s tru c t io n s
-  sew ers, s t r e e ts ,  r a i lw a y  t ra c k s  and su rv e y in g
-  w a te r i n s t a l l a t io n s ,  h e a t in g  and v e n t i la t io n ,  in s u la t io n  

o f  a i r  c o n d it io n  equipm ent

The p la n n in g  group c o n s is ts  o f  about 30 s t a f f  members. Up to  
th e  sum o f  200 m i l l i o n  S c h i l l in g s  (a b ou t 15 m i l l i o n  D o l la rs )  o f  
e re c t io n  c o s ts  a y e a r, t h is  group i s  a b le  to  do the  w hole 
work a lo n e . I f  th e re  a re  some e x te n s iv e  p ro je c ts  a t  the  same 
t im e , o u ts id e  p la n n in g  bureaus su p po rt the  p la n n in g  g roup .

S u p e rv is io n  and r e p a ir in g  a re  done by the  s u p e rv is io n  g roup .
On the  one hand th e  15 members o f  the  s u p e rv is io n  grpup have 
to  s u p e rv is e  the  e re c t io n  and r e p a ir in g  done by o u ts id e  con -
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tractors, and on the other hand they have to direct the 7 
repairing groups:
- bricklayers, floor tilers and roofers (20 men) 

special bricklayers (refractory brickwork, acid- and 
lyc resistant brickwork), coating (20 men) 
sewermen (20 men)

- carpenters and scaffold carpenters (20 men)
- painters (houses and steel constructions) (20 men)
- insulating group (pipes, boilers, furnaces etc.) (20 men)
- railway track repairing group (10 men)
Every group is led by a forman and an assistant forman.
Some five workers, bricklayers scaffold carpenters and 
insulating workers are within reach day and night for 
emergency in production plants. During the winter track 
workers are also within reach, because the switches can be 
blocked by snow and ice.

To give a picture of the work that has to be done by these 
150 men it is necessary to know some data about the 
CHSMIE LINZ plant in Linz. 2The plant area is about 1,5 km .
Some 350 buildings and other constructions of civil character2stand there. Approximately 120 000 m of roofs are to be kept 
in good condition. A special problem is the coating of the 
countless sfeel constructions, pipes t..id boilers in an aggressive 
atmosphere. About 15 km of streets, 15 km main sewers and 35 km 
railway tracks with some 120 switches are to be repaired 
continuously.

About 100 million Schillings (7 million Dollars) are spent 
for maintenance every year. One half of the work is done by 
the CHEMIE LINZ repairing team, the other one is done by out­
side contractors.

./ 3



TBW

J  —

The re p a ir in g  group i s  kept as sm all as p o s s ib le . The number
o f  the w orkers i s  ju s t  as high as i t  must b e , a llow in g  the
group to  do:

-  a l l  emergency jo b s  in  a quick way, even during n ig h t and 
weekend

-  a l l  jo b s  th a t a re  too sm all in  scope o r  too d i f f i c u l t  to  
survey fo r  o u ts id e  c o n tr a c to r s .

-  a l l  jo b s  th a t need s p e c ia l  workers or s p e c ia l knowledge o f 
the u n it s .

The main jo b s  given to  o u ts id e  c o n tra c to r s  a re :

-  ro o fin g  o f  la r g e  ro o fs
-  c o a tin g  o f  s t e e l  c o n tru c tio n s
-  h ou sep ain tin g
-  re p a ir in g  o f  s t r e e t s  and ra ilw ay  t r a c k s .



Translation - aid

* HS 34 
H5 45

Tradenames of PUR-foam for insulating 
purposes (esp. cold insulation), 
available at Chemie Linz (See adress 
at the end of the page.

HS 34 or HS 45 is one component of a 2-conponent system for 
producing a hard foam (unit-weight 20 - 30 kg/n3, free 
foaming).
Because of its slow reaction it is especially good for hand­
made foams and for great vo.urainas.
rJS 23 Teil 2 is the second component.
Componding ratio 1 : 1

Processing charakteristice
manuel with HD-machine 1

HS 45 HS 34 HS 45 HS 34
starting time sec. 40 i 5 60 - 90 12 ± 2 25 ± 5
setting time sec. 120 ± 10 300 - 450 50 ± 5 160 ± 20
growing time min. ca. 3 ca. 6-10 ca.1-2 ca. 5

Mould release properties
30 mm thick sheets can be released after 10 min (HS 45) or 
20 min (HS 34) in a 35°C metal mould (density 0,06 g/cn^, 
mould foaming).

Dimensional stability
Total stability from - 20°C up to 120°C. Less than 
3 % volumia growing (24 hours).

Coefficient of thermal conductivity
At a density of 0,03 g/m^ thermal conductivity is
0 , 02  W/km.

Water imnerrion
Less than 1,5 %.

Storing stability 
6 month

Spezially used for
Different insulations, e.g. cooling boxes, boats, 
technical insulations, foaming of holes.

For  more i n f o r m a t i o n  ask CHF'IIT, MV/,  Ad.
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4 .  UNDIO-Workshop

1« Balancing

1*1« In tro d u c tio n

Unbalanced c e n tr ifu g a l fo rces and monentuns are not wanted fo r i

-  high dynamic b e a rin g fo rce 3  —»  red u ce o f  u s e fu l  l i f e

-  V ib r a t i o n s  — f a t i g ’Ja -b reackin g3
-  Reduction o f f r i c t io n
-  Reduction the value o f produce (employment)
-  Noisy machines
-  In fluence  to  personal

Balancing i s  the process o f  a ttem pting to improve the mass 
d is t r ib u t io n  o f a body so th a t i t  roxatea in  i t s  bearings w itho u t 
unbalanced c e n tr ifu g a l fo rce s .

1 .2 . Measuring o f Unbalance:

Unbalance is  a ve to r th e re fo r  the amount and the angle o f 
unbalance must be measured.

1.2.1« Centrifuga?. Balancing Machines: (a  ba lancing machine th a t provides
fo r  the support and ro ta t io n  o f a ro to r  and fo r  the measurement
o f once per re v o lu tio n  v ib ra to ry  forces o f motions due to  unbalance
in  the ro to r )

a) S o ft Bearing (above resonance) ba lancing machine (having  an
opera ting  speed above the n a tu ra l frequency 
o f the suspension-and-rotor system)

"  1 a ba lancing machine having an
opera ting  speed a t ;.he n a tu ra l frequency o f 
the suspension-ar.d-ro tor system.

-  Comgensating_(null fo rce ) Balancing Machinei a balancing 
machine w ith  a b u i l t - i n  c a lib ra te d  force 
system w ith  counteracts the unbalanced 
fo rces in  the ro to r .

/2
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-  Direct Reading Balancing Machine: a balancing machine vhich 

indicates the unbalance d ire c t ly .

b) Hard Bearing (below resonance) Balancing Machine: a balancing
machine having an operating speed below the 
natural frequency of the suspension and rotor 
system. I t  i s  to use dynamometer and to use 
very r ig id  foundation and construction of the 
machine.

c) Field Balancing: The process of balancing a rotor in i t s  own
bearings and supporting structure which fu ll  
ro ta tio n . Measure are given with fie ld  
balancing equipment.

Under such conditions the information required 
to perform balancing is  derived fromv *
measurements of vibratory forces or motions 
of the supporting structure and/or measurement: 
of other responses to rotor unbalance.

1 .2 .2 -  Indicating Systems:

-  V attn etric  indicating system
-  Voltmetric indicating system with phase-sensitive r e c t i f i e r
-  Voltmetric pyotem with stroboscope and f i l t e r
-  Voltmetric indicating system with marking of ungular position 

on the rotor i t s e l f
-  Compensator with mechanical or e le c t r i c  indication

1.2.3« Motion Transducer:

-  Piezzo-motion transducer:

-  Electrodynamic-motion transducer:

-  Inductiv-motion transducer:

measure vo ltage is  proper-
t 1 of the r.cc i c y

measure vo ltage is  propor­
t io n a l o f the v e lo c ity  
measure vo ltage is  propor­
t io n a l o f the disolacement

/3
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1 .3 , Balancing Proceeding

1 .3 .1 . S ta t ic  Balancing ( is  a co n d itio n  o f  unbalance f o r  which the c e n tra l
p r in c ip a l ax is  is  d isp laced on ly  p a ra l le l  to  the 
sh a ft a x is )
For disk-shaped ro to rs  the use o f on ly  one 
co rre c tio n  plane nay be s u f f ic ie n t ,  provided the 
bearing d istance is  s u f f ic ie n t ly  la rge  and the 
d isk  ro ta te s  w ith  s u f f ic ie n t ly  sm all a x ia l 
ru n -o u t. S ingle plane ba lancing can be done on a 
p a ir  o f k n ife  edges w ith o u t ro ta t io n  o f the ro to r  
(G ra v ita t io n a l (non ro ta t in g )  ba lancing machine) 
but is  now more u s u a lly  done on c e n tr ifu g a l 
ba lancing machines.

1*3«2* Dynamic Balancing ( is  a co n d itio n  in  which the c e n tra l p r in c ip a l
a x is  is  not co in c id en t w ith  the s h a ft a x is )

At [
i

2 . . .  C o rrec tion  plane

A. _ . . .  Measuring plane 
'

1 .  Bunt Is  a run w ith  the o r ig in a l unbalance. Measuring the vecto rs

T1f0 and 12 ,0  '

2 . Bunt A known t r i a l  mass (m^) is  mounted in  plane E^. Measuring 
the vecto rs  y an<i  V . Remove the t r i a l  mass andi , i  ¿ , i
note the p o s it io n  w ith  0 °.

3 . Bunt A known t r i a l  mass (m2 ) is  mounted in  plan 2^, Measuring
the vectors A ^ > Remove the t r i a l  mass and

1  ,2  2,2  *

note the p o s it io n  w ith  0 ° to o .

Evaluation»

m Graphic evaluation» i t ' s  used ra re  because i t ' s  pro traced and
f a l l i b le .

•/4
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•  Numerical eva luation« equations see a t "S ta t ic  and Dynamic
B a lanc ing". I t #s ca lcu la te d  by 
programable c a lc u la t in g  machine in  
the best way.

1.4* Balance Q u a lity  o f R o ta ting  R ig id  Bodies

Even a f te r  balancing« the ro to r  w i l l  possess re s id u a l unbalance.
By means o f  the measuring equipment a v ila b le  today unbalance may 
now be reducded to  ra th e r  low l im i t s .  However, i t  would be 
uneconomical to  exaggerate the q u a li ty  requirem ents. To what exten t 
the unbalance must be reduced, and where the op tim a l economic ar.d 
te c h n ic a l compromise on balance q u a li ty  has to  be s tru c k , can, in  
in d iv id u a l cases, be c o r re c t ly  determined on ly  by ex tens iv  
measurement in  the la b o ra to ry  o r in  the f ie ld .
General we can sayt

2The re s id u a l unbalance force« F -  m .r.w  m . . .  unbalance mass

AcceptaMLity l im it«  F -  G/lO G . . .  ro to r  weight

i t  fo llow s« |m «  10 * ^ 8  te(kg)j G(N)j r(m ){ n (min“ ^)| r«R

For example« G -  100 kg
r  -  100 m s 10 .  5 ^ 3 002 -  3 .1 0 -5 kg = 5 8
n » 6000 min*

Terms o f re ference are given by VDI 2060«
On the basis o f sec tion  1.4* balance q u a li ty  grades have been 
es tab lished  which perm it c la s s if ic a t io n  o f the o u a lity  reouirem ents. 
Each q u a li ty  grade Q comprises a range o f p e m is s ia b le  res id u a l 
imbalances (e .w ). See fig u re  1.
The q u a li ty  grade Q equ iva len t to  the centre  o f g ra v ity -v e lo c ity .
The oentre o f g rav ity -d isp lacem en t are g iven by«

•  -  £  Q (mm/s)| w (s _1) |  e (mm)

The pe rm iss ib le  re s id u a l unbalance«

6 Gm -  m (g ) | e (mm)j G (k g ),

r  (m)

• h
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For «am ple i G "  100 kg
r  m 100 am e m 0^)4 on
n -  6000 min ^
Q -  2 ,5________ b  -  4 g

In  gene ra l, fo r  r i g i t  ro to rs  w ith  two c o rre c tio n  p lanes, o ne -ha lf 
o f  the recommended re s id u a l unbalance is  to  be taken fo r  each p lane. 
For disk-shaped ro to rs  the f u l l  recommended va lus holds fo r  one 
p lane.

2» Measuring V ib ra tio n

2 .1 . In tro d u c tio n
High v ib ra t io n  are not wanted a t the arguments l ik e  1*1.

2 .2 . H in ts  fo r  Measuring
I t ' s  poss ib le  to  measure d isplacem ent, v e lo c ity  o r a cc e le ra tio n .
For evaluate J 2 / ns d s \(35 T m .. t a ■ TT7 )d t ’ d t ‘
the v ib ra t io n  i t ' s  best to  measure the rms-value o f v ib ra t io n  v e lo c ity

rms

rms ■ f T J T  ( t ) d t

The v ib ra t io n  s e v e r ity  o f a machine is  to  be meas’ i  a t ope ra tio n a l 
speed. For variab le-speed machines the neasurene -r.c l id  be made a t 
many speeds in  order to  loca te  the resonance frequencies which may 
p o ss ib ly  cccur.

The machine support may s ig n i f ic a n t ly  a f fe c t  the v ib ra t io n  le ve ls  
measured on the machine. During te s t in g  the machine should be e ith e r  
mounted on i t s  ope ra tiona l foundation  o r -  in  case i t  i3  a small 
assembly -  s o ft  mounted re sp r. suspended on sp rin g s .

Test should be made p re fe ra b ly  in  x , y , z d ire c t io n s  (choose the 
bearings o f the machine)

* /6
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2.5» Evaluation. Standards:

Comparing the measured values w ith  the l im i t  values sp e c ifie d  in  
the Recommendations, w i l l  perm it an eastim ation  o f  the s e v e r ity  
o f  v ib ra t io n  to  be c a rr ie d  out re a d ily .

A machine may be q u a lif ie d  according to the examples o f Q u a lity  
Judgement (see "V ib ra tio n  S ignature Analysis-Techniques and 
Instrum ent Systems"). A t f i r s t  the tested  machine has to be 
c la s s if ie d  according to  one o f the s ix  s p e c if ie d  machine c lasses. 
Subsequently the l im i t  values fo r  the q u a lity  groups "good” , 
"a llo w a b le " , " ju s t  to le ra b le "  and "n o t p e rm iss ib le " , can be taken 
from the appropria te  ta b le . By comparing the measured v ib ra t io n  
s e v e r ity  w ith  these l im i t  values an easy eva lua tion  o f the 
v ib ra to ry  s ta te  can be made. Up to  now, Examples o f  Q u a lity  
Judgement have been es tab lished  by the In te rn a t io n a l Standard 
O rgan isa tion  VDI 2C56 fo r  the Machine Classes K to  T. The 
machine in  Classes D and S vary considerab ly  in  th e i r  v ib ra t io n  
o h a ra c te r is t ic s  and fo r  th is  reason a c la s s if ic a t io n  in  the 
same manner as w ith  the f i r s t  fo u r clas^ es has not ye t been 
p o ss ib le . For fu r th e r  exp lanations re fe r  to the d e ta ile d  
d is c r ip t io n  o f  the proposed VDI 2056, ISO 2372, BS 4675 .

S pec ify ing  o f Machine Classes

Class Kj In d iv id u a l pa rts  o f engines and machines, in te g r a l ly  
connected w ith  the complete machine in  i t s  normal 
opera ting  co n d itio n  (p roduction  e le c t r ic a l  motors o f 
up to  15 kW are ty p ic a l examples o f machines in  th is  
category)

Class Mi Medium-sized machines ( ty p ic a l ly  e le c t r ic a l  motors
w ith  17  to  75 kW ou tpu t) w ithou t spec ia l foundations; 
r ig id ly  mounted engines o r  machines (up to  300 JcV) 
on spec ia l foundations.

Class Gi Large prime movers and o the r la rg e r machines w ith
ro ta t in g  mass mounted in  r ig id  and heavy foundations 
which are r e la t iv e ly  s t i f f  in  the d ire c t io n  o f 
v ib ra t io n  measurement.

/7
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Cl&as Ti Large p r is e  movers and o th e r la rge  machines w ith
ro ta t in g  mass mounted on foundations vh ich  are re la ­
t iv e ly  s o f t  in  the d ire c t io n  o f v ib ra t io n  measurement 
( f o r  example, tu rbogenera to r sets« e s p e c ia lly  those 
w ith  lig h tw e ig h t substruc tu res)

Class Di Machines and mechanical d r iv e  systems w ith  unbalanceable 
in e r t ia  e ffe c ts  (say , due to  re c ip ro c a tin g  p a r ts ) ,  
mounted on foundations vh ich  are r e la t iv e ly  s t i f f  in  
the d ire c t io n  o f v ib ra t io n  measurement.

Class St Machines and mechanical d r iv e  systems w ith  unbalanceable 
in e r t ia  e ffe c ts  (say, due to  re c ip ro c a tin g  p a r ts ) ,  
mounted on fo u n d a tio n r, which are r e la t iv e ly  s o ft  in  
the d ire c t io n  o f v ib ra t io n  measurement; machines w ith  
ro ta t in g  s lack-coup led masaes such as beater sha fts  
in  g r in d in g  m i l ls ;  machines, l ik e  c e n tr ifu g a l machines, 
w ith  va ry in g  unbalances capable o f  ope ra ting  as s e l f -  
conta ined u n its  w ith o u t connecting components; v ib ra t in g  
screen, dynamic fa t iq u e - te s t in g  machines an i v ib ra t io n -  
e x c ite r  used in  processing p la n ts .
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312 3. Auswuchfgenouigkeit

Balance q v * IIty  1 
gred*

G
m m /i

Kotor type* — G eneral example*

G  4000 4000 C ronktho ft-d riv*»  3  g f r ig id ly  mounted alow morine d ie te l engine* w irh  uneven 
number o f cylinder*

G  1 400 1600 C ronktho ft-d rive t of r ig id ly  mounted large tw o -cyc le  engine*

G 630 A X Crankshaft-drives of r»gidly mounted la ig e  fo u r-c y c le  engine» 
Cronkthoft-drive» o f e la s tica lly  mounted marine d ie te l em-i*ie»

G 250 250 C ronkthoft-drive» of r ig id ly  mounted tost fo u r-c y lin d e r diesel engine* *)

G 100 I X Cronkthoft-drive» o f fest d iesel engines w ith  s ix  o r more cylinder» 6) 
Complete engines (goto line  o r diesel) fo r c o n , truck» and locom otive* 3)

G 40 40 Car wheel», wheel rim *, wheel set», d rive  shaft»
C ronktho ft-d rive t o f e la s tica lly  mounted fast fo u r-c y c le  e n g in a  (gasoline or 
d ie te l) w ith  six or more cylinder*
C ronktho ft-d rive t fo r engine» of c o n , trucks and locomotives

G i6 16 Drive th o ft i (p rope lle r shafts, cordon th o fn ) w ith  tpec io l requirements 
Porn of crushing machinery — Ports o f o g r lc u l*u o t m achinery 
Ind iv idua l components of engines (gasoline or d iesel) fo r c a n , trucks and 
locomotives
C ronktho ft-d rive t of engines with six or mure c y lin d e n  under special
requirement*

G 6 ,3 6 ,3 Port* of procett p lan t machines “  M orine  main turb ine gear» (merchant service) 
Centrifuge drum» — Font — Assembled a irc ra ft go t turb ine ro to n  — F ly  wheels 
Pump i'- 'p e lle n  -  M ach in e -too l and general m achinery porn 
Normal e le c tr ica l armatures
Ind iv idua l components of engines under special requirement*

G 2 ,5 2 ,5 G o t and steam turb ines, inc lud ing  morine main turbine» (merchant service) 
Rigid tu*bo-aenerator ro ton  — Roton — Turbo-compressor»
M ach ine-too l drive»
Medium and lorge e le c tr ic o l orm oturei w ith  tp e c io l requirements 
Small e le c tr ica l armatures — Turbine-driven pump»

G 1 1 Tope recorder ond phonograph (gramophone) drives 
G rind ing-m och ine drive*
Small e le c tr ica l ermoture* w ith  special requirement»

G 0 ,4 0 ,6 Spindles, disks, ond armaturet of precision grinders 
Gyrotcope*

1) i; *  2 ”  n /6 0  ~  n /1 0 , if  n it  meotured in revolu tion* per m inute and x in  rodion» per second.
2) In genera l, fo r r ig id  roton w ith  two correction  p lane t, one -ho lf o f the recommended re*i^»ol iun- 
bo I one* i t  to b *  token for eoch p lon«; the t*  v o lu * i app ly u tu o lly  fo r  ony rwo o rb itro r ily  cho»*n planes, 
but the t 'o t *  o f unbolonce moy b * improved upon at the bcoring t. (Set 3 .2  and 3 .4 .)  f o r  dlsk-shop«d 
ro ton  the fu ll recommended vo lu* Soldi fo r one plone (tee ta c tio n  3).
31 A  c ro n k th o ft-d riv *  it  on attem bly w h ich  includet the cronktha ft, a flyw h e e l, c lu tc h , p u lle y , 
v ib ro tio n  damper, roto tinq portion of connecting rod, e tc . (tee 3 .5 ) .
4) f o r  the pvrpotef o f th lt International Srandord, slow d ie te l engine« ore thote w ith  o p iito n  ve lo c ity  of 
le tt thon v m /t ;  fo tt d ie te l engine» u*e tliu te w lih  c  p .tton  v e lo c ity  of greater than 9 m /t.
5) In comolete eng inet, the rotor mott comprise! the tum of o i l  mosses belonging to the cronk tho ft-d rive  
detcribed in N o te  3 obov*.

BtId 3.25. TABLE of ISO Stondard 1V40 : Balance qualify grade» for various groups of
representative rigid rotors.
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310 3. Auswuchtgenauigkeit

00; -----1------ ------ ------------- ----- --------- :---1-------------
30 60 96 160 300 600 360 1600 3000 6000 16000 rev/m .n  96000

Mo> Turn serv ice  speed ot ro to tio n

Be Id 3.23. FIGURE 4 of ISO Standard 1940 ; Maximum residual specific unbalance cor­
responding to various balance quality grades, G .
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Static and Dynamic Balancing

by John V.iu<jhan

t

i

introduction
This note describes how measure­

ments obtained w ith simple vibra­
tion instrumentation can be used 
when rotating machinery is to be 
balanced Several straight forward 
methods of balancing w ill be pre­
sented that make use of portable 
B & K Vibration Meters to measure 
on rotating parts running in their 
own bearings at normal operating 
speeds. The various methods will 
be explained by means of worked ex­
amples.

Standards of balance achieved by 
the arrangements shown here com­
pare favourably w ith the results ob­
tained from far more complicated 
and expensive balancing machines.

Definitions
Primary Balancing describes the 

process where primary forces 
caused by unbalanced mass compo­
nents m a rotating object may be re­
solved into one plane and balanced 
by addmq a mass in that plane only. 
As the object would now be com­
pletely balanced in the static condi­
tion (but not necessarily in dynamic) 
this is often known as Static Balan­
cing.

Secondary Balancing describes 
the process where primary forces 
and secondary force couples caused 
by unbalanced mass components in 
a rotating object may be resolved 
into two or more planes and bal­
anced by adding mass increments 
in those planes This balancing pro­
cess is often known as Dynamic 
Balancing because the imbalance 
only becomes apparent when the ob- 
iect is rotating After dynamic balan­
cing. the object would be com­
pletely balanced m both static and 
dynamic conditions.

1

F ig .V  S ia lic  Balança. D ynam ic Im balanca

The difference between static bal­
ance and dynamic balance is illus­
trated in Fig 1 It w ill be observed 
that when the rotor -s stationary 
(static) the end masses may balance 
each other. However, when rotating 
(dynamic) a strong imbalance w ill 
be noted.

Background
When an unbalanced object ro­

tates. it imparts a vibration to its 
bearings, usually at rotation fre ­
quency or one of the harmonics, 
due ¡o the rotating force caused by 
the unbalanced masses The vibra­
tion at a bearing will be made up 
from a component due to unbal­
anced (primary) forces m or very 
close to the plane of the bearing, 
and a couple component due to un­
balanced (secondary) forces in the 
other planes If an accelerometer is 
mounted on the bearing housing, 
the vibration can be detected and a 
signal fed to a vibration meter The 
vibration level indicated on the me­
ter is directly proportional to the re 
sultant of the out of balance masses

It is possible to find the Imp of ac­
tion of the resultant unbalanced 
force by comparing the phase of the 
oscillating output from the Vib ra t ion  
meter with a periodc signal ob­
tained from some datum pos.tion on 
the rotor Then the imbalance at the 
bearing can be defined as a vector 
whose angle gives the line of ac 
lion, and length the magnitude ‘ 
the unbalanced mass Fortner, if 
the resultant unbalanced force at a 
bearing can be resolved into p ri­
mary and secondary components, it 
w ill be poss ble to ba'ance a rotor 
by removing mass increments along 
the radius of the , nbalance, or by 
adding mass increments on the op­
posite side

Many rotating parts which have 
most of their mass concentrated in 
or very near o n: plane, such as fly ­
wheels. gnr dstones. car wheels, 
etc . can be treated as static balan­
cing problems This greatly simpli­
fies the calculations as only p ri­
mary forces need be considered, 
and al! secondary co.m’as are as­
sumed to be zero

1
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Measurement
Practical considerations

The rotor to be balanced should 
tie easily accessible, and should 
have provision for mounting trial 
masses at various angles around it 
The mounting points should prefera­
bly be at the same radius from the 
axis of rotation to simplify calcula­
tion The datum position must be 
marked on the rotor in such a way 
that it triggers a pick-up installed 
aiu'igside it on the stationary part of 
machine A non-contactir.g type of 
pick-up is recommended, because 
this will give the rotor the minimum 
of disturbance

Vibration level measurements can 
be made m terms u! 
velocity, or displacement Accelera­
tion levels w ill tend to emphasize 
higher frequencies while displace­
ment w ill emphasize low frequen­
cies. so if neither of these condition 
is specifically required, velocity 
measurement is recommended as 
this gives equal emphasis to all fre­
quencies

Instrumentation
The basic measuring arrange­

ment. shown in F;g 2. consists of 
an accelerometer, a vibration me­
ter. and a means of determining the 
angle of the imbalance releative to 
the datum position The most effec­
tive methed of measuring this angle 
is to use a phase meter as shown, 
but a stroboscope can also be used 
(see Fig 3). or the angle can be de­
duced from the results of several 
measurements The Magnetic Trans­
ducer MM 0002 emits a pulse each 
time the High-// Disc passes, and 
thus establishes a datum position 
on the circumference of the rotor. 
The transducer output is fed to the 
reference channel (A) of the Phase 
Meter Type 2971 The output from 
the Accelerometer Type 4338 is fed 
to the Vibration Meter Type 2511. 
which displays the vibration level. A 
signal taken from the "Recorder 
Output" of the Vibration Meter is 
fed to channel 8 of the Phase Me­
ter

When the machine is run. a vibra­
tion level w ill be displayed on the V i­
bration Meter, and an angle on the 
Phase Meter, which together give a 
vector representing the unbalanced 
mass and its line of action.

Various modifications and addi­
tions can be made to the instru­
ment arrangement shown in Fig 2 
to improve selectivity, or to take ad­
vantage " f  instruments that are al­
ready at nand Figures 3 to 8 illus­
trate some of the possibilities

The Vibration Meier Type 2511 
can be replaced by the Type 2510 
which can measure vibration veloc­
ity in the frequency range between 
10 Hz and 1000 Hz When the Type 
2510 is used without a filter, as in 
Fig.4. the signal for channel 8 of 
the Phase Meter can be taken from

the Output tu E it -u - i F,it.-r 
socket on the 2510 f a t  m
this arrangement, the E x tern a l  Fit 
lei sw m .i i  s i 'u u iu  ue m 
"O ff" so that there >s st i! an .ndca- 
tion of the level on the •?—v r

If it is impossible to ' i •••■>’ i Hi.;': 
fj Oise on.a the ;• •• V .'l /,0 1
Photodiode c-n  be u --J  T- s can 
scan the rotor to pick i.p a tr gger 
mg mark that can be a p-ece of 
adhesive tape, or a painted patch, 
with a colour contrasting w ith the 
background Tne Pnotcd.ode must 
be connected to a power supply unit

Fig 3  Arrangem ent using a stroboscope to measure angles

Fig.4. Arrangem ent using th# Vibration M ete r 2 5 1 0

2
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Fig.5. Arrangem ent using a Band Pasa Fritar and Photodiode triggering w ith  Tachom eter

F ig.6 . Vibration M e te r 2 5 1 0  used w ith  Filter 1621

Fig.7  Recom m ended srrangement incorporating phase correction Sw itch W 8  0 1 9 2

to energise the lamp Suitable units 
are tne Tacho Unit Type 5586. 
shown in Fig 5. which is also able 
to indicate the rotational speed (ac­
curacy better than t 2%). or the less 
sophisticated Control Unit Type 
5533

Another very useful addition to 
the measuring arrangement is the 
Tunable Band Pass Filter Type 
1621 which ensures that the Phase 
Meter (or Stroboscope) receives a 
clean input signal It is recom­
mended for installations where the 
required triggering signal would oth­
erwise be buried in noise, or where 
high vibration levels occurring at 
several frequencies cause difficul­
ties m signal tracking The Filter is 
connected as external filter to either 
of the Vibration Meiers (Fig 5. 6, 
and 7) Note tnat with the Type 
2510 the signal for channel B of 
the Phase Meter is now taken from 
the Input from External Filter" as 
shown in Fig 6. and that the Exter­
nal Filter switch shetr'd be in posi­
tion "O n". The Band Pass Filter has 
two bandwidths. 3% and 23%. that 
can be tuned continuously from 
0.2 Hz to 20 kHz to match the rota­
tional speed of the machine. It can 
also be used to find the relative le­
vels of vibration at rotational speed 
and at the various harmonics, be­
cause w ith some procedures, the 
harmonic levels may have to be bal­
anced too.

In use the Band Pass Filter must 
be very carefully tuned because 
when it is slightly off tune, so that 
the vibration signal falls on the 
shoulder of the filter curve, phase 
deviation can be introduced. One 
way to avoid this problem is to tune 
the desired frequency as accurately 
as poss ble using the 3% band­
width. and then to switch over to 
the 23% bandwidth to take advan­
tage of the wider peak m the filter 
characteristic while making the 
phase measurement

A more effective alternative 
method that allows the advantages 
of the 3% bond to be kept while vi­
bration levels and phase angles are 
being measured makes use of the 
Switch W3 Ci 92 m an arrange­
ment like that illustrated m Fig 7 
The Switch is used as fellows, to de­
termine and eliminate the phase de­
viation produced by the narrow

band Filter alone The Slope 
switches on the Phase Meter are ar­
ranged with on Channel A and 
" —" on Channel B. so that when 
the inputs are m phase, measure­
ments m the 0 to 360J (0 to 6.28 
rad) range w ill produce a stable 
reading of 130° (3,14 rad) on the 
digital display, while t.ie pointer on 
the analog meter w ill be steady in 
the middle of the scale at n "Refer­
ence" is selected on the WB 0192 
so that the datum signal from the

Photo Probe icr Magnetic Transdu­
cer) is divided, with one part pass­
ing directly to irpot A while the 
other part passes via the Filter to In­
put B The Filter is swept slowly 
through the frequency range where 
the rotation frequency .S expected 
to lie When t ie  center of the an­
alog meler stops sweeping from 
one end of the scale to the other 
and stabilizes m the middle of the 
scale at n. the F lt.-r can he f i nel y  

tuned with tne a.J of the digital

3
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display until a reading of 180° 
(3 1 «1 r ja i appears BecauSf the in­
put and output of the Filter are now 
in phase the centre frequency of 
the Filter is accurately tuned to the 
rotation frequency, thereby eliminat­
ing any phase errors -ntroduced by 
the Filter Without changing the Fil­
ter setting, both slope switches on 
the Phase Meter are set to (or 
both to " —"). Measure”  is se­
lected on the WB 0192 Switch, so 
that the Filter operates on the vibra­
tion signal derived from the Acceler­
ometer The vibration level is indi­
cated by the Vibration Meter, while 
the angle measured by the Phase 
Meter is the actual phase angle of 
the unbalanced mass referred to a 
d3ium It should be stressed that 
t' s datum is not the same as the 
plane from which the Phase Meter 
obtains the triggering signal, be­
cause the Phase Meter is triggered 
by a zero crossing, while the Vibra­
tion Meter measures RMS or peak- 
to-peak.

F»fl 8. S ifn p 'i'n d  arrangem ent using only vi­
bration m eter and accelerom eter

The greatly simplified measuring 
arrangement shown in Fig 8 can 
also yield results that can be used 
in balancing a rotor The procedure 
is not quite the same as for the 
other measuring arrangements, it 
w ill be explained m Example 3 As 
the methods used witn the other ar­
rangements are all basically similar 
to each other, worked examples w ill 
not be presented for each arrange­
ment

All the measuring arrangements 
described and illustrated here are 
equally suitable for both static and 
dynamic balancing

Static Balancing
Examples

Example 1. To statically balance 
a rotor using a Motion Analyzer

Type 49 f I to measure phase 
angles w ith the arrangement shown 
m Fig 3

The Vibration Meter was 
switched to measure vibration V e­
locity” . to obtain equal emphasis of 
both low and high frequencies, the 
internal filters m the Vibration Me­
ter were used to restrict the measur­
ing range to frequencies between 
10 Hz and 1000 Hz. to improve the 
signal to noise ratio Peak-topeak 
measurement with one second time 
constant was chosen so that a large 
and responsive needle deflection 
could be obtained An AC signal 
from the "Recorder Output” of the 
Vibration Meter was fed to one of 
the Input”  terminals of the Motion 
Analyzer tu be used as a triggering 
signal. The Analyzer was switched 
to "External Synchronised”  mode 
so that the lamp would blink at rota­
tion frequency A position mark was 
made on the rotor, w ith .. lother 
alongside it on the stationary part of 
the machine.

The machine was run up to its 
operating speed (2800 rpm). and a 
vibration velocity level of J_5 mm s 
indicated by the Meter Because the 
flashing of the lamp was synchron­
ised with the rotation, when the ma­
chine was observed by its light, the 
rotor appeared to be stationary 
Turning the "Phase Deviation” knob 
allowed the position mark on the ro­
tor to be lined up with the station­
ary mark on the machine The 
"Phase Deviation" control is gradu­
ated in 10° steps so that it was pos­
sible to estimate a phase angle of 
55°. after which -he machine was

Stopped Ti-g-ther the v»-!ootv 
and the phase angle give a vect;r 
represent.ng me origm ji imbalance 
of the rotor V„ m Fiq 9

A trial weight of known cuss was 
fixed at a known radius on me rotor 
at the same angular ;.ushorn as me 
reference mark A mass with suffi­
cient magnitude to have a pro­
nounced effect on the rotor mu it be 
used for the fust trial In the exam­
ple. a trial mass of 5 g was fund to 
the rotor, and then tne machine 
was run up to its operating speed 
agam The new vibrat on velocity le­
vel was 18 mm s. an ! when me 
two marks hud been line;] up w ;ti 
each other agam by the "Phase De­
viation control [he new p'tase 
angle was found to be 170 ' These 
values represent the resultant effect 
of the ir.it.al unbalance and me 5 g 
trial mass, which is shown as vec­
tor V, in Fig 9

Now sufficient information was 
available for the vector diagram m 
Fig 9 to be constructed with vector 
lengths proportional to the mea­
sured vibration velocity level; ob­
tained from the V.brat.on Veter, 
and angles being those measu-ed 
by the Motion Analyzer As Vector 
V, is the resultant of the m.tial im­
balance plus the 5g  mass vector 
Vt can be found which repre­
sents the trial mass alcne The 
length of VT is preport.onal to Ihe 
5g mass, so that the length of vec­
tor Vc . the initial imbalance can be 
determined m mass units Tne 
angle of VT gives the pos.t on at 
which the trial mass was fastened.
so tnat it is a simple matter to deter-

Fig 9. Vector d.flc-xrn for Ex jm plo  1
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m..ne the angle the initial imbalance 
makes with the position of the trial 
mass so that the angular position
fOt inc CuiTiperi'iSaiiny fndSS tldii diSci
be found

The original imbalance is given by
V ,M0
*r

So the compensating mass 
m comp = 2 6 9

And its position is given by 
¿-ccv p = ~ -?•■*• t - „  * 180°

= -1 9 8 - ' • 55° - 180°
= - S?3 referred to the 

position ot the Trial Mass

The positive angle mea-s that the 
compensating mass is to be fas­
tened at 37° from the trial mass po­
sition m a positive direction, that is. 
in the direction of rotation.

After the rotor has been balanced 
by this procedure, it is recom­
mended that the vibration level be 
measured again to check the stan­
dard of balancing obtained Often, 
due to non-linearities or inaccura­
cies in the practical measuring ar­
rangement, the rotor w ill not have 
been sufficiently well balanced by 
one application of the balancing 
procedure When the level of the re- 
S'dual imbalance is unacceptably 
high, the whole balancing proce­
dure must be reiterated, until an ac­
ceptable level is achieved

Example 2. To statically balance 
a rotating machine using the ar­
rangement shown in Fig 5 to mea­
sure vibration levels and phase 
angles

Measurement of peak-to-peak vi­
bration velocity level was selected 
on the Vibration Meter, and a band­
width of 3°o on the Band Pass Fil­
ter The machine was run up to its 
normal operating speed (1490 rpm 
on the Tacho Unit), after which the 
band pass filter centre frequency 
was adjusied to give the highest in­
dicated level of vibration velocity on 
the Vibration Meter A vibration le­
vel of 3 .4m m -s was recorded, and 
wnen the bandwidth was broad­
ened to 23%, the Phase Meter indi­
cated * 116°

The machine was stopped, and a 
2̂ g trial mass fixed to it When the 
machine was running again, the vi­
bration velocity level was found to 
have decreased to 1 ,8m m /s, and 
the phase angle was found to have 
changed :o * 42°,

The vector diagram in Fig 10 was 
drawn so that the position and 
magnitude of the compensating 
mass could be determined

The original imbalance is given by

M" ’ T T s 2 ’ 2 03*

So the compensating mass 
^ comp = 2.03 g

And its position is given by 
¿COMp = - 3 2 7 °  .  116’  . 180»

= —31° referred to the 
trial mass position

As the angle indicated is nega­
tive. the compensating mas., s to 
be fastened at 31c m tne negative 
direction from the f ia l  mass, v.n.cn 
is the opposite direction from the ro­
tation

Example 3. To statically balance 
a rotating machine, using only a V i­
bration Meter, and an Acceierome-

3 '
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ter in the arrangement shown m 
Fig 8

This method requires four vibra­
tion measurements to be made at 
the bearing A trial mass w ill be re­
quired which can be mounted at the 
same radius in three different posi­
tions at 90° from each other, as 
shown in Fig 11

The machine was run. to estab­
lish the vibration velocity level 
caused by the original 'imbalance, 
this was found to be V „ = 
2.6 mm s A 10g trial mass was 
fastened to the rotor m position 1 . 
and the machine run again. This 
gave a vibration level of V , -  
6.5 mm s due to the combined ef­
fect of the trial mass and the initial 
unbalanced mass Before the next 
run. the trial mass was moved 
180° round the rotor and fastened 
at the same radius m position 2 . 
The machine was run, and the vibra­
tion level was found to have dec­
reased to V 2 = 1.9 mm /s

It was now possible to start to 
draw the vector diagram, however 
only the vecter lengths were 
known, but not the angles. Ne­
vertheless. circles could be drawn 
about a common centre, each hav­
ing a radius equivalent to a vector 
length, i e the measured vibration 
level Referring to the Geometry dia­
gram in Fig 12. two circles have 
been drawn with radii proportional 
to V , and V 2 the two resultants of 
the original imbalance and the trial 
mass fastened m two positions at 
1 80" from each other A radius has 
also been drawn at an arbitrary 
angle m each circle Identica1 paral­
lelograms have been constructed us­
ing each radius as a diagonal, and 
taking the line ficm  the centre of 
the circles to the midpoint of the 
line joining the ends of V , and V2 
as a common side

It w ill now be seen that if the 
angles of V ( and V 2 can be ar­
ranged to produce a common side 
with length equivalent to VG . then 
the diagram will give a true repres­
entation of the vectors, so that the 
other side in each parallelogram 
must be equivalent to Vy. the vibra­
tion caused by the trial mass alone 
in positions 1 and 2 Furthermore, 
the following relationships exist.

V.r22 + vo2 -2VT2VoCOS«

V 2 » V 2 + V 2 -  2 V V cos 3VI VT1 0 ,ivT1 v0cosp
and as cos 0 = cos ( 180° — a)

= — cosc

Equation 2 simplifies to.

Vt 1 ’ * V 02 + 2Vt , V0 cosa

So that V.T i T2
/ v , 2 + V„ 2V„

and a = cos'
V 2 -  V 2 -1 1 2

4V V ,VT v0

However, as cosa = cos(—o) it is 
no* immediately obvious whether 
the vector for the original imbal­
ance. V0 lies above or below the 
V j2 — VT1 axis (1 e the line jo in­
ing trial mass position 1 w ith posi­
tion 2) Therefore it was necessary 
to make another test run, with the 
trial mass fastened m position 3. to 
give Vector V3 . Strictly it was not 
necessary to draw this vector, as if 
the vibration level were greater

than that from the trial mass alone 
VT. then V., would lie above the 
Vt2 — VTI axis (shown as full line 
in Fig 13) If the vibration level 
were less than VT. V . would lie be­
low the V f2 — VT, axis shown
with broken line m F g 13

As a result of mounting the trial 
mass m position 3. when the ma­
chine was run. a vbrat on velocity 
level of V 3 = 5 5 mm s was re­
corded. thereby indicating that the 
original imbalance vec.or should he 
above the VT2 — VT, a«is

Substituting the vibration values 
of V0 . V , . and V i into eg u.ition 4.

.. . 6 52 • 1 9 J - 2 -  2.62
VT = \  -

- 4 m m /s

And now using equation 5.

6 .5- -  1 .9J 
a = c o s - ' --------------------

= cos t 0 9233 

x : 21.74-

6



Fig. 13 . V ic to r  diagram  for Exam pia 3

I
♦

A1

And because V„ has been found 
to lie above the VT2 — VT, axis, 
i e at 21,74’  from position 1 to- 
wards position 3. the compensation 
mass must be fastened ai 21.74° 
below position 2

The magnitude of the balancing 
mass is found as before.

MComp =M0 =^2.«MT

= 2,6 « 10
4

= 6,5 g

Dynamic Balancing 
Examples

Example 4, To balance a ma­
chine that has a rigid rotor sup­

ported m two bearings both stati­
cally and dynamically, i e a balan­
cing problem in two planes The 
measuring arrangement shown in 
Fig 7 was employed m this exam­
ple, and the basic method used can 
be extended to solve balancing piob- 
lems in more than two planes

The procedure is the same as m 
the foroyu.nq examples, finding the 
effect of a Known trip 1 mass at­
tached to the rotor, except that now 
measurements have to be made in 
two planes (at the two bearings) 
Two sets of measuring instruments 
can be used, with a set at each 
bearing to determine the vibration 
levels and phase angles produced, 
so that all necessa'y data can be ob­
tained from only three test runs A l­

ternatively. a single set of equip­
ment can be used, w.tri the acceler­
ometer being moved from one bear­
ing to the other, or the Vibration 
Meter can oe sw e lled  between 
two accelerometers, one at each 
bearing

To avoid special emphasis of high 
or low frequencies, v.bration veloc­
ity was chosen as the measure o* vi­
bration level on the Vibration Me­
ter, and the 3 ’ s hanrl-w dtn selected 
on the Tunable Bunt! Pass Filter 
The Phase Meter upper frequency li 
mq was set at '2KHr ta eliminate 
unwanted n.gh frequency Signals, 
while the lower limit was set at 
"2 Hr" to take advantage of the 
longer averaging time to obtain a 
steadier phase indication

7
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As a first step, the vibration veloc­
ity levels and phase angles had to 

'be measured at each bearing to es­
tablish the magnitude of the origi­
nal imbalance The Wb 0 i9 2  
Switch was put on "Reference" set­
ting. and the Phase Meter slope 
switches set to on Channel A 
and " —" on Channel 8 The ma­
chine was run. and the filter tuned 
slowly through the rotational fre­
quency until a steady reading of 
180° was displayed on the Phase 
Meter, indicating that the Filter was 
accurately tuned on the rotational 
frequency The Phase Meter slope 
switches were both set on 
(they could both have been set on 
" —"). and the WB 0T92 switched 
to "Measure" so that the acceler­
ometer signal was passed through 
the Filter The Vibration level (V) 
and the phase angle (y) were mea­
sured at both bearings. Then a 
known trial mass was mounted at a 
known radius on the rotor near one 
of the bearings, and a test run 
made to find the effect of the trial 
mass, both on the nearby bearing, 
and on the other bearing too. The 
machine was stopped, and the trial 
mass moved to the same radius and 
angle near the other bearing. 
Another test run was made to find 
the effect on the bearings of the 
trial mass in its new position.

The results have been arranged 
in Table I and a vector notation for 
each measurement has also been in ­
cluded The notation represents the 
complete vector, both vibration level 
(length) and phase angle, in one 
convenient term It also indicates 
the plane m which the measure­
ments were made and the plane 
where the trial mass (if any) was 
fastened So that V t 0 represents a 
vibration level V and a phase angle 
y measured in Plane 1. and no trial 
mass on the rotor V) 2 represents 
a vibration level V and phase angle 
y measured m Plane 1 when a trial 
mass is fastened to Plane 2, and so 
on

The measured vibration levels 
and angles from the Table could be 
used to draw vector diagrams Simi­
lar to those shown m Fig 15. Fur­
thermore. it can be seen from the 
vector diagrams that in terms of vec­
tor notation

Povr.v*

Fig. 1 4 . Th« rotor, »howing tha maasunng pl«n«s

Trial Mass Measured Effect of Trial Mass

Size -md Location Plane 1 Plane 2

None 7.2 m m /s 238° v - 0 1 3.5 m m /s 296° V? 0.

2.5 g on Plane 1 4.9 m m /s 1 14° V i 1 9.2 m m /s 347° Vj m

2.5 g on Plane 2 4.0 m m /s
OCD V i 2

'
1 2 .0  mm /s 292° V 2 2

Tabi« 1. M «aturad vibration l«v«ls and phas« anglas

--------------------------è—«

V V y a Jb

0 7.2 238° —3.82 - 6 . 1 2 )

v ,.1 4.9 114° - 2 .0 -4 .4 8 )

V 1.2 4.0 79° -  0.76 -  3.93)
0ri

\>

13.5 296° ♦ 5.92 -1 2 .1 3 )

V 2.1 9.2 347° -  8.96 -2 .0 7 )

V 2.2 1 2 . 0 292° -  4.5 - 1  1.13]
.

(V ,., v ,  o ) ♦ 1.82 .  1060)

<v2 , - V 2 0 ) ” 7 ' » 3.04 - 10.06)

(V i.2 — V, o ) » 4,58 - 10.05]

(V2.2 -  v 2.o ) ' - 4 •
- 1 .4 2 - 1 .00 )

_____________
T a b l« 2  Convarsion of coordinates

V | , — V , 0 is the effect m Plane 1 of a trial mass m Plane 1.
V i 2 — V, o is the effect in Plane 1 of a trial mass in Plane 2.
V 2 1 — V2 0 is the effect m Plane 2 of a trial mass in Plane 1.
V 2 2 — V j 0 is the effect m Plane 2 of a trial mass in Plane 2

Each of the vector diagrams in Fig 15. is analogous to tne vector diagrams 
m the earlier examples However, when an unbalance!" mass (trial mass) is 
applied at one measuring plane, it has an effect on both planes Therefore for 
complete balance of the rotor, masses must be added m both end planes, .n 
such a way that produces vibration vectors with equal magnitude (length) to

*



V i 0 a id  ' ' 2 0  ■ but which have opposite phase angles Mathematically the 
problem is to fmd two vector operators Q, (with vector length Q, and phase 
angle q t ) and Q 2 (Q 2 and q2) which satisfy the following equations:

Which Sirr'c 1 to

Q1 = + 0 ’ 463 + 0.9033|

- - C - ------ - 11 -,„H I ±

«V,., - ' V o » * 3 , + *V,.2 - V 1 0 ) x 3 2 *  -  V 1.0 Eqn 6 the vector 
are found

9 ---- - - - -
le rg ’ h and phise

Eqn 7<^2 . — V2 .0 * x + ,V2.2 -  V2 0 ) x Q j a — V2.0 V  = 1.1720 (mm si

These expressions can be solved as a pair of equations with 2 unknowns 
Q, and Q2 First find Q, in terms of Q 2.

- V, . 0 - (VU - V1.0,)tQ2 Eqn 8

<v,.t ~ v,.o>
and then solving for Q2.

= _ ^,0^1.1 -  Vo> -Vi.o»V2.i-  v2.o:
^ 2 ,1  ~  ,2 -  V ,  ,q> ~  <V2 ,2 -  V 2 .Q »V , ,t -  V , 9

The measured values of vibration level and phase angle m Table 1 are the 
polar coordinates for the vector quantity V. When a Cartesian system of 
coordinates is used, w ith real and imaginary components where.

V = a + jb Eqn. 1 0

a mathematical solution for Equations 8 and 9 can be calculated.

Polar coordinates can be converted to Cartesian by use of the two equa­
tions

a = V cos y

b = V sin y

so that the values m Table 2 can be calculated

Eqn. 11 

Eqn. 12

Substituting real and imaginary values into Equation 9:

-* (>5.92 -  12,13)1(^1,82 + 10,60)) -  (-3 ,82  -  6.12j)(+3.04 + 10.06j)
° 2_ (+3.04 + l0.06j)(+4,58+ 10.05j) -  (-1 .42  + 1,00j)(+1.82 + 10.60j)

Which simplifies to:

Q = +0,1598 -  1.1264j

V = + v  a2 + b2

for a >  0 

for a <  0

7  -  tan 1 — 
a

-9 0 °  < 7  <  + 90° Eqn 14

and 7, ♦ 50.4"

Which can be reconverted to polar coordinates by weans o l the following 
equations

Eqn 13

7 « 130° + tan- 1  — + 90° <  7  <  + 270° Eqn 15
a

So that vector length. V2 M 1,1376 Imm/i)

and phase angle. 7 ? *  — 81.9a

Now these values can be substituted into Equation 8 so that Q can be 
found

-  -  (-3 ,82 -6 ,1 2 )) -  (+4,48+ 10,05j)(+0,1598 -  1.1264j)
Q’ "  (+1.82+10,6(1

Therefore the balancing masses 
to counteract the original imbalance 
of the rotor are as follows

Plane 1

= 1.172 • 2.5 g

= 2 93g at - 50 4-

(50 .43 from the trial mass position 
in the direction of rotation)

Plane 2

= 1.1376 * 2 .5 g

= 2 b t  a at —81 9 -

(81.9" from the trial mass position 
in the opposite direction from the ro­
tation)

Masses w in  these values were 
fastened m the respective planes on 
the rotor at the calculated angles, 
and at the rad.us used previously 
for the tr.ai •’-asses A test ' . n  w is  
made to assess t ie  quality of the 
balance Its rese ts were as follows

Plane 1 v.oration level -
0.5 m m 's, wh-ch represents a re­
duction m v E-at on velocity level of 
93% from the original 7,2 mm. s

Plane 2 v O'at on level =
0.4 mm s. w i sh represents a re 
duction m vibrat on velocity level of 
97% from the or. ¡.ia i 1 3.5 mm s

As an added test, the two balance 
masses were rr',v>-d t iro  . ¡“- an 
angle of 1 0  to find the import in-:« 
of the phase angle determine:.on 
When tar- m a-f.ne was run ag 1 1  
the vibration velocity le1 •' at Plane
1 was found to be I c ■ s. with
2.2m m  s at P’a ie  2 " : results
illustrate the v jlue  of the eail> ac
curate phase angle determination 
possible w ith the Type 2971 Phase 
Meter

y  i i . t e .  ’ - ,*5» , *  t  •> i ' 4 v ‘ J > .  * V  ♦ » *
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Fig. 1 6 . V ic to r ia !  re p re se n ta tio n  o f  th a  v ib ra t io n  lavats

Example 5. Dynamic balancing 
using a computer to make the calcu­
lations In Example 4. calculations 
were made with the aid of a pocket 
electronic calculator, and the calcu­
lation process took about an hour to 
complete A computer program in 
BASIC is available to speed up the 
calculation procedure Fig 16 
shows the program, the entry of 
data for a particular balancing prob­
lem. plus the calculated vector 
lengths, and phase angles of the re­
sult

Table 3 contains the vibration le­
vels and phase angles recorded for 
a machine being balanced using a 
measur.ng arrangement similar to 
that shown m Fig 3

The data for calculation must be 
entered into the computer m the fol­
lowing order. V 1 0 . Y\ o . V 2 0 .
y2 0 • V1 1 ■ /1 I • V2 ' K2 1 -
v  1 2 • Y I 2 • V  2 2 3 n< *  Y 2 2 T h e  
vector lengths and phase angles for 
each plane are shown entered at 
statement 499 m the program. To­
tal elapsed time to enter the data 
and make the calculation was of the 
order of two minutes

The compensation masses to bal­

Trial Mass Measured Effect of Trial Mass

Size and Location Plane 1 2

None 1 70 m m /s 1112"  V , 0 53 mm s 73 ‘- j  V 2 0

1.1 5 g on Plane 1 235 m m 's 1 9 4 ' V , , 58 mm s 68  - V 2 i

1.1 5 g on Plane 2 185 m m /s j 115 ' ; V , 2 77 mm s j  1 0 4 : 1 V 2 ;

T a b l« 3 . M easured vibration lavala and phvsa angles

ance the rotor were calculated as in 
the previous example:

Plane 1 M CqMP

= 1.721 « 1.1 5 g

= 1 ,9 8 g at 236 ,23

Plane 2 MCOWp

= 0.931 » 1.1 5g

= 1.07 g at 1 2 1.8°

When masses with these values 
had been fastened at the correct 
angles and radius on the test rotor, 
new vibration levels were mea­
sured :

Plane 1 vibration level - 22 mm/s. 
an improvement of 87 : .̂

Plane 2 vibration level = 8.5 mm/s. 
an improvement of 34 o

In this example me slightly 
worse balance quality can be attrib­
uted to the use cl a Motion Anal­
yzer Type 4911 to determine the 
phase anqV-s As rr«-nt.oned earlier, 
if the standard of balance achieved 
by adding (tie  balance masses ac­
cording to the results of tee first :,er 
ies of measurements is not suffi 
cient. the measurement and balan­
cing sequence can b e  repeated for 
the new unbalanced condition

10
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LIST
i g y i.l y \ t « y \ w # A.J#y\kfC//( C C. - -
12 CIM X(2.2)»LC2.2).M(2.2)»:: C C* 2 >.
14 DIM Sf2.2>.Tt2.2>.Ut2.2>.V C2,2) .
2C F2? Y 3 I T0 t
3C HEAD AtYl.LtY)
35 LET 5tY>*BCY)»ATM( I)/ A5
AC NEXT Y
5C LET Ct 1. I ) 3 At 1 ) *C0 S t DC 1 ) )
6C LET Ct I. 2)»At l)«£IMtDt l ) )
62 LET Ct 2. IX-Ct I. 2)
65 LET Ct 2. 2>3Ct I. 1)
7 C LET DC 1» 1)3 At 2)»C0£tEt 2)1
75 LET Dt I. 2)«At 2) »5 IN t bt 2) )
8C LET Ct 2. IX-Ct 1. 2)
85 LET Dt 2. 2) 3Ct 1. I)
9C LET £C 1# 1) * AC 3)*Cd5CBC 3))
95 LET Et 1. 2)3At 3)»SINtBt 3))
ICC LET Et 2» 1)=-Et 1. 2)
1C5 LET Et 2. 2) *Et 1. 1)
I 1C LET Ft 1. 1 ) 3 At A) #C3 S t L>t 4) )
I 15 ¡_ET Ft 1. 2)3At 4>«SINtbt 4) >
12C LET Ft 2. I) =-F t I. 2)
125 LET Ft 2. 213Ft 1, l)
130 LET Gt 1. 1)3At 5XC0Stbt 5) >
135 LET Gt I. 2) 3 At 5)•SIN t Bt 5) )
I4C LET Gt 2. 1)«-Gt I. 2)
IAS LET Gt 2. 2)-Gt 1» 1)
ISO LET Ht I. 1) 3At 6)*C3 £ t Bt 6) )
155 LET Ht 1. 2)3At 6)«£INtBt 6) )
16C LET Ht 2, I X -Ht I. 2)
165 LET Ht 2, 2)«Ht 1. 1)
20C MAT I-E-C
2C5 MAT J-F-D
2 1C MAT K*G-C
2 15 MAT L3F“D
220 MAT M 3H-B
225 MAT N 3E-C
230 MAT 03 D*I
235 MAT P3C*J
24C MAT C=K*L
2A5 MAT P.3M *N
250 MAT £3P-P
255 MAT T3 C-R
26C MAT L3 INVt T)
265 MAT V3 S»U
270 MAT I3 C3M
275 MAT J3C*X
230 MAT K=I-J
235 ” AT X=K«U
29 C LET Y 13 £ CP t V t 1. 1)» 2*Vt I. 2
3C0 LET Y23£CStXt 1» I)* 2*Xf l. 2
3 !C IF Vi l, I X  C THEN 340
32C LET Y3= 0
33C G3T3 ESC
3a C LET Y33 13C
35C IF Xt 2. 2): 0 THE! 33C
3< C LET Y43 0
37C C2T0 390
33C LET v 43 13C

:>»°t2.2>

2 )
2 :

39C 
ACC 
A I C 
ACC 
499 
5 l C

LET YC = Y3»(ATTI<<'( 
LET Y63Y4»CATMtXt
p r i n t  ••m c c u l l -d a n :

1» 2 > / V <
1» 2>/Xt
a p c l m e i t

i» i) >) / a ~: c i) • A
i, i >) i/a t m  c i > • a 
3F C !:"» Y2 » Yi

PRINT "110 DULL'S AND APGL71EJT 3F C2:'.Y1»YS 
CATA 170. 112» 53» 73» 235» 9 a , S3» 63» 135»
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PUN
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VIBRATION SIGNATURE ANALYSIS -  TECHNIQUES ANO 
INSTRUMENT SYSTEMS

R -B .fta n M  
Bru* <i K par 
Naarum, Danmrk.

Vibration signais measured at the external surfaces of a machine contain a 
great deal of information as to the internal processes and a number of monitoring 
and analysis techniques can be applied to extract information from these signals.

This paper discusses the area of applicability of the various techniques, 
which fall into three main categories:

(i) Field measurement with portable instruments.
(ii) Field recording followed by detailed analysis.
(iii) Permanent on-line monitoring.

Principles for the selection of suitable instrumentation and data processing 
systems are discussed, with respect to the types of information which can be ex­
tracted, the degree of complexity of the machine, and the amount of data to be 
handled.

The most important analysis technique is narrow band spectral analysis, and 
this esn be carried out by normal swept-frequency techniques, high-speed swept 
frequency techniques or real-time analysis techniques. Where required, the spec- 
truti can be obtained in digital form from analogue analyzers or by direct digit­
al analysis. Other useful techniques include time domain averaging and cepstrum 
analysis.

Practical cases associated with machine health monitoring in a number of 
chemical plants are included as illustrations and a comprehensive bibliography 
is given in the paper.



It is a well-known fact that an experienced mechanic can detect by ear the development of 
many, faults in for example an automobile engine, to the extent that the sound "signatures"of many 
such faults have acquired standard names: "piston slap", "bearing knock", “pinging" etc.

The concept of “vibration signature analysis" is in principle very similar: machines in good 
condition generally tend to have a fairly stable vibration pattern, which can be considered as a 
"signature". Changes in the internal conditions are often reflected by changes in the vibration 
pattern which can then be detected by externally mounted pick-ups while the machine is in opera­
tion.

The ability to monitor the condition of machines while in operation is very useful in preven­
tive or "predictive" maintenance of continuously operating plant such as in the power generating 
and chemical industries, but the technique could also be of considerable use in machine develop­
ment. The present paper is a general discussion of the many measurement and analysis techniques 
which have been and can be applied in "vibration signature analysis". The emphasis is laid on vi­
bration rather than sound measurement because in the majority of cases this can be used to elim­
inate the further transmission process from the machine surface to the microphone. Furthermore, 
most of the information will be present in the vibration signals measured at the bearings, since 
it is here that most of the dynamic forces are transmitted from the moving parts to the housing. 
(“Bearings" are taken to include sliding bearings such as cylinder walls in reciprocating ma­
chines).

The three main ways in which vibration measurement and analysis can be used for machine mon­
itoring are:

(i) Field Measurement with portable equipment.
(ii) Detailed laboratory analysis usually involving tape recording in the field.
(iii) Continuous monitoring with permanently installed pick-ups.

Before going into each of them in detail, it is as well to give a general indication of 
their areas of applicability and thus to put them in perspective.

Portable measuring instruments have the advantages of being relatively inexpensive and simple 
to operate and although they are limited to the measurement of overall vibration level or perhaps 
selective measurements at a few individual frequencies, this is adequate for the vast number of 
simple machines on most plants, eg. motors, pumps, fans etc.

The signals from more complex machines such as gearboxes, turbines, compressors and recipro­
cating machines will generally require more sophisticated analysis, at least to realise the full 
detective and diagnostic power which vibration monitoring can offer. This will mostly be justi­
fied with the more valuable and critical machines in the continuous process industries, where 
there are considerable benefits to be gained from more advance knowledge of impending failure and 
a better indication of its nature so that shutdown time can be minimized.

Finally, continuous monitoring will find application with the most critical machines, to 
guard against rapidly deteriorating situations and allow shutdown before catastrophic failure 
occurs. It is also useful for guarding against unstable areas of operation such as critical shaft 
speeds and oil whip in journal bearings.

Intermittent detailed analysis can often be used to advantage to supplement continuous mon­
itoring on the same machine, the former giving more information aDOut normal wear processes and 
the latter giving protection against sudden failure. In fact, in some industries it will be bene­
ficial to empty all three types of vibration monitoring in parallel in the same plant.

TRANSDUCERS ANO PREAMPLIFIERS.

Regardless of the further processing of the vibration signal, it has first to be converted to 
an electrical signal by a suitable transducer. Three types of transducers are currently in common 
use, which measure acceleration, velocity and relative displacement respectively.

For measurement of absolute motion, acceleration transducers, known as "accelerometers”, are 
to be preferred for the following reasons.

M) They have a very wide frequency range and dynamic range.
(ii) They have small mass and physical dimensions.
(iii) They are very rugged, and have no moving parts.
(iv) The acceleration signal can easily be integrated electronically to obtain a signal 

proportional to velocity or displacement, whereas the inverse process of differen­
tiation is of dubious validity.
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Velocity transducers were the first to be developed but have now been superseded by acceler- 
' ometers in virtually all respects.

relative uisplàcèinérìt transducers are Quite common 1 y built 1 »
marily useful in cases where for example maintenance of working clearances 
tance (1) and their use for signature analysis is limited by the frequency 
in displacement measurement.

m j e h i n a t  i r a  n r i -—- -  r  • •
is of greatest impor- 
restriction inherent

Accelerometers have a high internal impedance, but this problem is now easily solved by using 
transistorized preamplifiers which convert from a high to a low impedance and which at the same 
time can be used for signal conditioning such as amplification and integration. Two types of pre­
amplifiers are in use, "voltage preamplifiers" and "charge preamplifiers“. The latter, though more 
expensive, are normally to be preferred as they give an output voltage which is independent of the 
cable length from the accelerometer. For further information see Ref. (2).

PORTABLE INSTRUMENTS.

When monitoring with portable instruments, it is desirable to simplify the operation as much 
as possible so that it can be carried out by people with a minimum of training.

It has been found from experience covering many types of rotating machinery that velocity is 
the best indicator of vibration severity over a wide frequency range. One explanation of this is 
that constant RMS velocity represents constant vibrational energy ie. components at different 
frequencies are weighted according to their energy levels. A common method of determining the vi­
bration severity of a machine therefore, and one embodied in several standards!(3), (4), (5)), is 
to measure the RMS value of the velocity over a wide frequency band (e.g. 10 - 1000 Hz) in order 
to include the effects of a large number of possible sources, and cater for a wide range of ma­
chines operating at different speeds.

These standards, in addition to specifying the method of measurement, also give recommended 
criterion levels, as illustrated in Fig.l. One must be careful not to give these absolute levels 
too much weight, however, since they are derived as averages over large numbers of machines and do 
not necessarily apply to any particular one. Reference (1), for example, describes hew measure­
ment: of mechanical impedance at the bearing housings of a number of machines in the same class 
revealed a very wide range (>10:1) indicating that the forces resulting in a given velocity level 
would also vary over this range.

Another approach is to use the vibration level when the machine is known to be in good con­
dition as a standard and take departures from this as the criterion of deterioration. The stand­
ard criteria (eg. Fig. 1) are still useful as a guide here, since the separation between the dif­
ferent grades there is 8 dB, and an increase of 20 dB is sufficient to change the classification 
from "Good“ to “Inadmissible“.

1
1>
S

Fig. 1 Vibration Criterion Chart (V D I 2056)
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Frequency Analysis

It is also possible to do some frequency analysis using portable equipment, and this is use­
ful for two reasons:

(i) A rise in overall RMS level will indicate that something has changed internally but 
not give any information as to the cause. Frequency information can often indicate 
the source of a change as discussed under “Detailed Analysis*.

(ii) Changes in minor spectral components, which may be the first indication of incipient 
failure, will not always affect the overall RMS level, but can be picked up by spec­
trum monitoring.

The two requirements are to some extent in conflict, since the first requires a narrow band 
resolution which would result in too many readings if it were desired to cover the complete spec­
trum for the second purpose. In practice therefore, some compromise must be made, with emphasis on 
one or the other factor.

A suitable portable battery-operated vibration monitoring set is illustrated in rig. 2, 
housed in a rugged carrying case. It consists of a vibration meter with inbuilt charge prea-pli- 
fier, capable of measuring RMS velocity according to the above-mentioned standards, but also ac­
celeration and displacement. In addition there is a tunable narrow-band filter with bandwioths of 
7i and 15S. With respect to the filter, it should be mentioned that bandwidth is not tr.e only fac­
tor determining the resolution capability. The steepness of the filter characteristic outside the 
passband, as indicated by the "shape factor" or "Octave selectivity", is also very important.

Alternatively, some people prefer to monitor over a frequency range of 3 decades or so (6), 
so as not to miss changes which could occur at any frequency. Where the results from a large num­
ber of machines have to be noted down manually, it is not practicable to do this in bandwidths 
less than one octave. For this case a standard sound level meter with octave band filter set can 
be used, particularly if it has an integrator allowing measurement of velocity and displacement. 
The fact that the sound level meter is very useful in its own right will often influence this 
choice. Use of a 1/3-octave filter set represents a mid-way compromise.

OETAILEO ANALYSIS

Using a portable tape recorder it is possible to bring the vibration signals into the labo­
ratory where more detailed analysis can be carried out on them. The laboratory instruments are 
sometimes taken on-plant or to a control room to which the signals are led by long cables, and 
this may be suitable for individual measurements but it is not practicable for a regular moni­
toring scheme.

Tape Recording and Playback

The tape recording is an important part of the procedure, so it is worth discussing it in 
some detail. Firstly, the tape recorder itself should be chosen with care. Two recording princi­
ples are in common use viz. Direct Recording (DR) and Frequency Modulation (FM). Their relative 
merits are listed in Table 1.
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DR FM

Dynamic Range (narrow band - typical) 

Lower Frequency Limit 

Upper Frequency Limit (typical) 

Amplitude Stability 

Phase Linearity

Preservation of Recorded Information

70 dB 

2.5 Hz*

50 kHz 

acceptable 

poor

acceptable

60 dB

DC

10 kHz 

excellent 

good 

good

^Playback speed lOx recording speed.

Table 1. Comparison of OR and FM recording techniques.

Perhaps the best compromise is a recorder with two channels FM (for most measurements) and 
two channels OR (for frequencies > 1 0  kHz). It should of course be portable and battery-operated.

Since the tape recorder is likely to be the most limiting factor in determining the dynamic 
range of the system, it is wise to choose that parameter for recording (acceleration or velocity) 
which has the flattest spectrum, regardless of which is to be used for final evaluation. Conver­
sion between the parameters is of course straight forward once a narrow band spectral analysis has 
been carried out.

There are several possibilities for playback of the signals for analysis:

(i) Continuous playback from the original tape reel. This will require unreasonably long 
recording times where analysis time is long.

(ii) Make up loops by cutting up the original tape reel. This is impractical for large 
numbers of signals.

(iii) Record directly on loop cassettes in the field. Also impractical for large numoers 
of signals.

(iv) Record over from the original tape reel to another recorder with permanently mounted 
tape loop for analysis. Requires two recorders.

In all cases where analysis is made from a tape loop, it may be found desirable to use a spe­
cial weighting function to eliminate the effects of the tape splice (8, 9).

A better solution than (iv) would generally be to use a Digital Event Recorder in place of 
the second tape recorder since this eliminates the noise cf the splice as such and allows a con­
siderable reduction of analysis time by frequency transformation (9), as discussed later.

Spectral Analysis

The most usual analysis performed on the signals will be spectral analysis for the reasons 
already given, and in the laboratory it is possible to perform relatively narrow Dane analysis 
over the whole frequency range. It has been found that for many maenmes, the vibration power spec­
trum is very stable from time to time and even between different machines of the same type. This 
is the basis of a scheme developed by the U.S. Navy for onboard maintenance, and reported in 
Ref. (7). Shutdowns were based on departures from the envelope of standard signatures (Fig. 3) and 
the method was found to be justified by a statistical study of a large number of cases.

The question arises, however, as to the best way of presenting the results of such an analy­
sis, and once again there is a conflict between covering a wide frequency range and requiring a 
fine resolution for diagnostic purposes.
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Fig. 3 Vibration Spectrum Envelopes

To cover a wide frequency range it is natural to use a logarithmic frequency scale, and then 
use of a constant percentage bandwidth (which gives uniform resolution) is almost unavoidable. 
Other reasons for using a logarithmic frequency scale (though not necessarily constant percentage 
bandwidth) are:

(i) Small changes in machine speed from time to time will only cause a lateral shift in 
the spectrum thus simplifying comparison.

(ii) Some relationships can most easily be seen in a log-log representation.

On the other hand if the signal being analyzed has a high harmonic content (e.g. gearbox 
vibrations) then it can be an advantage to obtain the analysis on a linear frequency scale with 
constant bandwidth which gives uniform resolution and equal separation of the harmonics. This 
point is discussed further under “Cepstrum Analysis".

The answer perhaps lies in using (approximately) constant percentage oandwidth analysis on a 
logarithmic frequency scale for detection of change, and constant bardwidth on a linear frequency 
scale for detailed diagnosis of changes. The same analyzer can perform both functions if its 
“constant" bandwidth can be made to step up automatically with increasing frequency, and if it has 
both linear and logarithmic frequency sweeps.
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Analysis Methods

There are three main ways in which the power spectrum can be obtained:

(i) thing a narrow band sweep frequency analyzer (constant or constant percentage band- 
wdth). Analysis time typically 10 to 60 min. (See Ref. (10) for details).

(ii) High speed analysis using the same equipment as in (i) but with the addition of a 
Digital Event Recorder with which large speed transformations can be made on play­
back, thus increasing analysis speed considerably (9). Fig. 4 shows a typical in­
strument setup. Analysis time typically J to 3 min.

(iii) Real-time analysis using either the time compression principle (similar to (ii) or 
Fast Fourier Transform (FF1) techniques, and where the spectrum is continuously dis­
played on a screen. Fig. 5 shows a 400 line time compression analyzer.

Method (i) is only practicable where not many analyses have to be made, but it is worth ex­
amining the relative merits of (ii) and (iii), which are discussed in some depth below:

High Speed Analysis (ii) is somewhat cheaper in instrument cost than real time analyzers, typical­
ly j trie cost of a Time Compression Analyzer and 1/4 the cost of an r'FT analyzer. The saving is 
considerably more for people who already have the basic analysis syitern (i). It is also somewhat 
more flexible, the same setup offering both constant and approx, corstant percentage bandwidth, 
log and linear frequency scales, and variable resolution up to the equivalent of 2503 lines. It 
can also be an advantage to be able to use the individual instruments separately; eg. the Digital 
Event Recorder has a multitude of other uses, and on the few occasions where 25C0 line resolution 
is not adequate it is still possible to revert to a normal analysis setup to obtain any desired 
degree of resolution.

Fig. 4 Instrument Set-up for High Speed Analysis

Fig. 5 Time Compression Analyzer
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The same flexibility can be obtained with a real-time analyzer in combination with a general 
purpose computer, but this is of course even more expensive.

Real-Time Analysis (iii) has the principal advantage of being real-time, thus allowing the effects 
of changing conditions to be observed as they occur. In sore cases, a transient phenomenon con­
tains most information about the occurrence of damage, eg. turbine blade failure (11).

The use of digital averaging of a number of successive spectra to give adequate statistical 
reliability in the case of random signals can also be a considerable advantage in some cases. With 
the method (ii) the statistical reliability can only be improved by increasing bandwidth, but even 
so a 250 line (bandwidth) spectrum can be achieved with an RMS deviation <11 d3. (ST product 10).

FFT analyzers have the additional advantage of being able to calculate cross correlations, 
cross spectra, transfer functions etc. thus providing considerable additional diagnostic power. 
( 12) .
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Spactnum Diagnosis

The frequency at which a change in the spectrum occurs gives very important information <js to 
the likely source, which is often related for example to the running speed.

The types of faults which can be detected and perhaps diagnosed from a frequency analysis 
(see also (1), (6), (7), (11), (13), (14), (15) ) include unbalance (at shaft speed, primarily 
radial), misalignment and bent shacts (shaft speed and low harmonics, radial and axial), oil whip 
(just less than half shaft speed) and developing turbulence (blade and vane passing frequencies). 
Changes in natural frequencies can indicate crack growth or build-up of fouling. Local faults in 
rolling element bearings manifest themselves at frequencies corresponding to the rates of impact 
of the fault but also at higher frequencies (typically 20 - 60 kHz) corresponding to component 
natural frequencies (16, 13). Fig. 6 (from Ref. (16))shows the effect of induced pitting in an in­
ner race.

Growth of sidebands indicates modulation at frequencies corresponding to the sideband spac- 
ings. This can for example indicate faults which cause modulation of the tooth meshing pattern in 
a gearbox (see later example). As another example, blade natural frequencies tend to frequency 
modulate the corresponding blade passing frequencies, providing another means of detecting these 
natural frequencies.

Fig. 6 Ball Bearing Vibration Spectra
(Ref. 16)

Cepstrum Analysis

Since in a complex spectrum it may still be difficult to see the growth of sidebands b> eye, 
and in particular to judge the relative importance of various modulating frequencies, this pro­
vides an application for "Cepstrum Analysis". In simple terms this is a method for detection of 
periodic components in a spectrum (eg. harmonics, sidebands) and consists in carrying out a fre­
quency analysis of the (logarithmic or dB) power spectrum itself. The spectrum must c- or. a line­
ar frequency scale with constant bandwidth. Reference (18) contains a detail . „.scission of the 
basic concepts,'methods of obtaining the cepstrum, and the application to ,-arbox fault diagnosis 
Fig. 7 shows how the instruments from Fig. 4 can be used, while numerical (FFT) computation in a 
general purpose computer can alternatively be used (18).
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Fig. 7 Instrument Set-ups for 
Cepstrum Analysis

Example

The following example illustrates several of the concepts discussed. The measurements were 
made on a gearbox (mounted between a gas turbine ar>d a generator) immediately prior to and short­
ly after a maintenance shutdown. The gearbox was primarily shut down to replace the internals, 
since fretting between the gearwheels and the sha.'t had been detected during an inspection 6 
months earlier. The vibration signals before overhaul had also indicated misalignment, which was 
confirmed and corrected during the shutdown.

Fig. 8 shows 3X bandwidth analyses of the two signals compared as velocity, and it can be 
seen that the realignment has improved the VDI 2056 classification from "Just tolerable/Not per­
missible" to “Allowable", the overall RMS velocity being dominated by the components at tne two 
shaft speeds (50 and 85 Hz).
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- It should be noted that the first signal "Before repair" was recorded as acceleration and 
integrated to velocity on playback. The noise level of the tape recording can clearly he seen, 
confirming that it is best to record the parameter with the flattest spectrum.

Another point of interest is that at the tooth meshing frequency and its harmonics it is dif­
ficult to determine from these X  spectra that a significant change has occurred. The third har­
monic has even risen in level slightly after repair. Fig. 9 shows constant bandwidth analyses of 
the same two signals on a linear frequency scale (this time as recorded since the overall slope 
of the spectrum is of secondary importance). The presence of sidebands around the tooth meshing 
frequency and its harmonics is now much more in evidence in the signal taken "Before repair”, 
whereas the three harmonics stand out clearly "After repair". Fig. 10 shows cepstra corresponding 
to the spectra in Fig. 9 and this shows up the difference even more clearly and at the sane time 
confirms that virtually all the modulation is occurring at the speed of the high-speed shaft (85 
Hz).
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Fig. 10 Cepstra corresponding to Fig. 9

Time Domain Analysis

Spectral analysis, though very powerful, does not appear to be a universally applicaole tool. 
For example, in the paper by Priede & Groverfrom Ref. (15) it is mentioned that with reciprocating 
machines, and in particular diesel engines, the vibration exciting forces tend to be impulsive in 
nature, thereby exciting the natural frequencies of the engine structure. Faults are tnerefore 
more likely to show up as changes in the various parts of the time signal rather than as a change 
in the spectrum (Fig. 11). The time signal also contains information on individual components (eg. 
particular gear teeth) which is averaged out in the frequency spectrum (13). A technique which can 
be useful in cases such as these is to overlay digitally the vibration signals from many machine 
cycles, triggering at the same point each time, and thus enhancing the regularly repeating phe­
nomena with respect to random fluctuations (13, 14).
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Fig. 11 Diesel Engine Time Signal (Ref. 15)

Data Handling

Where it is desired to monitor a large number of machines, it would be very tire consuming to 
carry out visual comparison of the appropriate vibration characteristics (eg. spectra; and there 
will be considerable advantage in digital processing of the data. Real-time analyzers normally 
have the option of a digital output either to a computer or paper tape punch. It is also possible 
to obtain the spectrum in digital form from the high-speed analysis system shown ir F-,g. 4 oy the 
addition of a Digital Encoder and Tape Punch (19). The analysis speed is then normally limited oy 
the puncher and is thus as fast as when the output is obtained in this form from a real-time ana­
lyzer. One advantage of intermediate storage of data on paper tape is that it can p^c.ide a means 
of interfacing with large computers (eg. via a time-sharing terminal) with stringent requirements 
on data format. Where possible, however, considerable time can be saved by direct read-in of the 
data into the computer.

Ref. (19) gives one approach to the problem of programming for automatic spectrum comparison.

Other advantages of digital processing of spectra are:

(i) It is possible to carry out statistical analysis and thus obtain mc^e valid infor­
mation about trends, likelihood of failure etc. (Stewart (14) ).

(ii) Cepstra can be calculated by an FFT program, possibly written in a nign-level lan­
guage such as Fortran (18).

It should be mentioned that with a suitable input-output device such as a Digital Event Re­
corder, a mini-computer with external storage (tape, disk, or drum) can be used to preform spec­
trum analysis by programmed FFT methods, plus all the other data processing mentioord. The main 
disadvantages are that programming would normally have to be in assembler language, and that pro­
grammed FFt is slow compared with hardware (typically 1 s).

PERMANENT monitoring

Most permanent monitoring systems monitor a single quantity such as band-limitec 5vu velocity 
in the same way as a simple portable meter, and most of the same considerations a p . 'he ru'.n 
difference lies in the extremely high reliability required, and for example special consideration 
must be paid to ruggedness of cables, avoidance of noise pickup etc. Care must alts c • \ ti"at 
the monitor does not give false alarms as a result of electrical mains transients, -^--nal me­
chanical shocks and suchlue. This can be achieved by requiring that the monitored la.el is out­
side the set limit for the whole of a set time delay. It is also desirable for tn- operator -,.o the 
event of an alarm to be able to check quickly that the monitor is adjusted and function! g correct
iy.
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Fig. 12 shows a single channel monitor with many desirable features; a rugged waterproof 
housing, "Alarm", “Trip" and “Min. level" (indicates damage to pickup or cable) circuits each 
with time delay. All set levels and time delays can be adjusted (though not externally) and in 
fact the only external button initiates a checking sequence of the set levels and delays.

Continuous Spectrum Monitoring

For valuable complex machines which are crucial to the operation of a plant, it may be deem­
ed justified to monitor the vibration spectrum continuously, thereby combining the advantages of 
both permanent monitoring and spectral analysis.

This can virtually only be done with a real-time analyzer, though in this case a 1/3-cctave 
resolution may be considered adequate, if supplemented with a narrow band analysis facility for 
diagnosis of changes detected in the 1/3-octave spectrum.

Normally, to justify the use of an expensive real-time analyzer, it would have to be used for 
a number of monitoring points, perhaps several differerr machines. In this case it would be nec­
essary to multiplex between the various input signals and apply different criteria fcr the eval­
uation of each spectrum, something which would almost inevitably require the use of a computer 
(mini or micro). Introduction of a computer makes the use of a narrow band real-time analyzer fea- 
siole (since simple spectrum comparison is unlikely to be satisfactory (19) ), a m  introduces many 
interesting possibilities. One such possibility envisaged in the foreseeaole future is an opera­
tion in timesharing mode between fixed and regular calculations on a number of per-anently connect 
ed channels, and intermittent operator-controlled calculations of various tyoes. These 'ccu'd con­
sist of special calculations (eg. cepstra) on the connected channels, or simple spect'-.m crecking 
of additional signals recorded intermittently from a number of other machines, and oro^gnt to the 
console on a tape recorder.

CONCLUDING REMARKS

The latter system may seem a little far-fetched, but it could very easily become a.n econom­
ical proposition if it can be proved that incipient failure can be predicted with a nigh degree 
of certainty. It is believed that the state of the art is rapidly nearing this point.

Perhaps one of the main inhibiting factors in the past has been the lack of certainty in this 
respect. Plant operators have understandably been reluctant to invest large sums cf money in in­
struments to determine whether the techniques described herein will work on their machines, and 
on the other hand the instrument manufacturers have not had much access to operating plant.

It is hoped that this paper indicates how it is possible to build up instrument systems from 
fairly modest beginnings, as experience is accumulated and the need for more sophistication makes 
itself apparent. It is also hoped that it (and the references) will help to avoid pitfalls which 
lead to faulty conclusions and thus can do a great deal of harm.
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Pipe Vibration Literature 

by

P.W. Hope

In recent years there has been an ever increasing amount of attention paid to the behaviour of 
thin walled tubes under many varying conditions and environments. Such studies are of great 
importance to the oil and gas industries, and even greater importance to the rapidly expanding 
nuclear power industry where pipes and tubes have to withstand very high pressures.

One important topic for discussion is the Vibrations of the tube walls, which can be initiated 
in a number of ways, and it resonances are involved, can result in very significant effects.
Howsner (1) has reported an investigation carried out to determine the effects of high w ind 
velocities on an oil pipeline crossing a dessert. He found that if the frequency of the forced 
vibrations due to the transport velocity of the fluid, coincided with the resonant frequencies 
of the pipe, amplification of the vibrations could be a significant factor in causing the pipe 
to buckle. Using a similar equation to that derived by Housner, S Naguleswaran and C.J. Williams 
(2), investigated the more specific problem of the vibrations in the tube walls, both 
theoretically, and experimentally. Since very high liquid transport velocities were found to be 
necessary to vibrate a metal pipe significantly a neoprene tube was used in their experiments, 
and the results extrapolated to apply to metal pipes. They also treated the case of pressure 
variations in the liquid contained in the tube when there was no transport velocity. The con­
clusions to be drawn from these investigations, were, that a flowing liquid in a met3l pipe 
was not a significant factor in causing such pipes to vibrate and buckle, unless, very high 
flow vélocités were involved, whichin the majority of engineering applications of stiff p:pes 
has not been found to be the case.

Other investigators have come to similar conclusions, although in all the papers litt le  mention 
has been made of the pressure variations in the tubes caused by pulsating flow. In an 
investigation carried out by S.S. Chen and also Q.S. Rosenberg, (3) the effects of tr.e conolis 
force and curvature of the tube walls were evaluated these were found not to be significant 
at low fluid transport velocities. They did find, however, the existence of unstable 
oscillations of the tube walls when there was unsteady flow, and they also found that pulsatmq 
flow caused instability at relatively low transport velocities, they therefore concluded that this 
coulc* be a problem of importance.

v ► t ^
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Other articles were also scanned, but as these were of an older date than the previous articles 

mentioned, no new informaiton was found. In particular T.B. Benjamin (4) in a lengthy 
expermenrial and theoretical paper summarizes the early work in this field and derives many 

of the basic equations used by the later workers.

Having noted these conclusions, it has been decided to investigate a number of tubes 
containing fluid without a transport velocity but with pressure variations set up in the liquid 
by artificial means; i.e., a vibration exciter.
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Detection of pressure variations in thin 
walled tubes by vibration measurements

by

Hans P. Olesen

Introduction

Fast pressure variations may seriously increase the fatigue loading of the tubes and other 
components of a piping system. Therefore, it is important to find a simple way to detect 
such variations and their distribution over the system. One promising method is to measure 
the extensional vibrations of the tube walls as the tube expands and contracts with the 
pressure variations. Naturally, care must be taken that other vibration modes are 
eliminated in the measurements.

The vibration due to pressure variations

Fig.1 displays the time varying internal pressure p = Po + Pi sin w t of a tube. Here pQ 

represents the nominal pressure and p<| the amplitude of the pressure variations which 
have the frequency f = w /2  n. These pressures force the tube to expand and to vibrate. 
Provided that the tube can be considered thin walled (wall thickness, t <  0,1 D, diameter) 
and that the wavelength of the pressure variations is much longer than the tube diameter 
the following simple expressions can be derived from the sketch of a tube cross section in 
Fig.2:

As the static stresses and strains, introduced by the nominal pressure pQ, are irrelevant for derivation 
of the vibration values only dynamic stresses and strains are considered.

The pressure p sin w t = p j = P2 + P3 is balanced by the elastic and the inertial forces in the tube 
wall respectively.

3



The elastic stress in the tube wall is:

i

F p2 D 1 P2 D
6 3 — *  —— r  » —— 0)«  n  I * t

and 5 *  f  E » E *  -=£-£• E -  E •  (2)
p  *  D U

—  , c.  4 D  4 Et .
P2 *  2  Et — r~  *  — = - d (3)

D2 D2

Where 6 is the dynamic stress N/m2

F is the unidirectional force developed against the tube wall [N]

A is the cross sectional area of material which must stand the force F [m2 ]

0 is the tube diameter (under nominal pressure) [m]

1 is an arbitrary length of tube [m]

t  is the wall thickness (under nominal pressure) [m j 

e is the strain in the tube walls [dimensionless]

E is the modulus of elasticy for the tube material [N /m 2 ]

P is the tube perimeter [m] 

d is the displacement of the tube wall [m]

i

The total force used to accelerate the tube material is:

F = it D1 P3 = ma = n Dt1 5 a (4)

and P2 = S 5 a (5)

where m is the mass of a length of the tube [kg]

5 is the mass density of the tube material [kg/m2 ] 
a is the acceleration of the tube wall [m/sec2 ]

S is the volume of material [m2 ]

If the additional pressure needed to accelerate some of the fluid in the tube is ignored, then 
the total pressuse p  ̂ can be found

P1 = P2 P3 =
4 Et 

D2
d + t 6 a ( 6)

As displacement and acceleration, at a given frequency, are related by - w 2 the expression 
can be changed to:

4 E
P1 = + 6 - ta (7)

i
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or p1 td (8)

i

A E 
D2 —w2

Both these expressions show that resonance occurs when

4 E
D 2 « 2

Or u 2 *  fo

(9)

( 10)

At this frequency a very little varying pressure produces large accelerations (and displacements). 
The resonant frequency is reduced when the tube carries heavy fluids, and its value is slightly 
increased by the bending effect which occurs when the wavelength is not long compared to 
the tube diameter

D i m )

5
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The most interesting frequencies, however, are below the resonant frequency and, therefore 
the pressure may be determined by the last term of equation 7 or the first term of equation 
8 up to approximately 1/4 f  The useful measuring range for tubes of varying diameters is 

illustrated in Fia 3.

?1
4 Et 4 Et

D2 cj2 3 D2
( 11)

Q 9  K g  c m 2 P j

Fifr4.

Fig,5.

The acceleration-to-pressure conversion is shown as a function of frequency for different tube 
configurations in Fig.4, and the displacement-to-pressure conversion is plotted in Fig.5.
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The generation of pressure variations

The pressure variations are often produced in the pumps of the system and they will, therefore, 
often be largest near the pumps. However, the geometrical configurations of the piping system 
may, in some cases, allow longitudinal resonances in the fluid near the pump frequencies. Thereby, 
even weak pressure fluctuations may be amplified to significant values. In long, uniform lengths 
of tube, the pressure variations may be the same along the tube length, as indicated in Fig.Ba. 
However, most often the tube has a bend or some other reflecting structure which causes standing 
pressure waves which vibrate some parts of the tube more than others, (see Fig.6b).

Trtvtlling prewar* wav«

Sanding prw*ur* wav*

j/JOJv

Practical measurement of pressure variations

The tubes of a piping system may be excited into other vibration modes than the extensional 
mode which is caused by pressure variations. Often the tubes vibrate in bending as well as in 
extension. However, the frequencies of the two modes may not be the same and the two 
modes may be separated after a frequency analysis has been taken at a given point.

The frequency analysis can be carried out with a simple portable system such as the one 
shown in Fig.7, or a more sophisticated system (shown in Fig.8) can be used, whereby, 
automatic recording is performed (see example of recording in Fig.9).

V  . t  -»¿r . '  t ; " -J- 0 . 't ;
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2120 or 2010

At the frequency of each vibration peak of Fig.9, a number of measurements are taken on 
the tube perimeter. As shown in Fig.lOa extensional vibration (pressure variations) result 
in almost equal signal levr's at different measurement points while bending vibration produces 
the highest levels in the axis of vibration (Fig.lOb).

a
Fij.10 .

b

8



From Figs.4 and 5 it may seem that displacement measurements were simpler than accelerator 
measurements. This is normally not the case, as displacement transducers are moVe inconvenient 
to use in the field than accelerometers. The displacement value can, naturally, be obtained by 
integration o f the acceleration signal, but due to the smaii displacement which can be expected, 
acceleration measurements are recommended.

Example

In a practical measurement 7,2, 4,8 and 2,4 g was measured at 230 Hz on three tubes respectively, 
with diameter D 3 0 ,3  m and wall thickness t *  5 mm. In F ig / a vertical line is drawn at 
230 Hz to cross the tube lines. For the tube in question the tube line must be drawn as shown 
in the figure, yielding approximately 2.10^ N/m ? per g. This indicates pressure variations of 14,4 

• 10s, 9,6 • 105  and 4,8  • 10® N /m ^ respectively or 14,4, 9,6 and 4.8  kp/cm 2 or 202, 136, and 
68 psi.

Conclusion

Vibration measurements in combination w ith frequency analysis may be a very useful tool when the 
distribution of pressure variation in a piping system must be determined. A detailed mapping of the 
measuring results is essential for investigation of geometries which cause standing pressure waves 
and, thereby, in many cases reduce the safety factor built into the sys.am and, consequently, 
the plant efficiency.

Furthermore, after the "norm al" vibration pattern has been thoroughly investigated, regular checks 
or continuous monitoring may be introduced, to reveal changes in material properties with tim e 
due to  fatigue loading.

9
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Department f o r  T e s t in g  M a te r ia ls  in  
Chemi c a l  In d u stry  — Scope of  Work__

The work o f  a department f o r  t e s t i n g  m a t e r ia l s  cam be
d e scr ib e d  as f o l lo w s :

1. The department i s  r e p o n s ib le  f o r  a l l  m a t e r ia l s  which 
a r e  used in  th e  p la n t  op v e s s e l s ,  p i p e l i n e s ,  e n g in e s ,  
s t r u c t u r e s .

2 . I t  has to  se cu re  t h a t  th e  ¡r ig h t  m a te r ia l  i s  su p p lied  
f o r  a given p ro c e s s  o r  s e r v ic e  c o n d i t io n s .

3 . I t  has to  c o n t r o l  tn e  v e s s e l s  and i n s t a l l a t i o n s  in  
s e r v ic e  in  view o f  damages, suggest measures to  avoid 
such damages.

4 .  I t  has to  s e c u r e ,  th a t  c o n s t r u c t io n  and m aintenance 
work i s  done p ro p e r ly  in  view o f  the ap p lied  m a te r ia l  
and th e  s e r v i c e  c o n d i t io n s .

M a te r ia ls  used in  ch em ica l in d u s try :

1. Most w idely  used a r e  th e  m e t a l l i c  m a te r ia ls

a) W ithin t h i s  group iro n  and s t e e l  and i t s  a l l o y s  
have th e  b ro a d e s t  a p p l i c a t io n ,  f o r  in s t a n c e :
Carbon s t e e l ,  c a s t  i r o n ,
s t e e l s  f o r  b o i l e r s  and h eat  exch an g ers , where no o r
on ly  sm all c o r r o s io n  i s  to  be fe a r e d ;
s t e e l s  f o r  low-temp e ra  tu r e  s e r v ic e , ’
s t a i n l e s s  s t e e l s ,  f e r r i t i c  and a u s t e n i t i c ,  f o r
c o r r o s iv e  environm ents ,*
s t e e l s  f o r  h ig h -tem p eratu re  s e r v i c e :
s t e e l s ,  r e s i s t a n t  a g a in s t  a t ta c k  by hydrogen, and so on.

•/2
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b) N ick el and i t s  a l l o y s ,  f o r  in s t a n c e ,  
n ickel-rr .o lybdanium -alloys o f  th e  H a s te l lo y - ty p e  and 
n ick e l-ch ro m iu m -a llo y s  o f  th e  In c o lo y -  and In c o n e l -  
group, f o r  c o r r o s s iv e  environm ents o r  h ig h -te m p e ra tu re  
s e r v i c e ,  n i c k e l - c o p p e r - a l lo y s  in  p la n ts  f o r  w ater 
tre a tm e n t .

c )  Copper an copper a l lo y s
These m a t e r ia l s  a re  n ot as f a r  u sed , as th e  above 
mentioned. For in s ta n c e ,  h ea t exchangers in  th e  
o i l s y s te m s  o f  tu r b in e s  and com pressors a re  made 
o f  th e s e  m a t e r ia l s .

d) Aluminium and i t s  a l l o y s ,  m ainly f o r  s to r a g e - ta n k s  
and p ip e l i n e s  f o r  not to  c o r r o s iv e  media.

e )  Lead i s  not used any more on a w ider s c a l e ,  one 
w i l l  f in d  them in  some p a r ts  o f  su lp h u ric  a c id  
p la n t s .

2 . Non m e t a l l i c  m a te r ia ls

a) Enameled v e s s e l s ,  v a lv e s  and p ip e s  f o r  high c o r r o s iv e  
s e r v ic e  o r  where high p u r i ty  o f  th e  product i s  
demanded, i .  e .  in  th e  p h arm aceu tica l in d u stry .

b )  Rubber l in e d  v e s s e l s
N atural and s y n th e t ic  rubber i s  a v e ry  good c o r r o s io n -  
r e s i s t a n t  m a t e r ia l ,  which can be used in  a r a t h e r  
wide range a t  ambient o r  s l i g h t l y  e le v a te d  tempera­
t u r e s ,  i .  e .  up to  30 degrees c e n t i g r .  a t  the u tm ost.

c )  T h e rm o p la s t ic s ,  f o r  in s ta n c e  p o ly p ro p y len e , p o ly e th y ­
len e  o r  o t h e r s ,  have as n e a r ly  a l l  o rg a n ic  m a te r ia l s  

a tem perature l im i t  o f  a p p l i c a t io n .

d ) F lu o r ir .a te d  p la s t ic s ,  as T e f lo n  and V ito n ,  vh i.cn  nave 
a h ig h  c o r ro s io n  re s is ta n c e  and a h ig h  te m p e ra tu re  
l i m i t .



which can bee )  R e s in e s -p h e n o l ic ,  epoxydes e . t . c . - ,
used as c o r r o s i o n - ,  o r  w eather -  r e s i s t a n t  o v e r la y s  
on th e  in s id e  andoutside o f  ta n k s ,  v e s s e l s ,  even 
h e a t  exch an g ers .

To d e a l  w ith  m a t e r ia l s  s u c c e s s f u l l y  th e  e x p e rt  has to  know

th e  ch em ica l com position
th e  m e ta l lo g r a p h ic a l  s t r u c t u r e ,
th e  m echanical v a lu e s ,

i th e  in f lu e n c e s  -  m ech an ica l,  th erm a l,  ch em ica l -  
|upon th e  m a te r ia l  under s e r v i c e  c o n d i t io n s .

T h e r e fo r e  we have in  our department t h r e e  main kinds o f  
t a s k s :

1 . m echanical and m e t a l l u r g i c a l ,
2 . n o n -d e s t r u c t iv e  t e s t i n g ,
3 .  c h e m ic a l ,  th a t  i s  on th e  f i e l d  o f  c o r r o s io n .

For th e  above mentioned problems i t  i s  n e c e s s a ry  to  use a 
c e r t a i n  range o f  i n v e s t ig a t io n s .

1. I d e n t i f i c a t i o n  o f  m a t e r ia l s :
At r e p a i r e  and maintenance o f  en g in es  i t  can become 
n e c e s s a r y  to  r e p la c e  damaged p i e c e s ,  f o r  in s ta n c e  b o l t s ,  
sm all a x le s  e . t . c . ,  the m a te r ia l  o f  v h ich  i s  unknown. 
T h e r e fo r e  one has to  make some i d e n t i f i c a t i o n  t e s t s :  
h a rd n e ss ,  m e ta llo g ra p h ic  s t r u c t u r e ,  t e n s i l e -  and y i e l d -  
s t r e n g th .
That kind o f  t e s t s  has a l s o  to  be done, when th e r e  i s  
no co n n e c t io n  between the d e l iv e r e d  m a te r ia l  and th e  
c e r t i f i c a t e s  o f  the m anufacturer.

2, I n v e s t ig a t io n  o f  damages:
Here the v i s u a l  i n v e s t ig a t io n  o f  the damaged p a r ts  
under a b in o c u la r  microskope i s  one o f  th e  most 
impcrtand methodes. For in s ta n c e  in c a s e  o f  ru p ture the
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operator can find out, wether fatigue of the material, 
corrosion or mechanical force initiated the cracking 
of a piece under investigation.

3. Non destructive testing:-
Non destructive testing is mainly applied as a control 
of construction and repair work, that means control of 
the welding. It is also used for detecting failures in 
the material, as sheets, pipes, castings, etc.
Such defects may be cracks, slag s , piping in castings, 
e.t.c.
In the case of welding-control the investigations have 
to assure the welding has been done properly, that there 
are no unduly big and many pores, slags and no cracks.
The méthodes in this field are:

radiography. X-rays or radio-isotopes, 
ultrasonic measurenentes, 
crack detection by magnetic rr.ethode or 
dye penetrant,
control of temperature in case of heat treatment 
preheating and post weld heat treatment.

4. Corrosion:
Control of vessels running under severe conditions 
by means of visuel investigation, ultrasonic measurements 
control coupons, which are installed inside the vessels. 
Selection of the right material for given process- 
conditions by tests in the laboratory or with coupons in 
the vessels.

It must be pointed out however, that none of the above 
mentioned méthodes can be used single, but it is necessary 
to apply two or more méthodes to cleare a case. Therefore 
the expert in malarial investigation has to keep in mind 
all these possibilities.
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Further the material testing department has to make 
proposals upon the application of materials in new 
installations or plants- up-on issuing standards for 
material quality, welding procedures, control and 
investigation-work.

As manifold as the work to be dene is, as manifold is 
the equipment.
1. Mechanical and metallurgical testing

Here our department can do the following investigations 
and tests:
a) Measure of yield- and tensile - strength by a testing

imachine with a load of 20 tons.
b) Measure of hardness by two hardness-testers one 

for Vickers (Hy) and one for Brinell (Hg).
The Vickers-tester works with a diamond, shaped 
like a pyramid with a quadratic base, which is 
impressed in to the s u r f a c e  o f  the material, 
vhereas the Brinell-tester works by means of a 
sphere made of hardened steel. Cne gets on impression 
in the form of a circle

c) Measure of impact-strength.
d) For metallographical work we have grinding and 

polishing devices, to rr.anufacture test pieces, which 
are to by investigated under a metal microscope.

e) A binocular microscope for visuel investigation of 
damaged pieces of equipment.

2. Men destructive testing 
a) Radiography

For this hind of work we have 2 apparates for X-ray 
with 160, and 240 kilovolts respectively, as well as 
3 apparates with radio-isotopes. Ve use Iridium 102.

• /6



3. In the field of corrosion there is the usual laboratory 
equipment- But as already told, we do much investigation 
work by control coupons in the vessels, which method 
gives better results, as the coupons are tested directly 
under service conditions.

t
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a o K i a e w
Whatortiftgy • Equipment fo r Won Destructive-Testing

**•  o f  E cuipeat Producer 
Name and Aaresr

P u rch ase- |
r i iC «  wS 1

ad u strie-R O n cgen em h eit "S re s c o "  160 kV/5 mA 
re sco  D ire c tio n a l R ad ia tin g  u n it 160 kV/5 ■rA and 
re s co  D ir e c tio n a l R ad ia tin g  Unit 240 kV/5 mA

R ieh . S e i f e r t  4  Co 
Röntgenverke
BogenstraQ e 41 
D-2070 Ahrensburg

1 8 1 . 0 0 0 , -  
(1 9 6 5 )

ammaradiographie-Anlage "Gammamat T I"  
u m a-R ad iographic Equipment "Gammamat T I*

Sauervein  GmbH . . j
P o s tfa ch  150088 
D—4000 D ü sse ld o rf 1

7 0 .9 0 0 , -
(1 9 7 4 )

40 Ci I r  192

tnm aradiographiegerat “T e le tro n  SU 100 A* 
amma-Radiographic Equipment "T e le tr o n  SU 100 A"

N uclear GmbH
F lo ra s tra f le  16 
D -4000 D ü sse ld o rf 1

8 6 .3 0 0 , -
(1 9 7 6 )

100 Ci I r  19 2

o sis le is tu n g sv a rn g e r& t "Gamraatest 1" 
ose  R ate Alarm "Gammatest 1 ”

G raetz V e r t r ie b s g e s e l l ­
s c h a ft  mbH

• )
P o s tfa ch  294 
D-5990 A lten a  1

o s is le is tu n g s m e o g e ra t  "X 30 B" 
r ^ R a t e  M eter "X 50 B"

G raetz  » j 1 5 .1 0 0 , -
(1 9 7 8 )

osisle istu ngsm eQ gerd t "EMB 3" 
o se  R ate  M eter "EMB 3"

Landis 4 Gyr
B r e i te n fu r te r  S tra ß e  1 4 8 a 
1230 Vien

1 5 .1 0 0 , -
(1 9 7 8 )

ig ital-V and dickem eB gerd t "DM 1" und ■CM 2" 
l t r a s o n ic  V a il T h ickn ess Gauge "DM 1" and "DM2"

Irau tk räm er GmbH * )
Luxemburger S tra ß e  449 
D-5000 IS ln / Ile t te n b e r g

4 6 .7 0 0 , -
(1 9 7 8 )

I t r a s c h a l lg e r a t  "USM 2" 
l t r a s o n ic  F lav  D e te c to r  "USM 2

Ira u tk rä a e r  GmbH
* )

6 3 .0 0 0 , -
(1 9 7 4 )

s ? u i5 s e h a n g e r s t  "Us t p ^ o" -----------
l t r a s o n ic  F lav  D e te c to r  "U SI? 10"

Ir a u tk r ä a e r  GmbH
♦>

1 2 3 .1 0 0 ,-  j 
(1 9 5 9 ) i

1

t a t i f l u x
o r  n on d estru ctiv e  E le c t r i f i e d  In sp e ctio n

Magnaflux C orp oration
7300 V est Lawrence Avenue 
Chicago 3 1 . I l l i n o i s

3 - 7 0 0 , -  • 
(1 9 7 1 ) j

1
andm agnetflux-Gerüt 
in c h e s  Sespun F lav  D e te c to r

R .P .S . P a te n ts  LTD.
A lexandra P a la c e  S ta t io n  
London 10

8 .0 0 0 , -
(1 9 5 8 )

Jfe p r ü fg e r it  "E quotip" 
ard n ess T e s te r  "E quotip"

Proceg SA
R iesen b ach straß e  57 
CH-8034 Z ürich 
S v itz e rla r .d

2 9 .7 0 0 , -
(1 9 7 9 )

Tagbares m a g n e t.-e le k tr . R iB p rü fgeràt 
xede "TVM42"
'a g n e to -e le c tr ic  Crack T e s te r  Tiede"TVM 42"

T ied e  EG
B ahnhofStraße 96 
D-7031 Essir.gen

2 9 .0 0 0 , -
(1 9 7 4 )

) Vendor fo r  Au s t r i a  : M i t t l i  EG

K egergasse 7 
1030 Wien
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Name o f  Equipment P ro d u cer 
Name and A d ress

Purchase- 
Price ÖS

H ä rte p rü fg e rä t nach V ic k e rs  
H ardness t e s t i n g  m achine " V ic k e r s "

V o lp e rt-V e rk e  GmbH * )  
K o p e m ik u ss tra ß e  11 
D -6700 Ludw igshafen

<%2So&0*~
(1 9 4 1 )

H ä rte p rü fg e rä t nach  B r i n e l l  
H ardness t e s t i n g  m achine "  B r i n e l l "

X " _ Cm. ÌCO.OOq-
(1 9 4 1 )

S c h la g h ä r te p r ü fg e r ä t  "E q u o tip "
P o r ta b le  h ard n ess t e s t e r  
( d i g i t a l  re a d in g )

G ebrüder Bach GmbH 
Oswald R e d lich  S tr a ß e  5 
A—1 217 Wien

30 . 000,- 

(1 9 7 9 )

I l e i n l a s t h ä r t e p r ü f e r  "D urim et 2 "
H ardness t e s t e r  
(s m a ll  lo a d  in s tru m e n t)

L e i tz - A u s t r ia  
P o s t fa c h  62

D r. K a rl Lueger Ring 12 
A -1014  Wien

128.800,-

(1 9 8 0 )

Z e rre  i  Bma sc  h in e  
T e n s i le  t e s t i n g  m achine

W olpert-W erke GmbH * )  
K op ern ikusS tr a ß e  11 
D -6700 Ludw igshafen

я.1,ох.еосг 

(1941 )

P en d elsc h la g v e rk  PSW 30 
Im pact s t r e n g th  t e s t i n g  m achine

Mohr & F e d erh af f  4 Losenhaaen 
P r ü f -  und M eßsysteme GmbH 
P o s tfa c h  1502 
D 68 Mannheim 1

95 .0 0 0 ,-

(1 9 7 5 )

Techno-Endoskope, M odell D 2 e 
T e ch n ica l-E n d o sco p e

D eutsche E n d o sk o p b au -G esell- 
s c h a f t  S a s s ,  W olf 4 Co mbH 
R i t t e r s t r a ß e  12 
D B e r l in

15 .9 9 1 ,-
(1 9 5 9 )

T e ch n isch e s  Endoskope "TeKZ 5000/S" 
T ech n ica l-E n d o sco p e

T e c h n ö k o n tro ll AG * * )  
Im b is b ü h ls tra ß e  144 
CH—8049 Z ü rich

5 3 .o œ ,-
(1 9 7 8 )

Gl e ich sp  annung s-P o ren p  r ü fg e r ä t  
Poroskop e, Type H 3 d
" P o r o s k o p e " -d ir e c t  v o lta g e  t e s t e r  
f o r  p o res

F is c h e r  GmbH 4  Co 
P o s t fa c h  4
D -7032 S in d e lf in g e n  6

30.000,-

(1 9 7 4 )

S c h ic h td ic k e n m e sse r  "D ia m e te r " ,
Type SM 1b
O verlay  th ic k n e s s  m easuring in s t r u ­
ment

L is t-M a g n e tik  
V iehveg 1 7 - 1 9  
D -7022 L e in fe ld e n

4 .0 0 0 ,- 
(1 9 7 3 )

M ettler-M ak ro -A n aly sen v aag e H 10 V 
A n a ly t ic a l  b a la n c e  " M e t t le r  H 10 W"

Comesa KG
T e g e th o f f s t r a ß e  26 -  28 
A—4020  L in z

9.601,-
(1 9 7 0 )

M e tt le r  P rä z is io n sw a a g e  PC 4400/19 
P r e c is io n  b a la n c e 'M e t t le r  PC 4400/19^

^ ft _ 25 .3 0 0 ,-
(1 9 8 0 )

•) Vendor f o r  A u s tr ia : O tto  Dohmen 
A r g e n t in ie r s t r a ß e  42 
A—1041 Wien

*•> It S i c h l e r  KG
P e r n e r s to r fe r g a s s e  5 
A-1101 Wien
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CHEMIE UNZAG
Hauarut Tag

TIB
Empfänger {Dureft«c)ilig« vi)

4 .  UNIDO-Vorkshop

S t r e s s  A n a ly s is  o f  P ip in g  System

B a s ic  s te p s  o f  c a l c u la t io n :

1 . P ro ced u re o f d esign  s t a r t s  v i t h  making a freeh an d  
is o m e tr ic  p ip in g -s k e tc h .

2 .  Sp ot p re lim in a ry  lo c a t io n s  o f  hanger o r  su p p o rts , lo c a t e
hangers a t  o r  n e a r  any co n ce n tra te d  load s (heavy v a lv e s , 
r i s e r s  .............)
P ic k  up a l l  h o r iz o n ta l  ben d s, to  p rev en t any e x c e s s iv e  
ov erh an g .
Hanger sp a c in g  must be c lo s e  enough, to  p rev en t e x c e s s iv e  
sa g g in g .

3 .  Study b u ild in g  s t e e l

4 .  Check f o r  in t e r f e r e n c e  (p ip e s , c o n s tr u c t io n s )

5 .  C a lc u la te  d is t r ib u t io n  o f  v e ig h t
.im portant to  o b ta in  zero  load  a t  equipment f la n g e

6 .  Summarize hanger lo ad in g s

7 .  C a lc u la te  d is t r ib u t io n  o f  exp ansions to  hanger

8 .  C a lc u la te  d is t r ib u t io n  o f  equipment movement

9 .  Summarize movements

1 0 . Choose hangers o r  su p p orts f o r  load in g s and movements

A 23 /1 b



Unaar Zakftan Baarbaitar

t!I
i
s
tl

EmpfinQ+r (DurctacMtQ*

CHHMEUHZA6
Hauaruf Tag

TIB

4 .  UNIDO-Vorkshop

T h e  K r k ^ i  n e e  r i n g  J j g p o r - f w e n t  

£ l _  i - i r r z  /4 . ¿ £ .

is sec+io»i o f the Tec*\mcc\[ b ep a st*ie*rf C T ) .

T K Q  
Engineeririq jpph
Ĉ md Cons t*. Q̂ KCj

T e c M rtic a l D e p a r t m e n t

I
T V E  

Transport beptm,
T L T

Laboratory JefA t

THW
Ubrtskrp, Erection

TEW
Architecture Dep.

T H E
instrument Dept*

L
TEL TMP TR V

Electrical Dfrtm, Material Test hep. TecMniRevihon bey.

-| T H 'B  ~ £>n p i  v e e r i n g  S e c t i o n s

4  T l< B  ~ R L  P ip in g  f a c t i o n

Tl*3 -WR Standard Office
Tl<B-KM CosiconfroL and ¿¡»re ccvfrot Qset**ecU}

3 ,  ~ P c'itn jo  S e c t i o n

4n<8 - Model Section
T K &  '  C o p i e s  W o r k s h o p

4



M a n a g i n g  C om m ittee

I
P la r in q  d e p a r t m e n t

i
I В п д и е е п п д  2 ер а гЬ и ен *

j
Activity o f  the. Sn^<neeriruj ie p a rtu eu t  :

Д о г / г  S v i g i n  е е  r i n g

Desia* Íp s ií С Ж  COx-Üquefy) ,, -, лл
Basis d a ta r  o f  fhe proceri Cr.о. M elarne o r  Urea - ъ Ы е )  
Vrocess поъ/ d ia g ra m  (гее ООг -Liquefy)
Maier lai b a la n ce .
Й о f  pdQ sn
Process P  ¿jhcI J -2 )io tg ra * «
~л* e Sc'*edи ¡e. С С0г ~ L 'q^ ef/ c*vf (/rea p b n t )
P roject vechuж  Uè.у
Ъе^сг-рЬс* o f  Hte p a n t  
L;f/ o f MOrvrz ¿and
** a f t c a Н о и t fo r  dot uachin& t a p p a r a i Tu re**

gc¡fi cationi for Ute inthrumenH  
b  r h e e t s  С Л / Ь  €  D

Cost estimation for ft* p ro ject

,q. V - 3 M

D etail E n g in e e rin g  _

^  P and  3 " lib  ц/ D ia g ra m  Cíe*- C 0\ -L iquefy  a n d  Jnrtrotmeui
Quotation for toctclUbei, apparat и ie¡ , p;pe\ etc.
O rd e r !  - • -  
P la n t model.
Pipework iioiue-frics
Measuring a*<A requiah'on Ccontrol ) d iagram  
ChedsirtG o f  fo e  o r d e n  
CbecUimq of line isorkfoop drawings 
Orders for foe erection  
M anuel handbook
CowuUs ¡orino and tertian , , . ,
Control o f  the project coif Ouat control Ct for true xc/iedUe 
(e q . Melaim *e. ^1#►»+ , U/aa plc**T)

9 H



I r i S t r u m e n  f  S y m b o l s

M e f J s t e  l l e n  -  S y m b o l e

K u r z b e z e ic h n u n g e n  s h o r t  $i<$n

cu stu h n in g j
in s t a l le d  a t  t h e  a p p a r a t u s
R j r  Ö rtlich « M essungertM essung«o

o

¡nstalfed a t  c b n t r o l  p h t e  e r  
F ü r E in b au  in M efltofei o a . M eß w arte

Control n o o m

Die B u ch s ta b e n  b e d e u t e g :

^  f irs L e £ ü i '£ 3 < ' at second oos.
a n  z w e ite r  Stelle

a t  f h i r d  o m e d  p o % .
a n  dritter od. höherer Stelle

C .
D

A n a ly s e  analvsts  A la rm  alar/n  . A la r m  algrirt 
L eitfäh ig k eit ccndudiyftleg ie r  Controller R e a l e r  a o nfroller 
D ich te  specific p r a d t T  ________ _____

E le m e n t
F lu ß  flowrate

G la s  gtass,

H_______ Fernbedienung d u rch  Hand re^ofr c o n xrol b y  sfaFTd
I_________________———-__________________ A n zeig er ¡ndicatorAnzeiger

S ta n d  l euel
M F e u ch tig k e it nt otturi

D ru ck  p r e s s u r e
S c h re ib e r  w r/'/g j

S  nwtber o t  D re h z a h l revcIuHons S c h a l tu n g  Circuit S c h a l tu n g
T _______________ T e m p e ra tu r__________  __________________
V V isk o sitä t v'tscositi-------  V e n til
W G e w ich t tygiaht H ü ls e  shell

W e it e r e  B u c h s ta b e n

d
h
r
PHa

D ifferen z
m e c h .T h e rm o m e tp r  
V e rh ä ltn is  p r o p o r t i o n  
p H -W e r t
ZA hler c o u n t e r

AH A la rm  h o c h  n i g h

AU A la rm  tie f  l o w

Hltr Alchl 4tllnl«ri* M«ituA4 «n ll«h< ISA Standard S.S4 Auty.tSCt

« R R*M
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1973 11 05

Scop« of Supply for extended basic engineering

Th« following documents vill be supplied according to a time 
schedule to be agreed upon for the procurement, construction 
and acceptance of the plant and its elements. All documents 
vill be kept up to date and vill be elaborated in German 
(perhaps English) language according to the metric system 
(international system of units according to DIN 1 301). Symbols 
or designations shall correspond to the Chemie Linz AG 
standards, to Austrian standards or DIN standards resp. to 
the Chemie-Linx AG  short designations. Documents vill be 
submitted in the form of copies and one reproducible copy 
each.

a) Process Flow Diagram vith quantities of t e materials and 
their composition vithin the different pfc ses of the 
process, operating data, thermal balance, consumption of 
rav materials and energy as veil as yield . Above data 
vill be indicated for minimum, normal and maximum throuput. 
Description of the process.

b) Draft layout indicating platform loads (f rces, veights 
and moments) and ceiling break-throughs, according to 
vhich construction drawings can be prepared. Final 
installation drawings, foundation drawings, pipe bridge 
drawings indicating weights, forces and moments.

c) Piping and Instrument Flow Diagram vith all process and 
energy pipe netvorks comprising all machines, apparatus, 
fittings as veil as measuring and regulating equipment.
The diagram vill be established in such a way that the ■ 
relation betveen process flow diagram, installation 
drawings, model, isometrics and measuring and regulating

CHEMIE U N Z AG

./ 2
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. . c) continued

diagram will be clearly shorn. As. far as possible the dimen­
sions and levels of apparatus and machinery will be shown 
according to scale. Material data lists, media codes, 
classifications for pipework, fittings ancl seals.

d) Specifications (descriptions and dimensional sketches, data 
for the pipe connecting sockets, i. e. quantity, nominal 
widths and nominal pressure, material, static and dynamic 
loads, permissible pressure loss, amounts of heat, tem­
perature, pressure and the like) for all machines and 
apparatus including required steel structures therefor ,
if any, to permit relevant design drawings to be prepared 
and/or the equipment to be built. Workshop drawings with 
parts lists or equivalent documents with apparatus data 
or apparatus details for equipment which require special 
design.

e) Plant model in a scale of 1 : 25 (details possibly 1 . 'O) 
consisting of structural framework with stairs, platforms 
and ladders, all apparatus and machines, pipe bridges, 
process and energy pipework, main routing of measuring 
and regulating lines as veil as of electric cables.

f) Pipework isometrics with parts lists for all pipelines 
vith fitting lengths in all three levels. Indication of 
sliding and fixed points and/or determination of pipe 
supports indicating static and dynamic values as far as 
they have to be specified by the engineering company. 
Determination of pipe connecting sockets on the apparatus 
in plan form vith level in'7.! 'ation. Provisional list of 
materials at the begiru^ug of planning for the complete - 
pipework including fittings and accessories. Specifications 
for special pipe material not yet included in the documents 
of Chemie Linz AG.

./ 3
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g) Specifications for insulation and painting of machines» 
apparatus» pipework and steel structures.

h) Measuring and regulating (control) diagram vith specification 
list for the measuring and control devices vith indication
of nominal values, measuring and regulating (control) range i 
and relevant permissible deviations, information on material 
coming in contact vith the media as veil as indication of 
physical values (pressure, temperature, density, viscosity 
etc.) , safety settings for the regulating and/or control 
fittings, interlock diagram and alarms for the instrumentation 
of process engineering. This documentation must be detailed 
enough to permit ordering of the corresponding equipment, 
items.

i) Specification of electro-technical equipment.
Draft of distribution system (one-line diagram), provisional 
motor list, pover mains and lighting facilities. Summary 
of critical points in regard to explosion proofing (drawing 
of explosion hazard zones), control and interlock diagram 
and alarms.

j) Checking of our dravings and of technical order specifications 
for all plant equipment from the process engineering point 
-of-viev.

k) Description of the plant, start-up and operating instructions, 
control and analysis procedures,

l) commissioning and test run by competent persons of the 
engineering company.

CHEMIEUNZAG U«AM 3«



Time-table for the delivery of the particulars 
for an enlarged Basic Engineering

months

Process Flov Diagram and process 
description
Draft layout vith vaste gas- and vaste 
vater particulars
Final installation draving 1 month after 
receiving the last particulars 
Simple Piping and Instrument Flov Diagram 
(Process-P and I-Diagram)
Piping and Instrument Flov Diagram 
(P and 1-Diagram)
Media codes, classifications for pipevork, 
fittings and seals
Provisional list of materials for the 
complete pipe material
Specifications for equipments vith longer 
terms of delivery (reactors, compressors, etc.) 
Specifications for equipment vith the 
shortest terms of delivery 
Plant model
Pipevork isometrics vith parts lists 
Specifications of the measuring and 
regulating devices 
Provisional motor list
Draft of the electric-distribution systems 
Plan for explosion- and hazard zones 
Control and interlock diagram and alarms 
Start-up and operating instructions 
(Operating instruction book)

CHEMIEUNZAG
■etxve«t  4 X t i i N n i i e s

fl«S .



. .* ■“
i •

s 8
33

TO /A M /tm . I9 6 0  01 14

1 .
1.1.
1.1.
1 .
1 . 1 .

(J la 'i'i)

(Snov)
i . i *

A B slegoigsdatat (Dm I j i  Baal s )  fO r
d i«  c o a » y t r f i a s < i f l i < n i j »  b m  ^ + ( £ 0 ^ L t q u e f y l

P ro J. * r .  1499/APA

Standort d<f Anlage* C /Ocett/O*? o f  1 k e ç Ja r jt )

aO rd lid i S in glu -T raia-A n laga. 3m  B r . 2 1 9 .
Höhenlage Ober B o rn al-jru ll ( n ) .  VtrkshSha &£Wd //V?^

*  ^  _____ . . .  a ttitu d e  ¿v a * the
*  -  S trafla -  2 5 4 .4 3  a  Ober A d ria. s^ ^ r ia )

n ia a tls c h a  T c rh lltn ls a e t (  c lifilC lte )

180 1/fca s a c . v ttr c a 4  15  
Kegcadicfctex t a *  2 6 ,5  n u A  v ttre a d  20  
S dB M fallt ■«» 17 cm/Tzq C SnowheJqh ) 
Schneelast* « a . 75 k *A * C boutload ? 
L n fttcep u ratu r* t ô iït p .)
n i t t l l a  Ja h re sm itte l*  *10 C
v l n s t t r  Menât* J u l i .  
U l t » s t « r  Menât* J

.« ♦ 35° C

\
2 .3 .

I

2 .4 .1 «

2 .4 .2 «
- 2 .4 .3 .  ;

-V- .-.i/». s-
. i-  ̂ . i-A- J

CHEMIE U N ZA S

t -2 0 ~  C 
(O ter 24  S td .)

l a  S oasar a m u  + 27° C 
l a  v la ta r  s i a .  -14®  C
a e la tis e  l a f t f — c fc tig k rltt (M O üiuee. o f  O tif )
a a rta a l 10O % 
l a  M itte l 72 % 
n ta la a l 11  %

a * d  a W  p r e s s u r a )  

(Angaben l a  % a ta  ü c h t a g )
33 .1  % *9  1 8 .4  % f  2 .3  % SW 4 .4  *  S
1 7 .6  % 90 . 1 . 2 1 9  6 .7  £  * 0  6 .9  % W

in d u s tr ía la * *
Standruck gas ta f f u l t  

B B kst y £ l O ¿ ¡ 4 y )

0 * 1  a i  I t a u  «  2 6 .2  a /u  g aaoc. «  50 k g > >  . 
i - l «  *  -  3 2 .2  V s  q M X « - , «  k *A *

- x H l V  'W t Tl.
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iu l « g « f s d < t ia  (P r » J . K r« 1499/AM )

S  -  2 0  s í  V i s ™  s  3 5 , 1  a / -  ®  -  8 0

20 -  100 «x  VBaoe* -  42,0 V «  <1 “ * « "* 11® 
V ia d g tK k fla d ig ln lt Daxchscbolttt 2 ,3  ■/*

*•4*4. Laftdrocks £ ¿jí/ p r O S S u r é )
dar la tste *  3 Js h rt«

73« ■■ B#
■ ta la a l» 70« ■  4 t
aaorloalt 733 ■■ Hf .

2 ,4*3« Z o lls tif l«  L o ftv a rt»re in ig u a ra a * £  Max- £**HtSSiOHt)  
Oob* HAI-SOrta * 4  ad* taaai M iaalcnm ff 
(B abB rdr) «b U ta g lf«

2 .3 « Onmdwassarspiapal t C uhcterq r o u n d  u a te r  )
ca* 249*00 ■* «b a r « «

b e i B O I 00 «  233,14 a (b a i

0,30 ■

Q n m d laflaa i

Cfroitpoinf)
¿  ander qroand )

i (dreh ¡freíate basix)
3*1* I« ♦ 0*00 m rn 234*43 b  Ober **

0 «*  stad o f  ♦ 0*00 b  s b  b ts iih w , 
:h rlü n a| i k a ia i1

ita r  da* eofcrtrO ck»*(r®e l̂tiri?/ 
3 ,0  ■  ( to lla a ls a  4 ,3 0  ■ T o r k B te )  p ip erackex  )

0 »

• *
BrdbaboB sadk (M a r  0401» {̂ ead*vjuake force.')

* 3.5* aaU sstge Bodai* * • » * * ,  t , «  k «/ a *

/ '

.3 ( « U M -

•* *, r *
4* S M n l o i  C tiH H tíe t ),

*

4*1*-*
rs~n f  C sf* a ») 
> b a r M t*

b a r Oberdrtack
i » *

2  bar Sata «*o .6 , « 'M * 170 I9 fl( 20#
20 ber M ts . 1 1 ,0  17.0 - 13.3 2 19  240? 300

- 29 bar Sots 2 0 ,0  2 1 ,3 22*9 260 270 280

Orocklofts* „ . { 3*0 3,3 4 .3 M p c r a to r  *Ct 
-4 0  420 ♦ 40
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Aaalegm gsdAtse (P r o J . I r »  1499/APA)

l i f t i  5 .3  7*3
(  fntfrairi€*U  a i r )

i . o »  20
CS

^  40%

4.4*

■> -  '  C s -

• 'r* ‘

P>p3tiy t » t o f f «  3*3 7*3

4 .5 .

—22 C b d  7 bar 
V e r u n r t ii ls a B s e B  x 
k e in e

. 9*0 V a ^ e r a t»  Ct
-2 0  ♦ 20 *  40

Feuchtigkeit x 
30 g /% 3

< Verunreinigungen: 
ö l*  Vesser 

j 0 2  <  2  t
£ e J e c i r ,c a l  e u e r e } ! * )

I» f t tr  d ie  
Mldea

4

42  V 3 b a t» 2 30 t t
t ( & i .  t io n o h r H ^
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>ltg«|9dat«i (F io j«  №• 1499/AFh) 

U itssd m ts t

4 .5 .1 *

4 .5 .1 »

4 ,6 .
4 .в*1» und (w arfe u a fer )

4 .< .2»

4 ,7 .

4 .7 .1 .

\

n a ch  CVa-849/l9TO
SOTSUE0)

E rford erliche Leistung i s t  
B lek tro in sta lla tlan en  in  
n u r  od<
ö rtlich en  V erhlltn ii 
Abvlssert
Abvasstr» (Regen, n k l ^  ra te ü v u i 
Fäkalien) «erden a b g e le ite t*
AocfQmag Beton, n ich t s t o t l e i t »  Kanal« 
sohle 240,40,
Verunreinigungen e 
Behörden varschrei txmg beachten»
Vasserf .
FluBvasser (KQhlvasser) C  cooff**^- ^ crt& r)
Physik, Daten*
■etxdruck« norea l  2 ,9

3 ,2  bar ^bezogen anf 31 (4 0 ,0  n ) 
1 ,6  bar

Tem peratur t
\

21° C
1® C

40° C
Zulässige 
Fallen  nach Absprache)
Fouling Faktor» fttr

« a s^ e rse itifs

r ;  c :  t *  :  >  50° C» 4 *  i S  

4 ,7 .2 *  rahlvasserleitunges
oberirdisch oder u n terird isch  j  
k a lt « e rle g t.

4»7 .3 * vasseranalyses
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An der Anfagengrenze steht gereinigtes kiesfUtriertes Donauwasser mit folgender 
.Beschaffenheit zur Verfügung ’ ' " _ f ffc fu rh ir i/t  Cj&thr

ß Durchschnittswerte. Grenzwerte.

pH a r% o.v
Letifahigkeitf condacfnvi +y ) 2&J.J0-Ö S/cm
fre e  CO2 2 .0 mg fl

6 .7 rrg(l
M-A’ert 2 .5 5 rmroffl
Je-sarrtt'crte ( hQ rdrtea ) 9 .5 • dH
Farsoncthärte 7. / * dH
t  fettende Hörte i . s * dH
k g  ' 19.A mg/t
Ca 59. S mgft
Aädomofrücks fand bei 105°C 211 m g)l
C.Lhrückstcnd bei 650 °C 122 mgf\
KStnOi -  Zchl 19 30 ng/l\
F e 0.31  ' mgt 1 \
SiOp 3 .9 m g.. \
HCOj 156 mgll
N02 0 .09 mgtl
NO2 1A m g{l
Chlorid als CL 9 rr.glt
Sulfat als SO^ 29 m glf
P 20s 0.19 mg f l
■'•Ri 0.12 mgft
Na . * 6 .S mgjf
K *>.0 mgft
P -A ert :mfdf 1
SchwebestoffeC T u ip e^ Jcd 3 - 4 12 kurzfristig mcx. 200 mglf
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A u l« g » n d 4 t«  (proj* №• 1499/APA)

b )

9.1. 9*

and Betriebsstoffes C ra * *  **<rter/ctfs  )  

Гоа!enзSuro gasfO nigt C C O zJ  
O nci aus dar Single-Trato-JSalagot ^ P^esu/fc ) 
а 1 я 1 ,2 в М  1.2« bar ab»* (П *Щ /4С Я )яаи  1( 3 t  

89° C ( später aacb V enirteli dnaig 
dar 2 bar-Danpferzeugunf Dnackeergasuag ca* 60* 
A n a ly s e  bc'toges aut tro c te a n  Oasi

9»
% n
9*1.1.

9 *1 .2* TV»  peritu ri
C)

002 99,2 b la 99*5 VOI *

«2 0 .4 b is 0*7 Voi %

»2 0,050 . b la 0 ,2  Vol %

°2 0 ,0 b i» o ,o i5  vai %
АГ 0,009 bi» o ,o i vai %

« 4 0 ,00t b i» o ,of vai %
00 0,001 b is 0 ,009  voi %
Das Gaa i s t  bat 1 ,2 (1 .2 2 ) t« r  aba* шк2 83° С

- v osserd ssp fgeslttig t* •

■Cr* $
•

- 9*2* Antonia* f lt ts s if  C
9 .2 .1 . bar Überdruck °C  T ep era tu r

\ ***• ooxval aas a is*  s o n a i
-V .. А • 19 22 ’ -ар  ♦з
;  3 .9 .2 *  Analysas •

» i 99,2 . b i» 99*9 Oer* %

V 0,02 b is 0 ,1 0  O rr. t

♦ 3 8

% завг* 1 ppa
01 «Ml ГИ *-» geringste 9p
Saatgaaas < 200 b is 400 ШХуЗоо 0

en se trun g der SastgaM f
°°1 1  b i» 2 v ai %

*2 20 bi» . 90 Voi t

« 4 33 bis 39 v ai %
».♦АГ 29 bi» 30 vai X

9*9* A r t i ak gasföraig OjU-± ~ q as?
9 *9*1* bar tJberdroek

aia* ' aornaX aast*
0,39 0,45 0*73

°C  Ttenperatur 
■■iw, s o n a i  я д х *

+10 ♦15 ./
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itmm (F*oJ« S r. 1499/AlA)

A u l y M  vi« llftuif (Pit. 9*l«t«)

S c t m s d n r t i i  C rtC rte)
OtfAuchc I t t f ü  fo ln n !«  W » d  a i d t  ttb«r  
a c k rtlt« ii
I »  MaschlneehÄS atf* 89 dB ia  «la a » Btt* 
fanraBf tob  i  a  n > 4  «a  doa ScBaUcrMoaar« 
ta rra lca  u ta u  85 dB *A*. saast v ia  to t« 
B d ard a r ow cto tlb a g a i  b ta d t d l

CHEMIE UM ZAG
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Technischer Text sur Anfrage 62545/9354/SZ

Eine Anaoniakverdichteranlage bestehend aus:

A) 1 Koepl. NH3-Verdichter mk r e r g e s e k a A b s e h m i J m r  

fOr die POrderaengen eax , t  a) 44 000 Na3/h
b) 22 000 Nra3/h

B) 1 NH3-Voretrmer
C) 1 NH3-Nachktlhler satt Kondensatabscheider eit automatischer 

Entleerung
D) Ersatzteile

österreichische 
Stickstoffwerke AG
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Technischer Text zur Anfrage 62545/9354/sz

Elektrische Energie:

Für Antriebsmotore >132 kV: 
Für Motore < 132 kV 
S teuerSpannung:

6000 V, 50 Hz 
500 V, 50 Hz 
220 V

Ex-Schutz am Aufstellungsort: 

Kompressorregelung:

Betriebsveise:

Aufstellungsort:

Exe i 31

bei konstanter Verdichterdreh­
zahl mittels Bypaß

24stündiger Dauerbetrieb

in einem allseits geschlossenen 
Korr.pressorenh^us.

Lärmpegel: Der zulässige Lärmpegel in einem Meter Abstand
von d. Maschine darf 65 d B (A) nicht 
überschreiten.
Sollten zur Erreichung dieses Lärmpegels Schaltschutz­
maßnahmen' (Schallschutzhaube, Schalldämpfer etc.) 
erforderlich sein, bitten wir Sie diese aitanzubieten.

Angebotsumfang beim Verdichter:
a) 1 korapl. Verdichter für 44000 Nm3/h bzw. 22000 -mS/h
b) ev. nötiges Getriebe

c*j Kompl. Druckölschmierung mit Haupt- u. Hilfsolpumpe,Ölkühler, 
Ölfilter, Rohrleitungen und Armaturen.

d) Kompl. Fundamentrahmen mit Ankerschrauben
e) Kompl, Regeleinrichtung
f) Alle für den Betrieb und die Überwachung nötigen Meß- und Steuer­

geräte.
D) Ersatzteile:

1 Satz Drehkolben mit Wellen ./g

7

Ah« u m  r m  M u«A«n uns rv
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1 Satz SteuerZahnräder mit Nabe 
1 Satz Läuferlager 
1 Satz Vellenabdichtung 
1 Ölpumpe
1 RohrbUndel für Ölkühler 
1 Ölfiltereinsatz
und zusätzlich Ihres Erachtens nach noch erforderliche 
Reserveteile.
Oie Preise bitten vir positionsveise getrennt anzubieten. 

Angebotslegung bis : 1973 12 07

Nicht zu Ihrer Lieferung gehören:
Sämtliche Bauarbeiten, Fundamente, Antriebsmotore mit Schalt- 
und Schutzgeräten, Kupplungen, Isolation,Ölfüllung, Montage

Dem Angebot sind beizulegen (3fach):
Maßblätter d. Verdichters und aller Apparate
Skizze des Fundamentes
Gevichte des Verdichters u. d. Apparate
Schema d. Wellenabdichtung mittels Sperrgas
Anlaufmomentenkurve
Liste der Meß- und Regelgeräte

/9
MaSst q#iE P A
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CHEMIE LINZ MELAMINE P R O C E SS

Process Description

Melamine, a raw material for the plastic industry, has been so far 
produced from calcium cyanamide via dicyandiamide, but is now mainly 
produced from urea.

The CHEMIE LINZ AG succeeded in developing a continuous process at 
atmospheric pressure for the production of melamine from urea, thus 
achieving a technical progress solving all problems satisfactory.

The CHEMIE LINZ - melamine process operates at atmospheric pressure. 
The formation of melamine proceeds - in the same way as in case of all 
other processes starting from urea - according to the overall equation:

6 c o (nh2)2 --------- > c 3n3(nh2)3 ♦ 6 nh3 * 3 c o 2

The reaction is endothermic.

The melamine is produced in two steps. First, urea is thermally de­
composed into an equimolar mixture of isocyanic acid and ammonia:

CO(NH2)2 --------> HNCO ♦ NH3

H = ♦ 780 kcal/kg urea (solid), endothermic reaction.

This gas mixture is diluted with additional ammonia, and led to a catalytic 
reaction. During this second step the isocyanic acid is converted into 
melamine and carbon dioxide.

6 hn co  ------------ > c 3n3(nh2)3 ♦ 3 c o 2

H * - 71<J kcal/kg melamine, exothermic reaction.



These separate process steps permit carry.** out each , „ f _  . . .

optimum temperature range. Consequently the formation of ur»a trc t>,- 
products is reduced to a minimum; and a recrystallizat.on ,s not neces­
sary.

The first reaction takes place in a heated fluidized sand bed. These is 

practically no abrasion and therefore the reation gases need not to be 

filtered. The second reaction is effected in a fixed catalyst bed. There is 

no contamination of the product gases due to catalyst dust. Such 

contamination would necessiate filtration and crystallization. The reaction 

heat of the second reaction is controlled by cooling devices. The reaction 

heat is used for preheating ammonia. The melamine formed in the 

catalyst bed is gaseous at reaction temperature. It is condensed in a 

subsequent cooler, where melamine crystals are formed in a aqueous 

suspension. The remaining components of the reaction gas mixture can 

thus be separated from the suspension very easily.

The melamine can be easily separated from the mother liquor by a 

centrifuge or a filter. Due to this wet separation as well as the subsequent 

drying melamine with high bulk density is obtained. High bulk density is an 

advantage for storage, transport and further processing.

According to the overall equation, 2,36 tons of urea are theoretically 

needed far the production of 1 ton of melamine with 0,31 tons of ammonia 

and l,05 tons of carbon dioxide as by-product.

As the formation of melamine from isocyanic acid has a yield of 91 - 95 % 

in practice 3,1 tons of urea are required to produce 1 ton of melamine.

The unreacted isocyanic acid is hydrolized into ammonia and carbon 

dioxide or rebuilt to urea.
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Process Description of a Melamine Plant

If the urea to be treated is available in solid form this is first melted with 
steam (1,2). If urea is available in liquid form the melting is of course 

waived. The melt is delivered to the decomposer (3) by pumps. The heat 

required for decomposition of ;he urea is obtained from a circulation salt 

bath which is maintained at the right temperature. The reaction takes 

place in a sand bed reactor, fluidized with hot ammonia. In the de­

composer (3) a gas mixture consisting of isocyanic acid and ammonia is 

formed. This is delivered to the catalyst reactor (5), where the isocyanic 

acid is converted to gaseous melamine, and carbon dioxide is set free. The 

reaction heat is used to preheat ammonia.

The mixture cf gaseous melamine, ammonia and carbon dioxide goes to 

the separator (6), where fine-crystalline melamine, suspended water is 

obtained by direct cooling.

Dus to extraction of heat by water evaporation the separation gases 

entrain water vaporous. A great part of this water vapour is condensed in 

the following off-gas-cooler (7) and returns to the separator (6). The o ff­

gas is sent to the off-gas treatment unit.

The suspension from the separator (6) is pumped into a collecting tank (8) 

and cooled via cooler (9), whereby part of the dissolved melamine will 

crystallize.

The suspension is pumped to the centrifuge or filter (10) where melamine 

crystals and liquid are separated. The mother liquor is recirculated to the 

melamine separator where it served as a cooling agent.

To obtain the desired moisture in the final product, the melamine from 

the centrifuge of filter is dried in drier (11). The cooling zone in the drier 

cools the melamine so as to be suitable for storage.



Subsequent sieve (12) and mill (13) enable removai^of agglorr.erats formed 

in the drier.

The product from the drier is ready for sale. It is weighed (IU), bagged and 

stored.

Off-Gas Uitilization

The off-gas consists of carbon dioxide, water vapour, inert gases and a lot 

of ammonia. The major part of this ammonia was fed to the catalytic 

reactor in the synthesis for the fluidization. The minor part was set free 

during reaction.

There are different alternatives available for utilizing the off-gas and 

mother liquor economically.

The following possibilities may be mentioned:

a) Separation and return of the ammonia from the synthesis and 

absorption of the residual off-gas to produce an ammonium 

carbonate solution.

This carbonate solution can be celhereb to fertilizer plants for 

conversion into ammonium nitrate, ammonium sulphate or 

ammonium phosphate.

When passing this ammonium carbonate solution to an urea plant, 

consideration should be paid to the fact omat the high percentage of 

water reduces the efficiency of cor. vers.tr'. mto urea.

An improvement is obtained thro-gh zzr.version of the ammonium 

carbonate into an ammonium carbamate solution, thus reducing the 

water rate.



A better alternative would be, however, according to a process, 

developed by Cnemie Linz and used i n jCvcrd plants.

b) Obtain an ammonium carbonate solution as in a) above and separate 

this into ammonia, carbon dioxide and water which only marginal 

increase in investment and utility requirements.

Thus the melamine plant is independent from any other plant, 

because the pure ammonia can be exported in liquid form or used 

anywhere.

Process Description of an Off-Gas Treatment Unit

The off-gas goes to the ammonium carbonate column (= NH^-separation, 

21) where CO^ is washed out forming an ammonium carbonate liquor 

supersaturated with ammonia. The surplus of ammonia is cooled and dried 

with liquor ammonia on the top cf the column. Bulk of this ammonia is 

compressed (16), preheated and returned directly to the melamine 

plant for re-use. A small part of this ammonia stream is further 

compressed (17), liquified (18), separated from residual inert gases and fed 

to the top of the ammonium carbonate column (21).

The balance of the ammonia gas obtained at the top of the column (21) 

leaves the plant and is available for further use in other units. This 

quantity corresponds to the ammonia produced during the melamine 

synthesis.

The ammonium carbonate solution is stripped o ff from the free ammonia 

in the NHj-stripper (15) and delivered to the lower stage of the CC^- 

stripper (19), which operates under elevated pressure. In the lower steam 

heated stage, the ammonium carbonate solution is decomposed. In the 

upper stage the NH^ is scrubbed with water and the pure CC>2 leaves the 

plant for further use. The ammonia water, obtained in the sump, which 

still contains slight amounts of carbon dioxide, transfers its heat in the 

NH^-CC^-stripper (20). A main part goes to the ammonium carbonate 

column (21). The remainder is decomposed in the NH^-CC^-stripper (20). 

Gases expelled in this column are recycled to the ammonium carbonate 

column (21). The separated water can be used as washing water or purged.
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Consumption Figures per Ton (Metric) of Melamine

I
C o n s u m p t i o n _________________________________________Expected

Urea (100 %) 3,10 t

NHj liquid 0,3 t

Process water

(condensate) 1,2 t
Catalyst

(2 years life-time) 2,50 kg

Electric power 6 kV 500 kWh

500 V 280 kWh

Fuel 1M  G3

Steam 15 bar 3,0 t

6 bar 4,0 t

Cooling water I5°C 800 m3

Nitorgen 5 bar 40 Nm3

Instrument air 40 Nm3

Compressed air 400 Nm3

■ Credit

NH3 gas 1 bar 1,2 t
COz gas 20 bar 1,10 t
Condensate 5,00 t

Effluent

Mother liquor 

from recrystall. 0,03 m3

with 1 kg melamie 

20 g NaOH 

90 g Na-ammelide 

Cooling water 800 m3
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1 . M e l t  v e s s e l

2 .  C i r c . h e a t e r

3 .  D e c o m p o s e r
4 .  N H ^ - p r r i i e a t c r

5 .  C o n t a c t  lu r n a c o

6 .  S e p a r a t o r

7 .  R c c o o l c r
8 .  C o l l e c t i n g  v e s s e l

9 .  C i r c .  c o o l e r  
10 . C o r t l r t lu g e

11 . D r i e r
12. S i e v e

13 . M i l l

14. S c a l e s
. 15 .  N H j - S t r i p p e r

16.

17.

18.

19.
20. 
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