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ON FERTILIZER PLANT MAINTENANCE 

19. September - 4. November 1983 
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Proj. N•. l.5/INI'/83/085 

Contract N•. 83/57 

Executing Agency: 

Place of Training: 

Period of Training: 

Participants: 

: ' "" I'' ,'°111•<, 
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~u U\..SU u u~ ~;iJ Li 

CONSULTING GES.M.RH 
Unser Z;iict\en·) 

LCS/He/st 

Report on Activi~ies of 

sixth UNIDO - Wcrkshop 

on Fertilizer Plant 

CHEMIE LINZ AG, Linz, Austria 

Blatt 

September 19 to ~ovembcr 4, 1983 

Mr. Mohamnad Aqa Rl\HMATIAN 

Mr. Zi-Xian XU 

Mr. El Sayed M. CMIOAT 

Mr. Hussein I. B. TA\'EL 

Mr. Dili? Kumar DAS 

Mr. Wahyudi SUNARYO 

Mr. Musa YAKUBU 

Mr. Qnar Ali MAMBOLEO 

Mr . Leonard A . MAS !MBA 

Mr. Ali ACI~ 

Mr. Noel Fred KAWAl'l..l 

Tag 

1983 11 10 
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CONSULTING GES. M. B. H 

UnHr Zeic:hen•) Blatt Tag 

UNIOO LC;/He/st 2 1983 ~ 1 10 

Training Progranrne: 

,st week: September 19 - September 23, 1983 

General information about CHEMIE LINZ, Hostel, shopping 

facilities; ... 

Slide rep::>rt about CHEMIE LINZ products and plar.ts; offi­

cial opening of the sixth UNIDO WORKSHOP on FERTILIZER 

Pl.Am' MAIITTENAOCE by CHEMIE LINZ board director Mr. Burger. 

Introduction of department ATP (phosphat fertilizer1. 

Activities in central workshop, department ATG (gas refor­

ming and water treatment) and electrical department. 

Meeting with all instruc . .-tors of workshop. 

2nd week: September 26 - September 30, 1983 

Meeting with civil engineering department. Visit to shut­

down gypsum-sul~,uric acid plant. Training in safety de­

partment and vi~it of firefighting equipment manufacturer. 

Study tour to electrical companies (Sep. 28, 1983). Meeting 

with department llf.1V (stores) and instrunent department, 

Lecture "Fundamentals of Maintenance". 

rd '3 week: Q:tober 3 - October 7, 1983 

Introduction of department ATN (nitrate fertilizer). Study 

tour to petrochemical plant at Vienna (Oct. 4, 1983). 

Meeting with material testing departmEnt and introduction 

of department ATH (al'Tl1l0r.ia-h~gh pressure facilities). 

Meeting with CHEMIE LINZ energy control department, meeting 

with CHEMIE LINZ training institute. 

Meeting with department BTH (urea-high pressure facilities) . 
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CONSULTING GES. I.A. B. H 
Unser Ze1chen ") Blatt Tag 

LCS/He/st 3 j 983 11 10 

th 4 we~k: OCtober 10 - October 14, 1983 

'Ihe team was split up into several individual groups. 

'Ihe training took place in the technical sections of the 

anmonia plant (A'Ili) , NPK-fertilizer plant (AT!'i and urea 

plant (BTH); special instructions on central work3hop, 

instrument department, material testing depart~nt . 

• a. stt..>dy visit w~.c:; arrang(.d to a hydroelectric pcwer.sta­

tion on the Danube (Oct. 9, 1983) and to heavy equipnent 

manufacturer at Kapfenberg/Styria (Oct. 11, 1983) 

th 5 week: October 17 - OCtober 21, 1983 

Activities were set in the technical s~tion of ammonia 

plant (ATH), gas reforming and water treatment iATG) and 

urea plant; electrical department (TEL). A study tour to 

Beat-fertilizer plant at Blirmcos/Salzburg and iron and 

steel manufacturer VOEST Alpine was arranged. 

th 6 week: OCtober 24 - October 28, 1983 

During this period lectures and practical work took place 

in the technical section of NPK-fertilizer plant (ATN) and 

phosphat-fertil1zer plant (ATP), electrical department (TEL) 

and instrument departme~t (TME). Le<'.:tures were given on 

pollution control, cost control and budgeting. The works 

council arranged a stooy tour to an U~r Austrian farm 

(Oct. 28, 1983). Figers for conslUTlption of fertilizers and 

crop yield were providej. 
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:l ©UD@[JiJi]C~!:t~U 
CONSULTING GES.1'.A. a H 

Unser Zeicnen") Biatt Tag 

LCS/He/st 4 1983 11 10 

7th week: October 31 - Novent>er 4, 1983 

The final week was spent in the tedmical section of the 

P"tosphat fertilizer plant and urea plant, instrument de­

partment and material testing department On a study visit 

the participants went to a manufacturer of pump.5 and tur­

bines. 

Final meeting on November 4, 1983. 
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Mr. 

Mr. 

Hr. 

Hr. 

Mr. 

Mr. 

Mc 

Mr. 

Mr. 

Mr. 

Mr. 

Detailed financial statement for 

allowances, l~ing, etc. 

1 • 2. 
Days u:xi:;Jing a) Travel days 

a 160,-/ b) 20 % of allow. 
day c) d) e) full board 

XU Z1-Xian so 8 000,-- 27 037 ,24 

C~HDAT E. S. H. 49 7 840,-- 27 037 ,24 

TAYEL H. I. B. 49 7 840,- 27 037 ,24 

DAS D. K. S4 8 640,-- 28 918, 12 

SUNARYO W. 49 7 840,-- 27 037 ,24 

JAKUSJ M. 42 6 720,-- 25 852,24 

MAMOOLro 0. A. so 8 000,-- 28 062,68 

MASIMBA L. A. so 8 000,-- 28 062,68 

ACIKBAS A. so 8 000,-- 27 037 ,24 

KAWANU N. F. 48 7 680,-- 27 037 ,24 

RAHMATIAN M. A. 48 7 680,-- 27 037 ,24 

539 s 86 240,-- 5 300 156,40 

Total amount for 1 . , 2. and 3. 

transfered ainount 

annunt to be transfered to l.)'.1100 

- s 390 795 ' -­

s 399 487,-­

s 8 691 ,--

l 

3. 
lNIDO Part 
of travelling 
cost 

400,--

400,--

400,--

400,--

400,--

400,--

400,--

400,--

400,--

400,--

400,--

s 4 4,)Q ,--
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[)etai!ed financial statement 

for sixth 1.NIOO-Workshop in Linz 

1. An average of 5 CL-personnel were ergC!!r:fed for every 

week of the period of training. 

5 personnel x 7 weeks x S 18 700,-- fee 

2. 7 % administrntive surcharge I telexes, 

letters, visas, Jost luggage, reports, TV rent, 

procurement of retourn tickets, i1elmets, goggles, 

working clothes, jackets, gasmasks 

3. Workshop documentation 

4 500 Xerox copies ••• S 2250,-­

Translations German - English S 35 797,-

4, Subsidy to the cost of daily meals in CL­

canteen for meniis for Moslems 

Cost for meal =S 12,-- sub.sidy • S 48,--

360 r.leals x S 48,--

5. Newspapers and spec. li teratur 

Herald Trirune, Gardian, New Statesmann, 

Code of Practice fo~ Industry 

6. Study visits and social activities 

b.ls fares s 27 587 .--, Exibition tickets S 2 065,-

7. Special dinners and presents, approx. 

8. Transportation costs 

Public transport: 33 weekly tickets a S 85,--

11 monthly tickets as 320,-­

airport to acconm:xiation and retourn 

9. Fotos and al.buns 

5 300,-- - 4 400,-- Unido part 

total 

fee for workshop 

oontribltion in kirxl 

l 

s 654 500,--

s 45 815,--

s 38 007,--

s 17 280 ,--

s 6 866,-

s 29 652,--

s 20 000,--

s 6 305,--

s 900,--

s 3 792,--

s 823 117 ,--

s 630 000,--

s 193 117 ,--.. 
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Postnnsctt,,f't des Abwnd~rs 
C,..C: ... IE LI~.:'. AG. Postlach 296. A~021 l1nz. Ausrna 

Mr. r-lohamrnad Aqa RAHMATIAN 

fl:On 

Ministry of Mines and 

Industries Kabul 

A:ghanistan 

Uft..,,..., 
LCS/He/Wh 

CONSULTING GES. Ali. B. H 

2236 

Femruf (Te1ephone) 
Linz 10 73 2; 591 Durchwahl 
Orarit.in~rinft (Telegrams) 
Chemie Linz 

Femschra1ber (Tele•) 02 1324 

1983 10 18 

Che~serv Consulting GesmbH has provided the above stated work­
s:10? participant with the followinq allowances and subsidies: 

a) A daily subsistence allowance tor 
4 travel days of A.S. 1413,60 per·day ••• A.S. S.654,40 

b) 20 \ of daily subsistence allowance rate 

as pocket money A.S. 282,72 per day x 
47 days ••••••••••••••••••••••••••••••••• A.S. 13.287,84 

c} Full board for 7 weeks Monday to 

Friday, A.S. 145,-- per day ••••••••••••• A.S. 5.075,--

~) ~ ~~~kends, A.S. 230,-- p~~ da~ ••••••••• A.S. ~.76~.--

e) 2 holidays (add), A.S. 130,-- . . . . ... . . . . . A.S • 260,--

Total A.S. 27.037,24 
···············•=&••• 

~is accomodation at A.S. 160,-- per day was also financad by 

~The participant conf irma that he h&a received t;.he above 

5 ta ted a.mount: 

• '1• 'I".' ,' I ... ''.•" 

• ._. .• e.; .. \IW'~r':f4'lllle"'' lo'l,_,n 
~ .. :e ~ .,..,:,,~.r,;..,,,l\IN' 

(Rahmatian) 

l 
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CONSLJLT!NG GEStv1-BH 

P.:s:,,..,scnr·t'! des Aosen.J.?"5 
C>-E V E ~1,..Z ... G. P.JSt!Kh 296. A-4021 Linz. Austna 

:-~r. Leonard A. MASIMBA 

from 

?anzania Fertilizer Co. 

Tang a 

Tanzania 

tnrZ1t1c:"'l.en 1nrtt N•chncf'lt vom Unser Ze1chen·) 

LCS/He/Wh 

Arrival in Linz: 1983 09 
Bet.-.n 

DeEarture 1983 11 

Hausrut 

2236 

18 

07 

Fernn .. r 1 ":"c.eot-:one1 
Lin: 1 J :"3-;:. s~· Ourcl"lwal"ll 
Orah~an·;i.:hr.rt 1 Te.eo~ams; 
Cnem1e Lrnz 

Fernschreot>er 1Te1ex) 02 1324 

L•nz. Sr -Peter-StraAe 25 

1983 11 04 

Bearbe1rer 

Mr. Herzog 

Che~serv Consulting GesmbH has provided the above stated work­

shop participanL with the following allowances and subsidies: 

a) A daily subsistence allowance for 

4 t~avel days of A.S. 1411,60 per day •••• A.S. 5.654,40 

b) 20 % of daily subsistence allowance rate 

as pocket money A.S. 282,72 per day x 

4 9 days • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • " 

c) Full board for 7 weeks Monday to 

Friday, A.S. 143,-- per day ••••••••••.••• " 

d) 7 weekends, A.S. 230,-- per day •••••••••• " 

e) 2 holidays (add), A.S. 130,-- ••••••.••••• " 

13.853,28 

5.075,--

3.220,--

260,--

Total A.S. 28.062,68 
====================== 

His accomodation at A.S. 160,-- per day was also financed by 

Unido. 

The participant confirms that he has received the above 

stated amount: 

(Masimba) f', 

I.~ I, ' 

,'\ I 

, \:, 1\/,__'· \ .-

• :i.i :1·•:. :·.··.1 .... •i!('f'I 

: ..... : • ·•''• ;,. ..,,,.., ,.,..,,,~ ... rP.f'I 
A 11117 
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LCS) He /"11 

1983 11 04 

I confirm having received from CHEMSERV CONSULTING the 

following amount for the weekend before homeflight: 

1 weekend, A.s. 230,-- per day ••••••••• A.S. 460,-­

Pocket money for 2 days ~ 

A.S. 282,72 per day •••••••••••••••••••• • " 565,44 

Mr. MASIMBA 

-Krc..-MAKBOLEO-

Total A. s. , . 0 2 5 I --

/ -,_, 
1 ' 

( 
'. i, • ·' 
l/ \. \.}v...._ '' .:.. · :_ t, ....................... 

....................... 
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Pos:anscl'\nft o.s Abwnc:sers 
C><Eu:E u-.z AG. Postf.cll 296. A~021 Luu. Au81na 

Mr. Ali ACIKBAS 

from 
Istanbul Giibre Sanayii AS 

Kocaeli 

Turkey 

.......... _ 
~IMMll .. 

LCS/He/Wh 

coNsuLTING GES. M. a. H 

Femrur !Tereohonet 
Linz 10 73 2! 591 Our~hw•hl 
Oraht.a.nscl'ln~ tTelegr;ams) 
Chem1e L1nz 

Femscll,..ber tTel .. l 021324 

2236 1983 10 18 

Che:serv Consultinq GesmbH has provided the above stated work­

shop participant with the following allowance• and subsidiess 

a) A daily subsistence allowance tor 
4 travel days of A.S. 1413,60 per·day ••• A.S. 5.654,40 

b) 20 \ of daily subsistence allowance rate 

as pocket money A.S. 282,72 per day x 

47 days ••••••••••••••••••••••••••••••••• A.S. 13.287,84 

c) Full board for 7 weeks Monday to 

Friday, A.S. 145,-- per day ••••••••••••• A.S. S.075,--

;, ·.:c::eke~ds, A.S. 230,-- per day ••••••.• A.S. 

e) 2 holidays (add), A.S. 130,-- • • • • ••• • • • • • A.S • 2€0,--

Total A.S. 27.037,2( 
·············~-~=-··· 

His accomodation at A.S. 160,-- per day was alao financed by 

:;:'l~do. 

-~he participant conf irma thAt he baa received the above 

stated amount: 

. 'l· . : ; -, . ' ...... ., 
· ...... •CS.:•~""''t,._-_,i ."'rrn• 

:... .. . . ... .:...._ .. ., ~,..,.,.,._, 
(Acikbas) 

I /. ' . - ; 
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Pos!.a:"IS.:Jo::--:ft de-s Atwn<Mrs 
C>•El.ltE ~:NZ AG_ PoSlfach 290. A-40~1 Luu. Auarna 

Mr. Noel Fred KAWANU 

f ror.t 
Nitrogen Chemicals of Zambia Ltd. 

Kafue 

Zambia 

...... ·- ~z.c.a., 

LCS/He/Wh 

coNsuLnNG GES. M. 8. H 

2236 

Fernru!; ;.:re-~f"tone1 
Linz 10 73~1 59t Ci..rcrtwal'll 
Dr•nt•nscl'lnlt tTeht;rams) 
Chem1eL1nz 

FemschreoDer cTelex) 02 1324 

Llde.ISS1~iS 

1983 10 18 

~ ... 
Che~serv Consulting GesmbH has provided the above stated work­

s~O? participant with the following allowance• and subaidiesi 

a) A daily subsistence allowance for 

~ travel days of A.S. 1413,60 per•day ••• A.S. 5.654,40 

b) 20 \ of daily subsistence allowance rate 

as pocket money A.S. 282,72 per day x 

47 days ••••••••••••••••••••••••••••••••• A.S. 13.287,84 

c) Full board for 7 weeks Monday to 

Friday, A.S. 145,-- per day •••••• , •••••• A.S. S.075,--

=i ~ •~aAe~ds, A.S. 230,-- per day ••••••.•• A.S. ~-:~~ --

e) 2 holiday& (add), A.S. 130,-- . . . . ... . . . . . A.S • 260,--

Total A.S. 27.037,24 
•••••••••••••z===•=•• 

His accomodation at A.S. 160,-- per day was also financed by 

_:;'he participant confirm• that he haa received the above 
stated amount: 

• .i •• " : ; I ~ ., .,,,.. 

• .te"t·af"W"'911" ,,.~~.,. ..... ,. ... :... -..... ...,, _ .. _~ .,.,\,1,..,..... 

;j. 
LI'! . - . .._ __ 

(Kawanu}-- - - - - -·-----· 
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~flc.,tSJ/h';)\;-- ,.., ~ -- ~-
\.0U U\SU u U __ ·-· ~ 

Po-s:.ansc,.,nf! O.s Ab....aers 
CHE "''E l•l'<Z AG. Posrt•cll 296. ~ lJftZ. A&;-

~.r. 

Zi-Xian XU 

f rorn 

Sichuan Chemical Plant 

Cheng Du, PR. China 

~~' 
LCS/He/Wh 

CONSULTING GES. lv1. B. H. 

F•~n..t ·Te.~;;r-c~e• 
Linz 10 :9321 59! Ourchw.alil 
Oraht~nscl'ln!t i Tt"!eg~s) 

Cftem•• L1r.z 
Femschr .. ber ,r ... ., 02132C 

2236 1983 10 18 

Che=.serv Consultinq GesmbH has provided the above stated work­

shop participant with the followinq allowances and subsidies: 

a) A daily subsistence allowance tor 

4 travel days of A.S. 1413,60 per·day ••• A.S. S.654,40 

b) 20 \ of daily subsistence allowance rate 

as pocket money A.S. 282,72 per day x 

47 days ••••••••••••••••••••••••••••••••• A.S. 13.287,84 

cl Full board for 7 weeks Monday to 
Friday, A.S. 145,-- per day ••••••••••••• A.S. 5.075,--

~. ~ ~eeke~ds, ~.s. 230,-- per day ••••••••• A.S. 2.?f~.--

e) 2 holidays (add), A.S. 130,-- . . . . ... . . . . . A.S • 260,--

Total A.S. 27.037,24 
a•aaa•••••••Ez::::::~ 

His accomodation at A.S. 160,-- per day was also financed by 

t:nico. 

_T~e participant conf iraa that h• h&a 

stated amount: 

.. q ••• :. : ,',.' ......... ... ...,..,..""""'"',.. ............ ...-.. "", ...... 
• t •.14•;. ...... ....,..,·.rrw..,.• 

received the abo~a 

f~.d:L 
(Zi-Xian XU) 
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Posta . .,s.:hrf'T des Abssno.t"S 
C>•EM!E l!~ AG. Pcsrt.c" 296. A-'021 linz. Austne 

Mr. El Sayed M. OWIDAT 

from 

Fertilizer I Chemical Ind. 
Talkha 

Egypt 

CONSULTING GES. M. B. H 

Fllt'mr-,•f iTereohone) 
Linz 10 7321591 Ourc;hwa"I 
Orahtanschr1ft <T•legrams1 
Chem re Linz 

F9mac;nra1Der (T~•••I 021324 

~ ~1itP....0Bllilli2S 

2236 1983 10 18 

Cnemserv Consultinq GesmbH has provided the above stated work­

s.~op participant with the following allowance• and aubsidieas 

a) A daily subsistence allowance tor 
4 travel days of A.S. 1413,60 per•day ••• A.I. 5.654,40 

b) 20 \ of daily subsistence allowance rate 

as pocket money A.S. 282,72 per day x 

47 days ···~·•••••••••••••••••••••••••••• A.S. 13.287,84 

c) ~ull board for 7 weeks Monday ta 

Friday, A.S. 145,-- per day ••••••••••••• A.S. 5.075,--

~: ~ ~eeke~ds, A.S. 230,-- per day ••••••••• A.S. 2.76~.--

e) 2 holidays (add), A.S. 130,-- •••••••••••• A.S. 260,--
~---'--~~~---~ 

Total A.S. 27.037,24 

His accomodation at A.S. 160,-- per day waa also financed by 

t.::11cio. 

:~he participant confirm• ~t he h&• received the above 

stated amount& 

(Owidat) 

• :~" :i : : ~ 

...,,,. .. ,,. ... ,,.. ,.~ .. ~--
~ ...... ~ .. ~_.._,,.,At' 

l 
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Postanschrf't des Absenders 
CHEl,llf LINZ AG. Postlach 296. A ... 0211.Jnz. Austna 

Mr. Hussein I. B. TAYEL 

from 

Abu Qir, Fertilizer & Chem. Ind. 

Alexandria 

Egypt 

ijl\W ... , 

LCS/He/Wh 

,.. ... ~ ,.... 

- -·-' ...... _;, 

CONSULTING GES. M. B. H 

Fem rut (Tt:lt:pt!one) 
Linz tO 73 21 591 Durchwalll 
Drahtanschr.n (Teteg~msl 
Chemie Linz 

Femschreober (Telex102132C 

~ L~&iP...,.~2~ 

2236 1983 10 18 

Che~serv Consultinq GesmbH has provided the above stated work­

sho? participant with the following allowance• and subsidies: 

a) A daily subsistence allowance for 
4 travel days of A.S. 1413,60 per•day ••• A.S. S.654,40 

b) 20 \ of daily subsistence allowance rate 

as pock~t money A.S. 282,72 per day x 

47 days ••••••••••••••••••••••••••••••••• A.S. 13.287,84 

c) Full board for 7 weeks Monday to 

Friday, A.S. 14~,-- per day •••••••••••8• A.S. 5.075,--

j; w weeke:'lds, A.S. 230,-- per day ···~····· A.S. 2.7€0,--

e) 2 holidays (add), A.S. 130,-- . . . . ... . . . . . A.S . 26:i,--

Total A.S. 27.037,24 

~is accomodation at A.S. 160,-- per day was also financed by 

l::'l ido. 

~~he participant confirm• that he ha• received the above 

stated amount: 

(Tayel) 

. :;,. : ..... ;•.'""• .. , "''""" 
·~111.":....U ....... ~ ......... ,J""I' ;,,- ......... .: ..... ...,.,.h,.,,,,..,., 

l 
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CONSULT:t.JG GES. tv1. B. H 

Pci!-~.l"''K.,,."! ~.:s Abs.enders 
CHt: ..,,f. L ..ZAG Pcstfach 296. A402t Linz. Auatna 

~r. Dilip Kumar DAS 

fron 

Hind~stan Fertilizer Corp. 

Durgapur 

India 

Fernru~ 'lc-r~o·""Jne; 
Lin.: n) 7'3 21 5~T Ourcr-r.-._r:1 
Orari:ar.~.:rmrt 1Tetegr .. ms1 
Chem1• Linz 

Femsc~r••ber tTelH) 02 1324 

------------------------------- --- -- -

1!"!re Nachricht vom 

LCS/He/Wh 

Arrival in Linz: 1983 09 16 

Departure to Fr.:1983 11 09 

2236 1983 10 18 

8eart>e1ter 

Hr. Herzog 

Chernserv Consulting GesrnbH has provided the above stated work­

shop participant with the following allowances and subsidies: 

a) A daily subsistence allowance for 

4 travel days of A.S. 1413,60 per day ••• A.S. 5.654,40 

b) 20 % of daily subsistence allowance rate 

as pocket money A.S. 282,72 per day x 

5 1 days • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • " 

c) Full board for 7 weeks Monday to 

Friday, A.S. 145,-- per day ••••••••••••• 11 

+ 2 days i A.S. 145,-- •••••••••••••••••• 11 

14.418,72 

5.075,--

290 ,--

d) 7 weekends, A.S. 230,-- pe: day ••••••••• 11 3.220,--

e) 2 holidays (add), A.S. 130,-- .•••.••••.• _11~~~--2.~6_0~,--_-

Total A. S. 28. 918, 1 2 
======================= 

His accomodation at A.S. 160,-- per day was also financed by 

Unido. 

The participant confirms that he has received the above 

stated amount: 
~ - -· , 

. - -·--~ 

(Dilip Kumar DAS) 

., ...... . .... ,.,,...., 
.,. • . .- , .'·· -r~ ,.~1 .~"~r" 

A 1L'l7 

•· . . 1' : ;· 

l 
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1983 11 04 

I confirm having received from CHEMSERV CONSrLTING the 

following amount for the exceeding days of the workshop 

(one weekend + 2 days) 

Full board a S.S. 1457- per day 

1 weekend ~ A.S. 230,­

Pocket money for 4 days 

" • 
....... A.S. 290,--

n " 460,--.......... 

~ A.S. 282,72 per day ................... 11 
" 1130,88 

Total A.S.1.880,88 
======================= 

(Dilip Kumar DAS) ~ / 1 ~ /:.] 



~~(O)lh'f))r' ----- ... -~ _I 
\0U U\SU u LJc_, - -_. L-J L~ 

Post.ir.s.:r-,.,tt des At>senders 
CHE"' E LINZ AG. Postl~h 296. A-4021 Linz. Aulllria 

Mr. Wahyudi SUNARYO 

from 

P.T. Pupuk Sriwidjaja (Pusri) 

Palembang 

Indonesia 

uii-~.,. 

LCS/He/Wh 

CONSULTING GES. M. B. H 

ttue&'IClf 

2236 

Femrul 1Te:ephone1 
Lonz 10 73 21 591 Durchw~hl 
Orahtansctmtt \T4tleg;rams, 
Chem1e L1nz 

l'emachreober (Tele•) 02 1324 

1983 10 18 

~· 

C~e~serv Consultinq GesmbH has provided the above sta~ed work­

shc? participant with the following allowances and aubs1di2a: 

a} A daily subsistence allowance tor 
4 travel days of A.S. 1413,60 per•day ••• A.S. 5.65,,40 

b) 20 \ of daily subsistence allowance rate 

as pocket money A.S. 282,72 per day x 
47 days ••••••••e•••••••••••••••••••••••• A.S. 13.287,84 

c) Full board for 7 weeks Monday to 

Friday, A.S. 145,-- per day ••••••••••••• A.S. 5.075,--

...... _ ... .::.?:i.;.c:!.1.:!s, ;...,s. 230,-- per day ••••••• ·- r~.s. =.if.~ --

e) 2 holiday• (add), A.S. 130,-- ••••••••.••• A .. s. 260 ,--~~~~~~~--

Total A.S. 27.037,24 
·············~·====·· 

His accomodation at A.S. 160,-- per day was also fi~anced by 

:::i:..co. 

:7~e participant confirm• that ha haa received the above 

stated amount: 1
. 
I 

- . -----,1 ' . , . / u/. ,,.,, I· ,, . u 
(Suharyo) 

.,., ; ' ....... , 
. """'•Co•\..W~~.....-.,.. ..... ,.,.,. 

- • , ............. ""41"1 .. "''•""""' 
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©UiJ®ffiJD.C~ -----~ 
CONSULTING GES. M. B.H 

Pos!anschnf't des Abser.:ders 
CH~"':E llNl AG. Postfacll 296. A-4021 Linz. Aullrla 

Mr. ~USA JAKUBU 

from 

Nigeria 

l~rZew:nen lllre Nacllncllt vom Unser Ze1cl'len"J 

LCS/He/Wh 
Hausruf 

2236 

Fernruf (Tel~pttone) 
Linz 10 732) 591 Durcl'lwal'll 
Oratt:ansctmft 'Tttlegrams) 
Cnem1e L1l"IZ 

Femscl'lre1ber (Telex) 02 1324 

Linz. St -P&ler-Stra8e 25 

1983 10 20 

Bearbe1ter 

Chemserv Consulting GesmbH has provided the above stated work­

shop participant with the following allowances and subsidies: 

a) A daily subsistence allowance for 

4 travel days of A.S. 1413,60 per day .•• A.S. 5.654,40 

b) 20 % of daily subsistence allowance rate 

as pocket money A.S. 282,72 per day x 

47 days .................................. 

c) Full board for 6 weeks Monday to 

.. 

Friday, A.S. 145,-- per day ••••••••••••• " 

d) 5 weeker. ~s, A.S. 230,-- per day •.••••••• " 

e) 2 holidays (add), A.S. 130,-- per day .•. " 

13.287,84 

4.350,--· 

2.300,--

260,--

Total A.S. 25.852,24 
==================== 

His accomodation at A.S. 160,-- per day was also financed by 

Unido. 

The participant confirms that he has received the above 

stated amount: 

-J 
I / , . . /~. 

·- l •• 

(Mr:-··Musa JAKUBU) 

• ~ •• • • • . ; •,., .l' ~ • "1' p"' 
:- ··,, ; ,. ..•. , ;.. ,..,,.., .~"'',·"''P.n' ... 111:1 

I 
I 

I 
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CONSULTING GES.M.B.H 

?csT.ans~"r'"' des Aosenders 
.:l'-!~V.E li!'M: A~. Postt.ach 296. A-'021 Linz. Austna 

Mr. Oraar Ali MAMBOLEO 

from 

Tanzania Fertilizer Co. 

Tanga 

Tanzania 

lhre Nactmcht vom 

LCS/He/Wh 

Betren Arrival in Linz: 1983 09 18 

Departure 1983 11 07 

Hausrut 

2236 

F~rnrut 1Td!!pr-one1 
Lrnz 10 i•21 591 Ourct-wahl 
Orat1:.ins~tir1tt t Teie9raMs.) 
Chemie Linz 

Femschre,ber 1Tele•1 021324 

L nz. St -Peter-Strai!e 25 

1983 11 04 

Mr. Herzog 

Chernserv Consulting GesrnbH has provided the above stated work­

shop· participant with the following allowances and subsidies: 

a) A daily subsistence allowance for 

4 travel days of A.S. 1413,60 per day •••. A.S. 

b) 20 % of daily subsistence allowance rate 

as poc~et money A.S. 282,72 per day x 
49 ijays •••••••••••••••••••••••••••••••••• n 

c) Fu~l board for 7 weeks Monday to 

Friday, A.S. 145,-- per day •••••••.•••••• " 

d) 7 weekends, A.S. 230,-- per day •••••.•••• " 

e) 2 holidays (add), A.S. 130,-- •••••••••••• " 

5.654,40 

13.853,28 

5.075,--

3.220,--

26 0, -----
Total A.S. 28.062,68 
======================= 

His accornodation at A.S. 160,-- per day was also financed by 

Unido. 

The participant conf irrns that he has received the above 

stated arnoun t: 

. ' -- ,....,,.., 
: .... : • ."·· ... "., .1 .. • ,r-rP.n' 

A 1L'7 

-1 



/ 
LCS)He/Wh 

1983 11 04 

I confirm having received from CHEMSERV CONSULTING the 

following amount for the weekend before homeflight: 

1 weekend, A.S. 230,-- per day ••••••••• A.S. 460,-­

Pocket money for 2 days a 
A.S. 282, 72 per day •••••••••••••••••••• II It 56 5 '4 4 

-Mr .--¥.AS I MBA 

Mr. MAMBOLEO 

Total A.S. 1.025,--
--------------------------------------------

/;/ /. 
~I~ . • ..... .. :a~ I/ . . · ..... . 

~~1 ....... ! ""'-• . ·. . ....... . 
~··, I I . 

. \ ,,,. 
(:___){ 

l 
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CONSULTING GES.MBH 

• 

H I S T R 0 R I C A L D E V E L 0 P M E N T 0 F 

C H E M I E L I N Z AG 

s~~~~ af er~c~ion wor~ in 1940, he~pinq up the ~rea near thP 

0:1:-tuh-::- for 2 - 4 meters with qravel from the port. 

• Qu~s t ion of loc3t iQn: the new pL=int was si tuateri next cioor to 

VOEST because there was a surplus of coke oven gas. 

• 

7he oriqinal n~me of our comoany W8S "Oesterreichische Stick­

stof f~erke AG" (tr~nslated: Austrian Nitrogen Plants Ltn.). 

I~iti~lly only nitroqen fertilizers were proriuced. This old 

n~mf' w:ls too cornplicaten nnrl too lonq for international use. 

So w~ ch.~nqerl it to "CHEM IE LINZ AG" some years ago. 

Original lilyQ11t of our facilities: 

lst extension step: 50 000 t N 

2nd extension step: 100 000 t N 

Start of production - Primcry N: October 1942 

CAN March 1943 

!n the year lg44 we had reachen a production of 55 000 t 

n r i rn .~ ry N. 

-1 
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@DD®wDsent I 
CONSULTING GESMBH 

Curi nq t'h~ seconri world war our plant was hit by 800 bombs. 

Fro~ May 1945 to July 1946 production partly stood still due 

to i~n1,c an~ shortage of power. 

In iq43 the former production level was reached again. 

!t w.1s boosteti stronqly in the fol lowing years . 

1957 1967 1977 
Pro<luction of 

or i rnary ~r: 164 000 t/a 275 000 t/a 466 000 t/a 

The nu~her of different products increased during the same 

tine from 200 to 1300. 

T~~ most inportant results of our chemical-technical investi­

q~tions you will find in the CHEMIE LINZ Know-How brochure • 



• 

• 

7~~ nost siqnific~nt erections: 

1~39 Foundation of the enterprise "~sterreichische 

Stickstoffwerke AG" with a target of 50 000 t N 

l 04 3 

1944/45 

1945/46 

1953 

1975 

per 1nnum. 

St~rt-up as an enterprise producing only nitroge­

nous fertilizers . 

900 bo~b hits, closinq of the pl~nt 

Reconstruction, instnllation of the departments 

investigation, development, sales and training. 

Foundation of pharmaceutical division and con­

ti~uous extension of all plants. 

Foundation of the production line for plant prote­

ctive agents. 

Start of the plants "Gypsum Sulphuric Acid" and 

SSP • 

Start of orqrlnic pronuction facilities (prPnl~s­

tics and plastics). 

Erection of the plant at Enns {acrylonitrile). 
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CONSUL71NG GES.MBH 

7EL Central engineerinq, electrical nepartment 

Pl~nnino of electrical equipment of new Chemie Linz 

pl .'ints, 

electrir~l m~intenance, balancing of rotors 

:'~!E Centra 1 enqineerino, instrument nepartment 

PJ~nninq of instrumentation systems, 

w:iqhino systems, mainten~nce ann reoair 

c~ntral ~ngin~ering, material testing department 

Recommend~tions concerninq material selection for new 

anri existing plants, checking of welding seams, 

corrosion test, ••• 

You will h~ve .:\lso the opportunity to visit the following 

den~rtments for a short time: 

~3~ Centr~l enqineerinq, civil department 

Planninq of new buildings and maintenance of buil­

riinqs, streets, rails, sewerage. Insulation and pain­

tinq qroup • 

US ~~f0ty rl~p~rtm~nt 

S~f.-":v instructic.ns, reqistration of accitients, fire 

hriqarie, safety kit (masks, filters, respirators, ••. ) 

TKR C~ntr~l enqin~erinq, desiqn 

Conrriin.:\tion of all investments (new plants), impro­

vements in existinq plants toqether with produc­

tion- an~ maintenance departments, working out of 

tirawinqs and investme~t programs. 
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CONSUaJNG GESMBH 

(C!:Er~SERV CO'!'ISUL'l'I!!Gl-1 100% subsidi~ry of Chemie 

Linz l\".; 

C~~tr~l Dl~nninq licenses 

Lic~ns~s an~ know-how from Chemie Linz AG 

~~R Discussion with members of the works council 

~~~fV Centr.3l cHvision M {procurement) 

Stor~s, computer system 

PAW Central ~ivision P {personnel), traininq school 

~rainina of apprentices, workers and employees in 

lectures and courses • 
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©UD®wiJsent-1 
CONSULTING GESMBH 

Dt:.,...i'l<J st1rt-un of il new pl:'lnt we normally h"lve some m:1intf>­

nance person!1el in shift (l or 2 shift fitters). If the pl;int 

is i~ ::::ontinuous oper:'l.tion the:re is no maintenance pe>rsonnel 

in shift. For t~e 2omnlete Plant of Chemie Linz only in two 

~:.::n1rtMcnts (ATM ;:ind l\TP) each one shift fitter is working. 

F'0r ex'tnn1e the sinqle train am:nonict olant, w;:iter trentment 

.::-i.1 ':l so ureel p~ "'Int cion' t have a shift fitter.If there is a 

~ :ault the op~ratinq people (production) can call the stand-by 

service (on C<'lll service). 

• 

For every pronuction department 

1 c~~mir."'11 engineer or production foreman. 

Fer every naintenance ciepartment 

1 ~echanical enqineer or maintenance foreman and 

2 fitters with qoo1 knowledge of the olant are on 

CZI 11 for the time of one week after the normal wor-

kinq time and durinq weekend. 

scheme> for c'iemical p1:-int 

on~r;')tors wns launched in ~ustria. ~fter the norm;:il cnuci1tion 

s::hool 

r.. 

(norr.i:-11 f'lqc is 15 ye-1r5) a younq p<•rson ri"ln j0in ·~. 

Linz "'In~ can learn this profession for 3 y~1rs. 

Durin'j tJii.:; i1nprenticeshio 'lt school, workshops and rliff 0 rr~nt 

pl,nts the person becomes familiar with small maint0nance 

jot>s. 'I'herP.fore in Chemie Linz the operators are ill lowed to 

c;irry out certain maintenance jobs under supervision of the 

nro~uction foreman and on the production rtepartment's respon­

sibility. 
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~1ainten1:ice johs al lowerl for operr\tors are listed below: 

~!cc~1nic.:i. l jobs nl lowed for operators in d::?nartment 

i'-.':~er order :=m-i instruction by the shift forem3n the followinq 

~o~s a~e nerformed by oro~uction si~e after relevant guid~nce 

hv th~ M1int~n1n~c side in the units later mentioned. 

~0si~e aen~rrtl precautio~s. the followinq particular snfety 

i~st~uctions h~v~ to be consi..,eren: 

Pines ::ind pumps cire to be cie!'ressurizec'l ano nrriiner), hnnd 

wh~~ls of v~lv~s - if required - are to be locked, blinds 

hRve to be installer'l, switches for motors a~e to be locke~ or 

~us·"'S =ff~ to he removed by the electrical ~C'partment. For jobs 

wit~ ~qqrcssive media the common safety means (e. q.: qoqqles, 

n~ot<··~tivP suits, rubber boots, gloves, etc.) h:'l.ve to be user'l. 

Fliqht ~evices or masks are to be kept ready, also water in 

for'""1 of a flexible water tube. If NO, 502, COiC02 or other 

rl~n~erous a~ses excape, the working area has to be left imme­

i i.1t~ l y. 

! :~ :1 r i n c i p 1 ·? ;i l l jobs a r (? to be c :1 r r i e d out in such a w 1 y that 

neither the worker nor hi5 su~rounding will be ennanqere~ • 

Fnr ,,! inhs for which ;i work permit was r~quirc1 un till now 

1 wor~ ~ermit is also necessary in future (see safety instruc­

tio:-. no. 6 - maintenance jobs in the plant) • 

• 
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Gen~r~l instructions for 111 johs 

1. ;)o not use wr~nch extensions to tighten screws. 

2. 7iqhten nuts or flanqes and lids crosswise and uniformly. 

3. Cle~n se•linq surfnces hefore installation of new gaskets. 

Tr~atMent of oaskets before use: 

for stn~rn, ~old water, hot water, air, sulphuric acij, lye: 

~ixture orr.nhite+ oil: 

~oc nitr~r. n~i1, NPK slurry, a1'!1!Tlonia: 

silicon qrease 

4. 0:i!y use unrhmaged bolts of sufficient lenqth in the 

required qu1lity and use unrlamaged nuts. Grease before use. 

5. In tr.e case of chnnoinq armatures pay attention to 

r.1teri~l pressure ranqe ~nd flow (arrow). 

6. Th~ gen~r~l ,llowance to fulfill maintenance jobs is li­

mite1 hy normal pressure 10. 

7. Wel~inq jobs ~re not allowed. 

8. ':'o crer:t scaffolds higher than 1.5 m is not allowed (call 

sea ffo lders). 

G,s1<et r•nteri<!ls to be used 

Ste~~. w~tPr, coniensate, cold gases, 

co~~r2sser. air, lyes 

P~os::i~oric i'icict 

~Ii tr i c a c id 

~ulph~ric acid 9Q% 

Klingerit 400 U~IVERSAL 

(blue) or Klinqerit rerl 

Ruhher reinforced hy fabric 

Klingerit 400 or 

Klinqerit Acidit 

Klingerit red or Teflon 
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Sulohuric acid below 76%, H2SiF6 Klingeri t Acid it or 

Klingerit red 

Oils, coati~g aqents Klinger-it oil it or 

Klingeri t red 

D~sije the already mentioned qeneral jcbs for every unit of 

th~ icn~rtment particular jobs are listed up which are also 

allowed to he performed by production personnel: 

SoMc ex?.Moles: 

Bagging and shippin~ (unit 629) 

G!'."~-isinq of vehicles (dumpers, fork lifts, 

wheel 1 oaders) 

R.1q w~ 1 ''lino mnrh i nes: Turn or chanqe of rc1zor blades 

Cle1n the filters of the vacuum pump 

Equalize felt disk 

ClP~n orehe~ter and pre-pressing device (grease with 

si 1 i~on oil) 

Check ~nrl clean cooling water filters 

A~iust anncter for heater 

Lo-1 l inn of :1crus 

Central raw material st~ra9e (unit 631) 

C~1nac 1rmour plates on conveyor c~utes 

~0n1ir s~All def~cts en h~lts 

cr,~nc ShA~r halts on recl~imers 

R2p1~ce qrcase nipple~ ~nrl qrease tubes 

Cl e-1n oil pncumi1tic hammers 

~enlace rubber aprons and belt cleaners 

WOWP 

WOWP 

W0WP 

WWP 

W')\VP 

WWP 

',-JOWP 

WWP 
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TYPE OF JOB 

nl::-·:-1~ t:'"' ~·:"' n" l O, sma 11 johs 

nn st~~m, ~on~ens~te dnd warm 

w~~2r lin0s up to 7 bar. 

1 ·--.'\l<:."\qes on arm::itures 

_. · +- t ! : · · ~ r ·, . " . ro '") ~ 1 ... ~ s :i. t e tr.~ n s ) 

up ., an 

nisconnection 

0f fl0xihl0 tuhPs for comprP-

s ·~ ' l 1 i .,... , o i l , w a t er , a c i r1 i'l.S 

.._.,,11 1s mountinrr of clamps 

©!JD®fJfJDserv I 
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RE."'fARK 

Tiqht 0 n scr~ws 0qu1lly. L1n­

tern rinqs shoulri not tnu~h 

thE> shaft. ne sure thnt ~11 

screws are in qood ~on~i­

t i on • 11 K l i n g e r 11 v a l '' r:> s a re 

a11owecl to seal only in 

clnse~ r>osition. (with w.-)r~ 

n0rmit) 

Pny attention to qcncrnl 

pre c au t ion s , be s u r ·: t '1 n t 

pines are empty, w~;)r nro­

te~tive clothes (with work 

n~rmit). 

Use tubes or.ly if clrimrs ;:ire 

nountcn. P'"ly i'lttention th;jt. 

the riqht tuhe ~ounlinqs ~nrl 

reliable clamps ~rP use~ 

(without work permit). 
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~~ttino ~n~ removol of sm~ll 

~linris (without qroove) i'lS 

well as connection and d~s­

conn~ction of corresponding 

Onenin~ of lids for cleaning 

()f Vf'SSi:?lS, hoppers, pipes 

:1!"".i c'iutes. 

Provision~l sei'llinq of stei'lm, 

cnn~0ns~te, arirl and water 

nin0s hy mP.1ns of clam~s. 

Cnnner.t ~n~ ~isconnect oil, 

nr.in ano other wagons or ti'ln­

<~~s wit~out usinq threaded 

R~fill ani i'lrijust cirop-oilers 

ns w~ll ~s cher.king existing 

centri'll-lubrici'ltion 

f:".>r fun ct ion ing. 

Refilling grease pots. 

devi.:es 

©I'iD®WDserv I 
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Pay attention to general 

precautions, rlepressurize 

and drain the pipes, use 

prot~c~ive clothes. If elec­

trical connections of ear­

thinqs ore to be disr.onnec-

teci . & lniorm electric;"ll "1e-

nartrnent before sti'lrtinq the 

job (with work permit) 

Use required protective 

clothes (with work permit). 

Pay attention to safety 

instruction no. 23 - lo~1inq 

o f w a q on s - a n d no • 2 .-j 

safety in the fielri of 

shunting (without work 

pPrmi t). 

Use only non-cont=~minateri 

qrease of prescriberl type. 

Exception: central 

lubrication o~ filter in NPK 

plant wi 11 be rr,air.t'1ined by 

the maintenar1ce personnel 

(with work permit). 



I 

T~kP c~re for all points to 

h~ l~hric,te~ e. q. nipples, 

OrP~Se hoxes, oil nroppers 

(0r. ~o~~r~ss~rs). Excention~ 

~:1 close~ lubrication sy-

st.!~!"':S ( q0..-tr hoxes, ••• ) 

Help for lubrication of run­

ning ~an-conveyors by means 

of a motor-qrease-press. 

©UiJ®[JfffJSent, l 
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Consulting lubrication 

chart. Excention: qrea~e 

nipples and grease boxes in 

NPK plant (without work per­

mit). 

One man stands in visual 

contact with the gr.-?ase>· on 

the emerge~cy switch r~ the 

conveyor {with work pet1nit). 



INVEN1'0RY SYSTEM OF CHEMIE LINZ AG 

BJilding 610 
~it) ,~----~----­

: rtio102 ·l.filt. I 

: :sulphu~ 1 610/025 boiler 

:---

1 

furnac, 1<~ t l __ ' l hot gas F-· P " • filter 
-- • - - ---·- ...J 

A A I , _ 

--' - ~610/022: sulphur pump I 
I I I 

to co verter 
610 021 

,~-i :-.· 610 023: sulph, r pump II 

; melting pit from ECO --f-
~- - -- ---------------- _______ __J 

CONSULTING GES. M.aH 

~o stac/ I uilding 609 

c--: ------------- ---
;Building 607 
!Cunit) 

607/026 
drying 
tower 

. ~tfil . 
L__ 607j02S_main_ blow~~--------- J 
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E•c~ ~uilrlinq in the comn~nv h~s a separi'.lte number. For i'l~mi­

nls~ r~: ion L'uil~inqs the nurnhers 1 99 i'\re reserver1. For the 

~iffer~nt huil~inqs in the nlants the numb~rs 100 - 999 are in 

us·'· F~-ch n>rhinP :'lnn apni:ir<=1tus has an appar"itus number (e. q. 

6 ! t) /("1 ~4 - s ul nl-tur furn;ice of ~1nns=rnto plant). '!'he first three 

~i,,;.Jr'"'S 'l<irl.: tlic unit in \1hir.h the machine is in action. 

7~0 se~oni thrnn fiqur~s rietermine dif~erent machin~s in a 

r"r~ ~ ;_., u:;it: (hui 1'1in11L Elertrical motors are senar"ltely 

'1U'."l°b"'r~·1 .=i!'l<i inventorie-1 hy the Plectrical department. Al 1 

m1r,j!1°s "!n-1 motnr-s in the field anc'I the replacements in stock 

•re ~'r~e~ with the app~ratus number.· 

~x~~nlr of inv~ntory recor~ 

6111/()21 ~ulnhur meltinq pit, 21 000 x 4 300 x 1 500 mm, 

with coils and aqitator. 

'l'hrce nli.:ise current mot.or, 5.5 kW, 1 400 RPM, qear 

tr~nsmission to R4 RPM, motor number ~93970 

~ul n'1;,,ir nllmn, vertical type, size l~, VSO (1()1 -

l /4, tPnperature of molten sulphur 135nC F."!., L«:!wis 

~ Co TPC motor, 4.R kW, 2 870 RPM, motor numher 

Suln~ur purnn, equal with 610/022 

'T'PC :notor, 4.8 kW, 2 870 RPM, mnto.::. number 694201 

S11ln"1ur furni'lce, vertical construction, 3130"1x 

7750 hiqh, steel shell, brick lined, manuf~cturer: 

Reisner & Wolff 

I 



;;10 1 026 • 

• 

'.•hste heat hailer, l 800 - x 7 600 lonq, 225 n2 

surface, 16 kp/~n2 steam pressure, insul~tc~, reqi­

nu M'l-i~r 22 36, ho i l er feedwater-drum 1500 J1 x 5000 

lonq, 10 mJ volumP 

Hot qas fi 1 ter •••••• 



' 
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SALARY SYSTEM LEAVE 

In Austri~ th?re is a collPctive agreement between the Fe,era­

~ ion of Trane Un ions ( 1 abor unions) and industry. At inter­

VA 1 s ~f 1 to 2 years the two parties fix the wage incre~ses 

~or a certain period. 

In Chemie Linz AG there is a special system called "Salary 

regulation". Our salary is calculated as a sum of four groups: 

1. gasic salary (BS} 

It rle~ends on the position of the employee. The scale of 

b~sic s~lary is divided into 23 steps. 

2. Seniority v1luP. in percent of the basic salary (SV) 

67 x years of service with Chemie Linz 
sv z ------------------------------------------

90 - entry 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 

un. 

4. Personality value (PV) 

It de~ends on the opinion of the employee's supervisor and 

increases from 0 to 33.6%. 

~on~hlv salary: BS + SV + EV + PV 
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Un t0 20 s2rvic~ yci'lrs: 24 week days (4 weeks} Mo - s~ 

~'.or~ thnn 20 service years: 30 week days (5 weeks} Mo - Si'I 

Y:' 1!'"s (')~ sturly "ff'~ credited as service years to the followinq 

C~n:-.,e fnr l'ec'1nical !-Iiqh Schoold: 3 years (rluration of 

school: 5 years) 

Ch3rqe for Techgical University: 5 years (duratio:i: 5-8 

ye::irs} 

~-h:e t;==tn 2 5 Chemie Linz 

scrvire ye'l.rs: 30 actual working days (6 weeks} 

A~~ition"\l freetime 

fo~ ~~rri"lqe, hirth of n child, moving house, death of rel::i­

tions in th~ .:\:nount of I to 3 rl,'lys. 

R,,("'r 0 1~_i0:1 l-"'~'J'"! in co:nn1ny-o~ncd hostels 

EvPry 21 Months: Production and maintenance personnel in very 

rlusty ~nrl rlirty ~reas. 

27 months: Fore~P.n and workers, labor~tories 

37 months: Employees in production offices 

96 Months: Employees in administration offices 

I 



WORKING WEEK 

: r. ..-·\~is~!"' i :1 the 40 hour week is generally worked. 

Fl2xih1e wor~inq tine: 

st~r~ l~ morninq: 6.30 till H.Jn h 

• 314 hour lunch bre.:tk 

• 

clos~ in afternoon: Mo - Th: 15.30 till 17.30 h 

Fr: 12.30 till 14.00 h 

Rc~nr1ing of actu~l workinq time on "time reaistration carcts". 

front side 

Zeiterf assungskarte CIBDE UNZAG · 

Time registration card 
Ze1traum: 

V . 

b. 

wvez: 

Mo 

o. 

·-----~ 
De 

Fr 
- ~ --- _ _._ _ __.._ _ __ .._ _ __J, __ ..___ 

A '41J> 

back side , ... ~ 
.WZ-Wasching time 
BZ-Bathing time 

- ------~ 

I+ . . . 
• -+ ~W- balance 

- Salco -... -- . -· --
-+ ~,w.nce of fonne1 

_.... ... ~,.,.,,;-~V,ortrag card 

:r 
I 

Summ°" u:• i:·~~~ozw. 
minus-Atlwe1Chungen: 

Mo 

Di 

ce side 1 -

/ 

\'IZ BZ 

2 

I ---r-
1 
I 
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-:-:1-~ -i.-,xir.nn nlus or Minus h<llanc~ allowed for one con:>lcte 

r0ais~r~tion c~r~ is 10 hours. E~ployees of Chemie Linz AG c~n 

~~~~ ~wo fre2 n0rninqs o~ afternoons or one free day per month 

if ~'1-iey 10 not infringe the 10 hour limit ann if their supe-

r10r aiv~s his consent. 

''os~ _-,r '.1Ur nJ 1!'ltS ~rE> on stream 24 hours per rhy. For ~hes~ 

n~n~u~~ion lines in the ~ifferent ~epartments there ~re 4 

s~1f~ arouns wqrkinq 8 hours per day according to a shift 

t1hle. 7hese qrouos also meet the 40 hour week with ~emporally 

f!..xe..:i fr?e shifts. 

Ex~~nl~s of rliff2rent shift syst~ns: 

A B c D 

2 shift group.s A , B Monday-Friday 6-14 14-22 bagging aoo 

loading 

3 shift groups A,B,C Moooay-Friday 6-14 14-22 22-6 superphos-

phate 

4 shift groups A,B,C,D the whole week 6-14 14-22 22-6 free most produc-

ti on plants 
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SUGGESTION SYSTEM 

r~ l~~J CheMie Linz AG intro1uced a suggestion system. 

How to '"lake a si;qqestion: 

::
1 •,-ryh.:-i !y c1n ni'lk~ suoqest ions. The office "Sugqestion SystPm" 

I .-,:1rl t."1e members of th~ wor1<s council will help composing a 

• 

SU'";.'.'lCSt ion. 

2. Prnsent.1tion 

Pns~ih!~ vi~ th0 superior, the office of suggestion system or 

t~" w0rks coun~il. One can also out the proposal into the 

"s ~:·'.:l:"Jt'St. ion 1 et ter box". 

II 
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J. Reoistr~tion ~nd examin~tion 

7~~ nffice c~ecks the suoqestion formally and asks for the 

ooinion of one or more exnPrts. 

1 

~ccent~nce or rejection of suggestions is the duty of a "sug­

ot>stion commission" • 



• 
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Ti:_... =xnerts cri 1 cul rite t~0 :rnnu;i l savings and suggestion com­

mission h3s to fix the rPw~r~. 

H 

If ~~e suq~estion is worth while the employee will get the 

rewar~ together with his/her monthly salary • 



• 
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··:·"' hst i"1nui sh est im.:ib1 e nnd comnutable suqgestions. ,\n esti­

mable suqgestion can be rew~rde~ with AS 200,-- un to AS 

3.00J,--, '1·?pen:iing on the result of the evaluation system. 

:riteri~ in the evaluation system: 

iMoort.:int •••••••••• nPgligihle 

~in~ nf solution oriqinFtl ........... ;ilrear'ly user'! 

co~plete change •••• insignificant 

ch.:inge 

Fr~quency of application often •••••••••••••• sinqle 

Sit~ of suo~estion 

El<1boration 

own husiness ••••••• foreiqn business 

practically testen • not tested 

up to AS 3000,- ••.•• more than .I\<; 

5 000,--
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FUNDM!E~ALS OF MA INTENl\...'lCE 

Posi~inn nf Mainten~ncA in a production process: 

WORK 

RAW MATERIALS 
FNERGY i--~~-

PRODUCTIOO 
WF.AR (BUILDINGS, ...,_ __ _.. MAINTENANCE 
ffiRROOION MAQUNF.S, ••• ) 

MATERIAL 

• 
2. The maintenance cycle 

_,,/' [ PLANNllK; I~ 
-, EV-AL-uA_T_Ioo---...,.j .... I EXE--arr-100--I 

~1..-P.-EO)-RD-IN_G_,, ~ • 
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Corr~ctive nainten~nce 

!niirPct ore~entive maintenance 

r:~ihi '."':-ti V•" i nr; pect io!"l 

~h~ective in?nection 

Surv~il1'l.nre 

R~th tuh ~ffect 

... • :'':c- ~·conoMic ~ff=ects of E!.eventive maintenanc~ 

._; 
en 
0 
u 

' ' ', ,, 

---
without condi tiO!l 
monitoring 

', overall ' ~ 'ii - : ~'' -- --:---- 1 

with condition 
monitoring 

(C .M.) 

resul~ 

cost of actual 
preventive maintenance 

I loss cf earnings due to 
stoppages 

repair cost 

1 
prev tive maintenance 

'.,.optimal ~rang_~ '. manhours 
without ~ .M. optimal.:lange 

with C.M. 
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5. •·: i~t~!'11nc:e costs 

~·:.10<=> rosts 

~'..1 ~ r> r i 11 ~OS t S 

~~~inistr~tion costs 

C'onvcr-sion costs 

I~~irc~t m~intcnance costs 

.-~ ) <;n~!'"'\t. ion \i 
' h) Control 

Duties of a production department 

/ 
c) C'\rc 

,n 1'.1int. 

p) C'hPck 

f' RC'!"l '\ 11'. Duties of maintenance department 

7. Y~int~~~!'lc~ ~n~ int~rn~l or~~~iz~tion 

C'"'!'"ros ion 

, I 
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!0. :;~::r 1!1•1 r.orrosion p11enomenon;i 

i\ ~v0n 1!1~ sc~r~d corrosion 

h) oitti:iq 

cl i:it~rrryst~lline corrosion 

~) tr~nscryst~lline corrosion 

~' 1 lV~~ rorrosion 

jO) h1rtt=>ri ·"' l corrosion 

\'"? ~ rri:~v i ':"n corrosion 

11 ) f<ltioue 

i ) i1-~ i nq 

'k ) t ':-:" rr.i '11 influence 

l 1 • 7vn·~s of f.1u 1 ts 

12. Rnaistr1tinn of weRr nrocesses 

~ ---nonnal wear 
/ 

! ----abnonn. wear 

- - - -desired wear / 
/ 

/ 

/ 
/ 

/ 

/ 

I 
/ 

/ 
/ 

/ 
I 

I I 
/ 

/ 
/ / i...· 

~-----··- - ____ /_, _________ . ....,,..__-:7"'1' 
~ / / 

/ / ~ 

I 
I 

'a: ~---_/:.------
µ - --·r 
§' . -- - I 

I 

I 

--
~L-1---------- ---+---

---- time of planned maint. . 
~tart-u~_~<~mtin~ou_s~~~~--------~ ___ -···- -~eta ting 
wear progressive wear 

time 
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J .1. 1) =:~~ i ve ·n··~ hl p~ssiv(> protection against corrosion 

~l ~voirl~nr~ of ~estruction 

h' ~or~1tion of il protRctivP lay~r 

M~tnt~nilnce ~recess 

Rep~ir as an innepen1ent pro~ess 

Rep<1ir 

r ; ~~etho.is: Methods: 

1. ''<'or'< stu"ly 

2. 1-.'or'k ora1niz;-ition 

.-, ) •"n·.~r l '..:ion manual 

< 

1. Periodical check planneri 

2. PPrio<iical renoir rlnrl 

3. Standara repair orevent i "'= 
'1 • l\veroqe reri'\i r unnl 2nnwl 

rlut ies 

know1 erlqc } 

ilho:1t 

) M~intenance o~onle 

~rchnirill p~rformance, way of 0peration, types of fault, types 



I 

l r'.,1int. -~ter 
I L.il t ii. plant 
----

ur.plJ.nn=d 
:-.:, ~ ;~ t ena:lce 

rep31r of I 
_d_.1.~·~---J 

1 plant shutdown 
I ....----------

~carch for tr8ub~~ 

~!~t_l_'. m1 i r.e_,fr_ou~!~ \ 
---·-·· '----~ 

i d1~r.:Jr.tle partll_J 
L -- -- .. ---- . - - -- - . 

. clw..:Ktor sub- J 
\~eqt:ent faults 

ldl'lt"nnine subsequ 
~""'nd:irv faults 

JrC'p;1ir primary an I secondary faults 

! start operatic.1 
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Methods of maintenance 

r 
maintenance ue to 
predetermined wear-con 

~-----1 planned 
maintenance 

periodical check 

1 ctec=k~c::.c..:;.;..:::.::.:.~~~ 

r_l a11 r,_s_h:p·:.<!own-=-l 

[4is~¥mtl e partly ] 
I 

. . ·- ·- I ':---'! 

h k determined I 
5 I -·-c 

carry out replace 
ment or tou 

periodical repair 

[J;}ant shutdown I 
·' 

I check ierat j on 

I 
~~!\t_lJliliili] 

~1eck , touch up or 
I replacement of de­
~ined arts 

[SUlrtoperation ] li!irt operation 

[plant shutdown 

[ ch~c.1< operation 

I 

I dismantle partly_J 

I 
I 

I 
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24. Surv~i l l<lnce "'inn maintP-r1ri.nce in chemical plants 
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Beside the legal rules and directiona, some other 

SAFETY INSTRUCTIONS 

exist in Chemie Linz AG 

l. Gen~r~l instructions: competence, foundations, smoking 

prohibition, alcohol prohibition, maximum speed inside the 

area of CL, tirst aid performance, safety advice, ••. 

2. Infor~ation procedure on fire-brigade actions and accid~nts 

3. Fire-brigade operations 

4. Alarm routes for the fire-brigade 

5. Saf2~y measures 

6. M~inten~nce business 

7. Lo~~l extinguishers 

8. Usa of protective hoods 

9. Sn:erinq vessels 

10. For~ion co~pany workers in the plant 

11. Protective equipment and protective clothing 

l~. s.1f~t.y instructions 

13. Sc'lffol•hng, ladders 

l~. Stor1qe of co~bustible materials 

15. Use of solvents 

16. ~-diation protection 

17. Portable electric hand tools (power tools) 
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lJ. Directions and marks for safety work 

1g. Responsibility for repairs on pipeline bridges 

28. 3olt shooting devices 

21. Directions for chemical labs 

22. r,~nratus, devices and equipments prescribed for inspection 

23. Lo~~inq work on waggons 

24. 7r~~sportina tanks 

~5. Glass carboys (balloons) 

27. Pressure vessels 

23. Safety on ra~lway lines 

2g. Guided plant tours 

30. Vehicles without rails (fork lift trucks, ••• ) 
..., 1 
.} .. Alarm plan for special departments 

32. :ire protection in glue plant 

33. Reporting in~ustrial accidents 

34. Transporting prussic acid 

Ye'.irl y check on all continuous conveyors (belt, chain conveyors 

etc.) and notice of the j_nspection in a check book. 

Yet\rly enrthinq cherk on tanks for combustible materials. 

Control of the lightning conductors at intervals of two years. 

The items unrlerlir.ed will be discussed in detail. 
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S~fety instruction 6 

MAINTENANCE IN THE PLANT 

All Jobs in connection with maintenance, erection, servicinq, 

rr.1nufacture etc. on or for equipments of plant must be approved 

by ~ person responsible for this plant before work starts. This 

is r.one hy a written "APPROVAL SHEET" for repair work (see sheet 

A 79 b), sianed by the leader responsible for the particular area 

or (in place of the leader) by a person who is made responsible 

by the m~naqer of the department. 

The approval sheet is valid only for one particular job. 

Minor jobs with no element of risk are allowed without an 

:ioorov~l sheet. Arranqing the job is the responsibility of 

orr.ering (production foreman) and performing d~partment 

( m:" in te na nee foreman). '!'he is suer of the approvo l sheet and the 

joh ~erformer are responsible for using all app1orriate 

protective measures before and during the service job. In 

orincipl~ this approval sheet ~'1-1.~ll be for all people concerned 

with the service job 

l. a rn°T'1ory a id 

2. :voiding mi sunderst;ind ing between ordering and performing 

siie 

J. ~xact determination of precautions 

4. clearly allocated responsibilities 
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Th~ .1;->p~ov,"i l sheet ha~ to be signed before the job is carried out 

hy the technical side. The original (yellow) of the approval 

s~~et is "kept hy the work executing side, the copy (white) 

re~~ins with the issuer. 

!f the repair is performed by personnel from other workshops 

('!'~!W, TB~'l, ••• ) the foreman of the other workshop gets the appro­

v.ci. l sheet =ift<.?r instruction from the technical (maintena11ce) side_ 

o~ t~e olant an<l the other workshop confirms agreement to the 

or5.:>r,-.; prec:iutions by signature. Reside this, special means of 

co~rse 311 the specific instructions for the technical work must 

be ohs-=- rvea. The.s e specific instruct ions are not writ ten on the 

il!Jprov3 l sheet. 

Aft~r finishing the job the responsible person of the executing 

works~op fills out the tear-off-part of the yellow original sheet 

with time, date and signature and hands over this part to the 

:ssu2r. The issuer sticks the tear-off-part to the white copy 

(specim~n) of the approval sheet. 

n~c~use 1 test run is necessary after finishing the repair, the 

rosnonsible m;:iintenance mnn fi 1 ls out the rubric "SWITCH TO TEST . ------
~ ( 1 ':" w i th t i me a I" d date , and signs it. The fore m an of the pl a n t 

w~rkshop also signs this column and arranges the star~ of the 

~·~~1ne wit~ the production foreman. During the test run the 

lf);>rov·~1 she~t (yellow) is on the pronuction sine • 

. \~ter ~u0 p~rformance of the test run, the approval sheet cotnl'S 

b.•ck to t.he repoir foreman, who signs the rubric "JOB FINISHED", 

~~n ~he tear-off-part is handed to the iosuer as described above. 

I 
q 
:I 
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If 1t is not possible to finish the repair on the same day, an 

application must be made for extension of approval. Therefore 

the issuer has to write~ note on the yellow sheet, duplicated on 

t'it"' white copy. 

~o si~plify filling in approval sheets and fixing precautions, 

soecinl supplements ir, which the danger and the required. 

pr~caucions ~re indicated are provided. 

Long-term npproval sheets for routine jobs can be issued for a 

~i~e limited to.one year after consulting the safety engineer. 

T'ie required single approval sheets before performance of work 

co:1cerned are issued on ·i.:.heir own responsibility by the deputies 

of the responsible person (foreman), based on the long-term 

:'lporov:i 1 sheet. 

~he ohservan~e of the ordered safety instructions by the 

executing people is c~1ecked by the competent supervisor. 

Approval sheets for entering sewers and purifi~ation pits must 

3lso be signed by the safety department. 

; ' 

i' 
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S1f~:v instruction 13 

SCAFFOLDING. LADDERS 

For er~ction of scaffolding during execution of civil works Pa~. 

\Q - 33 of the order about "protection of workers and employees" 

ani t.he st rn.1.=tr<"i "OE~ORM B 4007 - scaffolding" Par. 35 - 37, anci 

;'~':C'R:1 F 5120, concerni11g lanriers apply. Ladders to be inspectP.n 

:'\c=or·~ ing to S'tfety instruction 20 • 

DJrinq erection and working on scaffoloing the followinq 

procer1ure is obl igi'itory: of the various scaffolds are erected by 

the c iv i 1 a epi'i rtment as per or a er sheets (form A 99). Tho<? 

oriqinal of t1iis sheet is sent to th'! civil department from the 

orrierer, one copy together with the order for dismantling of the 

s=~ffol~ remains with the orderer. and one copy goes to the 

s~f~ty engineer. The safety engineer has the possibility to 

receive s~fety interests on time. 

In ~11 c~ses where the civil department has a permanent work 

or~Pr for erecting scaffold the number of the permilnent work 

or--12r must he written on the order for erecting a scaffolrt. 

':'~c:-refore no separate work or1ler is required. If there is no 

r~rm~nent wor~ order by civil department beside the order for 

h~il~inq ~ sc'lffold also a work order is required for accounting 

c.'.1c woi:-kmanship. The sheets are arranged so that both p1rts can 

be written as copies. Work order and scaffold order must be 

h'ln:ied over to the civil department. The detP.rminat~on of 

wor~manship in each case is to divide in : exact place, aim of 

the scaffold and required load capacity in kgs. 

l 
t 
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~h~ orderer takes over the scaffold by signing the relevant 

scaffold order ~scaffold taken over). Looking after the scaffold 

and maintaining it in good condition till now is the duty of the 

oc'!~rer. 

He :-t:~s to r.heck continuously. He is not responsible for proper 

and correct erection, which is the exc~usive duty of the 

sc:i.ffol·h~rs. But ~aking over department i~ responsible for the 

satisfactory state of the scaffolding • 

~o 3void the improper use of scaffolds which are not rtady or 

h~ve not been t~ken over yet, the civil department has to mark 

them by a sign: "Don't use scaffold". When the scaffold are taken 

over t~ese signs are removed. 

If a scaffold is no longer in use, dismantling of the scaffold 

!"':Ust be ordered with sheets 3 - S of form A 99. Immediately after 

3t'lrtinq to dismantle, the civil department fixes the plate:"Do 

not use scaffold" on the scaffold. Afterwards the scaffold must 

b~ rcmov~d prompt~y. 

Concc:-rni~q •iouble wooden ladders as per OE~WRM F 5120 steel ropes 

•..;ith :1 i!iameter of 4 mm must be used instead of chains to avoid 

t~e ~wo benms moving \see safety instruction 20). 

1 

I 
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s,fety instruction 17 

MOVABLE ELECTRIC HAND TOOLS AND MOUNTING LAMPS 

To 1efine the required precautions and in the interest of good 

cooperation with outside companies and workers from outside 

conpanies, while complying with OEVE instructions E 1 and E 40, 

t~~ following precautions are ordered: 

• :tov:thle electric hand tools 

• 

1. For jobs in vessels, containers, tubes and similar small 

equipment of good conductive material and for jobs on such 

equipment with comparable narrow place conditions. 

2. Jobs on m~trtl1ic conductive points such as grids and steel 

constructure. 

3. Jobs o., goo:i conductive points (soil, concrete). 

4. For jobs on p0or connuctive points such as workshops with dry 

and non-metallic floors, offices, dry tile floors. 

It is 1lso pointed out that disconnecting transformers must be 

1cc1ted o~tsiae the dangerous rooros and only the connection of 

o~e electric hand tool is allowed. 

r supplement shows different kinds of electric hand tools and 

permissible us~s. 
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PRODUCTION CONTROL 

I. Introduction 

Since price developments and availability are continually 

increasing the significance of the cost factor energy plus raw 

materials, every firm is forced to give the associated issues 

in-depth treatment. 

However, the goal of maximum cost effec~iveness can only be 

rached if suitable records of generation and consumption are 

available on the necessary scale, and when these are worked 

through by a selected team. Larger firms will have their own 

s~aff for this: small firms should consider making use of 

outside ene~gy consultants. 

At Chemie Linz AG it was realized right at the beginning, i. 

e. immediately after the second world war, that the use made 

of energy and raw materials needed to be continually recorded 

" and monitored, and critically assessed. 

To take care of this a department was formed with responsibi-

1 ity for all production sectors and all forms of energy: its 

aim is to achieve the maximum cost effectiveness mention~d 

above. 

1 
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As the area of responsibility has been extended to include 

various aspects of general interest within the firm, the 

department now reports directly to the direct~:s: it has the 

following structure: 

- safety engineering services 

- fire fighting 

~ - energy and raw material control 

• 

- pollution control 

This paper is concerned exclusively with the responsibilities 

of the team concerned with energy and raw materials in connec­

tion with production control. 

A)Organization and structure 

To cope with the extensive statistical material and the comp­

lexity of the pr.:>blems presented, the following distribution 

of tasks has established its worth in practice: 

1. Billing center and day-by-day accounting (4 people) 

Covers: data collection and evaluation 

data bank Lnput via teminal 

general and specific computer proqrams for energy and 

raw material flows 

calculating daily production for main products 

2 
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2. Data bank and month-by-month accounting (4 people) 

Covers: calculating monthly data f.:;,r all production sectors 

and all types of energy 

splitting up and allocating the various types of ener­

gy for c~lculation purposes 

computer program maintenance 

generating various forms of information required for 

assessing energy and raw material consumption (e.g. 

specific data) 

J. Monitoring and assessment (7 people) 

Covers: continuous and retrospective monitoring and assessment 

of energy and raw material consumption and losses 

(yields) monitoring and optimizing p~oduction sequen­

ces and energy equipment~ inspecting pipe network 

handling purchases of energy from outside sources 

(electricity, gas) 

producing mathematical models of production 

advance planning for pr~uction, energy and 

maintenance 

3 
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4. Production supervision center (10 p£ople) 

The supervision center is a permanently occupied, central 

coordinating and information facility, concerned with: 

monitoring current energy consumption, with particular 

attention to line-bound forms of energy 

guiding energy ~onsumption as regards peak consumption 

continually observing and recording activities in ~he 

main production sectors 

permanent contact with outside energy suppliers ini­

tiating countermeasures when faults occur 

B}Staff anCI equipment available 

To deal with the range of responsibilities outlined above, 25 

people are emplcyev, 6 of them with a technical qualification. 

The complexity of the problems make an excellent knowledge of 

the plant and technical, chemical and commercial under~tanding 

necessary. As all accounting procedures and most control fun~­

tions are handled via EDP equipmer.~. che majority of the sta!f 

have a training in data processing. Within the various teams 3 

terminals with display screens provide technical support; 

these are linked to the main Chemie Linz computer. Calcula­

tors, tables and graphs are also u~ed. Planimeters are emp­

loyed to evaluate plotted data. The production control use 2 

load flow monitor devices to chec .... consumption of natural gas 

and electricity (peak value~) continuously. 

4 
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These devices are computerized, and display meter data and 

consumption trends at terminals. Meters and flow recorders are 

also available to provide a continuous check of the consump­

tion of other media. 

C) Extent of monitoring activity 

In principle all media required in the plant are monitored: 

natural gas, fuel gas, fuel oil, electricity, steam, boiler 

feed water, condensate, river water, drinking water, compres­

sed air, nitrogen (for purging) and pilot air. 

These media can be monitored effectively only if the genera­

tion process and the various cons~mers are continuously co­

vered. The large number of consumers make it impossible to 

allocate consumption on a day-to-day basis;; as far as auxi­

liary media are concerned, therefore, we limit ourselves to 

monthly accounting. 

Full day-by-day accounts are used for natural gas as a primary 

energy resource and raw material. 

The generation of the various media is treated in the same way 

(day-by-day) • 

5 
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Primary production (ammonia), the products derived from this 

and the main forms of energy and raw materials involved are 

also w0rked out on a day-by-day basis. 

These dayly/monthly data fo~ consumption and production are 

pro-cessed by means of various computer programs to calculate 

specific characteristic data. These characteristic data are 

catalogued: in conjunction with various other production dat.a 

(pres~ures, temperatures, compositions, yields, efficiency 

• factors, etc.), they serve as a basis for assessment ( "Speci­

fic value folder"). Deviations from typical values that cannot 

be explained in terms of special operating procedures are 

subjected to a special investigation. 

If the need arises, the procuction department concerned and 

the instrumentation department will be called in. 

It is possible to judge whether su:h operating data are cor­

rect only on the basis of comprehensive knowledge of the 

production facilities, the production sequences and potential 

causes of trou~le. 

6 
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II. Description of activities 

On I.A) ]: Monitoring and assessment 

Monitoring processes and plant effectively and assessing the~ 

meaningfully presuppose an accurate, detailed documentation of 

all data connected with energy and raY material flows in 

production, matched to the individual circumstances. These 

statistics a~d a specialized knowledge of the links between 

• energy consumption, raw material inputs, process engineerir.g, 

plant loading and various technical and chemical facts are the 

basis for computations which reveal the type and locality of 

losses and the extent to which economies are possible. Know­

ledge of the initial situation (target values incorporated in 

~he design, expansion stage reached, technological level) is a 

necessary precondition both for judging the current situation 

and for selecting successful economy measures in terms of the 

current situation. 

One of the most common methods of monitoring consumption (also 

used at Chemie Linz} involves determining energy and raw 

m3terial consumption data in relation to production on a daily 

a:id/or monthly basis, collecting statistics on all varia·oles 

required for assessing process sequences (such as pressures, 

temperatures, compositions, chemical equilibria), and judging 

these numeric3l data critically. 

Another promising method of identifying lossee resulting from 

the use or conversion of raw materials and forms of energy is 

~o draw up material flow and energy input/output diagrams. 

7 
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Energy flow diagrams provide a way of detecting the amounts of 

energy not used in one installation and g~ven off in the form 

of heat, while free enthalpy diagrams are of greater help in 

de~ermining their value and the extent to which they can be 

reused in other processes. 

Ma~erial flew diagrams and comparisons between quantities 

produced and consumed make it easy to determine material 

losses quickly. 

Depending on the extent to which savings in primary form::> of 

energy are to be anticipated, and on how complicated the 

process in question is, a rough analysis of the steps in which 

the largest losses can be presumed will be adequate in some 

circumstances. 

Continuous consumption monitoring is aimed at the following 

tar-gets: 

- reducing energy and raw material consumption, thus ~aking 

the products in q~estion cheaper 

- extracting a few characteristic data of real significance 

from a large quantity of disorganized process information 

- elucidating numercial data on the connections and interrela­

tions between the process variables in a production process 

- identifying the structure and limits of the various influen­

ces 

- predicting consumption values in relation to changes in the 

pro- cessing s2quence (optimizing) 

8 
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- motivating employees to economize on the use of energy 

- constructing diagrams for monitoring the state of an instal­

lation as regards possible causes of loss 

- issuing representative data on energy and raw material flows 

for the benefit of top management and production depart­

ments. 

Natural Gas 

a) Introduction 

Chemie Linz AG uses approx. 550 million cubic matars of natu­

ral gas per year, i.e. around 14% o= the entire Austrian 

consumption. Roughly 90% of our consumption is used to gene­

rate ammonia: the remaining 10% are consumed in firing and 

drying systems. 

The natural gas is supplied by the agency responsible for the 

Austrian province in question, Oberoesterreichische Ferngas, 

who are also responsible for delivering the gas as far as the 

poin~ of transfer (metering device owned by the suppliei·s). 

The business details connected with gas purchase are fixed in 

a supply -:on-trar:t. 

Ir, Austria the price of gas is regulated by a public commis­

sion which lay& down price ceilings for the various provincial 

agencies in the light of circumstances. 

9 
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b) Method for determining the quantity of natural gas to be 

invoiced 

The way in which charges are made for natural gas varies 

greatly from one gas supplier to another. Consumption is 

basically measured in cubic meters. In the case of small 

consumers, parti-cularly where they are supplied from a gas 

mains at low pressure, consumption is indicated in operating 

cubic meters, whereas in the case of larger consumers supplied 

• at high prt:!ssure the quantity measured in operating c11bic 

meters is converted to standard cubi~ meters (at OoC, 1013.25 

mbar) by a conversion device. If no conversion device is ~n 

hand, the conversion factor F is calculated on the basis of 

the pressure ann ~emperature obtaining as follows: 

I 

e.g.: 

273.15 740 + 15001.2 1 
F • i73:15-;10 x -----7~0----- x o:§S • 20.3883 

b = barometric reading in illin Hg 

p = gauge gas pressure in mm Hg 

(1 bar = 750.06 mm Hg) 

t = gas temperature 

K = compressibility factor as per table 

10 

e.g. 740 mm Hg 

e.g. 20 bar gauge 

e.g. lOoC 

e.g. 0. 98 
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or 
p 1 

F a 0.269578 x f x K 

e.g.: 

F = 0.269578 x ~~~~~§~ x 6:gg = 20.3&83 

where 

P (bar) = bar (gauge) x 1000 + Ba (mbar) 

or 

CON.SULT/NG GES. M8H 

P (bar) = p (gauge atmospheres) x 980.665 +Ba (Hg) x 1.333223 

T = t + 273.15 

The resulting natural gas consumtion, now expressed in cubic 

neters at standard temperature and pressure, is converted by 

some suppliers into a quantity of heat, taking the gross 

calorific value into account. 

As far as gas sales are concerned, changes in the Austrian law 

on measurements nnd calibration which came into force on 1973 

I 01 01 give preferen=e to charging on a kWh basis. 

Below various methods of invoicing for natural gas in use at 

various suppliers' in their dealings with special category 

customers are summarized: 

- Consumption is invoiced by standard cubic meters: only a 

working price per standard cubic meter is charged. If 

consumption drops below a defined load factor, aurcharges 

are made for gas storage 

11 
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- Cor.sumpt.:!.on measured in standard cubic meters is converted 

into kWh on the basis of the calorific value. Apart from 

charges for a working price, an energy price per MW is 

charged for an agreed amount of power per hour or day. The 

energy price level depends on the pattern of consumption 

- Consumption is measured in standard cubic meters. Both a 

working price per standard cubic meter and a fixed availabi­

lity charge per month are invoiced. Monthly consumption in 
the months 

October to May over and above peak monthly consumption in 

the months June to September is invoiced at a higher rate 

per standard cubic meter 

C} natural gas metering equipment 

Since natural gas is used as a raw material and a fuel on a 

large scale in the chemical industry, while its price makes it 

the most significant cost factor, great attention is paid to 

ac~ur~cy in metering. The description of a metering system 

given below represents the current state of the art for a 

large consumer . 

12 
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The quantity of natural gas supplied is normally measured with 

volume meters; here both displacement meters and turbine-type 

inferential meters are in use. In exceptional cases orifices 

are employed to measure {usually extremely large) gas flow­

rates. The instruments used are required to be calibrated, 

i.e. a public body checks the accuracy of measurements. In­

struments are released for use only if the inaccuracy detec­

ted lies within a prescribed margin - currently +/- 2% between 

0 and 20% and +/- 1% between 20 and 100% of rated load • 

To convert the volume measured under operating conditions by 

the ga::; meter to a standardized volume (273.15 K, 1.01325 

h3.r), volume converters are used which also require calibra­

ting. These converters measure the variables pressure and 

temperature with 2 independent transmitters, while taking 

atmospheric pressure into ~ccount. Converting is then done 

either mechanically or electronically; electronic systems 

of fer various advantages, in-eluding greater accuracy. 

Pressure and temperature must be measured separately, parallel 

to the instrumentation described, partly so that a check can 

be made at any time that volume conversion is being done 

correctly, and partly to have th~ data for manual conversion 

available if the automatic converters break down. 

13 
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It also turns out to be a good idea to record the volumetric 

f~ow on suitable plotters or to monitor it continuously on a 

display screen. This method has considerable advantages if 

extra charges are levied whenever the flow erises above a 

defined level per hour or day (peak monitoring). 

d) Checking and monitoring the natural gas metering system 

In view of the considerable s~ms that change hands on the 

~ b~sis of metering natural gas flows, it is extremely important 

to monitor and check t~e instrumentation continually. 

The nost reliable and accurate method of checking - but also 

the most expensive - is to install a second flow metering unit 

(~aster meter), connected ~p so that it can be switched in 

series to the device to be tested, while gas does not flow 

through it the rest of the time. Comparing the 2 devices 

periodically will reveal any long-term changes in the preci­

sion of the uni~ used for invoicing. Fitting a control orifice 

provides a similar way of monitoring. However, an exact compa­

rison of data is possible here only if the orifice is cleaned 

before every comparison, since even slight deposits can falsi­

fy the results obtained. Apart from these direct checks of the 

f primary me~suring devices, the converters also need checking 

regularly. To do this, the effective conversion factor F' 

(s~andard cubic meters divided by operating cubic meters) .is 

compared daily with the conversion factor a computer derives 

from pressure and temperature plots. 

14 



In addition to this continual checking to detect changes in 

conversion, the absolute correctness of the procedure must be 

checked periodically. Here the pressure and temperature trans­

mitters for the converter are tested against a calibrated 

pressure balance or calibrated pressure gauge and a calibrated 

~hermcxneter. 

To mor.itor that the transport system, i.e. the distribution at 

work, functions correctly, daily volume accounts for input and 

~ output should be produced. These accounts also provide a way 

of checking that the instruments installed at the users' -

usually orifice devices - function correctly. 

e) Settling accounts with the gas supplier 

Apart from continually monitoring consumption, instruments, 

distribution and allocation, the department responsible for 

energy and raw material flows also has the task of settling 

accounts with the gas supplier. 

The volume consumed is paid for monthly, on the basis of the 

quantity measured as supplied each lay. As invoicing is done 

on the basis of heat content in Chemie Linz AG's case, the 

calorific value of the gas must be registered parallel to the 

volume flow. 

For this purpose the mean gas composition is worked out by 

a~alysis from a daily sample, and the calorific value of the 

gas supplied determined from this. Together with the flow 

volume registered, this provides the basis for invoicing. 

lS 
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Elect~icity 

a) Introduction 

The chemical industry can produce smoothly only if all produc­

tion and ancillary facilities are kept supplied with electri­

city without fail. At Chemie Linz AG around 700 million kWh 

(GV."h) are needed per year to generate and process ammonia and 

to produce a large number of other products. This makes our 

• company one o:: the largest industrial power consumer£ in 

Austria. 

To guarantee t.his massive consumption, a supply contract was 

con-eluded with the Oesterreichische Verbundgesellschaft (VG) 

several years. ago. As nationwide supply organization, WG 

operates the Austrian high-tension distribution network, and 

supplies the :.argest users in Austria. 

The fact that Chemie Linz AG is connected up to VG' s 110 kV 

distribution network means not only that the supply of elec­

tricity is ensured, but also that a reduced price can be 

charged. As in the case of natural gas, the electricity tariff 

is determined by public bodies. As a large-scale electricity 

consumer, our company is continually at pains to reduce the 

amount of electricity it draws from the public supply system. 

In 1982 a facility was started up at our Enns works to gene­

rate electricity from waste heat; this suppljes around 7% of 

the electricity we need. 

16 
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::; ) Measuring eq1lipment for accounting 

In view of the large qua~tities supplied and the value of 

electricity, it is essential to measure consumption exactly. 

As a rule supply contracts with large consumers prescribe that 

the work consumed (kWn), the power taken (kW) and the reactive 

power taken (kVArh) mus~ be measured. The supplier provides 

the necessary meters fo~ active and reactive power, plus a 

device to register power (maxiprint). Large consumers are well 

• advised to install a back-up measuring system: if it has the 

same technical characteristics, it can also be used for invoi­

cing (deriving mean values). 

What form the metering equipment in a metering station takes 

depends on how power is supplied to the company, and its 

location in the distribution network. Our metering station 

used to register the electricity taken from the network in 

Linz and Enns will serve as an example here (see schematic 1). 

c) Checking, monitoring and settling accounts 

In view of the large number of meters to be taken into account 

for settling accounts, and the resulting risk of faults, the 

readings of the summation meters and of the maxiprint meters 

are evaluated every day and compared. In addition, all meters 

are read every month and the readings checked. 

17 
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The quantity to be invoiced is worked out by the supplier, in 

o~r case VG. The plots produ~ed by the maxiprint code prin­

ters, which can be evaluated by means of EDP (schematic in­

strumentation A - D), are used as a basis for invoicing. 

Evaluation itself is carried out "by tariff periods: it covers 

work and power taken. The renctive power consumed is calcu­

lated from the meter readings. A charge for reactive power is 

mdde only if a defined ceiling is exceeded. 

~ The electricity drawn from VG is measured, transferred to 

Chemie Linz, and then transformed from the supply vol..:.age (llO 

kW~ to the internal distribution voltage of 6 kW, before being 

distributed in our works. All relatively large motors (rating 

more than approx. 150 kW) are supplied at this voltage. In the 

various supply centers the voltage is tepped down furtr.er to 

500 or 380 V, to supply small drive units and for lighting 

purposes. 

To make it possible to correlate the electricity consumed with 

the various users and to keep a check on actual use, all 6 kW 

motors and all large users and/or production facilities are 

scanned with suitable instrumentation. A balance sheet of the 

q~antity purchase and of consumption is drawn up once a month, 

thus ensuring that the measured data are correct. 

18 
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Kow a few words on the electricity tariff: 

A special customer pays for his electricity in 2 ways: work 

charges for active power consumption, and power charges for 

the power drawn (= basic tariff). As the snare of thermal 

power stations in generating electricity in Austria is highest 

in winter, the work price to be p;. i a is highest in the months 

October to March. Prices are lower in the transition months 

Apr i 1 and September, and lowest of all in the summer months. 

• As a further distinction is made between expensive day (6 AM 

to 10 PM) and ch7ap night (10 PM to 6 AM) tariffs, VG actually 

operate a 6-folc tariff (small consumers pay accordi~g to a 2 

or 4-fold tariff}. 

The contribution made by power costs to the price of electri­

city depends on the number of hours electricity is used for: 

it is therefore least in the case of steady level users. Power 

charges are derived from the peak quantity of power drawn from 

the network (peak consumption during a quarter of an hour). 

In the VG tariff 2 peak values during the winter-half year and 

2 during the summer-half year are selected to compute a yearly 

power rating for incoicing purposes. If the power taken is 

us~d effectively throughout the year (approx. 7200 h}, power 

charges account for roughly a quarter and work charges for 

three quarters of total costs. 
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This makes it clear how important it is to monitor power drawn 

cont.inuously and to avoid peaks. This is why the supervision 

center at Chemie Linz AG keeps a permanent check on power 

drawn and throttles production back if there is a risk of a 

peak. A load flow monitor device is available to help in this: 

it displays the permissible consumption level and the actual 

power being drawn on a screer .. If the power drawn (projected 

on a quarter of an hour) exceeds the setpoint, an alarm is 

triggered. A~y unclaimed amounts of power are also visible on 

• the screen: these can be re-leased for use by the supervision 

center. 

d) Reactive power 

Both the VG tariff and the tariffs of the various provincial 

generating boards provide that charges are payable if defined 

quantities of reactive power drawn are exceeded. 

For instance, the VG tariff permits drawing reactive power 

free of charge up to 48% (cos phi = 0.9) of active work at the 

full price tariff, and up to 100% (cos phi = 0.7) at the 

cut-price tariff. Drawing more than this involved costs amoun­

ting to roughly 14% of the activ~ power price in the full 

price tariff, and around 8% in the cut-price tariff. 

It is therefore necessary to stay below the ceilings defined 

above, in order to avoid charges for drawing reactive power. 
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In view of the considerable tolerance envisaged, there will 

hardly be difficulties with this in the cut-price tariff. On 

the oth~r hand, in the full price tariff a compensation system 

for reactive current is normally required. Apart from saving 

~o~ey, this type of compensation system also reduces the load 

on upstream equipment such as cables, load centers, transfor­

mers and supply network. 

Where electricity-consuming equipment is expanded, one should 

definitely check - before laying additional cables - whether 

• improved compensation for reactivP. current might make it pos­

sible to save th~ high costs of cabling. 

Control facilities in the steam mains 

Shortages in the individual steam mains are made good by 

feeding in steam from the neAt level up via suitable pressure 

reduction stations. This means that any shortage in the ove­

ra 11 steam flow is revealed as a defficiency in the 25 bar 

mains, which must be made good by the steam boiler. 

A counterpressure turbine (NO blower on the nitric acid A 

side, rating 1.1 MW) also reduces pressure from 25 to 7 bar. 

If d.emand for 25 bar steam is low, because the urea plant is 

shut down or producting at a restricted rate, a further coun­

terpressure turbine for 25/7 bar, coupled to a generator and 

with a rating of around 0.9 MW, is available. 
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Water 

To operate equipment and for sanitation Chemie Linz AG need 

A} river water 

B} w~ll water 

C) drinking water 

D} boiler feedwater 

E} hot water 

A}River water supply ,!! Linz works 

a) Intake 

Capacity: 3 channels, approx. 15000 m3/h unprocessed water 

each 

Energy: approx. 170 to 190 kWh/1000 m3 puri£ied water, 

i.e. around 6 MW for 30000 m3/h in summer 

Other utilities: chlorine gas, pilot air, compressed air, 

drinking water 

Consumption: in winter approx. 22000 m3/h 

in sununer up to 30000 m3/h (actually the maximum 

filter capacity) 

Water from the Danube river pa3ses through coarse screens, 

fine screens and a travelling screen to the pumps in th~ 

intake facility (building 146). 
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Pump data: 

2 high-pressure purnps,5000 m3/h each,1100 kW, 61.4 m w.c.;740 

rpm 

2 high-pressure pumps, 7500 m3/h each, 1450 kW;53.4 m 

w. c., 740rpm 

1 low-pressure pump, 7500 m3/h, 750 kW, 27 .0 m w.c., 740 rpm 

2 low-pressure pums, 6000 m3/h each, 750 kW, 27.0 mw.c., 740rpm 

The high-pressure pumps force the precleaned river water to a 

• total of 18 pressure filters (designed for up to 6 bar), 4 of 

w':lich a .... -e actua~ly twin level tilters. After passing through 

the gravel filter beds (part of which are always in reverse 

flow, for cleaning purposes), the purified water reaches the 

users via an extensive network of pipes. The purified water 

main pressure is approx. 3 nar; it is main~ained by the water 

department (building 107). 

I 

The low-pressure pumps supply river water to 12 fil~ers of 

less modern design (building 107), which are unsuitable for 

higher pressures. After passing through the gravel filter 

beds, the purified water reaches 2 unpressurized troughs with 

ca.pacities of 2280 and 1670 m3, respectively. These buffer the 

water on its way to the booster pumps, which deliver purified 

water to the mains. 
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The network begins with a central pipeline (ON 1400), and then 

splits up on its way from the east to the most remote users in 

the north-west of the plant, with '...he pipe sizes going down 

accordingly. It may happen tha~ the mains pressure is no 

longer adequate for remo~e users, as a r~su!t of the pressure 

drop in the individual lines. To avoid having ~o raise the 

overall pressure level, separate booster pumps are installed 

in such cases. 

~ b) Distribution 

As a r6sult of the company's constant expansion, individual 

secticns of the river water mains are already suitable over­

loaded (flow speeds up to 4 m/sec). Every time it is planned 

to add a river watE:r i.;ser to the system, an investigc>tion must 

be made of the effect this would have on the pressure situa­

tion in the mains. An inhouse computer program works out the 

~ains pressure at every junction and the presure drops in ~he 

individual branches. In t~is way we detect critical points, 

discuss ways of reinforcing the system, and can input to the 

computer pro~ram, in order to compare the effects and select 

the most suitable. The program in question can be used to 

compute pressure drops in piping network for a variety of 

media (including gases and vapors). 

It must be ascertained whether an planned major user (new 

nitric acid plant) will make it necessary to expand filter 

capa':ityl 
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c) Consumption 

Flowrates at all major users and the input of each individual 

pump are measured, and a balance sheet drawn up of the dif fe­

rences with the aid of key numbers and predicted data (compu­

ter program}. At Chemie Linz AG river water is used almost 

entirely for cooling purposes; after passing through a variety 

0f heat exchangers it is therefore discharged into the drain, 

heated up around 10 to 20oC on average. The highest consump-

lt tion rates are compensated for by means of so-called recyc­

ling, i.e. coolant water which is only bee~ slightly warmed 

up, but not contaminated, is pumped back into the network 

(nitric acid and ammonia plants). 

d} Disposal 

River water is taken from the Danube river in the intake 

facility, and returned to the Danube river completely around 

250 downstream, by way of the discharge structure (building 

147}. This facility was neceJsitated by the construction of 

the new Abwinden-Asten hydroelectric power station, which 

raised the level of the Danube river by around 4 m at Chemie 

~ Linz AG. As a result, water discharged from our works can no 

longer simply run off into the Danube river, but must be 

pumped away. 
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Capa~ity: 6 pumps, 10000 m3/h each, 3 to 4 always running, 

emergency power supply on hand 

The Donaukraftwerke AG operate this facility under contract. 

e) Power-saving measures 

The mechanics of a rotary pump and of the pipeline downstream 

are such that, for a fixed speed, reducing the pumFing rate 

automatically increases the counterpressure. When turned down, 

~herefore, the p~mp must overcome a higher pressure than would 

be needed to overco~e pressure drops in the pipeline and 

static head. At the same time the pump ceases to work at peak 

efficiency. The unavoidable result is that the power required 

to drive the pump stays almost constant as the rate of pumping 

goes down. 

Possible countermeasures: 

1) Running the ~ at full speed with maximum pumping rate 

the excess water is discharged into the drain. In our special 

case the Q-H line and the power takeup go down as the rate of 

pumping increases, while the pressure also goes down. If a 

drop in pressure is acceptable, running the pump ~t full speed 

is recommended as a short-term measure to save electricity 

without extra investment. At Chemie Linz AG this is being done 

success-fully with the low-pressure pumps, until a motor drive 

with speed control is installed. 
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2) Trimming the ~ rotors 

7his is naturally possible only if reduced output is required: 

either because the pump wa~ originally too large for the job, 

or - in Chemie Linz AG' case - because the rise in the level 

of the Danube due to the power station barrage means that t~e 

pressure head to be overcome no longer matches the design 

data. Reducing the rotor diameter leads to a change in the 

pump 

H -

Q, Q' 

H, H' 

N, N' 

D, D' 

operating 
J' 

G.. .] 

]'.i 
rl j) 

rate of 

pressure 

data, roughly as follcws: 

pumping 

head 

power takeup 

rotor diameter 

As these equations are exactly true only for rotors with low 

cpeeds, it is always worth consulting the pump manufacturer. 

3) r-'.otor drives with speed control 

Where pumps of the same size are run at different speeds, 

t~eir pumping data are modified for the aspect of operation in 

question in line with the following equations: 

a' - a fl- I 

fl. 

H' H 
J:;/J 

ri,n'- sreed = ft 

~J' == ty 
llc 1J 

f\, 
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i.e. the rate of pummping changes proportionally to, the 

pumping head with the square of and the shaft power takeup 

with the third power of the speed ratio. / 

Looking at the characteristic distribution of a rotary pump, 

which is yielded by shifting the turn-down curve in parallel, 

we can recognize that flow control need no longer follow the 

~~rn-down ~urve, but can follow the pipeline characteristic 

instead. This way the power required for driving the pump can 

be reduced considerably, particularly where low rates of pum­

ping ar concern~d. 

At Chemie Linz AG' s Enns works both water pumps were turned 

down continuously in 1980: this led to the decision to equip 

one pump with a motor with s~eed control. Aa a result, unit 

electricity consumption was lowered from a mean of 270 kWh to 

185 kWh per 1000 m3 water, equivalent to savings of around AS 
1.5 M per year. 

We then started investigating whether similar savings could be 

achieved in ti1e intake f ac i 1 i ty in Linz. It turned out that 

the various ways of ~perating pumps in conjunction make the 

load factor much better than in Enns. Nonethless, calculations 

indic"ited that installing one motor with speed control for a 

high-pressur-~ arid a low-pressure pump, and lowering the pres­

sure further, could save approx. 3.9 GWh per year. The new 

drives will be installed in the course of this year. 
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4) 2£!.l~izing electricity and coolant ~ater consumption in 

refrigerating equipment as an example of reducing energy 

costs. Including all laboratory refrigerating devices, around 

185 air-conditioning and refrigerating units are in operation 

at our Linz works, with a total installed refrigerating capa­

city of approx. 3 MW (approx. 1 MW electr ica 1 rating). Owing 

to increased energy costs, refrigerating equipment should be 

operated only where actual refrigeration is involved. Air 

~onditioning should be restricted to a considerable extent • 

Unit electricity.consumption per kW of installed refrigerating 

capacity increases with increasing condensing temperature; on 

the o~her hand unit coolant consumption goes down. 

The cost of coolant water is the decisive factor for the 

overall running costs of a refrigerating unit: 

if expensive drinking water is used, the coolant water costs 

are decisive and the cost of electricity plays only a minor 

part. Total unit runnins costs per kW of installed refrigera­

tir.g c:::i.paci ty go down unmistakably as the condensing tempera­

tur rises. Units of this kind should be operated with the 

highest possible condensing temperature (minimizing coolant 

water consumption). 
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The situation with refriger~t:ng units cooled with well water 

is exactly the opposite. Here well water, which is comparati­

vely cheap (only extra costs are taken into account), is of 

minor significance, and electricity costs are the decisive 

factor. 

The graph shows how overall running costs increase with in­

creasing condensing temperature. Units of this type should be 

run so as to minimize electricity consumption at the expense 

of coolant water consumption (lowest. possible condensing tem­

perature). 

From the graph it is also clear that unit overall running cost 

for units cooled with well water are well below those for 

units cooled with drinking water. Converting from drinking 

water to well water saves costs in every case, and should be 

carried out wherever eco-nomically feasible. (Graph) 

B) Well vater supply in Linz works 

A horizontal filter well (building 144) and a vertical filter 

well at building 88 cover mean consumption of 500 m3/h for the 

entire works. Owing to its comparative lack of contamination, 

well water is mainly used for cooling laboratory and air­

conditioning equip-ment. The vertical filter well was started 

up only in 1982: it saves drinking water which we had to use 

until then. 
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The well water pumps are also turned down some of the time: 

however, an in-vestigation we carried out showed that the 

potential energy savings were not enough to justify capital 

investment. 

C} The drinking water supply is provided by the Linz municipal 

utility company's drinking water mains: consumption in the 

Linz works is around 1,500,000 m3 per year. 

D} Boiler feedvater 

~os~ steam system function as closed circuits, i.e. steam is 

generated and distributed, then condensed in heat exchangers 

or turbines, and the condensate pumped back to the steam 

generator. Individual plants monitor the conductivity of the 

co:idensate continuously: if it rises above 20 us, the 

condensate is discharged into the drain. 

Losses are thus contir.ually occu~ing (contamination in process 

steam, stripper steam or simply leakages); boiler feedwater 

must therefore be added to the system continually. 
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In generating boiler feedwater, the solid and liquid contami­

nants {dust, oils, petrol, salts) and the gaseous conta~inants 

{oxygen, copper dioxide, sulfur dioxide, nitrogen oxides, 

chlorine) be re-moved from the water by mechanical and chemi­

cal means. Mechanical treatment is done with a KSU ractor and 

gravel beds, chemical treatment by means of ion exchangers and 

mixed bed filters. This so-called deioni~ed water is preheated 

~o ~pprox. 98oC with process heat from the ammonia plant; 

before it enters the boiler feedwater vessels, it is degassed 

thermally {steam) and chenically {hydrazine), and then pumped 

to the users. 

At the moment 5 lines are available to deionize boiler feed­

water: 3 older ones with a capacity of 100 m3/h each, and 2 

more recent ones for 150 m3/h each. At full load 3 lines are 

in operation at any given time (turn and turn about), while 

the other 2 get regenerated or are on standby. 

Boiler feedwater generation and consumption are measured and 

in-voiced every month. 
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E) Hot water 

Apart from steam, hot water is in increasing use as a heat 

source. It is mainly used to heat buildings and to warm pro­

cess water: here and there it is also used for tank and line 

heating systems. At Chemie Linz AG hot water is heated entire­

ly with process heat, which makes a significant contribution 

to saving primary energy. Steam gets blown in at intervals 

only if there is trouble in the system or if outside tempera-

~ tures are extremely low. 

• 

The main source of heat are carbon dioxide vapors, the gas 

cooling facility in the methanizing stage of the single-train 

plant, and the gas coolers in the ammonia plant in building 

305. Waste heat from compressors is also used on occasion. 

Capacity: in winter approx. 700 m3/h of circuit water are 

heated from around 80 to 92oC in the single-train plant, and 

then pumped to the various users via 3 heating circuits. The 

coolant water re-turning is fed back into the loop, closing 

the circuit. 

heating circuit I: 200 m3/h,supplies more or less the center 

of the works 

heating ciccuit II: 400 m3/h, supplies the southern section 

heating circuit III: 100 m3/h, supplies the northern section 

The water flowrates and temperatures in the heating circuits 

are measured, as is the consumption of the main users. Subsi­

diary users get charged for estimated consumption on the basis 

of outside temperature. Invoicing is carried out per month. 
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Our department is continually carrying out investigations to 

find out how far buildings that are currently h~ated with 

steam can be connected up to the hot water circuits at reaso­

nable expense. 

The technical gases 

At Chemie Linz AG compressed air, pilot air, nitrogen, oxygen 

and mixed gas are generated as technical gases, treated and 

• supplied to the users. 

• 

A) Compressed air 

Mains pressures: 3 to 4 bar, and 6 bar 

Generators: Demag Turbo, building 204, approx. 7000 m3/h at 4 

bar Aerzener screw-type compressor, building 44, 

approx. 

Users: 

7000 m3/h at 4 bar 

all plants (approx. 14000 m3/h) except for APP/APZ 

sector (compound fertilizer production), which has 

its own supply of compressed air 

Back-up facilities: Borsig compressor, building 204, approx. 

l 200 m3/h at 6 bar 

Atlas Copco, building 6, approx. 960 m3/h at 6 bar 

excess pilot air, building 401 
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B) Pilot air 

3 IPEC compressors, building 424, 1200 m3/h at 2.8 

bar each - normally used directly for mill buil­

ding 403 if required 

If necessary, all compressors in the 

APP /APZ sector (building 60 l) can be 

used to supply the mains. The Sulzer 

compressor in building 530, capacity approx. 

3500 m3/h, supplies the C sector: any excess is 

dried and fed into the pilot air 

mains. 

Pilot air must be dried to avoid condensate or ice forming 

in/on sensitive instruments. Two air drying plants are in 

operation in our works: both use silica gel adsorbers, regene­

rated with steam-heated air. 

At the moment our works consume up to 3800 m3/h of pilot air, 

normally supplied by the following equipment: 

~ Atlas Copco screw-type compressor, building 401, 1600 to 

Sulzer compressor, 

pressure vaporizer, 

single-train plant, 

l 800 m3/h 

building 530, 1000 to 

1 200 m3/h 

building 214, 

400 m3/h 

building 215, 

600 m3/h 

(of which 470 m3/h for own use) 
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Of the 2500 m3/h which the Atlas Copco screw-type compressor 

in building 401 delivers, an excess 700 to 900 m3/h are avai­

lable for the 6 bar compressed air mains. 

Production rates for both compressed air and pilot air are 

measured, as are larger consumers' consumption rates. Smaller 

users are charged on the basis of estimates. Invoicing is done 

once a month. 

~ C) Nitrogen and oxygen 

• 

A central air separation plant using the Linde-Frankl process 

is installed in building 204 to separate atmospheric air into 

nitrogen and oxygen. 

A gas can be liquefied only below the "critical temperature". 

In the case of air, the critical temperature is around -140oC. 

Air compressed to anything up to 180 bar is cooled in interme­

diate coolers acted on by river water, and then cooled further 

in a countercurrent system by the cold gases coming from the 

distillation equipment. Beyond, the already highly cooled air 

i£ reduced in prssure by means of a throttle valve, producing 

liquid air (Jou le-Thomson ef feet) . 

The air can now be separated into its components by fr~ctional 

distillation. Nitrogen, which has a lower boiling point (-

196oC), evaporates first, while the oxygen (boiling point -

183oC) content of the residue. increases steadily. 
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Facilities: 2 Frankl systems with a capacity of approx. 1750 

m3/h pure nitrogen and up to approx. 2000 m3/h purging nitro­

gen (at most 2% oxygen, mean value 0.4% oxygen) each. 

Ex::ess purging nitrogen and other components already used as 

cooling media are vented into the open. 

The oxygen is used for cracking methane in the gas plant, and 

any surplus quantities are used to increase production in the 

nitric acid plant. 

• Nitrogen is used mainly for purging and shrouding. Invoicing 

is done once a mpnth, as for air. 

• 

There no back-up facilites for the Frankl systems (installed 

around 1940). If a system breaks down or need repairing the 

rate of ammonia and/or nitric acid production must be reduced 

(optimi-zing sales). 

D) Mixed gas 

A number of gases with varying calorific values accumulate 

from the pressure reduction stages of ammonia station, and 

mixed wit:1 natural gas as required to a mean calorific value 

of 1.85 kWh/m3 (1600 kcal/m3). 

The individual components of the mixed gas are: 

- gas from turbine pressure relief (TEG) from the carbon 

dioxide scrubber, mean flowrate 4000 m3/h, calorific value 

1.7 kWh/m3 
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- gas from synthesis pressure relief and recycling pressure 

relief (SEG/REG) from the ammonia synthesis process and the 

intermediate ~ressure relief equipment; most of this gas 

~ixture is supplied to the argon plant, while the excess 

goes to the mixed gas station -mean flowrate 200 m3/h, 

calorific value: SEG 

4.7 kWh/m3, REG 3.6 kWh/m3 

natural gas (EG) is fed in by a TEG/EG ratio control device, 

to keep the calorific value of the mixed gas more or less 

constant; 

mean flowrate 590 m3/h, calorific value 10 kWh/m3. 

This mixed gas supplies the mixed gas demand in our works: 

around 95000 MWh per year. The users are: the lime mills 

(building 403), the gypsum drying facility (building 424), and 

the ammonium sulfate drying facility (building 424). 

Accounts are made up and invoicing is down once a month for 

mixed gas production and consumption; this also applies to 

checking the calorific values. 

E) Steam 

T!ie production steam needed for most of Chemie Linz AG's 

proJucts is produced mainly by utilizing process heat to 

ge~erate steam. In the winter months, with space and ancillary 

heatin~ systems in use and increased demand for products 

making ir. which steam is ccnsumed, demand for steam is high, 

so a steam boiler must be opoerated from November to March; by 

contrast, a surplus of steam of more or less the same exists 

in the summer months. 

38 



I 

@UD@rfJDsent 
CONSULTING GES. MBH 

Since the various sources of waste heat used to generate steam 

do not have anything like a consistent temperature level, the 

steam pressure at the various producers diffe_·s considerably. 

Transporting the steam generated therefore involves several 

steam pipe networks, with a total length of around 18 km. 

Chemie Linz AG possesses pipe networks for the pressure le­

vels: 

~ 1. 25 bar 

producers: nitric acid jplant 

Wamser boiler 

approx. 44 t/h 

up to 65 t/h from 

natural gas 

consumers: urea plant at most 44 t/h 

1.5 t/h 

2. 20 bar 

arrunonium nitrate plant 

concentrated nitric 

acid plant 

2.5 t/h 

producers: single-train plant 5 to 17 t/h 

boiler ho~se (bldg.110) 2 x 10 = 20 t/h from 

oil or natural gas 

supply from VOEST-Alpine up to 25 t/h.pa 

consumers: melamine plant 8 to 14 t/h 

fibres and no-woven 

pressure gasification 

o.8 t/h 

(only if faults develop) 17 t/h 

heating in buildings 1 to 6 t/h 

VOEST-Alpine Linz 5 to 18 t/h 
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3. 7 bar 

producers: ~ressure gasification: 

1.1 t steam/t N 19 to 22 t/h 

sulfuric acid from crude 

sulfur: 1.1 t steam/t 

H2S04 9 t/h 

MSA 5 t/h 

phthalic acid anhy-

dride production 4 t/h 

• nitric acid plant 27 t/h 

consumers: ammonium nitrate plant 15 t/h 

urea production 3 to 10 t/h 

ammonium sulfate 3 t/h 

I pharmaceutical product. 4 to 6 t/h 
/ pesticide production 4 to 7 t/h 

phthalic acid ester 

plasticizers 3 t/h 

fibres and non-wovens 3 t/h 

heating, other users 5 to 15 t/h 

4 • 3.5 bar • producers: urea plant O to 3 t/h 

consumers: melamine plant 0.5 to 3 t/h 
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5. 2 bar 

producers: pressure g~sification: 

0.4 t steam/t N 

armnonia plant:0.6 t 

steam/t N 

cousumers: melamine plant: 3 t 

steam/t 

ammonium sulfate 

production 

boiler feedwater 

production 

gas p lant: o.s t steam/ 

t N 

nitric acid plant 

pesticide production 

heating in buildings, 

other users 
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4 to 7 t/h 

14 to 22 t/h 

6 to 12 t/h 

6 t/h 

3 to 8 t/h 

3 to 7 t/h 

1.5 t/h 

3 t/h 

5 to 10 t/h 
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Metering 

Stearn flowrates - both at all producers and at most consumers 

- are measured by means of orifices, with corrections made for 

pres-sure and temperature. 

T~e measurements are evaluated every day, and the results 

stored in a data bank. The steam consumption for all space and 

back-up heating systems (if not already measured) is worked 

~ out by means of a summing graph as a function of the outside 

temeprature each day. 

• 

Constructing a summing graph on the basis of installed heating 

ca-pacity 

Before a heating system is installed in a building, the heat 

out-put required is calculated exactly, taking insulation, 

location, window size etc. into account, and the heating 

scaled accordingly. Hot steam consumptipn can then be calcu­

lated from installed heating capacity and the outside tempera­

ture • 
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E.g.: installed heating capacity 120 kW for -20oC 

to I 

increase in demand per oC = 1JO KW = 3 1/3 kW/oC 

heat required at OoC = 3 1/3 x 16 = 53 1/3 kW 

demand formula: (53 1/3 kW - 3 1/3 kW x outside temperature 16) x 

24 h = kWh per day 

If the heat required by several buildings is to be calculated, the 

tt individual values can be added together, e.g.: 
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summing formula: (133.33 kW - 8.58 kW x outside temperature 16) x 

24 h = total kWh per day 

Days multiplied by measured and computed steam consumption 

account for around 97% of total steam consumption; leaks from 

pipes and other quantities of steam worked out only once a 

mo~th account for the remainder. 

As the quantities of steam measured are compared with the 

~ cor~esponding production volumes and/or quantities of raw 

material is used! mi~takes in invoicing for steam can be dealt 

with immediately - and wateful methods of operation identified 

without delay. 

• 

Increased steam wastage, e.g. leaks from valves, excessively 

low setpoint setting at blow-down devices, are revealed by 

comparing consumption and generation. 

Apart from the steam pressure levels and net~orks described 

above, steam systems with pressures of 135, 115, 40 and 38 bar 

are also in internal use to drive turbines and as process 

steam • 

T':lis volume of steam, which is of the same order as that 

consu~ed in the various steam mains networks, is also measured 

on the generation and consumption side; however, the resulting 

data are used not so much to track down steam wastage as to 

optimize operating procedures, i.e. improve the thermal effi­

ciency of the plant. 
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Making use of surplus steam 

In the summer months a surplus of steam up to around 10 t/h 

currently occurs. The question of how to make the best use of 

this steam is continually being discussed with the production 

teams in questions and with the marketing department, and 

suitable projects drawn up. 

At Chemie Linz AG the following ways of utilizing steam exist 

~ or are planned: 

• 

Electricity generation in condensing turbines, e.g. 7 to 17 

t/h (approx. 5 mW) in the single-train plant, and 4 to 6 MW 

(depending on procedure) in Enns (condensing turbine with 

moving tapping) 

- Production scheduling, i.e. allocating the bulk of produc­

tion involving heavy steam consumption to the summer months, 

to the extent that storage capacity and marketing situation 

permit this (e.g. melamine) 

It is also worth considering throttling back production acti­

vities which generate steam (e.g. nitric acid, sulfuric acid). 

- I:lstalling steam-heated air preheaters to dry products and 

thus primary energy (e.g. NPK fertilizer and lime/ammonium 

nitrate plants) 

- Supplying waste heat to district heating facilities and 

suitable industrial plant users who need steam for their 

production 
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A facility also exists for supplying steam to/taking steam 

from VOEST-Alpine via connecting line. Chemie Linz AG is 

e:1titled to take small amounts (1 to 4 t/h) of steam needed at 

short notice - beneath the minimum load level for the boiler -

or alternatively supply excess steam (4 to 10 t/h at 20 bar) 

to VOEST-Alpine Linz. As the steam taken from outside costs 

C0:1siderably more than the steam delivered outside (only eva-

1 ua ted for generating electricity), the supervision center 

monitors the shared metering facility, so as to take approp-

~ riate action if steam is taken from outside over a long pe­

riod. 

- Starting up a boiler feedwater turbine (building 214) to 

save pump electricity. The steam fed in is reduced in pres­

sure from 7 bar to atmospheric pressure. 

Here ~ p~ovide ~ brief survey of ways in which waste heat is 

used at Chemie Linz AG: 

- Waste heat boiler in the pressure gasification facility: 2 

bar, 7 t/h, using the contact heat 

- Waste heat boiler at Enns: 42 bar, 26 t/h to generate elec­

tricity, using the flue gases from an incinerator 

- Adding a downstream neating surface to improve the efficien­

cy of an oil-fired steam boiler at Leifa in Neumarkt: 12 

bar, 2 t/h - or new boiler (planned) 
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- Using the condensation heat of a column head product to heat 

up a vacuum column (acrylonitrile plant in Enns: approx. 6 

t/h of steam can be saved: planned) 

- Process modifications (urea plant, single-train plant, pres­

sure swing adsorption: planned) 

- Various air preheaters: with surplus steam (NPK fertilizer, 

lime/ammonium nitrate: planned with flue gas (melamine, 

acrylonitrile: planned) 

- preheating condensate and boiler feedwater 

The possibility of using heat pumps or ORC systems must be 

checked from case to case to see whether it makes economic 

sense in the light of the existing price situation. 

Ir. all case it is vital to carry out a systematic search for 

suitable sources of waste heatl 

Reducing heat dissipation ~ providing more insulation 

At a cautious estimate, the Chemie Liuz steam networks dissi­

pate radiant heat to the tune of AS 5 to 8 M per year, at a 

steam price of around AS 200,--/t. Since the insulation thick­

n~ss have not changed over the last 15 years (works standard), 

US-ES mooted the idea of responding to greatly increased 

ehergy costs by providing thicker insulation to the extent 

that this makes economic sense. 
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An investigation revealed that increasing the insulation­

thickness by 30 to 50% on average, in order to reduce energy 

losses, is a paying proposition. As a result, the relevant 

standard was revised accordingly. 

s~a~istical checking method to monitor energy consumption 

Scatistical methods can be used evaluate the effects of any 

given measure taken (e.g. starting up a facility to utilize 

waste heat). In .such cases graphical methods are very suitab­

le, as they reveal the essential elements in a form easily 

appreciated, and are easier to grasp than extensive table of 
data. 

As an example, we present a comparison between unit enrgy 

consumption in our Enns works (propylene, natural gas, elec­

tricity) and unit propylene consumption. While unit propylene 

consumption has been steadily reduced by means of process 

improve~ents, starting up the waste heat system produced a 

significantly greater production in unit energy consumption 

(intersection of the 2 plots) • 
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C02 liquefaction plant 

This C02 liquefaction plant with a capacity of 5 t/h is si­

tuated in building 219. 

There are two lines for 2.5 t/h each. The area occupied is 

lSJO m2, including space for a third line. The plant belongs 

to Fa. Klara: Chemie Linz is responsible for running it • 

The start up of the plant was in 1982, the erection time 2 

years. 

The cost of this plant was 70 million s. 

Pro~ see process flow sheet 

C02 s::tturated with H20 vapor from the Benfield system of the 

anrnonia plant at 85oC and 1.1 bar is cooled to 30oC. A com­

pressor condenses the gas to 15 bar. In the molecular sieves 

beyond the qas is dried (dew point -70oC). 

~he liquefaction is carried out with an ammonia refrigeration 

circuit. The cold HN3 qas (-38oC) is compressed by a screw­

compressor :md then reliquefied. Components such as nitrogen 

an~ hy~roqen which stay gaseous in the C02 condenser, are 

re~oved by expansion. So purity is very high (99.99%). This is 

the quality you need for using in the food industry. Now the 

liquid C02 runs down in a vessel with a capacity of 75m3. 

1 



Pu~ps transfer the pure cabon dioxide to 3 storage vessels. 

Each vessel has a capacity of 250 t. The carbon dioxide is 

stored at -35oC and 15 bar. C02 is loaded in road or rail 

t~nkers as required. 

In c~se of having hard orders for ~sing C02 in provisions 

(food industries) we must be very careful by loading and we 

nust m~ke many analysis. 

• ~he stringent requirements of food processing make clean, 

conscientious working essential, particularly as regards loa­

ding in tankers, and also necessitate an expensive and compli­

cated analytical program to ensure product purity • 

• 
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A R G 0 N P L A N T 

P 1 a nn i nq, design and erect ion of the argon pl ant took 18 

rnont~s. The operating area is about 600m2. The total cost were 

about. AS 80 M. This plant belongs to Linde, Industrial Gases, 

~ustri3, 3nd is oper3ted by Chemie Linz AG under contract. 

A plant to extract argon from depressurized synthesizer qas 

• h3s the advantage over air separation plants that the equip­

ment operates non-stop, so that argon is continuously extrac­

ted on a defined scale, whereas argon production is a function 

of oxygen production in the case of the air separation pro-

cess . 

. l\rgon is used as an inert gas for argon arc welding, for 

annealing metals, for manufacturing of electronic components 

and as a purge gas for cleaning molten metal. 

~he plant produces 6900 tonnes of argon per year from the 

w~ste gas from the ammonia synthesizer wh~ch is used to be 

burned. The components of this wdste gas argon, ni troqen, 

~~~h~ne ~nd hydrogen. The gas is processed in a low-tempera­

ture process i~ which temperatures of -190oC are obtained. So 

b~fore the gas is cooled d0wn it is dried with molecular 

si~ves. In the subsequent liquefaction step hydrogen gas is 

~xtr3cte~. Methane, nitrogen and argon are separated by di­

stillation. The by-products methane and hydrogen are processed 

for am~onia production. 

1 
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The extracted argon with a purity of 99.999% is stored as a 

liqui~ in a vacuum insulated tank at a temperature of -183oC. 

This liquid argon is then filled into road tanksers and con­

t~iners. The low temperatures for the process are obtained 

with a nitroqen circuit incorporating a compressor an expan­

sion turbine and heat exchangers. Due to extremely low tempe­

ratures, special care was taken with the insulation of the 

pipelines and containers. 

2 
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JOB PROCEDURE 

Enquiry (from inside our company or from outside) 

Estimate - cost and time 

Quotation 

Co~parison of prices 

for new items, very large maintenance jobs 

Order (fixed prices) 

costs are booked to costcodes (plant, division) 

and to costcenter workshop (tools, labour) 

Procurement of material and labour 

:stores 

purchasing dept. 

hiring of workers 

Execution of work 

cost: cost bills 

cost accounting bill 

1 
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M I G MAG 

WELDING EQUIPMENT 

With a mig-mag machine, all-metal wires cf 0.6, 0.8, 1.0, 1.2 

nm ~ are welded under: 

Co2 

mixed gas Corgon 2 

argon 

for carbon steels 

for low-alloy steels 

for stainless steels, Alu 51 

This system enables us to weld low-alloy 

steels, aluminium and aluminium alloys. 

steels, stainless 

Equ ipmer,t: three-phase transformet with constant voltage 

characteristics--->~ silicon three-phase bridge rectifier. 

Welding current~~-.>direct current (D.C.) 

Both processes f2ature filler metal electrodes, bare wire 

being machine fed from a reel to melt in its own electric arc. 

Only o.c. welding sets and rectifiers with constant voltage 

characteristics are used (generally: electrode (+) Pol.) 

2 



Owing to its high efficiency this process is used to an ever­

increasing extent for welding steels. 

Wire ¢: 

0.3 r.1n ~ desposition rate kg/h ~ 1.0 - 3.7 

1.0 :nm ~ ~ 1.2 - 4.0 

1.2 m:n~ .. ~ 1.8 - 4.6 

1.6 mm~ • ~ 3.2 - 6.2 

2.4 mm~ " ~ s.o 

3 
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WIG T I G 

WELDING EQUIPMENT 

T'!G process: 

Its source of heat is the electric arc burning under a shield 

of inert gas. Electrcdes are either straight or rhenium 

alloyed tungsten . 

The shielding g~s is either argon or helium. The gas shields 

the weld puddle as well as the melting wire from atmospheric 

action. Only D.C. welding sets and rectifiers are used in the 

TIG process. 

:'ht:? application range covers sheet fabrication, high quality 

root runs in tubing and plates. (Generally: electrode - Pol.) 

Corrosion resisting steel 

High temperature and 

cr~~P resisting steels 

.l\l u:ninium 

D.C. -- electrode negative 

D.C. -- electrode negative 

A.C. 

4 



INERT GAS WELD I HG 

Principles 

With inert gas shielded arc welding, a flow of inert gas 

protects the electrodes and puddle from the air. 

The electrode is either non-consumable and only carries the 

• current and arc, or consumable and is fed constantly to 

provide filler metal. 

This difference accounts for the basic distinction between two 

types of gas shielded arc welding. 

1 non-consumable electrode 

Tungsten inert gas (TIG) 

2 consumable electrode 

Metal inert gas (MIG) 

Metal active gas (MAG) if gas mixtures are used 

5 
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WELDING CONSUMABLES AT CHEMIE LINZ 
OOATFD FLECTRODES FOR MILD STEEL 

=====~========-=--===========:======-======:::===== 

make: BOhler AWS description - base metal 

grade: BOhler 

IFOX ITI E 6013 heavy titan coating, designed for all • 

positions except vertical down; 

mild steels and pressure vessel steels, 

UD to 33 tons/sq. in. min tensile strength . 
FOX SPE -E 6013 heavy titan coating, for all positions 

except vertical down; high quality weld 

in structural steels, storage tank, pipe 

welds mild steels and pressure steels up 

to 33 tons/ sq. in. 

PJX HL 130 Ti E 7024 titan I iron powder coating designed to 

give about 130\ metal recovery; mild steels 

and pressure vessel steels, up to 33 t0ns/ 

sq.in. min tensile strength 

rox HL 150 Ti E 7024 titan I iron powder coating designed to 

give about 150\ metal recovery; mild steel 

and pressure vessel steels 

rox EV 50 E 7018 heavy lime-coating type, designed to pro-

duce high quality weld S; mild steels and 

pressure vessel steels 

rx EV 60 ,_ E 8016-G Mn-Ni alloyed lime-coated electrode; can 

be used in the temperature range - 80°C 

I ~· 400°C 

s 
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ELECTRODF.S RlR WELDING HIGi-Te.n>ERATIJRES STEEIB 
==============-=======================::==:2==== 

make: Bohler AWS description - base metal 

grade: Bohler 

FOX IJ.10 Ti E 7013-G Mo alloy titan -coated electrode; mild. 

steels, pressure vessel steels and 1/2\ 

Mo steels 0 up to 510 N/111112 min. tensile 

strength 
FOX IJ.10 Kb 

. ,.._ E 7018A1 lime coated 

FOX IXJ.iS Ti E 801382 Cr-Mo alloyed titan coated electrod~ 

I 1\ Cr - 1/2\ Mo high-temperature ste~ls, 

/ can be used in temperature range up 

to 550°C 

rox COIS Ti E 8018B2 lime-coated 

FOX Q.12 Ti E 901383 2 1/2 \Cr, 1\ Mo alloy . titan coated 

electrode 
RlX Q.12 KB -' E 90 1ffi3 2 1/2\ Cr - 1\ Mo high-temperature steel~ 

up to 600°C 

FOX 015 Kb E 502-15 S\ Cr, Mo alloyed lime-coated electrode 

5\ Cr - 1\ Mo high-temperature steels 

up to 600°C 

FOX mg Kb ------- lime-coated, 3\ Cr, Mo, V electrode 

Cr,- Mo-V steels for hot hydrogen servicE 

rox CN 16/13 ------- lime-coated electrode 

16\ C:r - 13\ Ni+Nb high-temperature 

steels 
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AUSTENITIC STAIKLESS ELECT~ODES 

AUSTfNITIC SPECIAL ~E ELECTRODFS 
========~==z:s-============================= 

make: Bohler AWS description - base metal 

grade: Bohler 

FOX SAS 2 E 347-15 lime-coated electrode 

18/8 Cr-Ni steel, temp. up to 400°C 

rox SAS-A - E 347-16 titan I lime type coated electrode 
18/8 Cr-Ni steel, temo. up to 400°C 

FOX SAS 4 -E 318-15 lime-coated electrode 
18/8 Cr-Ni-Mo steel 

rox SAS 4-A -E 318-16 titan I lime-coated electrode 
18/8 Cr-Ni-Mo S(eel 

rox FA5N 25M ---- a low carbon, lime-coated Cr-Ni-Mo 
type; used in crea plants (mat.n°. 
1.4435) 

rox A7 ---- a lime-coated electrode for the joint 
welding of dissimilar steels 

FOX AN ---- a lime-coated electrode for the joint 
I welding of dissimilar steels 

rox 0123/12Mo-A - E 309MoL- 16 titan I lime-coated electrode for weld!: 
to join austenitic stainless and car-
bon steel 

FOX ClJ 29/9 -E 312-16 universal-type coate~ electrode for 
welds to join dissimilar, high tensile 
steels 



I 

COATED ELECTRODES FOR HARD SURFACING 
INERT GAS WELDING WIRE 

make: BOhler AWS description - hardness 
grade: BOhler 

rox IX.JR 2 so lime- coated electrode for hard and 
tousm buildups ,hardness"" 250 HB 

. 
rox IX.JR 3 so lime-coated electrode for wear-re-

sis ting buildups, hardness ,... 340 -
440 OB 

rox IX.JR 600 lime-coated electrode 
hardness: 54 - 58 HRc 

Antinit cast, ground rod for hardfacing 
Celsit 50 Nb sealing faces on valves 

hardness:,.., 45 - 48 HRc 

rox Celsit VHL high-efficiency, alloy powder,titan 
coated electrode with drawn core 
for contact face buildups in gas, 
steam and acid service 

description 

Xuoer 2240 Castolin electrode for grey cast iron 

Inconel 182 for shielded metal-arc welding of 
(coated electrode) Huntington Inconel Ni-Cr alloy to itself or 

to stainless or carbon steel. For 
Inconel 82 Huntigton joining disimilar alloys such as 
(alloyed wire) austenitic and ferritic steels to 

each other and to high-Ni all~ys 

Silox S2 bgussa ~as welding rod for grey cast iron 



FILLER METAL FOR INERT GAS WELDING 

==============:az====z======================zz====as 

make: BOhler AWS description - b3Se metal 
grade: BOhler 

BlK 6 ER 70S-G a copper coated wire for MAG welding 
. 

under C02 or mixed gas; mild steels 
and pressure vessel steels 

JM)-IG . E 70S-GB copper-coated, Mo-alloyed wirei mild 
steels, pressure vessel steels, up 
to SOO"C 

I lXJ.f.5-IG E 70S-GB copper coated, Cr-Mo alloyed wire; 
/ 1\ Cr - 1/2\ Mo high-ttmperature steels 

up to 550°C 

SAS 2-IG ER 347 bright drawn wire 
18/8 Cr-Ni steel 

SAS 4-IG ER 318 bright drawn wire 
18/8 Cr-Ni--Mo steel 

CN 29/9 IG ER 312 bright drawn wire for problem steel 
welding and building up on hot work 

I 
tools, and for joining stainless to 
carbon steels. 
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GAS WELDING RODS 

•===-----==============z==2==== 

make: BOhler AWS description - base metal 

grade: BOhler 

• BW VII RG 45 a copper-coated, carbon steel wire, 

low carbon steels 

fluid puddle 

BW XII RG 60 a copper-coated, Ni-bearing wire 
/ viscous puddle 

low and medium carbon steels 

IM> RG 60 a copper-coated Mo-bearing wire for 

I 
oxy-acetylene welding 

medium carbon and low alloy steels; 
pipes. 

IX}\$ RG 65 a copper-coated, Cr-Mo alloyed rod; 

1\ Cr - 1/2\ Mo high temperature 

steels, up to 550°C • 
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CONSUL! tNG GES. M. B. H 

I N S P E C ~ I 0 N 

•z~=======~===~==== 

Law on inspection 

~echnical regulations 

Inspectors nominated by head of province or county 

officers of county 

technical supervision association - Ttiv 

Field of inspection 

Al~ pressure vessels (lb) 

steam vessels 

pipes 

valves 

liftirig devices 

cranes 

hoists 

lifts 

(O.S b) 

safety valves 

refrigerdtion plants 

6 
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1 Milnagc• r 1 

Depa rt ment • r 
c J =- -- ---r----- - ~~~~~~s 1 

: 1 M:rnCt~e-- r _ I 1 Miinagi'r L____ L J I lrl Manager J---
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lProiects ____.j ~1 Techniciai:t !----~ 11 Work~s- IL._6 Wo-r_k_~rs ~1 Wo!:_!<ers I 
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• 2 Technicia~_; ,Ei_n_e_ !-iL'_sh. · ~ Foreman ! i 1 Technician J 
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' Mefh. 'i\'.q_r!_cshop: 6 Workers 
4 Workers 

1 Technician 
Devices 
7 Workers 

1 Technicia:i 
Valves I 
U,u_pe.rxJ ~o~ 
S Workers --...........--'---
1 Groupleader I 
Panels ; 
2 Workers i --r-·-
fSui:>e;vrsor--J 
Machining 
sWorker~ --1 

1 Foreman 
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2 Techni~aris __ 
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1W: - SHIFT AND STAND-BY SERVICE 

ennanent ly present 7 days stand-by service aa<rnional analytica~rv 1ce :J 
(call with "fault (call via "guide Sat., Sun + Holiday, 3 in 

umber") office") the plant 

Shift- ]·1 J 
worker J 

• f-1 plant group lTll 11 lst:~a~~;e~ervice IJJ]]] 
for d1stnct 1 

,. · I plant group 
I -1; for district 2 ]]]] 

~----'1 fo~1-~~~t~-r~~p3 ____,]Jn] 
--=1]]] I weighing 

• I -i lmachinc expcr~--

'sa~ su:ifoiid.•--f~--~~alytical expPrtsJJ]Jl . . l]J]] ~ 3h_!_n_r_!~f!t __ - l '' l _ ·---- --- ·· add1 ttonal . 
=-- -·-- ---- '-------- ------ ------1 ·1wdytical servtcl· I II ~ - - --- - - ---- - ' { ---· - - - ----

Sllli1Tr~s ARi; GL\.':t;1:n YHl~LY .\\i) Sl 1 ft:J,\f.f.Y IN FORMl:D BIT<JHI: SEIN ICE IN Sllil·T 
tJl..\.\<;L ()I: ST.\\ll 1ll' Sl:R\'l<:E ,\l llJL'·,!1\Y !d1, :-;<Jll'.IJIJLE HJH C1 \\'IJ'.KS IN /\IJV1\.'ICE 
J\]-'(JR'.l\Tl(>.\;' J·Wf..l •·r;IJilk <JITICI'.": Vii\ '111.!J'llU>;L, Wfl~f'.l.L~S, TAXI 

I 

WAGE RECEIVER 
WITI~ G:X)O KNa\ILEOOE 
OF LOCATION - RJNCTICll 

FNGINEERS 

foremen, group leader:5 
and manual workers 
with in-depth knowled,ge 
of their plant areas 
and/0r their speciali~ed 
group 

manual workers in 
analytical service group 

t 
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CONSUL11NG GESMBH. 

THE E~GitlEERING DEPAR'I'MEtJT OF CHEMIE LINZ AG is a section of the 

TECHNICAL DEPARTMENT ( T ) 

=====~===========:============================================== 

T 

TECHNICAL DEPARTMENT . 
I I I I 

• TKB TH\'/ TRW TME 

E!"lgineerinq Workshop, Architect. Instrument 

Dept • ( ·rnci Con- Erection Dept. Dept. 

struct. Office) 

I 
I I I I 

r 
/ 

TEL TMP TRV 

Electr. Dept. Material Test. Technical 
! Dept. Rev. Dept. 

TVE TLT 

Tr.,nsport Laboratory 

• D~pt. Dept . 

.__----------i["T'Kn - Enaineerinq Sections 

1------------·---~r-TKR-RL - Pininq Section 
I Tl<R-NR Stnnr'lilrr1 Office -

TKn-KN - Cost cont:-ol anrJ time control 

( n~t·.mrk) 
I TKR Pump Section -
I TKl3 - Model Section I 

- TKB - w r h 

ORGA~IZATIO~ SCHEDULE -- T E C H N I C A L D E P A R T M E N T 
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CONSULTING GESMBH 

Mn.nac;inq Committee 

[ ?lanninci Department J 

i 
Enqineering Department 

4t Activities Jf the Engineering Department: 

• 

B~sic Engineering 

~ 0 siqn b3sis (see C02 liquefaction) 

hasis data of the process (e.g. melamine of urea guide) 

pror.~ss flow rtiagram (see C02 liquefaction) 

n~terial balance 

r>lot plan 

p~ocess P ann I diagram 

tine schedule (C02 liquefaction and urea plant) 

~reject me~ium key 

a~scriotion of the plant 

list of motors n.nn 

snr~ific~tions for the machines and apparatus (e.g. V - 340) 

specifications for the instruments 

dat3 sheets (A/B 6J 

costing for the project 
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Detail Engineering 

P and I flow diagram (see C02 liquefaction and instrument 

SY!"'hols) 

quotation for machines, apparatus, pipes, etc. 

oraers for machines, apparatus, pipes, etc. 

plant model 

pipewor~ isometrics 

ne3surin1 ~nd regulation (control) diagram 

~ checking of the orders 

• 

checkinq of the ~orkshop drawings 

orders for erection 

M:lnual h1ndhook 

commissioning and test run 

control of the project costs and control of the time schedule 

(e.g. melamine plant, urea plant) 
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INSTRUMENT SYMBOLS 

========•••===m=== 

the letters mean: 

A. 

B 

D 

E 

F 

G 

H 

I 

L 

M 

p 

R 

s 
T 

v 
w 

olus: 

d 

h 

r 

pH ... 
Q ... 

in first place in second place 

analysis alarm 

cond1:1ction controller 

specific gravity 

element 

flow rate 

glass 

remote control by hand -
indicator 

level 

moisture 

pressure 

recorder 

number of revolutions circuit 

temperature 

viscosity 

weight shell 

difference AH alarm 

nech. thermometer AL alarm 

proportion 

pH value 

counter 

high 

low 

in third or 

subsequent 

place 

alarm 

controller 

indicator 

circuit 

valve 
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SCOPE OF SUPPLY FOR EXTENDED BASIC ENGINEERING 

The following documents will be supplied according to a time 

sc~edul~ to be agreed upon for the procurement, construction and 

acceptance of the plant and its elements. All documents w i 11 be 

k<2pt up to rh te and wi 11 be elaborated in German language (pos­

sibly Enqlish) accordiny to the metric system (international. 

sys~~n of units acording to DIN 1301). Symbols or designations 

shall correspond to Chemie Linz AG standards, to Austrian stand-

• ards or DIN standards with respect to the Chemie Linz AG short 

designations. Do~uments will be submitted in the form of prints 

and one ~eproducible each. 

• 

P) Proc~ss Flow Diagram with quantities of the materials and 

their composition within the different phases of the process, 

operating data, thermal balance, consumption of raw materials 

and energy yields. Above data will be indicated for minimum, 

normal and m3ximum throughput description of the process. 

b) Draft layout indicating platform loads (forces, weights and 

:!lO!'lents) and ceiling break throughs, according to which con­

struct ion drawings can be prepared. Final installation dra­

wings, foundation drawings, indicating weights, forces and 

r.ioments. 

c) Pipinq and Ins~rument Flow Diagram with all process anrl energy 

pipe networks comprising all machines, app~ratus, fittings as 

wel 1 'ls me'1suring and regulating equipment. The diagram wi 11 

be established in such a way that the relation between process 

flow rliar;ram, insti'lll~tion drawings, model, isometrics find 

measuring and regulating diagram will be clearly shown. As far 

as nossihle the dimensions and levels of apparatus an~ ma­

chinery will be shown according to scale. Materi.31 data lists, 

media codes, classifications for pipework, fittings and seals. 
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d) Specifications ( descriptions and dimension al sketches, da tC\ 

for the pipe connecting sockets, i.e. quantity, nominal widths 

and nominnl pressure, material, static and dynamic loi'tds, 

permissible loss, amounts of heat, temperature, pressure and 

the like) for all machines and apparatus including required 

ste~l structures herefore, if any, to permit relevant design 

dri'twings to be prepared and/or the equipment to be built. 

Workshop drawings with parts lists of equivalent documents 

with apparatus data or apparatus details for equipment which 

require special design. 

e) Plant model on a scale of 1:25 (details possibly 1:10) con­

sisting of structural framework with stairs, platforms and 

l~dders, all apparatus and machines, pipe bridges, process and 

energy pipework, main routing of measuring and regulating 

lines as well as of electric cables. 

f) Pipework isometrics with parts lists for all pipelines with 

fitting lengths in all three levels. Indication of sliding and 

fixed points and/or determination of pipe supports indicating 

st~tic ~ni dynamic values as far as they have to be specified 

hy the enqineerinq company. Determination of pipe connecting 

sockets on the apparatus in plan form with level indication. 

Provisional list of materials at the beginning 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. 

g) Specifications for insulatfon and painting of machines, appa­

ratus, pipework and steel structure~. 
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h) Meeisuring and regulcting (control) diaqram with specification 

list for the r.ieasuring and control devices with indication of 

nominal values, measuring and regulating (control) range and 

relevant permissible deviations, information on material 

coming in contact with the media as well as indication of 

physiLal values (pressur~, temperature, density, viscosity, 

etc.) safety settings for the regulating ar.d/or control fit­

tings, 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, power mains and lighting facilities. Summary of 

critical points in regard to explosion proofing (drawing of 

explosion hazard zones) control and interlock and alarms. 

k) Checking of our drawings and of technical order specifications 

for all plant equipment from the pcocess engineering point of 

view. 

l} Description of the plant, start-up and operating instruction, 

control and analysis procedures. 

n) Cor.imissioning and test run by competent persons of the engi­

neering company. 
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TIME-TABLE FOR THE DELIVERY OF THE PARTICULARS 

FOR AN ENLARGED BASIC ENGINEERING 

----------------------------------------------

Process Flow Diagram and process description -

Draft 13yout with waste gas and waste water 

particulars -

Final installation drawing one month after receiving 

the last particulars -

Simple Piping and Instrument Flow Diagram 

(Process ? and I Diagram) -

Piping and Instrument Flow Diagram 

(P and I Diagram) -

~~en ia codes, classifications for pipework, 

fittings and seals -

Provision~l list of mate~ials for the complete 

pipe material -

Sp~cifications for equipments with longer terms 

of delivery (reactors, compressorsr etc.) -

So2cifications for equipment with the shortest 

tcrMs of nelivery -

Pl:1nt mo4e1. -

Pipework isometrics with parts lists -

So0cifications of the measuring and regulating 

devices -

Provisional motor list -

Draft of the electric distribu~ion systems -

Pl~n for explosion and hazard zones -

Control and interlock diagram and alarms -

Start-up and operating instructions (operating 

i~struction manual) -

months 

...... 

....... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 

...... 
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1. 

2. 

3. 

CHEMICAL WASHING 

P i p e 1 i n e s 

N a t u r a 1 

S t o r a g e 

C i r c u 1 

T a n k s 

a t i o n 

- ...-.. ·~• ••.-ea,,...... "r-" a• r\ I I 
(.;UN~U flVl:J l:JC.:>. M. o. n. 

( PICKLlllG) 0 P 

B o i 1 e r 

General: At Chemie Linz all pickling treatments were done by a 

pickling contractor: 

Therm-Service GmbH 

D-7035 Waldenbuch 

Bahnhofst:-. 34 

West Germany 

other contractors are: 

Keller & Bohacek 

D-4000 Dilsseldorf-Rath 

Liliencronstr. 64 

West Germany 

Deutsche Derustit GmbH 

D-6057 Dietzenbach 

Emil von Behring Str. 4 

West Germany 

Rohsler & co. 
A-1230 Vienna 

Gebirgsgassa 24 

Austria 

! 
1 
' 

t 

t 

l 
t 
f 
f 
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an. l. PICKLING OF PIPELINES 

~l Thrust through system 

This method was used for the long pipes on the pipe bridges. 

There t:he pickling solution (e.g. hydrofluoric acid) was in­

jected into a temporally limited water-flew. 

b} Closed circuit system 
This system was used for pipes temporarily connected to closed 

circuits. See. fig. l. 

All valves were left installed. 

Hoses, pumps, mixing tank with steam heating and some valves 

wen.! contractor's account. 

During the ctesign of the pipes there should be a communication 

with the pickling contractor to set the right nozzles and 

fl~nqcs in the pipes for filling pipes with pickling solution. 

So you can pickle the pipes every time again after repairing 

the pipes. 
13efore i\Skinq a pickling contractor you should know the dia-

mecer no~inal, length, volume and the inside surface of the 

pipes (area} you want to have pickled. 

Before pickling all pipes ready have to be welded and water 

pressurized. If you had not done this before there woulC be 

new surface oxidation. 
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Performance procedures at Chemie .!:!!.!!.!. ~ 

a) flushing ~ith water 

b' <leqre~sing in addition with ion-neutralized solution. 

t = 60 - 80 oC 

c) pickling with a solution of l % inhibited hydrofluoric acid. 

t = 40 - 50 oC 

d) stabilization.with a 0,1 % solution of citric acid 

e) passivation in addition with ammonia and H202 until the pH of 

etfluent was 10,2 

f) after drainage of the system the surface was dried and 

prssurized with nitrogen 

The effluent solution was neutralized wi t.h lime (Ca( OH) 2) to the 

required pH. 

TiMe required 

This procedure n~eded the following times (without preparation 

time): 

flushing - a) somt: hours 

deqreasing - b) 12 hours 

pickling - c) 5 hours 

stabilization - d) 14 hours 

passivation - e) 24 hours 
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ad 2. PICKLING A NATU~L CIRCULATION BOI~ER 

act.s: 

steam volume: 40 t/h 

pressure: 42 bar 

~e~perature: 450 oC 

vclu~e of the water tubes: 22,5 m3 

(without economizer and superheater) 

Picklinq ~ the 9uto-circulation system 

The perfor"Tlance procedures were the same as described for pick­

ling the pipes with the closed circuit system. 

7o have the required pickling speed, air was blown through lances 

into the downcomers. 

':'he auto-circulation is caused by inserting air-lances into the 

tubes. The lances were taken through the upper water arum into 

the tubes. 

Pickling storaqe tanks (see ~ 11 

Th.ese tanks were pickled with a 4 - 5 % solution of cold hydro­

chloric 1cirl. 

~~~~ of high-pressure ~~ pipes from the boiler tv the 
turhinc (:>ee ~..!l 

After chemical cleaning, the pipes were blown out with steam 

which w~s generated in the boiler. 

There we tried to achieve a high steam speed in the long pipe 

(400 m/s). So we had good mechanical cleaning. 
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STRESS ANALYSIS OF PIPING SYSTEM 

Basic steps of calculation: 

1. Procedure of design starts with making a freehand isometric 

piping sketch. 

2. Spot pre li mi nary locations of hanger or supports, locate 

hangers at or n~ar any concentrated loads (heavy valves, 

risers, ••• ). Pick up all horizontal bends, to prevent any 

excessive o~erhang. Hanger spacing must be close enough to 

prevent excessive sagging. 

3. Study buildinq steel. 

4. Check for interference (pipes, constructions) 

5. Calculate distribution of weight - important to obtain zero 

load at equipment flange. 

6. Sul'TlTT\arize hanger loadings • 

7. Calculate distribution of expansion to hanger. 

8. Calculate distribution of equipment movement. 

9. Summarize movements. 

10. Choose hangers or supports for loadings and movements. 
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PROCESS DESCRIPTION 

~elanine, a raw material for the plastic industry, need to be 

produced from calcium cyanamide via dicyandiamide, but is now 

n~i~ly pro1uced from urea. 

• Che:n ic Linz AG succeeded in developing a continuous process at 

atmospheric pre~sure for the production of melamine from urea, 

thus achieving technical progress and solving all problems satis­

factorily. 

7he Chemie Linz AG Melamine Process operates at atmospheric 

pressure. The formation of melamine proceeds - in the same way 

as with all other processes starting from urea - according to the 

overall equation 

6 CO(~H2)2 ----> C3N3(NH2)3 + 6 N"'ri3 + C02 

The re~ction is endothermic. 

':'he nelam ine is produced in two steps. First, urea is therm3.lly 

decomposed into an equimolar mixture of isocyanic acid and am­

monia: 

CO( NH2) 2 ----> HNCO + NH3 

H = + 780 kcal/kg urea (solid), endothermic reaction. 

This qas mixture is diluted with additional ammonia and fed to a 

catalytic reaction. roring this seco~d step the isocyanic acid is 

converted into mel~.nine and carbon dioxide. 
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6 ~co ----> C3N3(NH2)3 + 3 C02 

H = - 714 kcal/kg melamine. exothermic reaction. 

These separate process steps permit carrying out each reaction 

wi~hin the optimum temperature range. Consequently the formation 

of unwanted by-products is reduced to a minimum; and a recrystal~ 

lization is not necessary. 

Tr.e first reaction takes place in a heated fluidized sand bed. 

There is practic~lly no abrasion and therefore the reaction gases 

need not be filtered. The second reaction is effected in a fixed 

catalyst bed. ?here is no contamination of the product gases due 

to catalyst dust. Such contamination would necessitate filtration 

and crystallization. The reaction heat is used for preheating 

ammonia. The melamine formed in the i:atalyst bed is gaseous at 

reaction temperature. It is connensed in a subsequent cooler. 

where melamine crystals are formed in an aqueous suspension. The 

remaining components of the reaction gas mixture can thus be 

separated from the suspension very easily. 

Th~ ~elamine can be easily separated from the mother liquor by a 

centrifuge or a filter. Due to thi~ wet separation and the subse­

q~~nt jrying melawinc with high bulk density is obtained. High 

bu 1 k d~ns i ty is an advantage for storage, transport and further 

processing. 

According to the overall equation 2.86 to.1s of urea are theoreti­

cally needed for the production of one ton of melamine with 0.81 

tons of ammonia and 1.05 tons of c~rbon dioxide as by-products. 
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As the formation of melamine from isocyanic acid has a yield of 

91 - 95 %, 3.1 tons of urea are required to produce one ton of 
melamine in practice. 

The unreacted isocyanic acid is hydrolized into ammonia and 

carbon dioxide or formed into urea. 

PROCESS DESCRIPTION OF A MELAfiINE PLANT 

• If the urea to be treated is available in solid form this is 

first melted wi±h steam (1,2). If urea is available in liquid 

form there is of course no need to melt it. Th~ melt is deli. vered 

to the decomposer (3) by pumps. The heat required to decompose 

the urea is obtained from a circulation salt bdth which is main­

tained at the right temperature. The reaction takes place in a 

s~nd bed reactor, fluidized with hot ammonia. In the d~composer 

(J) a gas mixtur~, consisting of isocyanic acid and ammonia, is 

forned. This is delivered to the catalyst reactor (5), where the 

is0=y~~ic acid is converted to gaseous melamine, and carbon 

dioxide is set free. The reaction heat is used to preheat ammonia. 

• 7he mixture of gaseous melamine, ammonia and carbon dioxide goes 

to the separator (6) where fine crystalline melamine susrended in 

water is obtained by direct cooling. 

Due to extraction of heat by water evaporation the separati~n 

gases entrain water vaporous. A great part of this water vapour 

is condensed in the following off gas cooler {7) and r~turns to 

the separa~or (6). The off-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 

~elamine crystallizes out. 
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The sus~ension is pumped to the centrifuge or filter (10) where 

~elamine crystals and liquid are separated. The mother liquor is 

recirculated to the melamine separator where it serves as a 

-.::ool ing agent. 

To obtain the oesired mcisture in the final product the melamine 

frn!"'I the centrifuge or fi 1 ter is dried in drier ( 11 ). The coolinq 

zone in the drier cools the melamine so as ~o be suitable for 

storage. 

• ':'he sieve (12) and mill (13) beyond enable removal of agglome­

rates formed in ~he drier. 

The product from the drier is ready for sale. It is weighed (14), 

bagged and stored. 

~ff-qas utilization 

The off-gas consists of carbon dioxide, water vapour, inert gases 

and a lot of am:nonia. The major part of this ammonia was fed to 

the c~talytic reactor in the synthesis for the fluidization. The 

~inor part was set free during reaction. 

There are different alternatives available for utilizir.g the off­

gas and mother liquor economically. 

'I'he following possibilities m.:ly 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. Th•.s c~rbonate solution can be delivered 

to fertilizer plants for conversion into ammonium nitrate, 

amrr.onium sulphate or ammonium phosphate. 
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~-.'hen passing this ammonium carbonate solution to an urea plani: 

consideration should be paiJ to the fact that the hight per­

centage of water reduces the efficiency of conversion into 

urea. 

An im?rovement is obtained through conversion of the ammonium 

carbonate into an ammonium carbonate solution, thus reducing 

the W.3. ter rate. 

A b~tter alternative would use a process, developed by Chemie 

Linz and used in serveral plants. 

b) Obtain an ammonium carbonate solution as in a) above and 

separate this into ammonia, carbon dioxide and water, with 

only marginal increase in investment and utility requirements. 

7hus the melamine plant is independent of any other plant 

because the pure ammonia can be exported in liquid forru or 

used anywhere. 

PROCESS DESCRIPTION OF AN OFF-GAS TREATMENT UNIT - - ---- -----

The off-gas goes to the ammonium carbon~te column ~NH3-separa­

tion, 21) where C02 is washed out forming an ammonium carbonate 

liquor supersaturated with ammonia. Th~ surplus of ammonia is 

cooled and dried with liquor ammonia on the top of the column. 

Tr.e bulk of this ammonia is com~ressed ,( 16), preheated ( 4) and 

returned directly to the melamine plant for re-use. A sm~ll 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). 

~he 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. 



Th~ ammonium carbonate solution is stripped off from the free 

a.:r.:nonia in the NIB stripper ( 15) and delivered to the lower stage 

ot the C02 stripper (19), which operates under elevated pressure. 

In the lower steam-heated stage the ammonium carbonate solution 

is decomposed. Ir. the upper stage the NH3 is scrubbed with water 

and the pu~e C02 leaves the plant for further us~. The ammonia 

w:iter obtained in the sump, which still contains slight amounts. 

of cacbon dioxide, transfers its heat in the NHJ C02 stripper 

(20). A high proportion goes to the ammonium carbonate column 

( 21). The rem a ind er is decomposed in the NH3 C02 stripper ( 20). 

Gases expelled i~ this column are recycled to the ammonium carbo­

nate column. The separated water can be csed as washing water or 

purged. 
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CO~SL':·!PTION FIGURES PER TON (METRIC) OF MELAMINE 

Consumption 

Urea (100 %) 

N~l3 liquid 

Process water (condensate) 

Catalyst 

( 2 yeJ.rs' life) 

Electric power 

Fuel 

Ste<lm 

Cooling water 

~itrogen 

Instru:nent air 

Compressed air 

Cr~dit 

~;1u gas 

C02 qas 

Condensate 

Effluent 

~other liquor from recrystal 

with l kg melamine 

20 g NaOH 

90 g !.';a-arrane lide 

Cooling water 

6 

500 

15 

6 

lS 

5 

l 

20 

Expected 

3.10 t 

0.3 t 

1 .2 t 

2.5 kg 

kV 500 kV.h 

v 280 kWh 

14.4 Gj 

bar 3.0 t 

bar 4.0 t 

oC 800 m3 

bar 40 Nm3 

40 Nm3 

400 Nm3 

bar 1.2 t 

bar 1.1 t 

5.0 t 

0.03 m3 

0.03 m3 

800 m3 

11 
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0 R G A N I S A T I 0 N D E P T. Ani 
=============::======-==swa ............ a 

:\ 

T 

division A (agricult. chemicals) 

Engi1~eering 

H high pressure plant 
A.ni Manager 
Mr. Faschin er 

Assistant J 
._M_r_._S_t_urm~-----

Draughtsman 
Mr. Hochholdinger 

1----+--
Se c re ta ry 

I Mrs. Weigl 

. Chief Foreman 
Mr. Affenzeller 

----------------.--

------··---· ---i 

~r. ~indl I 
· ~-1.)f( :J,rn for -~t~ 
~~c ~3tlr turbines 
ccr.trlf. compr. ' 

9:r,·c t.il .,..3ter pumps 
in the slngle-train 
U!H t 0 ld f!P plant~ 
Jcp t . in fop_-s 

- .. ·-----·.l-----

dt:·puty foreman 
3 group leaders 
.t fitters 

I ____ _.. ___ .-----

! Mr. Philipp 
foreman for-rcci­

, procat ing comrr. 
in the single-trai 

·old HP plant and 
:other depts. in 
our company 

-------·-~-----' 

- _____ _.... ___ _ 
I 
11 deputy forerr.an 
!2 group leaders 
!4 fitters 
! ! 
,. ·- ----------· 

The foremen are allocated to defined iobs. 

G:_ Welll_!i~~!'.r:.-_ 
foreman for 
HP v-essels 
in the NH loop o 
the s.t. dnit and 
old HP plant 

1 deputy foreman 
3 group leaders 
7 fitters 

-- - --- --~ 

--------x 
-··-------- 1 

.. 
~ 

( :. 

1·--· 1 .... --- -- - - ·-; ~ 

:Mr. Affenzeller_~ i 
foreman for HP 
steam system vessels 

·With brickwork 
vessels up to 
;40 bar 1 ! 
~in the s.t.unit j 

and old HP plant 

I -r::= 
--- - I 
1 deputy f orem~n : 
~ group leaders i r fitters I I 

______ 'J 
The workers can be shifted between the 4 foreman groups if necessary. 



©UD®r!uusent I 
CONSULTING GESMBH 

R E S P 0 N S I B I L I T Y 0 F D E P T. AT H 

~'" i nten~nce of the existinq 2!!'!monia single-train unit rtnr. ol n 
Y? nl~nt in the best way (qoo1 performance, low cost, short 

I~nro~e,nnt 3n~ rationaliz~tion of the different facilities 

Pr~\·,_·;.-:. i :i'.l of !Cr i~ents. 

2antrol of n3intenance costs. 

~crkina out of s~ut~own proqrams. 

Co-oneration wit~ different departments concerning expansion 

of 2xis~inq nlants and installrttion of new plants. 

G~o~ contact ~ith produr.tion personnel and some central ~e­

n1rtments (central workshop, electrical dept., instrument 

-':·:-pt., i::ivil dept., design, ~afety, •• ) 

SP~n~-hv scrvi<::2 from Friday to Monday 

l cnqineer or foreman 

~ !'"itters 

j, 

I, 

! 
i 
1' 

I, 

f: 
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HISTORY OF' J\MMONIA PRODUCTION PLANT (ATH) 

l<'.142: 

JC)75: 

start of ammonin production at 75 000 t N per ye~r 

with 4 units, each with 80 t N per day 

expansion to 300 000 t N per year 

st~rt up of ammoni~ sinqle-train unit 

nesiqn tarqet: 200 000 t N/year 

1973: 242 OOOtN/year (we had a general 

overhaul lasting 6 weeks) 

Du·• to qood operation an~ good maintenance the percentage 

runninq time of all our fac~lities is very high. 

(1ooi = 3G5 drtys per year) 

e. q.: reciprocating compressors 99,5% 

qcneral revision every 45 000 hours = 5 years 
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SINGLE-TRAIN UNIT MAINTENANCE 

~f's i q:1 t"'trget for the unit: 240 000 t/year NH3, i.e. 850 t/-iay 

'!! ! 3 • 

Fchru~ry 1~75: ~tart up of ammonia production 

Proiuction fiqur~s 

1-•7 s 2t10 ()')I) t/year NH) 

1°76 262 000 t/yertr NH3 

1"77 290 000.t/year NH3 

Fl?A 2C)4 000 t/year NH3 

l <17') J14 ono t/year "'JH3 

I 
1 C)C1~) 2cn 000 t/year NH3 

1 ,"\ ~ l 2qq 000 t/year NH3 
/ l C) ~2 304 000 t/year NH3 

rbi ly production now: 1 000 t NH3 

For l"li'\intenance we neened: 

hours moterial (Mio. AS) 

l C) 7 5 117 ono 11.2 

1 ,-, -, .-, ~cl nnn 5.0 

1'177 60 000 7.1 

l ."\7 ~ 1og oon• 10 .O* 

l <)7q 40 000 1.6 

1 q .. 30 90 500** 4.8** 

I <HH 101 500*** 

1l)·32 37 000 



•) 1Q73: first qener~l overhaul 

**) 19~0: shutdown to replace catalyst in primary reformer. 

***)lqq1: was the 2nd general revision 

For this reason we needed: 

hours material (Mio. S) 

*) 67 000 7 .o 
**) 50 000 3. 0 

' 
***)58 000 8,3 

':'h~ investment cost for the single-train unit was about AS 500 

'.'-1 io. in 1974. 

I 
On stre"'lT'l --lays: Syngas production NH3 pro<iuction 

1075 280 days 217 nays 

1C)76 317 days 294 n.:\ys 

1977 335 <iays 321 nays 

197g 326 ~ays 313 <i"'lys 

iq79 362 nays 355 <iays 

1 ')'.lO 328 ~nys 310 niJyS 

iq91 328 days 308 days 

iq92 365 days 361 <lays 
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DEVELOPMENT OP SYNGAS COHPRESSORS OF SINGLE-TRAIN PLANTS 

~~~ first Sinqle-Train ol~nt (desiqned by Kellog) incorporate~ 

syno~s centrifuaal compressors which w~re nevelo~erl by Clark. 

?~~ nressure in the ammoni3 reactor was fiKed at about 160 

~~r. 7o reach such a pressure Clark desiqnen compressors with 

:.•:() .~.:s ::s. :'"":e snE.>eri was approxim"ltely 10 000 rpm. 

7n i~nrove the efficiency of ammonia synthesis it was neces­

s 1rv to increas~ the pressure in the ammonia reactor. ~uovo 

Piono!"le, BBC, Cooper-Bessemer am'! Clark de:signed compressors 

which r~~chci a pressure of 320 bar. 

One of the problems of hiqh-speed centrifugal compressors is 

their low weight, compared for example with reciprocating 

coMnressors. 

nipP.lines to and from the compressor have large diameters, 

'1n<1 nressures are high. 

;'r~·~!"':'~r'lr<' it i!'; vnry important to prevP.nt forces of r!'a~tion 

1 ;f(~ct i nq t.he comnressor. This is also a very important point 

o•li~'l to tlic hioh tempP.rrltun~ of steam (SOOoC) - very l~rqe. 

7~ o~~ nl,nt wa did not have s~tisfactory experience with 

"pinnline carriers with sprinqs" because the reaction force of 

th~ sori~q rlepends on the sprin~ constant. 

~~ WP envis~qe~ carrie:s held by weights. This kind of car­

ryi ~~ nipelines needs more sp~ce, the ~dvant~ge is ~o have 

cons~~nt forces applied to the pipelines. 
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EXPERIE~CE IN SE.a.LING THE 4TH STAGE OF THE :!YNGAS-COHPRESSOR 

~~~e~ ~~vinq oper~ted our synqas compres~or for half a ye~r we 

'11~ ~o t1'-: 0 t.he c~mpressor out of operac.ion riue to increase.-i 

oil consumption. Removinq the seals we noticed that the seals 

~n ·~e r~cycle si~e were sti!l intact hut on the syngas suc­

tion si~~ the high-pressure sealing was rlamagerl. The white 

""'\2::~ \~·:s '-l~lt~ri and the 0-rinq was embrittled. 

Enclosure 1 shows how the seal consumption increases. 

In °~closure 2 the oper.~ting conditions of the seals ~re 

~ ~r~winq of the sP.als wit~ dimensions is shown in enclosure 3. 

:n enclosure 2 it is vbvious that on 7.9, 9.9 and 12.9 the 

s0~l ~il ~emper~ture TI 6025 had increased. 

Except f~r this temperature no other disturbance w~s noticed. 

~~~ result of ;in~lysis of thP rPsi~uals found on the sealring 

in thn c.'lse of the compressor and in the automat:ic oil separa­

tnr w~s th~t the resi~uals we~e not breakdown products of the 

oil. 

~ ...... ~ ~.-c;i.iu.11 s (zin~ dithiophosphrite) are produc-en in a rrac­

tion hetween oil and ammonia ~t the existing high pressure. 

;!~~r ~~vinq rPpaired the compressor we had a seal oil con­

su~ntion between 1 and 5 litres per aay. 

7~~ ~~brittled o-ring material was iron. But viton is not 

r~sist~nt aqainst ammonia and we changed it to Silikon with 

success. 
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:·o '\VOi~ the for!'!'l."'ltion of zinc nithiophosph3te Nuovo Piqnone 

m~1e the following arrangement: 

1. To instri 11 a connect ion between syngas discharge and b;\­

l ~nce qas. 

2. Th~ or~ssure in the h~l~nce gas should be kept about 0.5-1 

hrir hiaher than the syngas suction pressure. Through this 

i :in-~·l')·Jcl""le'"lt the pressure of ammonia in the refere-nce pipe 

is reciuce1 

Aft~r h~vinq installe~ this connection pipe we did not have 

.,ny ·iifficulties with the seals in the 4th staqe. Care must be 

t~k~n th~t th~ quench gas in the connection pipe has a tempe­

rature lyinq hiqher than the dew point of the ga3. 

If t~e teMnrr~ture is below the dew point the labyrinths could 

h~ ci~m~ne1 by erosion. 

T~~ arrangement of the quench gas pipe can be seen in enclo­

sure 4. 
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TECHNICAL EXPERIENC~ WITH THE BENFIELD SYSTflt 

l. ~ow-nre$sure pumps P 4~1/402 for Benfield solution 

~·l'12n st.l.rtina our olant we noticed that the low-pressure pump3 

~evelcpe~ ~ noise. We sus~~cted the reason for this noise to 

h_· r:; vi tat ion . 

. :\ l •_'1-\ouqh we checke<l the pump in the presence of Worthington 

ex~erts we could not find any indication of cavitation. 

·.·!~ insi5t:.?d on the warranty being prolonged for a further year 

hy Horthinqton. 

~orthinqton' s expert agreed t~ this, and explained the no­

t icen noise with circulation. 

!1•-.for-e the ~xtended warranty had elapsed we checked the impel-

1 er once again very exactly, but no sign of c~vitation was 

foun:i. 

~hen w~ ~a~ to change the seal rings three months later we 

nntirPi the first indications of cavitation - the back cf the 

r1 "'~'~s were cFil l en. 

StP.ns for s~1vin2 this problems 

a) weLl i nq the galled surface with electrodes consisting of 

h~rdfacing alloy, 

h) introiuction of 3 - 4 m3/h nitrogen into the sucticn pipe 

of the pumps. 
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·.;e h'l.v.c> two low-pressure puMps for Benfieln solution. In tile 

suction pine of one of these pumps there are two elbow pipes. 

~t. t~is punp we found cavitation only on one side of the 

!"louhle fluted im'!)eller. 

~he suc~ion sine of the second pump is connected to a tee in 

t;e m3in suction pipeline • 

.?\~ this pumo we found cavitation on both sides of tlte 

irneller rtfter only 4 200 working hours. 

~ur e:iaineerinq firm, Uh1e, found out that the noise of the 

nun? nisanpeared when the pump was operated at 115% of the 

nor~rtl flow rate. 

~~e:1 the flow rate was reduced the noise increased. This 

syMnt~~ was also an indication that the noise was caused by 

c-i.rr-ul1tion.· 

2.Bicrh-nressure pumns P 403/404 

'.•hsh i:iq :rnri cl e:rninq our pVmt during start up revea leri th"tt 

t~e seals were contaminated with dirt. So we had to replace 

t'1• .... r. fr<)~ timE: to time. 

,~ ftc?r n1 lnt st.'lrt up it Wi\S not necess.:iry to chrlnqe the 

;') .l ck i r, '1 s for 'l ho u t one '.{ea r. nut a ft er th i s t i me we ha a ~ 1 o t 

of nr0hlcms with the Pacific seals. Sometimes we had to change 

the rinqs after as little as one week. 

h'e found out. that the spare rings supllied by Pacific were not 

fl at ann fu 11 of cracks. 
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COiVSULI tNG GES. M.B.H. 

Un till t~en the seal rings had been greased with Benfield 

solution. ~laving such a lot of problems with seals we chanqen 

the me1ium for qreasing the seal rings and used condensate 

with a temoerature of 65 - 70oC. 

Conri.,:>:"ls.'\te of such a temperature is more qualified for grea­

s i no seals than Benfield solution. 

~~e ryr~ssure of the condensate has to be a little bit higher 

~han the intake pressure of the pump. 

~o ~~ke this improvement it was necessary to install a conden­

S3te cooler and a controlling system. 

Since we started operating with this modification ~he seals 

have to be changed approximately once a year. 

3.F.fficiency of the C02 removal system 

~fter h~vinq started our plant we ~id not obtain the efficien­

cy of o~s purification guaranteed by Uhd~. After a lot of 

~ifficulties investigations we found out that the bad distri­

hution of fX>t"lssium carbon.nte solution was the renson for our 

~rohl2~s. By installing baffles we improved the distibution of 

~":"l~i~li solution to th~ ceraMic intalox. 

~~e efficiency of purification increased after this modifica­

tio:"l. Finally we installed two redistributers in our absorber 

an~ r~ached the design efficiency. 
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OPER.~TING INSTRUCTIONS v 103 

for 3 vertical, double-acting reciprocating compressor, with 

~wo crn~ks, compressing qas in two single stages. 

i~e nnerator must be well instructed about the function of the 

.\) !":es iqn dates 

~-!edium: 

Flow rnte: 

Suction pressure: 

nisch~roe pressure: 

Controlling system: 

natural gas 

37 000 Nm3/h 

20.9 bar, adjustable 

46 bar 

495 rpm 

automatic reverse flow regulation to 

SO % of design gas flow 

3) St~rtinq ~ of the compressor 

l. Infor~ thP. central commann station of our company about the 

st~rt up of the compressor. Detween two starts it is necessary 

tn w~it 20 ~inutes after the first start because durinq start 

o~ t~e notor coils are heaten. 

2. 0pen the coolinq water main valve and also valves for the 

coolinq system of the different parts of the compressor, 

(st-?el p=ickinqs, cylinders, oil cooler). 

J. C~eck t~e level of oil tank. If oil temperature is below 

lOoC it is necessary to heat up with steam. 
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CONSUU1NG GESM.B.H 

4. s~art auxiliary oil pump and check oil pressure, (minimum 2 

b.:u). 

5. Onen valves in suction pipeline and in bypass pipeline. 

C~c~~ the suction pressure. With regard to the rate of suction 

oressure see point C 1. 

6. ~r~in the condensate separators F 103 and F 104 (separator 

in front of the compressor and after bypass cooler). 

7. Open v3lves in discharqe pipeline. 

8. Start the motor and observe ~he oil pressure. 

9. Switch off the auxiliary oil pump and check the oil pres­

sure once aqain. 

lJ. rf everything is prepared the compressor is charged ~y 

slowly closinq the bypass valve and by means of the reverse 

flow controllir.g system. 

C) Ont-t«'ltion of the machine __... ___ _ 
1. It is v~ry imoortant to t-'\ke care that the difference in 

~iessure between discharge and intake is not higher than 27.4 

b::ir. 
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CONSULTING GES.MBH 

Th"'r"'f~re it is necessary to adjust the discharge pressure in 

~icpen<iance of t"le suction pressure. For example: if the dis­

ch~rqe pressure is 44 bar the intake pressure may be 16.6 bar 

as minin1um. 

~he intake pressure should not he less than a.a bar, in this 

c~se the maximum discharge pressure is 36.2 bar. The intake 

nressure shoul~ not be hiqher than 27 bar, it is important 

th~t this maximum pressure is not reached • 

2. Followinq points have to be checked periortically and must 

be written in an operatinq book for instance every hour: 

a} intak~ pressure (safety valve i3 3et a 30 bar), discharge 

?ressure (safety valve is set at 46 bar) 

r) oil nressure rifter cleaner 

c) oil temperature after oil cooler 

~) te!"lnC'r;\ture of r'i isch;uqe 

e) tenperature of compressor bearings 

f) tcr-.n'?r .?I tu re of motor 

q) ternpernture of motor oil 

h) t~~nr:-r.1ture of cooling air to the motor 

i) tPrr.perature of cooling air from the motor 

'k) current Celnsumnt.ion of the motor 

J. ~)urinq the inspection round every tw.:> hours following 

nnints nr0 to be checked: 

1) se~l packinas for tightness 

h) nr~ininq of separator F 103 and F 104 

c)co~~ressor for knocking, grumbling and unusual noise of 

the va 1 ves 

n) level of the oil tank 
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CONSIJLT!NG GES.MBH 

4. Cooling wn~er flow rate is to be adjusted not to exceed a 

r.aximum tempernture of 45oC outlet. 

5. The comoressor is to be switched off inunediately if 

a)a bearinq or a seal packing is overheating or if a s~al 

b) lub~ oressureoil is less than 1.5 bar 

c) if a ~necking noise is suddenly heard or if the valves do 

~ot operate properly 

~ d) a s~fetv valve does not close after blowing down 

D) Switching off the compressor 

1. Switrh off the motor 

2. Close valves in discharge pipeline 

3. Close v~lves in intake pipeline 

4. Close coolinq water main valve 

5. If necessary purge compressor with nitrogen 

E) General maintenance 

Cr~~kc~se is filled with oil, type Mobil oil extra henvy, with 

~ ~ viscosity of 60 - 83 c St at 50oC temperaLure. Oil leakages 

h:w-0 to re ma<'le qoon with the same oil type. If the c.ompressor 

;~0cs r.ot oner ate for a l anger period the compressor must be 

t~rned by hand once a day. Before doing that the auxiliary 

oilpump ha~ to be switched on. 
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• 
_I!'1p_os_t._!~~t_: The diffon:nre in pressure b<!twcen intake and discharge may not h<: higlit:r than 27. 4 bar. 

i tc·m __ .9£.c~.i.~~11:._ Alann/shut dDwn 
-~ 

____________ .. 
lntake pressure PI ALU ISL see point C 1 High: 18/ 10 bar 

low: 28/- bar -·-· 
Discharge pressure PIAIDISH max. 44 bar 45/52 bar --
Temperature of discharge TIA.ii 110 

TIAH 116 max. 110°C 130/-°C 
Oil Eressure after cleaner PIALISL 113 2 - 3 - 4,2 bar 2/1 ,5 bar 
Instrument air pressure PIALSL 221 7 - 7,5 bar 4/4 bar 
Oil temperature after cooler TIAUI 113 25 - 40°C Low: 18/-°C 

~ 

high:S0/-°C 

Temperature of compressor TIAHHSH 107 45 - 65°C 70/80°C 
bearing east 

Temperature of ccxnpressor TIAH 111 60 - 10°c 75/80°C 
bearinR west 
Temperature of cooling air TIAH 101 5 - 35°C 40/-°C 
to the motor 

Temperature of cooling air TIAH 102 25 - 60°C 65/-°C 
frcxn the motor 
Temperature of motor bearing TIAH 106 40 - 65°C '?0/-°C 
T~crature of motor coils trah 104 60 - 90°C 105/-°C 
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DRAWING UP A PROGRAM FOR A GENERAL OVERHAUL OF A 

SINGLE-TRAIN PLANT 

1. l")urinr. nn<>r.'ltion of our plant all technical defects nnc'I 

la~~s ,r~ reaistered in a booklet. These defects do not make 

i ~- !':C~~ s Sn ry to t 11rn off our nlant but the next shut '1own of 

~~A unit ~11 t~ese r'lefects must bP. repaire~. 

• 2. 7~~ t~~~nical r'lepartment evaluates the program for the 

~~inten~nce work to be done on tan~s. boilers, coolers, etc. 

!n ~ ·lis~ussion with ~iv (technical inspection department\ and 

th~ naterial testing department the class of inspection is 

• 

':'~" t<?(':h!1 ic-"11 ~en=trtment is also responsible for the inspec­

tion of the machines. As a general rule, a machine which 

O!'"r:lt<?s norm.'illy shoulr'I not be opene"I. 

Ri!~orc ri~c-i~inq to open a miichine or not, two consi<'teration 

s~nul~ hP trt~en into account: 

~) ~v ~~1surinq the efficiency it is possible to recoqnize ~ 

~.~~c ... ~!". or wt=>ar for example on the labyrinths or on the halnnce 

hl ry conn~rinq the oper~tion data with the <iata recorde<'t ~t 

t'li<? first start up of the machine, a conclusion ,can be drawn 

ahou~ th~ coniition of the machine. 
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CONSUUTNG GESM.BH. 

~~~r~fore it is very important to reqister all data recor~ed 

:i ~t ,,r t~c first start un of the m"lchine very exactly. 

7~e partir.ular jobs which have to he done are ordered in 

qrnuns (fr~~ 1no to 700, see enclosures). 

~v~ry ~or~ must he evalu~te~ in regard to length nf tim~ ~n~ 

t~ .. ~ .. nuMh~r of r~qui rn~ workers by a foreman. Afterwards ~ 

h~r r.~~rt showinq the numbe~ of the necess~ry and disposable 

~ wor~ers ~ust be produced. 

• 
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CONSUL/ tNG GES.M.B.H. 

GROUP 100 

He"lter for heating naphtha or niitural gas. 

On~n ann close manhole cover. 

In~pection of the projecting oars of the bur­

ners • 

~itrogen preheater 

Open lid for official inspection. 
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"I - 201 

0 - 2J4 

GROUP 200 

.. 
'" - 20B III, W - 210 Supe!"heater for 

pressure steam. 

Pressure check. 

high 

Su?erheater for ITTedium pressure steam. 

PrPssure check • 

J..!i~<1ter for ?rocess air, 

Pressure check. 

Combustion air blower, flue gas blower. Cut out 

the shaft cover for oil level inspection glass 

i'ln~ for gr"'·"lSe nipples. Inspection of the guicie 

hli'l1e be::Jrings. 

PriMi'lry reformP.r. 

()n .. n two of the collector pipe covers, check 

.1n,1 cl os~. 

0nPn m."1nho1 cs, inspect fireclay cover. 

Cl "'-"n flue Qi'lS duct. 

J\cid it. ionn l heatinrr for Wt\ Ste gris. 

Open manholes, inspect fireclay cover. 
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0 - 21J2 ~~~ition~l ve~sel 

I~soer.tin i'ln~ cleaning of inside. 

Rep~ir combustion air heat-exchanger (no. 4 

is hlocking) 

Inspect wall ~t inspection hole. 

Clear lubric;::\tion pipes. 

~~~~us~ia~ air i'ln~ w~ste "~s duct -
~ !ns~c~tion ann ~leaning 

?. 

w 215 

A 20A 

n 

p - 2()7 

? 20.1 

~-tix inq station for steam and natural qas. 

Insi~e inspection and check natural gas b;::\ffle. 

~·htcr prehe;::\ter 

R""rv:>Ve heat-exchanger tubes for inside inspec­

t ion. 

Relief tank 

Onen manholes, block off, official inspection. 

Oeqilsifier trtnk 

~·li·~~n passaqe for L-206 (level controller). 

Check sr.ower (system Stork) and change T-p~rts. 

Instrument air tank 

Insn~ction and cleaning of tank and level 

controller. 

Af;·i pumps 

Cle"ln filter, P-208: change flange of vi'llve 

for: minimum load pipeline. 
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'!' - !03 

5 - ~12 

K - 2:11 

w - 201 

~" - 203 

R - ~01 

'!' - 201 

Turbine for P-207 

Ren~ir oil leak at coupling cover. 

Chanqe insulation. 

~atural gas mixing station 

Re~ove and insine inspection. 

Se~on<lary reformer 

O~en for chonging ~ir nozzle • 

Prnr.ess q~s h~~t excl1anqer 

noen both m~nhole covers.(Gasket of the hot man­

hole is not tight} 

Cleaning an~ inside inspection. 

BFW prehe~ter 

Ch~nqe pipe bundle, inside inspection. 

Ch~nqe drain valve. Install test blades. 

Ste.::lm boiler 

Op;?n ;rn~ inside inspection. Pressure check 

(pressure r.h~ck also for no. 4083 and 4162 -

sur>POrt syst~trl l. 

Turhine f~r p~ocess ~ir compressor. 

Inspect rotor, Repair oil le~k at the compres­

sorside couplinq cover. 

Rep~ir se~l plcking of control valve and the 

le~~ at the pipeline for the pressure-in~icator 

of the injector: the idling-device does not 

function properly. 
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\.,' - 204 

v - 201 

• 
w - 214 

I 

'!' - :?02 

T - 204 

Con1enser for T-201 

Ooen flanqe an1 inside inspection. 

Ren~ir coolinq-water pipe to the condenser. 

Process air coMpressor 

C~?ck low-nressure and high-pressJre rotor. 

Genrhox-side high-pressure rotor he<'iring is 

lc-:<1<ing. 
ClPrtr ~ir-cooling of low-pressure compressor. 

Chnnqe coolinq-water valve for 4th stage. Check 

non-return valve. 

Process air cooler 

Insine inspection, also for condensed water tank 

nn~ level controller. 

Turbine for generator 

Repair seal box of stenm entrance valve. 

Bnck-pressure turbine for generaor 

Repair seal box of steam valve. 
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K - 302 

........... ·~· .. _... ·~ ......... ...-.. ...... , , 
lAJIV~L/ IM:i lX\:>. M t:J. f1. 

GROUP 300 

Gas heat-exchanqer 

Pressure check. Repair leaky hand-gasket. 

NT- CO- converter 

Offici~l inspection, manholes to be opened in 

service. Change nozzle for condensate. 

BF~v prehc;-iter 

Official inspection 

Rep~ir baffle T-310 

Low temperature converter 

Open manholes to change catalyst. 

Official inspection. 
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K - 401 

:- - 403 

'·' - 401 .. 
I 
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~-: - 402 

w - 403 

i·: - 4'.)4 

w - 409 

R - 404 

GROUP 400 

Absorber 

Open manholes, remove ceramic intalox and in-

s~ect insine. Install redistributors. 

of the level controller. 

Lye separi'ltor 

Revision 

Open for official inspection. Revision of the 

level control T er. 

Ste~m qenerator 

Open for official inspection 

an~ pressure check) 

RFW nreheater 

(inside revision 

Re~ove heat-exchanger. Pressure check (2 times). 

Reboiler 

Open forofficial inspection (inside and pres-

sure check) 

Solution ~ir cooler 

R~~ove distribution pipe, pressure test. 

BFW cooler 

Remove bundle (inside inspection) 

Relief tank 

Open manholes for cleaning and inspection 

l 
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F - 401 

F - 402 

F - 40n 

K - 402 

F - 407 

.. . 

4(')1 

IV"\Al~I II TIA.I~ ~C~ AA R 1-1 
'""""' 'IUVL-1 II•- '"""-'-'- ••••...,. • •· 

Connensate sep~rator 

Ooen manholes for cleaning and inside inspection 

Connensate sepnrntor 

Oncn mnnholes for cleaning and inside inspection. 

Change draininq valve. Official inspection of 

level controller. 

Lye ~ouble filter 

Insi~e inspection. Grind 4-way valves. Change 

v~lve in the pipeline to the filter (valve ca­

se is corrortec'I). 

Oesorher 

Goen manholes for inside inspection and clea-

Ren~ir corrodeo pipeline to P-405. 

Instrtll PV/H-411 and PV/H-412 in C02 pipeline 

system 

Injector 

Control injector nozzles and valves. 

BFiv preheater 

Chanqe pipelines of BFW-system 

Benfield Solution turbine 

S·~;\l bearinqs of guide-baldes. Change pipelines 

for greasinq seals with condensate of T-401 and 

hiqhpressure lye pump P-403. 
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K - 501 

F' - 501 

·.-: - 501 

/ 
502 

v 
'·l - 5 J 3, 

':1 - 504 

GROUP 500 

Methane generator 

""A 1~1 II -n& Ir" r"CC' I 6 0 U 
\JVf 'V~LI II 'YU ULU. IVI. U. I I. 

Onen manholes for inside inspection 

Coniensate separator 

Open m~nholes for inspection inside and inspec­

tion of level controller. 

Gas/qas heat exchanger .. 
Remove heat-exchanger for official inspection 

an~ pressure check. 

Boiler 

Open for cleaninq and inspect inside. 

Final gas cooler 

Open for cleaning and official inspection. 

Weld in a valve in cooling-water pipeline. 
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T - 601 

• v - 601 

I 

/ 

/ 

• 

· . .; - 701 

GROUP 600 

Synqas turbine 

Inspection of con~ensation turbine rot~r and of 

the condenser. Repair of cooling water pipe. 

Check start up equipment and adjust it. Change 

preoared oi1 pipelines • 

synqns compressor 

Inspection of bearings, seal-syst.em and rotors 

of cnses l - 4. Inst:i 11 capacity flow mensuring 

nozzles in b31~nce drum pipes of staqe 2 ;\n1 3 

(F-6006 an1 F-6007). Chanqe q<ls cooler. Offi­

cial inspection of separator F-606 (~lso level 

controller), F-601, F-602, F-603, F-605, 

oil tanks no. 4054 - 4057, level controllers 

4 l 5 6 and 41 5 7 , 

4059. 

ano separators 4208, 4058 ano 

Inst;\}} vnlves in seal-oil pressure pipes of 

se(l 1-oi l pumps. 

c~~nqe oil-filters nnd clean oil-he~ters • 

Ch~nqe one of the oil-cooler bundles and cl~~n 

the other one. 

St<lrt-up henter 

Insnect surmorts, pressure check. 

W;\ste heat hailer 

Open "Brettschneider" gasket. 

Official inspection, pressure check. 



~.; - 708 

B - 701 

s - 706 

F - 701 

I 
F - 702 

w - 703 

\·: - 704 

w - 705 

BFW preheater 

Op~n "Brettschneider" gasket(seal ring is leaky) 

Official inspection, pre~sure check. 

~H3 expansion tank 

Open tank for cleaning and official inspection 

Mixinq station 

Remove for inside inspection 

NH3 separator 

Open lids ann remove pipelines to the separator 

Clean ann inside inspection. 

r\'H3 separator 

Open lids and remove pipelines. 

Clean and inside inspection. 

Gt-\s cooler 

Remove elhows of two of the five coolers. 

Pressure check these coolers. 

Gos heat-exchanqer 

Open flanges and remove bundle. 

Cleaning and inside inspection. 

Freezer 

Remove flanges for inside inspec~ion. 
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I Tj Mat. n°. intcrnat. c Si Mn Cr Mo Ni v example!S 
codt· 

1 ,0305 St. 35 .8 ~o. 11 .;.o ,35 !~ o ,40 P.S water , gas and 
max. steam pipelines up to 300°C 
0,05 

1,0425 H II :iO ,20 ::£0,35 ~o.5o -"- shell for desorber, absorber 
1 ,5415 15 Mo 3 0, 12 0' 15 0,50 0,25 P.S shell for secondary rdonner 

0,20 0,35 0, 70 0,35 max. 
1,7335 13Cr Mo44 0. 10 0. 15 0,40 0,70 0,40 0,04 pipes in waste-heat system -"-· 0' 18 0,35 0,70 1,00 0,51) up to 550°C 
1, 7380 10Cr Mo910 ~o. 15 0' 15 0,40 2,00 0,90 desulphur-reactor shdl for 

0,50 0,60 2,5 1. 10 waste-heat-boiler -1, 7709 21Cr MoV57 0, 17 0' 15 0,35 1,20 0,65 0,25 bolts up to 550°C 
0,25 0,35 0,85 1 ,50 0,80 0,35 

1, 7779 20Cr MoV135 N9 0, 17 0, 15 0,30 3,00 0,50 0,45 pipelines in anrnonia 

0,23 0,35 0,50 3,.30 0,60 0,55 synthesizer 

IA~iMoV 
(T.VOEST) 0, 15 0,33 1,40 0,47 0,66 0, 12 shell for anrnonia converter 

1,4541 XlOCrNiTi 18~ SAS 2 ~o. 10 <4 ,0 < 2,0 17 9 5X pipes and vessels for 

19 19,5 \C corrosive media lines 

for brickwork 
X10NiCrA1Ti lncoloy 0,03 0,5 0,7 21,5 34 0,6 0,75 

SOG Cu 
0,30 

Al 
, ,0619 GS-C25 0,80 0,40 0,65 :S 0 ,03 cases of naphtha pl.D1lp:; 
1,4027 G-X25Cr14 0, 14 0,24 0,49 13,2 0,97 cases of boiling water pumps 
1,4552 G-X7CrNiNh 0,065 1,30 1,35 18,9 9,44 N6 cases of Benfitdd pumps 

189 I 0,68 

----~-..,..,.....,--------·---~--..-.-......-· .......... ----- .. - ...... ._..........,. __ ....,_,,____ ·-··--· ··-- "-----·--~- .... ---· -- ~·-· ... . 
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CONSUITINGGESMBH 

ITEM INSTRUCTOR 

---------------------------------------------------------~--------

1. Orqanization of dept. ATG 

2. Responsibilities of oept. ATG 

Skop~tz 

Skopetz 

3. Doily routine work Skopetz 

4. Flowsheet cooling water supply Luger 

• 5. Flowsheet boiler fLedw~ter plant Luger 

• 

ti. Flowsheet wa~te water neutralization Luger 

7. Cooling water return to Danube by elevation pumps Skopetz 

9. Flowsh~et natural gas steam reforming 

q_ ~:iintenance to point 4, S and 6 

10. :t:iinten:rnce to point 10 

11. Special materials for the primary reformer 

12. Der.onstra~ion pigtail-nipping 

13. Demonstration ptessure filter flushing 

14. :l<tint.enance process air compressor 

15. Inspection process ~ir compressor 

16. Pneum~tically regulated suction valves 

17. Piston rod sealing 

lJ. G~ide ring controlling 

19. Us~d ~ateri1ls in boiler feedwater plant 

20. Used materials in steam reforming plant 

21. ATG - museum 

Luger 

Skopctz 

Skopetz 

Luger 

Workshop 

Luger 

Skopetz 

Skopetz 

Luger 

Skopetz 

Skopetz 

Luq2r 

Skopetz 

Skopetz 
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CONSULIING GESMBH 

2. Resoonsibilities of dept. ATG 

Dept. ATG is responsible for maintenance in the following plants: 

107, 146 

140 

14-t 

204 

204 a, b 

2CE, 209 

207 

208 

R. Br. 

R~ 

Old and new water station (river water and cooling 

water supply) 

Chlorination station for well water 

(0.7 - 0.8 mg Cl/h H20) 

Horizontal pumps for well water 

Air separation plant (2 units, each l 700 Nm3/h 02), 

compressed air supply 

Bottling of oxygen and compressed air 

~:2 gasometers ( 2 000 m3, 500 m3) 

02 gasometer (10 000 m3) 

Cracked ammonia (N2 + H2) holder (25 000 m3) 

Pipe bridges 

~etwork of pipes, piping of: KOG, natural gas, 

heating gas, cracked gas, steam 25, 20, 7, 2 bar, 

compressed air, river well, hot (90oC), warm (40oC), 

drinking water, boiler feedwater, condensate, 

oxygen • 

Machines, compressors and pumps in dept. urea (except standard 

pu"'.'lpS). 

212 

202 

220 

Dattery (block) of bottles for high-pressure N2 

Old gas reforming plant 

Naphtha and Orthoxylol tanks and pump stations (tank 

farm) 
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CONSULIING GESMHH 

Pipelines for naphtha and orthoxylol 

101, 

110 

110 

203 

213 

214 

148 

211 

a, b 

Natural gas pressure reducing stations 

Old boiler house (2 units, each 12 t/h steam 25 bar) 

Contact slu~qe circulation reactors (flocculators) 

Railer feed water treatment 

Naphtha intermediate storage facilities 

~~phtha steam reforming plant (ICI plant) 

Waste water neutralization 

Dept. ATG has to.organize all planned shut downs for these plants 

anr. also for the several machines (routine overhaul). ATG is in 

this way responsible for the maintenance cost in all plants also 

:or the cost of foreign departments working in a. m. plants. 

Resp. for programs, spare parts. 

3. D~ily routine work 

~~aintenance philosophy 
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DANUBE WATER 

~[ 8 

conductivity 263 x 10 S/cm (S=Siemens 

1 S = lA:lV = l:.fl) 

C02 (free) 2.0 mg/l 

02 6.7 mg/l 

alkalinity 2.55 mval/l 

• "tctrdness 8.60 dH = 153.9 ppm 

• 

non-carbonate hardness 

solid residue from evaporation (105oC) 

soli~ residue on ignition (6500) 

K~tn04 

'IC03 

·102 

Cl 

504 

P205 

K 

= 3.1 mval/l 

l.5o dH = 26.8 ppm 

= 0.6 mval/l 

19.4 mg/l 

58.8 mg/l 

214 mq/l 

122 mq/l 

19 mg/l (max. 30 mg/l) 

0.31 mg/l 

J.9 mg/l 

156 mq/l 

0.08 mg/l 

14 mq/l 

9 mg/l 

29 mg/l 

0.19 mq/l 

0.12 mg/l 

6.6 mg/l 

4.0 rrg/l 
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suspended sticks max. 

average 

fouling factor of waterside by 

tube te~p. of cooling water side 

temperature: winter loC 

summer: 20oC 

12 mg/l (for short 

time max. 200 mg/l) 

3 - 40 mg/l 

~ 50oC = 2 x 10 

>50oC = 4 x 10 

temperature rise of return 

water: lOoC 
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K S U Reactor (Flocculator) 

Th~: "Contact-Sludqe-Circulation Reactor" is especially used for 

con~itioninq of surface water which must be cleared of suspenaed 

~~t~er, colouring substances, ~rganic contaminants and carbon. 

Furt~ermore qoon results are attained in other fields of water 

treatment, especially deironing, demanganation, deacidifyinq, 

,~L--oi line;, sterilizing (rlegerminc.ting), removing subst;inces with 

dis1qreeable oiour or flavour, but also algae and float ~ime. In 

~ the water treating process many of these effects are to be 

attained simultaQeously. 

• 
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G e n e r a 1 t e c h n i c a 1 

c~~.:icity: 

tu~n-around time: 

(d•,...ell tine\ 

intcrn~l cir=ulation: 

saving of chemicals: 

spee1 of climb-up: 

:r~nsp3rence in cleaned water: 

turbinity content in 

d isc1nrged water: 

rate of blow down: 

slunqe content: 

Function 

CONSUUING GESMBH 

d a t a 

5 - J 000 m3/h (per unit) 

about 60 - 90 minutes 

3 - 5 x quantity of flow 

(capacity) 

30 - 40% compared to con­

ventional plants 

approx. 3 - 5 m/h 

often 1.5 - 2.0 m 

10 mg/l, often 3 - 5 m/h 

O.S - 1.0% of capacity 

15 - 25 g solid matter/l 

(97.5 - 9A.5% water) 

First the untreated water flows into the cylindric middle pnrt 

<\nr! there it is mixed with recycled depo!;ite pronucts and 

~~~~ic1ls. The rising stream is produced by a speed regulated 

~ ~ixer which works like a circulation pump. This mixer mnkes a 

'1<i~i nixturr> <if all comp•::>ncnts: raw Wi'lter, chemicals i1nd 

~ctiv:1teri sluiiqe. With the aid of the contact eff~r.t of the 

s 1 u;1ql' t."l·~ forrril\t ion of fl;il<es begins immediately and incr~ases 

quickly. After havinq passed the mixing zone water comes into the 

r~~ction zone and changes its direction of flow. In this zone all 

che~ical reactions happen, whereby the flakes grow and grow. 
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Then .1 p:lrt of the water comes into the ascending pipe, while the 

o~~er part flows to the outer parts of the reactor. On the bottom 

e~ae of the lower cylindric part of the big cone n sharp separ~-

tinq zone is formed between sludge and clear water. Slurlqe 

~nrticles sin~ to the bottom, clear water rises to the surfac~. 

In the outer area of the big cone the climbing speen drops and 

th~re!ore even sm3ll sludge particles cannot rise. The clear, 

con'.iitionen water flows into a top collecting channel (qroove). 

By : slowly turning desludger the sunken sludge is transported 

into the slime pit and is then further thickened. An automatic 

valve removes the sludge from the reactor intervals. 

Operation 

The characteristic feature of the KSU reactor is the internal 

circulation~ ;:i qudntity of 3 - 5 times of the capacity flow is 

circul~ted in the mixing and flocculent zone. In this cycle a lot 

of ~ctivated slu~qe is carried along, so that each particle of 

raw water is often in cont~ct with sludge and chemicals. The 

p1rticles of slime work as crystal centers on which products of 

pr~c i ni t;i t ion sE>tt le rfown <iirectl y. This principle of so call ea 

"ront.1rt sludge circulation" is the real reason for thE: 

sur!'1risinqly qoo:i con<iitioning effect. Goon working of the 

r01ctor is reve~led by the sharp separating zone between muddy 

w1ter .1nrl rising clear water, further on the quick sinking 

~recess of old dereacted sludge. 
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CONSULTINGGESMBH 

Total demineralization / fundamental principles 

It has long been known tha~ salts dissolved in water dissocicte 

~ore or less into their components that means into ions, common 

sillt (kitchen si'llt), for ex;.::imple, dissociates into the positive 

so·~ iuri ion ;ln<i t11e neg.'\ti ve' chlorine ion. Tl;is dissociation m::ikes 

water electrically conduct~ve and so it is possible to sep~rat~ 

c"'!+:. i or.s "'Ind ;:mions by direct current. Nearly al 1 salts dis sol vcii 

in water dissociate into cations in this way; and anions the most 

~t ir.oort~nt of them can be put in order as in the following scheme: 

I cations: anions: 

I ...... 

I Cli (HCOJ) 2] 
I MCJ (HC03)2 K 

~ 

Ca S04 

~q 504 
). 

C.'1 C12 !r- N H 

~q Cl2 
I 

_, 

• I 'J '). Cl 

I ·; :12 504 ] neutral salts 
! 
I 

~; /12 Si03 I 

I 
I K .. carbonate har<lness I 

~ = non-cc:trbonate hardness 

K + :-1 = y • total hardness 
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~:ot -ill ions are equally well absorben or delivered by ion 

excha~gers. A very good exchange is given between cations and 

hy~roqen ions and between anions and hydroxyl ions. Polyvalent 

ions of heavy metals like iron and manganese are taken up by 

c.:itions first, followed by ;:ilkaline earths like calcium and 

m~qnesium, with potassium and sodium of all. A cation exchanqcr 

lcart0~ with ~hese ions is reqenerated by acid. In this process 

t.'ie c::itions are cHslodqe1 by the hydrogen ion of the acid. 

~rcor~ing to the law of mass action (Guldberg and Waage' s law) a 

surplus of acid is necessary (over and a~ove the theoretical 

qu1ntity) for f~nishing the regeneration. The same applies the 

reqeneration of anion exchangers by a sodium hydroxide solution. 

If the ion exchanger substance is exhausted the ion most 

difficult to be exchanged will break through first: sodium at the 

c:n.ion exchanger and silicic acid at the anion exchanger. 

7he ions capable of being exchanged are not only on the surface 

of the qr1ins of the exchange resin but also inside (interior). 

7h~t neans that exchanqinq reactions need a certain minimum time 

to obtain relations between quantity of water, speed of filter 

process and quantity of exchange resin. 

Vari,tions are possible, such as strongly acidic and sliqhtly 

'!Cl-lie c1tion exchanger or strongly basic anci slightly basic 

anion "'Xchangcr. Slightly acinic cations exchangers Ci'\n be 

rPcenerated withcut a surplus of acid and slightly basic anion 

0xch,rnqArs without a surplus of sodium hydroxide (caustic soda). 

In a co~bined employment of "slight" and "strong" exchangers it 

is nossible to further use the surplus of chemicals w~ich is 

3hsolutely necessary for the "strong" exchangers for the 

ra9eneration of the "slight" exchangers. By this a iot of 

che~icals can be saved. So it is more economical. 

I 
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CONSULTINGGESMBH 

7~e cor:tbination of a contract sludge circulation reactor with 

sand fi 1 ters and a tota 1 ionization (demineralization) enlarges 

t"he -=conomical possibilities of application of total 

der:tineralization plants, especially of plants with large hourly 

capaciti-=s. 

Total demineralization/Process 

Sue'.'\ "1 !)lnnt consists of ci'ition and anion exchangers which must. 

be regenerated when the substance (resin) is exhausted. The rege­

neration process. lasts for 4 - 6 hurs. During this time the plant 

is working with another row. So it is necessary to have at least 

two rows of apparatus. Further it is a great advantage to have 

clear water reservoirs (vessels) at the end of the plant for 

short time requirements of 3 - 4 hours, e. g. for small repairs 

or short trubles. 

~ixed bed filters are situated only in the last stage; they are 

consi<lered to be safety devices. The water treatment should be 

fir.is~ed before mixed bed filters. They have only the function to 

c~tch or to kill irregularities or natural "slippage". By this 

wcrking safety (reliability) of the plant is increased, and for 

pre-inserted filter groups cost in deminsioning of all apparatus 

(~i~ters) 3nd operating expenses can be saved because this 

3pparat.us can be fully loaded without risk. 

I 
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vast e water .!. ~ s t e m 

In our factory there are two different waste water systems. One 

is the normal cooling water return system and the other one is 

W3ter conta~inated with organics. This contaminated water we have 

to collect in a special chann~l system with several pump stations 

anj f3n stations for the air supply in the tube systems. This 

sys te'."l fa 11 s into a neutr:i l i zat ion bas in. There we have to 

neutrl.l ize the waste water to a pH in the range from 6 - 9 (the 

9 .'iveraqe should be about pH 7). 

The o~ of the waste water coming from the different departments 

should be minimum pH 4. After neutralization with lime milk and 

nixing t~e neutralized water runs into an equalizing basin. After 

equ3lizing the water goes to central biological treatment in 

~sten {near the power station Abwinden-Asten). 

If the pH limits in the neutralization basin are exceeded a 

butterfly valve opens automatically and the waste water runs to a 

reception basin. 
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HISTORY OF ~ FRODUCTION (ATG) 

~p ••••• parts of Nin NH3 (14 Mol N + 3 Mol H = 17 Mol NH3) 

S!'>ring 1940: 

. Z\utumn 1942: 

1~44: 

1944/1945: 

May 1945: 

July 1946: 

1948: 

t 
1965: 

1906: 

t 
1974: 

l ')7 9 : 

1930: 

start on raising the ground level about 2 

- 4 m. 

St~rt of production on basic KOG • 

(1 unit for desulphuration, 3 units for 

gas dividing and 3 - for CO conversion} • 

Output 55 000 t Np/a 

about 800 bombs from allied airforces 

exploded in Chemie Linz area and plants 

No proiuction as neither KOG nor energy 

were available. 

1944 output level reached again 

production increase 

to 237 000 t Np/a or 718 t/d max. 

( 3 uni ts for desulpi1ation, 6 for gas divi­

ding 3nd 7 for CO conversion) 

start up of naphtha steam reforming plant 

increase 

to about 320 000 t Np/a 

to about 520 000 t Np/a 

to about 480 000 t Np/a 

t 
' I 

t 
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~:"'.P'.I:'~IA STF.:A.."1 REFORMING PLANT ( ICI PROCESS) 

General 

E:-tqi!"leere~ by Hur:iphreys & Glasgow, London, 1964 - 1966: erected 

by OJrselves. Laying out: 300 t Np/d (365 t NH3/d) at a pressure 

o: 2~ b.'\r (max. 31 bar). Reyond the IC! licence (our risk} w-a in­

crcasej the working pressure (inlet prim. refor~er} to 39 bar and 

~he ~~ily output to 420 t Np (510 t/d NH3}. We had bought 

r:iac~ines, apparatus and pipes qualified for higher pressure. 

Feedstock 

19!l6 (s~art up} - 1976 naphtha {strait run benzines): since 1976 

- natur<il gs. 

Maintenance 

hours material cost (mill. AS) 

1974 21 000 1.3 

1'175 qeneral overhaul 56 000 7.4 

1976 24 000 1.6 

l ": 7 qeneral overhaul 46 000 4.2 

1 '17 ·1 16 000 1.6 

i~:q 21 000 o.s 
!'l~O 49 000 0.9 

l 9fH 16 000 0.1 
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On stream days: 

1 <)74 363 

lq75 qen. overh~ul 324 

366 

}Q7~ qe~. over~~ul 325 

1~79 inten~e~ Jshut down during Single-Train shut down for 

weldinq-piping connections between both plants. 

362 

365 

I 
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= - l ·J 1 Primary reformer 

H 1 - F 101 Process air heater 

n 2 - F 101 Heater for steam 

H 3 - F 101 natural gas heater 

H 4 - F 101 Combustion air heater 

K - 101 A/B Air coMpressor 

K - 103 Combustion air fan 

K - l 04 Flue gas fan 

s - 101 Stack 

v - 101* Primary desulphurizer 

v - 102 A/B Secondary desulphurizer 

v - 103 Secondary reformer 

v - 104 Primary co converter 

I v - 105 Sulphur catch vessel 

v - 106 Secondary CO converter 

v - 108 Steam drum 

v - 112, 113. 

114. 115 Gas separi'ltor 

v - 121* Carbon catch vessel 

v - 122* Potassium catch vessel 

H - 101 Waste 1-teat boiler 

• H - 1 02 Waste heat boiler 

~I - 103 Boiler feedwater 

!I - 107 2 bar steamboiler 

!! - 10'1 Treated water cooler 

H - 109 R,aw water cooler 

H - 111 Waste heat boiler 

*) Only with naphtha steam reforming in progress. 
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FURNACE TUBE 
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13 Cr Mo 44 2 WNr. 1.7335 

• ~ A 182-69, Gr. F-21 

Plating with the same electrode 
as welding. 
Af teIWards heat treatment at 
6S0°c • 

' 1----o.....-----r---- G - X40CINiSi2520 • WNr. 1.4848 • 

>: ' ~ HK 40 • >SIM A 297 - HK 

~: _ _J _ _i_ 
----l-~-1 

~:: . N 
' ' \' 
~ ' ·~ 

~-•' k I 
l\ ,. 
~' 
' 

\ 

' ' 
~ ... 
I • 
~ 

·'"' '\ ' 
! ' 
' 
~ I 

p .. 37,3 bar 

t - 880°C 

' 
I 
r·, 
I 

..._ ___ G-X35NiCrNb 2424 • WNr. 1 .4855 

."' 
) 
I 

- G - X40CINiSi2520 • Wnr. 1.4848 = HK40 

• AS'IM A-297-HK 

G - X10CINiA1Ti3220 • WNr.1.4876 a 

Incoloy 800 

~.Pigtail X10CrNiA1Ti3220-wNr. 1.4~76 

• Incoloy 800 
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1. Furnace tube 

a. G - X 40 CrNiSi 2520 = W.Nr. 1.4848 = ASTM A - 297 - HK 

A~~roxi~ate analysis: 

~fr"· It inq !'Oi nt: 

~orking temperature: 

'., .,__, 1 -: '\hi 1 i ':. y : 

T~er~~l exp3nsion 

b~twe2n 20oC and lOOOoC: 

Heat conductivity (20oC): 

~ensile strength (20oC): 

Yield point (20oC): 

c NO. 4%, cr-25%, Ni"' 25%, Si""' 2. 5% 

1 400oC 

800 - 950oC 

good 

10. 0 10-' m/moC 

0,147 J/cm soC 

440 ~l/mm2 

245 N/nun2 

b. G - X 35 Ni~ 2424 = W.Nr. 1.4855 

Approximate analysis: 

~!~!.ting point: 

Working te~perature: 

\·: c l :1 :th i l i t y : 

7~0r~~1 cxp~nsion 

hctw~~n 20oC and lOOOoC: 

l!e1t conductivity (20oC): 

~ensile strength (20cC): 

Yielct point: 

C,...,O, 35%, Ni"" 24%, Cr"' 24% 

1 350oC 

850 - 1 OOOoC 

good 

19.6 • io-'m/moC 

(0.149 J/cm soc) 

440 N/mm2 

245 N/mm2 

I 
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c. x 10 Cr~iAlTi 3220 = w.Nr. 1.4876 = Incoloy 800 

Approximate analysis: 

~!el~inq point: 

R~sis~~nt in air up to: 

~·~ e l ~ah i 1 it y : 

b~tw0en 20oC and lOOOoC: 

He~t conductivity (20oC): 

Tensile strength"(20oCi: 

Yield point (20oC): 

C""O, 1%, Cr,...,,32%, Ni...,20%, 

Al~0.6 %, Ti~0.6% 

1 350oC 

1 150oC 

good 

18.7 
_, 

10 m/moC 

0.097 J/cm s oC 

540 N/mm2 

245 N/mm2 

d. 13 CrMo 44 = w.Nr. 1.7335 = ASTM A le2-69, Gr. F-12 

A?p~oximate analysis: 

~orkinq t~mperature: 

Tensile strength \20oC): 

Yie l·i point ( 20oC): 

2. Convection zone 

c ...... o , 1 3 % , Cr"' l % , Mo ..., o • 4 % 

max. 530oC 

440 N/mm2 

275 N/mm2 

a. 10 Cr~~o q 10 = w.Nr. 1. 7380 = ASTM A 199-Gr. T22 

~pproximate analysis: 

Working temperature: 

Tensile strenqth (20oC): 

Yielct point (20oC): 

C""O, 1%, Cr-2%, MO"'"'l\ 

max. 530oC 

440 N/mm2 

265 N/nun2 

11 
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h. X 12 CrNiTi 18 9 = W.Nr. 1.48878 == Austenitic steel CrNi 

158 : 17/4 N 634 (H32) --------

Ap~~oxim~te an~lysis: 

Resistant in air up to: 

'.\el.i-ibility: 

~h~r~al ~xpansion between 

CrJ0.12%, cr-18%, Ni ..... 9%, TiN4 x c 

800oC 

qood 

19.0. io-'m/moC 

He3~ conductivity (20oC): 0,147 J/cm soC 

Tensile strength ( 20oC): 490 N/rrun2 

Yield point (20o~): 245 N/nun2 

c. X lOCr~iAlTi ~ ! W.Nr. 1.48876 • lncoloy 800 

see 1. c. 

I 

I 
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Weldinq oroce~ure for furnace tubes after stress corrision: 

~TTF ,-t~/LtO ~z~ 
~./ / L t / L ///LD:r= 
' lr\, 

I ----+-; - . ~1 -I 1-
(_Z 7 //Z_Z z?_Z__JJ7~" ... ·7z 4t~'-___..."",~-...-I "" 

• ..,St) p t~~1 '""" .. ~ Materials: Fla11ge 13 C-r Mo 44 ~ -~~--
--.::- 13 Cr /10 '1'1 

Welding material Inconel 182 
Tube material HK 40 

1. Cut the fli'lnqe 

2. -:'11rn t'I-\(~ f1_.1nqe for hufferinq 

new bu. ffer,.'.1!3 
f lnconel 18Z) 

1. ~1Pw buffering (mi'iterial: Inconel 182), minimum 12 mm 

4. Ruff~rinq turn to w~ll thickness. 

Th~ frnnt is to cut un~er qnoc. 

5. x-r'y test - quality is IIW-black 

6. Hei'lt t~e flanq~ for half an hour at 700oC - cooling to JOOoC 

in the oven, rest in air. 

7. 'T'urn the weld phase 

'L Dy-:? penetri'lnt test of the buffering 

9. Dye penetrant test of the tube end 

10. Cut the fai lers and turn the weld phase 

• - • Cl 

I 
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11. Dye penP.trant test this weln phase 

12. '.-:~1.:'l ~h~ fln.nge; pay ri.tt~ntion to the length tolerance. 

~·:<:?l<linq: qround Inconel 182, r~st with Boehler Fox NiCr70Nb. 

By h-:.~ting to 70oC avoid condensate rise. 

13. Dye penetrant. test the ground of welding. 

14. Dye penetran-;: test the top layer. 

15. x-ray test quality IIW-black 

16. Be careful during transport - tubes are brittle! 

~ ---- - -·-

l 



BLANKING-OFF REFORMER TUBES DURING PLANT OPE~TION 

B. Estruch 

l . Introduction 

w~~n ~ reformer tube bursts during service the loss of gas 

throuqh the leak is not necessarily intolerable but the leaking 

q~s inqnites inside the furnace and causes overheating of the 

surroundings. To prevent damage to the refractory and to the 

neighbouring tubes, it is necessary to isolate the failed tube.' 

:'o .:=tchieve this either the design must make provision for 

shuttinq off any individual tube or, if simply welded up 

connections are used, the whole unit must be shut down and ~ooled 

so th~t the failed tube can be cut out and replaced, or the 

connections pluqged by welding. 

3ec~use the outlet pigt3ils usually operate in the region 700 -

A00oC, and no valves are known that could be fitted in each piq­

ta i l, .:=tnj bec~use at any rate the expense and complication of 

fittinq them in the riesiqn woult'I be considerable, an all welded 

Jcsi1n is normally adopted. Initially, when an overheated tube 

l~?.ked the furnace had to he taken off line losing some 36 hours' 

~ro~uction. Thi5 represented a serious loss of output. Ap~rt from 

th.it, in reformer plants built for the production of town gas the 

~~nufacturinq authority is under legal compulsion to m~int~in a 

minimum qas pressure, and it could hardly afford to shut down a 

furr.~r.e even for only 30 hours should a tube fail during a period 

of peak demand. Consideration was therefore given to methods of 

blanking-off leaking tubes which would not necessitate shutting 

the plant down. 

I 

I 
I 
1 · 

i 

f 
i 

I 

I 
I 
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2. Background 

It has b~en standard practice for many years to squeeze mild 

steel pipes on gas and water service when it had become necessary 

to isolate a line and a number of devices are coremercially 

av~ilable for this purpose. However the application of gross 

?l~stic deformation to pressure equipment containing ho~ 

infl3mmable gases ha<l not been considered. The commercially 

av.:ii l'.lble <lpparatus for low temperature service is hydraulically 

operated, which is an advantage, but the frame has to be 

disMantlea and then reassembled on to the pipe to be squeezed. 

This would have been perhaps acceptable for inlet pigtails where 

the tcmpE>rature is around 400oC, but the manipulation involved 

~ould not be acceptable in the proximity of the hot outlet piq­

t.<1i1 s ( 700 - 800oC). For that reason a G-clamp squeezer was 

desiqn~d so that the unit could he placed onto the pigtail where 

it runs horizontally adjacent to the reformer tube (Clark and 

El11:es Pa!>er 2, Fig. 2) and all that was required in the way of 

preparation was to remove the lagging on this selection. 

3. G-Clamo Squeezer 

n~t~ils of the squeezer are given in the drawing in Fig. l ~nd 

the photograph of Fig. 2. It is driven by a short 6 ton hydraulic 

r~n. manufactured by Epco Flexi-Force. 
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The main advantages of this design are: 

(1) The G shape of the frame reduces manipulation near the pipes 

before squeezing to hanging the device onto a horizontal part 

of the pigtail. 

(2) It is connected to the pump by means of a pressure hose of. 

convenient length so that the operator is at a safe ~istance 

while the tube is being squeezed. It is relevant to mention 

here that, in the event of a pigtail cracking while being 

squeezed, Billingham experience has shown that the fire that 

results from a pigtail failure does not cause significant 

damage. 

(3) Should any accident happen to the hydraulic ram, to the hose 

or to the pump the quantity of oil involved is very small (1 

- 2 pints). 

(4) After squeezing the jaws c~n be fastened together by means of 

screws to form a permanent clamp to prevent the internal 

!Jressure opening up the squeezed pipe. The G clamp and 

hy:fr;=rnlic ram can then be removed by simply letting the jaws 

slide off along the guides shown in the drawing. 

(5) The jaws are kept in position by means of ball catches while 

the clamr is being hund and while pressure is being applied. 

(6) 7~o lateral sheet metal pieces locate the clamp jaws on the 

pipe and are crushed away as the squeezing operation is in 

progress. 

-·---- -------·-
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4. Laboratory Tests 

Alt~oua~ fro~ the above considerations it appeared that blanking­

off reformer tubes by flattening the inlet and outlet pigtails 

coulct b~ achieved with reasonable safety it was decided to carry 

out s~ne preliminary tests on a laboratory scale. 

In crier to simul~te plant conditions a test rig was arrangen in 

w~ic~ a len9th of pipe could be electrically heated by making it 

an inteqral part of a circuit connected to a low voltage high 

curre?1t source. pne of the ends of the tube was blanked-off and 

~he other connected to a 275 p.s.i.g. steam line. Provision for 

n~~surir.g ~he steam pressure and for measuring and controlling 

th~ te~?erature during the tests were made. Samples of both 

~ncoloy and Cr-Mo pipe were tested. The clamp itself was tested 

under 3 7 ton load without it showing any permanent set. 

4.1 Incoloy Pigtails 

Two samples of extruded Incoloy DS tubing, 1 11/32 in. o. d. 

x ~ s. w. q. (as usen for the fubrication of the outlet pig­

t~i ls) were used for the trials. One sample was ex-stored 

hut was aqeti for 72 hours at BOOoC in order to bring it into 

1 con.1ition nearer to that of the pipes after service. The:: 

secon~ sample was cut from an actual pigtail which had 

failed due to the presence of manufacturing defects after a 

few months in service. 
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7h~s~ samples were heated to 800oC before squeezing. Du~ing 

t~e first test the temperature dropped quite consider~bly as 

t'h~ j"ws touched the tube, but by insulating the ends of 

~h~ pipe the temperature drop was eventually re1uced to 

about only 20oC. 

In 311. eig'ht trials were performed. The results we:re 

completely satisfactory except in one case, when a numbtr of 

S:".1.1 l l C:'.' -tCkS d~veloped on t.he outside of tho::: pip.;.• but. no 

leak cccurred. This cracking was not thought to be siqnifi­

c1nt becaus~ the trial was done on a part of the pi?e which 

had been overheated to nearly melting point during the 

ini~i~l attempts to adjust the temperature. Figur~ 3 shows 

the general appearance of the tube and Figure 4 a cross­

s~ct.ion through one of the flattered parts. 

4.2 Cr-Mo Pigtails 

Th2 tests were done at 400oC on a length of 1% Cr-Mo steel 

pipe 13/16 in o. d. x 5/32 in. wall as used for the inlet 

pigt~ils. At this temperatur~ the tube was too strong for 

t~c squeezer and a perfect flattening ~ould not b~ ~chieved • 

::1. o:::-d~r to increase the stress on the pipe the width of th·~ 

~~w f~ccs of the clamp was reduced from 1/2 in. to 1/8 in. 

r'..l~ t~:..?:1 t'hc ~ucti lity of th.:? m'\terial was insufficicn~ :mr'! 

the tube wall sheared. It was found possible to avoid t:-tis 

by carrying out the operation in two stages. In the first a 

set of jaws with slightly curved faces (1/2 in. width) was 

us~d. This spread the deformation over a large area but 

still left ::l gap between the two wall faces. A second pair 

of jaws with faces 1/B in. wide and semi-circular cross 

I 
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5. 

sei::tion was used to close the gap. To achieve this the load 

had to be increased to 8.5 tons. The clamp withstood this 

overload well. Figures 5 and 6 show the results of the 

tests. 

During the tests it was 

l ~/!J/Ti were too soft 

founo that the original jaws in 

and yielded appreciably '.luring 

oper3tion. This was prevented by protecting the jaw faces 

with welded inserts of heat treated FV520(B) steel whose 

yieli strength is about three times higher than that of 

18/8/l'i steel. 

Plant Exoerience 

T~e ~igti'iil squeezer has been used successfully on several 

occ~sions to isolnte leaking reformer tubes. Squeezing the inlet 

pigt~i1s has proved to be as easy in the plant as it was in the 

preliminary trials. 

~n t~~ oth~r hann with pigtails trouble has experienced on the 

t~ree or four occasions owing to cracks forming during the 

oper3tion. It appears that the difficulties are due to a 

c~~hin~tion of the following factors: 

(1) EMbrittlem~nt during service. It is known that the rluctility 

o~ Incoloy DS decreases with time due to an age hardening pr<; 

cess. The use of Incoloy 800 which is now readily available 

and reputed to be less prone to embrittlement during service 

will probably improve matters. 

I 
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(2)Decrease in temperature. As soon as the flow or hot gas 

through the pigtail is restricted the metal temperature be­

gins to fall and so does its ductility. The more quickly the 

operation is completed the less likely is trouble to occure. 

The possibility of locally increasing the temperature of the 

outlet pigtail prior to squeezing is also being consinered. 

(J)The occasional presence of score marks on the surface and • 

stringers of inclusions inside the pipe wall which facili­

ties the initiation and propagation of cracks. 

I~ spite of these occasional difficulties it always has been 

possible to blank-off the failed reformer tube. Even after cracks 

hove appeared in the pigtail its flattening has been achieved at 

a second attempt. 

The use of screwed jaws to maintain the pitail gas tight has 

proved to be necessary. Whenever the jaws have been removed the 

leakage of ga& from the reformer tube has been seen to increase 

gradually becoming excessive after some time. A second 

~pplic,1tion of the squeezer and permanent clamping of the pigtail 

~ has been sufficient to reduce the leakage to a negligible amount. 

Co!"lclusion 

Bl3nking-off failed reformer tubes without having to shut the 

plant down, by squeezing the inlet and outlet pigtails at a 

tc:nperature and uncier pressure, has been a complete success. So 

far no untoward incidents have occurred; provided adequate care 

is t.=iken, the isolation of the failed tube can be achieved 

without danger to the operating personnel or to the plant. 

I ' 
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FILTER WASHING. 
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k ~"' 2.00 

c.anal 

Filter: 0=8000mn 

h .. S 200 nm 

v = 240 m3 

q. 1 ooo m'/h H2o 
p = 6 bar gauge 

! 
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r r a[ .. · I 
l: 
~ ..:... 

c~loTrr.~ 

~ fJ f 
~I 
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I VN 23-

~ 
•• rtr:!i.- I :rw 1.1;,i, 

c. ([" 

~ 4'50 ah 1)N t.t5o' 

open 

1 • discharge 1 minute i, k 

2. air 2 minutes g, k 

.l 
?"] 
1--

---- raw water 

---- purn water 
-----wash water 

---- !->ludgc:: water 

---- d i.scharge 
-----vent 

-----scavenging air 

closed 

a, b, c, d, e, f, g, h, 

a, b, c, d, e, f, h, i, 

3. air + water 11 minutes e, f I g, h, k, a, b, c, d, i 

4. air +water + chlorine 4 minutes e, f, g, h, k, +chlor. a, b, c, d, i 

5. water 3 minutes e,f,h,k, a, b, c, d, g, i, 

6. fill UE with water 4 minutes e. f, k, a, b, c, d, g, h, i, 

25 minutes 

to filter ·a, b, c, d e, f, h, h, i, k 

_J 
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CHLORINATION 

chlorodar (see sero-role scheme) 

/ C:-) 

I 

I 

-- -- - _ft ___ -
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Compensation hole 
2 Vacuum regulating valve 

) Chlorine I water solution 
4 Injector 
5 Water 
6, 7 Adjustable V-nozzle 

8 Volumenometer 
9 Chlorine inlet 

10 Chlorine gas reducing valve 

11 Ventilation 

- -- ---------------'-----------~--~---.......J 



CHLORINATION 

The injector forms a vacuum for intaking chlorine gas and mixing 

with water. The ball and the membrane prevent a flow back of the 

w3tcr into the chlorine installation when the solution outlet is 

closcj or stopped up. For the injector to function well, it is 

~eccs33ry that the pressure ahead of the chlorine inlet is very 

~iqh oqainst the back pressure. 

~ ?he chlorine gas comes at pressure to the chlorine pressure 

reiucing valve •. There the pressure will be reduced below the 

~~~ospheric pressure because this valve opens only when the 

inject.or forms a vacuum. If gas comes into the valve without 

v~c~um conditions, the membrane will lift and the gas escapes 

through the vent pipe. 

~~e chlorine flows from the pressure reducing valve through a 

volu~enometer to an adjustable V-nozzle which regulates the chlo­

r inc gas capacity. After that is situated a vacuum regulating 

valve for building a suitable vacuum is set. 

i·;hcn ~he chlorine supp~.y is empty or shut off the vacuum regul:i­

t~ i~g valve closes. If the throttles effect is not enough, the 

.~ 5 .. 1phragm wi 11 take off by the vacuum and air wi 11 enter, sa tia-

t.inq the vacuum. 

I 
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I~soection of machinery in stage 2 ~ 1 = compressor east 

Steos 

1. tleasurement of guide rings at all of the 4 cylinders. 

2. Cleaning of cooling chambers of all cylinders. 

3. T.inspect the position of piston rod with frame level (at 

upper and bottom dead center). The crosshead must be pressed 

on the running surface. 

4. Re~ove piston and piston rod. To inspect or to flush (to 

level) the surface in the mainstop. 

5. Remove bush, inspecting by '1'MP and refit. Measur~ment over .i 

cross at upper and bottom dead center, inspection wit:\ frame 

level. Inspection must be done with valves fitted. 

6. Measurement of crosshcad clearance. 

7. Re~ove bolt of crosshead. Inspection of state of fit • 

~L R " m o v e c r o s sh e ad a n d i n s p e c t i n m a i n shop. ( T f 1 u sh 

the furnace). 

9. Remove balancing weight. 

10. Remove side rod. 

I 
I 
' 

' I ,..,,. o J~-~~ 
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11. Measurement of breathing (swelling) of crankshaft. 

12. Measurement of clearance of connecting rod bearing (big-end 

bearing). Measurement of 2 , (crank pin stud crank eye). 

13. If nodification of clearance is necessary, bolts must be 

fitted according to settled (defined) extension. 

14. Both bearing bushes (pillows) must be fixed in the casingl 

15. Points 3 - 13 apply equally to both stages. 

16. After measuring swelling in both stages, remove main bea­

rings 2, 3, 4 and S. 

17. R~noving main bearing 

a. Measurement of clearane 

b. Notice length of bolts in fixed state 

c. ~otice length of bolts in loosened (unscrewed) state 

d. Remove pillows. The crankshaft must be lifted by hydraulic 

tool half the clearance 

e. Inspection of pillows by TMP 

f. Inspection of bearing necks (journals) by TMP 

18. Replace main bearings. 

19. At both stages: as for point 11. 

j 
I 

j 
I 

l 

I 
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20. Measurerr.ent of guide~ay of crosshead ~and II) of both 

staqcs. 

21. Me.'lsurement of cylinder. 

22. Replace sine rods. 

23. Replace crosshead. 

24. Re?lace air packing, oil packing and piston (without rings!). 

Measure~ent of state of piaton (cledran~e between piston and 

bush). Distance on the side on which the crosshead slides. 

1.7 - 1.8 mm on the second stnge ar.d 

1.4 - 1.5 mm at the third stQge from th~ piston. 

25. Testing the state of piston rod with trame level. 

26. Finish assembling; measurement of dead space. 

27 Cleaning: air fiJter,oil filter, oil tub (tank), st.earn traps, 

n~rve, oil fitting. Tightness test of air cooler~ • 

23. Test run 

29. Inspection by TMP 

a. Screws and threads 

b. Crosshead 

c. Pillows 

i Rearing necks (journals) 

e. All antifatigue shafts of screws 

f. Shoulder of bushes 

g. Ribs of cylinder covers (tops) 

h. Shoulder of cylinders 

(connection between cylinder and casing) I 

l 
r 
I 
I 

I 

j 
' ' '; 
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Absorotion Safety Loop in LINDE's air separation plant 

Fro'TI m.3in condenser liquid oxygen comes to a pump which delivers 

it ~lternatively to one of two absorption vessels filled with 

gel. Then liquid oxygen flows back to the main condenser. By this 

liquin 02 is permanently in circulation through an absorption 

apparntus. It holds back (absorbs) 98% of acetylene (propene). 

All hydrocarbons not absorbed, like ethene, propane and so on 

enrich somewhat in the fluid. 

By the absorption safety loop 1% of 02 production andby 

evaporation of this rate the remaining hydrocarbons are removed 

from the separation column (main condenser) for the most part. 

The absorption vessel has a service lifa of 8 days. After this 

tirr.e the filling must be regenerated and the circulation passes 

~hrough the other vessel. The content of acetylene in the main 

conden~ar is limited to O.l ppm. Analysis is carried out daily. 

For safety reasons hot nitrogen (at a pressure of 5 bar) is used 

~s the regeneration medium • 
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RQIL~R FE!::D l'lATER TREATMENT 

Parts of plant 

Sand filters with fittings and 

piping 

CONSULTING GES.MBH 

LIST OF MATERIALS 

Materials 

Carbon steel ASTM A 283-C, with 

internal painting 

tubes: A 53-A 

valves: grey iron Al26-class B 

Ion exchangers with fittings and C-steel: RST.37.2., internal 

piping t"ubbercoated or stainless 

Pumps in the area of ion ex­

changers 

steel 

vessels: C-steel A264,grade 6 

367 clad. 

tube: A 43-A, austenitic CrNi 

steel 

valves: Al26 - class B 

austenitic CrNi castings 

Al26, class B, internal rubber 

coated or stainless steel, 

AISI 316 B 
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H2S04 (76%) dosing pumps 

wit~ f. and pipes 

~a ( 8~l) { 50%) dosing pumps 

with fittings and pipes 

FeClJ dosing pum 

Flocculator 

-----------------

PVC 

Teflon 

PVC 

PVC 

CONSUalNG GESMaH 

Carbon steel, normal steel with 

painting. 



STE;~ REFOR~ING PLANT 

Parts of plant 

Furnace tube 

Outlet header 

I 
I 

/ 
Outlet pigtails 

V 103 - secondary reformer 

H 111 - waste hP.dt boiler 

v 104 - primary converter 

HH 101 - waste heat boiler 

CONSULTING GESMHH 

LIST OF MATERIALS 

Material& 

G-X 35NiCrNb 2424, no. 4855 

G-X 40CrNiSi 2520, no. 4848 

HK 40, ASTM A-297, 25 Cr/20Ni 

Centrifugal and static castings 

27 Ni/18 Cr 

Wrought fittings: Incoloy Alloy 

800 

Incoloy BOO, no. 4876 

Incoloy Alloy BOO 

shell: ASTM A 105 GI! (Pl), A 

212 Gr. B 

flange: J\STM A 515-60 

bolts: ASTM A 320 grade 

A 193, Gr. B 16 

shell: A 105 Gr. I (Pl) 

tubes: A 33 5 Gr. P1'1 

flange: A 387 Gr. B P 4 

L7, 

shell: A 204 Gr. B, ASTM A 335 

Gr. Pl 

flange: A 204 G~ A 

shell: ASTM A 515 - 60 

tubes: ASTM A 106 Gr. B 



I 

S':'E.! . .M REFORMING PLANT 

Apparatus in ccnvection zone 

Heater for steam H2/l FlOl 

Heater for steam.H2/4Fl01 

Heater for steam H2/2Fl01 

and natural gas 

Process air heater HlF 101 

natural gas heater H3/2F 101 

....... ,..... .. "" ... ,...... ·~ ~.-..-,.. .. ~ .. 
lJUfV\)(JL/ llVl:i Ul:\:). M. t:1.. M. 

LtST OF MATERIALS 

Materials 

austenitic steel CrNi ISO: 

17/4 N634 (H 32) 

ASTM A 199 Gr. T 22 (PS}, 

A 33S-P22 

ASTM A 199 Gr. T22 (PS) 

A 33S - P22 

ASTM A 199 Gr. T22 (PS) 

A 33S - P22 

austenitic steel CrNi, ISO 

17/4 N634, Incoloy 800 

ASTM A 199 Gr. T22 (PS), A 335 

-P22, austenitic CrNi steel, 

ISO: 17/4 N634 (H 32) 

ASTM A 199, Gr. T 22 (PS) 

A 33S-P22 
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Apparatus 

V 105 sulphur catch vessel 

V 106 secondary CO converter 

H 102 waste heat boiler III 

H 103 boiler feedwater 

v 112, v 113, v 114, v 115 

g:is separ::itor 

CONSUL/ 1NG GES. MB. H 

LIST OF MATERIALS 

Materials 

shell: ASTM A 212, Gr. B 

A 105 Gr. II Pl 

flange: ASTM A 105, Gr. I 

bolts: ASTM A 194, Gr. 4 

shell: ASTM A 515, Gr. B, A 

105 Gr. II Pl 

flange: ASTM A 105 - I 

bolts: ASTM A 194, Gr. 4 

shell: ASTM A 515, Gr. 60 

tubes: ASTM A 210 I Gr. A-1 

shell: ASTM A 515, Gr. 60 

tubes: ISO: R683 T 13/23 a 

ASTM A 240, Gr. 

316 (PB) 

shell: ASTM A 105, Gr. I Pl 

demister: ASTM A 240, Gr. TP 

316 (P8) 

TP 
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================= 

Increasing density of population, the formation of overcrowded 

r~gions, growing industries with expanding production and finally 

welfare of each people lead to an enormous burden on environment. 

The disposal of growing amounts of waste from indus~ry, traffi~ 

and homes has become a worldwide problem which concerns each of 

us • 

Wast~s coming fr~m industry, business and households are classi­

fied by use into cooling water, process water and excremental 

water. All these burden in various manners the bodies of the 

water which they are discharged into: rivers, lakes, the sea and 

so on. Beyond a certain point the natural force of self-purifica­

tion is not sufficient, as is shown by many examples. 

Hence, industries and public administration spend a lot of money 

on purifying waste waters. Austrian industry has spent 10 billion 

Austrian Shillings on purifying water since 1970. That is 41 

percent of the whole environmental expenses. To keep the quality 

of water in goo1 condition or to improve the quality of it, many 

projects involving sewage drains, purification plants and control 

syst~ms are realized. Chemie Linz AG now spends 300 million 

Shillings for environmental purposes. 108 million Shillings are 

related to purifying water. 
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COOLING WATER 

The water supply to Chemie Linz f...G in industrial plants in Linz 

and Enns is taken entirely from the Danube, not from ground 

..... ater. 

In this connection we have to emphasize that most water in our. 

plants is cooling water (about 95 %). This predominating Fart of 

our water input is given back to the river as clean water which 

~ is a little warmed up by the coolers in our plants. But the 

warming up of o~r cooling water is insignificant because waste 

heat is used with priority in our plants. The warming up of the 

Danube by our cooling water is only O.OS to O.l %. The extent of 

warming up depends on the water flow of the Danube which varies 

between certain limits. The legal limit in Austria for warming up 

the Danube is 3 oC. 

• 

ANORGA~IC PROCESS WATERS 

Only a small part of our industrial water given back to the 

D~nube is polluted. Where it is possible all polluted waters are 

purified and neutralized at the origin of their formation. In our 

plants there are more than 100 separators and neutralization 

units. 

From the view of energy, where it is possible, process and 

washing water is recycled. In doing so two profits are obtained: 

first, far ranging purification of waste water, and secondly, the 

production of valuable raw materials. 
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In this field Chemie Lin~ AG developed some internationally known 

recycling processes, for example the production of AlF3 from 

fluoride-bearing waste water from phosphate fertilizer 

production. AlF3 is a desired raw material for aluminium 

electrolysis. The know-how for this process was given to many 

foreign countries and now there are such plants in the German 

De~ocratic Republic, Romania, Japan, Sweden and Jugoslavia. 

EXCRE."11'.:~.;TAL WATER AND INDUSTRIAL ORGANIC PROCESS WASTE WATER 

It is known that organic substances from industry and house holds 

are discharged into rivers and lakes. Here the organic substances 

are digested by bacteria lining in the water. By this process C02 

and H20 are formed. This reaction is a basic reaction for the 

natural self-purification process in our water. This reaction can 

o~ly take place in the presence of a sufficient a~ount of oxygen. 

In the absence of oxygen the micro-organisms cannot exist. 

Accordingly purification of waste waters is increasing in cases 

of decreasing of oxygen. Such reactions caused by micro-organisms 

ere used to purify waste water in biological purification plants. 

These purification plants are installed before the waste water is 

running down to the rivers and lakes, so that only purified water 

is coming into ~hem. In the purification plant an additionBl 

ef:ect is obtained by bringing in much more oxygen by means of 

mechanical treatment. Besides, with this mechanical treatment of 

waste waters the sludge arising in the biological step is 

recycled. In this way a purification of waste water is guaranteed 

and only clean water is discharged into rivers and lakes. 
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REGIONAL PURIFICATION PLANT LINZ 

In comparison with many other rivers in densely pop·..ilated regions 

the water quality of the Danube is not bad. Ir. Austria we have 

water quality standards. The Danube in Upper Austria is of the 

class II and III of a basis of a valuation of four classes. As a 

barrage was built on the Danube in 1979 in connexion with 

erecting a hydroelectric power station near Linz, better water 

quality standards are now required. House hold wastes together 

with ind us trial wastes s"!'toul d be purified in th"? regiona 1 

purification pl?nt in Linz. This plant can purify all waste 

waters of the region of Lin~ including industries. So the waste 

waters of Chemie Linz AG, Voest Alpine (steel works) and of the 

Enns sugar industries are purified in this biological 

purification plant too. 

Apart from water resulting from households and business, organic 

waste water is coming from industry. Our plants also generate 

orqanic waste water. But we now are making great efforts in 

minimizing waste water. Generally people believe that only poi­

sons are dangerous in waste water. Admittedly, poisons are very 

d~ngerous to natural self-purification processes, but all organic 

substances like now poisonous solvents, food otaffs and deter­

gent& reduce the oxygen contained in the rivers and lakes. 

This information should make you understand that pouring liquids 

down drain pipes in laboratories is surely not the right way 

to dispose of waste. 

In principle all wastes should be separated from water. Further 

all mother liquors •hould be recycled and solvents should be 

recovered, because, as you know the purification of waste water 

in mixed and diluted states is much more expensive and 

technically more difficult. 
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Nowadays clean water is too valuable to be used as a mean of 

transportation for waste disposal. 

ACTIVITIES IN OUR WORKS SITUATED IN ENNS (NEAR LINZ) 

In our new plants, situated in Enns, acrylonitrile is produced. 

Most of the waste water i~ incinerated. Only a small part o~ 

wast~· ... ater which it is not economical to burn has to be purified 

by biological treatment. 

To realize these processes it is necessary to combine recycling 

steps and enrichment stages while minimizing energy consumption. 

In the past diluting of waste waters by cooling waters was 

desired in order to reach lower concentrations of emission in the 

waters. Such a dilution of waste waters is disturbing if a 

biological treatment of waste water is intended. In our plant in 

Enns a special sewage system is erected to separate cooling 

waters from biological treatment plants. 

RECYCLING METHODS 

At various stages in this paper recycling or recycling methods 

h~ve been mentioned. As a matter of this principle raw materials 

are recovered from wastes and can be used for further reactions. 

~ow3days recycling is of great importance in dealing with waste. 

In the chemical industry recycling methods have been applied long 

before environment at protection was born. The reason for such 

application was to improve the yields of chemical reactions. An 

example is the synthesis of ammonia by reacting nitrogen and 

hydrogen. Passing the reactants once leads to yields of 30 \. By 

means of recycling yields can be increased up to 98 \. 
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Another example is our gypsum sulphuric acid process. In the 

production of high quality phosphate fertilizers a great quan~ity 

of sulphuric acid is used to separate an undesired surplus of 

calcium from raw phosphate. 

In this reaction CaS04 is formed, the so-called gypsum. Thi~ 

waste material is utilized to produce Portland cement and high~ 

quality sulphuric acid simultaneously. Sulphuric acid is recycled 

to fertilizer production. This recycling of gypsum prevents the 

4lt formation of giant waste gypsum heaps. On the other hand more 

than 100 000 ton~ per year of calcium sulphate can be saved from 

natural sources. 

A further example 

lubricating oils 

polyethylene wastes. 

from Chemie Linz AG 

and the work-off of 

is the recycling of 

fibre wastes and 

These recycling activites by Chemie Linz AG are the reason that 

not more than 1 % waste is produced in comparison to the total 

pro1uction of chemicals. l % waste is a very low value in 

comp~rison to 10 % in the great chemical plants of West Germany's 

industry or other industrial spheres. 

W.\STE DISPOSAL 

Waste disposal is a great problem. Not all wastes can be carried 

to refuse pits. In Austria there are only a few possibilities for 

disposing or difficult wastes. Therefore it is necessary to 

r~mova these wastes in foreign countries, where they are burned 

in special furnaces. ln our plants an organization for wastes has 

bc~n installed, it is the organization plan which fixes each 

waste from production process and determines its disposal or its 

recycling. 
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If disposal is chosen there exists a waste book which determines 

what has to be done with the wastes. In this manner ~11 wastes 

are registered and their subsequent destins is determined. 

It is not possible to review all these environmental problems in 

short. It is the aim of this report to show that chemical 

industries are able to solve their environmental problems within 

so~ially acceptable limits. 

~ ~ew technologies make it possible to realize more extensive laws 

for the protecti~n of the environment. Developments so far let us 

view the future with optimism. This optimism seems to be very 

necessary, thinking of the great problems of the future, first 

the growth of world population and securing sufficient food for 

people, and secondly making a natural environment possib~e for 

the futl1re • 

• 
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LEAFLET ABOUT BANDLDIG AMMORIA 

1. PROPERTIES 

1.1 

Under normal conditions ammonia (NH3) is a colourless gas with a 

8 characteristic pungent odour. It is readily liquefied by cooling 

or compression. _The liquefied ammonia evaporates readily and fast 

at atmospheric pressure. This gives rise to a powerful 

refrigerating effect to 40oC below zero. Ammonia is very soluble 

in water, the saturated solution containing 35% NH3. 

• 

Synonyms for aqueous solutions: aqua ammonium, water of ammonia, 

ammonium hydrate. 

1.2 

Liquid ammonia, concentrated aqueous solutions, gaseous ammonia in 

higher percentages have an irritating effect on the skin, 

particular the genitals, the respiratory tract an~ mucous membrane 

of the nose, due to an alkaline caustic action. Liquid ammonia can 

also cause frostbite. The pungent odour gives warning in due time. 

Maximum allowable concentration in air (*M.A.C.) : SO parts per 

million (=TLV: threshold limit value). 

1 

I 
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*M.A.C. • that concentration in a «orking atmosphere of a dust; 

fume or vapor such that if it is exceeded for appreci­

able periods damage can be caused to the health of the 

individuals exposed. 

l.3 

Fire and explosion hazards exist but are considered small • 

2. BAHDLIHG 

2.1 

Ammonia (gas or liquid) is best removed by spraying plenty of 

water into it. 

2.2 

Explosive limits: 16 to 25% by volume in air. At certain limita­

tions (15.S - 27% v/v NH3) an ammonia/air mixture is explosive: 

naked flames or lights and smoking are therefore pr0hibited in 

rooms where such mixtures might occur. In case welding or jobs 

with naked flames really have to b~ done during erection or 

repairing work, this is permitted only with the special approval 

of the management of the company under adequate supervision and 

observing special precautions. 

2 
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2.3 

The risk of poisioning and explosion necessitate the utmost care 

with all jobs at containers, apparatus, linings and fittings for 

ammonia (depressurizing, careful evaluation, blowing out with N2, 

repea~ed rinsing with water, disconnecting and closing the pipes). 

Mines and canals may be entered only with utmost care and using 

the appropriate breathing equipment. The precautions for accident 

prevention of the "Berufsgenossenschaft", encl. 4, section A are 

~ to be scrapalously observed. 

• 

3. STORAGE 

J.l 

Cylinders should be stored away from heat and sunlight. 

3.2 

They should never be dropped. 

3.3 

Connections to tnese cylinders should be tight. Care should be 

taken when opening containers, and gas masks worn. 

3.4 

Recommended storage: in fire-resistant structures away from 

chlorine, bromine,, iodine and l".'dneral acids. 

l 
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3.5 

Water is an effective fire-extinguishing agent. 

4. TREATMEHT 

If li~uid ammonia is spilt on clothing, all clothing should be re­

moved immediately and the body thoroughly drenched with water. If 

• ammonia gets into the eyes, they shouJ.d be washed immediately with 

plenty of water; this may be followed by the introduction of a 

saturated solution of boric acid. If pain is severe use a local 

anesthetic such as a 0.5~ solution of pontocaine hydrochloride. 

Thereafter the application of olive oil or some similar oil is de­

sirable. Continuous warm boric compresses to the eyes may be of 

value. The usual treatment for corneal ulcers should be carried 

out and an ophthalmologist should be called at once. Respiratory 

and circulatory measures should be taken if the concentration of 

fumes has been severe and the respiration affected. Inhalations of 

5 to 7% carbon dioxide in oxygen should be given, and if pulmonary 

edema ensues the use of oxygen by means of a tent or intranasal 

• appara~us is advised • 
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5 • PRECAUTIOllS 

5.1 

Ammonia vapour is lighter than ai!'.' (density = 0.6 in relation t.o 

air), therefore they escape overhead. Good ventilation overhead 

has to be cared for because of this. In the case of sudden ammonia 

escapes, for instance leakages from turbines, fittings or 

containers leave rooms as quick as possible, protect mouth and 

~ nose by holding moistened rags in front of them. Even a dry hand­

kerchief or the. &leeve of a jacket will do at an emergency at 

fire. 

• 

5.2 

Leakages can be found by searching with a wooden or glass stick 

previously dipped into HCl solution of about 15% (be careful -

corrosive!), or with moistened red litmus paper - in the presence 

of ammonia white mists form and/or the litmus paper changes to 

blue. 

5.3 

Absolutely necessary jobs in ammonid poisoned rooms (for instance 

operating valves, switching machines off, rescuing injured people) 

may be done only with suitable precautions, fo~ instance: fresh 

air, comprei;sed air or oxygen breathing apparatus and an 

impervious special suit to protect the body. 

5 
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5.4 

With oxygen breathing apparatus the filter K, identification 

colour green, is to be used. Stored i~ rooms with normal huffiidity~ 

temperature and atmosphere, this type of filter will last for 3 

years in unused condition when kept in the manufacturer's pack. 

After expiration of the maximum storage period even unused filters 

are not allowed to be used any rrcre. 

• s.s 

• 

For work with ammoniac water (ammonia solution) well-fitting 

safety-glasses must be worn so that nothing can lash into the 

eyes. 

6. LITERATURE 

A new Dictionary of Chemistry 

ed. by Stephen Miall, LL.O.B.Sc. Longman, Green and Co., London 

Rompps C'lemie Lexikon 

Franckh'sche Verlagshandlung, Stuttgart Bd. 1 

6 
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Ullmanns Enzyklopaedie der techn. Chemie 

Verlag Chemie, Weinheim, Bergstr. Bd. 7 

Handbook of Dangerous Materials 

by N. Irving Sax 

~ assisted by M. J. O'Merin and w. w. Schultz 

Verlag: Reinhold Publishing Corporation 

• 

330 West Forty-Second Str., New York 18, U.S.A. 

Merkblatt ueber den Umgang mit Ammoniak 

Berufsgenossenschaft der Chemischen Industrie 

Verlag Chemie, Weinhelm, Bergstr • 
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'e..~ll!IG AND MEASORillG VIBRATIOU 

l.Balancing 

1.1 Introduction 

Unbalanced centrifugal forces and ~omenta are undesirable because 

~ because of: 

- high dynamic bearing forces -- reduction of useful life 

- vibration fatigue fracture 

- reduction of friction 

- reduction of porduct value {employment) 

- noisy machines 

- influence on personnel 

Balancing is the process of attempting to improve the mass 

distribution of a body so that it rotates in ·its bearings wihtout 

unbalanced centrifugal forces. 

1.2 Measuring unbalance 

Unbalance is a ~ector, therefore the amount and the angle of 

unbalance must be measured. 

1 

-1 
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1.2.l Centrifugal palancing machines 

{balancing machines t})at provide for the support and rotation of a 

rotor and for measuring vibratory forces of motion due to 

unb3lance in the rotor once per revolution) 

a) Soft bearing (above r~sonance) balancing machine 

{operating at a speed above the natural frequency of the sus­

pension-and-rotor system) 
Resonance balancing machine: a balancing machine operating a~ a 

speed equal to the natural frequency of the suspension-and-

rotor system. 
Compensating (zero force) balancing machine: a balancing 

machine with a built-in calibrated force system which counter­

acts the unbalanced forces in the rotor. 

Direct reading balanci~ machine: a balancing machine which 

indicates the unbalance directly. 

b) Hard bearing (below resonance) balancing machine 

a balancing machine operating at a speed below the natural 

frequency of the suspension-and-1·otor system. A dynamometer a;id 

an extremely rigid foundation and machine construction must be 

employed. 
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c} Field balancing 

The process of balancing a rotor in its own bearings and 

supporting structure at full speed. Measurements are made with 

field balancing equipment. 
Unde~ such conditions the information required to perform 

balancing is derived from measurements of vibratory forces or 

motions of the supporting structure and/or measurements of 

other responses to rotor unbalance. 

1.2.2 Indicating.systems 

- wattmetric indicating system 
- voltrnetric indica'l:ing system with phase-sensitive 

rectifier 

- voltmetric system with stroboscope and filter 

- voltmetric indicating system with marking of ungular po-

sition on the rotor ~tself 

- compensator with mechanical or electric indication 

1.2.3 Motion transducer 

piezo-electric motion transdueP.r: the voltage signal is 

proportional to the acceleration 

- electrodynamic motion transducer: the voltage signal is 

proportional to the velocity 

- inductive motion transducer: the voltage signal is propor-

tional to the displacement 
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1.3 Balancing procedures 

1.3.1 Static balancing 

(is a condition of unbalance for which the central principal axis 

is displaced only parallel to the shaft axis) 

For disk-shaped rotors the use of only one correction plane may b~ 

sufficient, provided the bearing distance is sufficie~tly large 

and the disk rotates with sufficiently small axial run-out. Single 

plane balancing can be done on a pair of knife edges without 

rotation of the ~otor (gravitational - non rotating - balancing 

machine) but is now more usually done on centrifugal balancing 

machines. 

1.3.2 0ynamic balancing 

(is a condition ~n which the central principal axis is not coin­

cioent with the shaft axis) 

E, 
! 

~- --------

4 

E 1,2 

A 1,2 

... 

... 
Correction plane 

Measuring plane 

I 
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a) A run with the original unbalance. 

The vectors, 

are measured 

b) A known trial mass (ml) is mounted in plane El. The vectors 

V l,l and V 2,1 are measured. Remove the trial mass and note 

the position at OoC. 

c) A known trial mass (m2) is mounted in plane E2. The vectors 

V 1,2 and V 2,2 are measured. Remove the trial mass and note 

the position at OoC too. 

Evaluation 

Graphic evaluation: rarely used because it is protracted and 

fallible. 

Uumercial evaluation: for equation see "Static and Dyna.mic Balan­

cing". It is best calculated with a pro­

grammable calculating machine. 

5 



I 

/ 

1.4 Balance Quality of Rotating Rigid Bodies 

Even after balancing the rotor will possess residual unbalance. oy 

means of the measuring equipment available today unbalance may now 

be reduced to rather low limits. However, it would be uneconomical 

to exa Jgerate the quality requirements. To which extent the 

unbalance must be reduced, and where the optimal economic and 

technical comprise on balance quality has to be struck, can be 

correctly determined in individual bases only by extensive 

ta measurement in the laboratory or in the field. 

In general we can say: 

The residual unbalance force: F = m.r.w2 

Acceptability limit: F ,.. G/10 

m = unbalance mass 

G = rotor weight 

It follows: rr 10 x r:~ m (kg); G (N); r (m); N (min-
1
) 

For example: G = 100 kg 
1 000 'l 

r = 100 mm m_~o x o:rx-00002" 3 x 10--kg • 3 g 

n = 6000 min 

Terms of reference are given by VD! 2060: 

On the basis of section 1.4 balance quality grades have been 

established which permit classification of the quality 

requirements. Each quality grade O comprises a range of 

permissible residual unbalances (e.w.). 

See figure 1. 

6 



The quality grade O equivalent to the centre of gravity-velocity. 

The centre of gravity-displacement is given by: 

Q (nm/s); w (s-1); e (nm); 

The permissible residual unbalance: 

e.G m = --­r 
m(g); e (nm); G (kg); r (m) 

For example: 

G = 100 kg 

r = 100 mm 
-1 

n = 6000 min 

Q = 2.s 
e = 0.004 mm 

m = 4 g 

In general, for rigid rotors with two correction planes, one-half 

of the recommended residual unbalance is to be taken for each 

plane. For disk-shaped rotors the full recommended value hclds for 

one plane. 

2. Measuring Vibration 

2.1 Introduction 

Hi~h vibration is undesirable, for the reasons given in section 

1.1. 

7 



/ 

• 

CONSULT ING GES. M B.H. 

2.2 Hints for measuring 

It is possible to measure displacement, velocity or acceleration. 

For evaluating 

( ds <is 
s; v - at• a - a~) 

the vibration it is best to measure the rms-value of vibration 

velocity V rms. 

T 
2 v (t) dt 

The vibration severity of a machine is to be measured at 

operational spee:d. For variable-speed machines the measurements 

should be made at many speeds in order to locate the resonance 

frequencies which may possibly occur. 

The machine support rnay significantly affect the vibration levels 

measured on the machine. During testing the machine should be 

either mounted on its operational foundation or - in case it is a 

small assembly - snft moun~ed/suspended on springs. 

Test sould be made preferably in x, y, z airections (choose the 

bearings of the machine). 

B 
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2-3 Evaluation Standards 

Comparing the measured values with the limit values specified in 

the recommendations, will permit an estimation of the severity of 

vibration to be carried out readily. 

A machine may be qualified according to the examples of Quality 

Judgement (see "Vibration Signature Analysis Techniques and Sy­

stems"}. At first the tested machine has to be classified accor­

ding to one of the six specified machine classes. Subsequent-ly 

• the limit values for the quality groups "good", "allowable", "just 

tolerable" and ~not permissible", can be taken from the approp­

riate table. By comparing the measured vibration severity with 

these limit values an easy evaluation of the vibrator:y stat.e can 

be made. Up to now, examples of quality judgement have· been es'_ab­

lished by the International Standard Organization VDI 2056 for the 

machine classes K to T. The machines in classes o·and S vary 

considerably in their vibration characteris~ics and for this rea­

son a classification in the same manner as with the· first four 

classes has not yet been possible. For further explanations ref er 

to the detailed description of proposed VDI 2056, I~O 2372, BS 

4675 • 

• 
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Definition of machine classes 

Class K: 

Individual parts of engines and machines, integrally connected 

with the complete machine in its normal operating condition 

{production electrical motors of up to 15 kW are typical of 

machines in this category) 

Class M: 

Medium-sized machines (typically electrical motors with 17 to 75 

kW output) without special foundations: rigidly mounted engines or 

machines {up to 300 kW) on special foundations. 

Class G: 

Large prime movers and other larger machines with rotating mass 

mounted in rigid and heavy foundations which are relatively stiff 

in the direction of vibration measurement. 

Class T: 

Large prime movers and other large machines with rotating mass 

mouni·ed on foundations which are relatively soft in the direction 

of vibration measurement (for example turbongenerator sets, 

especially those with lightweight substructures). 

10 



Class D: 

Machines anc1 mechanical drive systems with unbalanceable inertia 

effects (say, due to reciprocating parts), mounted on foundations 

which are relatively stiff in the direction of vibrati~~ 

measurement. 

Class S: 

• Machines and mechanical drive systems with unbalanceable inertia 

effects {say, du~ to reciprocating parts), mounted on foundations 

which are relatively soft in the direction of vibration 

measurement; machines with rotating slackcoupled masses such as 

beater shafts in grinding mills; machines like centrifugal 

machines, with varying unbalances, capable of operating as self 

contained units without connecting compone·.1ts; vi"i:>rating screen, 

dynamic fatigue-testing machines and vibration exciters used in 

processing plants • 

•• 
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PAUL TS 

This survey of faults in operation is not focussed on a particular 

turbine - in other words it is of purely general interest. 

1) lubrication and bearings 

2) safety and monitor devices 

3) control system 

• 4) steam quality 

5) blades 

6) labyrinths (shaft seals) 

7) noise and vibration 

8) gen~ral points 

l) Lubrication 

1.1 Bearing temperatures rise 

If bearing temperatures rise, this represents a serious danger to 

the turbine, which must therefore be shut down immediately if no 

success is achieved in dealing with the cause listed below and 

lowering the temperature to the values given in the data sheets. 

Various factors may be responsible for bearing temperatures 

rising; 

1.11 Shortage of coolant water: 
This means that cooling is inadequate, which can be 

recognized by a rise in outlet temperature of both oil and 

water. from the oil cooler. 

l 
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1.111 Coolant water inlet temperature too high 

1.112 Oil cooler clogged: 

This may affect either the water or the oil side: it 

is revealed by the oil outlet temp~ratur rising while 

the coolant water outlet temperature stays the same or 

goes down ;'see section 1 • 34) • 

If 2 oil coolers are :nstalled, switch over • 

1.113 Insuffi·::ient blE>eding on \:.he coolant water side of the 

oil cooler: interferes with heat transfer as in 1.112 

(see section 1.12 for bleeding on the oil side). 

1.12 Shortage of oil: 

1.121 Shortage of oil is revealed by a drop in oil pressure: 

it is due either to the oil reservoir sinking too far, 

or to insufficient bleeding of the oil cooler, oil 

filter - particularly in twin systems - or other 

leads to unsatisfactory cooling and inadequate lubri­

cation • 

1.122 Oil filter clogged: 

If spring-loaded bypass valves are fitted,non-purified 

oil enters the bearings (see section 1.3). 

Keep an eye on the pressura drop or the pressure drop 

indicator. If a ~win oil filter exists, switch over. 

2 
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l.123The auxiliary oil pump gets switched off too soon 

after the turbine has been shut down - keep an eye on 

bearing temperatures and switch auxiliary oil pump 

back on. The process of final cooling down is con­

cluded only when the heat stored in the impeller and 

and housing has been conducted away (see secion "shut 

down" in the user manual). Keep to the guidelines 

provided by the AEG-Kanis staff on site during commis­

sioning • 

1.124 Repl~cing oil cooler: 
If the oil cooler is not replaced properly, damage 

will result. To reduce the risk of this happening as 

far as possible, it is a good idea to affix a flow­

sheet next to the oil coolers. 

1.13 The causes listed above apply in the case of insufficient 

heat dissipation in relation to constant heat input. How­

ever, it can hca.ppen that heat is dissipated satisfactorily 

in line with the design data, but excessive heat is input 

and leads to a beering temperature rising. Examples of such 

causes: 

1.131 Rough running due to serious mineral despits on blades 

(increased frictional heat) 

l.1321ncreased axial thrust on the thrust bearing in the 

case of serious heavy mineral deposits due to in­

creased impeller chamber pressure (increased fric-

tional heat) 
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l.133Vibration in tha machine driven transmitted to the 

turbine 

1.134 Incorrect alignment (increased frictional heat) 

1.135 Extended turbine operation with st~am conditions for 

which it was not designed (e.g. running without a load 

for too long: the bearing on the exhaust steam side 

gets too hot) 

1.136 Dama~e to bearing metal, due to mixed friction 

1.137 Damage to bearing metal and bearing surfaces as a re­

sult of storage and/or transport 

l.138Interference with free thermal expansion (serrated 

coupling jams) 

1.139 Shims yield 

1.14 Unexpected causes which can neither be identified quickly 

nor dealt with at once . 

If suitable measures (e.g. for sections 1.131 to 1.135 pro­

viding spare capacity in the design of the heat dissipation 

system) fail to lower the bearing temperatures to the levels 

specified, the turbine mue· be shut down. 
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1.2 Lubricant oil pressure~ low 

This wi 11 cause damage to the turbine: so the auxiliary oil pump 

must be switched on at once, possibly by a monitor device in the 

automatic switching-on mechanism. Possible causes: 

1.21 Main lubricant oil pump no longer pumps 

1.22 Main oil filter clogs: 

In the case of filters with a relief safety bypass,these by­

passes opep, so the supply of ~il to the turbine continues. 

Open and clean the oil filters. 

1.23 Shortage of oil due to leaks: 

Can easily be detected from the oil level (cf. section 

1.12). At this point the turbine manufacturer recommends 

fitting a mechanical lock on the shut-off valves on the oil 

pumps and oil reservoir, so that they cannot be closeG by 

accident or by unauthorized persons. 

1.24 Rise in oil supply temperature 

1.25 Insufficient final cooling time for the bearings after shut­

ting down. If in doubt, cool down for too long rather than 

too short a period. (Cool down either with the auxiliary oil 

pump or with a special final cooling pump.) 

1.26 Unforeseeable causes which can neither be rapidly identified 

not dealt with at once. 
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Note 
In some oil system circuits the bearing oil pressure drops 

from a higher value to that specified in the data sheet as 

the turbine speed increases to operating speed. This is due 

to the increasing suction of the bearing with increasing 

speed, a11d should not be regarded as a fault. 

1.3 Lubricant oil contaminated 

• The fun~tion of the oil aggrf:gate is of crucial significance for 

the turbine se~ to operate reliably. Contaminated oil must 

therefore be avoided as a cause of faults during operation. 

• 

~s a matter of principle, the oil aggregate gets flushed out 

before startiI'lg up for the first time (flushing oil removed: 

lines, oil reservoir, filters, etc. cleaned with care): see 

supplement 4a. 

1.31 After start up keep a careful eye on the oil filter (pres­

sure drop or pressure drop indicator) and clean it regular­

ly. Once the turbine has been commissioned, clean the oil 

filter at regular intervals: once a week at first, later 

once a month. 

Keep records of thisl 

In the case of twin filters: 

switch over and clean the off-stream filter 
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1.32 Aggregates with deparate oil res~rvoir: 
A partition divides the oil reservoir into the return half 

and the supply half. An oil strainer its built into this 

partition in such a way that it can be removed together with 

its mounting frame. As a basic ::ule, the strainer should be 

cleaned at regular intervals after commissioning, say once a 

week. Whether the strainer in the partition has accum~la~ed 

mnch material can be seen from the oil levels ahead of and 

beyond it: levels will be significantly different only if 

the strainer needs cleaning. 

A draining valve is located at the deepest point of the slo­

ping reservoir floor on each of the partition. The sludge 

draining valve is located ahead of the strainer. To drain 

the oil reservoir completely, both valves must be opened 

(because of the partition). 

1.33 If coudensate has got into the oil circuit, it should be 

drained off with the 2 drain valves only after the system 

has been shut down for around 12 hours, to give it time to 

settle out . 

Draining condensate out of the oil reservoir: 

Take an oil sample once a week and test it for condensate.If 

condensate is present, it may be necessary to <lrain it off 

with the machine running, until clear oil comes out. How­

ever, it is naturally preferable to drain condensate off 

only after the system has been shut down for 12 hours. 
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1.34 Cleaning the oil cooler: 

Depending on the extent of contamination (see section 

1.112), the oil cooler(s) must be cleaned at least once a 

year - both the water and the oil side. When removing the 

tube stack, take great care that the gland packing is not 

damaged; it must seal the sliding head efficiently. If 

necessary, replace the packing. 

1.35 Do not hose the outside of the oil resrvoir down to clean it 

- there would be a risk of water prehea~ing into the 

reservoir (cf. supplement 4a, section 4). 

1.4 Damage to bearings caused~ runniES, backwards 

Experience has shown that, when turbo compressors and turbo pumps 

are switched off, there is a risk of the non-return valve in the '.I 

pump/compressor delivery pipe jamming and failing to close (or 

leaking). so that after slowing down machine and turbine rotate in 

the reverse direction. This is not good for lubrication, and the 

bP.arings get damaged as a result, possibly in conjunction with da-

mage to the labyrinth seals and blades. (The thrust bearing is de­

signed only for rotation in one direction) . 

Before switching off, ensure that the non-return valves move as 

freely as possible; if the pump/compressor still runs backwards, 

apply countersteam immediately until the non-return valve is 

closed. The turbine must turn in the intended direction. The 

tachometer does not indicate turning in the wrong :direction. 
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The delivery pipe on the main oil pump dri·,,en by the turbine shaft 

is usually equipped with a non-return valve, so that the oil 

pumped by the auxiliary oil pump cannot be drawn in the wrong 

direction. 

Ir.iportant 

~ Every time that damage occurs to a bearing, check the turbine for 

correct alignment: realign with care if nec~ssaryl 

• 
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2) Safety and monitor devices 

2.1 Emergency shutdown triggered E,r excessive speed 

Possible causes: 

2.11 As excessive speed may be due to a control valve spindle 

jamming, check this by reading the valve scales before star­

ting up again (see section 3.11) 

2.12 Pressure i~ delivery pipe suddenly dropping, in the case of 

compress~r/pump drives 

2.13 If an emergency shutdown is caused by excessive speed, the 

following points should be noted: 

2.131 Allow the turbine to slow down to half speed 

2.132 Reset the emergency shutdown valve by turning to the 

right all the way to the stop, and latch it in place 

2.133 Latch the emergency shutdown device in place only when 

the turbine speed has gone down to roughly half of 

rated speed 

2.134 Set the speed setpoint to the lowest possible value 

10 
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2.135 Betore speeding up turbines with oil pumps driven by 

the turbine shaft or transmission again, check the 

lubrication oil pressure. If necessary, switch the 

auxiliary oil pump on {if it does not start up auto­

matically). 

2.136 The turbine is ready to start running again, once the . 
emergency shutdown device is back to normal and the 

cause of its being triggered has been identified and 

dealt with • 

2.2 Emergency shutdown due to excessive wear on the thrust bearing 

Applies to turbines with axial position monitor. Excessive wear 

occurs in the case of mineral deposits as a result of the in­

creased impeller chamber pressure, which lea<ls to increased axial 

thrust. In addition, axial vibration of the machines driven cause 

increased wee.r via the pressure of the coupling serrations on the 

turbine impeller. 

The axial pressure gauge reveals the degree of wear. Before the 

limit values specified in the data sheet are reached, appropriate 

steps must be taken: if necessary, ask for a fitter to be dis-

~ patched. The turbine is at risk, and if possible it should not run 

until the damage has been repaired. Do not change settings. 

2.3 Other forms of emergency shutdown 

As regards any other emergency shutdown devices possibly included 

in the supply schedule, which are connected to the 3-way solenoid 

valve by means of temperature or pressure-dependent contact 

devices or act on the emergency shutdown system hydraulically, the 

user manual should be consulted if a fault develops; if necessary, 

it is advisable to get in touch with the manufacturers. 

11 
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2.4 Damage to/faults in emergency shutdown valves 

2.41 Sealing surfaces: 

due to foreign matter 

due to excessive loading 

due to the guide sleeves being detached 

due to erosion of the sealing surf aces 

due to the cone wobbling as a result of pressure 

equalization 

2.42 Glands: 

due to being one up too tight (valve does not close) 

due to mineral deposits (valve does not close) 

due to unsuitable packing material 

due to roughness on spindle 

due to packing being inserted inco't'rectly 

2.43 Dealing with faults discovered: 

by means of regular checks for smooth running (see supple­

ment 16 or 16a) 

by partly closing the valves to dislodge mineral deposits, 

without turning the turbine down 

Important 

If the emergency shutdown valve glands emit steam and get 

tightened up to seal them again, it is essential to check 

that the valve in question moves freely afterwards. To do 

this, trigger an emergency shutdown, or close valve by hand. 

The closing movement must not be impeded in any way. 

12 
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2.5 Safety fe~~ures 

2.51 The automatic starter for the electric auxiliary oil 

pump may fail because it is connected up incorrectly 

or set wrong. 

2.52 The automatic starter for the auxiliary oil turbo pump 

may fail because it is connected up incorrectly or set 

wrong. The manufacturers recommend fitting a bypass 

with the appropriate shut-off valves in the live steam 

line. to the turbo pump, so that, if the autorna tic de­

vice does not work, it is possible to intervene 

manually to ensure the supply of oil. 

2.53 Spring-loaded safety and relief valves frequently 

cause critical fluctuations in the flow both of steam 

and of oil. This can be cured by: 

2.531 A slight change in the setting 

2.532 Fixing/supporting the valve, i.e. securing it 

against vibration mechanically 

2.533 Refitting the safety valve at a different point 

on the line 

2.534 If none of the methods just listed cures the 

fault, the only possibility is to replace the 

valve with the next size up or a different type. 

Note 

Unless the safety devices work satisfactorily, 

the turbine operation is at risk. 

13 
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2.6 Monitor &evices 

All indicators, recorders and alarm devices are of great 

importance for trouble-free turbine operation: if they develop 

faults, they raust therefore be repaired or replaced • 

14 
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3) Faults in speed control 

3.1 Nozzle group control valves 

3.11 Mineral or other deposits may lead to a control valve 

jamming, so that the force of the closing spring is insuf­

ficient to close the valve. In this case the turbine must 

be shut down and the valve dismantled and cleaned. If the 

turbine stays in operation for any reason, it is possible -

as an emergency measure - to modify the opening sequence of 

the valve~ shown in a setting schematic (normally diagram 

33). One can try to close the control valve in question by 

tapping it gently, using a soft (copper) drift. 

As a preventive measure, we recommend modifying the load 

from time to time, in order to prevent deposits forming on 

the control valve spindles. It is possible tc simulate 

changes in load by throttling the emergency shutdown valve 

somewhat; the control valves then open fully and desposits 

are dislodged. 

3.12 As a result of fluctations in the steam mains (which may be 

caused by the boiler, by a safety valve or by a pressure r~­

ducing unit) a valve spindle can sometimes shear due to 

alternating stresses. In such cases the turbine must be 

switched off and the valve in question dismantled. As an 

emergency measure, it may be necessary to replace it with a 

dummy. 

15 
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3.13 Valve setting altered or unsiutable: 
use the setting $Chematic (normally diagram 33) to check 

this and cortect it. 

3.2 Speed controllers 

If speed controllers jam, this is almost always due to contami­

nants. 

~ Faults in: 
speed controller_ supplied by KALB: see supplements 71/7la/7lb/7lc 

speed controller supplied by Jahnss: see faults section in user 

manual (list of contents, V2) 
speed controller supplied by Woodward: see Woodward documentation 

(documentati0n index in user manual) 

other speed controllers: see faults section in user manual {list 

of contents, V2) 

J.3 External causes 

The live steam pressure {and possibility the blending or reaction 

pressure fluctuates, and thus affects the functioning of the speed 

controller. This is usually due to a pressure reducing unit not 

working prcperly, or to a safety valve on the boile~ causing 

changes in pressure. 
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4) Condition of steam 

4.1 Contamination with minerals 

For types of contamination, and procedures for getting rid 

of them, see the full explanation given in supplement 43. 

The mineral content of live steam can form deposits on run­

ner and guide blades, thus gradually restricting the cross­

sections of the turbine. The extent to which the turbine has 

been foule~ can be judged from impeller chamber pressure and 

exhaust steam temperature: it is therefore important to keep 

a careful check on these. 

If th~ live steam does not meet the purity specification 

given in supplement 68, mineral deposits may develop after a 

time in some circumstances. There is no way of knowing in 

advance, though, which parts of the turbine mineral will be 

deposited in - this depends on many different factors. 

Mineral deposits in the initial stages cause an immediate 

increase in impeller chamber pressure: on the oth:?r hand de­

posits in the later stages have very little effect on 

impeller chamber pressure, but are associated with increased 

exhaust steam pressure. However, this last point applies 

only above the saturation line of the i/s diagram. 

17 



It is advisable to take advantage of any possibilities in 

existence for connecting up pressure gauges, and to pay 

attentiori to their readings. As a general rule, the turbine 

will be at risk if the pressure rises above the impeller 

characteristic curve. In all doubtful cases the manu­

facturers should be called in. 

Results of minerals being deposited: 

4.11 Drop in performance due to simultaneous reduction in adsorp­

tion capacity and in the thermal head made use of 

4.12 Excessive load on thrust bearing 

4.13 Excessive load on labyrinth glands 

4.14 Excessive load on blades 

4.2 Foreign bodies in steam 

To protect the turbine from foreign bodies, a steam strainer ls 

located upstream of it; this retains any objects above a certain 

grain size. Before the turbine is commissioned, it is essential to 

ensure that the steam lines are clean. If work has been carried 

out on a steam line, it will certainly be necessary to clean it 

again. Small foreign bodies have the same effect on the blades as 

sand blasting, i.e. the turbine will certainly be damaged as a 

result. 
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The wire mesh (wire gauge 0.4 mm, mesh size 0.6 mm) provisionally 

fitted over the steam strainer should be removed within 4 to 6 

weeks of commissioning, partly because of the pressure drop and 

partly because it has only a short service life. 

4.3 Water in steam 

It is essential to prevent any entrained water in the steam 

reaching the turbine. In the circumstances indicated in supplement 

1, it will therefore be necessary to install water traps in the 

live steam line or ln secondary steam feeders. 
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5) Blades 

Damage to the blades may be the result of corrosion and pitting: 

the load-bearing blade cross-section is weakened and the sym­

pathetic vibration frequency changed. This usually leads to 

fatigue failure. Turbines must not be damp (exposed to moisture) 

when stationary. In line with supplement 1, shut-off paths should 

therefore be used to prevent corrosion of the stationary turbine. 

In addition, the instructions for conservation given in supplement 

37 must be complied with. 

Most forms of damage to the blades are due to mineral deposits, 

water shock, water in steam of foreign bodies. Close attention 

should therefore be paid to section 4 of these instructions. 

Fouling can occur if the rotating device is not switched on as and 

when the turbine gets prehea.ted. Preheating the turbine when 

stationary is not permissible, regardless of whether live steam or 

countersteam is used for this. Fouling can also occu~ if the 

rotating device is not switched on for uniform final cooling, in 

... ·hich case the non-uniform cooling which may then occur leads to 

the impeller warping. The situation is the same if the rotating 

device breaks down during final cooling, and is to be started up 

again after the fault has been cured. In such cases it is abso­

lutely essential to rotate the turbine runner at least 2 full 

turns, using the hand wheel on the rotating device motor or a 

suitable auxiliary device, before applying power. If possible the 

turbine should be rotated for approx. l hour before starting up. 

After starting up, check that the turbine runs smoothly at low 

speed. Only if the turbine gets heated through uniformly is the 

runner straight, and smooth running ensured. Only then can the 

turbine be run up to full speed without risk. 
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6) Labyrinths (shaft seals) 

If a labyrinth seal is damaged (by radial or axial fouling) it 

will usually leak too much steam and therefore need replacing. 

Possible causes of damage 

6.1 .rouling at ~xcessive relative expansion - pay atte11tion to 

running-in times 

6.2 Incorrect h~ndling when openingthe turbineor when fitting/ 

removing the labyrinths 

6.3 Excessive impeller chamber pressure due to mineral deposits 

6.4 Impeller warping due to asymmetrical heating up or cooling 

down when stationary, followed by incorrect starting up 

Damage to labyrinths as a result of 

6.5 damage to a bearing: 

6.51 running bearing damage (leads to radial fouling) 

6.52 thrust bearing damage (leads to axial fouling) 
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7) Noise and vibration 

""a J~I II "T'I& ,,... ,...~e> I 6 D LJ 
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If llnusual noise is heard shut the turbine down immediately, get 

in touch with the manufacturers. 

7.1 Drive to turbine incorrectly aligned. Check alignment, and 

realign using the values defined in the aligning instruc­

tions. 

7.2 Causes of noise 

7.21 Noise fran the machine: investigate the cause 

7.22 Noise in serrated couplings: 

due to inadequate lubrication, due to incorrect 

aligning, due to the swelling of turbine, transmission j 1 

or machine (deviating frc~ the alignment instructions), t 
due to acid vapors, due to employing used lock plates, 

due to deposits 

7.23 Noises from turbine: 

shut the turbine down, turn by hand as mechanical 

check, check the bearings, check the labyrinths, check 

the running tolerances, inspect the blades, check for: 

foreign bodies, unsatisfactory rebalancing, rebalancing 

without half coupling 
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7.3 Swelling due to heating up: 

Any possible swelling (in particular affecting the exhaust steam 

pipe) during heating up must be taken into account in aligning the 

turbine. !f noise develops, realign. 

7.4 Rough running: 

This is due to blade damage, a warped impeller or incorrect 

aligninq. Asymetrical deposits on or erosion of the blade, or 

shifts in the po~ition of the windings in the generator, can cause 

imbalance and thus rough running. Pay attention to critical speeds 

as applicable 1 

8) General points 

If the instruction given in the user manual are complied with 

consistently, faults will be kept to a minimum and the extent of 

damage can be limited effectively if a fault does occur. 

8.1 Operate the turbine only with the technical data given. This 

covers: live steam pressure, steam temperature, exhaust 

steam pressure, rate of temperature C"hange, speed, bearing 

temperatures, oil pressures 

8.2 Comply with the inspection/testing instructions provided. 
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CONSULTING GESMB.H 

TROUBLESBOOTillG 

The t~ble below lists the main sources of trouble, possible causes 

and the remedi~s advised. If none of the remedies mentioned cures 

the fault, you should get in touch with Nuovo Pignone, Florence. 

FAULT POSSIBLE CAUSES REMEDY 

vibration in incorrect alignment dismantle coupling. Run drive 

drive unit and unusual 

asounds from 

compressor 

damage to coupling 

compressor rotor 

unbalanced 

unit alone. If the 

runs vibration-free, the fault 

may be due to wrong alignmer.t. 

To check alignment, please refer 

to the corresponding section of 

the user manuals. 

check state of coupling 

inspect the rotor to find out 

whether the fault is due to dirt 

accumulating: if necessary, re­

balance 

wear in bearing check the bearings and replace 

due to contaminated if necessary 

oil 
forces transmitted the pipelines must be properly 

to the housing via anchored to avoid excessive for-

the gas lines, 

leading to incor­

rect alignment 

ces acting on the compressor 

housing.The lines must be suf­

ficiently elastic to accomodate 

thermal expansion. 
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damage to 

support 

bearings 
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imbalance in coup- eismantle coupling and check for 

ling 

pumping 

correct balance 

separate the operating condi­

tions of the compressor from 

those of the pumping 

machines running isolate the foundation pads in 

close to the com- question and from each other, 

pressor 

incorrect lubri­

cation 

incorrect align­

ment 

bearing clearance 

does not comply 

with drawing 

imbalance in com­

pressor or coup­

ling 

and increase the elasticity of 

any connecting pipelines 

check whether the oil used cor­

responds to that recommended. 

Check at regular intervals 

whether the oil is free of water 

and contaminants. 

check the alignment and correct 

if necessary 

check the clearance and correct 

if necessary 

refer to the corresponding sec­

tions under the heading "vibra­

tion" 
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damage to 

thrust 

bearing 

damage to 

oil seal 

rings 

excessive axial 

pressure 

incorrect lubri­

cation 

incorrect align­

ment and/or vibra­

tion 

dirt in oil 

ring clearance 

does not comply 

with drawing 

insufficient oil 

pressure 

CONSUUING GES. M. B. H. 

check whether the coupling is 

clean and installed so that ex­

cessive axial pressure is not 

transmitted from the machine 

coupled up to the compressor 

refer to the corresponding sec­

tion under the heading "damage 

to support bearings" 

refer to the corresponding sec­

tion under the heading "vibra­

tion" 

check the state of the filters, 

and replace clogged filter 

inserts. Check that the pipes 

ar clean. 

check the clearance and correct 

if necessary 

check that the pressure of the 

reference gas does not drop be­

low the prescribed minimum value 
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