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DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
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Please contact publications@unido.org for further information concerning UNIDO publications.
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Unser Zeichen Bearbeiter Hovend IVL
Emptinger (Durchachil3e en)
Pro. Nr.\US/INT/81/071 _ I063é
)—’égport'on Activizies of
4. UNIDO-Workshop
on Fertilizer Plant Maintenance et TR
=== ==== == - Nttt
Place of trainin5; CHEYUE‘LINZ AG, Linz! Aust?ia
Period of training: May 11 to June 26, 1381
Participants:
.'Mr. Md. Mansur Rahman/Eangladesh
Mr. A.U. Mohammed Zubair/Bangladesh
M. Yang Zhichao/Pecpl: Rep. of China
M. Dessoki R. Ramadan/Egypt
Mr. Prem Kumar/India
Mr. Johannes Pudjihar-o/Indonesia ‘
Me. Hursidi Xasdiooranoto/Indonesia e
Mr. J.A.M. Silva Costa/Portugal
Mr. A.M. Ferreira/Portugal
Mr. A. Hassib El-Asmar/Syria
Mr. Murat Ercan/Turkey
Mr. Rifat Glinebakan/Turkey
Training programme:
1st week: May 11 - May 15,1981
Opening of fourth worksrop by Mr. C. Keleti, general
information on Chemie Linz, workshopprogramne, _ -
instructions on safety measures, Sundamentiis of |
maintenarce, spare parts; system.
2nd week: May 18 - May 23,1981
The training took place in the tecanical section
2€ the ammonia dept., central workshop, electrical-
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and instrument dept. The team was split up
into several ¢roups. Study visit to peat pro-
ducing plant near Salzburg.

jrd veek: May 25 - May 29,1981

Activities were set in thz technical dept. for wvater
supply, gas reforming, air separation, urea and
melamine production, cent:ral workshop and puncﬁkr
tes ting dept.

4th week: June 1 - June 6,1581

During this week lectures and practical work took

place in technical dept. for nitric acid, calcium
ammonium nitrate, ammonium sulphate, sulphuric acid,
ccmpound fertilizer, cement, phosphoric acid, single
super phosphate and ceatral workshop, as well as water
supply and gas reforming. Study visit to hydro electric
power station on the Canube.

S5th week: June 9 - June 13,1%31

Training activities centred Jn lectures in measure-
ment and contoll dept., central worksncp, nitric acid,
ammonium sulphat, sulpnuric acid zrnd coripound
fertilizer plants, heavy duty bag production faci-
lities. Study visit to m=1ntenance secticn of petro-
chemical plant in Vienna.

Inspection of heavy equinment division of Voest Alpine.

6th week: June 15 - June 19,1631

In the departmens for civil works, engineering and

design, material testing, instrumentation, boiler N

inspection and safety valve repair, training insticuce,
electrical mairntenance, nitric acid, <ulphuric acia .
and ammonia production. ' ’
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7th wecek: June 22 - June 26,1981

The final week was spent in water supply, gas refor-
ming, cooling water plant, material testing dept.,
instrumentation, electrical workshop. Semirars
vere provided on cost controll, pollution controll
and refractory lining. Study visit to mainterance
nis and to

“serzticn of acrylo ritrile »lant in Ex
bearing manufacturing -~IXs in Steyr.
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TEILNEAMER am " 4, UNIDO - WORKSHOP ON FERTILIZER PLANT MAINTENANCE " 11.5.1981 - 26.6.1981

‘Nr.: Teilnehmer: Geb.Datum,Geb.Ort: Anschrift: Berufs
1, Mr. Md. Mansur RAHMAN 13.12.1952 No. F 130, Officeras Mess. NGFP Mech.FEngin.
Bangladesh Dacca, Bangladesh | Denchergang, Sythat
2. Mr, Abul Ula Mohammed ZUBAIR 3. 3.1954
Bangladesh Chittagong,Banglad{ TSP Complex Ltd.sChittagong Mech.Engin.
3.  Mr. Zhichao YANG 12,1934 The Petrochemicel Plant Elec.Engin.
China . Guangdong, China Guangzhou
4. Mr, Dessoki Ramadan RAMADAN 10.12.1946 Semadco, Talkha Mech.Ingin.
Egypt Kaluob, Egypt
__— b 4. 2.1936 Nat.oral Pertilizers Ltd. Mech: Engin.
5+  Mr. Prem KUMAR == Nangal Unit, Naya Nangal 140126
India District Roopnagar (Punjab)
i's. Mr. Mursidi KASDIOPRANOTO 30, 8.1939 P.T. Petrokimia Gresik Mech.Engin.
| Indonesia Sala, Indoresia Jl. A. Yani, Gresik
7. Mr, Johannes PUDJIHARTO 7.10,193%8 (same as above) Mech.Ingin.
! Indonesia Prembun, Indonesia
'8. Mr.José Antdnio Matos SILVA COSTA 19, 2.1956 S. Sebartio, 3860 Avancsa Mech.Ingin.
Portugal Aveiro, Portugal
9. Mr. Antonio Mario FERREIRA 19. 5.1941 Direccao de Manutencao Mech,¥ngin.
Portugal Pigueira De Poz, Quinmigal, 2830 Barreiro
Portugal .
0. Mr, Abdul Hassib ZL-ASMAR 15. 3.1951 ~ Homs, Syria Mech. Engin.
Syria Homs, Syria P.0., Box 280
i1 ¥r., Murat ERCAN 8, éo1954
Turkey Istanbul, Tvrkey |Azot Sanayii TAS Gsmlik Mech.Ingin,
e Tesimsleri, Gemlik/Bursa
2. Mr. Rifat GUNEBAKAN 21, 5.1940 Azot Sanayii Tas,6Isl, Kontrol, Instr.lxgin.

Turkey

Gasiantep, Turkey

Set MUh./Gemlik
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General Information

Unser Zeichen Bearbeiter

Emptinger (Durchschliige an)

4. UNIDO-Workshop

HISTORICAL EVOLUTION CF CHEMIE LINZ AG

Start of erection in 1940, heaping up thes area near tha Danube for 2 — 4 meters
withgravel from thas port. .

Guestion of location: The new plant was situated as a neighbour of VOEST because
there was a surplus of coke oven gas.

The original name of our cempany was "Osterreichische Stickstaffwerke AG"
{(translated: Austrian Nitrogen Plants Ltd,). Initially only nitrogen fertilizers
have bsen produced. This old name was too cowplicable and too long for inter-
national usage. So we chamged it to "CHEMIE LINZ AG" some :ears ago.

Original layout of our facilities:
l.extension step: 50.000 t N
2.extension step: 100.000 t N
Start eof production - Primary N : Cctober 1642
CAN : March 1543
In the year 1944 we had reached a production of 55,000 t primary N.

During the second world woar our plant was bambarded by SC0 pombs. From fay 1345
to July 1946 production partly scod still due to damace and power supply.
tntil 1948 the former production was rzached again. [t was boosted siranzly r
the following years,

1957 1567 1377
Production of primary N: 164,000 t/a 275.CC0 t/a 456,200 tra

The number of different products increased during the same time from 2CC ta 120G.

The most irmportant resulits of cur chemical -~ technical investigations ycu will find
in the Kncw How brochure of our enterprise.

The most significant erections:

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

1943 Start up as an enterprise producing only nitragencus fertilizers
1944/45 800 bomb-hits, closing of the plant

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

1948 Foundation of pharmaceutical division and continuous extensian 3f all
plants

1953 Foundation of the production line for plant protective agents

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

1960 Start of organic production facilities (preplastics and plastics)

1975 Erection of the glant at ENGS (acrylonitril)




TABLE OF DEPARTMENTS YOU CAN VISIT DURING THE COURSE

ATH:

ATG:

ATN:

ATP:

BTH:

THW:

TEL:

T™ME:

TMP:

Division A, technic, high pressure
Single train plant for NHJ-production, old ammonia synthesis plant,
ammonia storage.

Division A, technic, gas precaraticn

Synthesis gas preparation from coke oven gas and natural gas, gas reforming
plant, water supply for the whole company, boiler feed water treatrment,
axygen plaot.

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

Division A, technic, phaosphate fertilizers .
Sulphuric acid and cement from gypsum, sulphur burning plant, single sucer-
phosphate, \PK, phosphoric acid, storage for fertilizers and raw mater-als,
bagging and shipping.

Division B, technic, urea
Urea and mslamine plant, storage, bagging

Central technic, main workshop
Manufacture and repair of vessels, heat exchangers, pipes,...
Machining shop, repair of pumps, Jears, e.ce.

Ceantral technic, electrical department
Planning of electrical equipment of new Chemie Linz plants,
electrical maintenance, balancing aof rotars

Central technic, instrument department
Planning of instrumentation systems, weighinj systems, maintenance and reca:ic,

Central technic, material testing
Recommendation cancerning material selection far new and existing zlaats,
check of welding seams, corrosion tests,...

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

TEW:

TK3:

IvL:

GER:

Central technic, civil department
Planning of new buildings and maintenance of cuildings, stresets, rails,
sewerage, Insulation and painting grcucz.

Safety department
Safety instructions, registration of accidents, fire crigade, safsty means
(masks, filters, respirators,...)

Central technic, design

Coordination of all invesiments (new plants), improvements in existing plants
together with production- and maintenance departments, working cut of
drawings and investment proarammes,

Central planning, li:ens<s
Licenses and Xnow How frcm Cremie Linz

Discussion with mempbers or ths works ccuncil,




MECHANICAL JGBS F
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ChEMIE LINZ AG

during start up of a new plant normally we have some maintenance personnel in shift
{ 1 or 2 shift locksmith). If the plant is in continuous operation there is no
maintenance persannel in shift. For the complete plant of Chemie Linz only in two
departments (ATN and ATP} each one shift locksmith is working. For example the
single train ammonia plant, watsr treatment and also urea plant don’t have a shift
locksmith, [f thare is a trouble the operating peaple (production} can call the
stand-by-servics {(on call s=rvice).

for every producticn department

1 chemical engineer or production foreman -
for every maintenance department

1 mechanical engineer or maintcnance foreman and

2 locksmith with good knowledge of the plant are on call for the time of
one week after the nommal working time and during weekend.

Since some years in Austria the profession "CHEMIEWERKER®" (operator for chemical
nlants) can be learned. After the normsl education in school {normal age of the person
1Z years} a young person can join e.g. Chemie Linz and can learn for 3 years this
crofession, During this education in schaol, workshaps and different plants the cerson
secomes familiar with small maintenance jobs. Therefor in Chemie Linz the ope=rators
are allowed to fulfill certain maintenance jobs under sucervision of the producticn
foceman and in responsibility of the praduction department.

in the follawing maintenance joos allowed for operators are pointed out:

Mechanical jobs allowed for operators in department . . .

After order and instruction by the shift foreman the folicwing jobs are performea

by production side after relevant guidance uy the maintenance side in the later

mentioned units.

Seside the general precautions the following particular safety instructions have to

Se considered:
Pipes resp, pumps are to depressurize and to drain, hand wheels of valves - if
required - are to block, blinds have to be inssalled, switches for motors are to
lock or fuses are to be removed by the electrical department. For jobs with aggressive
mediums the common safety means (e.g. ;0ggles, ocrotective suits, rubper boots,
gloves etc) have to be used. Flight devices or masks are ta keep ready, also water
in form of a flexible water tube. In case ofeslaping NO-, $32-, CG/C02- or other
dangerous gases the working area has to be lef% immediately,
In principle all jobs are to be fulfilled in such a3 way, that neither the worker
nor its surrounding will become endangered.

For all jobs up today a work permit was required also in future a work pemmit is
necessary (loock to safety instruction no.6 - maintenance jobs in the plant).




General instructions for all jabs

1) Don"t use wrench extensions
2) Tighten nuts on flanges and lids crosswise and uniform
J) Clean sealing surfaces before installation of new jaskets. Treatment of gaskets
before use:
For steam, cold water, hot water, air,
sulphuric acid, lye mixture graphite + oil
Nitric acid, NPK-slurry, ammonia silicon grease
4) Use anly not damaged polts of sufficient length in the required quality and .ce
not damaged nuts. Grease them pefore use.
S) In the case of changing armatures pay attention to material pressure range
and flow (arrow).
6) The general allowance to fulfill maintenance jobis is limited by nominal pressure 1G.
7) wWelaing joos are not allowed
8) To erect scaffolds higher than 1,5m is not allcwed (call scaffolders).

Gasket material to be used:

) Steam, water, condensate, cold gases,compressed air, Klingerit 400 UNIVERSAL {olue)

lyes

Phosphoric acid

Nitric acid

Sulphuric acid 98 %

Sulghuric acid below 76 », H25iF6

Gils, coating agents

or Klingerit red

Ruober reinforced by faoric
aiingerit 4C0 or Klingeri: Aciciis
Klingecit red or Teflon

slingerit Acidit or Klimza2o:it rec

s<lingerit oilit or <lingerit rec

Besige the aiready mentioned general loos for svery =rit cf the cacartment zarticular
jobs are listed up, which are also alicwed to ce cezformed Sy prcaucticn oerscnnel:
Some examples:

Sagqing and shipping (unit 62G):

Greasing of vehicles (dumpers, fork lifts, wheel-lcaders) alAF
Bag welding machines: Turn or change of -izor olades
) Clean the filters of the vacuum pump
Equalize felt-disk
Clean preheater and pre-pressing cevice (grease with silicon oil) wowP

Reolace tubes
Check and clean cooling water filters
Adjust ammeter for heater
Loading of accus He AP

Central raw material storage {unit 631):

Change armour plates on conveyor chutes AWP

Repair small defects on belts wwP

Change shear-bolts on reclaimers ACwP

Replace grease nipples and grease tubes ‘P

Clean and oil pneumatic hammers WCAP

Replace rubber aprons and belt cleaners daP
Signed by Signed by

Head of production department Head of maintenance department

U
o s M




Sa‘ety instruction 17

VO /ASLE ELECTRIC “AND TCCLS AND MTUNTING LAMPS
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d aroacautizns g for zhe interest of j:zd cc-coe-atizn aliT
cutdoar ccmianies and workers from 2utdcor companies yncer cbservance of

JVE - instructions £ 1 and € <0 zhe fallce.ng crecauticrs ace crdered:

Va.aple 2l=ctric ~a~d zsols

1) For jcbs in .essels, ccntairers, t.pes and sivilar s~3.1 =2quicment 3¢ jzsc

zancductive material and

é’ for jobs an such equirment «ith comparatle narrca clace cinditicns.
2) Jobs on metalic conductive coints such as grids and sisei-constIuctizrs
3, J3bs cn good conductive Soints (so1l, ciorcrete].

e
[V]

38 SN SCOr CarcuCtive £2ints Susr 35 #SC<SWCSS A~lt™ Iy ard -5t —eta i

“lsers, offices, ar  tile-flccrs.

Az2ziticral there 13 T2nticneg *rat ciscon-scting trarsflz—ezs must Se llZatel
sutside zf <re dangeraus rcoms ang cnly cornm2ctizn of s-e elaceric tard Izl
is allasad.

{n suppiement you can see Zdifferent «ings 3f electric ~and tzcols and tre

allowance aof use.
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Safety Lastruction §

“AINTESANCE I THE PLANT

All ;2%s 1n zornectisn alth Mainterarnca, 2e2icn, s8IVifing, —ar.factere el:

2z~ ar for eguiz—ents af 2lants are tc e 3llcwed Sy 3 oe2rscn fesponziTle oD TTis
sl3nt before start -f warx—manshis, T~is is dcne T, 3 aritzen TALLIWANCE - S-EITT

for repair ~3rks {see sreet A 79 3}, signed ty, *he r2s orsitle leacsr =f tre fecta:n
area or in charge cf the leader by a cerson whg is mace rasgonsiolie Cyv tre

manager cf the departrent,

The allcwance sre=t 1s valid aonrly fcr Sre certsin work,

Jee o insignificance or littleress ang :f trere :s no zosk Cerfzrma-ce of oo«
is a.lc.ed ~itrcut ailcaeance cacer. "o fix 3uch 3 .II< 1S t,2 rssnItsiIiils

of azderinrg-~ (sroduction foreman) arcd cerfsrring—c®ice [—alrterarze fifz-ar,
The issuer of the allowance shee? 3nd the cerfcomer of tre woox are cascorsicle
for using :he creventatizn-means tefog and Juring -2 zerwvice .crk.

Cn ori~ciple t'-is 3llowance sheet sraii ze for all cedadle ccncerm2g wit™ 2

service job:
1) a memary aid
2) avoiding misunderstarding ce‘seen ordering arnd cerfaimisg =zid=2

2) a2xact ze+srainatian af zrecautizns
d) clear l:mited rescazibility

The ailcwance 2ace:- has =0 se sigred zefsr acrxk--ercr—arze CZy <rhe Tag-mlial Il”
Tme ariginal {yellaw) cf the allcwance sneet is <ezz T, <re .o« 2x2I.7:°7 .2,
tre zcoy {ahite) -27ains cn tpe issuer.

If tre rezair is zerfzred oy cerscrgd frorm ctm2s sIr<s-z2s {(T-w, TZa,....) Tms
fire—3n af <re Cther w~3C<shCs et th2 2_.0wance c3Zsr 27t2r i-stroztizn Troo T2
tachnical (-ainta2narce) side of tne zlant anc the Z:iner acrxstes 22-FizT agjres-a2rs
tz the crdere=d crecautisns oy :igratuce, Jssices 1TLs arz 2 cz.o-e

3ll the :oecific imsiruoctions far the technical »2z«< To3T e IZser.ac, (TLis
szecific 1nstructisns are not written 3n tre 31ic.27ce s-eet,

After finishing the wor« the respansizle persor af the 2<ecutirg wcr«srco fills
out the tear-off-part of the yellow original sheet ~ith time, cate ard signatuze
and hand over this part to the issuer. The issuer sticks the tear-off-cart to tre
white copy (speci-en) of the allowance sheet,

. Because there is a testrun nessersary after finishing the repair, the-responsitle
maintenance man fills out the rubric "SWITCH TO TESTRAUN®™ with time, date anc sign
it. The foreman of the plant workshop signs also this column and arranges with the
production foreman the start of the machine, During testrun the allowance sheet
{yellow) is on the production side.

Aftsr reqular performance of testrun the allowance sheet comes back to the re-air-
foreman who signs the rubric "WORK FINISHED® and the tear-cff-part is handed to the
issuer in abave described wise,

Can the repair not be finished on the same day cne has to ask for extensicn af
allowance, Therefor the issuer has to write a note on the yellow sheet with
dublicating to the white cogy.

As axpedient for making out of allowance sheets and fixing precautions there ar=
osrovided special supplements in which the danger and the required ocrecaution is
mentioned,

Permanent allcwance sheets for routine-works can oe issued for a limited tire of
one year after consultation the safety engineer. The issue of reguired single-
allowance shee*s befor cerformance of concerned worx is cone in cwn respcnsikbiiity
by the deputies of responsible cerson (foreran) based an the verranent allowance,
The observance of the ordered safety-instructions by the axecuting ceople is con-

%

troled by tha comcetent suzervisor. Allowance sheets for entering of sewages and
purification oi1fs must b= signed also oy the ~afe’, 2e=ari—ent.
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Safety instruction 13

SCAFFCLIOINGS, LADDERS

Far erection of scaffoldings dur:ing execuzisn of Zivii-acrxs the § 1. = 33 of t-e
nr2ear atcut "orevention 3f warkers ara eTCls
"C\CRM B 4C07 - scaffoldings,” § 35 - 37 ard CMAM

of ladcers according safety instructicn 2C.

13 valid, fercther the stansarc
F z v

3120 cancern laaders. Fevi

Juring erection and w~orking of scaffaldings the failowing crccedure is colijatcry:
Erection 3¢ varicus scaffald is cerfcr-ea = 2 e
(fzzm A :G). The srigiral of this s-eat :3 sent <z 1

gre coay “Sgether ~i1th the oroer “cor 3izmantling 3f -2 sca’faiz cemain o) -2
arcerer and gne cSoy gcoes ta the safsty srgineer. “re safety =zrgireer has tra
possibility to oreceive safety irtesrests cn ime,

In all the cases trat civii dept. Nas a ce:manent mcck arder for suliding cf
scaffoids, the number of the permanent «ork orcer Tust Te w~ritien on ine crler
for builaing a scaffald. Therfcre no secarate ~orx crder is cequired, [s trere -2
P rmanent work order By civil Ject. geside the srder for cuilding a scaffsls e
a w~crk order is re2quir=sd for acczunt:o=g t"e acrk-arsmig The shests 3re 32 a-cr

3
2123, a3« -rcer and scsffola croer wu=<t L=

)

~hat ogth zarts can ce written as <

’

~andied c.=r %@ civil cegst.

“re cetermiration of aurk—arsh 12 sivizZe in: Zsact .lzce2, uT

=f t-® :ca3‘2l12 3-2 racoizea L

T~2 czdsrar taws z,er T2 3zaftt rature -n ra ccacarcnirg scaffclz crzecs
(scaffzla taxen cver,. Tsze far Tz m3irtain 1t in a resylar stst2
+iil now i3 the Zuty 3f tre orlzrer. - 3s tO Cr=C«< Continulusly. Te 13 73
rescongizie fer wr: faultless ~ AT1Zn IS5 N2 exTlusi.® IuTy

cf <he scaffalders. Zut taking szcrzisie for we facitls=ss st3tz

To avoid the impracer use of not reac, scaffolids or sech scaffslds not taxen gver,
the civil dept. has to mark it by a ciates "DJon”t steg to scaffald", [f the
scafolds are taxen over thase plates are removed.

For the cass that a scaffold is not used longer, disassembling of the scaffold
must be ordered with the sheets 3 - S of form A 59. [mmediately after teginning
disassembly the civil dept., fix the plate "Don”t step to scaffold”™ on the scaffold.
Than the scaffold must be removed promptly.

Concerning woodem double-ladcers according CNCRM F 5120 instead of ch-ins there
must ba used steel-ropes with 4 mm diameter to avoid maving of the two beams
(look to safety instruction 20},
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ATENTION 5/ E45E .
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Rauchen ist im ge-
samten \Werksgelande,
mit Ausnahme
besonders bezeichneter
Bereiche verbaten.
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AREA o7 c L,
EXCEPT IV TH&
SPEC/AL //,mké‘ 7 )
Das Hapnlleren mit
offenem Feuer ist

verboten
(Explosionsgelahr!)
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In Austria the general workirg time is 40 hours per week.
Gereral shift:
Flexibleworking time: Start at marning 6.30 till B8.15 h
3/4 hour interrution for lunch
Close at afternoon, Mo - Thursd. 15.30 till 17.3C h
Friday 12.33 till 14.0C h

Recording cf actual working time on "time 1egistration cards™.

I Z2TOTAL BALANE

Zeiterfassungskarte CAEMIELINZ AG WZ... WASHWNG Tike | + Gesamt-
~ BE .- -DATHING TME Saldo:

;|Zeitraum: Y BALAMCE OF —
. : | + Saldo- fomer
N . . ; %47 Vortrag: cARp
- - ' | 3 BALAOKE yDg 4
I ‘ : _ Saldo 1:
Kurzzeichen: . b. ;
Y - ; 2 BALANCE e 2
ersonalnummer: + ‘ ) S\auATyuRe * Saido 2:
_ Saldo 1: ! Unterscrrift - )
1 -
. ; i Summer der plus- bzw
Summen der plus- bzw. ' ; - A !
minus-Abweichungen: { ¢ . minus-Abweichungen: |
. : ol Eigan WZ/BZj
kommt} Fixzeit] geht wz/sz . : komme} Fixzait | geht + ! + ] -
+ + 0= ———
: |
Mo P Mo,
+ — ' } i
Di P ¢« D )
| ' Lo I e e e
Mi b Mi| "
. : d i . T | .
Do C s L
‘Ft i : Fr§ t
| ! — i
Adthb

The maximum plus- cr minus-balance of one complete registratizr card is allowed
with 10 hzurs. The employees of Chemie linz can take twoc free noaons or after-
noons cr cne free day per month if they do not go acrcss t-e 10 hours limit
and if the scperior give his consent.

Shift svstems:

Most of cur olants are on stream 24 hours per cay. fer this production linss
in the diffsrent denartments there are 4 shift groups wcorking 8 bcurs cer day
according tc shift tatle., These graups meet also the 40-hours-week with
temporally fixed free-shifts,

Examolzs for different shift systems:

a 3] CcyioD
2 shift groucs A,E Monday till Fridavie-ay |m-22 zi5ging, Lsadire
3 shift grouss A,E,C venday till Fricdeyig-4u [4u-27 [22-6 seneroncsnhate
4 shift qgrouzs k,3,0,0 the whole week e-44 m-11 (226 [FRee |mO35t prowiuctions
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_GZESTIOR SYST
GIESTIOR SYSTEM 2e clever,

make suggestions
7= 1533 Chemie Linz AS has irtrcduced =
czgestign system,

~24 %0 make 3 suggesticn:

—— 1) Tne idea: ’ .
Everybody can suggest. The office "Sugzgestion Systiean”
- a1d the memnters Sf the wirke ccu-=cil will help
- €oT3sinG 8@ suggesticn.

2) vrresentaticn:
v Pascible cver tte sucecisz, tne cffice of suggestion system
M = *he works zouncil. Cn=2 zar- alez -_t the propssal into
the “"suggestiaon-letter-box”.
— J) Registraticn and exawinaticn:
- The cffice crack ne suzgecticr fommally and ask for
ﬂ t~e opinicn of ore or mare experts.
Ee———

4) The decisic~:
® @ Acceptancs S rejection o€ suszestions is the duty of
\é s "sujcestizn-ccmmiscion”,
SRS
5) Rewazd:
Tre experts calculate the annial savings and the
suggestinr-cc-ries-an has 3 fi» <re c-ewsard.
EEE—

€) Payment:
1f the suggesticn ie pcsitine the e-ployee will get the
ren2rd tojether with the acnisly salacy.

Wz distinguich estimatle and ccrpotat’le sujzzstic-s.
Ccrzezniag an estimable proposal cre cen sewsarc trz2 suggestiorn with 20C,- up to
a=rr °

WCZ,- zhillings, deserdent on tne resuclt of the valuztion system.

Criterions in the valuaticn sysien:

I=m-crtance imp3rtent . . . . . . .negligible

Kind of soluticn criginal . . . . . . .already used

Effect of the rzoncsal complete change . . . .insignifizant change
fFrequency of aprlication aftzn . v+ « « + « . .single

Site of suggestion own busiress . . . . .faoreign business
E£laboration aractically zeste? . .nct tested

Pealizaticn costs ug 1t 5 32082,- . . . . nore than S 5C0a, -

-

2




ORGANISATION __OF CHEMIE LINZ AG.

DOARD
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SALARY SYSTEM -~  LEAVE

In lustria there is a ccllective ajreemnnt between the Federation of Trade Unions
(lator unians) and the industry. I~ a distance of 1 to 2 years the two rirties
fix the wage ‘ncrease for a certain perioi.

In Chemie “inz AG there is a special system called "Salary regulatian”.
Cur selary it calculated as » sum of four grouos:

1) Basic salarv (2S)

1%+ dererds on *he zositicn of the emnloyee,

The scale cof tasic saiary is diviced into 23 steps.
2) Senicrity-valus in cezcent of the basic calary (Sv)

67 . v=ars of service in Chesic Linz
3G = =2ptry years {(age)

SV =

ff) 3) Experience value (EVY) in percent of the tasic salary.
This wvalue is 1 % per CL-service-year ug to a maximum of 18 3.
4) Pa:sonality-vzalue (PY)

It Jd:irends on the opinizr of the cuperior and increas~s from 3 ta ?7.€ A,

“onthly salary: RS + 3V o+ TV + PY

f~liday (leave c-edit)

Uz to 23 cervice years : 24 aeekedays (4 ve=sks ) Mz - 53
Fore than 20 cervice years: 30 week~days [ 5 weeks ) to - S
The study-y=zars are 2:counted in the service-yfars ir. the “cllowirg arcunt:

Crarge fcx Tezhnical 4ich Schcol : 3 ysars (duration of schosl 5 years)
Charge for Tectnical University : 5 years (dura<icn S5 - 8 years)

More than 25 ClL-service years: 20 actual working days { € weekeg)

AdZitio~3l freetivne

for marriazc, tcirth of a child, rzmoval, death of reletiuns in the amount cf
1 to 3 davs,

Recreaction leave in comoany own hostels

Evary 21 months: Production and maintenance personnel in very dusty and durty areas
27 months: foreusn and workers, laboratories
37 months: Employees in production cf’ices ’
96 months: Employees in administration officés
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Beside the legal rules and directions there exist some other
SAFETY INSTRUCTIONS in the company of Chemie Linz AG:

1)} General instructions: Competence, foundaticzn, smokirg prohibition, alzchal
probhibiticn, maximum spceed inside the area cf CL, first aid pe=rfornance,
safety advises, . . . . .

2) Information procedure on fire brigade actions and accidents
J) Operation of fire brigade

4) Alarm ways for the fire brigade

5) Safeguard services

6) Maintenance Husiness

7} Local extinguishers

8) Use of protective hoads

9) Entering cf vessels

10) Foreign ccmgany workers in the plant

11) Protective =2quip-ent and orotectior clothing

12) Safety instruction v

& 13) Scaffoldings, ladders

i;) 14) Storage of burnable materiels

15) Use aof solvents

16) Radiation protection

17) Portable electric band tools {power :cosls)

18) Directions ard marks far safety work

19} Resporsibility for repairs an pipelire-bricges
20) Bolt shooting devices

21) Directions 7zr cherical labs

22) Appacatus , Zevices ind eguiprents cktligatory to revisian

23) Loading wcr«<s on wajgcons

24) Transaarticn tanks

25) Zlass carkays (tallcons)

2€) Steel bottles

27) Pressure vessels

28) Safety in the field of railway

29) Showings round the plant

30) Yehicles without rails (fork lift trucks,..)
j?) 31) Alarmplan for special departments
E 32) Fire protection in glue-plant

13) Report of industrial accidents

34) Transoort of prussic acid

Yearly cantrcl 2f all continual conveyors (belt-, crain-conveysrs, . . ) and
notice of the inspectiaon in a check-bock,

Yearly earthing zontrol on tanks for burnable materials

Contrel of the lightning-rads ir a distance of 2 :ears.

The iterms under.ined we will discuszs 1n detail.
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Gty  A00 £ aKS beschifiigt. Personen | -
N2 OF
| FThPLOY TS
3. Familien- und Vorname des Versehrten (in Blockschnlt) 4. Vermchervrgsrumemer _f;gzborcn am
COMPLEY & NAMS OF 77 DISABLaD PBSon WSARANE Y ~
7,7 A .
6. Anszhnft 7. Srastsangehorgkest | 8. Gastarberter
ApessS ¥, o
L warrvacry ] o]
9. beschéftige sis / im Betreab sest / Abterlung 10. Fam. Stand 11. Anz d. Xinder
woR¥ING AS unter 18 Jahre
“ing ' Faricy STavis | et or
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13. Name und Dienststeliung des zustand.gen Vorgesetrten ,
NaHea ANY Pas;77onN OF COMPITEONY SUP3RicR ~swiPorvisee)

_Enal Skl
14. Vorgeseheneris} Acbeits—

sARP Y acte Sl ar keRr |

15. Zustandige Krankenkasse / Kontonummer

COMPETONY IC—FuNp

wete ot '*[Léa;g_

16.
PRy viows wTukllas

Vorbeschachgung {Arbestsuntall, Berufskrankherit, Wehrdeenstbeschadgung, Invabditat, Optertfursorgel mit Rentenbezug von

. Unfalistelle im Betsied {2.B. Standerbohrmaschine, Kran, Aufsteliungsort und Fabrikanonsnr.) ,
PLACS OF gecipoty (N THe Ty Wtk

18. Wochentag / Datum / Utw 21t des Unfalies
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9. Wena nicht 1dent mit Betricbsanschwitt: Genaue Anschvift der Unfalistelle (Ot StraSe, Hausnr
Bundestand)
IF woT B DeM7T1che wiTly CORPAVY ApoLesS -

EBXACY AppRa Kl €F ACCIDati — FRACT

20. Arbert eingestelit am / Uhraet
Woer Fiarswad
PRI [T/ F

21. Verletzter Korperterl und Verletzungsart

INTURED PREY oF THE Bopy AWDd TrPE cF INIIEY
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nemn

23. In weiches Krankenhaus eingeliefert? An welchem Tag?

TO WHecrt HOSPITAL TAEGN 2 R4y Doy

24_Erste Hiife im Betried?
Yo~ M
R

nein

[26. Ersthehandeinder Arzt / derzeit behandeinder Arzt (Name und Adresse)

FIRST ) TOLAY HEICRL TRERT NG - DocTOL

FrRST Al A 5y FLAR

Es.

eventueit Art der betailigten Fahe zeugel

DeScRIPT7oN OF THE Acc/DgNr

-

Schilderung des Unfallherganges, so daB sich jedermann ein klares Bild machen kann. {Arberitswverrichtung und Untallursache,

IN SIMPLE weRDS URDSR ST AMIIN&
FoR  EVEeRYHady

[27. Bes Wegunfillen: Von wo 15t der Versehrte weggegangen? Wohen solite er sich begeben?
ACCIDeNTI on Tha Why ! WAY ofF THE

D/SHABLe) PIRSON FEoM - 7D

28. Unfallreugen (Name, Anschwift)
Wir Vess OF THa ARCCiDINT

29. Arbeit wieder aufgenommen am
PaScmprIch o tori

]

30_Erhebung durch Polizes oder Gendarmevie? Diensistelle?

INRUIRY OF FOL/cg ¢

31. Weiche Ma8nahmen wearden getroffen, um kunflig ahniiche Unfalig Tu vermeiden?

WowAv HeASUox (ritc Ba Thter), 7O FReVenT
Sucy LbecrDawvrl ¥ ThHe Furukd

32 Grt, Oatum
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SMNCECSURE X/
——

£xamvle for inventory record

610/021 Sulphur melting pit, 21.000 x 4.300 x 1500 ma
with coils and agitator
Three phase current motor, 5.5 k¥, 1400 RPY,
gea~ transmission to 84 RPM, motor-nucber 693970

[¢))
b
&)

~
)
N
N

Sulphur pump, vertical type, size 1 1/4,

VSO - 861 - 1/4, temperature of molten sulphur
135 ©C Fa, Lewis & Co

TPC-motor, 4,8 kW¥, 2870 RP.!, motor-rumjer 694200

610/023 Sulphur puzmp, equal with 610/022
TPC-motor 4,8 k¥, 2870 RPM, motor-rnumber 694201

&

610/024 Sulphur furnace, vertical cornstruction,
3130 & x 775C high, steel skell, brick lined
manufacturer Reisner & Volf

610/025 Waste heat boiler 1800 & x 7600 long, 225 m2 sur-
face, 16 kp/cm2 steam pressure, insulated,
registration number 2236,
boilerfeedwater-drum 1500 Z x 5000 long, 10 m3
voluze

-

'~  610/026 Hot gas filter . . . . . . .-
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Tach building in the company has an own nuzber. Por admini-
stration buildings the numbers 1 = 99 arce reserved. Por the
different dbuildings in the plants the nuzbers 100 - 999 are

in use, Each machine and apvaratus has aa apparatus-number

(e.g. 610/024 - sulphur(iyiface of lor3anto plant). The first
three figures mark the building ir which tke cachine is in
action. The eg&sgp teree figures dztarmine different machines

in a certain builéing. Electrical motsrs a2re separately num-
bered and inventoried by tce electrical department. All machines
and motors imn the field and the replacexents im tb: stock are
marked with the apparatus nunbder,




LECTURE
FUNDAMENTALS OF MAINTENANCE

1) Production and maintenance

Position of maintenance in a production process

WORK

RAN TR 14LS —

Y77 234 —_‘] o

wEaR PRONATION I
———— e (WD NES, .. IMAINTIINEE
CORROEIO~ | wackovas, . ) i
WorRxMAN -
MAT&ER A S P

2) The maintenance cycle

l/////f714~wwws K\\\\\k

EYALIATION Execurion

Recotpip g,

1) Some technical terms

Administration
Precentive maintenances
Corrective maintenance
“adification
Replacement

Jirect praventivs maintenance

Indirect presventive maintenance




Subjective inspection

Cbjective inspection

Surveillance i
N
Bath tub affect 3§
~
3 '
i

CFERAT NG ~CARS

4) The economic effects of preventive maintenance

,? NITWHOUT CONDITION MNONITORING
: R —— = WITH COMINT IOAN MOMTOR 1A
Q!
vi (cm.)
l OvER AL RESULT
[ i
. ! e
~ -
~— -
| N
i . l Cosrs OF ALCTUAL
{ _PRaVENTIVE MAINTENANCS
H e - i
'
LOSE OF FARNMG S DvE 70
— SToPPAGAS
1 REMMIR COITS
OPYINGL RANGE | PREVENTIVE MAinTovANVCE
1 ' '\ MANOUR.
WITHOMT At oPTIIAL RANGS S
S5) ~aintenance costs : wTh AT
dage costs
Material casts
Administration costs
Purchased services
Conversion costs
Direct maintenance casts
Irdirect maintenance costs:
6) taintenance in a oroducticn proczss
a) Operation ' Duties of procuclicn desartment
b) Control
c) Care

d) Maintain

e) Crack

f) Recalr \h Dutiea of maintenance Zeaar<rant




7) Maintenance and company-intern organization

8) The man in the maintenance process

9) Wear - reason for maintenance

dear

Corrcsion

Fatigue

Ageing

Kinds of wear:

10) Aear- and corrosion-ghenomenons

a)
b)
c)
d)
e)
f)
q)
h)
i)

k)

Even and scarred corrcsion
Hole corrosion
Irntercrystalline corrosion
Transcrystalline corrosion
Layer- corrosion

Bacterium coriosion
Crevice corrosion

Fatigue

Ageing

Thermal influences

11) Types of faults




12) Registration of wsar-processas
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13) Defence of wear

14} a)Active and b) passive protection ajainst corrosion

.a} Avoidance of destruction b) Zuilding of a protective layer

15) Technologie and methods of maintenance

Maintsnancs
process

I

I

— L

Maintenance 23 a part
of the production gprocess

Repair as an

independent orocess

1

I

I 1 | 1 | ) & __]
[ﬁtonttol J [7Servi's “] [ﬁcara J [Chec? 41 rﬁ Repair
Methods: “ethods:
1) dork study 1) Periodical check olared
2) dork orxganization 2) Periodical repair and
a) On=2-ation manual 3) Standard repair sreyentive
p) Care instruction 4) Averaje re=pair unnlaned
c) Lubrication plans
) 1 P o -
Cperating people - duties “3intenance Z2g0la
X zwledag
acout
¢echnical sehaviour, w~ay of aceraticn, troubl2 zsebavicur, ~zar SehaviluI, "3L-t2rarce




[>Pcthods of maintenancs ] y
1
[ 1

zgint.after t:oubi;l maintenance due to pre-
the piant determined waar—canditinmn
planed

reapair of . . —— standardized

I | periodical check purxodxc:l r6p=ir Canai .
plant shutdown [ilant shutdown plant shutdawn

.  an L
|saarch for troubls l I check gperation I [check operation [ﬁheck gperation 4]
R

[cetermine trouble | [[ plant shutdown |
T

[gisnlntl- partllj r dismantle partly J Eismantle partly ] [dismantla partly J
T |

I check for sube check detammined [&®
- check, touch up or
ds termine (subsequ. replacement or replacement of de- seplacs determined
lseconda faults touch up requirsd? tsmined parts or carts or grcups
—L groups X

repair p:imati and v carry out replace- '
secondary faults ment or touch us

L i
[;ssambly l [_;SSembly 44] [g;sembly | assembly

1 | 1 1
testrun l [Afestrun 4] [Egstrun ] [}estrun _J

T T
{ start operation | [ start aperation —] [stact aceratian | [ start aperation |
16) Repairs

17) Maintenance schedule

18) Preparation of maintenance

19) Maintenance
tlanagement - Planning - Realization

20) Demand for repairs




" 21) Investigation of repair material

- —— ey mae e —

22) Planning and account control of maintenance

23) Soecialization according to used machines

‘ EBuildings

Civil facilities (streets, sewage,...)
Vehicles

Hoists and conveyors

i“achine tools

Tutes

Pumps, comoressors, turbinesS,.es.

24} Surveillance and maintenarce in cremical zlants

! 25) Maintenance and pollution controil
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LEAFLET ABCUT HANDLING OF AMMONIA

Properties

At normal conditions Ammonia (NH3) is a colourless gas
vith a characteridic pungent odour. It is readly
liguefied by cooling or compression. The liquefied
Ammonia evaporates readly and fastly at atmospheric
pressure. This gives rise to a strong refrigeration

to 40 degrees C below zero. Ammonia is very soluble

in wvater, the saturated solution containing 35 % NH3.

‘Synonyms for aqueous soluticn: Aqua ammonium; Water of

ammonia; Aqua ammonia; Ammonium hydrate.

Liquid Ammonia, aqueous soluticn of high concentraticn,
likwise gaseous Ammonia of higher percentage have an
irritating effect on the skin, mainly the genitals the
respiratory tract and mucous membranes of the nose, due
to an alkaline caustic action. Liquid Ammonia can also
cause frostbites. The pungent odour 1is wa?ing in cdue
time.

Maximum allowable Zoncentration in air (* M.A.C.) S50 par:ts
per million (= TLV: treshold limit value)

Fire and explosion hazard are present but are considered
small.

o//2

Ao
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#) M.\.C. = that concentration in a working atmosphere, of a
dust, fume or vapor such that if it is exceeded, for
appreciable periods, damage can be caused to the health
of exposed individuals.

2. Handling

2.1 Ammonia, gas or liquid, is best removed by spraying with
much water into 1t.

2.2 Explosive limits: 16 to 25 % by volume in air.
At certain limitations (15,5 - 27 Vol% NH3) an
ammonia-air-mixture is explosive, therefore in rooms,
wvhere such mixtures might occure, the use of open
Fire or light, aiso smo king, are prohibited.
In case weldings or jobs with open flames really
have to be done during erection or repairing work,
this is only permitted with the special approval of
the management of the company under adequate
supervision and observing special precautions.

2.3 Poisonousness and danger of explosion need utmost
care at all jobs at containers, apparatuses, linings
and fittings for ammonia (depressurizing, careful
evacuation, blowing out with N2, repeated rinsing
with water, detaching and closing of the pipings)
Mines and canals are only allowed to be entered
with utmost care and using the sultable breatning
equipment. The precautions for ar . ent prevention
of the "Berufsgenossenschaft", encl. 4, Section A
are carefully to be observed.

3. Storage:

3.1 Cylinders should be stored away from heat and sunlight.

./3




3.2

3.3

3.4

3.5

5.

Us

They should never be dropped.
Connections to these cylinders should be tight. Caution
should be observed when opening containers, and gas masks

should be worn.

Recommended storage in fire-resistant structures, avay
from Chlorine , Bromine, Iodine and Mineral acids.

Water is an effective fire-extinguishing agent.

Treatment and Antidotes

If liquid ammonia is spilled upon the clothing, all
clothing should be removed immediately and the body
thoroughly drenched with water. If the eye is iajured

by ammonia, it should be washed immediately and copiously
with water and this may be followed by the introduction

of a saturated solution or boric acid. If pain is severe,
use local anesthetic, such as 0,5 % solutions of pontocaine
hydrochloride. Thereafter, the application of olive 0il

or some similar oil is desirable. Continuous warm boric
compresses to the eyes may be of value. The usual treatment
of corneal ulcers should be instituted 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 from 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 apparatus is advised.

Precautions

Ammonia vapours are lighter than air




5.2

5.3

5.4

Us

(density = 0,6 referring to air) therefore they
escape overhead. Good aeratio.. overhead has to be
cared for because of this. At sudden ammonia escapes,
for instance at breakages of turbines, fittings or
containers, leave rooms as quickly as possible, pro-
tect mouth and nose by holding moiste .ed rags in ~
front of them. Even a dry handkerchief or the sleef

of a jacket will do at an emergancy at fire.

Leakages can be found by searching with a wooden

or giass_stick, which was dipped into HC1l solution

of about 15 ¥ (be careful, corrosive!) or with _
moistened red litmus paper; at a presence of Z
ammonia, white mists occure resp. the litmus paper

changes to blue,

Absolute necessary jobs in ammonia poisoned rooms
(for instance handling of valves, turing out of
machines, saving of hurt people) only using sultable
precautions, for instance:

Presh-air-, compressed air or oxygen breathing
apparatuses and use of an impervious special suit
for the protection of the body (picture 1 and 2)

At the use of the oxygen breathing apparatus

the filter K, identification colcur green, is to be
used. At the storage in rooms with normal

humidity, temperature and atmospnere, the filter

is durable for 3 years in an unused ccrdition when




5.5

Us

closed by the manufacturers. After expiration of the

time of storage, also unused filters are not allowed
to be used any more.

At the work stronger ammoniacal water (ammonia solution)
well-fi1tting safety-glasses have to be used, so that no-
thing can sprinkle into the eyes.

AT, M

) M
"‘;...-. PR

picture 1

picture 2
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A New Dictionary of Chemistry

ed. by Stephen Miall, LL.D.B.Sc. Longmans,
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Handbook of Dangerous Materials
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330 West Forty-Second St., New York 18, U.5.A.

Merkblatt iiber den Umgang mit Ammoniaxk

Berufsgenossenschaft der Chemischen Industrie
Verlag Chemie, Weinheim, Bergstr.
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Emptinger (Durchachidge an)
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Pecvcling

Increasing density of porulatiorn, the formation of over-
crowded regions, 1rowing inductries with exvanding
nroductions and finally, welfare of each people lead to

an enormous burden on environment. Tne disposal of growing
wastes of industrv, traffic and homec had become 3 world-
wide oroblem, which concerns each of us,

re

W

wactese coming from inductry, "icinecc and house-hc.ds
distinguished telongirg to tneir u<e in ccoling waters,
orocecs waters or Ffecz2l waterc. 211 these waters durien

in various manrerc the watar: ir wnictr thev are draired off,

.s

~

, there 2re rivers, the lakec, T« <222 and sc on. Irn ¢

way, the natural fcrce of celf nurification is not <ufri-

cient ac it 1s cncwn bv manv examblec,

Hence, inductriez and public adminictration spend a lot
of morey for purifving waste warers, So the industrv of
Auyctria spent 9 billion Austrian <hillings on purifving
water in the vears 1970 to 197%). 1h2t is 41 percent of
the whole ervirormertal expencec. To keep the quality of
vater in good cordition or to improve the jualitv cf 117,
many projert~ ¢t caralicaticn, “aviri72tinn plans~ i
contrdl gysremc are raaliced. Tremi2 Lins now Sperin

779 millinn chillings on environmant2! purposes.

137 millian ~nillinacs are relared 2o purifying water.
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Coolinn water
Tne water cupplv of the industriil plants of Themie Linz
in Linz and Tnne i< recnlting tot2liv frem Z2arabe water

and nor from uarderground water.

In this connection we nave [0 emdrifize that MOSt walers
in our plants are cooling waters. [ thirk therae are

about 95% cooling waters. This predomninating part of our
wvater input is aiven back to the river as clean water
which 1ie 2 little warmed up bv the coolers of our plarte,
3ut the warminT 4D of our cocling water is 1rnsiTrifican<,
tecayce waste neat 1s uyced with oricritv in our olani, Tne
arming up of the Danube bv our coolirg waser i= onLv
S to 0,106. The warming up deperdes ¢a tn2 water nearing
of tne Danube which i< various ir. cerzain limize, lrne
Teniclartive limit in Auyerria for warmirg D Trne Zzvite

. o)
1e 170,

Anoraanic process waiers

Cnly a small mart of our inductrial water qgiven hHack fo
the Danuhe 1¢ nnlluted, Wnera {t 1c oneeciple, 2ll

polluzed waters are purified and reytralized 27 -no o

"3
'
V-

nf rneir formation. Irn our plant tnere are mare *narn

1790 ceparartors 4and neutralicaricr. nnite,

From the view of eneray where it 1¢ pnssible procecs- and
washirg waters are recycled. [n doirna so, two 2rofi<=< are
Artaipned ¢« firar, far ranain~ purificatinn nf warte warers

ard cerondly, trhe production of valjgainle pay marterinle,
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Tn thie Field, Tnemie Linz develnspeil enme internationallv
well-krown recvcliing procesces, fcr exvamnle, the orediuction
of AlF

ohospnate fertilizer producricn . The AlY

N from filuoride containing wicste waters of the

2
ra2w material for aluminium elecrrelrsic |, Tre know now ofF
thie procesc was givenr to manv foreilnn countrie

tnere are <uch olante in DDZ, Pomania, “2par, Cweden and

Tuqoslav,a,

Fecal waters and Industrial organic

process-wacte waters

It 1c known that organic cubcsiarncecs from irndustry and nouze-
nolde are dicchardaed into rivers 2r2 lakesz, Trn “rnic wvite
the organic <substances are eazer hv Zacteria , exictning in

the water., 8y tnic procesz =2, anZ ¥ 7T 2re formed,
reaction is a basic reaction for =2-ura
procecssas in our waters, Tnis reacticn C2r 2n

presence of a sufficient amount of oxvger., In adsence orf
Xxist,

r

oxygen the micro-organism can

o3

ot e
ourification of waste waters i increasing in ¢
decreacsing of oxvaen., Such reactions caused by micros oT0a-
niem are uced to pburifv waste waters by diclogical nuri-
fication nlantcs. Thece purificatinr. nlantc are inztalled
sefore the wacte water i¢ running cowr TO Tne rivers and
lakec, co that only ourified wAarer 1t corirng iato tne
rivere and lakee, In the purification plant an additiorn2l
effect i¢ obtained bv brinaging in much mere oxyzen by
means of mecnanical treatment., Recidec, witn tnic meTha-

nical freatment of wacte waterc, tnn arisinag <ludae in

e
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tre biological step i: recvcled, In tnic wav a purifi-
cation of waste water is quaranteed and onlv clean
wvater is drained into the rivers and lakes.

Xeaioral purification nlant Linz

Ir compiariescn "ith manvy other rivers 1ir dencely pobuiated
reqions, the water qualityv of the Danube is rot had, In
Anyctria we have water quality standards . The Danudbe 1in
"Toper Austria ic of the class IT ard III of a basis of a
valuation of four clasces . By damming up the Danute

in 1979 for erecting a water power stdation near Linz,
now detter wvater guality standarde are required. Hcucse-
hold wastes todether with industrial wa2<tes should be
ourified in the regional purification plant Linz,

Tnie olant car opurifv all wasre wa2ters of the recion ~2fF
Linz including inducstries, So the waste waters of tre
Tremie Linz, the YCTST-Alpine /cteel woriks) and of the
“nneer <ugar induc<tries are opurified in *thic binlozical
ourification plant, too.

Outside of waters resulting from houce-hold and business
organic waste waters are coming from inductry. In our
nlants also organic wacte water< are existina. But rnowv we
are making areat efforts in 7inimizira waste waters,
~enerallyv, people believe thnat onlv poi<nnes are danteroics
in wacte water=z, Admitting, poisonc are very dingerous

to ratural celf nurificarion oroce=se¢ that all oraanic
eybstances like unpoiceness solvents, articles of food
and deterqgents reduce the oxvaen contaired irn the rivers
ard lakes,

./5
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This informatior should make vou understand that pcurin~
out of ligiide in drain pioes 1n laboratories ic surelv

not the richt wav cf waste disposal.

In principle, 211 wactes chculd be separated from w27ar.
Furtheron, all mother liguors snould he recycled arnc zolvenrt=
shold be re-overed, because , as vou know, the purification
of waste waters in mixed and in diluted state 1s mucn more
expensive arnd technically more difficult. Clean water 1is
nowvadays too valuable to be uced as means of transoortation

for waste disposal.

Activities 1n ouar workes situated
in Tnns {near Linz)

In our rew oiants, situated ir "rnnc, acrylouitrile i<

v

produced,. Most of the wacte water ic incirnerated. Crlv
emall oart of wacte water whoce burning 1< not econn—ical,
hae to be purified bv a8 biological treatmer.r,

To realize thece processes it 15 necessary to combire re-
cycling stepns and enri-~hment stages by adequate enercv
consumption. In the past , diluting of waste waters &tv
ceolinag waters wac desired in order to reach lower concen-
trations of emiccien in the waters,uch & dilution of
wacste waters ic disturbin~ , if 2 biological treatren: of
wacte water 15 intended. Tn our pilant in “nrs, a creci2l
ceyage system is erected to senarate cnholing warters from
biological treatment plants.

~
(e}
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Recvcling metnods

In various points of my essavy vocu heard of recyclings or
recvcle methods. As a matter of thitc orinciple, rav
materials dare recovered from wactec and can be uced To
furrther reactions. Nowadavs, recvclint 1s of great

1mportance in wacte economyv.

In chemical industries the recycle methods have been

arplied long before environment protection was born. The
reason for such application was to improve yields of chemical
reactions., An example is the synthecis of ammonia by

reactinc nitrogen and hvdrogen. Once, pacssing of the
reactarts leads to vields of 10%. Zv means of recycling
vields can be increased up *o 99%.

Another examnole iz our gvpcum culpruric 2cid process, 3v
production of niah quality phosphate fertilizers, a dgreat
quantity of sulphuric acid is u~ed 7o separate an unde-
sired surplus of <alcium from raw phosphate. By this

reaction Caso, is formed, the so-called gypsum. This

waste materia? is utilized to a simultaneous droduction of
Portlandcement and of high qualitv sulphuric acid. Sulphuric
acid is recvcled to fertilizer oroduction. This recyclina

of avosum prevents the formation cf ~iant waste gvpsum
heaps. On the other hand, more thar. 720 03) tons per vear

of calcium culohate can he caved frem ratural sources.

A further example from Chemie Linz is the recycling of
lubricating oile and the work-off of fibre wastes and
nolvethylene wactes,
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Thece recvclinage by Cnemie Linz 2re the reacon that not more
than 1 ¥ wastes are produced in comparison to the total
oroduction of chemicals. 1 % wacste ic a verv low value 1in
comparison to 10 % in the great chemical plants of western

~“ermanvy's inductrv cr other irductrial soheres.

Removal of wastes

Removal of wastes 1is a dgreat problem, Not all wastes can
be carried to refuse pits, In Austria there are only a few
possibilities for removal of difficult wastes. Therefore
1t 1S recessary to remove these wastes in foreicn countries
wvhere thev are burred ir special! furnaces, In our plants
an organicaticn for wastec hac heen inctalled, it 1c the
organisation-olan for wastes. Thic organisatior-planr

fixes each wacte from production procecs and determines
ite removal or its recvclina. If the way of removal is
aone, there exists a waste book whicn determires what has
to be done with the wastes . In this manner all wastes are
registered and their further wav is determined.

It is not possible in my time to speak about all this en-
vironmental problems. It is the aim of my reoort to show
that chemica2l indurtries are able tz ¢nlv2 <Frai- prenlems
of ernvironment within a cociable limit, New techrolodqies
make 1t possible to realize more extencive laws for the
protection of environment., The orcceeded development lets
us see the future with optimism. This optimism seems to

te very nececsary, thinking of the great problems of the
future , first the growth of the world population and secu-
rirng of sufficient food for people and secordly, to make

2 natural environment possible ir the future,
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RESPOSIBILITY OF DEPT. ATH

Maintenance of the existinyg ammonia single-train unit
and old HP-plant in the best way (good performance,
low costs. short time).

Improvemesnt and rationalisation of the different
facilities and processes.

Preventing of accidents -
Controll of mainténance cmsts '
Working out of shutdown programmes

Co-operation with different departments concerning
expansion of existing and installation of new plants

Good contact with production people and some central
departments (central work-shop, electrical dept.,
instrument dept., civil dept., design, safety, ...)

Stand -~ by service from friday to monday:

1 engineer or foreman
2 locksmiths




ORGANISATION DEPT. ATH

GLD NP- PLANT
OTVER PEPIS. IN
CONPANY

A .... DivistoN A (AGRICULTURE CHEMICALS)
T..... TECHNIC ,
M.... HIGH PRESSURE PLANT
- . '
| ATN- MANAGER : - T
MR.FASCHINGER .
ASSISTENT
MR. STURM ~
¢
_ DRAUGHTSHAN i
(_ MR . HOCHNOLORIGER Q
- SECRETARY .
I MRS. WEISL
CHIEF FOREMAN
MR. AFFENTELLER
. 3
&
2
MR. WINDL MR. PHLIPP MR.WENNINGER | *| pmp. AFFENZELLER
FORENAN FOR FOREMAN FOR FOREHAN EPR FORENAN FoRt
C STTAN Mg wATER RECIMOCATING | w.res3I8e NP-GTEAN SYSTEN &
€& leawmovent CONPRYSIONG. : YRRISLE wivN
- mrat Awes : . S8 WPW fObent .
N THE SINGLE-TRAW IT I THE SAGLETRAN UNIT - ‘
wr ”.: : ;”r:;' ?‘%f N omzp .s:.r. WNIT ANOD
AND 08D WP- PANT

DEraRnENY m‘iﬁni‘;

& LocKEWTHE

1 DEPUTY FORENNM .
3 6R0UP LRADERE

4“m FavraN

4 LOCKEINTNG

& GAovP LEADERS

o4 DEPVT) FORENAN
3 Grous L8 0EnTS
F LOCKENITIE

o DER/TY RWENAN
£ GROVP LEADES
& LOCKSMTIE

THE FORENEN ARE ALLOCATED TO THE CERTAIN J08S

THE WORKERS — |F NECESSARY — ONE CAN SHIFT BETWEEN THE
4 FORENAN-GROURS
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Singlc-Train-Unit

Maintenance

Lay out cf the unit: 240 000 t/year NH, resp. 850 to/day NH,
Feb. 1973: Start up of ammonia-production.

Producticns fiqures:

1975 200 Gou t/year NH,
1976 262 000 " "
1977 290 000 * "
1978 294 000 " "
1979 334 000 " "
1980 291 000 * -

daily proiuction mow: 1 000 t/day ¥H,

Por maintenance we needed!

hours material (Mio S)
1975 117.000 11,2
1976 84,000 5.0
1977 6€0.000 701
1978 108.000 # 10,0 #*
1979 40,000 - 1,6
1980 90,500 *# 4,8 *+

#) 1978 was the 15t general revision
#4) 1980 a revision for changing cathalyst in primary reformer
For this revisions wve needed:
. ®) 67 000 7.0
s*) 50 000 . 3,0

The investment CoS8ts for the single-trai-uait was about
500 Mio S in 1974,

On stream days: Syn. gas production NH,-production
1975 280 days " 217 days
1976 n7 " 294 *
1977 335 " k-3 iy
1978 326 * 3"
1979 = 362 * 355 °

1980 328 * 310 =

7




ATH/Fa/Wl

HISTORY OF AMMONIA PRODUCTION-PLANT (ATH)

1942: Starting of ammonia-produktion 75.000 jato N
! with 4 units, each with_60 to N/day.

b -

|

N
1966: Expansion to 300.000 to/year

— BT
i?: 1975: STARTING of ammonia single-train unit 290 %équ
Lay out: 200.000 to N/year J
1978: 242.000 to N/year, also we had a 33¢
S

gencral-revision for 6 weeks

Due to good operation and good maintenance the percental
running time of all our facilities is very high.

(100 % = 365 days per year)

p.e.: Reciprocating compressors 99,5 %
General revision every 45.000 hours = £r7€4u4
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" Main - meterials vsed in Sméfe-z‘mm- onit "

CODE CorposiTioN [ %] APPLIKATION
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Nevalanment of Synzas-Compressors of Single-train-Plants

In the first Single-train-plants, designed by Kellog there
were used,syngasfgentrifugal compressors which were developed
, by Clark. The pressure in ammonia reactor was fixed with
"ca. 160 bars. To reach such a pressure Clark has designed
compressors with two cases. The speed was approx. 10.000 Rpsm.

Improving the efficiency of ammonia synthesis made it necessary
to increase the pressure in the ammonia 8ynthesis.
Nuovo Pignone, BBC, Cooper-Bessemer and Clark designed

Ef' sompressors which reached a pressure of 320 bars.
One of the problems ot high speed centrifugal compresasors
is their low weight, compared for example with receprocuting
COEpressors. :

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

Therefore it is very important to prevent forces of reaction
delivering to the compressor. This is also a very important
point for steam~turbines. The reaction force of steam

pipélines is - caused by the high temperature of steam (500°C) -
very large. In our plant we did not make good experiences with
pipeline carrier with springs, because the reaction force of
the spring depends on the spring-~constant.

Sb we concepted carriers holded by weights. This kind of
carriing pipelines needs more place,-the advantage _is to
have constant forces delivered to the pipelines.

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

o o e . S S —— e S S S S S S S T Y S = ——— — — — ——— — — — S T . - . S D S . S . S S P S S S S M T . S < <. e s e o s
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After having operated our syngas-compressor half a year we
had to svitch off the compressor because the oil-consumption
increased. Removing the seals we noticed, that the seals

on recycle-side wvere o0.k., but on syngas-suction-side the
high-pressure sealring vas demaged. The white metal wvas
melted and the (Q-ring was brittled.

Enclosion 1 showvs hov the seal-consumption increases.
In enclosion 2 the operation conditions of the seals are shown.
A draving of the seals wvith dimensions shown in enclosion 3.

In enclosion 2 it is obvious that on 7.9., 9.9. and 12.9. the
seal-oil-temperature TI 6025 had increased.

Except of this temperature could not be noticed any other
disturbance. The result of the analysis of the residuals
found on the seal ring in the case of the compr2ssor and

in the automatic oil-separator was, that the residuals were
no coke-products of the oil.

The residuals (zincdithiophosphate) are caused by connection
of 0il with ammonia at the existing high pressure.

o
After having repaired the compressor we had a seal consumptaon
between 1 and 5 litres per day.

The brittled O-ring material was viton. But viton is not
resistant against ammonia and wve changed it to Silikon with
success.

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

./2



1.

To install a connection between syngas-discharge and
balance-gas.

The pressure in the balance-gas should be holded about

0,5 - 1 bar higher than the syngas suction pressure. Through
this improvement the pressure of ammonia in Reference-

pipe is reduced.

After having installed this connection-pipe we did not
have any difficulties wvith the seals of the 4th case,

It is to take care that the Quenchgas in the connection-
pipe has a temperature lieing higher than the dewing
point of the gas.

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

The arrangement of the Quenchgas-pipe can be seen in
enclosion 4.
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Technical Experiences in the Benfield System

——— e —— — - — — - —— ————

Lov-Pressure-Pumps P 401/402 for Benfield Solution

Starting our plant we noticed that the low-pressure-pumps
developed a noise. We suspected the reason for this noise
to be cavitation.

Although we checked the pump in presence of an expert of
Worthington, we could not find any indication of
cavitation.

We insisted on the warranty to be prolonged for one more
year by Worthington.

Worthingtoh's expert agreed to it and explained the noticed
noise with circulation.

Before the prolongered time of warranty was elapsed, we
checked the impeller once again very exactly but there
was not found any indication of cavilation.

when we had to cnange the sealrings three months later
ve noticed the first indications of cavitation - the

back of the blades were bitten.

Steps for solving this problem

a) Welding the bitten surface with electrodes consisting
of hardfacing alloy. <
b) Introduction of 3 - 4 m3/h Nitrogen into the suction
pl pe of the pumps.
~ We have two low pressure pumps for Benfield solution.
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In the suction pipe of one of thes2 purps there are twe
ellow pipes. At this pump we found cavilation only on
one side of the double flooted impeller,

The suction side of the second pump is connected with a
T-part fo the main suction pipeline.

At this pump we indicated cavitation o= both sides cf
the impeller after only 4 200 working houre,

Our engineering firm, Fa. Uhde, found ‘'out, that the noise
of the pump disappeared by operating the pump with 115 %
of the normal flow cavpacity.

By reduring tha flowv capacit*ty th2 nois2 increaced.
This syrpbm was also an indication that th2 nois=2 was

caused by circvlation.

Hiah Przssure Pumns P 402/404

By washing and cleaning of our plant curing th2 ctart up
the seals were contgninated with dirt. So we had to
change this part from time to time.

Having started the plant it was not necessary to change
the packings for about one year. But after this time we
had a lot of probtlems with the Pacific-scals. Soratimres
we had to change the rings already after cne week,

We found out that we got spare rings from Pacific, that
were not flat and full of cracks.

Till this time the sealrings were greased with Benfi=ld
solution. Having such a lot of proble-s with <2ale we
changed the medium for grzasing the sealrings and

used condensate with a temperature of 65 % - 70 %c.
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Condenczate of such a temperature is more qualified for
greasing seals than Benfield solution.

The pressure of the condensate has to be a little bit
higher than the suction pressure of the pump.

To make this improvement it was necescary to install a
condensate co@ler and a controlling system.

Since we operate with this modification the seals have
to be changed approximately once a year.

Efficiency of the CO,-Removal-System

After having started our plant we did not obtain the
efficiency of gas purification guaranted by Uhde.

After a 1ot of difficult examinations we found out that
the bad distribution of potossium carbonate solution
was the reason for our problems.

By installing leading plates we improved the distribution
of Benfield solution to the ceramic¢ intalox.
\ o— R - Yy .
The efficiency of purification increased after this
modi fication.

Finaly we installed two redistributers in our absorver
and reached the design efficiency.



Operating Instruction V 103

———

for a vertical, double working reciprocating compressor,
vith two cranks, compressing gas in two single stages.

The operator must be well instructed about the function
of the compressor.

A Design Dates

Media: natural gas

Flov rate: 37 000 Nm3/n

Suction pressure: 20,9 bari, can be variated

Di scharge pressure: 45 bari

Speed: 495 U/min

Contrelling system: automatic reverse flow reculation

to 50 X of design gas flow.

B Starting up of the Compressor )

?

1. Inform the central comando station of our company about
the start up of the compressor. Between two starts it's
necessary to wait 20 minutes after the first start,
because during start of the motor coils are heated.

2. Open the cooling water main valve and also valves for the
cooling system of the different parts of the compressor.
(Scal packings, cylinders, oil-coaler).

. . . o
3. Check level of oiltank. If oil temperature is below 10 C,
it is necessary to heat up with steam.



4. Start auxiliary oil pump and check oil pressure.
(minimum 2 barii)

5. Open valves in suction pipeline and in bypass pipeline.
Check the suction prescure. With regard to the rate of
suction pressure see point C 1.

6. Drain the condencate separators F 103 and F 104
(separator in front of the compressor anf after bypass-cooler).

7. Open valves in discharge pipeline,

8. Start the motor and observe the oil~pressure.

2, Switch off the z2uxiliary oil pump and chect the oil
prassure cnce aqgain.

10.If everythirg is o.k., tne cowpressor is charzeé by
slowly closing the bypass-valve zand by —eans c¢f the

revergse flow controlling syst=m.

C Overation of the Machine

1. It is very important to take care that the dirference in
pressure between discharge ans suction 1s not higher than
27,4 bars.

Therefore it is necessary to adjust the discherge preo-sure
in dependance of the suction pressure. For example: if the
discharge pressure is 44 barii the suction pressure may

be 16,6 bari as minimum,

The suction pressure should not e less than 8,8 bari, in
this case the maximal discharge pressure is 3%£,2 baru.

The suction pressure should not be higdher that 27 bari,

it is important that this maximum prescure is not reached.
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Followving roints have to be checked pericZi.ally

and must be writtern in a operating book for instance

every hour: ‘

a) Suction pressure (Safety valve is set at 30 barii)
Discharge pressure (" " " ® at 46 barii)

b) 0il pressure after cleaner

c) 0il temperature after o0il cooler

d) Temperature of discharge

e) " " compressor bearings

£) » " motor "

g) " " motor coil

h) ® " cooling air to the motor
i) » " cooling air from the motor

j) current consumption of the motor.

During the inspection round every two hours following
points are to be checked:
a) Seal packings for tichtress
b) Draining of separator F 103 and F 104
c) Compressor fur knocking,grumbling and unusual noisa

of the valves. .-
d) Level of the oil tank.

Cooling water flow rate is to be adjusted not to pass
a maximum temperature of 45 °c outlet.

The compressor ts to be switched off immediat~ly if

a) a bearing or a seal packing is overheating or if
a seal packing is 1leaky.

b) pressure of 1lube-o0il is less than 1,5 bari

c) suddenly a knocking noise is heared or if the
valves operate not properly

d) a safety valve does not close after blowing up.
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D Switching off the Compressor

1. Switch off the motor

2. Close valves in discharge pipeline

3. Close valves in suction pipeline

4, Close cooling vater main valve

5. If necessary, purge compressor with nitrogen.

E General Maintenance

Crankcase is filled with o0il, type Mobil 0il extra heavy
vith a viscosity of 60 - 83 ¢ St at 50 °c temperature.

0il leakages have to be compensated with the game oil type.
If the compressor does not operate for a longer periode,
the compressor must be turmed by hand once a day.

Before doing that the auxiliary oilpump has to be switched
on.




Important: The difference in
than 27,4 bars.

D A

T K-8

pressnre between suction and discharge may not higher

Pos. Nr, } Operate range’ Alarm/chut downm

Suction pressure PIALLHSL 120 | see pant C 1 high: 18/410 bartii
low: 28/-= bari

Pischarge pressure PYAHHSH 119 max. 44 bari 45/52 bari
Temperature of discharge TIAH 110 o o

TIAH 116 max. 110 C 130/- “C
0il pressure after cleaner PIALISL 113 2 -(3)- 4,2 barl 2/1,5 bari
Instrument air pressure PIALSL 221 7 - 7,5 baril 4/4 bart
0il temperature after TIALH 113 25 - 40 °c lov: 18/- OC
coaler high: s0/- “C
Temperature of compressor ° o
bearing east TIAHHSH 107 45 - 65 C 70/80 “C
Temperature of compressor o o
bearing west THAH 111 60 - 70 °c 75/80 °c
Temperature of cooling air o * o
to the motor TIAH 101 5 - 35 "C 40/~ “C
Temperature of cooling air o o
from the motor TIAH 102 25 - A0 "¢ £5/- C
Temperature of mctor ° o
bearing TIAH 106 40 - 65 C 70/- °C
Temperature of motor coils | TRAH 104 60 - 90 ©C 105/~90C
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Operating our plant,K all technical defects and leakings
are registed in a booklet. These defectz do not make it
necessary to turn off our plant, but during the next
standing all these defects must be repaired.

The technical department puts up the programme for the
revisions of tanks, boilers, coolers, etc. which have
to be done.

In a discussion wvith the TUV (technical inspection
department) and the material testing department there is
fixed the class of inspection.

The technical department is also responsible for the
inspection of the machines. Generally there is to say that
a machine which operates normaly should not be opened.

Before deciding to open a machine or not two considerations
should be done:

a)

b)

By measuring the efficiency it is possible tc¢ recognize
a defect or a wear for example on the labyrinths or on
the balance drum.

Comparing the operate dates with the dates after first
starting up the machine there &lso can be drawn conclusions
about ccndition of the machine.

Therefore it is very important to regist all dates that
are taken after first start up very exactly.

The particular works which have to be done are ordered in
groups (from 100 to 700, see enclosure).

/2
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Every work must be valuated in regard to lenght and tc the number
of required workers by a foreman. Afterwards must be made a
time-table which shows the number of the necessary and dis-
posable workers.




e

Q=101

w-101

GROUP 100

e 4 S L

Heater for heating naphtha or natural gas.

Open and close manhole cover.
inspection of the protect iron-bars of the burners.

Nitrogen preheater
Open 1id Ffor official inspection



w-202

II, Ww-208 III, W-210 Superheater for high

w-207

£

w-2C9

pressure steam
Pressure check.
Superhea#er for medium pressure steam

Pressure check.

, W=211 Heater for prozess air

V=202

Pressure check

, V=203 Combustion air blower, flue gas blower

0-201

0-204

Cut out the shaft-cover-sheet for oil level
inspection glass and for greas2 nipples.
Inspection of the guide blade-bearings

Primary reformer

Open two of the collector pipe-covers, check
and close.

Open manholes , inspect chamotte cover .
Clean flue-gas-channel

Additional heating for waste-gas
Open manholes, inspect chamotte cover




0-202

Additional vessel

Iﬁspection and cleaning of 1inside.

Repair combustion air heat-exchanger ( No. 4

is blocking) .

Inspect wall at inspection hole. Clear lubrication
pipes.

Combustion air and waste gas duct

Inspection and cleaning

B-210

wW=215

B-208

B-203

B-209

Mixing station for steam and natural gas .
Inside inspection and check natural gas baffle

water preheater
Remove heat-change pipelines for inside
inspection.

Relieftank
Open bhandholes, blind off, official inspection

Degasifier tank
Widen passage for L-206 (Level controller)
Check shover (System Stork) and charge T-parts.

Instrument air tank

Inspection and cleaning nf tank and level
controller
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P-207, P=-208 BFW-Pumps

T-=203

B-212

X-201

W=201

W-203

B~201

T-201

Clean filter . P-208 : Change flange of
valve for minimum load pipeline

Turbine for P-207
Repair oil-leakage of clutch-cover
Change insulation.

Natural gas mixing station
Remove and inside inspection.

Secundary‘reformer
Open for changing air nozzle,

Process gas heat exchanger

Open both manhole covers. (Gasket of the hot
manhole is not tight )

Cieaning and irside inspection.

BFW-prehcater
Change pipe bundle, inside inspection
Change drain valve. Installing test-blades.

Steam boiler
Open and inside inspection . Pressure deck
(Pressure check also for No. 4083 and 4162 -

support system )

Turbine for process iir compressor

/4



LY

LN

w-204

V-201

T=202

T-204

Inspection of the rotor . Repair oil leakage
of the compressor-side clutch cover.

Repair seal packing of control-valve and the
leakage of the pipeline for the pressure-
indicator of the injector ; the idling-device
does not function properly

Condenser for T-201
Open flange and inside inspection .
Repair cooling-water pipe to the condenser

Process air compressor

Check lowv-pressure and high-pressure rstor .
Gearbux-side high-pressure rotor bearing is
leaking. Clean air-cooling of low-pressure
compressor. Change cooling-wvater valve for
4, stage. Check .2n return-valve,

Process-=air-cooler
Inside inspection, alio for condensed wvater
tank and level controller.

Turbine for generator
Repair seal box of steam entrance valve

Back-pressure-turbine for generator.
Repair seal box of steam valve



Tt -

v-301

X-301

V=302

GROUP 300

EFETSITIT =TSN

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

NT- CO- Converter

Official inspection, manholes to be opened in
service, . '

Change nozzle for condensate

, W-303 BFW-preheater

K-302

Official inspection . Repair baffle T-310

Lowv temperature-converter
Open man holes to change catalyst.
Ofricial inspection.




At

K-401

F-403

w-401

W-402

wW-403

W-404

w-408

Absorber

Open manholes, remove ceramic intalox and
inspect inside. Install redistributers.
Revision of the level controller.

Lye separator )
Open for official inspetion . Revision of the
level controller,

Steam generator
Open for official inspection (inside revision
and pressure check )

BFW-preheater
Remove heat-exchanger. Pressure check ( 2x)

Reboiler
Open for official inspection (inside and pressure

check )

Benfield solution air cooler
Remove distribution pipe, pressure test.

BFW-~cooler
Remove bundle (inside inspection)
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B-4C4

F-~401

F-402

F-406

K-402

F-407

W-406

Relieftank
Open manholes for cieaning and inspection.

Condensate separator .

Open manholes for cleaning and inside inspection.
Official inspection for level controller.
Ctondensate separator ' -

Open manholes for cleaning and inside inspection.
Change draining valve. Official inspection

of level controller.

Lye double filter

Inside inspection. Grinding 4-vay valves.
Change valve in the pipeline to the filter
(valve case is corrode?d,;

Desorber

Open manholes for inside inspection and cleaning.
Repair corroded pipeline to P-405.

Install PV/H-~ 411 and PV/H~ 412 in -
pipeline-system .

Injekxor:
Control injektor nozzles and valves,

BFW-preheater
Change pipelines of BFW-system,
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T-401

Benfield solution turbine

Seal bearings of guide-dlades .

Change pipelines for greasing seals wvith conden-
sate of T-401 and high-pressure lye-pump P-403.




K-501

F=501

W _-501

W-502

GROUP 500

E—— 3+

Methane generator
Open manholes for inside revision

Condensate separator
Open manholes for inside revision and also
revision for level controller.

Gas = Gas heat exchanger
Remove heat-exchanger for official inspection

and pressure check.

Boiler
Open for cleaning and inside revision

w-503, W-504 final gas cooler

w!

Open for cleaning and official inspection.
Welde in a valve in cooling-vater-pipeline.
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T-601

V-601

0=701

GROUP 600

F——— — 3+ 3 ]

Syngas-turb: e

Inspection of condensation-~turbine-rotor and
of the condenser.

Repair decreased cooling wvater pipe.

Check start-up equipment and adjust it,
Change prepared oil pipelines . '

Syngas-compressor

Inspection of bearings, seal-system and rotors
of case 1 - 4.

Install capacity flow measuring nozzles 1ii.
balance~-drum-pipes of stage 2 and 3

(F-6006 and F-€007)

Change gas-cooler

Official inspection of separator F-606

(also level controller) , F-601 , F-602, F-603,
F-605, seal oil tanks No. 4054 -~ 4057 , level
controllers 4156 and 4157 , and separators
4208 , 4058 and 4059.

Install valves in seal-oil pressure pipes of
seal-oil pumps.

Change oil-filters and cleaning oil-heaters.
Change one of the oil-cooler bundle and clean
the other one .,

Start-up-heater
Inspect supports, pressure check

Lo L
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w-701

W-708

B-701

B-706

F=701

F=702

W=703

w-704

w-705

Vaste-heat-boiler
Oopen "Brettschneider” gasket. Official inspection
pressure check.

BFW-preheater

Open "Brettschneider" gasket (seal ring is leak)
Official inspection, pressure check.
Nﬂa-expansion-tank.

Open tank for cleaning and official inspection.

Mixing-station
Remove for inside inspection.

NH3-separator
Open lids and remove pipelines to the separator.

Clean and inside inspection.

NH3-separator
Open lids and remove pipelines.

Clean and inside inspection.

Gas=-cooler
Remove elbows of two of the five coolers.
Pressure check on this coolers.

Gas f gas-heat-exchanger
Open flanges and remove bundle., Cleaning and inside
inspection.

Freezer
Remove flanges for inside inspection.
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Urser Zeichen Bearbeiter
ATG
Emptinger (Durchachidge en)
4. UNIDO-Workshop
Plants, Affairs and Competences of Dept. ATG
107, 146 01d and new wvaterworks (river water, cooling
vater supply)
140 Chlorination station for well water
(0,7 =< 0,8 mg C1/2 H,0)
144 Shallow well (horizontal filter tubes, wvell
shaft, pumps)
204 Air dividing plant (2 units, each 1 700 Nm3/h 02),
compressed air supply
204 a,b Bottling of oxygen and compressed air
206, 209 N,-gasometers (2 000 m3, 500 m3) gas-
207 0,-gasometer (10 000 m3) holder
208 Cracked gas (N2 + H2) - holder (25 00C m3)
R.~-Br. Pipe bridges
RN Network of pipes, piping of: KOG, natural gas,

heating gas, cracked gas, steam 25, 20, 7, 2 bar,
compressed air, river-~, well-, hot (90°C)-.

varm (40°C)-, drinking-water, boiler feed water,
condensate, oxygen

Machines, compressors and pumps in dept.-area (except
standard pumps)

A /NDb




201 Desulphuration of XOG .

212 Battery (block) of bottles for high-pressure N, !
202 01d gas dividing plant (reforming plant)

220 Naphtha and Orthoxylol storages and pump stations

Pipelines for naphtha and orthoxylol

101, 211 Natural gas pressure reducing stations

110 01d boiler house (2 units, each 12 t/h steam 25 Dar)
110 a Contact mud circulation reactors (flocculators)

203 Boiler fee water treatment

213 Naphtha feed water storages

214 Naphtha - steam - reforming plant (ICI-plant)




{ ATG-Manager
Deputy Manager
Secretary

-1 Cheef Foreman

4 Foremen

Y De/o uly Foremevr

 2GANISATION (SCHEME

of DEPT. A7TG

4 )
in Fepsion | Mr. Milvay
Mr. Vrecar
Mre. Kraml
!
 Mrrasb k- '

Mr. Strada

5 4

EE———— —

Mr. Artner

107, 140, 744 ,7¢6
204,204a,b,Gasom
Energ.~Piping, Bridy

Mpr. Fenz/

o~

[ .
Gmup/eaa’er.r L7 | L7 ] E:l':]

Welders

(Locksmiths
30 f wWorkers

4

3 2

2

°
r

rr -

< /“(Pc!vd ul’(}‘ )

Mr. Kilar

Mr. Meiiringen

Machines
Pu il

201,204, labor.

Mr. Sassmann

220, Pip:tines

707,770, 10a

| 203,271,212, 214

Mr. Ldrihmayr

rr Lechrrer

e MJ/,-y';eiJ

—JT:‘E —T o

Mr. Punzet
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An der Anlapgengrerze eteht gereinigtes Donauwasser mit

folgender Beschaffenheit zur VerflUgungs

R L | 8,0
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o~ MU s veaRLApAVE ® .‘q) €T o NV
|~ 0, 6,7 =5/l
Alkalitit (m) - 255 @val/l
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bleiberde Tirte 1.5% a, 1,
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Ca0 58.8 =22/l
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— No, o e .08 zg/1
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S0 26 ag/1 '
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ATG/Mi/K

= ——

ot 138¢C 24 17
P d HISTORY OF N - PRCDUKTION (ATG)
= \
HP,... parts of N in N33,(14 Mol N + 3 Mol H = 17 Mol NH32

Spring 1940¢ Beginn of raising the terrain about 2 - 4 m.

Antumn 1942: Starting of production on basic KOG.
(1 unit for desulphuration, 3 units for gas
dividing and 3 for CO-conversion).

1944f Output 55 200 t Np/a
2\

L RN _
"’2 " " 1944/45: ~ BOO bonbs from allied airforces explcded
o ! in CL-arza 1ind plants.

May 45 -

July 46: No production as neitner X0G nor erergy ie=re
availeable.

' 1948: Output from 1944 was reached acain.

[ Production increase

- 4 mee

1965: to 237.000 t Np/a or 718 t/d max.
; (3 units for desulphuration, 6 for gas dividing

o R and 7 for CO-conversion)

1966: Start up Naphtha-Steam-~Reforming plant,
Increase

1974: to about 320 000 t Np/a.

: 1914 ~520 o000l Mla

l?iﬁ ‘a "(.: 19 / I"‘)/Q




Naphtha - Steam - Reforming - Plent (ICj-Process)

Generals:

Trngireered by Humphreys & Glasgow, London, 1364 - 1366;
erected by ourselves. Laying out: 300 t Np/d (365 t NH3/d)
at a pressure of 28 (max. 31 bar). Bevond of ICI licence
(our risk) we increased the working pressure (inlet prim.
refcrmer) to 38 bar and the daily output to 423 t XNp

(510 t/d NH3). We had bought machines. 2pparz:tuses and
pipes qualified for the heigher pressure.

Teedstock:

1966 (start up) - 1976 Naphtha (strait run benzines)
since 1376 Natural-gas.

Maintenance:
hours material ccsts (Mio S)

1374 2% 030G 1,3

75 general overhaul 56 000 7,4

76 24 0G0 1,€

77 general overhaul 46 0235 4,2

73 16 000 1,6

73 21 009 Z,3

é0 (3 months) 3 000 0,1

Cn stream davys:

1374 263
75 general coverhaul 324
7€ 366

77 general overhaul 325
73 intended 3 days-shut down during Zinjle-train-skut down
for welding piping - connectiens between both plants.

362
73 365
<9 till now
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KSU - Reaotor (T’;:;/'C’C: cih lzlrlcﬁHr',).

E

The "Contact-Xud-Circulation-Reactor” is especially used for
oconditioning of surface water which must be cleared of suspended

patter, colouring a&itanoos, orzanic dirts and carbon. Furthsrcore

good results are attained in other fields of water treatment,

especially at deironing, demanganition, deacidifying, deoiling,
sterilizing (degerninating), removing of diiig}éeablo odour- or

flavour substances, but also algas and float slime, In the water
treating process cany of these effects are to be attained aimultanously.

-‘4 -

1. Inlet

2., Inlet control valve
3. Cone

4. Top ascending pipe
5. Lower ascending pipe
6. lengthening pipe

7. Uixer

8. Rotation crusher

9. Untreated water distributer.
10.xainshaft of mixer
11, Variable speed motor

(for the mixer)

12,
13.
14,
15

16,

17.
18,
19.
20,
21,

Desludger motor

Sraft of desludger
Desludger

Sludge tottom with mixer
Clear water collecting
channel

Outlet of clear water
Catwalk and rail
Bridge E

Overflow :

Sazplircg pipes




KONSIPUKIION

i

(=

R —— ———— - —— - G—
- . e . [E—

1. Zutoot

2. Zulaukegeivennl

3. Konus

4. Oberes Steigrohe

S. Unteres Steigrohe

& Stoigroheveridngerung

7. Rohrwerk

8. Wirbelbrecher

9. Rohwasserverteilung
10. Rihewerk-Antriebswelle
11. Regelborer Antriebsmotor

for Ruhrwerk

12. Schlammraumeranirieb
1). Schlamawdumer-Antriebswelle
14, Schiommr8umer
15. Schlammsumpt mit Rubrwerk
16. Reinwossersammelninne
17. Reinwasserablauf

18. Steg und Geldnder

19. Logerbricks
20. Oberlovt
21. Probeeninchmesteilen

Stahlbehditer mis Betonschle Ganistahibehditer ohne Schiommedumer

Die obigen 'oﬁwoiun kdnnen beliebig kombiniert werden

.




Cenersl teobniocal data

f
1
|
s
E

Capacitys _ 5 « 3 000 n}/h (per unit)
: Turn-sround time: about 60 - 90 minutes
2 (dwel] time) . '
Internal circulatioas 3 - 5 x Quantity of flow (Capacity)
Savirg of cheaicals: ) 30 - 40% compared to conventional plants
Speed of olimb-up: ca. 3 = 5 n/h E
Transparence in cleaned often 1,5 = 2,0 m '
water: )
Turtidity content 4n 10 mg/1, often 3 - 5 mg/l
discharged water: : ‘
Rate of bdlow down: o 0,5 = 1,0% of capacity
Mud contents 15 « 25 g solid matter/l

(97,5 - 98,5% watex)

f une t 1 on

First the untreated water flows into the cylindrik middle-part
and 1is there mixed with recycled deposite products and chemicals.
The rising stream is produced by a speed regulated mixer which
worxs like a oirculation punp. This mixer maxes a good mixture

cf all cocponents: raw water, chemicals and chemically activ mud.
By kelp of the contact effect of nud the formation of flakes
begins iomediately, increasing them quickly. After having passed
tre mixing zone water comes into the reaction zon; and changes
1ts streaming direotion. In this zone all chemical reactions
happen wheredty the flakes grow and grow.
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Then a part offtﬁ: water comes into the ascending pipe, while
the other par#&treams to the outern parts of the reactor. On
the bottom edge of the lower cylindric part of the big cone a
sharp seperating zone 1s formed between mud and olear water.

<
-

Mud particler sink to the bottom;, olear water rises to the
- surfacg. In the outern a _rea of the big cone the climbing speed
goes slower and therefore even small oud-particles cannot rise,
Tre clear, oconditioned water flows 1nto a top collecting
ckannel (grouve). By a slowly turning desludgar the sunken
aud is transported into the slim\nit and’ then further thickered.
,2 ) An autozatic valve ronovu thu nud from the ru.otor in intervals.

- o N

Oneration

The charactaristic foature of tho'KSU-reactor is the internal
circulation; & quantity of 3 -« 5 times of the capacity flow is
oirculated in the mixing and flocculent zone., In this cycle a
lot of activ mud is carried along,{ao that each particle of raw
water often touches oud and chemicals. The particles of slim
work as crystal centers on which products of precipitation

S e

settle down directly. This principle of so called "contact zud
circulation” is the real reason for the surprisingly good
corditioring effect. Good working of the reactor can be seen
or. the sharp separating zone between nuddy water and rising
clear pater, further on the quick sinking process of old
dereacted mud,

—
’
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Since long time it is !mow, that salts dissolved in water
dissociate more or less into their components, that means into
jons. Comzon salt, (kitchen salt) for example, dissociates to
the positive sodium ion and the negative chlorine ion. By this
dissociation water is electrically conductive and so it is
possible to separate cations and anions ty direct current.
Nearly all salts dissolved in water dissociate 80 in catione
and anions and the most inportant of them can be put in order
as to be seen in the following scheme:

cations arions

Ca (kC 05)2 3

. K

Xg (1c 03)2

Ca :Jo4 \

Mg 304

Ca c1, >N PH

vg c1, ) )

Na cl )

Ha2 SO4 >neutral salts
X, 5103 J

K = carbonate hardness

N = not-carbonate hardregs
K+ =BH = total nardress




Not all ions are equally good absorbed or delivered by ion
exchangers., A very good exchangirg is given between cations
and hydrogen ions and between anions and hydroxyl ions,
Polyvalent ions of heavy metals, like iron and maganese are
first taken up by cations, followed by alkaline earths, like
caloiumn and magnesium, and at last potassium and sodium. A
cation exchanger, which is loaded with these ions is regenerated
by acid, In this »rocess the cations are pushed away by the
hydrogen ion of the acid. According to the law of mass action
(Culdberg and 7aage's law) a surplus of acid is necessary
(opposite to the theoretical quantity) for finishing the
regeneraticn, The same i3 current for the regeneration of
anion exchangers by sodium hydroxide solution, If ion exchange
scbstance is exrhausted, the ion zmost difficult to be exchanged
will break through first, It is sodium at the cation exchanger
and it is siliocic acid at the anion exchangsr.

The ions which are able to be exchanged are not only on the
surface of the grsins of the exchange resin but also inside
(interior). That means that exchanging reactions need a

certain minimum time, to obtain relations between quantity

of =mater, speed of filter process and quantity of exchange resin.

Varjations are possible, like strongly acidic and slightly
acidic cation exchanger, or strougly basic and slightly basio
anion exchanger, Slightly acidic cation exchangers can be
regenerated without a surplus of acid and slightly basic anion
exchangers without a surplus of sodium hydroxide (caustic soda).
In a conbined ezployment of "slight"- and '"strong"-exchangers it
is possible to furtaer use the surplus of chemicals which is
absolutely necessary for the "strongﬂ-exchangérs for the
regenerations of the "slight'-exchangers. By this a lot of

cheaicals can be saved, So it is more econonmic.

The combination of a contact mud circulation reactor with sand
filters and a total desalization (demineralizatio) enlarges

the economical possibilities of application of total deminerslization
plants, especially of plants with large hourly capacities,

!
i
|




Total demineralization / Process

Such a plant consiats of cation and anion cxchaﬁgers which
i
sust be regenerated when the substance (resin) is exhausted.

. The regeneration process lasts 4 - 6 hours. In this time the

plant is working with arother row, So it is nccessary to
have at least two rowe of apparates. Further it is a great
advantage to have clear water reservoirs (vesails) at the
end of the plant for short time requirements ofi} = 4 hours,
e.g., for swall repairs or short troubles. ;

Nixed bed filters are situated only in the last stage; they
are considerdd to be safety devices. The water treatment
should be finished befora mixed bed filters. They have only
the function to catoh, or to kill {rregularities or natural
"slippage”, By this, working safety (reliability) of the
plaat is increased, and for pre-inserted filter groups costs

in Jdimensioning of all apparatus (filters) and operating
expenses can be saved, bdecause these apparatus can bde fully
loaded without risk.

A
. ————————
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Durchsicht des Triebwerkes bei der 2, u. 3. Stufe-Kompressor Ost

.Roparaturvorgans
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4 Zylindem

Kihlriiuoe bei allen 4 Zylin-
dern reinigen,

Priifen der Kolbenstangen-
lage mit Rahmenwasscrwaage.
(im cberen und unterea Tot-
punkt) Der Kreuzkopf mu8 an
der Lauffldche angedriickt
werden. '

Kolben mit Kolbenstange aus-
bauer und bei THW priifen
bzw, egalisieren lassen.

Laufbiichse ausocauen, durch
TLP priiten und wieder eine
bauen, Weiterse uzweise
i3 unteren und' oberen Tot-
punkt vermessen, sowie mit
Raicenwaszsserwaage iiberpri-
fen. Die Uberprifung der
Laufoiichse muB bei einge-
bauten Ventilea durchge-
fihrt werden.

Xreuzkopfspiele messen.

Krouzkopfbolzen ausbaucn.
Zustand der Passung iiber-

" prifen und festnaiten (dmessetw)

8.

o

9.
11.

12.

13.

Lreuzkopf ausbauen und bdei
TF prifen und ev. egalé-
sieren lassen. {Stangenloch
und Kreuzkopfbun?)

Ge engewicht ausbauen,
Pleuelstange ausbauen.

Nessung der Atmung bei
0° - 90V - 180° - 270° -
Kurbelstellung,

Feststellung des Pleuel-
lacerspieles (Messung des
Kuroelzapfendurchmessers
und des ¢ von Pleuellager-
hoarung)

Bei ev. Korr. des Pleuel-
lagerspieles niissen die
Pleuellagerschrauben ge-
niB angegabener Dehnung
angazogen werden.
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Cleasinp of uu'v'uf reoow S O/d
cyA" ers.
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17.

18,
19.
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21.

22,

23,

24.

Bei Pleuellagerzusammenbau
achten, da8 beide Lager-
schalfen .im GCehiuse fest-
sitzen., -

Pukt 3 - 13 gilt tiir
beide Stufen.

Hdach der Messung der
Atoung bei beiden Stufen
Hauptlager 2, 3, 4, us 5
ausbauen.

Ausbau der Hauptlager

a) Zuerst Hdessung des
Lagerspieles

b) Schraubenlinge im
angezogenen Zustand
festhalten

¢) Schraubenlinge im
entspannten Zustand
feathalten.

a) Iagerschagléh aus-
bauen, Die Kurbel-
welle muB zum Zwecke
un ca. 1/2-Lagerspiel
hydraulisch ange-
hoven werden.,

e) Lagerschalfen durch
TLiP priifen lassen,

f) Vellenlagerzapfen
durch TMP priifen las-~
80nNe

Hauptlager einbauen,

Atmung messen - Kontrolle

(siene Pkt. 44) beide Stupkd

Ausfesse#n der Kreuzkopf-
bahren (Durchmesser und
Parallelitidt)-~beider Stufen

U
Aus ac?lu‘ren der beiden
Stufen undev. Zylinder-
Korrektur.

Pleuelstange einbauen.

Xreuzkopf einpassen und
einbauen,

Stppfbiichsenpackungen,
Olabstreifung und Kolbene
(oiine Bespannung) ein-
bauen. Lessung der Kolben-
lage im angedriickten Zu-
stand,

Der Kolben soll an der
Ostseite (Laufseite des
Kreuzkopfes) mindestens
einen Abstand 1,7 - 1,8 mn
bei der 2. Stufe und

1,4 - 1,5 mm bei der 3.
Stufe von der laufbiichse

Bett 5%'..1' bshes (pritows)
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25.

26,

27.

28.
29.

o0 op

hadben, Das heiBt, im be-

spannten Zustand darf keine

Zwangslage dea Kolbena
entstehen,

Kolbenstangenlage mit
Rahonenwasserwaage priifen.

Fertig - Zusammenbau - -
Schadrdiume messen,

Luftfilter, Olfilter, Ol-
wanne, Rifox, Impulsleit-
ungen reinigen. Olfiillung
Dichtheitsprobe der Luft-
kihler.

Probelauf

Priifung durch TNP

Gewindekontrolle
Kreuzkopf
Iagerscha]fen
Lagerzapfen
Dehnschrauben (Haupt-
lager, Pleuellager,
Gegengewichte,
Stangenkupplung)

Zylinderdeckel (Rippen)
Zylinder=-Innenrippen-
verstirkungen,

1) Zylindergehiusebund
(Verbindung zwischen £

Zylinder und Maschinen=-

gehduse),

fi Zylinderlaufbiichse (Bund)

Teeliny Yhe stale of piédon
rod. k{rc'#“ tC—-.mc zQV[;.
Fnth ¢cspen b‘v'ug [ heeaguve
wend of dead Seoce. .
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. BLAXING-OFP_REFORMER TUBES DURING PLANT OPERATION
§.__ BIxuca

1. Introduction

When a peformer tubs bursts during service the loss of gas through
the leak is rot necessairily intolerable, tut tae leaking yas ignites inside
the furnace and cpuses overheating of the surroundings. To prevent damage to
the refractory amd to ths neighdbouring tubes, it is necessary to isolate the
failed tube.

To achieve tals. either the design must make provision for shutting
off any individual tute or, if simple welded up connsctions are used, the whole
unit must be slrit down and cooled so that the failed tube can be cut out and

" - replaced, or the conmections plugged by welding.

Because the outlet pigtails usually operate in the region 7oo-aoo°c,
and no valves are Xmowa that could be fitted in each pigtail, and because at
any rate, the expenss and complication of fitiing them in the design wculd be
ccnsiderable. an all welded design is norrmally adopted. Initially, when an
overleated tube leaked, tho furmace hal to be taken off line losing soce 36 hours
production. This represented a seriocus loss of output., Apact from that, ir
refor=er plants built for the production of town gas, the mamufacturing authority
is urder lsgal compulsion to maintain a minimum gas pressure and it could hard:y
afford tp shut down a furnace even for only 30 hours, should a tubs fail during
a period of peak demand, Consideration was, therefore. given to mstbods of
blankingroff lesking tubes, which would not neceasitate shutting the plant dom.

2. Backgrcupd

It bas been staniard 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 nunber of devices are corxzercially available for this purpose. However,

the application of gross plastic defoarmation to pressure equirment containing

hot inflar—able gas=s had not been considered. The cammercially available

apparatus for low temperature service are hydraulically operated, vhich is

an sdvantage, but their frame has to te dismantled and then reasseczbled on

to the pipe to be squeezed, This would have beenopcrhaps acceptable for

inlet pigtails vhere the temperature is around 400 C, but the manipulation

involved would not be acceptabls in the proximity of the hot cutlet pigtails

(700-2c0°C).  For that reascn a G clarp squeezer was designed so “that the

vait could be placed onto ths piztail vihere it runs horizontally aajicert

to the reforcer tuda (Clark and Zloes Paper 2, Fég. 2) ard all that was

vequired in the way of preparation was to remove ths lagging on this section.

Q

3+ G.Ciarp Scu
Dotaily of the squeezer are given in the drawing in Pig. 1 and the .
photograph of Fig. 2. It is driven by a short 6 ton hydraulio ram, mamufacture

by Epco Plexi-Force.

eezer

!

The main advanteages of this design are:

(1) The G thape of the frams reduces manipulation near the pipes
‘before squeezing to hanging the davice onto a horizontal part of

. the pigtail. *

(2) It 1a conneoted to the pump by means of a pressure hose of
convenient length so that the cperator is at a safe distance
while thy %be is being squeezed. It is relevant to menticn

1
I
!
i
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bere that in the event of a pigtail cracking while being squeezed,
Billingham experiezce has siacwn that ths fire that results from a
yigtd.l failure does not cause significant damage.

(3) Should ary accident happen to the hydraulic ram, to the hoses,
or to the pump, the quaniity of oil involved is very amall (1-2 pints).

(€N After squeezing, the jaws can be fastensd together by means of
pcrews to form a permansnt clamp to prevent the internal pressure

-. ’ opening up ths squeezed pipe. The G olamp amd hydraulic raa can

then be rexc7ed by simply letting the jaws slide off along the guides
w in the drawing.

(5) Tke Jaws are lapt in position by means of ball catches while the
¢lazp is being hung and while pressure is being applied.

(6) Two iateral sheet ratal pieces locats the claxp Jaws on the pipe,
end are crushed away as the squeezing operation is in progress.

s A. Llaboratory Tests

Although froe the above considerations it appeared that bdlanking-
off reformer tubes by flattzning the inlet anl outlst pigtails could be
t achicved with reasonable safety, it was decidod to carry ocut scwe preliminary
tests on a laboratory scale.

In order to similats plant conditions, a test rig was arranged in
which & length of pipe could be electrically heated by makirg it an integral
pPart of g circuit comnectsd to a low wvoltage high current socurce. One of
the ends of the tubs was bdlarked-off and ths cther connscted to a 275 p.s.i.g.
stean line.-. Provision for measuring the steaa prossure :ad for measuring
and contyolling the temperaturs during the tests wag made, Sacples of both
Incoloy and Cx~Mo pipe were tested, The clacp itself was tested under a
7 ton logd withoup it shawing any permanent set. .

5.1 Incolov Pigtails

Two sacples of exiruded Incoloy DS tubing, 1.113/32 in, o.d. x
8 s,m.g. as usel for the fabrication of ths outlet pigtails were used
for ths trials. One sacple was ex-atores, but was aged for 72 hours
at 800°C in order to bring it into a condition nsarer to tkat of tts
pives after service. The seccrd sarple was cut froa an actual pigtail
which had fajiled due to the presence of manufacturing defects after a
few zonths in service.

These sarples wore hesated to 800°C before squeezirg. During
the first test as the jaws touched the tube, the temperature dropped
quites cansiderably, but by insulating the ends of tho pige , the
temperature 4drop was eventually rediced to about only 20°C.

In all, eight trials were performed. The results were completely
satisfactory, except in one case, wran a number of sxall cracks
developed an the outside of the pipe, btut no lsak occurred. This
cracking was not thought to be significaat decause the trial was dare
on a part of thLe pipe which had been ovestsated to nearly osliing point
during the initial attecpts to adjust the temperature. Figure J ahows
the general sppearance of the tube and Pigure 4 a oross seotion throughk
one of the flattered parts. : ' '
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&2 Cr-Mo Pigtails

The tests were done at L00°C on a length of 1% Crolo steel pipe
1%/16 in. 0.d. x 5/32 4a. wall as used for the inlet pigtails. At
this temperature the ‘ube was too strong for the squeezer and a
perfect flattening could not be achieved, - In order to increase the
stress on the ?ipo, the width of the jaw faces of the clazp was reduced
from ¥ in. o0 § in.. but then the ductility of the material was
insufficient and the tube wall sheared. It was found possible to avaid
this by c&rry,}r.g out the operation in two stages. In the first, a set
of Jaws with 3 in. wide anmd slightly curved faces was used. This spread
the deformation over a large area, tut still left a gap between the
txo wall faces. A second pair of jaws with faces § in. wide, and
seai-circular cross section was used to close ths gap. To achieve
this the load had to be increased to 8.5 tons, The clazp withatood
thia_\ overload well., Figures 5 and 6 show the results of the tests.

\

. ™ During the tests it was found that the original jaws in 18/8/T4
were too soft and ylelded sppreciasbly during operation. This was
prevented by protectiag the jaw faces with welded inserts of heat
treated FV520 (B) steel whose yiold strength is about three times
higher than that of 18/8/Ti steel. _

5. PFPlant Pxperience

The pigtail squeezer has dbeen used successfully on several occasions
to isolate leaking reformer tubes. Squeezing the inlst pigtails has proved
to be as pasy in the plart as {t was in the preliminary trials.

- On the other hand, with cutlet pigtails trouble has becn expsrienced

on three or four occasions owing to cracks forming during the operation. It
appears that the difficulties are due to a combination of the following faotors:

(1) E-brittlenent during service. It is known that the ductility of
: Incoloy DS decreases with time due to an age hardening process.
The use of Incoloy §00 which is now read ly available and reputed
%o te less prone to embrittlement during service will probably
improve mattera.

(2) Decreases in tecperature. As soon as the fiow of hot gas througk
the pigtail is restricted the metal terperature begins to fe.i and
so does its ductility. The rore quickly the operation is cozpleted
the less likely it is for trouble to occur. The posaibility of
{ncreasing locally the temperature of the outlet pigtail pricr to
gqueezing is also being considered.

.o (3) The occasional presence of score marks on ths surface ard
ptringers of incluasfons inside the pips wall which facilitats the
jnitiation and propagation of cracks. .

In si:itq of thase occasional difficulties {t has always been
possible to blank-off the failed reformer tuba. Even after cracks have
appeared in the pjgtail its flattening has been achioved at a second attezpt.

The use of screwed on Jaws to maintain the pigtail gas tight has
proved ngcossary. Wnenever the jaws have been removed, tas leakage of gas
from the reformsr tube has been secen to inorease gradually becoming excessive
after sqpe time, A second epplication of the. squeezer and permanent clacpiag
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of the pigtail has been sufficient to rednos the leakage to a naglicinle
anount.

Conclgsig

Blanking-off failed reformer tudes without having to shut ths plant
down, by squeezing the inlet and outlet pigtails at tecperature and under
pressyre, has dsen a ocxplete syocess, So far no untowaxd incidents have
occwrred and prpvided sdsquate qare is taken, the isclation of the failed tube
mumﬂumwruhmmwwummt.
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OUTLET PICTAIL PIPING (INOOLOY PS)

SQUERZED AT 800°0
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Adsorption-Safety-Loop in Linde's air separation plant

Prom main condenser liquid oxygen comes to a pump which deliveras
it alternatively to one of two adsorption vess#ls filled with
gel, Then liquid oxygen flows back to the main condenser. By
this the liquid 07 is permapent in circulation through an ad-
sorption apparatus. It holds back (adsorbs) 98% of acethylene
and propylene (propene). ALl hydrocarbons not adsorbed, like

.

ethene, propane and s0 on somewhat enrich in the fluid.

By permanent taking out of the adsorption safety loop 1% of
O2-production and by evaporation of this rate the remaining
hydrocarbons are removed from the separation column (main
condegser) for the most part.

The adsorption vessel has a service life of 8 deys. After

this time filling must be regenerated and the eirculation
happens through the other vessel. The content of acethylene in
the main condenser is limited with 0,1 pPpm. Analysis are

made daily, By reasons of safety hot nitrogen (with a pressure
of .5 bar) 1s used as regeneration mediunm,
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CHEMIE LINZ AG

ATN

Emplinger (Durchachlige an)

4. UNIDO~-Workshop

R ———— e~ =mem e e

Responsibility of ATN

4.

6.

Improve & ensure safety of operators & equipment;
Maintenance of plant to assure high productivity
Improvement of existing equipment & process { together
with APN) towvard higher productivity, lowver production
& maintenance costs.

Costcontrol of maintenance activites.

Liaison vith other departments of Chemie Linz to
coordinate interdepartmental work

(main workshop, instrumentation, etc.)

Assist public organisations to cope with disasters.
(chemical spilis on roads etc.)

On-Call service

from friday 14,00 to monday 6,00

1 engineer or foreman
1 mechanic - (only in areas without shift-mechanics!)




ORGANISATION DEPRPT. ATN

il e

A....DIVISION A (AGRICULTURAL CHEMICALS) -
7.....TECHNIC
N....NITRATE PLANTS

ATN=/TANAGEN .
MR.GROSS !

OEPUTY /TAMNABE. ASS/;sTANT ;
AR LECHNER PMRN/EDERMAYR ;
Y

Ui

i .

ORAL GHT S AN kl

MR FUCHS Q:

. SECRETARY i

8S SCHORERBERS R, l

CHIEF FORE rAN :

ArTR. PROLL ;
AR, AR, MR, q;
POVAITIANG ER NENNERBIHLER SERV) gl
i
CAN, AN, AS §/iLOs, NITRIC-AC 1D ¢
BAGG/IN G, ANaANOy - PRO O L &
BAG PROD. gi
TDELLTY FOREMAN T DELUT Yy FOREMAN TOELUTY FORENAMN & Sy~
$S GROUPLEADERS YGROUPLEADER S 2GROUPLEADERS LOChertI TH S
ISLOCKSMITH S TPLOCKSAITA S TOLOCASA I/ THS
2WELLERS 3VUICANIZE

— — ——— — o —— et —-—l—

THE FORMEMN ARE ALLOCATED 7O THE CERTAIN PLANTS.
THE WORKERS - 1F NECERSSARY ~MAY BE SHIFTED BETWEEN
THE 3 FOREMAN~- GROUAPS.
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Shut down of plants -

Caused by limited manpower generally only one plant may
be shut-down for overhaul,

pP.e: 1) AC plant Enns
shut-down 23. April 1979
duration: 1 week

2) Nitric Acid plant
shut-down 2. May 1579
duration: 1 veek

3) Urea plant
12. May - 23. May 1979

4) Single train: unscheduled shut-down for one
day only

Manpower normally allocated to individual plants is

sufficient only for normal maintenance. For shut-downs

the group must be increased in size.

p.e: Nitric Acid plant shut-down
normal maintenance crew (group Servi) 13 men
plus from ATN (group Hennerbichler) g "
" = » (group Pointinger) g »
" " THW (central workshop) 20"

Addi tional hands are used to increase individual work-

groups or are given complete tasks!
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MATERIALS USED BY ATN

- ]

CODE COMPOSITION APPLICATION
mat-number| internat. code | C Si Mh . Cr Mo Ni
ALU 99,9 % for pipelines + tanks (100% HNO,
1.4450 10CrNiNb189 0,12 0,40 0,30 18 - 9,50 | for pipelines, tanks, heater
‘ (60 % HNO,)
1.4016 8Cr17 (expired)| 0,10 0,40 0,30 17,5 for pipelines, tanks, heater
(45 % HNO3)
1.4561 #) "Nictrothal 40"| 0,12 20 34 for supportnet for catalyst
Lead for lining of tanks, pipelines,
pumps
Ferrosilicium 15 for dehydration column of HNO3
1.3401 120Mn50 1,20 0,30 12,0 rollers in CaCO3 mills
1.7335 13CrMo44 (or 0,13 0,30 0,60 0,9 0,50 for lye pipelines and drums
Alcal )*) '
#) DUR 600 for velding and to armour
1.4828 15CrNisi2012 0,20 2,0 0,60 12,0 baskets in NHB-burners
Teflon*) PTFE for linings (special applicatio:
& gasketsg

#) Registred Tradenames
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4. UNIDO-Workshop

HISTORY OF PHOSPHATE - FERTILIZER - PLANTS (APP - ATP)

1954: Start of gypsum-sulphuric acid plant (production of sulghuric acid and
cenent from anhydrite).
Single superphosphate (now low demand)
Storages, baggirng and shipping stations.

1958: Mixed fertilizers (closed after start of “PK-plant)

1958: Sulphur burning plant (Monsanto). Continucus improvements and expansions
to increase capacity

1964: NPK - plant (1 granulator, 12 reactors, 1 cooler) - PEC crocess
1966: Phosphoric acid plant, prayon prccess.
1367: First expansion of NPK - plgnt (plus 1 granulator ana 6 reactaors)

1569: New \PK-storage with conveyor bridges, bagging and shipping in the south
area of ths company.

1970: Second expansion of NPK-plant {(plus 1 cocler and some improvements).
1972: Heat exchanger for raw meal in gypsum sulphuric acid plant.
1973: Third 2xpansion of NPK-plant (1 granulator, 14 reactors, 1l coocler).

1578: Second belt conveyor from NPK-plant to storage.
Ecuipment to use valve-pags

1579: Second economicer for Magnsante plant.

t rom start-up of the plants up to row have increasea the caczacity of the cifferent
facilities by removing bottlenecks, for example:

Monsanto plant : Layout 75 t/day =25C4
Actual 180 t/dey H2S04

Phosphoric acid : Layout 60 t/day P205
Actual 130 t/day P20S

Jue to good operation and good maintenanrce the percentual operating time of all
our facilities is very high ( 100 % = 364 days per year) :

Examples: r—
1977 1578 1979 1980
Gypsum sulphuric acid plant 96 % 95 % 96,1 % 97,6 %
Monsanto plant 98 % 97,3 % 94,8 %
Phosphoric acid plant 94 % 91 % 93,9 % 93,9 4
NMPK - plant 56 4 9¢ % 96,1 % 95,1 % '
NPK = plant 1] 93 4 35 % 56,7 & 35,1 % \
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RESFU%IBILITY AND TASKS OF DEPARTMENT  ATP

Surveillance, check, maintenance, repair of different production units, stores
taw material and final oroducts, bagging and shipoping, laboratory.

Spare parts oarticulary used aonly for a special ourposs in ane, two or three
departments - order, recaord, store, use.
Common spares like screws, bolts, . . . are in the central store.

Drawings: Draughtsman for sparepart-drawings, modifications in the plant, sketches.
Small projects ars made by the department, larger projects are made by the
design-department. Drawings of design-department must be signed by the concerned
maintenance and croduction cepartments. Record of cdrawings.

Contacts with outdoor companies, agents and reoresentatives, suppliers of spares,
machines, ...
Jisit to suppliers, Carrespondence with different companies, filing of
carresponde~ce.

Prospects, leaflets about special machines, parts, technics, materials used in
the department

Contacts with other departments of Chemie Linz concerning repair, investment,
-roduction, design, finance,....

Suoervision of delivery dates concerning spares, outdoOI I®pP3irsS, ...

tlasoration of shutdown-zrcgrammes in co-coeraticn with producticn ang central-
Zepartments,

Safety in :he workshop and for all field recairs. -2 shole equizment has tc
czerate in a safe cordition,

Safety ins*ructions according ta tre Austrian law (2ne time per year;,accident-nctice,.

Infcrmation of foremen and staff, other decartments, su0EriOrS,...
. f
Daily, weexly, monthly, quatecly,...

Investment programmes of small volume, repair programmes, estimation of costs.

Cost control for maintenance, monthly computer prints, quaterly reports to division
(comparison precast - agtual).

Collecting of literature and papers concerning used operations, machinery and
Frocesses,

Training of foremen and workers in the field of technical knowledge, safety,
efficient -erformance of repairs,....

Experiments and tests of new parts and croducts.
Co-ordination and co-operation with production ocepartment (daily morning discussison)
Calculations concerning machines, parts and the process.

Energy conservation (e.g, screw compressor - new or repair 7)

Engineering, orocess variatles, physicsl chenistry




——

Acsomplishment of suthority-orders liks pressurs tests, yearly check of conveyors,
esarthing measurement of tanks for burnable liquids.

Cbligations concerning pollution control (oil, waste gas treatmer%, . . )
Mutusl control batween maintenance and producticn departrents resp. central depts.

Participation on seminars, courses, study of literature, visit of industrial fairs
{(s.g. ACHEMA,...) to improve technical knowledge.

Expert for suggestion system

Parsonnel oroblems - salary, transfer to other departments, overtime, . . .
Jobs as adviser or start-up personnel in Austria or a foreign country.
Training of peopls from other comganies,

Showing of plants to cur customers and other intrested grouds (schools,...)

Collection and filing of experience, repair cards,...

Stand-bv ox on-call service from friday to monday
1 engineer or foreman
2 locksmiths .




.ACTUAL PRGGRAMMES, PROJELTS and PROBLEMS for department ATP

©  Whewl loader with 1 m3 shovel
Loading conveycrs for very long wagons
Palesttizer for oren air stcrage, unit 634

Replacement of fork lift truck 3
Replacement of dumpers by a wheel loader - 3 m shovel
Replacement heat sxchanger VI - sulphuric acid clant
Replacement hot gas filter -~ monsanto plant
Replacement phosphate scale - chosphoric acid plant
Improvements on bulk loading systems - 620a and 633a
Speed-cantrollers for belt conveyors

Selt conveyors for coks

Lnloading and loading of ships

Asphalt for ozen sulphur storage

Dose of trace elements

Imorovement conversion in Mgnsanto plant

New sulphuric acid plant - double absorption

Sound protection - unit 601

Dose of coating agents (siliceous earth)

Lacerating machine for papsr bags

Dedusting units far phosphate and potassium

Second palettizer for unit 634 (oocen air storage)
Scales for bulk product

Reclacement cement rpagging machine

Tank for AS - lye

Ctilization of sulphur concentratec iraon oxide
Presaration af hot water for cdivision C

3ulx loading into vescels

Reclacement KSB - comoressars

txtension silo, bagging and shizzing = unit 633

Coal dust ccmbustion for cement kiln

Jtilization of acid-oil in the kiln

Dedusting of waste gases of spheradizer I and II

Sale of caterpillar (tracked vehicle)

Removal of fertilizer-rests from boxes - nearly empty - unit 633
Utilization of excess steam

Pipeline for sulphuric acid between the units 608 - 626 - £27
Caovers of eternit on conveyor bridges

Cleaning of cement silos

Investigations about use of palettizers in unit 620 a ‘
Investigations about corrosions on spherodizers

Reduction of P205- and F-content in by product gypsum

Repair painting of conveyor bridges

Roof repair of clinkar storage

Repair of chimney sulphuric acid plant

Repair painting - unit 631

Repair or replacement of electrostatic wet gas precicitator
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CCMPARISON of maintenance costs
l. guater 1981, departrant ATP

1201 - Sulphuric a@d - “ansantg olant -
Seneral shutdown planned for June 1981

1°C2 - Z:asum sulohuric acid clant -1i,1%
3eneral shutcdown planned for September 1531

1203 - Cement +25,8%
Routine check and cverhaul in winter tive.
Seneral overhaul of clinker crane,

12C4 - Supercnoschate +1d,3.

dcoden frcnt sices of tne buildings 621 and 622 are in recair (programme
roof-resair cy civil c=ot.). Change of grarciation from grarulator 1 and 2
to granulator 3 and 4.

1265 - Phosphaoric acid - 4,Cn
1206 = \PX croduction +11,74

Repair and painting of \H3=-, natural gas- and water picelines, preparat:icn
repair of spherodizer (Il (ring, lifters), installation of rew metering
device for H1PC4,

1221 - Area silo w~est ~39,€n
Repair prograrmme of rocf-top not y=2t -ealized.

1222 - Area siln scoth -12,3%
1224 - Cement silos +14,C%

Zwverhaul i1n w«inter time

1227 = Zagging and snicoing + 3,u
Training cn and stact of calettizing wnit - ~iz-2r ccosts oy cejartrents
ATP, TEL, TVE.
Remir of reclaimer crain sy THA,
Yors creakdcwns aon loaaging vehicles.,

1228 = Ce=~ent bagging +139,4%
Cverhaul of complete bagging and loading station in winter tire,
Gauge =f cerent pacging machine.

1229 = Central raw —aterial s*orage =Z,45%
1230 = Jepartment laboratory -5,6%
1916 - ATP-Worksncp -3,e%

yv U\\
~




SAFETY MEASURES FOR THE COMPLEX FERTILIZER STORAGE
AT CHEMIE LINZ PLANT SITE

f.. PRCDUCT . ce )

- ccmplex fertilizer (NPK) or occasionally CAN (28 %)
with max. 0,4 % C.

- storage feed temperature max. 50° C. Continuous measurement
by means of two independent thermocouples. Temperature 1is
indicated and recorded with max., alarm in the control
room of complex fertilizer plant.

B. DSSIGN MEASURES

1. Belt conveyors

- belts within the silo in flame-adverse material

- speed controler (shut cff)
straight running control (alarm)
emergency switch with pull lines (shut .off)

- 1lcower belt temperature-control by pyrometers for the
storage feed conveyors '
(alarm in the control room of the silo)

- division of the belt bridge into fire fighting sections . .
by means of waterspray-curtains

- emergency exits (ladders) marked by arrows (always two
exits for each belt bridge in addi.ion to the stairs -0t
in the corner stations)

~ metal detector before the entrance of the silo (shut off

of conve,ors) and additional magnetic metal-pick-up at
the way out of the complex fertilizer plant




-2 -

- swivel chute located in the last delivery station before
tre silo for discharge of tre belt conveyor to the
open air.

arrangement of the belt conveyors so that they cannot
be an initial heat source for The fertilizer

fie extinguishers (C02) within a distance of 35 m along
the belt system

. . 4

telefcn system with connections in a distance of 100 - 150 m

interlccking of all belt conveyors to ensure shut down
of preceding conveyors in case of failure.

2. Silo T ’ .

partition to 12 boxes, each with a max. capacity of 5 000 t.

thickness of partition walls designed that in case of a
decoriposition in one box ignition in a neighbour box due
to heat transfer is not possible.

all civil engineering material used is flame resistant
feed product is screened by gratings to rcmove lumps

heat scurces like steam supply lines and electrical cables
are not in contact with the fertilizer

electrical equipments are mounted sidewards and designed
in wet-room-standard.
¥ain switches are outside of the silo.

lightning rods protect the silo

emergency orientation lights in the roof top of the silo,
along the reclaimer path and in the lateral belt-channels
(aucomatically switched on in case of power failure). No )
bulbs but only fluorescent tubes are used.

Handlamps are not permitted.
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-~ wvindcws for opening and closing along the roof top (5 %
of the ground floor area).
All windows are remote-controlled from outside the silo
by a separate supply of compressed air and daily operating
tests.

- emergency exits from the roof top, the reclaimer pathes
and the conveyor bridges marked by arrows

- extinguishing line (dry) for fire water in the head building
of the silo

- flooding line for each belt channel with a capacity of 2,5 m3/min.

- hydrants outside the silo connected with a ring system of
600 - 400 mm diameter

- 12 mobile water canons each fcr 1,5 m3/min adjustable for
spray or jet application

- free outlet of product slurry after opening of the doors cn
the end of the belt channels

- emergency exits from the 1lift

- separate repair box for repairs on the reclaimer and jobs
with fire,

C. MEASURES BY ORGANISATION

- general strict prohibition of smoking
exception: dayrooms, office of supervisors, workshop and
control-room in the head building of the silo

- repair jobs are only allowed in accordance to the written.
" job permit"

- welding within the storage silo only under special supervision
and not near the product. Control of the spot for 6 hours
after finishing of the job by means of an infrared-instrument,

/4




operating manuals for all working places, safety instructions
every nalf a year

control of the stcrage silo every half an hour recorded by
means of a printing-wat<ch and control book
vireless contact of the control person to fire-brigarde

sufficient respirators for compressed air and gas masks,
most of the operating personnel is trained in heavy gas
protecticn

free access for the trucks of the fire brigade

warning plan (sequence) in the case of danger

shovels and buckets are available .




FACTS ABOUT STCRAGE SILO FOR NPK - UNIT 633

length 186 m

width 53m volume of the building: 125.C00 m~
height 22 m

12 boxes, each S0CO tons = 60.C00 tons storage capacity
repair box for reclaimer
cossible extension: 4 boxes each 5.08C tens = 20.00C tons

+~ax, storage height 14 m wall thickness between the boxes: 1 m
max storags width 43 m number of gates to the storage : 24
nax storajze length l4 m

vechanical equipment:

Z reclaimers delivered oy SCHADE (Western Germany}, =ach for a capacity of 13G t/h.
weight of one reclaimer:; 40 t

zapacity of feed conveyors : 2 x 60 t/h
capacity of reclaimers : 2 x 180 t/h

read building with control Toom, screens and crushers

_ength 46 m
width 15m
neight 2T m

Zagging and shipping

_ength 106 m
~2CtTh 15.5m wigth of the laading ramo Fum
~eignt of towers 24 m

vechanical equipment: 2 bagging and shioping statians, each for 20 t/h bagged
~raduct and 60 */h bulk product

Selt conveyors - feed conveyors to storage silo 2336 m
ronveyors between silo and bagging station 7CO0 m
conveyor's for wagon loading 56 m
conveyors for ship loading 77T m
conveyors to open air storage 5 m
total 39C4 m

Energy supply

elesctrical energy 800 kw installed pawer
drinking water

saparate station for compressed air

steam supply

fire water supply over 14 hydrants

supervision and control from 2 control rocms

the whole plant is equipped with dedusting filters of high efficiency

additional railway lines 45060 m

additional streets 650 m

2 dayrooms for operating personnel, rooms for supervisers, modern sanitary facilities




Seneral guidelines for fertilizer storages

-nder normal transport- and storage-conditions minera: fertilizers are wetner
exglesive nor self-flarmable.

In general it is sufficient to hte fertilizer dry and clean to avoid contact of
different products and in consequence chemical reaction of the mixtures.

Fertilizers with ammonium-nitrate {(e.g. CAN,NPK) can decompose under influence of
extern fire or heat at temparatures above 130 (. Decomposition will proceed
slowly without extern heat sucoly through the total fertilizer mass, A yellcw-
-—rown, pungent smelling, pcisonous smoke will be develoced (nitrouses gases -
sangerous breathing-poison}.

fraventive safety reasures

if the following reccmmendatians are onserved the cancer of thermal decomcas:ticn
zan pe excluded certainly. In case of fire in a stsrase cecsmco3siticn can z@2
avoided with high prcpability.

Please observe:

1) Clean storage rooms before storing of fertilizer containing ammonium-nitrate.
In particular follow this instruciion for bulk-stores.

2) EBurnable products e.g. ﬁoal, sulphur, corn, oil and fuels also acids, u~slaked
line, CAN and thomas-phosphate are mot allawed to mix with fertilizers and are
to store separately.

3) Smoking and use of fire or open light is prohibited in the storage room
(also welding, soldering,...)

4) Take provisions that ammonium-nitrate-containing fertilizers can not be heated
from outside, Steam lines (even if insulated), electrical cables, electrical
motors and heat producing lighting fixtures alsc hot exhaust gases of vehicles
may not coma in contact with fertilizer.

Alsc thcre muit be a guarantee that conveyors for fertilizer transport can not
run hot,

5) Shaould occur a fire in the area of the warshouse immediately the fire crigade
must be informed in which buildings fertilizer containing ammonium-nitrate is
stared to protect such fertilizer stores against fire in thae best way.

- CHEMIE LINZ AG
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Suidelines for successful fight against thermal decamoosition of NPK-fertilizer

“ne necessity of the use of labour-saving procucts in the field of agriculture leads
to fast increase of the demand for mineral fertilizers in geperal and “.FK-zrccucts
in psrticular.

Thege fertilizers are not explosive or self-flammable under normal transport- and
storage-conditions, Cemplications are naot to expect.

above 130 oC sarticulary due to influence of fire. At some fertilizers decomposition
will stop if heat transfer from outside is staopped. Other formulars can decomoase
comcletely over the whole mass of stcred fertilizer and can develope a large valume
3f hot nitrouses gases (JSOOC) and water vapour.

\
|
WPK-fertilizers containing ammonium-nitrate can decompose slowly at temperatures ‘

The zases are soisonous, the fight againet hot spots can only be performed by use aof
creathing devices (in the open with B/St- or F/St-filters, in closed silos as well
as in areas of nigh concentrations with heavy bpreathing devices).

“PK-fertiliza-s mostly are stored in ocaper- or plastic-says. An inzerruction af the
Te2actian oy water irrigation of the bag-piles will nat te expected. The most secure
Tethad to avoid extension of the hot spot is to divide concerned nass of fertilizer
“rom the rest, to transoort it to the open air and to make full use cf water
spraying to stop reaction,

In case of decomposition of bulk fertilizer it can be brocught to open air at an
early stages of reacticn (e.g. by shavels)., Another way is to spoil cut the en-
dangerec amount of fertilizer by means of a strong water jet,

ATTENTION: Th2 fight against decomposition by other measures (e.g. foam, carbon
dioxide, steam, cover with sand or fertilizer) is useless, Decomposition even can
be accelerated oy such measures,

In case of decomoosition of palletized material fork lifts can be used to remove the
concarned piles to the open air. Under certain circumstances wetting of the store-
house can be avoided. There is no danger for explosion for the fork-lift-driver. But
he has toc wear breathing devicas.

After some time of reaction the bags will fall to pieces. The dscomposing fertilizer
then can be spoiled by a strong water jet.

Poisoned persons ares to lay with the facs to the grourd, body in half-side-gosition,
<eep the person warm and calm and provide a doctor immediately, Wash eyes and mouth
with neutralizing products (e.g., bicarbonate of 3 % concentration, but no boron-
water), eventually start breathing with oxygen.

Guidelines about useful storage of mineral fertilizers are distributed to all
warshouseas , the tiral users (farmers) will be informed in a proper manner,

This information is distributed to all fire brigades of Austria. i
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The scetched econonizer is a construction of

Rheinstahl Eco GmbH.

-

Characteristiost

sczmless steelpipes
fin-tubes of caat iron

two-piece elbows (caat iron) with asbestos sealing,

£111ling the hollcw between interior and exterior eldow

with {ron -file-chips.

housing gastight welded

*503 w
| I
= e
f,d:slancg fube —_— S _ . T I
WTTT11 0 ) — L [_:‘
! RS R 1117 ¢ e—— e o™ ___1 nz”lf
i
~ —~ R
) K|
- /)
\-4.1_. \
11111 —/,
'\' L e — — o 144 19 ) kurf:
—_— - —— )
.‘ﬂl'r" - —_— . e .___..__t —— IO 1
sl - &
- N\ TIG¥T waALD(D [ 1 W-‘
' S0y ouT QNG PoK

water in- and outlet proteocted with cast iron and stuffing box.
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The first ECO-design in

4
wag similar to the svete

e

he Monsant-plant of Chemie Linz AG

il o

three steam generators between the passes of the converter
(cooling tkre 302/803-gas) and one econumizer after the 4.pass
in a construction as shown above., All tubes and elbows are
inside the housing protected with cast iron against corrosion.
Ve can recommend tnis system and we warn against a construction
with flanges. In Europe there are only a few experienced
manufacturer of this tubes i.g.

Foster Wheeler, Great Britain

Rheinstahl ECQ GmbH, Hilden, Germany.

The steel pipes either will be shkrinxed into the cast iron
fin-tubes or the diameter of the steel pipes will be increased
in consequence of overpressure after fitting with the cast iron
fin-tubes, The cast iron shield has to be very tight avoiding
condensation and corrosion.

ACID-DISTRIBUTION:

In our acid plants we have different acid distributors:
Yonsanto plant: Distribution cup with overflow weirs,
The material of the cup is lieezanite C33 with
<3.3% C, »2.7% Si, 0.6% in, 0.3% Cr, »0.5% Cu,

Anhydrite plant: Trough distribution system in cast iron witn

downcomers in ceramic, Experiments with cown-
comers in stainless steel 1.4580 and cast iron
have teen not satisfactory.
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PRINZIPLE CKETCH OF A CLOSED AND DUSTFREE BELT-CONVEYOR DELIVERY-STATION
in the fertilizer plants of Chemie Linz AG and Donau Chemie AG.

1) oonveyor frame

2) ocheet metall housing -

3) matorinl feed duct

4) rubber belt

%) roller

6) rcarward rubber apron, 12 mm thick

T) front rubber apron, 4 mn thick, soft rubdbber .

8) latoral inside rubber apron, 4 mm thick, soft rubber all the aproas are
9) lateral outside rubber apron, 12 mm thick read justable
10) clamp-bow to fmsten the aprons

11) exhaust duct to a dust precipiator

12) butterfly valve to regulate the exhaust flow,
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no slide slipping
best possible efficiency
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The engine torque B produces a counter torque of same
size C , which cauces a moveznent of the engine D around
point 1 . This means extanded shaft distance -~ and load
depended increase of belt tension.

Best power transmission is managed by this turnacble
engine founaation in connecticn witih polished-cautered
pulley and special adhesidn belt

SLIPPAGE ¢

8liding siippoage is not possible because of exact belt-
tension adjustment by engine torque.

anly iaikisl {ensirm

this means : HP 2 [ '
higher efficiency “ 1] - slide slippng -
lowerinitial belt tension © = T
lower siress in sharft bearings ‘ / ‘
longer working period ]

¢ 1 3 4§ % suraeL

BELTING

cover material : Pclyznid
tie rod 1 sinzle polyanid stripa
to jein closely to pulley
cazber. Hi-h tensile strenght.
tread t chrooium leather with hizsh

cocfficient of friction (;0,6 )
NOTICE ! :

*+ By changing the crnrine you have to mcke sure of right
rctation, uane weisnt 2nd gsize of en~ire and liwitaticn
of waip roverent (can-er of belt Aanage! ).

« policvred cormoered rulley

- shoert belt ( otherwise weisht tencion ! )
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Mediua : SULFRIURIC ACID

rroducer : Rheinhiitte - VWestern Geraany

tyve 1 gate valve - AZ 1915

size : DN 15 , Pn 6

material t Nr. 4136, stuffing box-Nr.4410,
TFE-asbestos vacking.

speciality : two-viece casing, seating parts easily to

regrincpexcihangeable wear parts, no pres:sure
on stuffin~ box i1if valve is closed, low
vressure droo because of low turbulence.
use ¢ Jor circulation pump to absorber-933% / 120°C.
working period : several years ‘

—_—_ —_——

: producer ¢ Tuflin
, type : vprocess valve with TFE-sleeves
: size ¢ DN 70
material ¢+ ductil iron - fully TFE-ltined.
speciality : rotating plug in a TFE-sleeve which is locked
in the hody. Viithout stuffing box and lubrication,
seals are not exposed in either open or
closed position
use ¢+ outlet of acid dilution - 72-76 % Hasou.
working period :

Medium : PHOSPHORIC ACID  up to 3o °C

e —_— — =

producer ¢+ Erhard
typa : diarhrasm valve FD (rubber squeeze valve).
siz s Dl 125, Pn 10
saterial ¢ cast iron - rubbver lined

dianira.;a - soft rubter .
cpeciality : withcul stuffineg box, exchangeable rubber

linins and diathrasnm,

Lfting linmltation.
¢ throttle valve in acid plpes.

producer ¢ Dlrholdt

typa ¢ tyre valve

eize ¢ DI 50, P 10

nqterial ¢ cast-iron for casing with anticorrosive

protection layer; racitcnt rubber tyre.
romey

"3 = oilverced rubter naris for culpauric aeil), !
rﬁ:ciulit] ¢ without sturfing box, exchanreable rubber pario. |
Siaks! ¢ stop vualvae for phoonhoric acid.

Lol coriod 3
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use

working period

Medium : MPK-SLUR?Y , v= 1,3 to 1,7 / 110 to 150 %
bicalciunnhosthate
anmonivmnitrate
calciunnitrate, -cloride and 2C % vater
producer : Worcester
t:roe : 4466 T ball valve
size t DN 1oo ( 25 )
material ¢ Nr. 4401 for body, bzall and shaft.
TFE for sealings
spacialiy ¢ no malntenance, no greasing.

exchangeable wear parts
Stop-valve for HPK-circulaon,
: about 2 =onth,

producer
typo
Bize
material

speciality

use

Pe 2o oo oo

--- Chemie Linz designed.
Dt 30
*Nr. 4530
tube in Si-casting, TFE-sealing
exchangeable tube and disk
simple construction.

Throttle valve for NPK-slurry to sphirodizer.
working veriod : 3-moah

procucer
type
size
raterial

speciality
use

producer
tyre
size
material

speciality

use

e £ ae o0 oo

Tuflin

D 127 througway valve

Dil50

stainless steel for body ( 18-10-Mo )
TFE for ring, sleeve and dianhragm.
no maintenance and lubrication
slurry circulation

working period : several weeks

Gecos W-Germany
PR~ plug valve
DN 100
tfe-sealing

no stuffing box
lubrication box for all time greatiny.
slurry pive to sphiirodizer

oK ARPAGY 01 _
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Yadium : SULDHYRIC ACID

CT:.IRIFIZAYT, PUES (horizontal)

Frcducer : Cchsner - Austria

tyne :  U-:OR

cavacity : loo m3/h - 20m (50°%C) 98%

material : Cr-casting (Ni-alloyed)

speciality: hydraulic shaft sealing; useable for high inlet
pressure,

use : circulation puap - acid store.

function : hydraulic sealing by auxiliary impeller.
in oneration no contact of shaft and stuffing box
becauce of axial shaft movement.

working period : about 12 month (temporary working).

- Producer : Rheinhiitte - Western germany

type : RE 153/265

capacity : 240 m’/h - 20m (up to 120 °C - 98 % )

material : Nr. 4136

speciality: Hydraulic sealing - impeller with backside vanes

use : circulation punp for absorbing tcewer

function : stillstand - double stuffing box and special ring valve
working - hydraulic sealing

working period : avout 12 month (continuous working).

Producer ' :  Rheinhiitte - Western Germany

tyze : RE 30/250

czpacity : S0 =./h - 20 m ; 60° < ; =78 % .-

material : 187 Si-casting

speciality: divided, removeable casing in steel casting-
wear resisten Si-parts for acid contact.
hydraulic seccling - impeller with backside vanes.
doudble stuffing box and special ring valve.

worzing period :

SUZMERSIBLE PUMPS (vertical)

Praoducer : Rheinhijtte - Yestern Germany

type : GVS 159/ 265

caracity : 11!3 n2/h - 15a : 100 °C ; 98 %

material Nr 136 , carbon shaft box.

speciality:

use : circulation nump - dryinn and absorbing tower.

vorking pericd : about 12 month ( continuous working )

izlina ¢ LICID SULPUUR

cl TOINLE TUNPRS

rroducer : Theinhiitte - Yectern Germany

type o GVS 2Y/220

capacity : 27 m2/h - 45 m 1laid sulohur, 135 ¢

materi~l ¢ cast iron, ntecl cnafci, ~111t protcctlon box Nr.h4>%!,
sieciolity:  gusan heated casing (35,5 tar )

urcn v osulrrur to {urnace,

womein rarial oo absut 12 00) swonth ( contintoun wvoriiine ).
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L: Medium : NPX - SLURIY too °C , spez. weigt 1,5 - 1,7

CENTRIFUGAL FMES (sludpe pumps with packing fluid )

Producer : Klein ( Jeumont Schneider ) - France
tyvre : wd 190 g
covacity : Lo m’/h - Lo m , 1450 rovm
material : nr t46o or G-X 1oCriiio 27 5.
shaft : nr 4530 plate welding with Celsit SoMb
spaciality: special designed inzeller
stuffins box with TF7-vacking and sealing liquid.
exchangeable wear disks and rinvs
use : NrF¥-slurry to sphircdizer and c1rculation.
period of worxlng : about 4 month (continuous working).

- —— e e S ——-

Producer : Worthington

tyre : 2 ClG, 104 |

capacity : 3o w5/h- 6 tar , 1805 rpm

material- : "Worthite" - 20Cr/25Ni+2,540 - nb stabilized and
thermal treated. .
shaft nr. 4386 ;

speclality: veorizble s»iit of impe;ler by movement of the
casirs cav.

use : XPX-slurry circulation.

period of working : about 4 month (continuous working).

PO
.

(5

-

—— )

Medium : PFHOSPIQORIC ACID
o/
Hzpoh-slurry - 20% P205 . 3% 22504 ,
60% liquid - Lo*% solid, g0% , y=1,7

SUZTTRSIBLE PUHPS (centrifugal, vertical)

Produszor ¢ Ochsner - Austria

type T+« KOYS - 38 / 250

capacity : 240 mi/a - 13,7 m 970 rpm
moterial ¢ nr. 4500

spceciality: exchangeable viear disks and rings

uce + H. FOL~slurry to evazoratioa cooler
period of .ormin‘ : 2-5 month ( continuous working)
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©TITE PUNTS (ceatrifu-al, vertical)

Producer : Encival - Belgum
Tyre : 50 BiV B 8o
Crracity: ¢ 41 2/h - 18 n 1450 rpm
material : nr. 4%00 , nr. 4577
sneciality: imvreller with baciside vanes
exchangeable wear dislis ané rings.
use : slurry to filter
working period : about 5 month ( continuous working ).

lledium 1 Washing Water ( 5 % Hp Si P63 2-3 % S10
- Veate Gas Cleaming. 4= 1,05, 1t = 30 - 50 oc

Centrifugal Pump.- (horizontal)

ot

Producer: Ochsner - Austria

Type : E-llor 2213/50 H

Capacityt 25 m3/h -« 45 m -~ 2800 rpm

Material: all parts with fluid contact - rudder 1lined,
. shatt protectionring Hr. 4550

Specialivty: hydraulic sealing (patent Mackensen)

Usse s circulation pump for waste gas cleaner

Yorking period
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Tc -ecp ‘he wear and¢ tenr of rcllers,tyres and gearboxes
0 . inclired,roating drun as leow a2s ncessible ycu have
1¢ zeep up a continuous movement in lonsitu!inal axis-

ur and down. "his axial movement should Te linmiied by two
orizon‘2l rclliers. The rerlod of roving up and dow
(distance i.e. 60 nm) snould ve abaut 8 rours.

There are differert possibilities to :ianage this movement:
1. HYDRAULIC JOVIIEDT

The kil» or dJdrum slowly is pusned up and down by hydraulic
cylincers in certain periods.

2, CRCCTING OF 53F ROLLEZS
You start shifting the rollers at the station which is
nearest to the impulsion or norizortal rollers and you
continue dovnwards if necessary.

. 2. . -
You always huve to lift the” running up roller on this side

of the tyre wrere you intend ihe crum 16 move along. ton't
1ift tco mucrr axd alwarys kcep e roller sharts or one staticn
paralilel otherwisc adrasion would inecrease. You sirictly have
to control temperature of tearings ( 60 “C ). If the drum is
in position hizh and won't ccre cox n you nave to luoricale

the roller surfzaces.
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Emptinger (Ourchschilige an)

V4. UNIDO-Workshop

P

Maintenance Problems of the Urea Plant

The major problem in an urea plant is the sealing of the

high pressure section. It is of vital importance that the
surfaces and the lense are very clean. The lense hardness
must be less than the hardness of the piping.

Tae gasket of the reactor manhole is an aluminium—-teflon

tape gaslet.

A second point are the high pressure pumps. We use pumps
designed and fabricated by Worthington (Hamburg). After

1 1/2 year of service ve can say that they wvork satisfactory.
The piston packing lasts about one year.

Tne valves have to be changed about every six month.

The packing (details give the attacked drawings) has to
be prepressed.

Valves fail mainly because of spring breaks.

This can be influenced by the spring material and the
spring geometry.

The CC,-compressor - vhich is maintained by ATH - had
problems mainly because of vibrations.

Material problems existed mainly during the start-up-phase.
The welds of the reactor lining had to be repaired (lining
material is 316L).

/2

A2 b




———

+ —

Until nov the large width belts in the prilling-~towver
are not satisfacotry. We have to change them after about
1 1/2 year, which is a too short time of service,

We plan to substitute these synthetic belts by rubber
belts.

In the urea storage the main problem was the sack-welding-
machine, This was mainly a problem of adjusting the velding
temperature and tke lenght of the cooling zone on the
sack-velding-machine.
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UREBEA PLANT

=z .3 = g3 -

gur nev¥ urea plant wvas built in 1975/1976 and substitutes
zn o0ld 200 n» ton/day plant.

Tn2 start up was early 1977. The degign capacity 1is

1C0C 0 ton/day. It is a 3MNAM PROGETTI PROCESS. After
overcoming various start up problems, w2 can say that

the parformance of the plant is good. Since 1973 ve
reached an on-strzam factor of 330 days par year.

fayor equipenant and its veadors:

o-Compressor

(5 3rage reciprocating compiresscr) GHH (BRI}
?!}!3 ~r1TpS
7 Piunger puap . Yorthingtcn (BRD)

Clbwatpwpb
0

5 unger punmp ' Worthington (BRD)
Tiz2vor, Vacuun Systenm ¥certing (BRD)
R=zacHoT VOEST ALPINT (a3}
Calrsarate $2rariaior " "

Stoipoar F3M Milamo (I
Conrifrgal pumps Ocrsazr Linz (A)
32iu Couveydr Syat ¥Maut  Stceckerau (A)

Serzpper Schede BRD)

+r I S, . - e -
JanThinGg SystTen

Sac't Woiding fachine Litra BRD)
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4. UNIDO-Workshop

Activities, Duties anc Organization of the Civil Department

The main task of the civil department are:

-~ Planning of civil constructions of small and large
projects

- Maintenance of buildings, streets, steel constructions,
sewvers, railway tracks etc.

-~ Administration of all documents, static calculations and
plans concerning civil activities. Contact with public
authorities concerning questions of public or CHEMIE LINZ

interests.,

Planning and administration are done by the planning group
which is 4divided in 3 subdivisions.
- industrial plants construction and statics
-~ building-, storage- and pharmaceutical plants constiruction
- steel constructions
- sewers, streets, railway tracks and surveying
- water installations, heating and ventilation, insulavion
of air condition equipment

The planning dgroup consists of about 30 staff members. Up to
the sum of 200 million Schilliugs (about 15 million Dellars) of
erection costs a year, this group is able to Jdo the whole

work alone. If there are some extensive projects at the same
time, outside planning bureaus support the planning group.

Supervision and repairing are done by the supervision group.

On the one hand the 15 members of the supervision grpup have
to supervise the erection and repairing done by outside con-

./2
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tractors, and on the other hand they have to direct the 7
repairing groups:
- bricklayers, floor tilers and roofers (20 men)
-~ spemial bricklayers {refractory brickwocrk, acid- and
lye resistant brickwork), coating (20 men)
- sewermen (20 men)
- carpenters and scaffold carpenters (20 men) -
- painters (houses and steel constructions) (20 men)
- insulating group (pipes, boilers, furnaces etc.) (20 men)
- railway track repairing group (10 men)

Every group is led by a forman and an assistant forman.
Some five workers, bricklayers scaffold carpenters and
insulating workers are within reach day and night for
energency in production plants. During the winter track
workers are also within reach, because the switches can be
blocked by snow and ice.

To give a picture of the work that has to be done by these

150 men it is necessary to know some data about the

CHEMIE LINZ plan:c in Linz.

The plant area is about 1,5 kmz.

Some 350 buildings and other constructions of civil character
stand there. Appvoximately 120 000 m2 of roofs are to be kept
in good condition. A special problem is the coating of the
countless siz2el constructions, pipes Z.d boilers in an aggressive
atmosphere. About 15 km of streets, 15 km main sewers and 35 km
railway tracks with some 120 switches are to be repaired
continuously.

About 100 million Schillings (7 million Dollars) are spent
for maintenance every year. One half of the work is done by
the CHEMIE LINZ repairing team, the other one is done by out-
side contractors.

/3
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The repairing group is kept as small as possible. The number
of the workers is just as high as it must be, allowing the
group to do:

- all emergency jobts in a quick way, even during night and
weekand

- all jobs that are too small in scope or too difficuit to
survey for outside contractors,

- all jobs that neesd special workers or special knowledge of
the units.

The main jobs given to outside contractors are:

- roofing of large roofs
- coating of steel contructions
- housepainting

- repairing of streets and railway tcracks.




Translation - aid

HS 34 ... Tradenames of PUR-foan for 1lnsulating

HS 45 ... purposes (esp. cold 1insulation),
available at Chemie Linz (Sce adress:
at the end of the page.

HS 34 or HS 45 1s one component of a 2-conponent systen for
oroducing a hard foam (unit-weight 20 - 30 xg/m3, free
foanming).

Because »f its slow reaction it is especially gocd for hand-
made foams andfor jreat vo.uminas.

US 23 Teil 2 is the second comporent.

Componding ratio 1 : 1

Processing charakteristices

manuel with HD-machine |

HS 45 | HS 34 HS 45 | HS 34 |
starting time sec. 40 * 5 I 60 - 90| 12 % 2 25+ 5
setting time sec. 120 * 10 ]300 - 450 50 X 5] 160 * 20
growing time nin. ca. 3 jca. 6-10 ca.l-2 ca. >

Hould release properties

30 ma thick sheets can be released after 10 nin (HS 45) or
20 nmin (HS 34) in a 35°C nmetal mould (density 0,06 g/cn3,
mould foaming}.

Dinmensional stability

Total stability from - 20°9C up to 120°C. Less than
3 % volumia growing (24 hours).

Coefficient of thermal conductivity

At a density of 0,03 g/:n3 thermal conductivity is
0’02 :;/km-

viater immercion

Less than 1,5 %.
Storing stability

Different insulations, e.g. cooling boxes, hoats,
technical insulations, foaming of holes.

rfor more intornation asw CHIVULL LIV Ag.
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4. UNDIC-Workshop

1. Balancing -

1e¢1s Introduction

Unbalanced centrifugal forces and momentums are not wanted fori

high dynamic bearirgforces —» reduce of useful life
Vibrations —» fatigu2-breackings

Reduction of friction

Reduction the valve of produce (employment)

Noisy machines

Influence %o personal

Balancing is the process of attempting to improve the mass

distribution of a body so that it rovates in its bearings witrout

unbalanced centrifugal forces.

1.2, Measuring of Unbalance:

Unbalance is a vetor therefor the smount and the angle of

unbulance must be measured.

1.2.1, Centrifuga’ Balancing Machines: (a talancing machine that provides

for the rsupport and rotation of a rotor and for the measurenent

of once per revolution vibratory fo=ces of motions due to unbalance

in the rotor)

a8) Soft Bearing (above resonance) talarcing rmachine (raving zn

operating speed above the naturzl frequency

of the suspension-and-rotor system)

- - " S A s - -

operating speed at the natural frequency of

tlie suspension-anrd-rotor system.

B R e el R Ry S iy

machine with a built-in calibrated force
system with counteracts the unbalanced

forces in the rotor.

/2
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indicates the unbalance directly,

b) Hard Bearing (below resonance) Balancing Machine: a balancing

machine having an operating speed below the
natural frequency of the susper.sion and rotor
system. It is to use dynamometer and to use
very rigid foundation and construction of the

machine.,

c) Pield Balancing: The process of balancing a rotor in its own
bearings and supporting structure which full
rotation. Measure are given with field

balancing equipment.

Under such conditions the information reguired
to perform balancing is derived from
measurements of vibratory forces or motions

of the supporting structure and/or measurezents

of other responses to rotor unbalance,

1.2.2. Indi-~ting Systems:

Wattnetric indicating systenm

Voltmetric indicating system with phase-sensitive rectifier

Voltmetric s5-tem with stroboscope and filter

Voltmetric indicating system with marking of ungular position
on the rotor itself

Compensator with mvechanical or electric indication

1.2.3, Motion Transducer:

- Piezzo-motion transducer: measure voltage is prooon
vv‘)"

tizcnal of the -~ccale

() "l
4

s

- Electrodynamic-motion transducer: measure voltaze is prozor-
tional of the velocity
« Inductiv-motion transducer: measure voltage is prover-

tional of the displacement

/3



1.3. Balancing Proceeding

1e3.1s. Static Bglancing (is a condition of unbalance for which the central
principal axis is displaced only parallel to tae

shaft axis) -

For disk-shaped rotors the use of only one
correction plane may be sufficient, provided the
bearing distance is sufficiently large and the
disk rotates with sufficiently small axial
run-out. 3ingle plane balancing can be done oL a
pair of knife edges without rotation of the rotor
(Gravitational (non rotating) balancing machine)
but i8 now more usually done on centrifugal

baiaacing machines,

14342+ Dynanic Balancing (is a condition in which the central principal
axis is not coincident with the shaft axis)

: ' E e«ss Correction plane
=—t —4L— 12

A see Measuring planre
1,2

1o Bun: Is a run with the original unbalance, Measuring the vectors

Vi,0 8nd 750

2o Runt A known trial mass (m1) is mounted in plane 31. Measuring

— —_—
the vectors V1’1 and V2,1 « Remove the trial mass and

note the position with 0°,

3. Buns A known trial mass (mz) is mounted in plan Z,, Measuring

2.
the vectors ;;12 and f;—; . Remove the trial mass and
] ?

note the position with 0°too.
Evaluations

« Graphic evaluations it’s used rare because it’s protraced and
fallible,
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o Nuperical evaluationt equations see at "Static and Dynacic
Balancing". It’s calculated by
programable calculating machine in

the best waye.

1.4. Balance Quality of Rotating Rigid Bodies

Even after balancing, the rotor will possess residual untalance.

By means of the measuring equipment avilable today untalance may
nov be reducded to rather low limity. However, it would be
uneconomical to exaggerate the quality requirements, To what extent
the untalance must be reduced, and where the optimal economic ar
technical compromise on balance quality has to be struck, can, in
individusl cases, be correctly determined only by extensiv
measurement in the laboratory or in the field,

General we can sayt

The residual unbalance force: P = m.r.w2 R ... Uunbalance mass

Acceptatlity limit: F = G/10 G «se rotor weignt

it followss |m =~ 10, ;Q;e w(kg)s 6(N)s r(m); n (min-1)

Por example: G = 100 kg

r = 100 pin* m» 10, 1000

1000, . o023
’ 0,1.60002 = 3+10 " ke =3 ¢
n = 6000 min

Terms of reference are given by VDI 20601
On the basis of section 1.4. balance quality grades have teen
established which permit classification of the aquality requirenents,

Each quality grade Q comprises a range of permissia%le residual

unbalances (e.w). See figure 1.

The quality grade Q equivalent to the centre of gravity-velozity,
The osntre of gravity-displacement are given bys

o= 8 Q (zn/s)s v (s”1); e (mn)
The permissible residual unbalances

m e 2;9 m (g)s e (mm); G (kg),

r (m)

-




2.

2.1,

2426

3

100 kg

For example: G

r= 100 mm e = 004 mn
n = 6000 min '
Q= 2,5 m=4g

In general, for rigit rotors with two correction planes, one-half
of the recommended residual unbalance is to be taken for eazch plane.
For disk-shaped rotors the full recommended valus holds for one
plane.

Measuring Vibration

Intiroduction

High vibration are not wanited at the arguzents like 1.1.

Hints for Measuring
It’s possible to measure displacement, velecity or acceleration.
For evaluate 2

d d s

(s5 vel s &a=32)

R
ct

the vibration it’s best to measure the ras-value of vibration velocity
v .

ms
2
ms T

The vibration severity of a machine is to be measr 1 at operational

v (t) at

0O Cmnnl

speed. For variable-speed machines the measurene 'nc11d be made at
many speeds in order to locate the resonance frequencies which may

possidbly cccur,

The machine support may significantly affect the vibrz-<ion levels
measured on the machine. During testing the machine should be either
mounted on its operational foundation or - in case it is a spall

ugssembly - soft mounted respr. suspended on springs.

Test should be made preferably in x, y, z directions (chooze the
bearings of the machine)

: “s shaft axis

z,,,/f’l"’
v
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Evaluation Standards:

Comparing the measured values with the liait values specified in
the Recommendations, will peimit an eastimation of the severity

nf vibration to be carried out readily.

A machine may be qualified according to the examples of Quality
Judgenent (see "Vibration Signature Analysis-Techniques and
lastrument Systems™). At first the tested machine has to te
clagsified according to one of the six specified machine classes,
Subsequently the limit values for the quality groups "good",
“allowable™, "just tolerable" and "not permissible”, car be taken
from the appropriate table. By comparing the measured vibration
severity with these limit values an easy evaluation of the
vibratory state can be made. Up to now, Examples of Quality
Judgement have been established by the International Stardard
Organisation VDI 2056 for the Macnine Classes K to T. The
machine in Classes D and S vary considerably in their vibration
characteristics and for this reason a classification in the

same manner as with the first four clas. 2s has not yet been
possible. For further explanations refer to the detailed
discription of the proposed VDI 2056, ISO 2372, BS 467S.

Specifying of Machine Classes

Class K: Individual parts of engines and machines, integrally
connected with the complete macnine in its norzal
operating condition (production electrical mo*ors of
up to 15 xW are typical examples of machines in tais
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,

/1




Cleas T: Large prime movers and other large machines with
rotating mass mounted on foundations which are rela-
tively soft in the direction of vibration measurenment
(for example, turbogenerator sets, especially those
vith lightweight substructures) -

Class D: Machines and mechanical drive systems with unbalanceavle
inertia effects (say, due to reciprocating paris),
mounted on foundationg which are relatively stiff in

the direction of vibration measurenernt.

Class S: Machines and mechanical drive systems with unbalanceable
iaertia effects (say, due to reciprocating parts),
mounted on foundation-, which are relativeliy soft in
the direction of vibration measurement; machines with
rotating slack-coupled ma2szes such as beater shafts
in grinding mills; machines, like centrifugal aachines,
vith varying unbalances capable of opsrating as self-
contained urnits without connecting componentsé vibrsting
screen, dynamic fatique-testing machines ani vibration-
exciter used in processing plants,
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3.  Auswuchigenauigkeit

e

I

.

grede
G

:Bolorme quality . N2

mm/s

Rotor types — General exomplor

{
¢

G 4000

G
G

1600
630

250

6,3

2,3

0,4

4000

1600
630

6,3

2,5

0,4

Crankshoft-drives 3 of rigidly mounted slow morine dieel engines with uneven
number of ¢;linders 4)

PR U

Cronkshaft-drives of rigidly mounted large rvo-cycle engines

Crankshoft-drives of -igidly mounted large four-cycle engines
Crankshoft-drives of elosticully mounted marine diesel ercines

O

Cronkshoft-drives of rigidly mounted tost four-cylinder diese! engines 4

Cronkshoft-drives of {3t diese! engines with six or more & linders 4)
Complete engines (gosoline or diesel) for cans, trucks and focomotives

Car wheels, wheel rims, wheel sets, drive shofrs

Zrankshaft-drives of elostically mounted fast four-cycle engina (gosoline or
diesel) with six or more cylinden 4

Cronkshoft-drives for engines of con, tnicks and locomoti-es

requirements
—_

Drive shofts (propeiler shofn, cardan shofh) with specicl requiremenn
Parn of crnhing machinery — Parts of agricul®uril machinery

Individual components of engines (gosoline or diesel) for can, trucks ond
locomotives

Crankshaft-drives of engines with six or mure cylinden under special

Parts of process plant mochines — Marine moin turbine gears (~erchant service)
Centrifuge drums — Fons — Assembled aircroft gas nyrbine ratons — Fly wheels
Pump i~-pellers - Mochine-teol and general mochinery party

Normal electricol ormatures i
Individual components of engines under special requiremenn

Gos and steam turbines, including marine main turbines (merchant service)
Rigid tu-bo-aenerator rotors — Rotors — Turbo-compresson

Machine-tool drives

Mediu= and large electrical amatures with speciol requiremenn

Seall electrical armotures = Turbine-driven purmps }

Tape recorder and shonograph (gramoplione) drives
Grinding-mochine drives
Small electrical crmatures with special requiremenn

Spindles, disks, and armatures of precision grinden
Gyroscopes

s 27 n/60 = n/10, if

n it meosured in revolutiors per minute and 4 in radions per second.

2) In general, for rigid rotors with twa correction planes, ane-holf of the recommended residual un-
bolonce is 10 be taken for eoch plone; these values apply uually for any two orbitrarily chosen planes,
but the store of unbolance may be improved upon ot the bearings. (See 3.2 and 3.4.) For disk-shaed
rotors the full recommended volue holds for one plone (see section J).

3 A cronkshoft-drive is an aisembly which includes the cronkshoft, a flywheel, clurch, pulley,
vibrotion domper, ratating portion of connecting rod, etc. (1ee 3.5).

4) For the purpases of this International Srandard, slow diesal engines ore those with o piston velociry of
less than 5 m/s; fost diesel engines ure thise with @ plitan velscity of grearer than 9 m/s.

$) In comolete engines, the rotor moss camprises the sum of ol masses belonging to the crankshofr-drive
described in Note ] above.

Bild 3.25. TABLE of ISO Stondard 1940 : Balance quality grades for various groups of
representative rigid rotors.
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Static and Dynamic Balancing

introduction

This note describes how measure-
ments ontained with simple vibra-
ton snstrumentstion can be used
when rotatung machinery is to be
balanced. Several straight forward
methods of balancing will be pre-
sented that make use of portable
B & K Vibration Meters to measure
on rotating parts running in their
own bearings at normal operating
speeds. The various methods will
be explained by means of worked ex-
amples.

Standards of balance achieved by
the arrangemsznts shown here com-
pare favourably with the results cb-
tained from far more complicated
and expensive balancing machinec<.

Definitions

Primary Balancing describes the
prccess where primary  forces
caused by unbalanced mass compo-
nents in 3 rotating object may oe re-
solved into one plane and balanced
by adding a mass in that plane only.
As the object would now be com-
pletely batanced in the static condi-
tion (but not necessarily in dynamic)
this 1s often known as Static Balan-
cing.

Secondary Balancing describes
the nrocess where primary forces
and seccndary force ccuples caused
by unbalanced mass components in
a rotating object may be resolved
into two or more planes and bal-
anced by adding mass increments
in those planes. This balancing pro-
cess 5 often known as Dyramic
Balancing because the imbaiance
only becomes apparent when the ob-
ject is rotating After dynamic balan-
¢ing. the object would be com-
pletely ba!anced in both static and
dynamic conditions,

by John Vaughan

Iumay

Fig.1. Ststic Balance. Dynamic Imbalance

The difference between static bal-
ance and dynamic balance is illus-
trated in Fig.1. It will be observed
that when the rotor 's stationary
(static) the end masses may balance
each other. However, when rotating
{dynamic) a strong imbalance wall
be noted.

Background

When an unbalanced objec’ ro-
tates, it imparts a wibration to s
bearings. usually at rotaton fre-
quency or one of the harmonics,

- due (o the rotating force caused by

the unbalanced masses The wibra-
tion at a bearing will be made up
from a component due to unbal-
anced (primary) forces 1n or very
close to the plane of the bearing,
and a couple component due (0 un-
balanced (secondary) forces n the
other planes. If an accelerometer 1s
mounted on the bearing housing,
the wibration can be detected and a
signal fed to a vibration meter The
vibration level indicated on the me-
{er 18 direcily proportional to the re-
sultant of the out of balance masses

-———— e e

it 1s possible to find the line of ac-
nron cf the resultant unbalanced
force by comparing the phase of the
oscillating output frcm the v.bration
meier with a pericdic signal ob-
tained from some catum pos.bion on
the rotor. Then the imbatance at the
bearing can be def:ned as a vector
whose angle gwives the hn2 of ac
ton, and length the magmtude f
the unbalanced mass  Furtner, f
the resultant unbalanced force at a
be3arning can be resoived ntc pn-
mary and secundary cormponents, at
will be poss:ble to ba'ance a rotor
hy remowving mass rirements 3long
the radius of the . ntalance, or by
adding mass incren.ents on the op-
posite side

Many rotating parts which have
most of their mass concentraled in
or very near ¢ plane. such as fly-
wheels., gricdstones, car viheels,
e(c . can be trested as static Daign-
cing problems  This qgreatly sunpli-
fies the calculations. as only pn-
mary forces need be considered.
and alb scegndary 2on'eS o are as-
sumed to be zero

Skl
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Measurement

Practical considerations

The rotor to be balanced should
be easily accessible. and should
have proviston for mounung tnal
masses at various angles around it
The mounung points should prefera-
bly be at the same rad:us from the
axis of rotation to simphfy calcula-
tton The datum posiion must be
marked on the rotor 1n such a way
that st triggers 3 pick-up installed
diungside 1t on the siytonary part of
machine. A non-contactir.g type of
pick-up 1S recommended, because
this will give the rotor the minimum
of disturbance

Vibration level measurements can
be made N rerms o sctetednan,
velocity. or displacem2nt Accelera-
uon levels will tend to emphas:ize
higher frequencies while displace-
ment will emphasize low frequen-
cies, so if neither of these condition
1s specifically required, velocity
measurement is recommended as
this gives equal emphasis to all fre-
quencies.

Instrumentation

The basic measuring arrange-
ment, shown In Fig 2. consists of
an accelerometer, a vibration me-
ter, and a means of determining the
angle of the imbalance releative to
the datum position. The most effec-
tive methcd of measuring this angle
1S 10 use a phase meter as shown,
but a stroboscope can also be used
{see Fig 3). or the angle can be de-
duced from the results of several
measurements. The Magnetic Trans-
ducer MM 0002 emits a pulse each
time the High-u Disc passes, and
thus estatiishes a datum position
on the circumference of the rotor.
The transducer output 1s fed to the
reference channel (A) of the Phace
Meter Type 2971 The output from
the Accelerometer Type 4338 is fed
to the Vibratuon Meter Type 2511,
which displays the vibration level. A
signal taken from the “2ecorder
Qutput” of the Vibration Meter is
fed to ci*annel 8 of the Phase Me-
ter

When the machine 1s run, 3 vibra-
tion leve! will be displayed on the Vi-
bration Meter, and an angle on the
Phase Meter, which together give a
vector representing the unbalanced
mass and its line of action.

V3rious modifications and addi-
uons can be made to the instru-
ment arrangement shown in Fig 2
to 1mprove seiecuvity. or (O 3ke ad-
vantage ~f instruments that are al-
ready at nand. Figures 3 to 8 illus-
trate so:ne of the possibihities

The Vibration Meter Type 2511
can be replaced by the Type 2510
which can measure vibration veloc-
ity 1n the frequency range between
10Hz and 1000Hz When the Type
2510 is used without a filter, as in
Fig.4. the signal for channel B of
the Phase Mater can be taken from

the Qutput 1o Extersg Fuiter
socket on the 2510 ..o 1mat an
this arrangement. the Sxternal Fu
e swiitit siguid e i gosiinui
“O# so that there s st il ar indca-
tion of the level 0N the renr

11t 1s impossidlie to froen y Hugn
u Disc ona the rotgr N, L0
Photodiode cLn be wa-d TS can
scan the rotor 10 piCa D 3 Ir Gggar.
ing mark that can L2 & poce of
adhesive tape. or a painted paich
with @ cclour contrasting with the
background Tne Pnotsdigde must
be connected 1o a power SuBPly umit

Magretu: Transducer
ATV 0002

Hgh 4 disc < ‘ Accelerometer 4338

YQ 0010 ‘ Vibrat.on leter

(o= =n
\V

2511

Fig.2. The basic messuring chain

< Accriecometer 4338
Position Marks .

Vibrat.an Veter
261 Voo Ay cer 3300

Dz . e - o

vr-_zr'- =

o....._——j

e e e

Fig.3. Arrangement using 8 stroboscope to measure angles

High - s disc YO 0010

Magnet ¢ Transauce”
/ AMC002

Acceerareter 4118

| |
] |
| oo

Vibratior “eter
25"

iR

Fig.4. Arrangement using the Vibration Meter 2510




to energise the lamp Suitable units
are the Tacho Unit Type 5588,

‘shown in Fig 5. which 1s also able

to 1ncicate the rotational speed (ac-
curacy better than : 2%), or the less
sophusticated Control  Unit  Type
5533

Another very useful addinon to
the measuring arrangement 1s the
Tunable Band Pass Filter Type
1621 which ensures that the Phase
Meter {or Stroboscope) receives a
clean mnput signal It s rrcom-
mended for installations where the
required triggering signal would oth-
erwise be buried in noise. or where
high wvidraticn levels occurnng at
several frequencies cause difficul-
ues 1n signal tracking. The Filter is
connected as external filter to either
of the Vibratuon Meters (Fig 5, 6,
and 7) Note tnat with the Type
2510 the signal for channel B of
the Phase Meter i1s now taken from
the “lnput from External Filter” as
shown n Fig 6, and that the Exter-
nal Fiter switch sheu'd be in posi-
tion "On’". The Band Pass Filter has
two bandwidths, 3% and 23%, that
can be tuned continuously from
0.2Hz 1o 20kHz to match the rota-
tional speed of the machine. it can
also he used to find the relative ie-
vels of wibration at rotationa! speed
and at the various harmonics, be-
cause with some procedures, the
harmonic levels may have to be bal-
anced tco.

In use the Band Pass Filter must
be very carefully tuned because
wien 1t s shghtly off tune, so that
the wibration signal falls on the
shoulder of the filter curve. phase
deviation can be introduced. One
way to avoid this problem is to tune
the desired frequency as accurately
as poss.bie using the 3% band-
width, and then to switch over to

the 23°, bandwidth to take advan- -

tage of the wider peak in the filter
characteristic  while  making the
phase measurement

A  more cffecuve  alternative
method that a''ows the advantages
of the 3% L:ind to be kept while vi-
bration levels and phase angles are
being measured makes use of the
Switch W8 Ci92 n an arrange-
ment like that illustrated in Fig. 7.
The Switch 15 used as fcliows, to de-
termine and ehminate the phase de-
viaion produced by the narrow

T T T T
Moto electec Probe ] i
wQ 0093 0 © Acceleromerer 4338 ! l
- i
Viteaon Veter 3370 P i
2511 £ ee Tnll i
CJe e !
Y [N
I -
]
!
|
Irmsr
Fig.5. Arrangement using & Band Pass Fiter and Photodiode triggernng with Tachometer

Magret:C Tromsducer
/ N O002
High 4 a:s¢ B
Y0 X010

< Acce ercmeter 4338

Fig.6. Vibration Mater 2510 used with Filter 1621

Photo-electric Probe
WwQ 0091

|
a

74 a0

Fig.7. Recommended srrangemaent incorporating phase correction Switch W8 0192

band Filter alone The Siope
switches on the Phase Meter are ar-
ranged with "+ on Channel A and
“—" on Channel B. so that when
the inputs are in phase, measure-
ments 1n the O to 360° (O to 6.28
rad) range will produce a stable
reading of 180" (3.14 rad) on the
digital display. while tnie gointer on
the analog meter will be steady in
the middle of the scale at m "Refer-
ence’” 1s selected on the WB 0192
so that the datum signal from the

Photo Probe (or Magnetic Transdu-
cer) 15 dwided, voitn one part pass-
ing directly to frgut A wunile the
other part passes a3 the Fiuter toIn-
put B The Filter s swept slowly
through the frequerly range where
the rotauon frequency 8 expecied
10 he When tne contar of the an.
alog meter $1ops  sweeDing from
one end of the sciale 1o the other
and stabdizes 10 the muddle of the:
sCalee 8t . the: Flier can b finely
tuned with the a.d of the digital

b aeg. b2



display until 3 reading of 180°
13.14 radj appears Because the in-
put and output of the Filter are now
in phase the centre frequencv of
the Filter is accurately ‘uned to the
rotation frecuency. thereby ehmunat-
ing any phase errors 'ntroduced by
the Filter Without changing the Fil-
ter setting. both slope switches on
the Phase Meter are set to '+ (or
both to "—7). “"Measure” s se-
lected on the WB 0192 Switch, so
that the Filter cperates on the wibra-
ton signal derived from the Acceler-
ometer The wvibrauon level 1s indi-
cated by the Vibration Meter, while
the angle measured by the Phase
Meter 1s the actual phase angle of
the unkalanced mass referred to a
datum It should be stressed that
t" 's datum 15 not the same as the
plane from which the Phase Meter
obtains the triggenng signal, be-
cause the Pnhase Merer is triggered
by a zero crossing. while the Vibra-
tion Meter measures RMS or peak-
to-peak.

I Azcelcrometer $338

l AN
([

Vibration Meter 2511
T

E 751024
1 g

Fig.8. S.mp"fied arrangement using only vi-
bration meter and accelerometer

The greatly simplified measuring
arrangement shown in Fig 8 can
also yield results that can be used
in balancing 3 rotor. The procedure
1S not quite the same as for the
other measunng arrangements, it
will be explained in Example 3 As
the methods used witn the other ar-
rangements are all basicaily similar
to each other. worked examples will
not be presented for each arrange-
ment

All the measuring arrangements
described and llustrated here are
equally suitable for both static and
dynamic balancing.

Static Balancing

Examples
Example 1, To statically balance
a rotor using a Motion Analyzer

Type 49:1 1o measure phase
angies with the arrangement shown
nFig 3

The Vibrat:on Meter was
switched 10 measure wibration “Ve-
locity”™. to obtain equal emphasis of
both low and high frequencies. the
internal filters 1in the Vibration Me-
ter were used to restrict the measur-
ing range to frequencies between
10Hz and 1000 Hz. 1o improve the
signal to noise ratio Peak-to-peak
measurement with one second time
constant was chosen so that a farge
and responsive needle deflection
could be obtained An AC signal
from the “Recorder Output’” of the
Vibration Meter was fed to one of
the “Input” termunals of the Motion
Analyzer tu be used as a triggering
signal. The Analyzer was switched
to “External Synchronised” maode
so that the lamp would blink at rota-
tion frequency. A posihon mark was
made on the rotor, with . jother
alongside it on the stationary part of
the machine.

The machine was run up to its
operating speed (2800 rpm), and a
vibration velocity level of 1Smm’s
indicated by the Meter Because the
flashing of the lamp was synchron-
ised with the rotation, when the ma-
chine was observed by its light the
rotor appeared to be stationary
Turming the “"Phase Dewviation™ knob
allowed the position mark on the ro-
tor to be lined up with the station-
ary mark on the machine The
“"Phase Deviation’" control is gradu-
ated in 10° steps so that it was pos-
sible to estimate a phase angle of
552, after which the machine was

stopped  Tegerher he velocity deue!
and the phase angle give 3 vellsr
representing the ong:ingl imbalance
of the rotor V., nfFig 9

A tnal weight of kncwn muass was
fixed at 3 know.n radics on e rotor
at the same angular positiur oS e
reference mark A mass wath s f-
ctent magniiude to hawve a gro-
nounced effect on the rutor Tyt be
used fer the first trial In the: exam-
ple. a trial mass of 5¢g was fix=d 1o
the rotor. and then the machine
was fun up to Its aperatng speed
aga:n The new vibraton velscrty le-
vel was 18mm s and wioen the
two mar‘us—h.;(x been ined uP el
each Jther 3ga:n by the Phese De-
wvidhion  Soniral e new praase
ang'e was found 10 be 17G* These
values represent the rosultant =ffect
of the yrut.al unbalance and the 5g
trial mass. Aahich :s shown as vec-
torV, nFig 9

Now sufficient informonon was
available for the vector ciagram an
Fig 9 1o be constructed. wiith vellor
lengths proportional to the mea-
sured wibrauon veloc:ty levels ob-
taned from the Vi.braton Meter,
and angi2s being those measured
by the Motion Analyzer As Vector
V, s the resultant of the in:nal im-
balarce plus the S5g mass. vec:or
Vy can be found. which repre-
sents the tnal moss 3icne The
length of Vi 15 proportonal to the
5g mass. so that the ierjth of v=c-
tor V, . the mmit:ai wmbalance con be
determined N mass uniis  Tne
angle of Vy gives the pos.t'on at
which the trial mass was fasienad,
SO that 11 1S 3@ SsiMmple Malter [0 Ceter-

I |
Onginal Imbdalence Vg
15 mm's 55° \ R

* ve Angles

0* Datum

Pos.t on of
Compersat.rg "Auss

Foot v 5y {
N\ T ‘

PR

Fig 9. Vector diagram for Example 1
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mine the argle the imtial imbalance
 makes with the position of the trial
mass so that the angular position

be found

The original imbalance is given by
Vv
M, = —=xM;
Ve

15
29

*5=2069g

So the compensating mass

M =269

comP

And its position is given by
LCC'\'P = - .-r > LQ;’ 1800
=—198° . 55° . 180°
=z » 37° referred to the
position ot the Trial Mass

The positive angle mea-~s that the
compensating mass 1S to be fas-
tened at 37° from the tnial mass po-
sion 1n a positive direction, that is,
in the direction of rotaiion.

After the rotor has been balanced
by this procedure, it is recom-
mended that the wvibration level be
measured again to check the s°an-
dard of balancing obtained. Often.
due to non-linearities or inaccura-
cies in the practical measuring ar-
rangement, the rotor will not have
been sufficiently well balanced by
one applicaticn of the balancing
procedure. When the level of the re-
sidual imbalance is unacceptably
high. the whole balancing proce-
dure must be reiterated, until an ac-
ceptable leve! 1s achieved.

Example 2, To statically balance
a rotating machine using the ar-
rangement shown in Fig 5 to mea-
sure vibration levels and phase
angles

Measurement of peak-to-peak vi-
bration velocity level was selected
on the Vibration Meter, and a band-
widih of 3% on the Band Pass Fil-
ter The machine was run up to its
normal operating speed (1490 rpm
on the Tacho Unit), after which the
band pass hiter centre frequency
was adjusied to give the highest in-
dicated level of vibration velocity on
the Vibration Meter A wvibration le-
ve. of 3.4mm- s was recorded, and
when the bandwidth was broad-
ened to 23%, the Phase Meter indi-
cated - _1’1_6°.

- magnitude of the

Resultant of Vg and Vy
1.8 mm’s AT

f * ve Angles
Q' Datum

Gjma o atie
i~ 5

Poution ot
2¢ Trai
Mass

Veowme

nr

Position of Comgenset.ng "'ass

Fig.10. Vector diagram for Exampie 2

The machine was stopped. and a
2g tnal mass fixed to it. When the
machine was running again, the vi-
bration velocity level was found to
have decreased to 1,8 mm/s, and
the phasc angle was found to have
changed 0 - 42°.

The vector diagram in Fig. 10 was
drawn so that the position and
compensating
mass could be determined

The original imbalance is given by

3.4
Mo "3.35

x2=203g

So the compensating mass

M =203g

COMP
And its position 1S given by
Leome =—327°+ 1167 . 180°
= —319 referred to the
trial mass position

As the angle incicated 15 ne33-
tive, the compensating mas, .S 0O
be fastened at 31° in tre rega'ive
direction from the trial mass, wn.Cn
1S the opposite direction from the ro-
tation

Example 3, To staucally balance
a rotating machine, using only 3 Vi-
bration Meter, and an Accelerome-

Fig 11. Postions of the trial masss used n
Example 3




ter n the arrangement shown in
Fig 8
. .

This method requires tour wvibra-
ton measurements to be made at
the bear:ng. A tnial mass will be re-
quired which can be mounted at the
same radius in three different posi-
tions at 90° from each other. as
shown in Fig 11

The machine was run, to estab-
hish the wbration velocity level
caused by the onginal ‘mbalance,
this was found to be V, =
2.6mm-s A 10g trial mass was
fastened to the rotor in position 1.
and the machine run again. This
gave a vibrauon level of V, =
6.5mm- s due to the combined ef-
fect of the trial mass and the initial
unbalanced mass Before the next
run, the wmal mass was rnoved
180° round the rotor and fastened
at the same radius 1n position 2.
The machine was run, and the vibra-
tion level was found to have dec-
reasedtoV, = 1. 9mm/s

it was now possible to start to
draw the vector diagram. however
only the vecter Ilengths were
known, but not the angles. Ne-
vertheless, circles could be drawn
about @ common centre, each hav-
ing a radius equivalent to a vector
length, 1 e the measured vibration
level. Referring to the Geometry dia-
gram in Fig. 12, two circles have
been drawn with radii proportional
to V, and V, the two resultants of
the orniginal imbalance and the trial
mass fastened in two positions at
180° from each other A radius has
also been drawn at an arbitrary
angle in each circle ldenuca! paral-
lelograms have been constructed us-
ing each radius as a dagonal, and
raking the hine ticm the centre of
the circles to the midpoint of the
hine joining the ends of V, and V,
as a3 common side

it will now be seen that if the
angles of Vy, and V; can be ar-
ranged to produce a common Side
with length equivalent to V.. then
the diagram will give a true repres-
entation of the vectcrs, so that the
other side n each parallelogram
must be equivalent to Vy, the vibra-
tion caused by the trial masc alone
in posiions 1 and 2. Furthermore,
the following relationships exist.

L T . '!'Hrll

Fig.12. Geomatry for Example 3

2 . 2 2 _
V2 V.rz + Vo 2V72 V0 cosa

2 2 2
V, = Vn + VQ —2VTl V‘J cosf§
and as cos 8 = cos (180° — a)

= — cosa

Equation 2 simgphfies to,

2 . 2 2
V, VT1 +V0 +2VT' Vocosa

So that le = sz

N 2 2 2
Vit Vi vy

.V
2

2 2
V.¢=-V
C°5—1 it R 2

4v, V0

and a

However, as cosa = cos(—a) it 1s
no* immediately obvious whether
the vector for the origina! imbal-
ance, V, les above or below the
Vi, — Vyy axis (1 e the line join-
ing tnal mass position 1 with posi-
tion 2). Therefore i1 was necessary
to make another test run, with the
trial mass fastened in position 3. to
give Vector V3. Strictly 1 was not
necessary to draw this vector, as f
the wibration level were greater

than that from the triai mass alone
Vy. then V, would he above the
Vyz — Vrp axis (scown as full line
in Fig 13). If the wibration level
were less than Vi . V. would lie be-
low the V¢, — Vs, 2x15. Shown
with broken hine inF-3 13

As a result of mounung the trial
mass In positiorn 3. wken s ma-
chine was run, 3 wvbraton veloc:ly
level of V3 = 58mm s s re-
corded. thereby :ndizating that the
onginal irntalance v~=c.or stould lie
above the Vyy; — V¢, axis

Substituting the wv:hraton values
of V, . V,.and V, inte e5uation 4.

652 -192-.2-2€2
VT=\ 7

4mm/s

1]

And now using equation 5.

6.52 — 192
4:4-:286

a = cos—1

cos 1V 09288

=21.74"

o e caped ie oo



a

And because V, has been found
to he above the Vi, — V., axis,
1 e at 21,74 from position 1 10-
wards position 3, the compenssition
mass must be fastened at 21,74°
below position 2

The magnitude of the balancing
mass is found as before,

\")
MComo = Mo = Vo X M1’
T
26<10
4
=6,5g

Dynamic Balancing
Examples

Example 4, To balance a ma-
chine that has a rigid rotor sup-

Fig.13. Vactor diagram for Example 3

ported wn wo bearings both stau-
cally and dynamically, + e 3 balan-
cing problem in two planes The
measuring arrangement shown in
Fig 7 was employed in this exam-
ple, and the basic method usad can
be extended 1o solve balancirg prob-
fems in more than two planes

The procedure is the same 3s in
the for:yu.nqg examples, hnding the
effect of 3 koown trio' mass at-
tached 10 the rotor, except that now
measirements have (o be made n
two planes (at the two bearings)
Two sets of measurnng instruments
can be used, with a3 set at each
beanng to determine the wvibration
levels and phase angles produced.
s$0 that all necessay data can be ob-
tained from conly three test runs Al-

ternatively. 3 single set of wquip-
ment can be used, with the acceler-
nmeter being maved from aone hear-
1ng to the other, or the Vibration
Meter can e sweched between
WO JcCelrvrometers. one  at edach
bearing

To avoid special emphasis of high
or low frequencies, vbration veioc-
ity was chosen as the measure of vi-
bration 1evel on the Vihration M=
ter, and the 37, handw din seizaied
on the Tunable Band Pass Filter
The Phase Maoter ungeer frequency b
mit was se: ot 2xHZT o ehnunats
unwanted nigh trequency  signals.
while the lower hmit was set at
T2H 10 take advantaqge of the
longer averajirg time to obtamn a
steadher phase indication




As a first step. the vibration veloc-
1ty levels and phase angles had to
“be measured at each bearing to es-
tablish the magnitude of the orngi-
nal imbalance. The WB 0192
Switch was put on “Reference” set-
ung. and the Phase Meter slope
switches set 1o "+ on Channel A
and — on Channel B The ma-
chine was run, and the filter tuned
slowly through the rotational fre-
quency untl a steady reading of
180° was displayed on the Phase
Meter. indicating that the Filter was
accurately tuned on the rotational
frequency The Phase Meter slope
switches were both set on "+,
(they could both have been set on
"—"). and the WB (0192 switched
to "Measure” so that the acceler-
ometer signal was passed through
the Fiter The Vibration level (V)
and the phase angle (y) were mea-
sured at both bearings. Then a
known trial mass was mounted at a
known radius on the rotor near one
of the beanngs, and a test run
made 1o find the effect of the trial
mass, both on the nearby bearing,
and on the other bearing too. The
machine was stopped, and the trial
mass moved to the same radius 2nd
angle near the other bearing.
Another test run was inade to find
the etfect on the bearings of the
trial mass in its new position.

The results have been arranged
in Table) and a vector notation for
each measurement has also been in-
cluded The notauon represents the
complete vector. both vibration level
{length) and phase angle. in one
convenient term. It also indicates
the plane in which the measure-
ments were made and the plane
wnere the trial mass (if any) was
fastened So that V, o fepresents a
vibration level V and a phase angle
y measured in Plane 1, and no tnal
mass on the rotor V, 5 represents
a vibration level V and phase angle
y measured in Plane 1 when a trial
mass 15 fastened to Plane 2, and so
on

The measured wibration levels
and angles from the Table could be
used to draw vector diagrams Simi-
lar 10 those shown in Fig. 15, Fur-
thermore, it can be seen from the
vector diagrams that in 1erms of vec-
tor notation

rcieg

Fig.14. The rotor. showing the messuring planes

Trial Mass 1l Measured Effect of Trial Mass
Size ~nd Location Plane 1 Plane 2 o
None 7.2mm/s | 238° E‘ji 13.5mm~s| 296° | Vo i
2.5g on Plane 1 4 9mm/s | 114° f EL_‘_ 9.2mmss | 347> | \}_2_1_ '
2.5gonPlane 2 |[4.0mm/s | 79° | Vy; [12.0mm/s| 292° | V,,
i
Table 1. Measured vibration leveis and phase angles
v \Y y a b
V.o 7.2 238° —3.82 —6.12
Vi 4.9 1140 —2.0 - 4.48
Vi, 4.0 79° - 0.76 - 3,93
Vao 13.5 296° +5.92 —12.13
Vi 9.2 347° -8.96  —2.07)
Vi, 12,0 292° -45 . —11.13 i
f
Vi) —Vio) #5 +1.82 .1060,
Vo, —Vi0) E e +3.08 | -10.06
S 3 P . 3 )
Vi —Vyo) , . +4,58 -10.05 |
(Va2 — Vi) - E —1.42 2 -1.00; J!

Table 2. Conversion of coordinates

Vi1 — Vo is the effect in P
Via2 — Vo 1stheeffectin P
V21 — Va2 s the effectin P

lane 1 of a trial mass in Plane 1,
lane 1 of a trial mass in Plane 2,
lane 2 of a tnal mass in Plane 1,

V,, — V, 4 is the effect in Plane 2 of a trial mass 1n Plane 2

Each of the vector diagrams in Fig 15, 1s analogous to the vector diagrams
in the earher examples However, when an unbalancer’ mass (trial mass) s
applied at one measuring plane, 1t has an effect on both planes Therefore for
complete balance of the rotor. masses must be added in both end planes. in
such a 'way that produces wibration vectors with equal magnitude {length) to




Vi and 735 . but which have oppos:ie phase angles Mathemaucally. the
probiem s to hind two vector operators Q,; (with vector length Q, and phase
angle q) and Q, (Q; and q3) which satisfy the following equations:

vy, Vv, o)xQ, <'-(V,.2 v, o)x02 = --V‘.0 Eqn 6
- — - - - - d
vy, —Vz'o)xo‘ +(V2.2 -v,_o)xoz = -V2.0 Eqn7

These expressions can be solved as a pair of equations with 2 unknowns
Q, and Q,; . First find Q, in terms of Q,.

V, (V. -V axa
- - - - x
g = 1.0 1.2 1,00 %2 Eqn 8
1 - —
v, -V o)
and then solving for dz.
—» - el e d - .
=~ VaotVia —Viel ’Vl,o‘V2,1 - Voo
02 = - d I - a4 . d - -
- - - - - Eqn 9
Wz,l VZ.OHVIJ V1,o) (V2‘2 V.Lo)(VU V!,o)

The measured values of vibration level and phase angle in Table 1 are the
polar coordinates for the vector quanuty V. When a Cartesian system of
«oordinates 1s used, with real and imaginary components where.

Vz=a+jb
a mathematical solution for Equations 8 and 9 can be calculated.

Egn.10

Polar coordinates can be converted to Cartesian by use of the two equa-
tions.

a=Vcosy EqQn.11

b=Vsiny Eqn.12

so that the values in Table 2 can be calculated.

Substituting real and imaginary values into Equation &:

- (+592 - 12,13j)(+1,82 + 10,60j) — (—3,82 — 6,121(+3,04 + 10.06))
2 (+3,04 + 10,06j)(+4,58 + 10,05j) — (—1,42 + 1,00j}{+1,82 + 10,60))

Which sunphfies to:

G, = +0,1598 - 1,1264j
Which can be reconverted to pclar coordinates by means of the following
equations: ————
V= +y\ al +p? Ean 13
-1 b o o
fora>0 y=tan~ ' — -90" <y<+90" Egn14
3
o -1 b ] ©
fora<oQ y=180° +tan”'— +90° <y<+270 Eqn 15
a
So that vector length, V, = 1,1376 (mm/s)
and phase angle. Y, * - 8_1_ﬁ1°

Now these values can be substituted into Equation 8 so that Q can be
found
a - {=3,82 —6,12}) - {+4,48 + 10,05/)(+0,1598 — 1,1264;)
! (+1,82 + 10,6j)
- 2 '(_"“;. :" ! ;’A‘\: Lt ‘.'Ja L % .

1.

Wheeh simrp f s t0

R

Q, = +0°353+09033

And wsing fgustices 13 2nd 14, <
the vector lerg:h and phise anjle
are found Z

V1 = 11729 {mms)

andzL = +504°

Therefore the balancing masses
1o counteract the original imbalance .
of the rotor are as follows <

Plane 1 Mccue -

1172« 25g

=2 9391at- 504_

(50.4° from the irial mass position
n the directicn of rotation)

Plane 2 MCO'.!P

11376 < 2.5g

= 2834021 —819°
(81.9% from the tnal mass pos:tion
in the opposite ¢:rection from the ro-
tation)

Masses witn these values were
fastened in tme respestive planss on
the rotor at the calculated ang!es.
and 3t the raz.us used previously
for the tr.al m3s3e3 A test 7un v.1s
made !0 assess tne quainy of the
balance lts res_.:s were as follows

Plane 1 v.Draten fevel =
0.5mm’s. wh.ch represents a re-
duction 1N v=-a° on vel:city level of

93% from the or:girnal 7.2 mm. s

Plane 2 wwracon
0.4dmm. s, wn.2h represents a re-
duction 1n vihrar 90 veloa:ity level of
977 from the or. ;m3i 13.5mm s

le, 2l N

As an 3dced t=2s1. the two balancs
masses were Toved (vronL iyt an
angle of 10 15 find e ngortanse
of the phase arjle determinagton
When e 32 re n3s run a7
the vibratbion velCcity el at Piagne

1 was found to be 1.° T s, vaith
2.2mm-s 3t Pz 27 rregults
ilustrate the voive of the kally acC

curate phuase argle determination
possibie with the Type 2971 Phase
Meter
9
'
ot > pem 3
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Fig.16. V., ial repe of the vib levels
Example S, Dynamic balancing
using a computer tc make the calcu- Tnial Mass Measured Effect of Trial Mass
lations. In Example 4, calculations ) ] i .
were made with the aid of a pocket Size and Location Plane 1 : Piare 2 !
electronic calculator, and the calcu- ) - i : S i
None 170mm/s i 112 Vig: 53mm.s 78° | Vg !

lation process took about an hour to
complete. A computer program in
BASIC 1s available to speed up the
calculation procedure Fig.16
shcws the program, the entry of
data for a parucular balancing prob-
lem, plus the calculated vector
lengths, and phase angles of the re-
suit.

Table 3 contains the vibrauon le-
vels and phase angles recorded for
a machine being balanced using a
measur.ng arrangement similar to
that shown in Fig 3

The data for calculation must be
entered into the computer in the fol-
lowing order, Vig. ry9. Vigp.
Y20- Vir. rya. Vai. yar.
V,z.)’;;,sz and Y22 The
vector lengths and phase angles for
each plane are shown entered at
statement 499 in the program. To-
tal elapsed time to enter the data
and make the calculation was of the
order of two minutes.

The compensation masses to bal-

10

1,15gonPlane 1 | 235 mm~-s ' 94~

_\?,,;58mm5 €8 t\Jlg,

1.15gonPlane 2 | 185mm~s ;. 115°

Vig | 77mm s | 108%7 v,

Tabie 3. Measured vibration lavels and phase anjles

ance the rotor were calculated as in
the previous example:

Plane 1 Mcoup

1,721 x 1,154

1,98g at 236,2°
Plane 2 MCOMP

0.931 = 1,159

1.07gat 121.8°

When masses with these values
had been fastened at the correct
angles and radius on the test rotor,
new vibration leveis were mea-
sured:

Plane 1 wvibration ievel = 22 mm/s,
an improvement of 87,

Plane 2 wibranion leve! = 8.5 mm s,
an improvement of 3475

In this example tre signtly
worse balance guality can be atir:d-
uted to the use cf a Motion Anal-
yzer Type 4911 to cetormine the
phase anig'es As mentoned earher,
if the standard of bilance achieved
by adding the bBalance masaes ac-
cording 10 the resuity of tre frrst Sor
ies of measuremen:, s not suffi
cient. the measureTe-nt anc halan.
cing scguence ©an be reoeated for
the new unbalanced conditicn

"
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VIBRATION SIGNATURE ANALYSIS —~ TECHNIQUES AND

INSTRUMENT SYSTEMS
R.B. Randall
Brust & Kjser
Naerum, Denmari.

vibration signals measured at the external surfaces of a machine contain a
great deal of information as to the internal processes and a number of monitoring
and analysis techniques can be applied to extract information frcm these signals.

This paper discusses the area of applicability of the various techniques,
which fall into three main categories:

(1) Field measurement with portable instruments.
(i1) Field recording followed by detailed analysis.
(ii1) Permanent on-line monitoring.

Principles for the selection of suitable instrumentation and data processing
systems are discucsed, with respect to the types of information which can b2 ex-
tracted, the dcgree of complexity of the machine, and the amount of data to be
handled.

The most important analysis technique is narrow band spectral analysis, and
this can be carried out by normal swept-frequency technijues, high-speed swept
frequency techniques or real-time analysis techniques. Where required, tne spec-
trurs can be obtained in digital form from analogue analyzers or by direct digit-
a) analysis. Other useful techniques include time domain averaging and cepstrum
analysis.

Practical cases associated with machine health monitoring in a nunber of
chemical plants are included as illustrations and a comprehensive bibliograpny
is given in the paper.




It is a well-known fact that an experienced mechanic can detect Dy ear the ¢evelogwent of
many. faults in for example an automobile engine, to the extent that the sound “§1gna:ure§'of many
such faults have acquired standard names: “"piston slap", "bearing knock", "pinging" etc.

The concept of “vibration signature analysis* is in principle very similar: machines in good
condition generally tend to have a fairly stable vibration pattern, which can be considerad as a
“signature®. Changes in the internal conditions are often reflected by changes in the vibration
pattern which can then be detected by externally mounted pick-ups while the machine is in opera-
tion.

[ S ) A

~ The ability to monitor the condition of machines while in operation is very useful in preven-
tive or "predictive” maintenance of continuously operating plant such as in the power generating
and chemical industries, but the technique could aiso be of considerable use in machine develop-
ment. The present paper is a general discussion of the many measurement and analysis techniques
which have been and can be applied in "vibration signature analysis". The emphasis is laid on vi-
bration rather than sound measurement because in the majority of cases this can be used to elim-
inate the further transmission process from the machine surface to the microphcne. Furtnermcre, -
most of the information will be present in the vibration signals measured at the bearings, since
it is here that most of the dynamic forces are transmitted from the moving parts to the housing.
(“Bear;njs” are taken to include sliding bearings such as cylinder walls in reciprccating ma-
chines).

The three main ways in which vibration measurement and analysis can be used for machine mon-
itoring are:

(1) Field Measurement with portable equipment.
(i) Detailed laboratory analysis usually involving tape recording in the fiald.
(1i1) Continuous monitoring with permanently installed pick-ups. '

Before going into each of them in detail, it is as well to give a general indication of
their areas of applicability and thus to put them in perspective.

Portable measuring instruments have the advantages of being relatively inexpersive and simple
to operate and although they are limited to the measurement of gverall vibration level or perhaps
selective measurements at a few individual frequencies, this is adequate for the vast number of
simple machines on most plants, eg. motors, pumps, fans etc.

The signals from more complex machines such as gearboxes, turbines, compressors and recipro-
cating machines will generally require more sophisiicated analysis, at least to rzzlise the full
detective and diagnostic power which vibration monitoring can offer. This will mostly be justi-
fied with the more valuable and critical machines in the continuous process industries, where
there are considerable benefits to be gained from more advance xnowledge of imperding failure and
a better indication of its nature so that shutdown time can be minimized.

Finally, continuous monitoring will find application with the most critical machines, to
guard against rapidly deteriorating situations and allow shutdown before catastrophic failure
occurs. It is also useful for guarding against unstable areas of uperation such as critical shaft
speeds and oil whip in journal bearings.

Intermittent detailed analysis can often be used to advantage to supplement centinucus ron=
itoring on the same machine, the former giving more information about normal wear grccesses and
the latter giving protection against sudden failure. In fact, in some induStries it will be bene-
ficial to empXy all three types of vibration monitoring in parallel in the same plant.

TRANSDUCERS AND PREAMPLIFIERS.

Regardless of the further processing of the vibration signal, it has first to be converted to
an electrical signal by a suitable transducer. Three types of transducers are currently in common
use, which measure acceleration, velocity and relative disnlacement respectively.

For measurement of absolute motion, acceleration transducers, known as "accelerometers”, are
to be preferred for the following reasons.

Ei) They have a very wide frequency range and dynamic range.

1) They have small mass and physical dimensions.

(111) They are very rugged, and have no moving parts.

(iv) The acceleration signal can easily be integrated electronically to obtain a signal
proportional to velocity or displacement, whereas the inverse process of differen-
tiation 1s of dubious validity.
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Yelocity transducers were the first to be developed but have now been superseded by acceler-

“ometers in virtually all respects.

Reialive dispiacement transducers are Guite commonly bSuilt inte large
marily useful in cases where for example maintenance of working clearances is of greatest 1mpor-
tance (1) and their use for signature analysis is limited by the frequency restriction inherent

in displacement measuremest.

e machinec, byt are nri-
a

Accelerometers have a high internal impedance, but this problem is now easily solved by using
transistorized preamplifiers which convert from a high to a low impedance and which at the same
time can be used for signal conditioning such as amplification and integration. Two types of pre-
amplifiers are in use, "voltage preamplifiers” and “charge preamplifiers”. The latter, tnough more
expensive, are normally to be preferred as they give an output voltage which is independent of the
cable length from the accelerometer. For further information see Ref. (2).

PORTABLE INSTRUMENTS.

When monitoring with portable instruments, it is desirable to simplify the operation as much
as possible so that it can be carried out by people with a minimum of training.

It has been found from experience covering many types of rotating machinery that velocity is
the best indicator of vibration severity over a wide frequency range. One explanation of this is

that constant RMS velocity represents constant vibrational energy ie. components at different
frequencies are weighted according to their energy levels. A common method of determining the vi-
bration severity of a machine therefore, and one embodied in several standards{(3), (4), (5)). is
to measure the RMS value of the velocity over a wide frequency band (e.q9. 10 - 1C00 Hz) in order
to include the effects of a large number of possible sources, and cater for a wide range of ma-
chines operating at different speeds.

These standards, in addition to specifying the method of measurement, also give recorrended
criterion levels, as illustrated in Fig.l. One must be careful not to give these absolute levels
too much weight, however, since they are derived as averages over large numbers of nachines and do
not necessarily apply to any particular one. Reference (1), for example, describes hce measure-
ment- of mechanical impedance at the bearing housings of a number of machines in the same class
revealad a very wide range (> 10:1) indicating that the forces resulting in a given velocity level
would also vary over this range.

Another approach is to use the vibration level when the machine is known to be in gccd con-
dition as a standard and take departures from this as the criterion of deterioration. The stand-
ard criteria (eg. Fig. 1) are still useful as a guide here, since the separation between the dif-
ferent grades there is 8 dB, and an increase of 20 dB is sufficient to change the classification
from "Good" to “Inadmissible”.
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Frequency Analysis

- It is also possible to do some frequency analysis using portable equipment, and this is use-
ful for two reasons:

(1) A rise in overall RMS level will indicate that something has changed internally but
not give any information as to the cause. Frequency information can often indicate
the source of a change as discussed under “"Detailed Analysis”.

(i) Changes in minor spectral components, which may be the first indication of incipient
failure, will not always affect the overall RMS level, but can be picked up by spec-
trum monitoring. .

The two requirements are to some extent in conflict, since the first requires a narrow band
resolution which would result in too many readings if it were desired to cover the complet2 spec-
trum for the second purpose. In practice therefore, some compromise must be made, with emphasis on
one or the other factor.

o,

~ig. 2 Portable Vibration Set

A suitable portable battery-operated vibration monitoring set is illustrated in Fig. 2,
housed in a rugged carrying case. It consists of a vibration meter with inbuilt charze prea-pli-
fier, cazable of meastring RMS velocity according to the above-mentioned standards, b.t also ac-
celeration and displacement. In addition there is a tunable narrow-band filter with bandwiaths of
7% and 15%. With respect to the filter, it should be mentioned that bandwidth is not tre only fac-
tor determining the resolution capability. The steepness of the filter characteristic c.tside the
passband, as indicated by the "shape factor" or "Octave celectivity”, is also very important.

Alternatively, some people prefer to monitor over a frequency range of 3 decades or so (6),
s0 as not to miss changes which could occur a* any frequency. Where the results from a large num-
per of machines have to be noted down manually, it is not practicable to do this in bardwidths
less than one octave. For this case a standard sound level meter with octave band filter szt can
be used, particularly if it has an integrator allowing measurement of velocity and displacerent.
The fact that the sound level meter is very useful in its own right will often influence this
choice. Use of a 1/3-octave filter set represents a mid-way compromise.

DETAILED ANALYSIS

Using a portable tape recorder it is possible to bring the vibraticn signals into the labo-
ratory where more detailed analysis can be carried out on them, The laboratory instrurents are
sometimes taken on-plant or to a control room to which the signals are led by long catles, and
this may be suitable for individual measurements but it is not practicable for a regular moni-
toring scheme.

Tape Recording and Playback

The tape recording is an important part of the procedure, so it is worth discussing it in
some detail. Firstly, the tape recorder itself should be chosen with care. Two recording princi-
ples are in common use viz. Direct Recording (DR) and Frequency Modulation (FM). Their relative
merits are listed in Table 1.




DR FM
Dynamic Range (narrow band - typical) 70 d8B 60 dB
Lower Frequency Limit 2.5 Hz® 0c
Upper Frequency Limit (typical) 50 kHz 10 kHz
Amplitude Stability acceptable excellent
Phase Linearity poor good
Preservation of Recorded Information | acceptable good

'Playback speed 10x recording speed.
Table 1. Comparison of DR and FM recording techniques.

Perhaps the best compromise is a recorder with two channels FM {for most measurements) and
two channels DR (for frequencies 10 kHz). It should of course be portable and battsry-operated.

Since the tape recorder is likely to be the most limiting factor in determining the cdynamic
range of the system, it is wise to choose that parameter for recording (acceleration or velocity)
which has the flattest spectrum, regardless of which is to be used for final evaluation. Conver-
sion between the parametersis of course straight forward once a narrow band spectral analysis has
been carried out.

There are several possibilities for playback of the signals for analysis:

(1) Continuous playback from the original tape reel. This will require unreasonrably long
recording times where analysis time is long.

(i1) Make up loops by cutting up the original tape reel. This is impractical for large
pumbers of signals.

(iii) Record directly on loop cassettes in the field. Also impractical for large numrners
of signals.

(iv) Record over from the original tape reel to another recorder with permanently mounted
tape loop for analysis. Requires two recorders.

In all cases where analysis is made from a tape loop, it may be found desirable to use a spe-
cial weighting function to eliminate the effects of the tape splice (8, 9).

A better solution than (iv) would generally be to use a Digital Event Recorder in nlace of
the second tape recorder since this eliminates the noise of the splice as such and allows 2 con-
siderable reduction of analysis time by frequency transformation (9), as discussed later.

Spectral Analysis

The most usual anaiysis performed on the signals will be spectral analysis for the reascns
already given, and in the laboratory it is possible to perform relatively narrow pang analysis
over the whole frequency range. It has been found that for many macnines, the vibration pcower spec-
trum is very stable from time to time and even between different machines of the sare type. Tnis
is the basis of a scheme developed by the U.S. Navy for onboard mainterance, and reparzed tn
Ref. (7). Shutdowns were based on departures from the envelope of standard signatures (Fig. 3) and
the method was found to be justified by a statistical study of a large number of cases.

The question arises, however, as to the best way of presenting the results of such gn'analy-
sis, and once again there is a conflict between covering a wide frequency range and requiring a
fine resolution for diagnostic purposes.
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To cover a wide frequency range it is natural to use a logarithmic frequency scale, and then
use of a constant percentage bandwidth (which gives uniform resolution) is almost unavoidable.
Other reasons for using a logarithmic frequency scale (though not necessarily constant percentage
bandwidth) are:

(i) Small changes in machine speed from time to time will only cause a lateral shift in
the spectrum thus simplifying comparison. )
(ii) Some relationships can most easily be seen in a log-log representation.

On the other hand if the signal being analyzed has a high harmonic content (e.g. gearbox
vibrations) then it can be an advantage to obtain the analysis on a linear frequency scale with
constant bandwidth which gives uniform resolution and equal separation of the harmonics. This
point is discussed further under “Cepstrum Analysis".

The answer perhaps lies in using (approximately) constant percentige pandwidth analysis on a
logarithmic frequency scale for detection of change, and constant bardwidth on a linear frequency
scale for detailed diagnosis of changes. The same analyzer can perfurm both functions if its
“constant" bandwidth can be made to step up automatically with increasing frequency, and if it has
both linear and logarithmic frequency sweeps.




Analysis Methods

There are three main ways in which the power spectrum can be obtainad:

(1) Uting a narrow band sweep frequency analyzer (constant or constant percentage band-
w'dth). Analysis time typically 10 to 60 min. (See Ref. (10) for detzils).
(ii) High speed analysis usiag the same equipment as in (1) but with the <cddition of a

Jigital Event Recorder with which large speed transformations can be made on play-
back, thus increasing analysis speed considerably (9). Fig. 4 shows a typical in-
strument setup. Analysis time typically } to 3 min.

(iii) Real-time analysis using either the time compression principle (similar to (ii) or
Fast Fourier Transform (FF1) techniques, and where the spectrum is continuously dis-
played on a screen. Fig. 5 shows a 400 line time compression analyzer.

Method (i) is only practicable where not many analyses have to be made, but it is worth ex-
amining the relative merits of (1i) and (i1i1), which are discussed in some deptn belcw:

High Speed Analysis (ii) is somewhat cheaper in instrument cost than real time analyzers, typical-
Ty 3 tne cost of a Time Compression Analyzer and 1/4 the cost of an rFT analyzer. The saving is
corsiderably more for people who already have the basic analysis syttem (i). It is also somewhat
more flexible, the sam2 setup offering both constant and approx. corstant percentase dandwidth,
log and linear frequency scales, and variable resolution up to the equivalent of 2500 lines. [t
can also be an advantage to be able to use the individual instruments separately; eg. the Digital
Event Recorder has a multitude of other uses, and on the few occasions where 25C3 line resolution
is not adequate it is still possible to revert to a normal analysis setup to obtsain any desired
degree of resolution.

[ ] - [
-~ @ - o — o . .
¢ . [ P e T e d
! mmom . § i
— — B < i
[ J L 2 N {
me crc oB L] ® ; 3
qeinl o000 0060 b T e S
ey — & —— - obhe - - M
Owgial Ent Recarder 7502 § Analyzer 2010 Levet Recorder 2307 | — |
1 i .
| ! ® @ 'Yl e e
|
L F sweep (mechanicsl or eiectrical) ]
13267 ?"’_] — -

Fig. 4 Instrument Set-up for High Speed Analysis

Fig. 5 Time Compression Analyzer

The same flexibility can be obtained with a real-time analyzer in corbination with a general
purpose computer, but this is of course even more expensive.

Real-Time Analysis (1ii) has the principal advantage of being real-time, thus allcwing the effects

of changing conditions to be observed as they occur. In sore cases, a transient pheromenon con-
tains most informa.ion about the occurrence of damage, eq. turbine blade failure (11}).

The use of digital averaging of a number of successive spectra %o qive adequate s%atistical
reliability in the case of random signals can also be a considerable advantage in scime cases. With
the method (ii) the statistical reliability can only be improved by increasing bandwidth, dut even
s0 a 250 line (bandwidth) spectrum can be achieved with an 2MS deviation <13 d3. (27 product i0).

FFT analyzers have the additional advantage of being adble to calculate cross correlations,
cross spectra, transfer functions etc. thus providing considerable additional diagnastic power.

(12).
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Spectrum Diagnosis

The frequency at which a change in the spectrum occurs gives very important information ¢s o
the likely source, which is often related for example to the running speed.

The types of faults which can be detected and perhaps diagnosed from & frequency analysis
(see also (1), (6), (7), (11). (13), (18), (15) ) include unbalance (at shaft speed, primzrily
radial), misalignment and bent sha‘ts (shaft speed and low harmonics, radial and axial), oil whip
(just less than half shaft speed) and developing turbulence (blade and vane passing frequencies).
Changes in natural frequencies can indicate crack growth or build-up of fouling. Local faults in
rolling element bearings manifest themselves at frequencies corresponding to the rates of impact
of the fault but also at higher frequencies (typicaily 20 - 60 kHz) corresponding to component
natural frequencies (16, 13). Fig. 6 (from Ref. (16))shows the effect of induced pitting in an in-
ner race.

Growth of sidebands indicates modulation at frequencies corresponding to the sideband Spac-
ings. This can for example indicate faults which cause modulation of the tooth meshing pattern in
a gearbox (see later example). As another example, blade naturai frequencies tend to frequency
modulate the corresponding blade passing frequencies, providing another means of detecting these
natural frequencies.
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Cepstrum Analysis

Since in a complex spectrum it may still be difficuit to see the growth of sicezands b, eye,
and in particular to judge the relative importance of various modulating frequencies, this gro-
vides an application for “Cepstrum Analysis". In simple terms this is a method for detection of
periodic components in a spectrum (eg. harmonics, sidebands) and consists in carryirg out a fre-
quency analysis of the (logarithmic or dB) power spectrum itself. The spectrum mist cz or & lire-
ar frequency scale with constant bandwidth. Reference (18) contains a detail) . u,sc.ssion of tne
basic concepts, methods of obtaining the cepstrum, and the application to - :arbox fault diagnosis.
Fig. 7 shows how the instruments from Fig. 4 can be used, while numerical (FFT) computation in a
general purpose computer can alternatively be used (18).

10
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Cepstrum Analysis

Example

The following example illustrates several of the concepts discussed. The measurerents were
made on a gearbox (mounted between a gas turbine arnd a generator) immediately prior to and short-
ly after a maintenance shutdown. The gearbox was primarily shut down to replace the interrals,
since fretting between the gearwheels and the sha’t had been detected during an inspection 6
months earlier. The vibration signals before overhcul had alsc indicated misalignment, which was

confirmed and correctad during the shutdown.

Fig. 8 shows 3% bandwidth analyses of the two signals compared as velocity, and it can be
seen that the realignment has improved the VDI 2056 classification from "Just tolerable/Not per-
missible® to “Allowable”, the overall RMS velocity being dominated by the components at tne two

shaft Speeds (50 and 85 Hz).
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- It should be nnted that the first signal "Before repair”™ was recorded as acceleration and : ‘
Integrated to veiocity on pisyback. The noise leve! of the tape recording can clearly bhe seen,
confirming that it is best to record the parameter with the flattest spectrum. K

Another point of inlerest is that at the tnoth meshing frequency and its harmonics it is dif-

ficult to determine from these 3% spectra that a significant change has occurred. The third har-

monic has even risen in level slightly after repair. Fig. 9 shows constant bandwidth analyses of

the same two signals on a linear frequency scale (this time as recorded since the overall slope

of the spectrum is of secondary importance). The presence of sidebands around the tooth meshing ,
frequency and its harmonics is now much more in evidence in the signal taken “Before repair®, :
whereas the three harmonics stand out clearly “After repair®. Fig. 10 shows cepstra corresponding :
to the spectra in Fig. 9 and this shows up the difference even more clearly and at the same time

confirms that virtually all the modulation is occurring at the speed of the high-speed shaft (85

Hz).
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Time Domain Analysis

Spectral analysis, though very powerful, does not appear to be a universally applicanle tool.
For example, in the paper by Priede & Grover from Ref. (15) it is mentioned that with reciprocating
machines, and in particular diesel engines, the vibration exciting forces tend to be iTr.lsive in
nature, thereby exciting the natural frequencies of the engine structure. Faults are trerefodre
more likely to show up as changes in the various parts of the time siqgnal rather than as a change
in the spectrum (Fig. 11). The time signal also contains information on individual componanis (eq.
particular gear teeth) which is averaged out in the frequency spectrum (13). A techniquz which can
be useful in cases such as these is to overlay digitally the vibration signals from many machine
cycles, triggering at the same point each time, and thus enhancing the regularly repeating phe-

nomena with respect to random fluctuations (13, 14).
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Uata Handling

Where it is desired to monitor a large number of machines, it would be very time consumirg to
carry out visual comparison of the appropriate vibration characteristics (eg. specir2j aad there
will be considerable advantage in digital processing of the data. Real-tire analyzers norrzlly
have the option of 2 digital output either to a computer or paper tape punch. It is also possidle
to obtain the spectrum in digital form from the high-speed analysis system snhdsr 1rn Fig. § Dy thne
addition of a Digital Encoder and Tape Punch (19). The analysis speed is tnen nucrmaliy limited Dy
the puncher and is thus as fast as when the output is obtained in this form from a rezl- tiTe ana-
lyzer. One advantage of intermediate storage of data on paper tape is that it can ori,ide a reans
of interfacing with large computers (eg. via a time-sharing terminal) with strinjent reqiirements
on data format. Where possible, however, considerable time can be saved by direct read-in of the
data into the computer.

Ref. (19) gives one approach to the problem of programming for automatic spectrum cecitparison.

Other advantages of digital processing of spectra are:

(i) It is possible to carry out statistical analysis and thus obtain rcre valid infor-
mation about trends, likelihood of failure etc. (Stewart (14) ).
(ii) Cepstra can be calculated by an FFT program, possibly written in a nigrn-level lan-
guage suck as Fortran (18).
It should be mentioned that with a syitable input-output device such as a D13itz} f.2nt Re-
corder, a mini-computer with external storage (tape, disk, or drum) can be useld 23 fzrfsrm Spec-
trum analysis by programmed FFT methods, plus all the other data processing mzati:nz2. Tha rain
disadvantages are that programming would normally have to be in assembler languagz, :~d that pro-
grammed FFT is slow compared with hardware (typically 1 s).
PERMANENT MONITORING
Most permanent monitoring systems monitor a single quantity such as band-limizez %5 vzlscity

in the same way as a simple portable meter, and most of the same considerations azsi,. "~
1

e Tatn
difference lies in the extremely high reliability required, and for example SD&fla. zorsideration
must be paid to ruggedness of cables, avoidance of noise pickup etc. Care must 2125 2 Z:rc” that
tne monitor does not give false alarms as a result of electrical mains transients, :‘:nfqa! e
chanical shocks and suchli<e. This can be achieved by requiring that the monitored 1z.z1 15 Gut-
side the set 1imit for the whole of a set time delay. It is also desirable for tnz cpzrator in the

event of an alarm to be able to check quickly that the monitor is adjusted and fuscticni g correct

ly.

13
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Fig. 12 shows a single channel monitor with many desirable features; a rugged waterprosf
housing, "Alarm”, “Trip" and "Min. level" (indicates damage to pickup or cable)} circuits each
with time delay. All set levels and time delays can be adjusted (though not externally) and in
fact the only external button initiates a checking sequence of the set levels and delays.

Continuous Spectrum Monitoring

For valuable compliex machines which are crucial to the operation of a plant, it ray be deemn-
ed justified to monitor the vibration spectrum continuously, thereby combining the aavantages of
toth permanent monitoring and spectral analysis.

This can virtually enly be done with a real-time analyzer, though in this case a 1/3-cctave
resolution may be considered adequate, if supplemented w*th a narrow band analysis facility for
diagnosis of changes detected in the 1/3-octave spectrum.

Normally, to justify the use of an expensive real-time analyzer, it would have to be used for
a number of monitoring points, perhaps several differe~* machires. In this case 1l w3uld be nec-
essary to multiplex between the various input signals and apply different criterie fcr the eval-
uation of each spectrum, something which would almost inevitably require the use of a ccrpiter
(minior micro). Introduction of a computer makes the use of a narros band real-tire enalyzer fea-
siole (since simple spectrum comparison is unlikely to be satisfactory (19) ), an1 1atroduczs wany
interesting possibilities. One such possibility envisaged in the foreseeable future 15 an coera-

tion in timesharing mode between fixed and reqular calculations on a nurber of per—anently connect

ed channels, and intermittent operator-controlled calculations of various tyses. Thzse cculd con-
sist of spacial calculations (eg. cepstra) on the connected channels, or siTple Sgecir.™ crecking
of additional signals recorded intermittently from a number of other machines, and oro.jat ta the
console on a tupe recorder.

CONCLUDING REMARKS

Trhe latter system may seem a little far-fetched, but it could very easily become an ecsrom-
ical pronosition if it can be proved that incipient failure can be predicted with & nigh dejree
of certainty. It is believed that the state of the art is rapidly nearing this pcint.

Perhaps one of the main inhibiting factors in the past has been the lack of certainty in this
respect. Plant operators have understandably been reluctant to invest large sums c¢f rsney in 1a-
struments to determine whether the techniques described herein will work on their machines, and
on the other hand the instrument manufacturers have not had much access to operating plant.

It is hoped that this paper indicates how it is possible to build up instrument systems from
fairly modest beginnings, as experience is accumulated and the need for more sophistication makes
itself apparent. It .s also hoped that it (and the references) will help to avoid pitfalls which
lead to faulty conclusions and thus can do a great deal of harm.
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Pipe Vibration Literature

by

P.W. Hope .

reaTeey Y

In recent years there has been an ever increasing amount of attention paid to the tehaviour of -
thin walled tubes under many varying conditions and environments. Such studies are of great

importance to the oil and gas industries, and even greater importance to the rapidly expanding

nuclear power industry where pipes and tubes have to withstand very high pressures.

One important topic for discussion is the Vibrations of the tube walls, which can be initiated

in a number of ways, and it resonances are involved, can result in very significant effects.

Housner (1) has reported an investigation carried out to determine the effects of high wind

velocities on an oil pipeline crossing a dessert. He found that if the frequency of the forcea

viprations due to the transport velocity of the fluid, coincided with the resonant freguercies

of the pipe, amplification of the vibrations couid be a significant factor in causing ihe pipe

to buckle. Using a similar equation to that derived by Housner, S Naguleswaran and C.J. Williams

{2), investigated the more specific problem of the vibrations in the tube walls, both -
theoretically, and experimentally. Since very high liquid transport velocities were fourd to be ’
necessary to vibrate a m=tal pipe significantly a neoprene tube was used in their experirents,

and the results extrapolated to apply to metal pipes. They also treated the case of pressure

variations in the liquid contained in the tube when there was no transport velocity. The con-

clusions to be drawn from these investigations, were, that a flowing liquid in a metal pige

was not a significant factor in causing such pipes to vibrate and buckle, unless, very h:3h

flow velacites were involved, whichin the majority of engineering applications of stiff p:ipes

has not been found to be the case.

Other investigators have come to similar conclusions, although in all the papers little mention
has been made of the pressure variations in the tubes caused by pulsating fiow. In an
investigation carried out by S.S. Chen and also Q.S. Rosenberg, (3) the effects of tiie Coriols
force and curvature of the tube walls were evaluated these were found not to be significant

at low fluid transport velocities. They did find, however, the existence of unstable

oscillations of the tube walls when there was unsteady flow, and they also found that pulsating
flow caused instability at relatively low transport velocities, they therefore concluded that this
coulC be a problem of importance.




Other articles were also scanned, but as these were of an older date than the previous articles

mentioned, no new informaiton was found. in particular T.B. Benjamin (4) in a lengthy
sxaermential and theoretical paper summarizes the early work in this field and derives many

of the basic equations used by the laier workers.

Having noted these conclusions, it has been decided to investigate a number of tubes
con®aining fluid without a transport velocity but with pressure variations set up in the liquid
by artificial means; i.e., a vibration exciter.
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Detection of pressure variations in thin
walled tubes by vibration measurements

by

Hans P. Olesen

Introduction

Fast pressure variations may seriously increase the fatigue loading of the tubes and other
components of a piping system. Therefore, it is important to find a simple way to detect
such variations and their distribution over the system. One promising method is to measure
the extensional vibrations of the tube walls as the tube expands and contracts with the
presture variations. Naturally, care must be taken that other vibration modes are

eliminated in the measurements.

The vibration due to pressure variations

Fig.1 displays the time varying internal pressure p = pg + pq sin wt of a tube. Here pgy
represents the nominal pressure and py the amplitude of the pressure variations which

have the frequency f = w/2 n. These pressures force the tube to expand and to vibrate.
Provided that the tube can be considered thin walled (wall thickness, t < 0,1 D, diameter)
and that the wavelength of the pressure variations is much longer than the tube diameter
the following simple expressions can be d2rived from the sketch of a tube cross section in
Fig.2:

N /\

1

vgree

Fig-1. Fig 2.

As the static stresses and strains, introduced by the nominal pressure p,, are irrelevant for derivation
of the vibration values only dynamic stresses and strains are considered.

The pressure p sin wt = py = pp + p3 is balanced by the elastic and the inertial forces in the tube
wall respectively.
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The elastic stress in the tube wall is:

pp D1 ppD
5= £ - 22— . B ()
LTl L T
= = AP - 0D - 40 -
and & = ¢ E > E -0 E ) E (2)
P2 =2Et ——-320 = 4[;' d (3)

Where 5 is the dynamic stress N/m2

F is the unidirectional force devsloped against the tube wall [N]

A is the cross sectional area of material which must stand the force F [m2]
D is the tube diameter (under nominal pressure) [m]

1 is an arbitrary length of tube [m)

is the wall thickness (under nominal pressure) [mj

is the strain in the tube walls [dimensionless]

is the modulus of elasticy for the tube material [N/m?]

is the tube perimeter [m]

is the displacement of the tube wall {m]

Q‘mﬁﬁ

The total force used to accelerate the tube material is:
F=n2Dlpg=ma =aDt15a (4)

Ssa (5)

and p2

where m is the mass of a length of the tube [kg]
5 is the mass density of the tube material [kg/m3]
a is the acceleration of the tube wall [m/sec2]
S is the volume of material [m3]

if the additional pressure needed to accelerate some of the fluid in the tube is ignored, then
the total pressuse py can be found

Pi = Py + P3 = iaez—t d+tsa (6)

As displacement and acceleration, at a given frequency, are related by -w2 the expression
can be changed to:

4 E
‘_)—1 =+ [6 - B-z-—w—f} ta {7)
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. or p; = [45 -wz] td (8)
. 1 8]

Both these expressions show that resonance occurs when |
J
|
|

5o 4E
02 2 (9)
_J4E
or w -'0—26— =2xf, (10)

At this frequency a very little varying pressure produces large accelerations (and displacements).
The resonant frequency is reduced when the tube carries heavy fluids, and its value is slightly
increased by the bending effect which occurs when the wavelength is not fong compared to
the tube diameter

D (m)
{
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The most interesting frequencies, however, are below the resonant frequency and, therefore
the pressure may be determined by the last term of equation 7 or the first term of equation
8 up to approximately 1/4 f . The useful measuring range for tubes of varying diameters is
lustrated in Fig 3.
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The acceleration-to-pressure conversion is shown as a function of frequency for different tube
configurations in Fig.4, and the displacement-to-pressure conversion is plotted in Fig.5.




The generation of pressure variations

The praccure variations are often produced in the pumps of the system and they will, therefore,
often be largest near the pumps. However, the geometrical configurations of the piping system
may, in some cases, allow longitudinal resonances in the fluid near the pump frequencies. Thereby,
even weak pressure fluctuations may be amplified to significant values. in long, uniform lengths

of tube, the pressure variations may be the same along the tube length, as indicated in Fig.ha.
However, most often the tube has a bend or some other reflecting structure which causes standing

pressure waves which vibrate some parts of the tube more than others. (see Fig.6b).

Fig8,

Practical measurement of pressure variations

The tubes of a piping system may be excited into other vibration modes than the extensional
mode which is caused by pressure variations. Often the tubes vibrate in bending as well as in
extension. However, the frequencies of the two modes may not be the same and the two
modes may be separated after a frequency analysis has been taken at a given point.

The frequency analysis can be carried out with a simple portable system such as the one
shown in Fig.7, or a more sophisticated system (shown in Fig.8) can be used, whereby,
automatic recording is performed (see example of recording in Fig.9).

Fig.7.
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At the frequency of each vibration peak of Fig.9, a3 number of measurements are taken on
the tube perimeter. As shown in Fig.10a extensional vibration (pressure variations) resuit
in almost equal signal levr's at different measurement points while bending vibration produces
the highest levels in the axis of vibration (Fig.10b).
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From Figs.4 and 5 it may seem that displacement measurements were simpler than acceleratior
measurements. This is normally not the case, as displacement transducers are mote inconvenient
10 use in the field than accelerometers. The displacement value can, naturaily, be obtained by
integration of the acceleration signal, but due to the smaii dispiacement which can De expecied,
acceleration measurements are recommended.

Example

In a practical measurement 7.2, 4.8 and 2,4 g was measured at 230 Hz on three tubes respectively,
with diameter D = 0,3 m and wall thickness t = 5 mm. In Fig/ a vertical line is drawn at

230 Hz to cross the tube lines. For the tube in question the tube line must be drawn as shown
in the figure, yielding approximately 2,105 N/m2 per g. This indicates pressure variaticns of 14,4
. 165, 9.6 + 105 and 48 - 105 N/m? respectively or 14,4, 9,6 and 4,8 kp/cm? or 202, 136, and
68 psi.

Conclusion

Vibration measurements in combination with frequency analysis may be a very useful tool when the
distribution of pressure variation in a piping system must be determined. A detailed mapping of the
measuring results is essential for investigation of geometries which cause stancing pressure wsaves

and, thereby, in many cases reduce the safety factor built into the sys.2m and, consequently,

the plant efficiency.

Furthermore, after the “normal’’ vibration pattern has been thoroughly investigated, regular checks
or continuous monitoring may be introduced, to reveal changes in material properties with time
due to fatigue loading.
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Department for Testing Materials in
Chemical Industry - Scope of Work

The work of a department for testing materials can be
described as follows:

1. The department is reponsible for all materials which
are used in the plant op vessels, pipelines, engines,
£ structurcs. o

2. It has to secure that the right material is supplied
for a given process or service conditions.

3. It has to control tne vessels and installations 1in
servica in view of damages, suggest measures to avoid
such damages.

4. It has to secure, that construction and maintenance
work is done properly in view of the applied material
and the service conditions.

Materials used in chemical industry:
1. Most widely used are the metallic materials

a) Within this group iron and steel and 1its alloys
have the broadest application, for instance:
Carbon steel, cast iron,
steels for boilers and heat exchangers, where no or
only small corrosion is to be feared;
steels for low~-temperature service,
stainless steels, ferritic and austenitic, for
corrosive environments,
steels for hign-temperature service:
steels, resistant against attack by nydrogen, and so ozn.
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b)

Nickel and its alloys, for instance,
nickel-rolybdanium~alloys of the Hastelloy-type and
nickel-chromium—alloys of the Incoloy- and Inconel-
group, for corrossive environments or high-temperature
service, nickel-copper-alloys in plants for water
treatment,

Copper an copper alloys

These materials are not as far used, as the above
mentioned. For instance, heat exchangers in the
oilsystems of turbines and compressors are made
of these materials. .

Aluniniun and its alloys, mainly for storage-tanks
and pipelines for nct to corrosive redia.

Lead is not used any more on a wider scale, one
will find them in some parts of sulpnuric acid
plants.

Non metallic materials

a)

b)

c)

d)

Znameled vessels, valves and pipes for high corrosive
service or where high purity of the product 1is
demanded, i. e. in the pharmaceutical industry.

Rubber lined vessels

Natural and synthetic rubber is a very good corrosicn-
resistant material, which can be used in a ratner
wide range at ambient or slightly elevated termpera-
tures,i. e. up to 30 degrees centigr. at the utmost.

Thermoplastics, for instance polypropylene, polyetny-
lene or others, have as nearly all organic materials

a temperature limit of application.

Fluorirated plastics, as Teflon and Vitca, wvnicn nave

a high corrosion resistance and a high temperature

limit.




e) Resines-phenolic, epoxydes e.t.c.-, which can be
used as corrosion-, or weather - resistant overlays
on the inside ardoutside ¢of tanks, vessels, even
heat exchangers.

To deal with materials successfully the expert has to know

the chemical composition

the metallographical structure,

the mechanical values,

the influences - mechanical, thermal, chemical -
\upon the material under service conditions.

Therefore we have in our department three main Xxinds of
tasks:

1. mechanical and metallurgical,
2. non-destructive testing,
3. chemical, that is on the Ffi2ld of corrosion,

For the abcve mentioned problems -it 1s nacessary to use a
certain range of investigations.

1. Identification of materials:
At repaire and maintenance of engines it can becore
necessary to replace damaged pieces, for instance bolts,
small axles e.t.c., the materiai of which is unkncwm.
Therefore one has to make some identification tests:
nardness, metallogfaphic structure, tensile- and yield-
strength.
That kind of tests has also to be donz2, when thare 1is
no connection between tne delivered material and the
certificates of tne manufacturer.

2. Tnvestigation of damages:
Here the visual investigation of the damnaged parts
under a binocular microskope is one of the most

impartand methodes. For instance in case of rupture tae




operator can find out, wether fatique of tne material,
corrosion or mechanical force initiated the cracking
of a piece under investigation.

3. Non destructive testing: -

Non destructive testing 1s mainly applied as a control
of construction amdrepair work, that means control of
the welding. It is also used for detecting failures in
the material, as sheets, pipes, castings, etc.
Such defects may be cracks, slags, piping in castings,
e.t.c.

{) In the case of welding-control the investigations have
to assure the welding has been done properly, that there
are no unduly big and many pores, slags and no cracks.

The methodes in this field are:
radiography, X-rays or radio-isotopes,
ultrasonic measurementes,
crack detection by magnetic methode or
dye penetrant,
control of temperature in case of heat treatment -
preneating and post weld neat treatment.

4. Corrosion:
Control of vessels running under severe conditions
%3 by means of visuel investigation, ultrasonic measurements,
control coupons, which are installed inside the vessels.
Selection of the right material for given process-—
conditions by tests in the laboratory or with coupons in
the vessels.

It rust be pointed out however, that none of tihe above
mentioned methodes can be used single, but it is necessary
to apply two or more methodes to cl2are a case. Therefore
the expert in rat2rial investigation has to keep in r~ind

all these possibilities.




Further the material testing department nas to make ]
proposals updn the application of materials in new
installations or plants. up~on issuing standards for
material quality, welding procedures, control and
investigation-wvork.

As manifold as the work to be dcne is, as manifoX 1is
the equipment.

1. Mechanical and metallurgical testing
Here our department can do the follcwving investigations

é} and tests: , v

a) Measure of y1e1d- and tensile - strength dy a testlng
machine with a load of 20 tons.

b) Measure of hardness by two hardnass-testers one
for Vickers (HV) and one for 3rinell (Hg).

The Vickers-tester works with a diavond, sraped

like a pyranid with a quadratic base, which is
irpressed in to tne surface of tre material.

whereas the Brinell-tester works Dy reans of a
sphere made of hardenedsteel. Cne gets on irpression
in the form of a circle

c) Measure of impact-strength.

d) For metallographical work we nave grinding and
polishing devices, to manufacture test pieces, waich
are to by investigated under a Tetal microscope.

e) A binocular microscope for visuel investigation of
damaged pieces of equipment.

2. MNon destructive testing
a) Radiography
For tnis nind of work we have 2 apparates for X-ray
with 160, and 240 kxilovolts respactively, as well as

3 apparatss with radio-isotop2s. we use Iridium 192,




In the field of corrosion there is the usual la*oratory
equipment. Bt as already told, we do much inves.igation

work by control coupons in the vessels, which method ,
gives better results, as the coupons are tested directly

3.

under service conditions.

|




Organisation of the Departnent for Testing Materials

Adcimstr.
Head of Department (secratary)
( -
- h anp .
Non Destriuctgive tetallograpiny SYrrosicn

Testing

Pestruccive Testin
Welding Matallurgy

and Creristry

|

Bagineer (mech.)

Engineer (mzch.)

N

Engineer {ch=n.

I

3 Inspection Men

-

1

Mdikzrograpay

H2at Treatneat

AN2LYSLS




. Equipment for Non Destructive-Testing
wertaprdtung - 4228
ase of Equipent Producer Purchase-
Name and Adress Frice IS5
adustrie-ROntgeneinheirt "Sresco™ 160 kV/5 mA Rich. Seifert & Co 181.000,-
. . R s 4 Rontgenverke
resco Directional Radiating Unit 160 kV/S =mA and ) (1965)
. ] S . Bagenstrage 41
resco Directional Ra?xatxng Unit 240 EV/S mA 0_2070 Ahrensburg
ammaradiographie-Anlage "Garmamat T1* Sauervein GmbH . *) 70.900,- 40 Ci Ir 192
azma-Radiographic Equipment *Gammamat TI® Postfach 150088 (1974)
D-4000 Dilsseldorf 1 .
asmaradiographiegerit *"Teletron SU 100 A" Nuclear GmbdH 86.300,- 100 Ci Ir 192
amma-Radiographic Equipment "Teletroa SU 100 A" Florastrae 16 (1976)
D~4000 Disseldorf 1
osisleistungsvarngecit "Gammatest 1* Graetz Vertriebsgesell-
n - schaft mbH
bse Rate Alarm "Gammatest 1 *)
Postfach 294
D-5990 Altena 1
osisleistungs meggerat "X 50 B* Graetz ) 15.100,~
cL)Rate Meter *X 50 B® (1978)
osisleistungsmefigerdt “EMB 3" Landis & Gyr 15.100,~
ose Rate Meter “EMB 3° Breitenfurter StraBe 148 a} (1978)
1230 Vien
igital-vanddickemefigerit "DM 1" und DM 2" Xrautkrimer SambH .) 46.700,~-
ltrasonic Yall Thickness Gauge "DM 1" and "DM 27| Luxemburger Strale 449 (1978)
D~-S000 Kdln/Klettenberg
1traschallgerit "UsM 2" Krautkrimer GmbH 53.000,~
L 2
ltrasonic Flawv Detector "UsSM 2 ) (1974)
TPUTSSENAIIgeray "USIP 10~~~ - Xrautkrizer G=bH 128.100,~ |
1trasonic Flav Detector *UsSI® 10" *) (1959)
tatiflux ] o ) Magnaflux Corporation 3.700,- .
or Jdondestructive Electrified Inspection 7300 West Lawrence Avenue (1371) |
Chicago 31, Illinois |
andnagnetflux~Gerit R.P.R. Patents LTD. 8.000,- |
inchoa Sexzpun Flaw Detector Alexandra Palace Station (1958)
- London 10
;;mgerxt "Equotip® Proceg SA 29.700,-
ardness Tester "Equotip® Riesenbachstrage 57 (1979)
CH-3034 Zirich
Switzerland
Tagbares magnet.-elesktr, Rifpriufgerit Tiede kG 29.000,~
. n ey ()
1ede "TIM 42 Bahnhofstrage 36 (1974)
agneto-electric Crack Tester Tiede”™TdM 42% D-7081 <Zssingen

) Vendor for Austria: Mittli XG

Hegergasse 7
1030 VWien
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Muenaipritang

Name of Equipment Producer Purchase
Name and Adress Price 83

Hadrteprifgerdt nach Vickers WOlperi-Werke GmbH #) qxﬁdW-”

. . . Kopernikusstrage 11

Hardness testing machine "Vickers"” D-6700 Ludwigshafen (1941)

Hirteprifgerit nach Brinell v _ ta 3¢0.004

Hardness testing machine ® Brinell® (1941)

Schlaghdrtepriifgerdt "Equotip" Gebrider Bach GmbH 30. 000,4
Oswald Redlich StraBe 5

Portable hardness tester s

(digital reading) A-1217 dien (1979)

Kleinlasthdrteprifer "Durimet 2" Leitz-Austria 12 8.800~
Postfach 62

Hardness tester .

: Dr. Karl Lueger Ring 12 (1980)
(;mall load instrument) A-1014 Wien
Zerreifmaschine Wolpert-Werke GmbH *) 2 1,20.00Ce
Lo . . Xopernikusstrage 11
Tensile testing machine D-6700 Ludwigshafen (1941)
Pendelschlagverk PSW 30 Mohr & Federhaff % Losenhasen | 95.000,-
. . Prif- und MeBsysteme GmbH

Impact strength testing machine Postfach 1502 (1975)
D 68 Mannheim 1

Techno-2ndoskope, Modell D 2 e Deutsche Endoskopbau-Gesell-{ 15.391,-

: schaft Sass, ¥olf % Co mbH

Technical-Endoscope Ritterstrade 12 (1959)
D Berlin

Technisches Endoskope "TekZ 5000/S" |Technokontroll AG **) 53.0Q, +

Technical-Endoscope ImbisbiihlstraBe 144 (1978)

: CH=-8049 Ziirich
Gleichspannungs-Porenprifgerdt Fischer GmbH & Co 30.000,~
Poroskope, Type H 3 4 Postfach 4 '

"Poroskope”-direct voltage tester D-7032 Sindelfingen 6 (1974)

for pores

Schichtdickenmesser "Diameter”, List-Magnetik 4.000,—

Type SM 1b Viehweg 17 - 19 (1973)

Overlay thickness measuring instru- D-7022 Leinfelden

ment

Mettler-Makro-Analysenvaage H 10 W |Comesa KG 5 9.601,~
. Tegethoffstrage 26 - 2

Analytical balance "Mettler H 10 W*|,~% o " /7 €1970)

Mettler Prdzisionswvaage PC 4400/19 - n 25.300, -

Precision balance *Mettler PC 4400/19" (1980)

——

» .
) Vendor for Austria: Otto Dohmen

ArgentinierstraBe 42

A-1041

se) " "

Eichler KG
Pernerstorfergasse 5
Yien

A-1101

Vien
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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 preliminary locations of hanger or supports, locate
hangers at or near any concentrated loads (heavy valves,
risers esecese)

Pick up all horizontal bends, to prevent any excessive
overhang.

Hanger spacing must be close enough, to prevent excessive
sagging.

3. Study building steel

4. Check for interference (pipec, constructions)

5. Calculate distribution of weight
important to obtain zero load at equipment flange

6. Summarize hanger loadings

7. Calculate distribution of expansions to hanger
8. Calculate distributirn of equipment movement
9. Summarize movements

10. Choose hangers or supports for loadings and movements

A2 b
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Instrument symbols

Mefstellen—Symbole

. Kurzbezeichnungen sShort sign

- Ausflboiog;

installed athe ap rafus .. ms.a/’eol af control pla‘e or
Fur octliche Messung efa ur Einbau in Mefitafel od. Meflwarte

O . . 6 (onfrol roam

-

Die Buchstaben bedeut .
r 0si at (econd os. at third ornext pos.
at f‘ st ers!etso ’{l ap zweiter ﬁellg an dritter od.héherer Stell

Analyse analvses Alarm a/arm . Alarm alarm .
Leitfdhigkeit conductin’Regler confroLer Regler cgntroller
Dichte spec:f/c qQraviiy
 Element -_—
Flui flow rate — R
Glas glass S
Fernbedienung durchHand renmig?e. comirol bv_sand
Anzeiger inclicatorAnzeiger
Stand (erée/ e
Feuchtigkeit m ofsfuyre— ——
Druck préessure  —— —
Schreiber wrifer —
nember m" Drehzahl revolu?’ons Schaltung circuif Schaltung
Temperatyr -
Viskositat viscosify — Ventil

Gewicht weignt Halse shell

Weitere Buchstaben

Differenz . - AH  Alarm hoch r'u'gh
mech.Thermometgr AL Alarm tief (0w
Verhattnis proportfion S :
pH-Wert

28hler counter

Mier nicht definlerte Mesaungen siehe 1S A Standard S 33 Ausg.1368
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Scope of Supply for extended dasic enygineering

SENPFEEER SN ESTESFTEU TN UES EES A ASSSESS ST =T“....-' =mtew

The following documents vill be supplied according to a time
schedule to be agreed upon for the procurement, construction
and acceptance of the plant and its elements. All documents
vill be kept up to date and vill de elaborated in German
(perhaps English) language according to the metric system
{international system of units according to DIN 1 301). Symbols
or designations sanall correspond to the Chemie Linz AG
standards, to Austrian standards or DIN standards resp. to
the Chemie-Linz AG short designations. Documerts wvill be
~ submitted in the form of qppies and one reprodugible COpy
each,

a) Process Flov Diagram wvith quantities of t e materials and
their composition wvithin the different pr ses of the
process, operaiing data, thermal balance, consumption of
rav materials and enzrgy as wvell as yielZ:.. Above data
vill be indicated for minimum, normal an< maximum throuput.
Description of the process.

b) Draft layout indicating platform loads (f rces, weights
and moments) and ceiling break-throughs, according to
vhich construction drawvings can be prepar=d. Final

- installation drawvings, foundation drawvings, pipe bridge

dravings indicating veights, forces and moments.

c) Piping and Instrument Flov Diagram vith all process and
energy pipe netwvorks comprising all machines, apparatus,
fittings as well as measuring and regulating equipment.
The diagram will be established in such a wvay that the -
relation betwveen process flow diagram, instalilation
dravings, model, isometrics and measuring and regulating

J2
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.¢) continued

diagram will be clearly showm. te far aa possible the dimen-
sions and levels of apparatus and machinery will be shown
according to scale. Material data lists, media codes,

classifications for pipewvork, fittings and seals.

d) Specifications (descriptions and dimensional sketches, data
for the pipe connecting sockets, i. e. quantity, nominal
vidths and nominal pressure, material, static and dynamic
loads, permissible pressure loss, amounts of heat, tem-
perature, pressure and the like) for all machines and
apparatus including required steel structures therefor ,
if any, to permit relevant design drawings to be preparéd
and/or the equipment to be built. Workshop drawings vith
parte lists or equivalent documents wvith apparatus data
or apparatus details for equipment wvhich require special
design.

e) Plant model in a scale of 1 : 25 (details possibly 1 = 13)
consisting of structural framework with stairs, platforms
and ladders, all apparatus and machines, pipe bridges,
process and energy pipework, main routing of measuring
and regulating lines as well as of electric cables.

f) Pipevork isometrics vith parts lists for all pipelines
vith fitting lengths in all three levels. Indication of
sliding and fixed points and/or determination of pipe
supports indicating static and dynamic values as far as
they have to be specified by the engineering company.
Determination of pipe connecting sockets on the apparatus
in plan form wvith level in”: -ation. Provisional list of
materials at the begin:.ag of planning for the complete-
pipevork including fittings and accessories. Specifications
for special pipe material not yet included in the documents
of Chemie Linz AG,

/3
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g)

h)

i)

j)

k)

1)

Specifications for insulation and painting of machines,
apparatus, pipewvork and steel structures.

Measuring and regulating (control) diagram vith specification
1ist for the measuring and control devices wvith indication

of nominal values, measuring and regulating {control) range
and relevant permissible deviations, information on material
coming in contact vith the media as vell as indication of
physical values (pressure, temperature, density, viscosity
etc.) , safety settings for the regulating and/or control
fittings, interlock diagram and alarms for the instrumentation
of process engineering. This documentation must be detailed
enough to permit ordering of the corresponding equipment.
items.

Specification of electro-technical equipment.

Draft of distribution system (one-line diagram), provisional
motor list, pover mains and lighting facilities. Summary

of critical points in regard to explosion proofing (drawving
of explosion hazard zones), control and interlock diagram
and alarms.

Checking of our dravings and of technical order specifications
for all plant equipment from the process engineering point
-of-viev,

Description of the plant, start-up and operating instructions,
control and analysis procedures,

commissioning and test run by competent persons of the
engineering company.

CHEMIELINZAG ™ —
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Time-table for the delivery of tke particulars
for an enlarged Basic Engineering

SEETS SIS ErSENSESISEEESE S SENBEEEE FEEESRE XN XN X

S

Process Flov Diagram and process
description

Draft layout vith vaste gas- and vaste
vater particulars

Final installation drawing 1 month after
receiving the last particulars

Simple Piping and Instrument Flov Diagram
(Process-P and I-Diagram)

Piping and Instrumen% Flowv Diagram

(¢ and 1-Diagram)

Media codes, classifications for pipewvork,
fittings and seals

Provisional list of materials for the
complete pipe material

Specifications for equipments with longer
terms of delivery (reactors, compressors, etc.)
Specifications for equipment wvith the
shortest terms of delivery

Plant model

Pipewvork isometrics with parts lists
Specifications of the measuring and
regulating devices

Provisional motor list

Draft of the electric-distribution systems
Plan for explosion- and hazard zones
Control and interlock diagram and alarms
Start-up and operating instructions
(Operating instructioa book)

months
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XN/As/ta Baxrr Aschanew 1980 0% 14 -'

: . | mlegmgsdam (Design-Basis) fur
: die CO2-Verfllasigungsamlage Bam N9 (C0; lquff)‘)
Proj. Er. 1499/APA

. Standort dey Anlages ( location q/ﬁep/aﬂf)
7.9 Standort; verksgelinde Chwmie Lins AG,
pSrdlich Single-Traim-nlage. Baw Nr, 219
1.2. BShenlage Uber Normal-Wull (NN). verkshshe Dase /mgz

(]
£ 0,0 m = Strade = 254,43 = Uber Adria, f;’?’g;ga)

o= 2. Ilsatische verlimaissey ( climate)
R ¢ 2.%.  Fiederschliges
' (?ﬂ;ﬂ) Regen: nax, 180 1/ha sec, vihrend 13 nim

Regendicite: max, 26,5 ma/h vikrend 20 anin
(SHOU) Schneefalls nax, 17 Gﬁn( .fnowhefgh)
Schneelast: nax. 73 kg/n2 ( fowload )
2.2¢ Lufttemperaturs (air TEi1p.)
uittiere Temperatur im Jabresmittels 0% ¢
. virmster Momats: Jull, max, Temp,s +33°% ¢
P kiltester Nonats Jinner, min. Temp.: -20° C
S \Wnsmm (Tber 24 Std.)

i Somer nax, 021°c

Al

LY TR
L
’
\
1

im Vinter mim. -14° ¢

) D 2.3, Delative Laftfeuchtigieits (wmoitwe of the Air )
. i ' maxinal 100 $ R -
: ims mittel 72 £
=2 | nin{nal 18 £
53 . 2.4  Viad ued Luftdrucks (vind and it prwure,)
§ g - 2.4.9. Bacptvindricatusgen (An_;__abq ia % s Richtung) |
352 R 33,3 £ XV 18,4XW_ 235839 4,448 |
=21 - 17, . 98,220 87330 698
- T T 2,424 ATt Sar Ungebungslufts— Industrieluft .
g . - 2.4.3%. Visdgeschvindigheit md Staofrack gestalfelt
- E‘ - nach mobes  ( wind velocity)

e

?fo-c-:v-u. 20,2 n/s q max. = 50 kg/a2 .
~.~,Y*J§' 6 l-:' = 32,2 8/s q max. = 63 kg/a2

RN 1
o A
Yy ter

LEac]

=Y /2
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. . o -2 - At =
r - " smslegusgsdatem (Prej. Fr. 14”/03) l
. - T R -

E A o $ - 28 s;: 'v‘iﬂ.".:,’,,!-,- Qm.nm
20 ~ 100 m: Vmax, = 42,0 »/s ¢ nax, = 110 ky/=2
Vindgeschwindigkeit Durchschaitt: 2,3 n/s
. 2.4.4¢ Lufrarucks ( qir pressure)
- anunms:m.
' nornals 738 == Bg
aini{mals 708 == Hg
o saxisals 7355 == Hg
- 2.4.%s Zulissige Luftverumreinigungess- ( max. e nsisions )
. : Gam, MAI-Werte und vus x_iu_lmicrm' '
- S (BebBSrde) abhingig. _
4 l [ 2.9 Grundvasserspiegels ( underqround water )
7 F .7 obeaststand ca. 249,00 mm Uber MW
.7, Oberschvesmungsgefshr bei HV-100 = 233,14 m(bei
ol Steyreggeriricks) - S
" 2,60 Bodenfrestgrenses f’o‘fpo’”f)
c.ab = umter oum ( cmAer qfo‘/”d)

B B Samtecknische m-uungg; (Carchitecture bar(l)
- 3e%e - wm:0o.oo--m.4s-ncn
Alle SShensagades sind auf » 0,00 = su bdesichen,

2 3«2«  Bambihembeschrinkung: keine
" 3.3«  ¥Preie Darchgangshihe umter dem Rokrtracken{frEebord
e mind, 5,0 » (teilveise 4,50 n vorhssden) . PjOL/ICKE )
" SuSe Exdbeben sach ONORN BMOVS (earthqucke force )
s - 350 Imlissige Bodempressung: 7,8 kg/ca2 +30 X Imbtem~—

L L)

e mmergtemy C wbilitie)

SIan et O 'w*ﬁ' 0 TR

2 dar Bats
2 bar Fets 6,0 6,8 s,0¢ V70 190‘ 208
] 20 bar Bets, 16,0 17,0 . 19,3 NS 240° 0
CF 5 2T 23 barBets - 20,6 27,% 22,3 260 270 .czao
b TR .
o ' Drucklufts = 3,0 5,3 4,3 u-pcam t
'_"." r'-, ‘..’? . ) . i . S ? 4 ’ +20 ¢ 40
S T e TR . nnchdgmn
- P PR . " dis 100 %
. ) i Vmiﬂm 3m von: 01, W/./J
A T B v
A Rl ms Gn Shbondmpatrund 4 3 tervs = ) CRIE MR




mslegumgsdaten (Proj. Br. 1499/APA)
e e S S

J“., v .

dar DDerdruck
R ) = ' min, normal ®ax. =im norm max
) 4% Instrunen tan-

) o 1ty .3 7,3 85,0 ?o-pmm %cs
. - , > 20 » 4
S (insrumend cir) Peuchtigteits
m 7 bar
o Verunreinigungen:
- : - ) ) - keine

e Aele tickstoffs 3,3 7,5 .90 - Temperatur °Cs
K|z v mapen s s e g
5 NI § - P ts:
A L (dege) . % o/

e Ty Lo : : ' Verunreinigungen:
PR s . 81, vasser

e
~N

= : 02°¢C 2 %
" 4.3+  Elektrische Energie Celectrical e"‘—"@")

Grusdlage f8r die Errichtung der elektrischea’

SR i jewelils gitigem Passung, .

ST - Spamnung Phasenrihl . Prequens demerk

RSN IR Motore)>160kw 6 kv 3 50 &s )Einselfal
o motore{16a1w WOV A 3 50 = Joe J5 noe
Tl gﬁbmtanm ¥o/22aY 3 SO

;‘:\A o StemTspamamg 2OV 2 . SoRm- -

e (dmng -

R @,mf.- NeS- uad - e T -

A IR Tegelgerite ¥ 2 . soms -

- e S Signal- wad Meldee s

SO f L eizrichtungen NVY 2 -~ c8 ) Iber Battex
'-_{3‘:‘._:; Magnetvestile 24V . 2 ° s ] g:,'z.‘:;ﬁ”
s T wad BEandleuchten 42V 3 bsws 2 SORs . -

e Klektrische SchutmmaMalmens ( 27, flawhr&) ]
- a)h’ ol 6 Xv-Setss - SeAutzerdung nach cw-:ufn

T FEEP 00 v-Setsz - - :
I -"-'-‘ T A2 V-Betzs

. cHErmEUHZAG

e L Y 1 - " = " ¥’ 1 7-§o




|

‘ 4.%.%
4.5.2.

‘o!‘
4.‘.'0

4.6.2.
L &7

4..70' P

“a- ; ]

mslegungsdatem (Proj. ¥r. 1499/APA)

T SR A S

BRitsschutss arrichtung wad Uberprifung

' vaa Blitsschutzam]ages

nach ﬁvz—s49/\9?c

lotstrﬁmm:
Exforderliche Leistung ist amsugedem
BRlektroinstallationem im Bodem, mtew
Flur oder af Rohrbricken verdem dem
Srtlichen Verhliltnissem angepaSt,
Abwissers ) .
Abvasser, (Regem, IUAl-, Fadriivasser und ( waste wares)
Pikalien) werden abgeleitets
AxcfUhrung Betom, nicht slurelest, kamal-
sohle 248, 40,
Verunreinigungent
Behdrdenvarschreibung beachten,
Vassers -
Pludvasser (Kidlvasser) ( c0oli"g «awﬁeq)
Physik, Datens U
Nettdruck: rnormal 2,9 bzp '

RaXe 3,2 bar }m auf YR (40,0 m)

ain, 1,6 bar S
're-oeratur: nIx, 21° c

min, 1% ¢
msermstrtttstapaam ans Wirmetauscher:
X, x%c : - :
massige mlvwh—‘mt)is' C (in desonderer
Fillem nack Absprache).

. Pouling-Faktars Fir vmdu-pcatn-(” C:2x 1"‘

vasserseitig: 2T ..

R (] -
ez zi'ziz 3 50% Cs 4 x 100 -‘3&!35 - 2

mlmseruitmgen verdea irmerhald der Anlage

" oberirdisch oder unterirdisch je nach mamg-'

7.2
7 4eTe3s
:'. J ‘_ T~

keit verlegt. - .
vasseranaly<es ,
Tabelle siche nkhsm Seito
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_Ah der Anlagengrenze steht gereinigtes kiesfiltriertes Donauwasser mit folgender
. -8eschaffenheit zur Vertigung > ™~ _jrigycfriak tale C Darube ) )
K Ourchschaitiswerte. Grenzwerte.
7 LEM 8.8
‘ Lart’zhigheit( conductivity )] 263.0-6 S/cm
;| fre2 COQ 2.0 {mgnt
< C2 5.7 . malt
£ . [M-wenrt 2,55 mvet ][l
3 Sescretnrorte (RHardnes) 8,5° cH
daxrdonctharte 7.1° aN
t'e:dende Hirte 1,5°® dH

'-' ‘fg T fg, £ "’9 ’ !

- Ca . 58,8 mg/[t
AbZamotrickstond bei 05°C | 214 mg 1
G!cFrickstond bei 650°C 122 mg/}
KMn0¢ ~2chl 19 30 mgll,

- Fe 0,31 - mgll

.- Sial 309 m;_’ ‘ *
_ { . ¥ L HCO, 156 mgll
-} NO> 0.08 mgll
NOq 14 mgfl
Chiorid als CL 9 mg/l
Sul’ct als SO¢ 29 mgft
JeH s B a,12 mgll!
Aa 4] 6,6 mgll
X 4,0 w3l
_ [ P-#ert :mved [ 1
_~ . | Schwebestote( suspended | 3-4 12 laszfristig mex. 200 |mgll
D4 mater)
g Y :
.l E
: [ -
i
§ 1] Fouing Fokter bei Rohrwandtemperatu-en od Zer Kuhiwossersece von
[ ] . Y
-3 Wasserseitig .= €50°C : 2=0-% %I .
> . opr . -4 m2h°C
2 . ®S0°C: L2107
S
E A 4 - ) T
23 :
N .
N I E: Bemerkungen ./5
c'c.' JL’Q . ) O ) k ’
- vILATT | YT 1910 1[0 2TAD 3] 1 Proj. Nr. -
7 &.E..E U.!Z AG at KUhhvas:ser Analyse
N A Gez Werk-Linz I S
DEERNIE T BV R e e e S YR T oo N s
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e v ay = ar
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Aaslegungsdatem (proi. ¥r. 1499/APA)
.- -}

8 oh- und Setriedsstoffey ( rae materials’)
S.%e  Xoalensture gasfSrmigs ¢ COz)
S.%.9¢ Druck aus der Single-Train-mmlages ( presire) ,
ats 7,2n06m 1,28 bar abs, (PRAN/406)max. 1,32
9.1.2, Temperaturs 83° C (spiter nach Vervirklichurg
der 2 bar-Damplferzeugung Druckvergasung cé. 60% ¢)
9.7.3¢ Analyse besogem auf trockenes Gasj
co2 - 99,2 dis 99,3 Vo1 %
Hy 0.4 bis 0,7 Vor %
L 0,050 . Dbis 0,2 Vo1 %
0y 0,0 dis 0,03 Ve1 %
A 0,003 ' ®is 0,0 Vel 2
cs, 0,001 big 0,08 vo1 %
0 0,00} dts ~ 0,003 Vol %
: oucuutbeuzh.u)bnau.uasc
e - mserdapfgeslttigt. . .
S wox, ¢ |
“ %2  smontay ntsstg ( VD Liged

" Se2eVe bar Uberdsuck % temperatur
, \ e normal RaXe xime normal max,
]

1 2 - -20 -3 +30

m, 99,8 . bis 99,9 Cev, %
. 1.0 0,08 Me 0,10 Sew, X

31 wmd Pet+=; geringste Spurem
mtgmc<aoobu4oo-uloo.n,n.

' ) . Zusamensetsung der 2estgases

0, Ids. 2 vas
B, 20ds . 0 Va1 X
cu, IHMs- I3 Vs
¥, eAr 29 dis 3 vorsg
S.3¢ rmmomiak gastsrmig (Nt — gas)
%e3.9, ~ bar Ubexrdruck % Temperatur
nin, - nom2l naxx, ain, normal axx,
0,33 0,43 0,73 +2 +10 N8/

- jemem. e
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imslegmgadaten (Proj. Xr, 1499/A2A)

J.3.9. Mmalyse vie Fu, Nissig (Fite. 3.2.2.)

6o Schallschutsy (norse)
ER 6.%e = Gerlusche firfem folgenie Werte aicht Der-

- schred tenp
™® Maschinenhams nax, 89 4B ®A® in einer Eat-
fernung vom ¢ = road wn dem Schallerseuger,
s Preien max, 83 4B "A®, sonst vie vor,

: BekSrdenvorschreiumgen deachtesl -
T .

—
, o oo
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132% WBKA/Wac/0Ob 1973 11 06

Technischer Text sur Anfrage 62545/9354/SZ

aEasssassassnnnex. axsnmzxmn ]

.. /

Eine Anndniakverdichtcranlagc Des tehend aus:

A) 1 Kompl. NH3-Verdichter m rorgeschaltetem Abschaiodar
fUr die FSrdermengen max,? a) 44 000 Nm3/h
b) 22 000 Nm3/h

B) 1 NH3-Vorwvirmer

C) 1 NH3-Nachkilhler sapt Kondensatabscheider mit automatischer
Entleerung

D) Ersatzteile

/2

Osterreichische =3 s | 33 g L,
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13298 ‘EKA/H“/OD 1973 14 }‘
Technischer Text zur Anfrage 62545/9354/52 :

3 £+ 2+ + + -+ + 2~ 2+ F F 1+ + 3+ + ¢t 2+ + L >4+ 3 F X ¥ PN

Elektrische Energie: !

FUr Antriebsmotore > 132 kV: 6000 V, SO Hz
Flr Motore < 132 k¥ : 500 VvV, SO kz
Steuerspannung: 220 V
Ex-Schutz am Aufstellungsort: Exe 1 31
- Kompregssorregelung: bei konstanter Verdichterdreh-
Y zahl mittels BypaB
Eetriebswveise: - 24stiindiger Dauerbetrieb
Aufgtellungsort: in einem allseits geschlossenen
Kompressorenhaus. -

Lirmpegel: Der zul3ssige Ldrmpegel in einem Meter Abstand
von d. Maschine darf 65 4 B (A) nicht
Uberschreiten.
Sollten zur Erreichung dieses Ldrmpegels Schaltschutz-
maBnahmen- (Schallschutzhaube, Schalldidmpfer etc.)
- erforderlich sein, bitten wir Sie diese mitanzubieten.

Angebotsumfang beim Verdichter:

a) 1 kompl. Verdichter. flir 44000 Nm3/h bzw. 22000 Im5/h

b) ev. ndtiges Getriebe

c) Kompl. Druckdlschmierung mit Haupt- u. Hilfsdlpumpe,Clkikler,
J1filter, Rohrleitungen und Armaturen.

d) Xompl. Fundamentrahmen mit Ankerschrauben

e) Kompl. Regeleinrichtung

f) Alle flr den Betrieb und die Uberwvachung ndtigen Mes- und Steuer-
gerdte.

D) Ersatzteile:

1 Satz Drehkolben mit Wellen /8

Osterreichische Masst s |
Stckata erke AG LY UDZ]

Aite Augris 1l 18M UrhederrechiSgeset vom 3 & 34 siehen uns ru




N B

~m——

- A A

RN N eroer &

Cos

Techniscner Text zur Anfrage 62545/9354/SZ

Satz Steuerzahnrider mit Nabe
Satz Lduferlager

Satz Wellenabdichtung

Olpumpe

Rohrbiindel fir Clkiihler
O1filtereinsatz

- b wd e b b

und zusdtzlich Ihres Erachtens nach noch erforderlicre
Reserveteile.

Angebotslequng bis : 1973 12 07

Nicht zu Jhrer Lieferung geh¥ren:
Simtliche Bauarbeiten, Fundamente, Antriebsmotore mit Schalt-
und Schutzgeriten, Kupplungen, Isolation,Ol1flllung, Montage

Dem Angebot sind beizulegen (3fach):
Magblitter d. Verdichters und aller Apparate
Skizze des Fundamentes '
Gewvichte des Ve}dichters u. 4. Apparate
Schema d. Wellenabdichtung mittels Sperrgas
Anlaufmomentenkurve

Liste der MeB- und Regelgerdte

/9

Die Preise bitten vir positionsveise getrennt anzubieten.

8- 1325 WEKA/Vac/Ob 1973 11 06

Osterreichische E:l
StickstoHfwerke AG [Lﬂ_ m_ .

Allg Recte aus 3em ‘Jriederrechisgeset; vom 9 4 38 stenen uns rv
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Terminplan cxurztassung) | Titel: _L02 ~Verflussigungsanlagse ... ... __ . |8t 7.
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CHEMIE LINZ MELAMINE PROCESS

Process Description

Melamine, a raw material for the plastic industry, has been so far
produced from cealcium cyanamide via dicyandiamide, but is now mainly

produced from urea.

The CHEMIE LINZ AG succeeded in developing a continuous process at
atmospheric pressure for the production of melamine from urea, thus
achieving a technical progress solving all problems satisfactory.

The CHEMIE LINZ - melamine process operates at atmospheric pressure.

The formation of melamine proceeds - in the same way as in case of all

other processes starting from urea - according to the overall equation:
6 CO(NHz)Z————) C3N3(.\H2)3 +6 NHB +3 CO2
The reaction is endothermic.

The melamine is produced in two steps. First, urea is thermally de-

composed into an equimolar mixture of isocyanic acid and ammonia:
CO(NH2)2 ——> HNCO + NH3

H = + 780 kcal/kg urea (solid), endothermic reaction.

This gas mixture is diluted with addJitional ammcnia, and led to a catalytic
reaction. During this second step the isocyanic acid is converted into
melamine and carbon dioxide.

6 HNCO — CJNB(NHZ)Bo 3CO2

= - 714 kcal/kg melamine, exothermic reaction.




-2-

These separat= i
par process steps permit Carrying out cach reat:n o .:v.. 1o

opumum temperature range. Consequently the formation of Lraaitee 5
> ’ - ,-
products is reduced to a minimum; and a recrystallization 15 not reces-

sary.

The first reaction takes place in a heated fluidized sand bed. These is
practically no abrasion and therefore the reation gases need not to be
filtered. The second reaction is effected in a fixed catalyst bed. There is
no contamination of the product gases due to catalyst dust. Such
contamination would necessiate filtration and crystallization. The reacticen
heat of the second reaction is controlled by cooling devices. The reaction
heat is used for preheating ammonia. The melamine formed in the
cataiyst bed is gaseous at reaction temperature. It is condensed in a
subsequent cooler, where melamine crystals are formed in a agueous
suspension. The remaining components of the reaction gas mixture can

thus be separated from the suspension very easily.

The melamine can be easily separated from the mother lLiquor by a
centrifuge or a filter. Due to this wet separation as well as the subsequent
drying melamine with high bulk dersity is obtained. Hignh bulk density is an

acvantage for storage, transport andg further processing.

Accorcing to the overall equation, 2,36 tons of urea are theoretically
neeced for the procuction of | ton of melamine with 0,31 tons of ammonia

and 1,G5 10ns of carbon dioxide as by-product.

As the formation of melamine from isocyanic acid has a yie!d of 91 - 95 %

in practice 3,1 tons of urea are required to produce | ton of melamine.

The unreacted isocyanic acid is hydrolized into ammonia and carbon

dioxide or rebuilt to urea.

SRS, |




2. Process Descriotion of a Melamine Plant

If the urea to be treated is available in solid form this is first melted with
steam (1,2). If urea is available in liquid form the melting is of course
waived. The meit is delivered to the decomposer (3) by pumps. The heat
required for decomposition of the urea is obtained from a circulaticn salt
bath which is maintained at the right temperature. The reaction takes
place in a sand bed reactor, fluidized with hot ammonia. In the de-
composer (3) a gas mixture consisting of isocyanic acid and ammonia is
formed. This is delivered to the catalyst reactor (5), where the isocyanic
acid is converted to gaseous melamine, and carbon dioxide is set free. The

' . H M o

reaction heat is used to preheat ammonia.

The mixture cf gaseous melamine, ammonia and carbon dioxide goes to
the separator (6), where fine-crystalline melamine, suspended water is

obtained by direct cooling.

Dus to extraction of heat by water evaporation the separation gases
entrain water vaporous. A great part of this water vapour is condensed in
the following off-gas-cooler (7) and returns to the separator (6). The off-

8as is sent to the off-gas treatment unit.

The suspension from the separator (6) is pumped into a collecting tank (8)
‘ and cooled via cooler (9), whereby part of the dissolved melamine will
crystallize.

The suspension is pumped to the centrifuge or fiiter (10) where melamine
crystals and liquid are separated. The mother liquor is recirculated to the

melamine separator wvhere it served as a cooling agent.

To obtain the desired moisture in the final product, the melamine from
the centrifuge of filter is dried in drier (11). The cooling zone in the drier
cools the melamine so as to be suitable for storage.




Subsequent sieve (12) and milt (13) enable removal_of agglomerats formed

in the drier.

The product from the drier is ready for sale. It is weighed (14), b>gged and

stored.

5 9 Off-Gas Uitilization

The off-gas consists of carbon dioxide, water vazour, inert gases and a lot
of ammonia. The major part of this ammonia was fed to the catalytic

reactor in the synthesis for the fluidization. The minor part was se: free

during reaction.

There are different alternatives available for utilizing the off-gas and

mother liquer economically.

The following possibilities may be mentionec:

a) Separation and return of the ammoniz from the synthesis and

nff-gas :=z pgroduce 3n ammonium

absorption of the residual
carbonate sofution.

) This carbonate solution can be celi.erzz to fertilizer plants for
conversion into ammonium nitrate, zmmonium sulphate or

ammonium phosphate.

.' When passing this ammonium carzorz:e solution to an urea plant,
consideration should be paid to the fact -zt the high percentage of

water reduces the efficiency of convers.r .ato urea.

An improvement is obtained thro.gh zzr..ersion of the ammeonium

carbonate into an ammonium carsaTate sclution, thus reducing the

water rate.

@ a — oy -

—_—
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A better alternative would he, however, according to a process,
developed by Chemie Linz and us&d in several plants.

b) Obtain an ammonium carbonate solution as in a) above and separate
this into ammonia, carbon dioxide and water which only marginal

increase in investment and utility requ.rements.
Thus the melamine plant is independent from any other plant,

because the psure ammonia can be exported in liquid form or used

anywhere,

Process Description of an Off-Gas Treatment Unit

The off-gas goes to the ammonium carbonate column (= NH3~separation,
21) where CO2

supersaturated with ammonia. The surplus of ammonia is cooled and dried

is washed out forming an ammonium carbcnate liquor

with liquor ammornia on the top cf the column. Bulk of this ammonia is
compressed (16), preheated (%) and returned directly to the melamine
plant for re-use. A small part of this ammonia stream is further
compressed (17), liquified (18), separated from residual inert gases and fed

to the top of the ammonium carbonate column (21).

The balance of the ammonia gas obtained at the top of the columr (21)
leaves the plant and is available for further use in other units. This
quantity corresponds to the ammcnia produced during the melamine

synthesis.

The ammonium carbonate solution is stripped off from the free ammonia
in the NH3
stripper (19), which opcrates uncder elevated pressure. In the lower steam

-stripper (15) and delivered to the lower stage of the C02-

heated stage, the ammonium carbonate solution is decomgosed. In the

upper stage the NH. is scrubbed with water and the pure CO2 leaves the

3
plant for further use. The ammonia water, obtained in the sump, which
still contains slight amounts of carbon dioxide, transfers its heat in the
N
H,

column (21). The remainder is decomposed in the NH3—C02-stripper (29).

-COZ-stri;per (29). A main part goes to the ammonium carbonate

Gases expelled in this column are recycled to the ammonium carbonate

column (21). The separated water can be used as washing water or purged.




Consumption Figures per Ton (Metric) of Melamine

- Consumption Expected
Urea (100 %) 3,10t
NH, liquid 0,3 t
Process water
(condensate) 1,2 t
Catalyst

) ‘ (2 years life-time) 2,50 kg
Electric power 6 kv 500 kWh

500V 280 kWwh
Fuel 14,46 GJ
Steam I5 bar 3,0t
6 bar 5,0 t
Cooling water 15°C 800 m>
Nitorgen 5 bar 40 Nm?
Instrument air 40 Nm3
Compressed air 500 Hm3

‘/‘Credit
NH3 gas 1 bar 1,2 ¢
CO2 gas 20 bar i,10t
Coridensate 5,00t
Effluent
Mother liquor
from recrystall. 0,03 m3
with 1 kg melamie

20 g NaOH
90 g Na-ammelide
Cooling water 800 m?>
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CHEMIE LINZ- MELAM[N[—."ROC ESS

—

Acmeding

AL PR
1. Mclt vesscl 6. Separator " 11, Orier :g ::: ~cumpressor
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