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HISTRORICAL DEVELOPMENT OF

CHEMTIE L INTZ AG

Start of erection worv in 1940, heapinag un the area near the
NDanubh2 for 2 - 4 metaers with aqravel from the nort.
DQuasticn of In~atinn: the new plant was situat2? next Aoor to

VOEST because there was a surplus of coke oven agas.

The oriqginal name of opur comnany was "Oesterrzichische Stick-
stoffwerke AG" (translated: Austrian Nitrogen Plants Ltd.).
Initinally onlv nitrogen fertilizers were prnduced. This old
name was too complicated and ton long for international use.

So we changed it to "CHEMIE LINZ AG" some vears ago.

Original laynut of our facilities:
1st extension step: 50 000 t N
2nd extension step: 100 000 t N
Start of production - Primary N: October 1942
CAM : March 1943

In the year 1944 we had reached a production of 55 000 t

primary N.
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Duaring the second warld war our plant was hit by 800 bombs.
From May 1945 to July 1946 production partly stood still due
to> damage and shortage of npower.

In 1948 the former production level was reached again.

It was boosted stroagly in the following years.

1957 1967 1977

Froduction of
primary N: 164 000 t/a 275 000 t/a 466 000 t/a

The number of different products increased during the same

ime from 200 to 1300.

The most important results of our chemical-technical investi-
gations you will find in the CHEMIE LINZ Know-How brochure.
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The most significant erections:

1939

1943

1944/45

1945/4¢

1948

1953

1954

1960

1975

Foundation of the enterprise "Osterreichische
Stickstoffwerke AG" with a target of 50 000 t N

per annum.

Start-up as an enterprise producing only nitroge-

nous fertilizers.

800 bomb hits, -losing of the plant

Reconstruction, installation 5f the departments

investigation, development, sales and training.

Foundation of pharmaceutical division and con-

tinuous extensicn of all plants.

Foundation of tne production line for plant prote-

ctive agents.

Start of the plants "Gypsum Sulphuric Acid” and
ssp.

Start of organic production facilities (preplas-
tics and plastics).

Erection of the plant at Enns (acrylonitrile).
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DEPARTMENTS YOU CAlMN VISIT LJRING THE COURSE

Division A, engineering, high pressure
Single train plant for NH3 production, old ammonia

synthesis plant, ammonia storage

Division A,engineering, gas preparatior
Synthesis gas preparation from coke oven gas and
natural gas, gas reforming plant, water supply for

the whole company, boiler feed water treatment, oxy-

" gen plant

ATHN

ATP

Division A, engineering, nitrogen fertilizers
Nitric acid, CAN, ammonium ritrate, ammonium sul-

phate, storaaqe, bagging an shipping, plastic bag

Division A, engineering, phosphate fertilizers

Sulphuric acid and cement from gypsum, sulphu~
burning plant, single superphosphate, NPK phosphoric
- cid, storage for fertilizers and raw materials

bagging and shipping.

" Division B, engineering, urea

Urea ancd melamine plant, storage, bagging

Central engineering, main workshop

Manufacture and repair of vessels, heat exchangers,
pipes,...

Machining shop, repair of pumps, gears,...
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TEL

TME

Central engineering, electrical department
Planning of electrical equipment of new Chemie Linz
plants,

electrical maintenance, balancing of rotors

Central engineerinag, instrument department
Planning of instrumentation systems,

weighing systems, maintenance and repair

Central engineering, material testing department
Recommendations concerning material selection for new
and existing plants, checking of welding seams,

corrosion test,...

You will have also the opportunity to visit the following

departments for a3 short time:

TBW

us

Central engineering, civil department
Planning of new buildings and maintenance of buil-
dings, streets, rails, sewerage. Insulation and pain-

ting group.

Safety department
Safety instructions, registration of accidents, fire

brigade, safety kit (masks, filters, respirators,...)

Central engineering, design

Coordination of all investments (new plants), impro-
vements in existing plants together with produc-
tion- and maintenance departments, working out of

drawings and investment programs.
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MMV

PAW

(CHEMSERV CONSULTING)-a 100% subsidiary of Chemie
Linz AG
Central planning licenses

Licenses and know-how from Chemie Linz AG

Discussion with members of the works council

Central division M (procurement)

Stores, computer system

Central divisior P (personnel), training school
Training of apprentices, workers and employees in

lectures and courses.
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MECHANICAL JOBS FOR OPERATORS

»

During start-up of a new plant we normally have some mainte-
nance perscnnel in shift (1 or 2 shift fitters). If the plant
is in continuous operation there is no maintenance personnel
in shift. For the complete plant of Chemie Linz only in twc
departments (ATN and ATP) each one shift fitter is working.

For example the single train ammonia plant, water treatment

and also urea plant don' t have a shift fitter.If there is a
. fault the operating people (prcduction) can call the stand-by
service (on call service).
l For every production department
' 1 chemical engineer or production foreman.
For every maintenance department )
.~I-»—»\-— 1 mechanical engineer or maintenance foreman and

2 fitters with good knowledge of the plant are on

- call for the time of one week after the normal wor-

" king time and during weekend.

!
4

A few years ago an apprenticeship scheme for chemical plasnt

| -

——frperators was launched in Austria. After the normal education
at school (normal age is 15 years) a young person can join e.

g. Chemie Linz and can learn this profession for 3 years.

¢
t

During this apprenticeship at school, workshops and different
plants the person becomes familiar with small maintenance
jobs. Therefore in Chemie Linz the operators are allowed to
carry out certain maintenance jobs under supervision of the
production foreman and on the production department's respon-
sibility.




Maintenance jobs allowed for operators are listed below:

Mechanical jobs allowed foi operators in department ...

After order and instruction by the shift foreman the following
jobs are performed by production side after relevant guidance
by the maintenance side in the units later mentioned.

Beside general precautions, the following particular safety

instructions have to be considered:

Pipes and pumps are to be depressurized and drained, hand
wheels of valves - if required - ar= to be 1locked, blinds
have to be installed, switches for motors are to be locked or
fuses are to be removed by the electrical department. For jobs
with aggressive media the common safety means (e. g.: goggles,
protective suits, rubber boots, gloves, etc.) have to be used.
Flight devices or masks are to be kept ready, also water in
form of a flexible water tube. If NO, S02, CO/CO2 or other
dangerous gases excape, the working area has to be left imme-
diately.

In principle all jobs are to be carried out in such a way that

neither the worker nor his surrounding will be endangereA.

For all jobs for which a work permit was required up till now
a work permit is also necessary in future (see safety instruc-

tion no. 6 - maintenance jobs  in the oplant).




General instructions for all jobs

1.
2.
3.

7.
8.

Do not use wrench extensions to tighten screws.

Tighten nuts or flanges and lids crosswise and uniformly.
Clean sealing surfaces before installation of new gaskets.
Treatment of gaskets before use:

for steam, cold water, hot water, air, sulphuric acid, 1lye:
mixture graphite+ oil;

for nitric acid, NPK slurry, ammonia:

silicon grease

Only use undamaged bolts of sufficient length in the
required quality and use undamag:zi nuts. Grease before use.
In the case of changing armatuires pay attention to
material pressure range and flow (arrow).

The general allowance to fulfill maintenance jobs is li-
mited by normal pressure 10.

Welding jobs are not allowed.

To erect scaffnlds higher than 1.5 m is not allowed (call

scaffolders).

Gasket materials to be used

Steam, water, condensate, cold gases, Klingerit 400 UNIVERSAL

compressed air, lyes (blue) or Klingerit red

Phosphoric acid

Nitric acid Klingerit 400 or

Klingerit Acidit

Sulphuric acid 99% Klingerit red or Teflon

Rubber reinforced by fabric



Sulphuric acid below 76%, H2SiFé6 Klingerit Acidit or

Klingerit red

Oils, coating agents Klingerit oilit or

Klingerit red

Beside the already mentioned general jobs for every unit of
the department particular jobs are listed up which are also

allowed to be performed by production personnel:

Some examples:

Bagging and shipping (unit 629)

Greasing of vehicles (dumpers, fork lifts,
wheel loaders) wowe
Bag welding machines: Turn or change of razor blades
Clean the filters of the vacuum pump
Equalize felt disk
Clean preheater and pre-pressing device (grease with
silicon oil) WOWP
Replace tubes
Check and clean cooling water filters
Adjust ammeter for heater
Loading of accus WOWNP

Central raw material storage (unit 631)

Char.qe armour plates on conveyor chutes WWP
Repair small defects on belts WWP
Change shear bolts on reclaimers WOWP
Rerlace grease nipples and grease tubes WWP
Clean o0il pneumatic hammers WOWpP
Repiocce rubber aprons and belt cleaners WWP




TYPE OF JOB

Sealing glands on valves and
pumps up to PN 10, small jobs
on steam, condensate and warm

watar lines up to 7 bar.

Tighten screws equally. Lan-
tern rings should not touch
the shaft. Re sure that all
screws are in qood conili-
tion. "Klinger" valves are
allowed to seal only in
closed position. (with work

permit)

Remedy leakages on armatures

(e.g.qlands,flanges of pipes)

immediately after depressuri--

zing and Adrainaqge.

Pay attention to qgeneral
precautions; be sur= that
pipes are empty, w=2ar nro-
tective clothes (with work

permit).

Changing small valves and ar-
matures{e.qg.condensate traps)
un to ND 100 and up to an

operating pressure of 10 bar.

Connection and disconnection
of flexible tubes for compre-
ssedair, oil, water, acid as

well as mounting of clamps

Use tubes only if clamps are
mounted. Pay attention that
the right tube couplings and
reliable clamps are used

{without work permit).




Setting and removal of small

blinds (without groove) as
well as connection and Adis-
connection of corresponding

pipes.

Pay attention to general
oprecavtions, depressurize
and drain the pipes, use
protective clothes. If elec-
trical connections of ear-
things are to be disconnec-
ted inform electrical de-
partment before starting the

job (with work permit)

Opening of 1lids for cleaning
of vessels, hoppers, pipes
and chutes.

Provisional sealing of steam,
condensate, acid and water

pipes by means of clamps.

Use required protective

clothes (with work permit).

Connect and disconnect oil,
acid and other wagons or tan-
kers without using threaded

clamps.

Pay attention to safety
instruction no. 23 - loading
of wagons - and no. 23 -~
safety in the field of
shunting (without work
permit).

Refill and adjust drop-cilers
as well as checking existing
central-lubrication devices
for functioning.

Refilling grease pots.

Use only non-contaminated
grease of prescribed type.

Exception: central
lubrication of filter in NPK
plant will be maintained by
the maintenance personnel

(with work permit).




Take care for all points to

be lubricated e. g. nipples,
grease boxes, o0il droppers
(on compressors). Exception:
all closed 1lubrication sy-
stems (gear boxes,...)

Consulting lubrication

chart. Exception: grease
nipples and grease boxes in
NPK plant (without work per-

mit).

Help for lubrication of run-
ning pan-conveyors by means

of a motor-grease-press.

One man stands in visual
contact with the greaser on
the emergency switch of the

conveyor (with work permit).




INVENTORY SYSTEM OF CHEMIE LINZ AG
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Each building in thke company has a separate number. For admi-
nistration buildings the numbers 1 -~ 99 are reserved. For the
different buildings in the plants the numbers 100 - 999 are in
use. Each machine and apoaratus has an apparatus number (e. q.
610/024 - sulphur furnace of Monsanto plant). The first three
figqures mark the unit in which the machine is in action.

The second three figures determine different machines in a
certain unit (building). Electrical motors are separately
numbered and inventoried by the electrical department. All
machines and motors in the field and the rerlacements in stock

are marked with the apparatus number.

Example of inventory recorA

610/021 Sulphur melting pit, 21 000 x 4 300 x 1 500 mm,
with coils and agitator.
Three phase current motor, 5.5 kW, 1 400 RPN, gear

transmission to 84 RFM, motor number 693970

610/022 Sulphur pump, vertical tyoe, size 1*. vVs0 - 361 -
1/4, temperature of molten sulphur 1350C Fa., Lewis
& Co TPC motor, 4.8 kW, 2 870 RPM, motor number
594200

610/023 Sulphur pump, equal with 610/022
TPC motor, 4.8 kW, 2 870 RPM, motor number 694201

610/024 Sulphur furnace, vertical construction, 3130¢ x
7750 r.igh, steel shell, brick lined, manufacturer:
Reisner & Wolff




610/025

610/026

Waste heat boiler. 1 800 £ x 7 600 long, 225 =2
surface, 16 kp/cm2 steam pressure, insulated, reqgi-
number 2236, boilerfeedwater-drum 1500[7x SN00

long, 10 m3 volume

Hot gas filter ......




In Austria there is a collective agreement between the Federa-
tion of Trade Unions (labor unions) and industry. At inter-
vals of 1 to 2 years the two parties fix the wage increases

for a certain period.

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

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

1. Basic salary (BS)

It depends on the position of the employee. The scale of
basic salary is divided into 23 steps.

2. Seniority value in percent of the basic salary (SV)
SV = 67 x years of service with Chemie Linz
90 - entry years (age)

3. Experience value (EV) in percent of the basic salary.

This value is 1% per CL service year up to a maximum of
18%.

4. Personality value (PV)

It depends on the opiniun of the employee's supervisor and
increases from 0O to 33.6%.

Monthly salary: BS + SV + EV + PV




Holiday (leave credit)

Up to 20 service years: 24 week days (4 weeks) Mo - Sa

More than 20 service years: 30 week days (5 weeks) Mo - Sa

Years of study are credited as service years to the following

extend:

Charge for Technical High Schoold: 3 years (duration of
school: 5 years)

Charge for Technical University: 5 yvyears (duration: 5-38
years)

More than 25 Chemie Linz

service years: 30 actual working days (6 weeks)

Additional freetime

for marriage, birth of a child, moving house, 4eath of rela-

tions in the amount of 1 to 3 days.

Recreation leave in company-owned hostels

Every 21 months: Production and maintenance personnel in very
dusty and 4irty areas.
27 months: Foremen and workers, laboratories
37 months: Employees in production offices
96 months: Employees in administration offices




WORKING WEEK

-

In Austria the 40 hour week is generally workec.

General shift

Flexible working time:

start in morning: 6.30 till 8.30 h
3/4 hour lunch break

close in afternoon: Mo - Th: 15.3C till 17.30 h
Fr: 12.30 till 14.00 h

Recording of actual working time on “time registration cards".

front side
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The maximum plus or minus balance allowed for one comnlecte

registration card is 10 hours. Employees of Chemie Linz AG can

take two free mornings or afternoons or one free day per month

if they do not infringe the 10 hour limit and if their supe-

rior gives his consent.

Shift system

Most of our plants are on stream 24 hours per day. For these

production lines in the different departments there are 4

shift groups working 8 hours per day according to a shift

table. These groups also meet the 40 hour week with temporally

fixed free shifts.

Examples of different shift systems:

A B c p
| .2 shift groups A, B Monday-Friday [6-14 | 14-22 bagging and
loading
3 shift groups A,B,C Monday-Friday [6-14 | 14-22 |22-6 superphos-
- phate
4 shift groups A,B,C,D the whole week |6-14 | 14-22 |22-6 |free | most produc-
tion plants




SUGGESTION SYSTEM

In 1953 Chemie Linz AG introduced a suggestion system.

How to make a suggestion:

1. The idea

Everybody can make suggestions. The office "Suggestion System"”

and the members of the works council will help composing a

suggestion.

2. Presentation

Possible via the superior, the office of suggestion system or
the works council. One can also put the proposal into the

"suggestion letter box".

4
.




3. Registration and examination

The office checks the suggestion formally and asks for the

opinion of one or more experts.

el .
Lt > ————
- R
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4. The decision

Acceptance or rejection of suggestions is the duty of a "sug-

gestion commission”.

|




S. Reward

The experts calculate the annual savings and suggestion com-

mission has to fix the reward.

P e —
—
P

6.Payment

If the suggestion is worth while the employee will get the

reward together with his/her monthly salary.
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We distingquish estimable and computable suggestions. An esti-
mable suggestion can be rewarded with AS 200,-- un to AS
3.000,--, depending on the result of the evaluation system.

Criteria in the evaluation system:

Importance important .......... negligible

Kind of solution original ........... already used

Effect of the proposal complete change .... insignificant
change

Frequency of application often .............. single

Site of suggestion own business ....... foreign business
Elaboration practically tested . not tested
Realization cost up to AS 3000,=-..... more than AS

5 000,--




ORGANIZATION OF MAINTENANCE DEPARTMENT FOR AMMONIA PLANTS
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. division A (agricult. chemicals)

A ..
T ... Engineering
H.

.. high pressure plant

ATH-MANAGER

Mr. Windl

foreman for steam
and water turbines
centrif. compr.

tunit old HP plant
+dept. in Enns

special water pump
in the single-traj

)S

in the single-trai
old HP plant and
other depts. in

lour company

-

"
|
'1 deputy foreman
i3 group leaders
;4 fitters

l

1 deputy foreman
2 group leaders
fitters

i

-

The foremen are allocated to defined jobs.

in the NH, loop of
the s.t. anit and
old HP plant

»

Mr. LECHNER
| Draughtsman |
er. Hochholdinger
. Secretary
Mrs. Weigl
;'Chief Foreman
| Mr. Affenzeller
~ l ]i
Mr. Philipp Mr. Wenninger Mr, Affenzeller |
:foreman for reci- foreman for \foreman for HP |
procating compr. HP vessels steam system vessells

vith brickwork
vessels up to
40 bar

in the s.t.unit
and old HP plant

1 deputy foreman
3 group leaders
7 fitters

1 deputy foreman
2 group leaders
p fitters

The workers can be shifted between the 4 foreman groups if necessary.

OFFIcE

L WORKSHLP 5l




< RESPONSIBILITY of Maintenance Department for Ammonia Plants

Maintenance of the existing ammonia single-train unit and old
HP plant in the best way (good performance, low cost, short

time).

Improvement and rationalization of the different facilities
and processes.

Preventing of accidents.

Control of maintenance costs.

Working out of shutdown programs.

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

Good contact with production personnel and some central de-
partments (central workshop, electrical dept., instrument

dept., civil dept., design, safety, ..)

Stand-by service from Friday to Monday

1 engineer or foreman

? fitters




HISTOKY OF AMMONIA PRODUCTION PLANT (ATH)

1942: start of ammonia production at 75 000 t N per year
with 4 units, each with 80 t N per day

1966: expansion to 300 000 t N per year
1975: start up of ammonia single-train unit
design target: 200 000 t N/year
1978: 242 000tN/year (we had a general

overhaul lasting 6 weeks)

Due to good operation and good maintenance the percentage

running time of all our facilities is very high.
(1008 = 365 days per year)

e. g.: reciprocating compressors 99,5%
general revision every 45 000 hours = 5 years




Design target for the unit: 240 000 t/year NH3, i.e. 850 t/day

NH3.

Pebruary 1975: start up of ammonia production

Production figures

1975
1976
1977
1978
1979
1980
1981
1982
1983

daily production

200
263
292
294
340
308
306
321
309

000 t/year NH3
000 t/year NH3
000 t/year NP3
000 t/year NH3
000 t/year NH3
000 t/y=ar NH3
000 t/year NH3
000 t/year NH3
000 t/year NH3

now: 1 000 t NH3

For maintenance we needed:

1975
1976
1977
1978
1979
1980
1981
1982
1983

hours

117
84
60

lo08
40
90

1ol
37

106

000
000
000
000*
000
500**
SQ0* **
000
000* **

material (Mio. AS)

11.2
5.9
7.1

10.0*
1.6
4.8%*

12.0% %>

2.8
* 14 .0%0%*

e ————— — 7



*) 1978:
**) 1980:

*ax) 1981:

**22)1983:

first general overhaul (LTS-cat. changed)
shutdown to replace catalyst in primary refocmer.
(2™ overhanl) :

was the 37d general revision (LTS-changed
HTS-changed)

4th general overhaul (15t bed HTS, Mehtanator,
m:,-synheaia cat. changed)

FPor the technical maintenance there weie needed:

hours material (Mio. S)

*) 67 000 7.0
**) 50 000 3.0
*#%%) 58 000 8.3
*44%)70 000 12.0

The investment cost for the single-train unit was about AS 500
Mio. in 1974.

On stream days: Syngas production NH3 production

1975 28C days 217 days
1976 317 days 294 days
1977 335 days 321 days
1978 326 days 313 days
1979 362 days 355 days
1980 328 days 314 days
1981 332 days 308 days
1982 365 days 361 days
1983 312 days 327 days
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DEVELOPMEFT OF SYNGAS COMPRESSORS OF SINGLE-TRAIN PLANTS

The first Single-Train plant (designed by Kellog) incorporated
syngas centrifugal compressors which were develoned by Clark.
The pressure in the ammonia reactor was fixed at about 160
bar. To reach such a pressure Clark designed compressors with

two cases. The speed was approximately 10 000 rpm.

To improve the efficiency of ammonia synthesis it was neces-
sary to increase the pressure in the ammonia r=actor. Nuovo
Pignone, BBC, Cooper-Bessemer and Clark designed compressors

which reached a pressure of 320 bar.

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

compressors.

The pipelines to and from the compressor have large diameters,

and pressures are high.

Therefore it is very important to prevent forces of resaction
affecting the compressor. This is also a very important point
for steam turbines. The reaction force of steam pipelines is -
owing to the high temperature of steam (5000C) - very large.
In our plant we did not have satisfactory experience with
"pipeline carriers with springs” because the reaction force of

the spring depends on the spring constant.

So we envisaged carriers held by weights. This kind of car-
rying pipelines needs more space, the advantage is to have
constant forces applied to the pipelines.
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EXPERIENCE IN SEALING THE 4TH STAGE OF THE SYNGAS-COMPRESSOR

After having operated our syngas compressor for half a year we
had to take the compressor out of operation due to increased
oil consumption.ikemoving the seals we noticed that the seals
on the recycle side were still intact but on the syngas suc-
tion side the high-pressure sealing was damaged. The white
metal was melted and the O-ring was embrittled.

Enclosure 1 shows how the seal consumption increases.

In enclosure 2 the operating conditions of the seals Aare

shown.
A drawing of the seals with dimensions is shown in enclosure 3

In enclosure 2 it is obwvious that on 7.9, 9.2 and 12.9 the

seal oil temperature TI 6025 had increased.

Except for this temperature no other disturbance was noticed.
The result of analysis of the residuals found on the sesalrinag
in the case of the compressor and in the automatic oil separa-

tor was that the residuals were not breakdown products of the

oil.

The residuals (zinc dithiophosphate) are produc=d in a reac-

tion between 0il and ammonia at the existing high pressure.

After having revaired the compressor we ha? a seal oil con-

sumption between 1 and 5 litres per day.

The embrittled O-ring material was iron. But viton is not
resistant against ammonia and we changed it to Silikon with

success.
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To avoid the formation of zinc dithioohosphate Nuovo Pignone

made the following arrangement:

1. To install a connection between syngas discharge and ba-

lance gas.

2. The pressure in the balance gas should be kept about 0.5-1
bar higher than the syngas suction pressure. Through this
improvement the pressure of ammonia in the reference pipe

is reduced .

After having installed this connection pipe we did not have
any difficulties with the seals in the 4th stage. Care must be
taken that the quench gas in the connection pipe has a tempe-
rature lying higher than the dew point of the gas.

If the temperature is below the dew point the labyrinths could
be damaged by erosion.

The arrangement of the quench gas pipe can be seen in enclo-
sure 4.
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encl.2

OPERATING CONDITIONS COMPRESSOR V 601 (4th stage)

Day-averadge-value

Pressure given in bar ,Temperature given in C

AUGUST |03 [e4 fos o6 |07 108 108 |40 | 41 |42 |43 | 44 |45\ 46 V47 (2 |41 |20 |71 _|ZZ |23
'rw_lumﬂ st. _ |teoz|2¢|2c|22|26|2¢ |27 [27]|2¢|2¢ 2¢|27 (27 |22 |27 |27|27|27|26 | 26|27 27|
PRES.OUTLET 4.8t  |pcp3 |267|255|260 |260|255 (258258250 | 290|254 1252|255 251|250 |248 | 250|260 |255 | 252|248 | 250
TEMP. OUTLET 4.at 16084, [ 03 (5% | W3 [ s iz [Pt 2z [ 02 | 202 | T |\ | S [P e |50 P | | oy | " 2| |
PRES. INLET RECYCLB Pc2¢ |60 |253| 255|260 |255 1260 (256 |250 (256 (256 | 250 | 256|251 |260 |24 | 250 |246 (265 | 250 |40 20

| TEMP. INLET RECYCLE lrcos |20 (24 |24 |24 |20 [20 |20 |20 |20 |20 |20 |20 |20 (20 |20 |20 | 20| 20 {20 |20 | 20
| pres .outLET RECYCLE Pcog |27/ | 268|255 | 270|265 | 270 | 265 255!}55 262 | 760 2457|262 | 260 | 285|250 | 255 |266 | 260 | 265|250 |
|ro@.ourier RECYCLE  [Tc40 |28 |26 |27 26 |27 |20 |27 27! ‘22|28 |28 |27 272 2?""”' 27|27 |27 |27 (277 |27
T JOURNAL BEARING 4.t 725, Kool e [T (55, % 5%, V%, 5 % e T | T 5 0 Tt || 2 0 [
| TEMP . THRUST BEARING 4.8t |T 631 (672 |66 |67 |67 |67 |67 |66 |66 66 &6 66 |66 66 166 |66 66|66 |¢q 68 6% |62
| TEMP . JOURNAL BEARING 4.st P2 |72 |73 174 |72 |73 |73 |72 .72 73 72 72 173 |72 ;?3 ‘72;72 73|73 |73 |73
| TEMP.AXIAL BBARING 4.st . 72 |72 |72 |p2|72|?3 |72 |¥ ¥ 72 72 72|72 |72 72 572,5 76|73 73|73 |72
TEMP.SEALOIL PRES.SIDE Ti6o24|84 |84 |8q |84 |84 |89 |&4 (¢4 64 Iﬂf 8¢ 8¢ 8¢ |64 iw 89 |8¢ |85 g5 |46 |89

| TEMP .SEALOIL SUCT.SIDE TIC025(82 |64 |88 |89 |w:88| 90 (89442 30 80 L,g 52 /92 183 |82 (9319332 8383|8332
OIL-PRES.JOURNAL BEARING A |0 (023|485 |1.94 |1,.84 | 4,84 1,65 |4.8¢ | 4,04 | 185 4,85 4,85 486 4,cs' 486 19,56 1496 1.8, 484 \1.83 | 183 1,83 |442

| QIL-PRES . JOURNAL BEARING B |pco 58 .52 W50 | 4,50 | 450|450 4,50 450 451 451 1,50 4,52 4,.57 4,54 4¢1‘4,.-,4‘4,54 150 4,50 143 150 | 1,43
 OTL-PRES. AXIAL BEARING P6024 [1.62 1,65 |64 | 168 [464 [164 |64 |15~ 465 164 «/,as' 465 4,55— 64 11651465 ./Afkuj 165463 164
SEALOIL~PRESSURE Pco38 190 |120 | 190 190|180 |19 |19 (185 196 18 188 188 190 190 1857188 1857|191 181 153 |18y
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TECHNICAL EXPERIENCE WITH THE BENFIELD SYSTEM

1. Low-pressure pumps P 401/402 for Benfield solution

When 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 the presence of Worthington

experts we could not find any indication of cavitation.

We insisted on the warranty being prolonged for a further year
by Worthington.

Worthington' s expert agreed to this, and explained the no-
ticed noise with circulation.

Before the extended warranty had elapsed we checked the impel-

ler once again very exactly, but no sign of cavitation was
found.

When we had to change the seal rings three months later we
noticed the first indications of cavitation - the back of the

blades were galled.

Steps for solving this problems

a) welding the galled surface with electrodes consisting of
hardfacing alloy,

b) introduction of 3 - 4 m3/h nitrogen into the suction pipe
of the pumps. '
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We have two low-pressure pumps for Benfield solution. In the
suction pipe of one of these pumps there are two elbow pipes.
At this pump we found cavitation only on one side of the
double fluted impeller.

The suction side of the second pump is connected to a tee in
the main suction pipeline. '

At this pump we found cavitation on both sides of the
impeller after only 4 200 working hours.

Our engineering firm, Uhde, found out that the noise of the
pump disappeared when the pump was operated at 115% of the
normal flow rate.

When the flow rate was reduced the noise increased. This

symptom was also an indication that the noise was caused by
circulation.

2.High-pressure pumps P 403/404

Washing and cleaning our plant during start up revealed that
the seals were contaminated with dirt. So we had to replace
them from time to time.

After plant start up it was not necessary to change the
packings for about one year. But after this time we had a 1ot
of problems with the Pacific seals. Sometimes we had to change
the rings after as little as one week.

We found out that the spare rings supllied by Pacific were not
flat and full of cracks.
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Up till then the seal rings had been greased with Benfield
solution. Having such a lot of problems with seals we changed

the medium for greasing the seal rings and used condensate
with a temperature of 65 - 700C.

Condensate of such a tempera*ure is more qualified for grea-
sing seals than Benfield solution.

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

To make this improvement it was necessary to install a conden-
sate cooler and a controlling system.

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

3.Efficiency of the CO2 removal system

After having started our plant we did not obtain the efficien-
cy of gas purification guaranteed by Uhde. After a lot of
difficulties investigations we found out that the bad distri-
bution of potassium carbonate solution was the reason for ou:
problems. By installing baffles we improved the distibution of
Benfield solution to the ceramic intalox.

The efficiency of purification increased after this modifica-

tior. Finally we installed two redistributers in our absorber
and reached the design efficiency.
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OPERATING INSTRUCTIONS - V 103

for a vertical, double-acting reciprocating compressor, with

two cranks, compressing gas in two single stages.

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

A) Design dates

Moediums: natural gas

Flow rate: 37 000 Nm3/h

Suction pressure: 20.9 bar, adjustable

Discharge pressure: 46 bar

Speed: 495 rpm

Controlling system: automatic reverse flow regulation to

50 % of design gas flow

B) Starting up of the compressor

l. Inform the central command station of our company about the
start up of the compressor. Between two starts it is 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,
(steel packings, cylinders, oil cooler).

3. Check the level of cil tank. If oil temperature is below
10oC it is necessary to heat up with steam.
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4. Start auxiliary oil pump and check oil pressure, (minimum 2
bar).

5. Open valves in suction pipeline and in bypass pipeline.

Check the suction pressure. With regard to the rate of suction
pressure see point C 1.

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

7. Open valves in discharge pipeline.
8. Start the motor and observe the oil pressure.

9. Switch off the auxiliary oil pump and check the oil pres-
sure once again.

10. If everything is prepared the compressor is charged by
slowly closing the bypass valve and by means of the reverse
flow controlling system.

C) ggeration of the machine

l. It is very important to take care that the difference in

pressure between discharge and intake is not higher than 27.4
bar.
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Therefore it is necessary to adjust the discharge pressure in

dependance of the suction pressure. For example: if the dis-

charge pressure is 44 bar the intake pressure may be 16.6 bar

as minimum.

The intake pressure shouid not be less than 8.8 bar, in this

case the maximum discharge pressure is 36.2 bar. The intake

pressure should not be higher than 27 bar, it is important

that this maximum pressure is not reached.

2.
be

a)

b)
c)
a)
e)
£)
g)
h)
i)

k)

3.

Fcllowing points have to be checked periodically and must
written in an operating book for instance every hour:
intake pressure (safety valve is set a 30 bar), discharge
pressure (safety valve is set at 46 bar)

oil pressure after cleaner

oil temperature after oil cooler

temperature of discharge

temperature of compressor bearings

temperature of motor

temperature of motor oil

temperature of cooling air to the motor

temperature of cooling air from the motor

current consumption of the motor

During the inspection round every two hours following

points are to be checked:

a)
b)

seal packings for tightness
draining of separator F 103 and F 104

c)compressor for knocking, grumbling and unusual noise of

d)

the valves
level of the oil tank




4.

Cooling water flow rate is to be adjusted not to exceed a

maximum temperature of 450C outlet.

5.

a)a

b)

c)
d)
D)
l.
2.
3.
4.

5'

E)

The compressor is to be switched off immediately if
bearing or a seal packing is overheating or if a seal

packing leaks

lube pressureoil is less than 1.5 bar

if a knocking noise is suddenly heard or if the valves do

not operate properly

a safety valve does not close after blowing down

Switching off the compressor

Switch off the motor

Close valves in discharge pipeline
Close valves in intake pipeline
Close cooling water main valve

If necessary purge compressor with nitrogen

General maintenance

Crankcase is filled with oil, type Mobil oil extra heavy, with

a viscosity of 60 - 83 c St at 500C temperature. Oil leakages

have to be made good with the same 0il type. If the compressor

does not operate for a longer period the compressor must be

turned by hand once a day. Before doing that the auxiliary

oilpump has t» be switched on.




Important: The difference in pressure between intake and discharge may not be higher than 27. 4 bar.

DATA

v 103

item Operating range Alani/shut down
Intake pressure PIALLHSL see point C 1 High: 18/10 bar
lwy: 28/- bar
Discharge pressure PIAHHSH max. 44 bar 45/52 bar
Tomperature of discharge TIAH 110
TIAH 116 max. 110°C 130/-°C

0il pressure after cleaner PIALISL 113 2-3-4,2 bar 2/1,5 bar
Instrument air pressure PIALSL 221 7 -7,5 bar 4/4 bar

0il temperature after cooler | TIALH 113 25 - 40°C Low: 18/-°C

high: 50/-°C

Temperature of compressor TIAHHSH 107 45 - 65°C 70/80°C
bearing east

Temperature of compressor TIAH 111 60 - 70°C 75/80°C
bearing west

Temperature of cooling air TIAH 101 5 - 35°C 40/-°C

to the motor

Temperature of cooling air TIAH 102 25 - 60°C 65/-°C
" from the motor

Temperature of motor bearing| TIAH 106 40 - 65°C 70/-°C
Temperature of motor coils trah 104 60 - 90°C 105/-°C
B —
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DRAWING UP A PROGRAM FOR A GENERAL OVERHAUL OF A
SINGLE-TRAIN PLANT

l. During operation of our plant all technical defects and
leaks are registered in a booklet. These defects do not make
it necessary to turn off our plant but the next shut down of

the unit all these defects must be repaired. -

- 2. The technical department evaluates the program for the -

- maintenance work to be done on tanks, boilers. coolers, etc.

" In a discussion with TV (technical inspection depart—ment) and
the material testing department the class of inspection is
determined.

_'I"hé techrmical department is also responsible for the inspec-
‘tion of the machines. As a general rule, a machine which

‘operates mormally should not be opened.

Before déciding to open a machine or not, two consitteratisn

should be taken into account:

a) By measuring the efficiency it is possible to recognize a
defect or wear for example on the labyrinths or on the balance

drdm.

b) By comparing the operation data with the data recorded at
the first start up of the machine, a conclusion can be drawn

about the condition of the machin=.
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Therefore it is very important to register all data recorded
after the first start up of the machine very exactly.

The particular jobs which have to be done are ordered in

groups (from 100 to 700, see enclosures).

Every work must be evaluated in regard to length of time and
to the number of required workers by a foreman. Afterwards a

bar chart showing the number of the necessary and disnosable
workers wmust be produced.
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GROUP 100
0o - 101 Heater for heating naphtha or natural gas.
Open and close manhole cover.
Inspection of the projecting bars of the bur-
ners.
W -101 Nitrogen preheater

Open lid for official inspection.
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GROUP 200

Sur arheater for high
pressure steam.

Pressure check.

Superheater for medium pressure steam.
Pressure check.

Heater for process air.

Pressure check.

Combustion air blower, flue gas blower. Cut out
the shaft cover for oil level inspection glass
and

blade

for grease nipples. Inspection of the guide

bearings.

Primary reformer.

Open two of the collector pipe covers, check

and close.
Open manholes, inspect fireclay cover.
Clean flue gas duct.

Additional heating for waste gas.

Open manholes, inspect fireclay cover.
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Additional vessel

Inspectin and cleaning of inside.

Repair combustion air  heat-exchanger (no. 4
is blocking)

Inspect wall at inspection hole.

Clear lubrication pipes.

Combustion air and waste gas Jduct

Inspection and cleaning

B
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Mixing station for steam and natural agas.

Inside inspection and check natural gas baffle.

Water preheater
Remove heat-exchanger tubes for inside inspec-—

tion.

Relief tank
Open manholes, block off, official inspection.

Degasifier tank
Widen passage for L-206 (level controller).
Check shower (system Stork) and change T-parts.

Instrument air tank
Inspection and cleaning of tank and level
controller.

BFW pumps
Clean filter, P-208: change flange of valve
for minimum load pipeline.
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203

Turbine for P-207
Repair o0il leak at coupling cover.

Change insulation.

Natural gas mixing station

Remove and inside inspection.

Secondary reformer

Open for changing air nozzle.

Process gas heat exchanger
Open both manhole covers.(Gasket of the hot man-
hole is not tight)

Cleaning and inside inspection.

BFW preheater
Change pipe bundle, inside inspection.

Change drain valve. Install test blades.

Steam boiler

Open and inside inspection. Pressure check
(pressure check also for no. 4083 and 4162 -
support system).

Turbine for process air compressor.

Inspect rotor. Repair oil leak at the compres-
sorside coupling cover.

Repair seal packing of control valve and the
leak at the pipeline for the pressure-indicator

of the injector; the idling-device does not

function properly.
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Condenser for T-201
Open flange and inside inspection.

Repair cooling-water pipe to the condenser.

Process air compressor

Check low-pressure and high-pressure rotor.
Gearbox-side high-pressure rotor bearing is
leaking.

Clear air-cooling of low-pressure compressor.
Change cooling-water valve for 4th stage. Check

non~return valve.

Process air cooler
Inside inspection, also for condensed water tank

and level controller.

Turbine for generator
Repair seal box of steam entrance valve.

Back-pressure turbine for generaor

Repair seal box of steam valve.
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GROUP 300

Gas heat-exchanger

Pressure check. Repair leaky hand-gasket.

NT- CO- converter
Official inspection, manholes to be opened in

service. Change nozzle for condensate.

BFW preheater
Official inspection
Repair baffle T-310

Low temperature converter

Open manholes to change catalyst.

Official inspection.
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401

403

401

402

403

404

408

404

GROUP 400

Absorber

Open manholes, remove ceramic intalox and in-
spect inside. Install redistributors. Revision
of the level controller.

Lye separator
Open for official inspection. Revision of the

level controller.

Steam generator
Open for official inspection (inside revision

and pressure check)

BFW preheater

Remove heat-exchanger. Pressure check (2 times).

Reboiler
Open forofficial inspection (inside and pres-
sure check)

Solution air cooler
Remove distribution pipe, pressure test.

BFW cooler
Remove bundle (inside inspection)

Relief tank
Open manholes for cleaning and inspection
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Condensate separator

Open manholes for cleaning and inside inspection

Condensate separator
Open manholes for cleaning and inside inspection.
Change draining valve. JOfficial inspection of

ilevel controller.

Lye double fil*er
Inside inspection. Grind 4-way valves. Change
valve in the pipeline to the filter (valve ca-

se is corroded).

Desorber

Gpen manholes for inside inspection and clea-
ning.

Repair corroded pipeline to P-405.

Install PV/H-411 and PV/H-412 in CO2 pipeline

system

Injector

Control injector nozzles and valves.

BFW preheater
Change pipelines of BFW-system

Benfield Solution turbine
Seal bearings of guide-baldes. Change pipelines
for greasing seals with condensate of T-401 and

highpressure lye pump P-403.
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501

502

503,

504

GROUP 500

Methane generator
Open manholes for inside inspection

Condensate separator
Open manholes for inspection inside and inspec-

tion of level controller.

Gas/gas heat exchanger
Remove heat-exchanger for official inspection

and pressure check.

Boiler

Open for cleaning and inspect inside.

Final gas cooler
Open for cleaning and official inspection.

Weld in a valve in cooling-water pipeline.
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GROUP 600

Syngas turbine

Inspection of condensation turbine rotor and of
the condenser. Repair of cooling water pipe.
Check start up equipment and adjust it. Change
prepared oil pipelines.

Syngas compressor

Inspection of bearings, seal-system and rotors
of cases 1 - 4. Install capacity flow measuring
nozzles in balance drum pipes of stage 2 and 3
(F-6006 and F-6007). Change gas cooler. Offi-
cial inspection of separator F-606 (also level
controller), F-601, F-602, F-603, F-605, seal
0oil 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 clean oil-heaters.

Change one of the oil-cooler bundles and clean

the other one.

Start-up heater
Inspect supports, pressure check.

Waste heat boiler
Open "Brettschneider"” gasket.
Official inspection, pressure check.
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708

701

706

701

702

703

704

705

BFW preheater

Open "Brettschneider"™ gasket(seal ring is leaky)
Official inspection, pressure check.

NH3 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

Pressure check these coolers.
Gas heat-exchanger '
Open flanges and remove bundle.

Cleaning and inside inspection.

Freezer

coolers.

Remove flanges for inside inspection.
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MAIN MRTERIALS USED iN _SINGLE -TRAIN UNIT
. ° o, ‘ o o
CODE COMPOSITION /o - PPLICATION
hat. n°. internat. c Si Mn Cr Mo Ni Ti examples
'2 code
Q 1,0305 St. 35.8 0,17 WSO,SS &0,40 P.S |water , gas and
':l' i\ gax steam pipelines up to 300°C
,05
E ‘: 1,0425 HII 20,20 0,35 |#0,50 -"- ishell for desorber, absorber
D 1,545 15 Mo 3 0,121 0,15 | 0,50 0,25 P.S |shell for secondary reformer
W 0,20(0,35| 0,70 0,35 max.
S| Qh,7335  13Cr Modd 0,10|0,15| 0,40 0,70 { 0,40 0:041bipes in waste-heat system
0,18/0,35| 0,70 1,00 0,50 up to 550°C
|~ 1,7380 10Cr Mo910 {=0,15|0,15]| 0,40| 2,00| 0,9 desulphur-yeactor . shell for
! 0,50| 0,60 2,5 | 1,10 waste-heat-boiler
% 1,7709 21Cr MoV57 0,17]0,i5| 0,3¢| 1,20 | 0,65 bolts up to 550°C
0,25/0,35| 0,85] 1,50 | 0,80
1,7779 20Cr MoV135 NS 0,710,115 0,30| 3,00| 0,50 pipelines in ammonia .
0,23/0,35 | 0,50 | 3,30 | 0,60 synthesizer
TMNiMoV
~ (T.VOBEST)| 0,15]0,33 | 1,40 0,47 | 0,66 shell for ammonia converter
2l 145401 XIOCINiTiIBJ SAS 2 r‘O,lO <4,0 [|<2,0 17 9 5X pipes and vessels for
g ‘a 19 19,5 \C corrosive media = lines
Jg for brickwork
Zu ' X10NiCrAlTi |[Incoloy 0,03]0,5 0,7 21,5 34 0,6 0,75
E g lsoo o
“m— 0,30
P o Al :
< & 1,0619 GS-C25 0,80}0,40 | 0,65 [<0,03 cases of naphtha pumps
3 b~ 1,4027 G-X25Cr14 0,1410,24} 0,49 ] 13,2 0,97 cases of boiling water pumps
<] 1,4552 G-X7CrNiNb 0,064 1,30 | 1,35 | 18,9 9,44 N6 |cases of Benfield . pumps
> 8 189 0,68

|
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Time schedule ror inspecting and replacing of the converter
insert and catalyst change in m{3 converter K-701, ammonia
single train plant

‘shift working time: 2 x 8 hours for technical department

work to be carried out:

- depressurizing and purging
- off converter blinding
- mounting pipes for deactivating
deactivating converter (APA) catalyst material
- dismounting of converter cover and preheating pipe
-~ removing expansion joints and covering plate
- removing covering plate over material and cooled gas
tube catalyst
fitting exhauster and template for the cold-gas tube
9 - exhausting first catalyst layer (APA)
10 - removing exhauster and template for the cold-gas tube
11 - removing upper heat exchanger '
12 - fitting exhauster and template for the central well
- 13 - exhausting second catalyst layer (APA) .
14 - removing exhauster and template for the central well
15 - reno{iing middle heat exchanger = )
16 - fitting exhauster and template for the central well
(1over portior)
17 - exhéusting third catalyst layer
18 - renoin'.ng exhauster and template for the central well - -
(lower portion) - R
19 - removing lower catalyst suuport ring
20 - refitting covering plate over material; mounting the
catalyst coupling facility; remcving and laying flat
the converter insert
21 - removing insert support ring
22 - cleaning the furnace shell inside; testing welds: (TNP); _
inspecting the interior (TUV) ‘

N OOV H LW =
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23 - blinding-off converter shell; mounting of converter
cover (for pressure testing)

24 - fitting converter shell wvith water; pressure testing

. by TMP )

25 - draining converter shell, removing converter cover
and all blind covers

26 - installing insert support ring

27 - installing converter insert plus lowver heat exchanger
and radial section

28 - mounting hoisting facility for cat. material

29 - mounting template for central well (lower portion)

30 - filling third catalyst layer (APA)

31 - removing template and mounting middle heat exchanger

32 - mounting the second catalyst material support ring and
the template for the middle central well

33 - filling second catalyst layer (APA)

34 - removing template and mounting the upper heat exchanger

35 - mounting the upper catalyst material support plate and
template for the upper central well

36 - £illing the first catalyst layer (APA)

37 - dismnounting template and hoisting facility for catalyst
material

38 ~ mounting covering plate for catalyst material

39 - fitting expansion joints, packing all glands, prepairing
for mounting the converter cover

40 - mounting the converter cover

41 - welding on the leakproof lenses of the preheating pipe
and converter exit pipe; remove dummy flanges

42 - purging and pressure build-up (APA)

43 - activating catalyst material (APA)
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AMMONTA PLANT

Lo Preceure Secticn

and “Water Treatment




ITEM INSTRUCTOR
1. Organization of dept. ATG Skopetz
2. Responsibilities of dept. ATG Skopetz
3. Daily routine work Skopetz
4. Flowsheet cooling water supply Luger
5. Flowsheet boiler feedwater plant Luger
6. Flowsheet waste water neutralization Luger
7. Cooling water return to Danube by elevation pumps Skopetz
8. Flowsheet natural gas steam reforming Luger
9. Maintenance to point 4, 5 and 6 Skopetz

10. Maintenance to point 10 Skopetz

11. Special materials for the primary reformer Luger

12. Demonstration pigtail-nipping Workshop

13. Denonstration pressure filter flushing Luger

14. Maintenance process air compressor Skopetz

15. Inspectior. process air compressor Skopetz

16. Pneumatically regulated suction valves Luger

17. Piston rod sealing Skopetz

18. Guide ring controlling Skopetz

19, Used materials in boiler feedwater plant Luger

20. Used materials in steam reforming plant Skopetz

21. ATG - museum Skopetz




2. Responsibilities of dept. ATG

Dept. ATG is responsible for maintenance in the following plants:

. g—

107, 146 0ld and new water station (river water and cooling

water supply)

140 Chlorination station for well water
(0.7 - 0.8 mg Cl1/h H20)

144 Horizontal pumps for well water

204 Air separation plant (2 units, each 1 700 Nm3/h 02),
compressed air supply

204 a, b Bottling of oxygen and compressed air

206, 209 N2 gasometers (2 000 m3, 500 m3)

207 02 gasometer (10 000 m3)

208 Cracked ammonia (N2 + H2) holder (25 000 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 (90oC), warm (400C),
drinking water, boiler feedwater, condensate,

oxygen.

Machines, comprecsors and pumps in dept. urea (except standard

pumps ) .

212 Battery (block) of bottles for high-pressure N2

202 014 gas reforming plant

220 Naphtha and Orthoxylol tanks and pump stations (tank

farm)
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Pipelines for naphtha and orthoxylol

101,
110
110
203
213
214
148

211

a, b

Nataral gas pressure reducing stations

014 boiler house (2 units, each 12 t/h steam 25 bar)
Contact sludge circulation reactors (flocculators)
Boiler feed water treatment

Naphtha intermediate storage facilities

Naphtha steam reforming plant (ICI plant)

Waste water neutralizat:ion

Dept. ATG has Lo organize all planned shut downs for these plants

and alsc for the several machines (routine overhaul). ATG i3 in
this way responsible for the maintenance cost in all plants also

for the cost of foreign departments working in a. m. plants.

Resp.

3

for programs, spare parts.

Daily routine work

Maintenance philosophy




' DANUBE WATER

pH 8
conductivity 263 x 10 S/cm (S=Siemens
1S = 1A:1V = 1:42)
C02 (free) 2.0 mg/1
02 6.7 mg/1
alkalinity 2.55 mval/l
hardness 8.60 dH = 153.9 ppm
= 3.1 mval/l
I non-carbonate hardness l1.50 dH = 26.8 ppm
= 0.6 mval/l
MgO 19.4 mg/1
' Cao 58.8 mg/1l
solid residue from evaporation (1050C) 214 mg/1
' solid residue on ignition (6500) 122 mg/1
KMno4 19 mg/1 (max. 30 mg/1)
|
Fe 0.31 mg/1
I $i02 3.9 mg/1
HCO3 156 mg/1
NO2 0.08 mg/1
' NO3 14 mg/1
Cc1 9 mg/l
' S04 29 mg/1
P205 0.19 mg/1
' NH4 0.12 mg/1
Na 6.6 mg/l :
l K ‘ 4.0 mg/1 "
|
|
|




suspended sticks max.
average

fouling factor of waterside by
tube temp. of cooling water side

temperature: winter 1loC

summer: 200C

12 mg/1 (for short
time max. 200 mg/l)
3 - 40 mg/1

£500C = 2 x 10

>500C = 4 x 10

temperature rise of return

water: 10oC




LG Reactor (Fiocculator)

The "Contact-Sludge-Circulation Reactor" is especially used for
conditioning of surface water which must be cleared of suspended
matter, colouring substances, organic contaminants and carbon.
Furthermore good results are attained in other fields of water
treatment, especially deironing, demanganation, deacidifying,
deoiling, sterilizing (degerminating), removing substances with
disagreeable odour or flavour, but also algae and float lime. In

the water treating process many of these effects are to be

attained simultaneously.




General technical data

Capacity: 5 -~ 3 000 m3/h (per unit)
turn-around time: about 60 - 90 minutes

(dwell time)

internal circulation: 3 - 5 x quantity of flow
(capacity)

saving of chemicals: 30 - 40% compared to con-
ventional plants

speed of climb-up: approx. 3 - 5 m/h

transparence in cleaned water: often 1.5 - 2.0 m

turbidity content in

discharged water: 10 mg/1, often 3 - 5 m/h

rate of blow down: 0.5 - 1.0% of capacity

sindge content: 15 - 25 g s0lid matter/1

(97.5 - 98.5% water)

Function

First the untreated water flows into the cylindric middle part
and there it is mixed with recycled deposite products and
chemicals. The rising stream is produced by a speed regulated

~mixer which works like a circulation pump. This mixer makes a

good mixture of all components: raw water, chemicals and
activated sludge. With the aid of the contact effect of the
sludge the formation of flakes begins immediately and increases
quickly. After having passed the mixing zone water comes into the
reaction zone and changes its direction of flow. In this zone all
chemical reactions happen, whereby the flakes grow and grow.




Then a part of the water comes into the ascending pipe, while the
other part flows to the outer parts of the reactor. On the bottom
edge of the lower cylindric part of the big cone a sharp separa-
ting zone is formed between sludge and clear water. Sludge
particles sink to the bottom, clear water rises to the surface.
In the outer area of the big cone the climbing speed drops and
therefore even small sludge particles cannot rise. The clear,
conditioned water flows into a top collecting channel (groove).
By a slowly turning desludger the sunken sludge is transported
into the slime pit and is then further thickened. An automatic
valve removes the sludge from the reactor intervals.

Operation

The characteristic feature of the KSU reactor is the internal
circulation; a quantity of 3 - 5 times of the capacity flow is
circulated in the mixing and flocculent zone. In this cycle a lot
of activated sludge is carried along, so that each particle of
raw water is often in contact with sludge and chemicals. The
particles of slime work as crystal centers on which products of
precipitation settle down directly. This principle of so called
"contact sludge circulation"” is the real reason for the
surprisingly good conditioning effect. Good working of the
reacter is revealed by the sharp separating zone between mudady
water and rising clear water, further on the quick éinking

process of old dereacted sludge.




Total demineralization / fundamental principles

It has long been known that salts dissolved in water dissociate
more or less into their components that means into ions, common
salt (kitchen salt), for example, dissociates into the positive
sodium ion and the negative chlorine ion. This dissociation makes
water electrically conductive and so it is possible to separate
cations and anions by direct current. Nearly all salts dissolved
in water dissociate into cations in this way; and anions the most
important of them can be put in order as in the following scheme:

cations: anions:
ca (HCO3) 2 A
Mg (HCO3)2 K
Ca S04
Mg S04 \
Ca Cl2 N ' H
Mg Cl2 _J
Ha Cl
Na2 S04 neutral salts
Na2 S$io3
= carbonate hardness
N = non-carbonate hardness

K + N=§H = total hardness
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Not all ions are equally well absorbed or delivered by ion
exchangers. A very good exchange is given between cations and
hydrogen ions and between anions and hydroxyl ions. Polyvalent
ions cf heavy metals like iron and manganese are taken up by
cations first, followed by alkaline earths like calcium and
magnesium, with potassium and sodium of all. A cation exchanger
loaded with these ions is regenerated by acid. In this process
the cations are Jdislodged by the hydrogen ion of the acid.
According to the law of mass action (Guldberg and Waage’' s law) a
surplus of acid is necessary (over and above the theoretical
quantity) for finishing the regeneration. The same applies the
regeneration of anion exchangers by a sodium hydroxide solution.
1f the ion exchanger substance is exhausted the ion most
difficult to be exchanged will break through first: sodium at the
cation exchanger and silicic acid at the anion exchanger.

The ions capable of being exchanged a;’e not only on the surface
of the grains of the exchange resin but also inside (interior).
That means that exchanging reactions need a certain minimum time
to obtain relations between quantity of water, speed of filter

process and quantity of exchange resin.

Variations are possible, such as strongly acidic and slightly
acidic cation exchanger or strongly basic and slightly basic
anion exchanger. Slightly acidic cations exchangers can be
regenerated without a surplus of acid and slightly basic anion
exchangers without a surplus of sodium hydroxide (caustic soda).
In a combined employment of "slight"” and "strong” exchangers it
is possible to further use the surplus of chemicals which is
absolutely necessary for the "gstrong” exchangers for the
regeneration of the "slight” exchangers. By this a lot of

chemicals can be saved. So it is more economical.




The combination of a contract sludge circulation reactor with
sand filters and a total ionization (demineralization) enlarges
the economical possibilities of application of total
demineralization plants, especially of plants with large hourly

capacities.
Total demineralization/Process

Such a plant consists of cation and anion exchangers which must
be regenerated when the substance (resin) is exhausted. The rege-
neration process lasts for 4 - 6 hurs. During this time the plant
is working with another row. So it is necessary to have at least
two rows of apparatus. Further it is a great advantage to have
clear water reservoirs (vessels) at the end of the plant for
short time requirements of 3 - 4 hours, e. g. for small repairs
or short trubles. .

Mixed bed filters are situated only in the last stage; they are
considered to be safety devices. The water treatment should be
finished before mixed bed filters. They have only the function to
catch or to kill irregularities or natural "slippage”. By this
working safety (reliability) of the plant is increased, and for
pre-inserted filter groups cost in deminsioning of all apparatus
(filters) and operating expenses can be saved because this
apparatus can be fully loaded without risk.
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nic waste water system

i

org

In our factory there are two different waste water systems. One
is the normal covling water return system and the other one is
water contaminated with organics. This contaminated water we have
to collect in a special channel system with several pump stations
and fan stations for the air supply in the tube systems. This
system falls into a neutralization basin. There we have to
neutralize the waste water to a pH in the range from 6 - 8 (the
average should be about pH 7).

The pH of the waste water coming from the different departments
should be minimum pH 4. After neutralization with lime milk and
mixing the neutralized water runs into an equalizing basin. After
equalizing the water goes to central biological treatment in

Asten (near the power station Abwinden-Asten).

If the pH limits in the neutralization basin are exceeded a

butterfly valve opens automatically and the waste water Yuns—to a-

reception basin.




WASTE WATER NEUTRALISATION
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NAPHTHA STEAM REFORMING PLANT (ICI PROCESS)

General

Engineered by Humphreys & Glasgow, London, 1964 - 1966; erected
by ourselves. Laying out: 3)0 t Np/d (365 t NH3/d) at a pressure
of 28 bar (max. 31 bar). Beyond the ICI licence (our risk) we in-
creased the working pressure (inlet prim. reformer) to 38 bar and
the daily output to 420 t Np (510 t/d NH3). We had bought
machines, apparatus and pipes qualified for higher pressure.

Feedstock
1966 (start up) - 1976 naphtha (strait run benzines); since 1976
- natural gs. -

Maintenance
hours material cost (miil. AS)

1974 21 000 1.3

1975 general overhaul 56 000 7.4

1976 24 000 1.6 -

1977 general overhaul 46 000 4.2 ”

1978 16 000 l.6

1979 21 000 0.8

1980 49 (U0 0.9

1981 16 000 0.1




On stream days:

1974 363
1975 gen. overhaul 324
1976 366

1977 gen. overhaul 325
1978 intended 3shut down during Single-Train shut down for
welding-piping connections between both plants.
362
1979 365
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HISTORY OF Np PRODUCTION (ATG)

Np ..... parts of N in NH3 (14 Mol N + 3 Mol H = 17 Mol NH3)

Spring 1940:
Autumn 1942:
1944:
1944/1945:

May 1945:
July 1946:

1948:

J

1965:

1966

1974:
1979:
1980:

start on raising the ground level about 2
- 4 nm.

start of production on basic KOG.

(1 unit for desulphuration, 3 units for
gas dividing and 3 - for CO conversion).
Output 55 000 t Np/a

about 800 bombs from allied airforces
exploded in Chemie Linz area and plants
No production as neither KOG nor energy
were available.

1944 output level reached again
production increase

to 237 000 t Np/a or 718 t/d max.

(3 units for desulphation, 6 for gas divi-
ding and 7 for CO conversion)

start up of naphtha steam reforming plant
increase

to about 320 000 t Np/a

to about 520 000 t Np/a

to about 480 000 t Np/a
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Primary reformer
Process air heater
Heater for steam
Natural gas heater
Combustion air heater
Air compressor
Combustion air fan

Flue gas fan

Stack

Primary desulphurizer
Secondary desulphurizer
Secondary reformer )
Primary CO converter
Sulphur catch vessel
Sacondary CO converter

Steam drum _

Gas separator

Carbon catch vessel
Potassium catch vessel
Waste heat boiler
Waste heat boiler
Boiler feedwater

2 bar steamboiler
Treated wéter cooler
Raw water cooler

Waste heat boiler

*) Only with naphtha steam reforming in progress.
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1. Furnace tube

a. G - X 40 CrNiSi 2520 = W.Nr. 1.4848 = ASTM A - 297 -

Approximate analysis:
Melting point:

Working temperature:
Weldability:

Thermal expansion
between 200C and 10000C:
Heat conductivity (200C):
Tensile strength (200C):
Yield point (200C):

b. G - X 3

NiNb 2424 = W.Nr.

C~0.4%, Cr~v25%, Ni~v25%, Si~2.5%

1 4000C
800 - 9500C
good

16.0 10¢ m/moc
0,147 J/cm soC
440 N/mm2

245 N/mm2

1.4855

Approximate analysis:
Melting point:

Working temperature:
Weldability:

Thermal expansion
between 200C and 10000C:
Heat conductivity (2CoC):
Tensile strength (200C):
Yield point:

C~0, 35%, Ni~ 24%, Cr~ 24%
1 3500C

850 ~ 1 000oC

good

19.6 . 10”° m/moc
(0.148 J/cm soC)
440 N/mm2
245 N/mm2

HK



c. X 10 CrNiAlTi 3220 = W.Nr.

1.4876 = Incoloy 800

Approximate analysis:

Melting point:

Resistant in air up to:
Weldability:

Thermal expansion
between 200C and 10000C:
Heat conductivity (200C):
Tensile strength (200C):
Yield point (200C):

d. E CrMo 44 = W.Nr. 1.7335

C~o0, 1%,
Al=0.6 %,
1 3500C
1 1500C
good

Cr~32%,
Ti<0.6%

Ni~ 20%,

18.7 . loﬂ‘anoC
0.097 J/cm s oC
540 N/mm2

245 N/mm2

= ASTM A 182-69, Gr. F-12

Approximate analysis:
Working temperature:
Tensile strength (200C):
Yield point (200C):

2. Convection zone
a. 10 CrMo 9 10 = W.Nr. 1.7380 =

13%,
max. 5300C
440 N/mm2
275 N/nm2

Cc~0, Cr~1%, Mo~0.4%

ASTM A 199-Gr. T22

Approximate analysis:
Working temperature:
Tensile strength (200C):
Yield point (200C):

C~0, 1%,
max. 5300C
440 N/mm2
265 N/mm2

Cr~ 2%, Mo~1%
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I Pigtail X10CINiAlTi3220«WNr. 1.4876
= Incoloy 800

| FURNACE TUBE
13 Cr Mo 44 = WNr. 1.7335
' = ASTM A 182-69, Gr. F-21
| N
i \
' N N > Plating with the same electrode
Q \ as welding.
' W) i Afterwards heat treatment at
i N 650°C.
1 N
| |1 N
01,5 N
*T N
| DR
' 1 \ G - X40CINiSi2520 = WNr. 1.4848 =
I N \ HK 40 = ASTM A 297 - KK
-
' N "Q" G-X35NiCrNb 2424 = WNr. 1.4855
] '\\: \ .
| e
NN
| NI
N | N
I .
k }\‘ N G - X40CINiSi2520 = Wnr. 1.4848 = HK40
2 N 'K = ASTM  A-297-HK
[ b G - X10CINiAlTi3220 = WNr.1.4876 =
' \\ ' Incoloy 800
| h
]
' p = 37,3 bar
t = 880°C
[




b. X 12 CrNiTi 18 9 = W.Nr. 1.48878 = Austenitic steel CrNi

150 : 17/4 N 634 (H32)

Approximate analysis: C~0.12%, Cr~18%, Ni~9%, Ti~4 x C
Resistant in air up to: 8000C

Weldability: good

Thermal expansion between

200C and 10000C: 19.0 . 10°¢ m/moC

Heat conductivity (200oC): 0,147 J/cm soC

Tencile strength (200C): 490 N/mm2

Yield point (200C): 245 N/mm2

c. X 10CrNiAlTi 3220 = W.Nr. 1.48876 = Incoloy 800

see 1. c.
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Welding procedure for furnace tubes after stress corrision:

HK 40 \B
[

104

|
|

;{/////////

, mds_..‘__és&m___

Materials: Flange 13 Cr Mo 44
Welding material Inconel 182

Tube material HK 40 new buffer:,
(Inconel 1

3

G Mo#

e ——
9

l. Cut the flange

2. Turn the flange for buffering

3. New buffering (material: Inconel 182), minimum 12 mm

4. Buffering turn to wall thickness.
The front is to cut under 90oC.

5. x-ray test - guality is IIW-black

6. Heat the flange for half an hour at 7000C - cooling to 3000C
in the oven, rest in air.

7. Turn the weld phase

8. Dye penetrant test of the buffering

9. Dye penetrant test of the tube end

10. Cut the failers and turn the weld phase

a

o




11. Dye penetrant test this weld phase

12. Weld the flange; pay attention to the length tolerance.
Welding: ground Inconel 182, rest with Boehler Fox NiCr70Nb.
By heating to 700C avoid condensate rise.

13. Dye penetrant test the ground of welding.

14. Dye penetrant test the top layer.

15. x-ray test quality IIW-black

16. Be careful during transport - tubes are brittle!
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BLANKING-OFF REFORMER TUBES DURING PLAST OPERATION

E; Estruch

1. Introduction

When a reformer tube bursts during service the loss of gas
through the leak is not necessarily intolerable but the leaking
gas ingnites inside the furnace and causes overheating of the
surroundings. To prevent damage to the refractory and to the
neighbouring tubes, it is necessary tu isolate the failed tube.

To achieve this either the design must make provision for
shutting off any individual tube or, if simply welded up
connections are used, the whole unit must be shut down and cooled
so that the failed tube can be cut out and replaced, or the

connections plugged by welding.

Because the outlet pigtails usually operate in the region 700 -
8000C, and no valves are known that could be fitted in each pig-
tail, and because at any rate the expense and complication of
fitting them in the design would be considerable, an all welded
design is normally adopted. Initially, when an overheated tube
leaked the furnace had to be taken off line losing some 36 hours’
production. This represented a serious loss of output. Apart from
that, in reformer plants built for the production of town gas the
manufacturing authority is under legal compulsion to maintain a
minimum gas pressure, and it could hardly afford to shut down a
furnace even for only 30 hours should a tube fail during a period
of péak demand. Consideration was therefore givenn to methods of
blanking-off leaking tubes which would not necessitate shutting
the plant down.
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2. Background

It has been standard practice for many years to squeeze mild
steel pipes on gas and wzter service when it had become necessary
to isolate a line and a number of devices are commercially
available for this purpose. However the application of gross
plastic deformaticn to pressure equipment containing hot
inflammable gases had not been considered. The commercially
available apparatus for low temperature service is hydraulically
operated, which is an advantage, but the frame has to be
dismantled and then reassembled on to the pipe to be squeezed.
Tais would have been perhaps acceptable for inlet pigtails where
the temperature is around 400cC, but the manipulation involved
would not be acceptable in the proximity of the hot outlet pig-
tails (700 - 8000C). For that reason a G-clamp sgueezer was
designed so that the unit could be placed onto the pigtail where
it runs horizontally adjacent to the reformer tube (Clark and
Elmes Paper 2, Fig. 2) and all that was required in the way of
preparation was to remove the lagging on this selection.

3. G-Clamp Squeezer

Details of the squeezer are given in the drawing in Fig. 1 and
the photograph of Fig. 2. It is driven by a short 6 ton hydraulic
ram, manufactured by Epco Flexi-Force.




The main advantages of this design are:

(1)

(2)

(3)

(4)

The G shape of the frame reduces manipulation near the pipes
before squeezing to hanging the device onto a horizontal part
of the pigtail.

It is connected to the pump by means of a pressure hose of
convenient length so that the operator is at a safe distance
while the tube is being squeezed. It is relevant to mention
here that, in the event of a pigtail cracking while being
squeezed, Billingham experience has shown that the fire that
results from a pigtail failure does not cause significant

damage.

Should any accident happen to the hydraulic ram, to the hose
or to the pump the quantity of cil invnlved is very small (1

- 2 pints).

After squeezing the jaws can be fastened together by means of
screws to form a permanent clamp to prevent the internal
pressure opening up the squeezed pipe. The G clamp and
hydrauliz ram can then be removed by simply letting the jaws
slide of{ along the guides shown in the drawing.

(5) The jaws are kept in position by means of ball catches while

(6)

the clamp is bein¢ hund and while pressure is being applied.

Two lateral sheet metal pieces locate the clamp jaws oan the
pipe and are crushed away as the squeezing operation is in

progress.




4, Laboratory Tests

Although from the above ccnsiderations it appeared that bianking-
off reformer tubes by flattening the inlet and outlet pigtails
could be achieved with reasonable safety it was decided to carry
out some preliminary tests on a laboratory scale.

In order to simulate plant conditions a test rig was arranged in
which a length of pipe could be electrically heated by making it
an integral part of a circuit connected to a low voltage high
current source. Orie cf the ends of the tube was blanked-off and
the other connected to a 275 p.s.i.g. stezm line. Provision for
measuring the steam pressure and for measuring and controlling
the temperature during the tests were made. Samples of both
Incoloy and Cr-Mo pipe were tested. The clamp itself was tested
under a 7 ton load without it showing ariy permanent set.

4.1 Incoloy Pigtails

Two samples of extruded Incoloy DS tubing, 1 11/32 in. o. 4.
x 8 8. w. g. (as used for the fabrication of the outlet pag-
tails) were used for the trials. One sample was ex-stored
but was aged for 72 hours at 8000C in order to bring it irnto
a condition nearer to that of the pipes after service. The
second sample was cut from an actual pigtail which had
failed due to the presence of manufacturing defects after a

few months in service.




These samples were heated to 8000oC before squeezing. During
the first test the temperature dropped quite considerably as
the jaws touched the tube, but by insulating the ends of
the pipe the temperature drop was eventually reduced to
about only 20oC.

In all, eight trials were performed. The results were
completely satisfactory except in cne case, when a number of
small cracks developed on the outside of the pipe but no

leak occurrecd. This cracking was not thought to be signifi-
cant because the trial was done on a part of the pipe which
had been overheated to nearly melting point during the
initial attempts to adjust the temperature. Figufe'3 ghows
the general appearance of the tube and Figure 4 a cross-
section through one of the flattered parts.

4.2 Cr-Mo Pigtails

The tests wel'e done at 4000C on a length of 1% Cr-Mo steel
pipe 13/16 in o. d. x 5/32 in. wall as used for the inlet
pigtails. 2t this temperature the tube was too strong for
the squeezer and a perfect flattening could not be achieved.
In order to increazse the stress on the pipe the width of the
jaw faces of the clamp was reduced from 1/2 in. to 1/8 in.
" but then the ductility of the material war insufficient and
the tube wall sheared. It was found possible to avoid this
by carrying out the operation in two stages. In the first a
set of jaws with slightly curved faces (1/2 in. width) was
used. This spread the deformation over a large area put
still left a ¢gap between the two wall faces. A second pair
of jaws with faces 1/8 in. wide and semi-circular crgss




section was used to close the gap. To achieve this the load
had to be increased to 8.5 tons. The clamp withstood this
overload well. Figures 5 and 6 show the results of the

tests.

During the tests it was found that the original jaws in
18/8/Ti were too soft and yielded appreciably during
cperation. This was prevented by protecting the jaw faces
with welded inserts of heat treated PV520(B) steel whose
vield strength is about three times higher than that of
18/8/Ti steel.

5. Plant Experience

The pigtail squeezer has been usad successfully on several
occasions to isolate leaking reformer tubes. Squeezing the inlet
pigtails has proved to be as easy in the plant as it was in the

preliminary trials.

On the other hand with pigtails trouble has experienced on the
three or four occasions owing to cracks forming during the
operation. It appears that the difficulties zre due to a
combination of the following factors: '

(1) Embrittlement durina service. It is known that the ductility
cf Incoloy DS decreases with time due to an age hardening pro
cess. The use of Incoloy 800 which is now readily available
and reputed to be less prone to embrittlement during service
will probably improve matters.




(2)Decrease in temperature. As soon as the flow or hot gas
through the pigtail is restricted the metal temperature be-
gins to fall and so does its ductility. The more quickly the
operation is completed the less likelv is trouble to occure.
The possibility of locally increasing the temperature of the
outlet pigtail prior to squeezing is also being considered.

(3)The occasional presence of score marks on the surface and
stringers of inclusions inside the pipe wall which facili-
ties the initiation and propagation of cracks.

in spite of these occasional difficulties it always has been
possible to biank~off the failed reformer tube. Even after cracks

have appeared in the pigtail its flattening has been achieved at
a second attempt.

The use of screwed jaws to maintain the pitail gas tight has
proved to be necessary. Whenever the jaws have been removed the
leakage of gas frum the reformer tube has been seen to increase
gradually becoming excessive after some time. A second
application of the squeezer and permanent clamping cf the pigtail
has been sufficient to reduce the leakage to a negligible amount.

Conclusion

Blanking-off failed reformer tubeg without having to shut the
plant. down, by squeezing the inlet and outlet pigtails at a
temperature and under pressure, has been a complete success. So
far no untoward incidents have occurred; provided adequate care
is taken, the isolation of the failed tube zan be achieved
without danger to the operating personnel or to the plant.




FILTER WASHING

‘-..~..“\ PN 250 ?
»

Filter bedl ;
NN

Filter:

NN

VI I

@ = 8 000 mm
h =35 200 mm

ve 20m
q = 1000 m*/h Hy0
p= 6 bar gauge

f‘rcwl‘e'r
Taw water

raw water
s—— - DUre water
————m———Wash water

sludge water
:" N ———m—— discharge
menm— €N T
l!!l!! —SCaVENgiNg air
DN 460
, open closed
1. discharge 1 minute i, k a,b,c,d,e, f,g,h
2. air 2 minutes g, k a, b,c,d,e, f, h, 1
3. air + water 11 minutes e, £, g, h, k, a,b,c,d, 1
4. air + water + chlorine 4 minutes e, f, g, h, k, +«chlor. a, b, c, d, 1.
S. water 3 minutes e, f, h, k a, b,c,d, g, 1,
6. fill up with water 4 minutes e, f, k, AJ b,c,d, g, h, i,
25 minutes '
to filter -a, b, ¢c, d e, £f, h, h, i, k
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CHLORINATION

The injector forms a vacuum for intaking chlorine gas and mixing
with water. The ball and the membrane prevent a flow back of the
water into the chlorirz installation when the solution outlet is
closed or stopped up. For the injector to functicn well, it is
necessary that the pressure ahead of the chlorine inlet is very
high against the back pressure.

The chlorine gas comes at pressure to the chlorine pressure
reducing valve. There the préssure will be reduced below the
atmospheric pressure because this valve opens -only when the
injector forms a vacuum. If gas comes into the valve without
vacuum conditions, the membrane will iift and the éas escapes
through the vent pipe.

The chlorine flows from the pressure reducing valve through a
volumenometer to an adjustable V-nozzle which regulates the chlo-
rine gas capacity. After that is situated a vacuum regulating
valve for building a suitable vacuum is set.

When the chlorine supply is empty or shut off the vacuum regula-
teing valve closes. If the throttles effect is not enough, the
diaphragm will take off by the vacuum and air will enter, satia-
ting the vacuum.




CHLORINATION

ventilation
—_—

chlorator (see separole scheme)

cMorine

= chlorine _waier sdution

| wader [ , pump for increase of pressure

e = (sahen necessary)

i L Dl
LT 7777\

- - O -

Campensation hole

Vacum regulacing valve
Chlorine / water solution
Injector

Water

Adjustable V-nozzle
Volwmenomster

Chlorine inlet

Chlorine gas reducing valve
Ventilation
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Inspection of machinery in stage 2 and 3

compressor east

Stegs

1.

2.

6.

10.

Measurement of guide rings at all of the 4 cylinders.
Cleaning of cooling chambers of all cylinders.

T.inspect the position of piston rod with frame level (:
upper and bottom dead center). The crosshead must be pressc

on the running surface.

Remove piston and piston rod. To inspect or to flush (t«
level) the surface in the mainstop.

Remove bush, inspecting by TMP and refit. Measurement over
cross at upper and bottom dead center, inspection with frame
level. Inspection must be done with valves fitted.
Measurement of crosshead clearance.

Remove bolt of crosshead. Inspection of state of fit.

Remove crosshead and inspect in mainshop. (T £flush
the furnace).

Remove balancing weight.

Remove side rod.
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11.

12.

13.

i4.

15.

16.

17.

18.

19.

Measurement of breathing (swelling) of crankshaft.

Measurement of clearance of connecting rod bearing (big-end
bearing). Measurement of 2 §# (crank pin stud crank eye).

If modification of clearance is necessary, bolts must be
fitted according to settled (defined) extension.

Both bearing bushes (pillows) must be fixed in the casing!
Points 3 -~ 13 apply equally to both stages.

After measuring swelling in botl stages, remove main bea-
rings 2, 3, 4 and 5.

Removing main bearing

a. Measurement of clearane

b. Notice length of bolts in fixed state

c. Notice length of bolts in loosened (unscrewed) state

d. Remove pillows. The crankshaft must be lifted by hydraulic
tool half the clearance

e. Inspection of pillows by TMP

f. Inspection of bearing necks (journals) by TMP

Replace main bearings.

At both stages: as for point. 11.




st

20.

21.

22.

23.

24.

25.

26.

Measurement of guideway of crosshead (# and II) of both
stages. )

Measurement of cylinder.

Replace side rods.

Replace crosshead.

Replace air packing, oil packing and piston (without rings!).
Measurement of state of piston (clearance between piston and
bush). Distance on the side oa which the crosshead slides.
1.7 - 1.8 mm on the second stage and

l.4 - 1.5 mm at the third stage from the piston.

Testing the state of piston rod with frame level.

Finish assembling; measurement of dead space.

27. Cleaning: air filter,oil filter, oil tub (tank), steam traps,

28.

29.

nerve, oil fitting. Tightness test of air coolers.
Test run

Inspection by TMP
a. Screws and threads
b. Crosshead
c. Pillows
d. Bearing necks (journals)
e. All antifatigue shafts of screws
f. Shoulder of bushes
g. Ribs of cylinder covers (tops)
h. Shoulder of cylinders
(connection between cylinder and casing)

‘




Absorption Safety Loop in LINDE's air separation plant

From main condenser liquid oxygen comes to a pump which delivers
it alternatively to one of two absorption vessels filled with
gel. Then liquid oxygen flows back to the main condenser. By this
liquid 02 is permanently in circulation through an absorption
apparatus. It holds back (absorbs) 98% of acetylene (propene).
All hydrocarbons not absorbed, like ethene, propane and so on
enrich somewhat in the fluid.

By the absorption safety lcop 1% of 02 production andby
evaporation of this rate the remaining hydrocarbons are removed
from the separation column (main condenser) for the most part.

The absorption vessel has a service life of 8 days. After this
time the filling must be regenerated and the circulation passes
through the other vessel. The content of acetylene in the main
condenser is limited to 0.1 ppm. Analysis is carried out daily.
For safety reasons hot nitrogen (at a pressure of S bar) is used

as the regeneration medium.
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BOILER FEED WATER TREATMENT

LIST OF MATERIALS

Parts of plant

Materials

Sand filters with fittings and
piping

Carbon steel ASTM A 283-C, with
internal painting

tubes: A 53-A

valves: grey iron Al26~class B

Ion exchangers with fittings and
piping

C-steel: RST.37.2., internal
rubbercoated or stainless
steel

vesgels: C-steel A264,grade 6
367 clad.

tube: A 43-A, austenitic CrNi
steel

valves: Al26 - class B
austenitic CrNi castings

Pumps in the area of ion ex-
changers

Al26, class B, internal rubber
coated or stainless steel,
AISI 316 B




H2S04 (76%) dosing pumps pVC
with f. and pipes Teflon

Na(OH) (50%) dosing pumps pvC
with fittings and pipes

FeCl3 dosing pum pPVC
Flocculator Carbon steel, normal steel with
. painting. ’
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STEAM REFORMING PLANT

LIST OF MATERIALS

Parts of plant

Materials

Furnace tube

G=-X 35NiCrNb 2424, no. 4855
G-X 40CrNisSi 2520, nc. 4848
HK 40, ASTM A-297, 25 Cr/20Ni

Ontlet header

Centrifugal and static castings
27 Ni/18 Cr

Wrought fittings: Incoloy Alloy
800

Outlet pigtails

Incoloy 800, no. 4876
Incoloy Alloy 800

V 103 - secondary reformer

shell: ASTM A 105 GII (Pl), A
212 Gr. B

flange: ASTM A 515-60

bolts: ASTM A 320 grade L7,
A 193, Gr. B 16

H 111 - waste heat boiler

shell: A 105 Gr. I (P1)
tubes: A 335 Gr. P44
flange: A 387 Gr. B P 4

V 104 - primary converter

shell: A 204 Gr. B, ASTM A 335
Gr. Pl
flange: A 204 &r. A

HH 101 ~ waste heat boiler

shells ASTM A 515 - 60
tubes: ASTM A 106 Gr. B




STEAM REFORMING PLANT

LIST OF MATERIALS

Apparatus in convection zone

Materials

Heater for steam H2/1 F101

austenitic steel CrNi ISO:
17/4 N634 (H 32)

ASTM A 199 Gr. T 22 (P5),
A 335-P22

Heater for steam E2/4F101
Heater for steam H2/2F101
and natural gas

ASTM A 199 Gr. T22 (P5)

A 335 - pP22

ASTM A 199 Gr. T22 (P5)

A 335 - P22

austenitic steel CrNi, ISO
17/4 N634, Incoloy 800

Process air heater H1F 101
natural gas hesater H3/2F 101

ASTM A 199 Gr. T22 (P5), A 335
-P22, austenitic CrNi steel,
IS0: 17/4 N634 (B 32)

ASTM A 199, Gr. T 22 (PS5)

A 335-P22




STEAM REFORMING PLANT

LIST OF MATERIALS

Apparatus

Materials

V 105 sulphur catch vessel

shell: ASTM A 212, Gr. B
A 105 Gr. II Pl

flange: ASTM A 105, Gr. 1
bolts: ASTM A 194, Gr. 4

V 106 secondary CO converter

shell: ASTM A 515, Gr. B, A
105 Gr. II Pl

flance: ASTM A 105 - Y
bolts: ASTM A 194, Gr. 4

H 102 waste heat boiler II1

shell: AST™ A 515, Gr. 60

H 103 boiler feedwater

shell: ASTM A 515, Gr. 60

tubes: ISO: R683 T 13/23 a
ASTM A 240, Gr. TP
316 (P8)

vV 112, V 113, V 114, V 115

gas separator

She].l: ASTM A 105' Gr. I Pl
demister: ASTM A 240, Gr. TP
316 (p8)
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CONSULTING GESMBH

ORGANIZATION BIF

Maintenance group for Melamine and Urea Plant

Department Manager (DI. Simon)

Secretary
(Miss Baumgartner)

Chief Master (Mr. Geroldinger)
2 Masters (Mr. Lehner, Mr. Plecher)
Foremen (Mr. Seidl, Mr. Kaufmann)
\\
Mr. Lust " Mr. Mara Mr. Leitner Mr. Eckart
4 workers 4 workers 4 workers 4 workers




UREA PLANT

Our new urea plant was built in 1975/1976 and substitutes an old 300 m
ton/day plant.

The start up was early 1977. The design capacity is 1 000 m ton/day. It
is & SNAM PROGETTI PROCESS. After overcoming various start up problems.
We can say that the performance of the plant is good. Since 1978 we
reached an on-stream factor of 330 days per year.

Major equipment and its vendors:

equipment vendor
0, -campressor
(5 _stage reciprocating compressor) GHH (BRD)
NH; -pumps
7 plunger pump Worthington (BRD)
carbonate pumps
S _plunger pump Wortl ington (BRD)
ejector; vacuum system Koerting (BRD)
reactor VOEST Alpine - Austria
carbamate separator VOEST Alpine - Austria
stripper FBM Milan - [taly
centrifugal pumps Ochsner Linz - Austria
belt conveyor system M.U.T. Stockerau - Austria
scrapper Schade (BRD)
weighing system
sack welding machine Libra (BRD)

™~




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 lens are
l very clean. The lens hardness must be less than the hardness of the

piping.
The gasket of the reactor manhole is an aluminium-teflon tape gasket.

|
I A second point is the high pressure pumps. We use pumps designed and
. fabricated by Worthington (Hamburg). After 1,5 year of service we can
I say that they work satisfactory. The piston packing lasts about one
year. The valves have to be changed about every six months.
|

The packing (details give the attached drawings) has to be prepressed.
Valves fail mainly because of spring breaks.

‘I ' This can be influenced by the spring material and the spri_nz gemetry.
The CO, -campressor which is maintained by ATH had problems mainly because
r -——— —of vibrations. - e
: I—'——-‘“‘—ﬂateri&l*pmblens mainly existed during the start up-phase. Thewelds of — — -
the reactor lining had to be repaired (lining material is 316L).

' Until now the large width belts in the prilling-tower are not satisfactory. )
- We have to change them after about 1,5 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™— "~ ~
_mainly was a problem of adjusting the welding temperature and the lenght ___ _
of the cooling zone on the sack-welding-machine.




UREA PLANT
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Our new urea plant was built in 1975/1976 and substitutes an old

300 m ton/day plant.

The start up was early 1977. The design capacity is 1000 m ton/day.
It is a SNAM PROGETTI PROCESS. After overcoming various start up
problems, we can say that the performance of the plant is good. Since
1978 we reached an on-stream factor of 330 days per year.

Mayor equipment and its vendors:

equipment vendor
COZ-Compressor

(5 Stage reciprocating compressor) GHH (BRD)
NH,-Pumps

7 Plunger pump - Worthington (BRD)
Carbonat Pumps

5 Plunger pump Worthington (BRD)

Ejector. Vacuum System

Koerting (BRD)

Reactor Véest Alpine (A)
Carbamate separator " " "
Stripper FBM Milano (I)

- Centrifugal pumps

Ochsner Linz (A)

Belt Conveyor System

Mut Stockerau (A)

Scrapper Schade (BRD)
Weighing System
Sack Welding Machine Libra (BRD)
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MAINTENANCF PROBLEMS OF
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

' veryclean. The lense hardness must. be less than the hardness of the
piping. )

The gasket of the reactor manhole is an aluminiun-teflon type gasket.
A second point are the high pressure pumps.
We use pumps designed and fabricated by Worthingtor. (Hamburg). After
1 1/2 year of service we can say. that they work satisfactory.
This piston packing lasts about one year. - —'_w"——_”?
— """ The valves have to be changed about every six months.
|
____The packing (details give the attached drawings) has to be prepressed
- i' Valves fail mainly because of spring breaks. | -
This can be influenced by the spring material and the spring.geometrmy. - ---- -~~~

- -The--Goé-compresscr - which is maintaired by ATH - had problems mainly
because of vibrations.

— s = e p—

W‘l“‘”""'ﬁa’téﬁif problems existed mainly during the start-up phase. The welds _
__of the mctomining had to te repaired (lining material is 316L)

.. e

Until now the large width belts in the prilling-tower are not satis—
l --factory. We have to change them after about 1 1/2 year. witich is a too

shert time of service. We plan to substitute these synthetié belts by - e e e
l ~rubber belts.

" In the urea storage the main problem was the bag-welding machine. -This—— —-- == T—
l . was mainly a problem of adjusting the welding temperature and the length o
of the cooling zone on the bag welding machine. T T
l T 3
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CRANKSHAPTSEALING - i

1_.__. —
L

— * G0p=compressor - urea—plantm—-» -

Kranz packing typ G. o

Packings with hosespring-sealing elements type G are mainly
designed for steam-machines.

Advantage: for high and low-pressure the sm otenonts can ‘be used

(sm unit assembly systems). 3

T The packing consist at laat ottvom&i.ng olmnts xnono
casing, vhichmﬂandtoqctherwithagland,_

On the high pressure side mostly is'a throttle ring for kcep:.ng__ -

off contaminutions installed. o T

l —
l three parts-radial cut six parta-tangentiai——th:ee——p&rts together

l ——%lvays two rings are fixed together to one sealing element.

Normally type A + B or type A + C.
On the pressure side the first elemert is "A"..

S——— . —_—— =

? Radial clearance fewmm (2 ¢ 5 mm) - - _
Axial clearance-0,28 ¢ 0,35 mm (thermal oIongatron) ' -

' "

Materials of seal tings T T T
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SPECIAL STAINLESS STEELS
' FOR UREA SERVICE
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INTRODUCTION

Urea was the first organic substance made altogether synthetically. Urea,
CO(NHy), is mainly used as a high-nitrogen fertilizer but also as cattle feed
and as intermediates for technical resins, etc.

The production of urea has grown very rapidly during the last 20 years, but
still a high continuous expansion is expected. It has been estimated, that the
growth rate will be about 102 per year in the beginning of the 1980's.

Today urea is generally produced in large plants integrated with ammonia-pro-
duction based on reforming of natural gas or naphtha. It can therefore be

foreseen that the greatest expansion will take place in countries where natu-

ral gas is available or in places where naphtha is refined and where the

energy prices also are favourable. : -~ - - - -

- - -
—
~ -~

The process development during the last decades has made it possible t&hbuila
plants with higher capacity and efficiency. This has also required a develop-

ment of new materials to be used in these processes. z <z =

~ - -

Sandvik as a major supplizr of tubes for the fertilizer industry has closely
followed these new requirements and this has led to the development of a range
of special stainless steels for urea service.

PROCESS DESCRIPTION

Urea is made by compression of ammonia and carbon dioxide to a pressure of
150-220 atm in a high-pressure reactor. The temperature is in the range of
180-200°C (355-390°F). The following reactions occur:

1. NH3 + CO2 — NH, CO2 NHz (ammonium-carbamate)
2. NH, €O, NH, — H,0 + co(uuz)2 (urea)

The urea solution from the second reaction will also contain unreacted carba-
mate, ammonia and carbon dioxide which are removed in several purification
stages and recycled to the reactor.

The pure urea solution can be treated in several ways depending on the final

use, but it is most common that the urea is delivered as prills. In the pro-

duction of such prills the solution is evaporated to high concentration. The
melt thus obtained is sent to a prilling tower where droplets of molten

urea will fall in a counter-current flow ot air to form prills. Other finish-
ing processes for urea is granulation or crystallization.

PROCESS DEVELOPMENT

There has been a stepwise development of the urea process to achieve higher
efficiency and yield as well as less energy consumption. Also the requirements
regarding poliution control are being considered. At the same time the re-
quirements on construction materials have increased where the temperatures and
pressures have been increased.

The first of these process development steps was the so-called total recycle
process, where the separation of urea and excess gases (NH; and C07) is per-
formed by « stepwise reduction of pressure combined with heating. A drawback
of this procedure is its high energy consumption.




l‘M next step was to develop a way to reduce the energy consumption of the
total recycle process. This was done by introducing high pressure (HP) decom-
sition (~80 atm) immediately after the reactor. A flow-sheet of such a pro-
ess of Montedison design can be seen in Fig. 1. The introduction of high
pressure involved some material problems, especially as regards heat exchanger

rsbing.

I MP-decomp.

Mi-docomp.
_I'_"""
| - L GIW— ® 9
=
J H\-._o.uh.

B

Fig. 1 Flow-sheet. Montedison urea total recycle process with HP-decomposition.

js a third development step the stripping process was introduced, which also
has led to drastic energy savings. This process has also met with great suc~ -
'ess on the market.

in this process the decomposition of carbamate and recycling of gases is car-
ied out without substantially lowering the pressure. Carbamate coming from

he reactor is decomposed in the steam heated tubular stripper by contact with
“™ye ammonia or carbon dioxide gas. The liberate. gases go overhead to the HP
ctndenser (carbamate condenser) where carbamate once again is formed under the
me high pressure as in the reactor. This reaction is exo-thermic and the
Jeat is recovered by generation of LP steam which is used elsewhere in the
iEant. Two stripper processes are commercially available today and together

ey have the major part of the urea market. In the Stamicarbon stripping pro-
ss, Fig. 2, developed by DSM, Holland, carbon dioxide is used as stripping
medium,

l1 the Snamprogetti scripping process ammonia IS used as stripping medium. As
to the plant-layout and process principles there are great similarities with

e Stamicarbon process. Fig. 3 shows a flow-sheet of the HP-part of the Sram-
rogetti process.

N o o
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i Fig. 2 Flow-sheec of the
Capt, Stamicarbon urea stripping
cm [ LP-condenser process.

| Fw,

Reactor

Fig. 3 Flow-sheet of
part.

CORROS I1ON ENVIRONMENT

Ammonium carbamate is

steam cond. LP-steam
Carbamate
sepcraor
Cardamate
condenser

D
Ures solution to MP-part

for concentration

NM3 (from LD recovery)

O Pressure 1n B
5 remperature

the Snamprogetti urea scripping process. High pressure

present in the reactions taking place both in the reac-

tor and in the decomposition stage. It is known to be & very aggressive agent
on stainless steel and its behaviour can well be compared with an acid. In
fact, a distinct passive range can also be seen as in the case of sulphuric

acid, see Fig. 4 (2).




IFig. B Anodic polarisation Current
curve for a stainless steel in density

lan ammonium carbamate solution. '

passive zone |tnnsuauiu zone

active rone

cathodic
curves

aCtive-passive

fassive

o
2ot

Potential ,E,mv
Ehe most important factors that govern the corrosion of stainless steels in _— =
carbamate solutions are
- the composition of the process liquid
the oxygen content
- the temperature

'— the metal composition

g the composition of the process  partial Oz-pressure
- gtiquid; of course the amount of the cor- in the gas phase, atm
asive carbamate plays an important role
on the corrosion rate but also the ammo- 5.
nia/carbon dioxide ratio and the water
onteat- seem to be important. Of utmost
— Bimportance is no doubt the oxygen con-
" tent in the carbamate solution, and if
it is sufficient, the steel will remain 154
‘"the passive state. Otherwise active
C3rrosion will take place (see Fig. b).
The level of sufficiency is determined
y the type of steel being usei. For
safetyy—therefore, oxygen is added con- 104
inuously to the feed. The partial pres-
Eure of oxygen in the gas phase has a
irect influence on the oxygen content
in the urea synthesis solution (see

"ig. 5). (3) | as-

L A L LE ¥ L LA L 2

o 20 40 80

pom O3 in wrea synthesis solution
Fig. 5 Solubility of oxygen in .
urea synthesis solution as a func-

tion of the partial pressure in the
gas phase. (3)




—ferrite phase obtained in austenitic 0

The urea synthesis reaction and the Corrosion rate
decomposition of the carbamate are
favoured by an increasing tempera-~
ture. On the other hand the corro-
sion of metallic materials increases
very much with increasing tempera-

ture, see Fig. 6. (3) °

mm/ year

eo

As discussed above, it is essential 40+ . ®
that the steel is in the passive hd s

state in the urea synthesis solution ®

in order to avoid heavy corrosion.

The alloying elements playing an 20J

important role on the passivation

behaviour of steel are above all Cr °

and Mo. it has also been found that

carbamate solutions can attack the

L L RN L} L] 14

170 190 210
Temperature ‘C

steel, for instance after welding or
after improper heat treatment. Also
intermetallic phases like sigma

150

phase are heavily attacked in carba-
mate solutions. Thus it is essential
that the material has a very stable

Fig. 6 Corrosion rate of active
A151 316L in urea synthesis solution
as a function of temperature. (3)

austenitic structure. Strong austen-
ite forming elements are Ni and N.

To avoid problems after welding a low
impurity level is also required.

STAINLESS SPECIAL STEELS FOR UREA SERVICE

For many years the standard construction material- for severe urea plant ser-
vice has been AIS! 316L with additional requirements on corrosion properties,
while 316 and 304L have been adopted for low-pressure service (< 25 atm). In
some critical parts like reactors, strippers and HP-decomposers, 316L has been
used to the limit of ics corrosion resistance. The acceptance of 316L in this
service has been a compromise based both on technical and economical considera-
tions but also on the fact that previously there was no other austenitic stain-
less steel available being resistant enough to fulfi!i the requirements.
Titanium and zirconium have good resistance in carbamate solutions, but imply
great problems in fabrication and still more so for the maintenance. Further-
more, these materials are very expensive. However, titanium tubes have up to -
now been specified for the stripper in the Snamprogetti process.

As a result of close cooperation between urea licensors and steel manufactur-
ers there are today austenitic stainless steels on the market specially de-
signed to combat corrosion in the various piant equipments. Furthermore, much
experience from plant service is availablie which shows both technical and
economical advantages. At the same time also the availability of these mate-
riats is such that almost every type of delivery form can be offered.




" DESCRIPTION OF SANDVIK 2RE69

As discussed under the heading corrosion environment, steels used in urea syn-
thesis snlutions must have a very thoroughly balanced composition of the ele-
sents Cr, Mo, Ni and N as well as a low impurity level. A steel which fulfills
these requirements is SANDVIK 2RE69 which is the result of extensive research
carried out by Sandvik in close cooperation with DSM/Stamicarbon. 2RE69 has
the following nominal composition (3):

C Cr ) Ni Mo N

-~

£0.020 25 22 2.1 0.12

General properties

The structure is fully austenitic and the steel has almost the same physical
ies as normal—18/8-steel as regards density, specific heat, thermal

Qg:ductivity, thermal expansion, etc. (for specific data please see Sandvik

data sheet 1,870 E). The well designed composition of the steel accounts for
its extremely good structure stability. Therefore, very low values of the

ferrite content in the parent metal and in the fusion zone of - a weld can be
rchieved.

pechanical properties

‘he mechanical strength is higher than that of normal austenitic stainless
teels. This is due to the nitrogen addition. As the temperature in the urea
i;ocess is about 200°C (390°F), a tensile test performed at about this tem-
rature is generally required by the customer. Test results can be seen in
the following table 1.

able 1 Mechanicai prbperties, minimum values

" Jrade Yield strength 0.2% offset Tensile strength Elongation AS
é : At 20°C (68°F) ac zgo°c (390°F) At 29° At 20°C
N/ ksi N/mm ks i N/mm ksi 4
IGL 195 28 145 21 500 73 4s
£69 270 39 200 29 580 84 30
Corrosion properties

Jtc of the most important features of 2RE69 is its ability to repassivate even
ring severe reducing conditions. Because of this, the oxygen content in the
synthesis solution needed to keep the passive layer of the steel is much lower
'ién for 316L-material. For instance, at about 200°C (390°F) an extremely low
cBygen content (3 ppm < see ref. 3) is sufficient for 2RE69, while at a corre-
sponding 02 content 316L material is active and corrodes at a rate of up to 40
ng/year (1575 mpy), compare Fig. 6. Small disturbances in the oxygen supply
cling to improper piant operation can therefore be tolerated without causing
any drastic changes in the corrosion rate of 2RE69.

|
o




General corrosion

2RE6Y has very good resistance to general corrosion. This is illustrated in
Fig. 7 showing the isocorrosion curve in sulphuric acid.

Temperature °C (°F) " Fig. 7 Diagram showing iso-
110 7T | corrosion of 2RE6Y and AlS!
1 "Boiting point curve 3t im—sulphuric -acid. The _ _
- curves represent a corrosion
rateofG:-+-mm/year (4 mpy) .
m _2REEY = —
teoq
\
: J
\
50 X
(1208 a1 \
36l \
\ 4
30 k Z
85 ¢ 20 40 60 80 100
% H250k

Owing to its low carbon content and the low |eve| of impurities, 2RE69 pos-~
sesses very good resistance to intergranular corrasion. The grade passes all
known tests on intergranular corrosion. As an example it can be mentioned that
even after 10 hours' sensitisation at 650°C (1200°F) no attack was found after
Strauss testing (boiling in a H,50;,-CusSO,, solution containing Cu-chips).

—

b

Corrosion in a urea synthesis solution has a predomlnantly intergranular/
general-corros:on appearance. For that reason Huey-testing has been specified
by licensors as a general acceptance test for materials _to be used in urea

——-'-l._.__seszce*.Although it has not been proved that the corrosion potentiat—thrurea———-

plant streams does in any way correspond to that of the Huey-test, it has been
found that correlation exists between the service life and the Huey-test re-

— - ——sult, The following case story can give some further evidence to tNIS state——— ——

ment:

"“In a high-pressure decomposer working at about 80 atm. tubes actording to
SA-249 Tp 316L installed in a new plant lasted for 5 years. A new set of tubes
also according to SA-249 Tp 316L was ordered for repiacement. These tubes
failed already after 6 months despite substantial increase of the axygen which
was added to reduce the corrosion. Huey-testing of the two different Tp 316L-
materials later revealed that the average corrosion rate was 14.07 mils/year
for the tubes which lasted 5 years and 268 mils/year for those which lasted
only 6 months. A Huey-test before the installation of the second delivery of
tubes would have served as a warning. Instead of Tp 316L SANDVIK 2RE69-tybes
were installed in this plant. No attack whatsoever. has been found on these
tubes so far, even though they have been carefully inspected during several
shut-downs.'

Mainly owing to its high chromium content and low impurity level, 2RE69 ex-
hibits an excellent resistance in the Huey-test.




One interesting and important feature of 2RE69 is that it never shows an accel-
erating corrosion rate in the Huey-test. A tough requirement on the corrosion
rate can also be met. The maximum attack is 1.0 pm/48 hrs (= 0.18 mm/year) for
both as-delivered and walded tube material. For comparison it can be mentioned
that for SANDVIK 3R12/A1SI 304L the maximum attack is 0.4 mm/year for tubes in
the quench-annealed condition. Welded specimens may be expected to yield higher
values than quench-annealed specimens.

!

Selective attack

In connection with the Huey-test the selective attack is also controlled in
microscopa. It has namely been found that when butt ends of tube and bar mate-
rial are exposed to carbamate solutions, excessive corrosion can occur if the
sensitivity to selective attacks of the material is not carefully controlled.
Specifications require the selective attack not to exceed a certain value.

AT

g:¥Pitting_corrosion

The pitting corrosion resistance is excellent owing to the high Cr-content
and the addition of Mo. When tested in 5% FeClj + 10% NaCl at 25°C (779F)
during 24 + 72 + 72 hours, no attack occurred. The pitting resistance can also
be expressed as E,. = break-through potentiai for different solutions. Fig. 8
illustrates Ep, in a 3% NaCl-solution for different stainless steels.

Potential vs SCE, mV - Fig. 8 Pitting potentials of _ _.
9
1ooor-=;-\ T 2588 . 2REGY, AISI 316L and 317L in a
l _ B B S 3% NaCl solution, scanning

"\\\ :\Ipo(.;‘“.‘] rate 20 mV/min.

| = : 1— :
i -

‘s\
— em— — iy st S = -—) —————
200 [ZEorrosion potential m Seewater ~&

I \ -~
0 20 40 60 80 100
(30) (70 (108) (140 (175) (210)

Temperature °C (°F)

These results indicate that 2RE6Y can be used for example in seawater at rath-
er high temperatures without being attacked.




Stress _corrosion_cracking_(SCC)

The high Ni-content of 2RE69 gives the material a good resistance to stress
corrosion cracking but does not guarantee immunity. SCC-tests in 40% CaCly
at 100°C (210°F) have indicated higher threshold stresses than for both 304L
and 316L, see Fig. 9.

Time to rupture, h Fig. 9 Results of SCC-tests in
=~ 40% CaClp at 1009¢ (210°F) ..

pH = 6.5. Aeration. Time to
rupture as a function of applied

stress divided by the tensile
500 ﬁsu strength.
304L i 2RESS
aisi |
0 316L |
\
\
J\ -
300
\
)
\
200 %

. R (Y - .
- 100 - - _—T T = e T,

——
z \ \\ .
\\ )
0 - - -
o 02 04 08 a8 10
Stress/tensile strength at 100°C
Conclusion

It is apparent from the above that 2RE69 is not only a very good material for .
urea synthesis solutions, It can be used to advantage also in combined service,
i.e. carbamate solutions on one side and chloride containing waters on the
other side.

Velding

As mentioned earlier, the ferrite content in the parent metal and in the fusion
zone of a weld should be restricted to very low values in order to avoid seiec~
tive corrosion attacks. On the other hand, it is a well-known fact that a cer-
tain ferrite content is required to avoid hot-cracking problems when welding
austenitic stainless steels. In order to meet the requirements for urea plant
service, another solution had to be found. Research was concentrated on the
hot cracking mechanism and the role of different alloying-elements-in this
respect. For instance, the influence of different manganese-additions was in-
vestigated and 4.5% was found to be an optimum manganese level. This manganese
content is high enough to reduce the hot cracking to a minimum but low enough




nct to form sigma-phase in the weld metal.
SANDVIK 2RM69 - with the following compositionr was developed:

Mn 4.5%, Cr 25%, Ni 223, Mo 2.1% and N 0.13%.
tested both mecnanically and from a corrosion point of view, see table 2 and

Table 2 Mechani:zal properties of welds at 20%C (68°F)

Accordingly a new filler metal -
C mex 0.020%
This filler has been extensively

Tensile
stre
N/mm

Red. of
area

3

Elongation

,43 Smut Jungo

650
760
518

669

110

90

97

56

k9

‘TIG a Tungsten Inert Gas

MMA = Manual Metal Arc

3Elong.atnon of a hole drilled in the specimen, original hole diam. 3.5 mm
(0.138 inch)

Table 3 Results from Huey-testing, ASTM 262, Practice C, 5 x 48 h

lﬂaterial tested

Average corrosion rate

|2Rﬂ69 MMA-electrode, welded joint

mm/year mpy

lBase metal 2RE69 0.10 40
2RM69 TIG-wire, weld metal 0.07 2.8
2RM69 TiG-wire, welded joint 0.10 4.0
ZRM69 MMA-electrode, weld metal 0.09 3.5
0.08 ——3.2

SANDVIK 3R60 UREA GRADE AND SANOVIK 3R69

These results show that the properties of SANDVIK 2RM69 conform very well to
the requirements on 2RE69.

SANDVIK 2RM69 is available not only as bare wire for TiG-welding and covered
lectrodes for MMA-welding tut also as strip for submerged-arc surfacing. The
latter product is especially suitable for cladding of tube sheets, vessels,

reactors, etc.

For parts of the urea plant where the conditions are not so severe,-a special-~
ly designed 316L material is being used. Adjustment of the compesition and
pecial measures in the manufacture give this steel,
tter intergranular corrosion resistance, lower corrusion rate in carbamate
solutions and better results in the Huey-test than ordinary 316L. For 3R60

SANDVIK 3R60 Urea Grade,’



Urea Grade the requirement on 2 maximum corrosion rate of 0.6 mm/year (24 mpy)
in the Huey-test can be met. This steel is being used mainly as tubes in HP-
condensers, HP-piping, HP-scrubbers and cecomposers. A further development of
this alloy is SANDVIK 3R639, developed according to the same principles as for
3R60 Urea G-ade and meeting all the necessary requirements but with the advan-
tage of having higher mechanical strength owing to a nitrogen addition. 3R69

corrosion resistance for these alloys are compiled in tables &,

Table & Chemical composition (nominal), %

—-—is-especially being used for HP-niping. Compositien, mechanical properties and -.

S and 6 below.

c Cr Ni Mo N
max
3R60 Urea Grade 0.038 17. 14 2.5 -
3R89 0.030 17.5 13.5 2.8 2.18
i
IP Table 5§ Mechanical properties at 20°C (68°F), minimum values’
Yield strength Tensile Elongation
0.2% offset 1.02_oifset strepgth A%
l M/mm*  ksi N/m ksi N/mm ksi 2
3R60 Urea Grade 195 28 235 34 500-650 72-9% &5
3R69 230 L3.5 340 L9 600-800 87-116 40

Grade

r———?abl-té—ﬂuey-tesc values (quench-annealed tubes)—-

Corrosion ra te, max

-— f mm/year mpy -
3R60 Urea Grade ) 0.6 - r1
3R69 0.6 24
316L >0.6 >24

THE APPLICATION OF SANDVIK SPECIAL STAINLESS STEELS FOR UREA SERVICE
' Reactor

Under deviating process conditions very aggressive corrosion may occur in the
reactor where carbon dioxide, ammonia, ammonium cf,arbamate, water and urea are
handled under high temperature and pressure. The size of the reactor may vary
depending on plant capacity, but a heighkt of 20 m (66 ft) and a diameter of
around 1-2 m (3.3-6.6 ft) are not unusuai.

I This pressure vessel is made from high-strength carbon steel, but to resist

the corrosive environment lining with an austenitic staintess steel is neces-

I sary. Up to now this lining has been made almost solely of 316L type of plau
which in many instances has shown limited service life. <

Under the above circumstances there are two possibilities to satisfy these new
requirements on corrosion resistance in the reactor lining: either by using
plate of 2RE69 (AVESTA 254 SFER) or by surfacing with SANDVIK 2RM69 as strip
or wire welding electrode. Even though strip surfacing has not yet come to

"




practical use for this application, the process development has now reached
such a level that the method must be regarded as an interesting alternative.

Both methods are applicable for the production of new vessels as well as main-
tenance of old ones, but for practical reasons surfacing must be regarded as
more interesting for new vessels.

Strigggr

__1'The stripper unit is a steam heated tubular heat exchanger with steam on the -
outside of the tubes and the reaction products inside the tubes. The urea

solution and carbamate are flowing downwards while the gases boil off over-

— Lhead. —————

it has appeared that strippers made of AISI 316L give adequate performance

=liquid flows are evenly distributed and sufficient oxygen is _ . ...
added. However, it has been proved that the process condition cannot always be
-Jept within specified limits and Stamicarbon therefore recommends the use of
i/2Mo, SANDVIK 2RE69, for their strippers. Today full-__ __ .2
scale tests are also running in strippers working with ammonia as stripping
medium,

- l_Sj.n;g__th_ilzsr._deLLuery in 1971 SANDVIK 2RE69 has been delivered as stripper . ... ._- -
tubes for more than 70 plants. Of course, the performance is subject to a very

l careful follow-up. The outcome hitherto has shown that the corrosion rate is

I Injection tubes \ferrules)

The reaction products are fed into the stripper by a special injection system.
The exact design varies a little between the different proces3és but in prin-
ciple it consists of thickwalled tubes with channels, which distribute the
feed evenly to achieve the best process conditions. Because titanium tubes
showed erosion corrosion in this type of service, tests were carried out with
CIANDVIK 2RE69. Positive test results further led to complete imstarlations

nd 2RE69 is today to a large extent used for this application.

Carbamate condenser

In this heat exchanger, also called high-pressure (HP) condenser, the gases

are condensed and carbamate is also formed. This reaction is exothermic and the

heat is used for the generation of LP steam. Since the temperature here is

lower on the process side than in thz stripper, the corrosion conditions are

less severe. Therefore, modified AISI 316L, i.e. 3R60 Urea Grade, will do in

most cases. For demanding service 2RE69 is a very good alternative and several
I;ﬂants have changed to this grade also in order to minimize maintenance.

l High-pressure decomposer

In processes working without strippers the decomposition of the carbamate
'takes place in so-called decomposers working with a stepwise lowering of the

I,




pressure. The first of these heat exchangers, the HP-decomposer (8 MPa), is
exposed to severe corrosion conditions. 2RE69 has therefore replaced the modi-
fied AlISi 316L which was earlier the standard material here.

Other units

‘Normaily the corrosion conditions are not so severe in other parts of the

plant which operate at lower pressures and temperatures. 3R60 Urea Grade can

"therefore be reacommended as a suitable COﬂStruCthﬂ material for units like

scrubbers, condenser, HP-piping, etc.

An interesting alternative to 3R60 Urea Grade for use in HP-piping is the
nitrogen alloyed stainless steel 3R69 which has 50% higher yield strength at
room temperature. This makes it possible to design with thinner walls and
accordingly to reduce costs.

where chloride-containing cooling water is used 2RE69 offers very good corro-
sion properties as already shown.

ECONOMY
Assuming the life-time of stripper tubes in 316L with 5 mm (0.197 inch) wall

thickness is the same as for 2RE69 with 3 mm (0.118 inch) wall thickness the
following calculation can be done.

2RE69 saves money

Stripper tubes in 316L 34% more expé;sive

Dimensions 3R60 Urea Grade 35 x 5 mm
2RE69 , 31 x 3 mm

Weight ratio (35 x 5) > 3:67 (kg/m)
BT x3) = 270 (kg/m)

Price ratio 1
103

Cost ratio 3R60 U.G. _J.67 T - 1. 34
2REGY 2.10 1.3

Fig. 10 Cost comparison for stripper tubes in 3R60 Urea Grade and 2RE69. .

Also when comparing the cost of titanium tubing with that of 2RE69 it is ob-
vious that much money can be saved in ammonia stripping plants by replacing
titanium. Because of the higher strength of 2RE69 a wall reduction is possible
also here. (The calculatign in Fig. 11 is based on the fact tha

230:C §k45°F) is 142 N/mm* (20.5 ksi) for titanium and 195 N/mm (58 ksl) for
2RE69. - L —io.
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Titanium tubes 2.5 times more expensive

Dimension 27 x 3.5 mm
Weight ratio _Ti__ 1

2RE6  T.75 cim— -
Price ratio z-RTE'@ -~ 2‘_5 (kg-prices)
Cost ratic Ti 4.5 1 -2

2REG9 T 1 T.7

Fig. 11 Cost comparison for stripper tubes in titanium and 2RE69.

CONCLUSION
<

he development of new stainless steels has been an important contribution to
the urea technology by giving economical advantages and improved safety in
service. These steels are 'tailor made' in the sense that they solve specific
corrosion problems in urea plants. On the other hand, long and favourable
experience with them has made them so well establ:shed that today the urea
industry could call them standard steels.
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Clhannserv

CONSWLTING GESMBH

ORGANISATION DEPT. ATP
A ... division A (agricult. chemicals)
T ... technic - = - -7
P ... phosphatic ATD - Manager |
fertilizers M:. Grausam |
l
sistant (deputy) Assistant |
I r. Pink Mr. Pickl l
1S
Draughtsman Phet
l Mr. Strada o
Secretary |
Mr. Krottendorfer '
l |
" Chief Foreman ! |
l i Mr. Praznik : '
i liable for vehicles |
l e R i
Foreman Foreman Foreman !
l Mr. Bartosch Mr. Mittermayr Mr. Meindl .
raw material single super- potassium stofe
storage, phosphate, NPK, |
l sulphuric fertilizer phosphoric
acid, silos, acid e
cement bagging and £
' shipping |5
[o]
, 3
| |
' 1 deputy fore deputy fore- | 1 deputy fore- |
’gmg]x"oupleader m;xr‘oupleaders | m;"oupleaders 1 oz:;f ¢ t}-\ S
l ' 10 locksmiths Tocksmi ths 1 locksmiths h l
i 2 welders welder welder e e
' The foremen are allocated to certain plants. The workers if necessary one -
can shift between the 3 foremen - groups.




RESPONSIBILITY OF DEPT. AP

Surveillance, check, maintenance, repair of different production
units, stores raw material and final products, bagging and shipping,
laboratory.

Spare parts particulary used only for a special purpose in one, two
or three departments - order, record, store, use.
Common spares like screws, bolts,... are in the central store.

Drawings: Draughtsman for sparevpart-drawings, modifications in the

plant, sketches. Small projects are made by the department, larger

projects are made be the design-department. Drawings of design-de-

partment must be signed by the concerned maintenance and production
departments. Record of drawings.

Contacts with outdoor companies, agents and representatives, suppliers
of spares, machines, ...

Visit to suppliers. Correspondence with different companies, filing

of correspondenre. .

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

Contacts with other departments of Chemie Linz concerning repair, in-
vestment, production, design, finance, ...

Supervision of delivery dates concerning spares, outdoor repairs, ..




Elaboration of .shut-down-programs in cooperatica with production
and central-departments.

Safety in the workshop and for all field repairs. The whole equip-
ment has to operate in a safe condition.

Safety instructions according to the Austrian law (one time per
year), accident-notice.

Information of foremen and staff, other departments, superiors, ...
daily, weekly, monthly, quarterly, ...

Investment programs of small volume, repair programs, estimation of
cost.

Ccst control for maintenance, monthly computer prints, quarterly re-
ports to division (comparison precast - actual).

Collecting of literature and papers concerning used operations,
machinery and processes.

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

Experiments and tests of new parts and products.

Coordination and cooperation with production department (daily mor-
ning discussion).




Showing of plants to our customers and other interested groups
. (schools, ...)

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

Stand-by or on-call service

from Friday to Monday

1 engineer or foreman
2 locksmiths




Calculations concerning machines, parts and the process.
Energy conservation (e.g. screw compressor - new or repair?)
Engineering, process variables, physical chemistry.

Accomplishment of authority-orders like pressure tests, yearly
check of conveyors, earthing measurement of tanks for burnable
liquids.

Obligations concerning pollution control (oil, waste gas treat-
ment, ...)

Mutual control of maintenance and production deparments resp.
central departments.

Participation on seminars, courses, study of literature, visit
of industrial fairs (e.g. ACHBMA, ...) to improve technical know-
ledge.

Expert for suggestion system.

Personnel problems - salary, transfer to other departments, over-
time, ...

Job as adviser of start-up persomnel in Austria or a foreign
country.

Training of people from other companies.




HISTORY OF PHOSPHATE - FERTILIZER -

PLANTS (APP - ATP)

1954:

1958:

1958:

1964

1966:

1967:

1969:

1970:

1972:

Start of gypsum-sulphuric acid plant (production of sul-
phuric acid and cement from anhydrite).

Single superphosphate (now low demand).

Storages, bagging and shipping stations.

Mixed fertilizers (closed after start of NPK-plant)

Sulphur burning plant (Monsanto). Continuous improvements
and expansions to increase capacity.

NPK-plant (1 granulator, 12 reactors, 1 cooler) - PEC process
Phosphoric acid plant, Prayon process
First expansion of NPK-plant (plus 1 granulator and 6 reactors)

New NPK-storage with cohveyor bridges, bagging and shipping in
the south area of the company.

Second expansion of NPK-plant (plus. 1 cooler and some im-
provements)

Third expansion of NPK-plant (1 granulator, 14 reactors, 1
cooler)




———

1978: Second belt conveyor from NPK-plant to storage. Equipment
to usp valve-bags.

1979: Second economizer for Monsanto plant.

From start-up of the plants up to now the capactiy of the different
facilities have increased by removing bottlenecks, for example:

Monsanto plant Layout 75 t/day H,S0,
Actual 180 t/day H,S0,

Phosphoric acid Layout 60 t/day P,0;

] Actual 130 t/day P,0,

Due to good operation and good maintenance the percentual operating
time of all our facilities is very high (1008 = 364 days per year):

Examples:
1977 1978 1979 1980 1981

Gypsum sulphuric acid plant 96% 95% 96,18 97,60 97,6

Monsanto plant 98% 97,3% 94,8% 94,84
Phosphoric acid plant 94y 93%  93,9% 93,9% 93,8%
NPK-plant I ’ 968 94%  96,1% 95,18 95,18
NPK-plant II 93% 95% 96,7% 95,18 95,06




ACTUAL PROGRAMS, PROJECTS AND PROBLEMS FOR DEPARMENT ATP

Wheel loader wiht 1 m* shovel

Loading conveyors for very long wagons

Palletizer for open air storage, unit 634

Replacement of fork lift truck

Replacement of dumpers by a wheel loader - 3 m* shovel
Replacement of heat exchanger VI - sulphuric acid plant
Replacement hot gas filter - Monsanto plant
Replacement of phosphate scale - phosphoric acid plant
Improvements on bulk loading systems - units 620 a and 633 a
Speed-controllers for belt conveyors

Belt conveyors for coke

Unloading and loading of ships

Asphalt for open sulphur storage

Dose of trace elements

Improvement conversion in Monsanto plant

New sulphuric acid plant - double absorption

Sound protection - unit 601

Dose of coating agents (siliceous earth)

Lacerating machine for paper bags

Dedusting units for phosphate and potassium

Second palletizer for unit 634 (open air storage)
Scales for bulk product

Replacement cement bagging machine

Tank for AS - lye '

Utilization of sulphur concentrated iron oxide
Preparation of hot water for division C

Bulk loading into vessels




1
b—-_—-—-—-———-i—--l
P

Replacement KSB - compressors

Extension silo, bagging and shipping - unit 633

Coal dust cambustion for cement kiln

Utilization of acid-oil in the kiln

Dedusting of waste gases of spherodizer I and II

Sale of caterpillar (tracked vehicle)

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

Pipeline for sulphuric acid between the units 608 - 626 - 627
Covers of etermit on conveyor bridges

Cleaning of cement silos .
Investigations about use of palettizers in umit 620 a
Investigations about corrosions on spherodizers

Reduction of P,0s- and F-content in by-product gypsum

Repair painting of conveyor bridges

Roof repair of clinker storage

Repair of chimmey sulphuric acid plant

Repair painting - unit 631

Repair or replacement of electrostatic wet gas precipitator
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DIFFERENT TYPES OF PUMPS USED BY

Medium: sulphuric acid

ATP

CENTRIFUGAL PUMPS (horizontal)

producer:
type:
capacity:
material:
speciality:

use:
function:

working period:

producer:
type:
capacity:
material:
speciality:

Ochsner, Austria

U-MOR

100 m*/h - 20 m (50°C) 98%

Cr-casting (Ni-alloyed)

hydraulic shaf: sealing; useable for
high inlet pressure

circulation pump - acid store

hydraulic sealing by auxiliary impeller;
in operation no contact of shaft and
stuffing box because of axial shaft move-
ment

about 12 months (temporary working)

Rheinhiitte, West Germany

RE 150/265

200 @®/h - 20 m (up to 120°C ~ 98%).

n® 4136

hydraulic sealing - impeller with back-
side vanes

circulation pump for absorbing tower




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

hydraulic sealing
working period: about 12 months (-ontinuous working)
producer: Rheinhiitte, West Germany
type: RE 80/250 e e e e e
capacity: " S0 m/h - 20 m; 60°C; 66 - 78%
material: 18% Si-casting e e e
speciality: divided, removable casing in steel

casting-wear resistent Si-parts for acid

contact. Hydraulic sealing ~ impeller
with backside vanes. Double stuffing box
and special ring valve.

SUBMERSIBLE PUMPS (vertical)

producer: Rheinhiitte, West Germany
type: GVS 150/265
- capacity: 113 m*/h - 15m, 100°C, 98 &
material: n°® 4136, carbon shaft box
use: circulation pump-drying and absorbting
tower

working period: about 12 months (continuous working)




Medium: Liquid sulphur

SUBMERSIBLE PUMPS

producer: Rheinhiitte, West Germany

type: ) GVS 25/220 ,

capacity: . 2,5m/h - 45 m liquid sulphur, 135°C

material: cast iron, steel shaft, shaft protection
box n°® 4034

speciality: steam heated casing (3,5 bar)

use: sulphur to furnace

working period: about 12 months (continuous working)

CENTRIFUGAL PUMPS (sludge pumps with packing fluid)

producer: Klein (Jeumont Schneider), France
type: wd 100g
capacity: 40m/h-40m, 1450 rpm <~ T T
material: n°® 4460 or G-X CrNiMo 27,5
shaft n°® 4580 plate welding with Celsit
SONb :
speciality: . special designed impeller

stuffing box with TFE-packing and sealing
liquid. Exchangeable wear disks and rings.

use: NPK-slurry to spherodizer and circulation
working period: about 4 months (continuous working)
producer: Worthington

type: 2 CNG 104

capacity: 30 ®/h - 6 bar, 1 800 rpm




material: "Worthite" - 20Cr/25Ni + 2,5Mo -Nb

stabilized and thermal treated-- — e

shaft n° 4586

speciality: variable split of impeller by move- - -
ment of the casing cap.

use: _ NPK-slurry circulation

working period: about 4 months (continuous working)

M e d i um: Phosphoric acid

H3P04-slurry - 30% P,0c, 3% H,S0,,
60% liquid - 40% solid, 80°C,
y=1,7

SUBMERSIBLE PUMPS (centrifugal, vertical) o ———— e

producer: Ochsner

type: 30 BAV B 80

capacity: 41m*/h - 18 m, 1 450 rpm

material: n°® 4500, n°® 4577

speciality: impeller with backside vanes
exchangeable wear disks and rings

use: slurry to filter

working period: about 5 months (continuous working)

Med i um: washing water (5% HZSiF6; 2-3% Si0)
- waste gas cleaning = 1,05 t= 30 - 50°C

CENTRIFUGAL PUMP (horizontal)




producer:
type:

capacity:
material:

speciality:
use:

Ochsner, Austria

E-Mor 2213/50 H

25m®/h - 45 m - 2800 rpm

all parts with fluid contact - rubber
lined, shaft protection ring n° 4550
hydraulic sealing (patent Mackensen)
circulation pump for waste gas cleaner

FITTINGS used by ATP

Med i um: sulphuric acid

producer:
type:
size:
material:

speciality:

working period:

producer:

size:
material:
speciality:

Rheinhiitte, West Germany

gate valve - AZ 1915

DN 150, Pn 6 e
n°4136, stuffing box n° 4410, TFE-asbestos
packing '

two piece casing, seating parts easily to
regrind exchangeable wear parts, no pressure
on stuffing box if valve is closed, low
pressure drop because of low turbulence.

for circulation pump to absorber - 984/120°C
several years

Tuflin e e e
process valve with TFE-sleeves e
DN 70 .

ductil iron - fully TFE-lined -.__.__"_ __._ . _ . _.._
rotating plug in a TFE-sleeve which is

iocked in the body. Without stuffing box

and lubrication, seals are not exposed in

either open or closed position.




 use:

working period:

M e d i u m: phosphoric acid

producer:
type:
size:
material:

speciality:

use:
wo) ‘ng period:

producer:
type:
size:
material:

speciality:

use:
working period:

outlet of acid dilution - 72-76% HZSO4

up to 80°C
up to 35%

Erhard

diaphragm calce FD (rubb.. squeeze valve)
DN 125, Pn 10

cast iron - rubber lined
diaphragm - soft rubber . .
without stuffing box, exchangeable rubber
lining and diaphragm,
lifting limitation
throttle valve in acid pipes.

Diirholdt

tyre valve

DN 50, Pn 10

cast iron for casing with anticorrosive
protection layer; resistant rubber tyre.
(TFE - silvered rubber parts for sul-
phuric acid)

without stuffing box, exchangeable rubber
parts

stop valve for phosphoric acid
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Medium: NPK-slurry, Y= 1,3 to 1,7 / 110 to 140°C
bicalciumphosphate

ammoniumni trate

calciumnitrate-, chloride and 20V water

producer:

size:
material:

speciality:

working period:

producer:

size:
material:

speciality:

use:

working period:

‘producer:

type:
size:
material:

Worcester

4466 T ball valve

DN 100 (25)

n°. 4401 for body, ball and shaft.
TFE for sealings

no maintenance, no greasing,
exchangeable wear parts
stop-valve for NPK-circulation
about 2 months

Chemie Linz

DN 80

n°. 4580

tube in Si-casting, TFE-sealing
exchangeable tube and disk,

simple construction

throttle valve for NPK-slurry to sphero-
dizer

3 months

Tuflin

D 127 throughway valve

DN 50

stainless steel for body (18-10 Mo)
TFE for ring, sleeve and diaphragm.




speciality:
working period:
producer:

size:
material:
speciality:

no maintenance and lubrication
slurry circulation

several weeks

Gecos West Germany

PR-plug valve

DN 100

TFE-sealing

no stuffing box

lubrication box for all time greasing
slurry pipe to spherodizer




HOW TO DRAW UP A SHUT DOWN PROGRAM
(gypsum sulphuric acid plant)

Factors for plammed shutdowns in Chemie Linz

a) weather conditions (labour, plant)
b) availability of persomnel (principal leave time in winter and summer)
c) energy situation (surplus or shortage of steam)

Planned shutdowns of large plants in Chemie Linz mostly are timed
April - June
September - October

Chemie Linz practice in timing of large shutdowns

1. Determination of shutdown date by production and maintenance department.

2. Coordination of mentioned shutdowns by central division T (technic)

according manpower availability.

3. Coordination of fixed shutdowns with all concerned departments (pro-

duction-, maintenance-, procurement-, sales-, energy department,...)

Draft of shutdown program by maintenance department (shutdown book).

Discussion and completion of the draft together with production dept.

S. Estimation of shutdown time and manpower demand.

6. Typewriting of program, copying, distribution of program one to three
weeks before shutdown. '

7. Arrangements with personnel department and works council concerning

working time, overtime, shift work, additional allowance.

Information of staff by notice.

8. Shutdown discussion with all concerned workshops (engineers, foremen)

-~ one week before shutdown.

|
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9. Integration of personnel from other maintenance departments,
allocation of jobs to skilled working groups of department
_ |_‘“ workshop and central workshop.
10. Preparation of job permits according to shutdown program by
production- and maintenance-foremen. e
. 11. Shutdown of plant, cooling down to torking conditions, start
of jobs. Some jobs can be started before shutdown.

' .




SHUTDOWN - PROGRAM

GYPSUM SULPHURIC ACID PLANT

RN

The shutdown time is appointed by the renewal of the high voltage in-

stallations for electrostatic hot-gas- and wet-gas-precipitators:

Sept. 14 - 15™ 1982: Shutdown and cooling down of the plant
after removal of kiln-crusts by means
of high pressure water spraying system.
Removal of existing high voltage device
by TEL.

, 1982: Cleaning of high voltage room. Take care
to remaining elelctrical installations,
e. g. insulators
whitewashing of the room TBW
cleaning after whitewashing TBW/APZ

Sept. 20 - 227, 1982 Erection and assembly of the new high

voltage machines, TEL

Sept. 23rd, 1982: Testrun, start of the plant.

Sept. 16t - 19th

Unit 601 (raw meal preparation)

1. Clean suction air duct between filters and compressors (arrange

supply from CL-network) APZ/ATP
2. Check batch weighers in raw meal mixing station ™E
3. Check of journal bearings of mixer and screw conveyors ATP
4. Change water valves below mixing station ATP




5. Repair elbows in pipe for pneumatic transport of phosphate

from unit 601 to phosphoric acid plant. THW
6. Check rotary valves and screw conveyors in mixing station. ATP
7. Repair filter for homogenization plant start job

on 1982 09 13. ' ATP
8. Drawing for impeller of coke-filter fan ATP T
9. Convert phosphate mill for grinding of cement
(1982 09 13) and back to phosphate (1952 09 20) ATP
10. |
11.
12.

Unit 602 (kiln plant)

1. Check brick-lining of the kiln and the heat exchanger TBW/APZ/ATP
2. Aligmment of kiln ATP

3. Check apron conveyors and clinker crusher AP

4. Repair clinker cooler ATP

5. Repair chute from clinker cooler to apron conveyor ATP

6. Repair chute from belt weigher to kiln - ATP

7. Check main drive of kiln ATP

8. Check redler conveyor for cracks ATP

9. Change bearings on SO, -hot gas fan THW
10. Renew ceramic plates in raw meal hopper for belt weigher TBW
11. Check granulation filter ATP

12. - -
13.
14.




Unit 605 (gas preparation)

1.

Investment program 1707 - "High voltage device, GS-plant,
unit 605 (replacement)."

appointed time see page 1

Change frames for spraying electrodes (enforced type),

measure guide-slots of precipitation electrodes in

electrostatic hot gas precipitator

Repair leakage on lead duct upstream wet-gas-precipitator
Redler conveyor C-repair tension station on deflection
pulley

Renew chute from redler conveyor C

Lead jobs on gas duct outlet cooling tower I
Repair gas coolers (start job on 1982 09 06)

Assemble new frame to return water pump

Repair leakage on ceiling of high' voltage room

Renew drain of collecting tank for washing acid

Unit 607 (contact plant)

Screening of catalyst (mounting of electric host)

SO, duct, renewal of tee - inlet heat exchanger I and I a
CHeck and clean pipe, outlet drying tower

Check plastic lined pipes (experiments) for sulphuric acid

APZ/ATP
THW

APZ/ATP
ATP/T™P

Check acid resistant brickwork in drying and absorption tower TBW/ATP
Remove distance piece with compensator, prepare saddle and
support of duct

THW




7. Welding job inlet of distribution through 3, absorption
tower ATP

8. Assemble distance ring in pipes above acid pumps ATP
9. Check moisturizer (flange leaks) ATP
10. Renew flanges bypass heat exchanger VI, DN 400 THW
11. Check submerged suction pipes for acid pipes for acid pumps
inside tanks ATP
12. Check heat exchanger VI and associated ducts (timder) ATP

13. Set blinds into gas duct downstream SO, blower (cleaning) ATP/APZ
14. Replace gaskets eventually flanges in gas duct outlet

catalyst-bed "F" THW
15. Change armatures and acid pipelines ATP
16.
17.
18.

Unit 609 (waste gas cleaning)

-”

1. Repair gas inlets into waste gas scrubbers THW
2. Adjust condensate pipe coming from electrostatic preci-
pitator THW
3. Change gaskets at siphon inlet electrostatic precipitator _ATP .
4. Repair AS-lye tank (steel, lead, sandblasting, painting) THW
5. Lead jobs (leaks) on electrostatic precipitator THW
6. Repair neutralization pit TBW
7.
General jobs
1. Change of safety valves -.. ATP .
2. Scaffolding jobs according request ' TBW
3. Electrotechnical and instrumentation jobs TEL/TME
4. Insulation jobs after instruction TBW
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10.

1.
12.
13.
14.
15.

16.
17.
18.
19.

20.
21.

22.

SHUTDOWN - PROGRAM

PHOSPHORIC ACID PLANT

FEBERTEBEERTN. = RRRELE

Rnoving and control of all agitators and gears of the reactors.
Change of gear box for agitator n°. 3.

Repair of brickwork - reactor n°. 1.

Control of brickwork - reactor n°. 2 - 10 and acid circulation
tanks by the civil department.

Control of metal plates inside of reactors.

Removing and cleaning of discharge pipe of evaporation cooler.
Control of rubber lining - evaporation cooler.

Control of rubber lining and water nozzles - vacuum condensers.
Mounting of new rock phosphate scale.

Kemoval and control of agitators and vertical pumps ef-acid - —— ... ___.__
circulation tanks.

Control of rock phosphate bunker and pneumatic extraction.
Control of vertical pumps for filter and evapcration cooler.
Repair of belt conveyor for gypsum.

Repair of gypsum chute.

Control of pan filter and distributor.

Control of variable speed gear.

Change of filter cloth and filter plates if necessary.
Removing and cleaning of dipping pipes of reactors.

Control and cleaning of waste gas scrubbers.

Control of extraction gans of gypsum throw-off chute-and-pan-
filter.

Remove of sulphuric acid metering unit.

Remove and cleaning of flow meters for sulphuric acid dilution
coolers 1 - 4.

Remove and cleaning of control valves for 5% and 12\ acid and
washing water.




25.
24.
25.
26.

27.
28.
29.

31.
32.
33.
34.
3s.
36.

Removing and cleaning of flow-meter of wash-water and 5% acid. .
Control of metering unit of SiQ,.

Calibration of transmitter for vacuum gauge.

Control of all shafts of agitators in the reactors including the

plastic liners. sa_z=

Control of lead-lining at the bottom of pan filter.

Repair of dust filter of rock phosphate vunkers.

Remove and cleaning of wash-water pip-filter.

Control of gypsum-slurry tank and agitator.

Change of pipes in the area of sulphuric acid metering unit.

Control of discharge vessels on pan filter - change of rubber plates.
Control of reactors 1 - 10.

Control and repair of stower pipeline - rock phosphate.

Change of sulphuric acid dilution cooler n°. 2.

Remove control valve for vacuum of evaporation cooler.

37.
38.
39.

Control of sulphuric acid pipelines being on test (teflon lined).
Check of dimensions of conical bottom - evaporation cooler.
Repair of frames - pan filter.

Get going of slide plate between reactor 1 and reactor 10.




plant:
place:
object:
actual status:

modification:

purpose:
method:

start of the test:

controll:
end of test:
result:

conclusion:

cost:

average cost of one repair:

efficiency:
performance:

-20% erosion / + 12% price --- o.k.
in future order only 1.4460

ATP

TEST RECORD

phosphoric acid plant

transport of gypsum (by-product)

gypsur, pump App. n°. 423 084

impeller material n°. 1.4580

test n°. II

impeller material n°. 1.4460 (increased Cr con-

tent, lower Ni content) .

material test (resistance)

comparison of erosion rate (twc pumps at the

same time) B T

1981 06 26 weight G
start/end kp h

impeller I 8,8 6,7 2,1 4349 0,48 g/h

impeller II 9,2 5,9 3,3 5571 0,59 g/h

1982 03 19

1982 06 02

20% less erosion with mat. n° 1.4460

erosion rate

12% higher price of material




CHECK - BOOK FOR BELT CONVEYORS

——

According authority regulation § 95 ADSV all belt conveyors have to be SEesossn
checked yearly. The results must be recorded. The inspection is ordered
resp. carried out by the responsible maintenance foreman.

anngon—

A) Check of a stationary belt conveyor comprises the following items:

1. Test pre-alarm before starting the conveyor APP/ATP
2. Test all safety switches APP/ATP
3. Check safety devices on drive pulley ' ATP
4. Test all pull-line switches APP/ATP
. 5. Check safety devices on tail pulley ) ATP
6. Check safety devices on tension-station ' ATP
7. Check belt-cleaners ~ ATP .
8. Check idlers and return idlers . ATP
9. Check function of non-return brake and condition of
protective cover ' ATP
10. Check protective caps over coupling and shaft ATP
11. Pay attention to squeeze-points on feed- and discharge-
chutes. '
12. Are all earthing wires in good condition? ATP/TEL

13. Particularities: e. g.: has the conveyor to be equipped
with an electric-conductive belt and is such a belt
actually used? ATP

B) The inspection of a transversable or moveable belt conveyor covers
all the items of a stationary conveyor according A) plus the follo-
wing additional points:

-



1. Test limit switches for turning or movement APP/ATP -
2. Protective cover on moving-motor ATP
3. Rail-cleaners ATP
4. Test alarms if anyone exists APP/ATP
5. Drag-cable with suspension or cable drum including
protective equipment ATP/TEL
6. Electric collectors and electrical lines and pro-
tective shield ATP/TEL . _
7. Tranction winches with ropes ATY/T-RV

In the following tabias the checks are to be confirmed with date and
signature. Troubles recognized during inspection are to be described

under a footnote at the end of the booklet. The trouble must be solved
immediately. After a repeated check the regular condition must be - T
stated with date and signature.

After the checks carried out in a distance of one year the checkbook
is to be shown to the department manager who has to sign the checkbook.

Our safety department and all authorities are allowed to ask for th
checkbook. -
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nomizer is a construction of Rheinstahl Eco GmbH

The sketched eco




Seamless carbon steel, steelpipes

fin-tubes of cast iron .

two-piece elbows (cast iron) with asbestos sealing, filling the holiow
between interior and exterior elbow with iron-file-chips.

housing gastight welded

water in- and outlet protected with cast iron and stuffing box.

The first ECO-Design in the Monsanto-plant of Chemie Linz AG was similar
to the system at Chittagong. Since {965 we have three steam generators
between the passes of the converter (cooling the SO, /SO, -gas) and one
economizer after the 4 pass in a construction as shown above. All tubes
and elbows are inside the housing protected with cast iron against corro-
sion. We can recommend this system and we warn against a construction with
flanges. In Europe there are only a few experienced manufacturers of these
tubes, i.g.:

Foster Wheeler, Great Britain

Rheinstahl EQO GmbH, West Germany
The steel pipes either will be shrinked into the cast iron fin-tubes or
the diameter of the steel pipes will be increased in consequence of over-
pressure after fitting with the cast iron fin-tubes. The cast iron shield
has to be very tight avoiding condensation and corrosion.
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Acid distribution

In our acid plants we have different acid distributors:

Monsanto plant:

Anhydrite plant:

distribution cup with overflow weirs. The material of
the cup is Meehanite CB3 with<3,3 % C,>»2,7 % Si,
0,6 % Mn, 0,3 % Cr,»0,5 % Cu.’

through distribution system in cast iron with down-
comers in ceramic. Experiments with downcomers in stain-
less steel 1,4580 and cast iron have not been satisfactory.




INSTRUCTION FOR PLASTIC - LINED PIPING
SYSTEMS ' RS

Plastic-lined piping systems consist of a corrosion resistant inlinger and
a compression-proof steel-tube: steel-plastic-compound-tube.

These compound pipes are produced by different methods of manufacture and
vaious plastic qualities: polyproylene, kynar, FEP, PTFE, ...

The maximum length is about 6 000 mm.

General design

The inliner is seamless and it is bordered over the flanged pipe. The lapped

flange is a separate part of the pipe. The plastic borders fulfill the function

of a dasket between the different lined tubes and they avoid any fluid con-
tact with the metallic tube. The inliner must be chemically resistant. PTFE
can be used for nearly all liquids like acids, solvents, oils up to tempera-
tures of 260°C.

Plascic lined pipes have to be ordered in the proper length for installation

because it is not very easy to shorten the delivered pipes or to change thex
in any other way additionally.

Assembling of TEFLOH-lined H,SO, pipes

1. Jobs at the HZSO4 pipelines are not allowed before released by the pro-
duction department. All safety measures prescribed on the job-permit
(safety goggles, face shield, acidproof overall, acidproof gloves,




rubber boots, ...) have to be observed absolutely. .

2.  Assembling of piping system
_All delivered piping parts are equipped with protecting covers.on . ... ... __
their open ends. To remove the covers it is only allowed a short
l time before assembling. If they are removed only for inspection they
have to be fixed again to avoid damage of inliner-flanges.
| 2.2 The pipes and fittings should not be put down to the ground without
cover. Always use a carton or the disassembled protecting cover as
l a sole plate to avoid damage of the plastic border.
2.3 All delivered piping parts have to be checked by the material testing
l lab before assembling. On the inliner a high voltage breakdown test
should be carried out by means of a '"Poroscope". Testing voltage is
15 KV. Also measurement of inliner-thickness and a visual control of
l the complete supply must be executed.
2.4 Tubes and fittings lined with Teflon or plastic have vent-holes or
l other desing measures that gases enclosed between steel pipe and in-
liner can escape and leakages can be recognized immediately. For the
l last resson during installation onme has to oberv that vent-holes look
to the ground. If the piping system will be painted keep-all the vent-
I holes open.
2.5 Before installation one has to inspect all piping parts visually (in-
l side and outside). Contaminations are to remove. The flanges of the
inliner must be cleaned carefully with a cloth to get clean sealing
joint.
' 2.6 It is not allowed to install additional gaskets between the Teflon
flanges. Only for connections of lined tubes with metal, glass, cera-
' mic, etc. one has to use an additional Teflon-gasket.
2.7 Torques for screwing down:
' If you overwind the screws it is possible that the Teflon-flanges
will be deformed which results in leakages. To avoid this failure 4
l the following initial torques have to be observed:
|
|




3.1

- 3.2

3.3

DN 80, screws according DIN 601 a) 6 x M 16 initial
- torque = Nm
b) 8 x M 16 initial
torque = 45 Nm

Threads of bolts must be oiled to define exactly the stress due
to torsional moment. If there does not exist a torque-wrench you
have to use a normal wrench with a maximm length of 150 - 200 mm
for tightening of screws and supporting the heads of the bolts.
After starting and operation on normal temperature all flanges
have to be inspected and tightened again the the case of leakage.
Teflon-lined pipelines must not be used as earthing connection
for electrical devices or as contact pole for welding machines.

Mounting of compensators
For mounting of compensators consisting of Polyfluoron-PTFE-bellows
and two steel flanges the instructions according item 2. are valid.
Furthermore you have to consider that bolts for flanges show with
their head to the expansion-bellows and the nuts are situated on
the flanks of the pipeline-flanges. This is necessary to get no
reduction of compensator-expansion by use of bolts too long.
Torques for screwing down o
According to § 2.7 the following initial torques have to be observed:
DN 80, screws according DIN 601 a) 6 x M 16 initial

torque = 90 Nm

b) 8 x M 16 initial

torque = 67 Nm
Adjustment of compensators
Before mounting of compensators you have to calculate the installation
length. :




5.2

5.3

Required data:
a) Compensator length: 95 + 25 mm deflection
minimmm: 70 mm, maximum: 120
b) Operating temperatures
maximm 40°C (maximum acid temperature)
minimm minus 20°C (shutdown in winter time)
c) Surrounding temperature at the time of mounting
Adjust the nuts which limit the compensator length to the maxi-
mum. Control of expansion and contraction of piping system is
possible by observation of the compensators.

Operation
During start-up of the piping system pressure and temperature
should be increased continuously.

Precautionary measures for disassembling

For disassembling of inlined tubes and fittings it is not
aliowed to introduce parts of metal like pliers, levers or
screw-drivers between the flanges because the sealing joint
will be damaged.

It is forbidden to use torch-cutting for disassembling. The
maximm allowed temperature is 260°C for the Teflon-inliner.
Blocked nuts must be removed by means of a chisel or a metal
saw.

The precautionary measures valid for assembling have to be ob-
served generally.




SAFETY DESCRIPTION OF NPK - PLANT
unit 626

The situation of the plant is to see on the site-plan. Approach roads,
formation-places for fire-brigade and fire plugs situated around the
NPK-plant are to keep accessible.

The building was erected without use of burnable construction materials.
Baergency ways (flight-ways) inside the building are marked by "flight
arrows" and plates '"Emergency Exit'". Three flight stairs in each of the
two plants lead from the different floors to ground level outside the
building. Orientation lights installed above the emergency exits burn
about one bour after electricity failure. The normal staircases are
equipped with an empty fire-fighting-system. Fire extinguishers and
flight masks placed in sealed boxes are checked continuously by our fire
brigade. Normal contact with the fire brigade is made by telephone, in
emergency cases also by fire-alamms installed in the two staircases
(tested in a distance of one week together with siren-alarm after con-
tact with the fire brigade).

Alarming of persons inside the plant can be carried out by the central
intercom-system or the two sirens in the old and the new plant. In arrange-
ment with our department "Safety” near dangerous areas safety devices are
placed (jumping-bubs with warm water, emergency showers, eye-flushing
bottles).

The following parts of the plant are checked in ordered and constant dis-
tances by Chemie Linz departments:
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- earthing resistance in the whole plant, in particular on the storage
tanks for coating agents

- check of lighting rods

- tightness test on natural gas manifold

- lifts, hoists, winches, cranes

- pressure vessels

- belt conveyors

- gas burners and interlock system

The natural gas fired burners for preparation of hot air can be switched

off by emergency push buttons from the spherodizer switchboard or from a

place outside of the production plant. The burners will shutdown automati-

cally in the following cases:

- failure of spherodizer fan

- failure of spherodizer main drive

- failure of primary- or secondary-air fan

- pressure of combustion air too low

- flame failure (UV-cell)

- gas pressure too high or too low

- reaching of maximum temperature gas inlet or gas outlet of spherodizer

- electrical failure on thermocouple connected with shutdown system

Closed to the natural gas control-valves inside the building (H4-probes
are installed to alamm a potential untightness. Temperature of hot air

is measured at spherddizer inlet and -outlet in each plant by 3 different
thermocouples for registration, alarm and turn off. Adjustment of alarm-
and shut-down-temperatures necessary by changing of production only can
be carried out by instrument persomnel.




POSSIBILITIES TO REDUCE SHUT - DOWN - TIMES

AVOIDANCE OF BREAKDOWNS AND TROUBLES - EXAMPLES

LONG STOPPAGE TIMES DUE TO: DECREASING RESP. AVOIDANCE OF STOPPAGES | EXAMPLE . -PLANT

1. Cleaning of the plant modification of operation H3P04-tank, filter head PA
cleaning during operation hammers on spherodizer NPK
modification of construciton constr. below roller crusher NPK
use of more personnel (organisation) cleaning of kiln (burning/ G-SA
cleaning procedures Q0, /gun/H, 0)
cleaning device pneumatic tools for cyclons NPX
improvement of working conditions podestals, additional G-SA
protective devices working floors '
avoiding of cleaning points grid in duct spherodizer NPK

2. Changing of parts due to:

- wear
- corrosion
- fatigue

Use of suitable material

increasing wall thickness
improved construction
changing proc-ss

cyclons

drums of belt conveyors
(rubber cover, bar-drums)
insulation of scavenging-air-
ducts to filters (condensation)

delbag filter (stainless steel) NPK
teflon-lined mixer SA
armour plates (bofors, Cr) for CEMENN
mills

CEMENT
vibration-cracks on reactors NPK
wetting of waste gas:steel -- Pb SA

inlet-armour plates




3. Overload: mechanical
themmic
electric

4. Unproper operation due tg
ignorance
convenience of operator
fear, fright
lack of time

5. No improvements
in process
on machines
in repair technology

changing operating conditions
exact lay-out |
control - switch: off.
well timed shutdown
‘generous lay-out
strengthening of parts
proper operation

more attention

better knowledge (teaching, training)
more experiernre

proper planning

comprehension of superior for production
losses

don’t fight against troubles, try to
avoid them

observation on the spot - subsequent
conclusion

good contact with other dept. (exchange,
of experience and knowledge)

courage to experiments

roller brusher - -

impact crusher

shear pin bucket elevator
speed controller (crusher - -
elevator) '

hot spots on kiln shell

dust filters

screw conveyors for powdering
agent

trouble with caterpillars
switch gear for kiln
reciprocating sulphur pump

NPK

G-SA

SILO
G-SA
SA

KC1 (potassium) in reactors 1+2 NPK

cleaning of spherodizers
screw conveyors with rubber
trough

lab - plant

NPK
NPK
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6. Falselfepair

7. General itoms

gobdlknowledge of machines

good knowledge of procéss
cdmpa}ison'of different repair methods
thinking about economy

preparation of a repair

care for spare parts

estimate of repair volume and time
repair for supervision of maintenance
identify fault before shut down
discussion of repair with locksmith
before start

filing of experience

knowledge of life-expectancy - overhaul
cycles

knowledge of trouble-symptoms (noice,
temperature, length, ammeter,..)
preventive maintenance during operation
working climate in the group

financial stimulus {personnel motivation)

bottams of drying- and SA
absorption-tower

timetable, shut down programme

repair cards
measurement thickness of wear-
parts

additional allowance (dust, noice,..)
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GUIDELINES FOR SUCCESSFUL FIGHT AGAINST THERMAL DECOMPOSITION OF
NPK-FERTILIZER

The necessity of the use of labour-saving products in the field of
agriculture leads to fast increase of the demand for mineral ferti-
lizers in general and NPK-products in particular.

These fertilizers are not explosive or self-flammable under normal

‘transport- and storage conditions. Complications are not to be ex-

pected.

NPK-fertilizers containing ammonium-nitrate can decompose siowly at
temperatures above 130°C particularly due to influence of fire. At

some fertilizers decomposition will stop if heat transfer from out-
side is stopped. Other formulars can decompose completely over the

whole mass of stored fertilizer and can develope a large volume of

hot nitrouse gases (350°C) and water vapour.

These gases are poisonous, the fight against hot spots can only be
performed by use of breathing devices (in the open with B/ST- or F/
ST-filters, in closed silos as well as in areas of high concentrations
with heavy breathing devices).

NPK-fertilizers mostly are stored in paper- or plastic bags. An

interruption of the reaction by water irrigation of the bag-piles

will not be expected. The most secure method to avoid extension of

the hot spot is to divide concerned mass of fertilizer from the rest;
to transport it to the open air and to make full use of water spraying
to stop reaction.




In case of decamposition of bulk fertilizer it can be brought to
open air at an early stage of reaction (e. g.: by shévels). Another
way is it to spoil out the endangered amount of fertilizer by means
of a strong water jet.

ATTENTION !.

The fight against decomposition by other measures (e. g. foam, car-
bon dioxide, steam, covering with sand or fertilizer) is useless.
Decomposition even can be accelerated by such measures. In case of
decomposition of palletized material fork lifts can be used to re-
move the concerned piles to the open air. Under certain circumstances
wetting of the storehouse can be avoided. There is no danger for ex-
plosion for the fork-lift-driver. But he has to wear breathing de-
vices.

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

Poisened persons are to lay to the ground with face, body in half-
side-position, keep the person calm and provide a doctor immediately.
Wash eyes and mouth with neutralizing products (e. g. bicarbonate of
3 A concentration, but no boron-water), eventually start breathing
with oxygen.

Guidelines about useful storage of mineralfertilizers are distri-
buted to all warehouses, the final users (farmers) will be informed

in a proper manner.

This information is distributed to all fire bigades of Austria!




GENERAL GUIDELINES FOR FERTILIZER STORAGES

Under normal transport- and storage conditions mineral fertilizers
are neither explosive nor self-flammable.

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

Fertilizer with ammonium-nitrate (e. g. CAN, NPK) can decompose under
influence of extern fire or heat at temperatures above 130°C. Decom-
position will proceed slowly without extern heat supply through the
total fertilizer mass. A yellow-brown, pungent smelling, poisoncus
smoke will be developed (nitrouse-gases-dangerous breathing-poison).

PREVENTIVE SAFETY MEASURES

In the following recommendations it is observed that it is possible
to exclude certaily danger of thermal decomposition. Fire in a
storage decomposition can be avoided with high propability.

Please observe:
1. Clean storage rooms before storing of fertilizer containing

ammonium-nitrate. In particular follow this instruction for
bulk-stores.




2. Burnable products, e. g. coal, sulphur, corn, oil and fuels also
acids, unslaked lime, CAN and thomas-phosphate are not allowed
to be mixed with fertilizers and are to be be stored separately.

3. In the storage room smoking, using of fire or open light, also
welding and soldering is prohibited.

4. Take provisions that it is not possible to heat ammonium-nitrate-
containing fertilizers from outside. Steam lines (even if insu-
lated), electrical cables, electrical motors and heat producing
lighting fixatures also hot exhaust gases of vehicles may not
contact fertilizer.

Also there must be a guarantee that conveyors for fertilizer
transport can not run hot.

- 5. If fire is occuring in the area of the warehouse the fire brigade
must be informed immediately.

FIRE AGAINST DECOMPOSITION

If recommendations mentioned above are not considered or in case of
fire close to the stored product a slow decomposition has started
the following measure must be taken immediately:

1. To fight against the hot spot fire brigade with heavy breathing
devices must be called for. Information of spontaneous helpers
about peculiarity of the stored product and all necessary pre-
cautions.

Keep away curious persons from the endangered zone!




2. Wait for arrival of fire brigade, do not fight alone and in
your own responsibility against the decomposing fertilizer.
The hot spot increases only very slowly. There is no danger
that product starts buring or explosing.

3. Open all windows and doors of the storehouse to enable free
smoke exhausting. Do not breath the smoke and leave the en-
dangered zone immediately! Open windows and doors only from
outside if necessary by force! Keep awiy persons and animals
from the area of smoke.

4. We want to mention explicitly that a fight against decom-
posing fertilizer by means of foam- or (0, -extinguishers,
steam, by covering with sand or other fertilizers is useless.
Such measures even can accelerate decomposition.

S. All fire brigades are informed about fight measures.
Instructions of the fire brigades are to be obeyed strictly.

This information is distributed to all costiumers (warehouses and
farmers)!
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FACTS ABOUT SILO STORAGE FOR NPK

unit 633
length: 186 m
width: 53m volume of the building: 125 000 w®
height: 22 m

12 boxes, each S 000 tons = 60 000 tons storage capacity
repair box for reclaimer
possible extension: 4 boxes each 5 000 tons = 20 000 tons

max. storage height: 14m  wall thickness between the boxes:
max. storage width: 43 m 1 m number of gates to the storage: 24
max. storage length: 14 m

Mechanical equipment

2 reclaimers delivered by SCHADE (West Germany), each for a capacity
of 180 t/h weight of one reclaimer: 40 t

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

Head building with control room, screens and crushers

length: 46 m
width: Sm
height: 27m




and shi
length: 106 m

width: ) 19,5 m width of the loading ramp: 9,6 m
height of towers: 24m

Mechanical equipment: Z bagging and shipping stations, each for 60 t/h
bagged product and 60 t/h bulk product.

Belt conveyors

feed conveyors to storage silo 2 336 m
conveyors between silo and bagging 700 m
station

conveyors for wagon loading 56 m
conveyors for ship loading 777 m
conveyors to open air storage Sm
total 3904 m
Energy supply

electrical energy 800 kW installed power
drinking water

separate station for compressed air

steam supply

fire water supply over 14 hydrants
supervision and control from 2 control rooms
the whole plant is equipped with dedusting filters of high efficiency

additional streets . 60m
additional railway lines 4 500 m &

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




SAFETY MEASURES FOR THE COMPLEX
FERTILIZER STORAGE AT CHEMIE LINZ

PLANT SITE

A. PRODUCT -

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

- storage feed tenperai:ure max. 50°C. Continuous measure-
ment by means of two independent thermocouples. Tempera-
ture is indicated and recorded with max. alarm in the
control room of complex fertilizer plant.

B. DESIGN MEASURBMENT
1. Belt conveyors
- belt with in the silo in flame-adverse material
- speed controller (shut off)
strainght running control (alarm)
emergency switch with pull lines (shut off)
- lower 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 addition to the stairs in
the corner stations)




- metal detector before the entrance of the silo (shut off
of conveyors) and additional magnetic metal-pick-up at
the way out of the complex fertilizer plant

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

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

~ fire extinguishers (00;) within a distance of 35 m along
the belt system .

- telephone sfstem with connections in a distance of 100 -
150 m

- interlocking of all belt conveyors to ensure shut down of
preceding conveyors in case of failure

2. Silo

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

- thickness of partition walls designed that in case of a de-
composition 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 remove lumps

- heat sources 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

Man switches are outside of the silo.

- lighting rods protect the silo

- emergency orientation lights in the roof top of the silo,
along the reclaimer path and in the lateral belt-channels
(automatically switched on in case of power failure). No
bulbs but only fluorescent tubes are used.
Hamdlamps are not permitted. '




- windows 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 m® /min.

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

- 12 mobile wter canons each for 1,5 m*/min adjustable for
spray or jet application

- free outlet of product slurry after cponing of the doors

~on the end of the belt channels

- emergency exits from the lift

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

C. MEASURES BY ORGANIZATION

- 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 super-
vision and not near the product. Control of the spot for
6 hours after finishing of the job by means of an infra-
red-instrument




- operating mauals for all working places, safety instruc-
tions every half a year

- control of the storage silo every half an hour recorded by
means of a printing-watch and control book
wireless contact of the control person to fire-brigade

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

- free access for the trucks of the fire brigade

- warning plan (sequence) in the case of danger

- shovels and buckets are available
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PRINCIPLES OF PREVENTIVE & PREDICTIVE

PLANNED MAINTEMANCE SYSTEMS

SUMMARY: 7The author gives a snort survey of main-
tenance in a Chemical Plant in Austria, CHEMIE
LINZ. In most European plants predictive mainte-
nance is only just starting, mainly because the
facilities for collecting the necessary informa-
tion about plant items during operation have not
been installed in plants now in operation. For
future plants predictive maintenance must be corn-
sidered from the initial planning phase, and the
author believes this will decrease maintenance

costs by ten to 15 percent.
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1.

INTRODUCTION

When I started my industrial career in a European Chemical
Plant twenty years ago nobody talked about Preventive Pre-
dictive Planned or any other maintenance systems I can
hardly pronounce. There was a rigid distinctis>n between
production and maintenrance, production people were not even
allowed to handle any maintenance tools, and usually pro-
duction people complained that the maintenance was perfor-
med in an inadequate way and maintenance people complained
that production people ruined all the equipment. Everybody
tried to do his best, and to blame the other side for any

malfunctioning of the equipment.

What is it to do one's jsest, i.e. to repair everything,
that has broken down to the highest possible standard, to
waste as many spares as the purchasing department is able
to procure, and not to care about any costs. This led to
marvellons operating hours of equipment, such as 99.6 per-
cent (for example a reciprocating compressor), and also to
admirable cost bills. Maintenance people did not understand

these long, difficult to reaa sheets of paper with endless
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columns of figures and/or believed them to be a useless
game of the accounting fellows'. As long as every ton of
ammonia, every pellet of plastic was needed and sold on” an
ever growing market, as long as companies could notch up
double-figure growth rates in turnover, everybody wanted to

get goods to sell and not shut down plants for maintenance.

But when the tide turned, we got a first oil shock, people
started to watch costs. The first oil shock passed and
everybody believed the good times would prevail; we forgot
the costs again. Only the second oil shock and a 1long
lasting recession led Europeans to change their attitude to
unnecessary costs - and maintenance costs cre the largest

portion of overhead costs.

In parallel another shift occured: the size of the mainte-
nance items, i.e. the plants, grew. The old ammonia conver-
ters in our plant had a daily capacity of about 100 metric
tons of ammonia. Today 1000 tons are usual. Transformers
had a power of six megawatts, today 20 MW is a small one.
We had nine 100 ton converters, and five small transfor-
mers. One reciprocating compressor had a capacity of 1600
cubic meters per nour, a single train turbo has ten times
the output. The moment one of these parallel items fails,
we won't run into trouble, if we have plenty of spares and
manpower, manpower just waiting for the moment they can

prove their ability to mend anything, to prove their abili-
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ty td work round the clock. We could perform this BRREAKDOWN
MAINTENANCE in a quick and very expensive way. The fitters

were happy with all the overtime and special allowances.

If you have a single triin plant with only one transformer,
one biower and one motor the whole unit will be shut down
for the time you need to maintain one item, and if you get
the breakdowns in the right pattern you may assume that the

plant will be shut down every month for repairs.

So there are two reasons to review our maintenance
strategy. One reason is the direct costs of maintenance,
and the other reason is the indirect costs of lost produc-

tion.

That's exactly the point where maintenance people fall
asleep. They know all that much better than me, they
changed their philosophy long ago, they are all performing
preventive maintenance. And what is preventive maintenance?
Now well that's ob@ious, shut down the piant annually,
replace everything that is expected to fail during the next

running period, replace everything that bhas failed once in




the past and tell the production manager that he's got an
awful good plant and he can run it until the next shutdown.
Now gentlemen this is not preventive maintenance. This is
nothing else but our old philosophy, waste anything but

production.

I suppose now I should stop gossiping and come to the topic

of my essay. The first questicn is, what is maintenance?

2. DEFINITION OF MAINTENANCE

In the company I am employed with, and in all other compa-
nies I know, there is a confusion between maintenance and
erection. Usually it is not possible to distinguish between
very small investment jobs and maintenance. E.g. the in-
stallation of a new wall socket in my office. Naturally
this is erection, but do you believe it's worth at starting
the usually very time consuming, paper wasting procedure of
an investment order? I don't. For all those small jobs we
have blanket work orders, and we believe any job consuming
less than 15 craftsman manhours to be maintenance, as long
as we need no special materials or spares. Wall sockets are

plenty in our central store, our electrician will perform




this job in half an hour so installing one wall socket is
maintenance. If we start to replace the electric installa-
tion in our workshop, with all the safety switches, all the
cables for the motors etc, this is investment, even if

there was a very old rotten electric grid, 40 years old.

Special difficulties arise in plants shortly after comis-
sioning, when we find out all the misjudgements we made in
the planning phase, when we find out certain malfunc-
tionings of our equipment. It is usually easier to raise
the maintenance costs to 6 or 8 § of the investment costs,
during the first year of operation, than to go to the board

to confess that we built rubbish.

The boundary between maintenance and erection will vary
from plant to plant and £rom time to time. Also the regula-
tions about taxes and depreciation will influence this
border. If we try to be honest people, naturally we are, we
must coﬁfess that in our plant act.ally 12 % of maintenance
are investment jobs, i.e. these 12 % construction are

accounted on maintcnance.

This has all beer about what maintenance is not- but we are
still wa.ting for what maintenance is. So please this is my

very unorthodox definition of maintenance
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Maintenance covers all efforts to keep or restore the
availability of any facility to the worst possible
condition, so that this facility is just able to

fulfil its duty at the lowest overall cost.

Any facility is quite obvious, it might be a tanker or a
grinding machine. Worst possible condition and lowest over-
all costs need some more explanation. This really is the
topic of my presentation, and I am going to explain that in

some detail in the following paragraphs.

Worst possible condition means the facility, the equipment,
must just be able to fulfil its duty. The worst possible
condition for the desk of our managing director is polished
and brightly shining, for a tanker it might be that she
stands gales of heaviest force, and for pollution control
equipment it might be absolute safety -as far as something
like absolute exists. The mandatory rules or governmental
requlations for vehicles or chemical plants may imply very
high maintenance standards, but please don't maintain, mend

or repair anything above any standard or regulation.

Lowest overall costs are all wages, prices, duties, taxes,
margins, fines, warranties or whatever else one can ima-

gine, that will influence the turnover of an enterprise.




3. TYPES OF MAINTENANCE

According to the definition in our plant we have two ways

of maintenance

corrective maintenance

breakdown maintenance

planned maintenance
scheduled maintenance
preventive maintenance

predictive maintenance

4. BREAKDOWN MAINTENANCE

Terrible word. One of the great bld General Managers of our
conpany used to insult us as break down engineers, he also
used to tell us, that he could hire engineers like us from
the labour exchange. So breakdown maintenance is something
we should forget, we only perform planned maintenance.
don't agree. Remember worst possible condition, lowest

costs.

Take a grinder. There are several hundreds of them in use
in our company, you can get a new one in the nearest super-
market. The value of this item lies in the range of five

working hours of our craftsmen. I refuse to do any mainte-




nance on that. If it breaks down I'll replace it. If any
safety requlations are offencded, assume the insulation of
the cable is defective, I'l) discar¢ it. Definitely in the
jungle, seventy miles from thke capit:al in a country where
you have to spend foreign exchange to get a grinder, I will

do everything to keep or restore the usability of this

item.

So where and when should we discuss about breakdown mainte-
nance? In my company, in central Europe, we do breakdown
maintenance on all small items, that do not influence

safety or operability of a plant, especially

standby equipment
motors up to S5 kW
standard pumps
electronic equipment

electric hand tools

Standby equipment is a very simple expression, and I admit
that we have a lot of standby items where we do predictive
maintenance. But generally standby items will be very small
and cheap, I don't believe you have standby compressors,

and we will have time to start the standby pump or blower

when the operating item fails.

10




Standard electric motors are quite cheap, they got a life-
time-greasing in their ball bearinés, and up to S-kw we
keep spare motors in our store. They can be replaced within
a few hours, even during holiday time. Squirrel-cage motors
are very reliable, and we have good experience with this

practice for almost 6 years.

Standard pumps we keep in stock as well. In this case
troubles might arise with the mechanical seals. They are
resistant usually only to very defined media. So we keep
the spare pumns partly dismantled, different types of seals
ready on shaft sleeves, just assemble it (can be done by
any operator) and replace. The service pump will be re-

paired during regular working time and kept as a spare

again.

For electronic equipment we do have very few possibilities
of maintenance. Buropean companies just like to replace
electronic cards. We get spare cards from the manufacturer
changed against the damaged cards at half regular price.
Electronic equipment for plant control is normally redun-
dant with the standby system ful}y operative. With that we
can shut down our plants safely. Until now we do not dare
‘o operate a plant designed for redundant process control
systems with only one UCM. We do ndt stock cards, we can
get them any time of the year with the next plane from the

airport of a European capital for our special proceés

11
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control systems. E.g. a failure occured at 2 p.m. Call to
Schiphol NL, at 10 p.m. the replaccment card was on the
plane. If you cannot use these airport stores, it is neces-

sary to keep stocks of all essential cards.

If you want to repair electronic cards in your company by
yourself, you need special testing devices to locate the
fault. Replacing the defective transistor, processor or
other assemblies is very easy. The handling of the testing
devices with very sophisticated test routines needs quali-
fied engineers with long training in the manufacturer's
workshop. In our company we have electronic equipment worth
about $ 1.7 Mill, our engineers spent 10 manmonths for
training at the manufacturers' just to get familiar with
the handling of the functioning systems. They believe they
could do all the maintenance on the cards themselves, if
they only had the tools for that, but until now I refused
to procure electronic test systems for a price of about
$ 100000, and waste the time of my instrument engineers. I
believe it "lowest overall costs® to phone to Schiphol, or
send a car Sunday afternoon to a scales-manufacturer to

fetch a spare card, as also happened.

The greatest difficulty with breakdown maintenance is the
flair of unability with it., It is simply more fashionable
to maintain regularly, never to have a cut out, than to be

called a bungler for the failure of the equipment. Our
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production managers are starting to accept our attitude

towards nor~critical items, but their superintendants and

shift engineers still do not understand the point of our

philosophy.

Also it has been impossible to give clear, easy-to-follow
advice on what equipment should Le treated as non-critical;
we got several complaints, and the maintenance manager
himself frequently has to interfere and assign items for
breakdown maintenance. From my report you will guess that

in case of doubt I prefer planning.

SCHEDULED MAINTENANCE

What people usually call preventive maintenance is simple
scheduled maintenance. Take a plant with lots of distilla-
tior columns and associated coolers and evaporators. Such a
plant needs regular cleaning; in cold countries maybe once
a year before summer starts, in a hot region even more
frequently. So the maintenance people have a wonderful time
once a year, or at any other regular interval, with the
opportunity to dismantle, repair, change, maintain and mend
whatever they are in a mood to. Most production managers
will support maintenance against top management in claiming
funds fo; these jobs, because nobody sleeps better than a

production manager with a brand new restored plant.

13




This I believe is the worst method of maintenance, and we
don't want to wast our time with this topic. Just let's try

to £find a definition for scheduled maintenance.

Repair of a plant, replacement of parts periodically,
without knowledge of performance in the near future,
without headaches about the “"overall costs® is not

preventive maintenance but scheduled maintenance.

8. PREVENTIVE MAINTENANCE

Now I should try to define the term preventive maintenance.
People much more clever than me have done this and from the

various definitions I have mixed up this one.

Preventive maintenance comprises all efforts to de-

fine or to estimate the possible failure causes of

and to correlate this with necessary plant shutdowns
from the point of view of minimizing overall costs,
and the performance or nonperformance of checks,

inspection, overhaul and repair based on these

efforts.

For example: our plant has to be shut down every spring for
cleaning the heat exchangers, to improve heat transfer

during the hot season. We have areformer furnace with high

14
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alloy heat-resistant tubes, these tubes have an expected
lifetime of 70000 hours, and they must be replaced by some
rules after these 70000 hours. They will reach the end of
their 1life 6 months after shutdown. Price of one tube is
$ 4000, we have got 100 of them. One day of sﬁutdown means
a production loss of $ 50000, changing tubes will take
us 10 days (startup included). Labour costs are approx

$ 1400n.

Total replacement cost of tubes

$ 4000 x 100 + $ 14000 = $ 414000

These tubes should last for 70000 operating hours. We have
left half a year life span, makes 4000 hours. The value of

these 4000 hours is
414000 : 70000 x 4000 = $ 23600

One day of operation costs § 50000; multiply this by ten,
and I would be crazy if I wasted a single thought on de-
laying the replacement of tubes to any oﬁbef time, but the

annual cleaning shut down.

This calculation is correct, as far as tne mathematical
functions are concerned. But it is wrong if we consider
"overall costs”, Qlways we accept the assumption that we
have to replace che tupes. This assumption we will drop

15




later on with predictive maintenance. So what is wrong with
our calculation? The mistake is, in Eurcpe you never can
calculate with production loss per day. Maybe ycur stores
are burst’ng, maybe the marketing manager is going to sel.
the top 5 § of production at a price 20 % below production
costs. Let's assume the latter, and let's check vhat we've

got to do then.

We need information about the plant, or the item: how does
it behave with different load, what are the fixed costs,
what are the variables? With a single machine the reply to
these questions might be quite ezsy, but we also need it
for our whole reformer plant. So let's try to find some

characteristics of all items.

If we consider costs versus capacity, we will get a curve
which applies to all kind of equipment. The fixed costs
will be incurred even during standstill. Fixed costs are
salaries, wages, depreciation, taxes, rental, interest etc.
The variable costs are zero at standstill. They will rise
very fast if we just start the restricted by the increase
in efficiency of the equipment. Somewhere we will reach the
maximum efficiency; in our experience it lies somewhere
near 80 8 of nominal load with chemical plants. At last

variable will start rising exponentially, when we pass the

16
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nominal variables ‘vill start rising exponentially, when we
pass the nominal capacity. Variable cousts are mainly etiergy
sources and raw materials, spares, maintenance. If we try
to plot this we'll get the cost/load curve.

* variable costs

estimated max one third of total

- fixed costs

estimated two thirds of total

1
100 ¢ load
1 *
1 * *
1 * »
1 »
1 »
1
1-
1
100 ¢ load

Just below we have plotted the efficiency/load curve, as I

mentioned we assume maximum at about 80 %.
With these tools we start another calculation.

Not being able to sell 5 percent of the production at a

sufficient price would induce us to operate the plant at

17
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95 & capacity. This leads to a decrease in costs, less
trouble in production, more easy operation, better and

guieter holidays for all of us. Actually we calculate

range of production decrease in decrease in
nominal= 100 & capacity variable costs
110 & 1% 2 %
100 & 1s 1%
90 § 5% ' 2 %
80 % 5% 1%

Until now we have been in the lucky position of being able
to operate our plants with at least about 80 % load. But I
am afraid that in a few years I will be able to give you
details even for the 1lower percentage ranges of produc-

tion.

We are still looking for the average plant load if we shut

dowsn the plant for another 10 days

operating time 350 days per year 95 % load

operating time 340 4/a 97 - 98 load
0.95 x 350:340= 0.978

For this 2 to 3 8 increase in load, we have to find out the

decrease in efficiency. Calculation from this estimated

18
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assumption is not practicable ... just assume that the

decrease in effiziency will be in the range of 1.5 §&.

loss in efficienéy 1.5 &
total plant costs per day (average) 50000 $
daily loss 50000 x 0.015 = 750 §
loss for ten days 7500 $§

So we found out now, if we are going to shut down the plant
at a time reasonable for changing the tubes, we will
lose for the whole year of operation $ 7500 and we will
gain $ 23600, and these 16000 dollars are a lot of money
for us. Definitely we have to consider not only the money,
we have to care for the risk of shutting down and restar-
ting, and also we have to think of the possibility that we
will have to do some breakdown maintenance sometimes in the
course of this year. In a case like this we would delay the

replacemant of the tubes and go for another shut down.

I agree with you that this is avery simple stupid example,
but in our company we calculate like this. Now with the
furnace tubes of course, they are a special example for
predictive maintenance, but I believe the principles of

what we call preventive maintenance have been explained.

When and where do we use preventive maintenance? The first

question is, what do we need for preventive maintenance,

19




how do we get the information about the equipment we need?
How can we find out the maximum efficiency, the lowest

maintenance cost etc?

We need a production manager who cooperates witn the main-
tenance people. A producticn manager who is willing to
admit that nobody needs the full capacity of a plant, a
production manager wno gives access to all records and
findings from the process side. We need operators who have
a feel for the equipment and confidence in the maintenance
people. The feelings of the coperators must be taken
seriously by the maintenance people. Operators usually are
right. In my company we involve production people in main-
tenance. Let them damage some bolts or some gaskets. We all

did when we started to learn our jot.

We need experience on the equipment, experience about the
probable causes of failures, about usual wear, about the
procurement time of spares, about the tools we need for a
unforeseen breakdown (if our calculation and experience

failed). Experience you gain only after a certain period of

operation.

For the startup and the initial running time one has to
rely on the advice and the manuals of the equiprent manu-

facturers. Usually you will get reference lists from manu-

facturers, and if you are lucky, and the reference company

20




is not a competitor for your own product, you can profit
from the experience of fellow companies. Also we believe
that we all have a certain technical knowledge, and certain
common experience, So most of us can guess what will be the
main problems with equipﬁent in advance. In spite of all
that- we like tc maintain newly erected plants, that went
un stream recently in the orthodox way, i.e. keep plenty of

spares, check and replace brandnew things, and blame our-

selves for wasting money and manpower.

The right time to start real preventive maintenance we

believe is after one year of operation, when we reach the

bottom o>f the Lathtub life curve, i.e. when all the initial

failures of the equipment are erased, and usually the
startup spares have been consumed. The preparations for
preventive maintenance of course are started during erec-

tion of the plant. They are exactly the same that we need

fcr scheduled planned maintenance.

The decision to start preventive maintenance is taken by
the d.visional head of production and by the technical-
maintenance manager. Those people will check the failures
of the equipment which occured till then, they review the
data and manuals received from the equipment manufacturers
durirg procurement and erection phase, they discuss with
the sectional heads of similar plants, and they even dis-

cuss with the operators. I always admire myself what de-
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tails about machines I can get from operators, if I only
take the time to discuss with these people, and if I can

give them the feeling that I am really interested in their

opinion.

Well, aow we have all the information about the plant, we
have all the calculations about efficiency and marketing,
and now we have to take the decision, we have to take the
risk. It is a risk not to replace and repair when there is
time, to keep the machines running, to go on eroding the
contacts, to watch the temperature rising in the transfor-
mer, to run out of spares. In this place I must admit that
the risk of missing spares is the smallest one. From FRG I
can get spares usually within a few hours, i.e. with the
next plane. As I mentioned, last time we did send a car on
Sunday to fetch a card for a scales, and I myself once went
to the UK, to Sheffield, to procure piston rings; I was
back after 16 hours. So as regards spares we are in a very
easy position in Europe. In a country with restrictions on

foreign exchange, (in one country it took us several weeks

to get spares from Singapore) the spares situa:ion has to
be looked at in a quite different way, and I personally
always refused to waive any spare requisitions even when we
did set up a very effective predictive maintenance there. I
assume in your countries there won't be any difficulty with

foreign exchange, so the situation is the same a3 in my

country.
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Now we have the decision to start preventive maintenance,

but how do we perform it? During é}ection, and specially
during commissioning with all the vendors' reps at site we
set up a very detail cardex abcut the equipment installed
in the plant. This is normal and necessary for all types of
maintenance and not worth mentioning here. Modern people
have stopped using a cardex, they feed the data to a compu-
ter. Actually we have several computers for maintenance,
but we started only last'year to assess a comprehensive
EDP~aided maintenance management system. Let's assume we
got a cardex, maintenance is equal whether you record it on
a computer or in a cardex. Only life is easier with EDP. So
we have the cardex, we have recorded all instructions about
greasing, about inspection, about reqular replacement of
wear-parts, we have long lists about spares, one copy with
the cirdex, spares that are recommended by the vendor,
spares on stock in our store. We have the information where
we get the spares from, how long the regular procurement
should last. And we have a lot of typical jobcards, but
unfortunately (or better say fortunately) blank, because we
have not yet performed the job for the first time. The job
cards may be kept with the equipment cardex or separately,
that's a question of practice; you only have to ensure that
the jobs on the cards are performed at the time or inter-
vals indicated -~ for the initial phase, as lcng as you have
no experience, aé long as you have not started prevertive

maintenance. This all is necessary for our old system,
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scheduled planned maintenance as well as for any system. It
has got nothing to do with preventive maintenance. But the
effort put into setting the information system up must be
considerably higher for our preventive maintenance system,
for the accuracy of information has a decisive influence on

the decisions to be taken.

It is the job of our assistant engineers, with the aid of
the foremen and the vendors’ reps, to collect the data and
to write the cardex cards (of course not the typing). We
have cardex cards for all items with item numbers, for
major valves (every day we get discussions about major),
for special tubing (e.g. the outlet tube of the ammonia
converter), for tank gauges, for all instrument equipment
necessary for cost accounting and cost clearing (e.g. ori-
fices for NG) that makes a total of 500 cards for a refor-
mer plant, and maybe 250 for one maintenance engineer. The
instruments and electrical items are kept at the instrument
and electrical people’'s offices, respectively, but they

obgserve several plants each.

I personally prefer two sets of all documents, even if we
only record the maintenance events in one copy and the
second one will lose its value very soon. With EDP and
terminals in several offices everybody has unlimited access
to the records about equipment of course. The master copy

is kept with the AMEs in the plant workshops, and everyone
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has all the cards for the equipment he is responsible for.
The job cards are kept with the foreman, and it is his duty
to sign them, and store them in such a way that he is able

to follow up the timing of the necessary jobs. The perfor-

‘mance of the jobs, "all additional work performed at the

equipment in question, all findings of our inspection de-
partment, results of oil analysis, analysis of deposits on
the blades or the casings, operating hours, time co>nsump-
tion for the job performance, down time of equipment due to
maintenance and inspection, anything of any interest about
the equipment, must be recorded in the cardex, hand written
by the AMEs, somtimes with unidentificable characters. In
parallel the job cards are completed with estimated time,
number of crafts, tools, safety equipment, consumables and

spares. Still normal planned maintenance.

It should be the duty of the foreman to inform the assis-
tant engineer or the plant engineer about any unforeseen
events. Naturely the plant engineers have to follow up all
the jobs performed in their plants, but they cannot -nobody

can- keep all the events involving one item in their mind.

Information about very large hreakdowns you also can get
from your cost bills. We get them monthly from our accOuh-
ting dept. But the many small time and cost consuming
repairs submerge in a balance sheet about a cost center -

usually one plant.
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Getting the information from the cardex is the most diffi-
cult job for the managers. It is simply not really possible
without EDP-aided systems, and real preventive maintenance
only will start with all the infornation we can get from

the computer.

Today it is the duty of the AMEs, AEEs and AMC to initiate
procedures if there is trouble with the equipment. Everybo-
dy gets to know, and everybody will remember if we lose a
blade of our syngas driver. But nobody registers, that
every two years -this is a real example, it happened three
times - the bearings of a blower crashed, damaging the
housing and the shaft. They belong to an FD fan of a small
boiler. In our plant, we have sufficient capacity for steam
production, at least in summertime, so nobody was excited
about the cut out of this boiler, everybody forgot and the

AME with his cardex d4id not care.

What we want from our cardex or data file is all informa-
tion about the equipment to estimate the life span and to
define necessary overhauls. We want information about run-
ning time at 99 8 load, at 95 &, if possible we want a
curve maintenance costs versus load, we want a connection
bet ween maintenance costs and idle time (ball bearings will
be damaged during standstill), we want the consumption of
power at all plan£ conditions. It is a terrible job to

correlate 500 items, we have large sheets of paper where we
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indicate all the questions and try to mark them with the
information we have. But still with all these aids preven-
tive maintenance stays guess-stimation without EDP. We have
started to feed data about 120000 items to a computer, thus
setting up the plant data base. We are going to select an
EDP equipment evaluation system by the end of this year. It
seems that we can procure the software from a sister compa-
ny, and use this with very little adaptation. One thing
must be considered before one starts to set up the plant
data file. The information must be fed in in such a way,
that all variables for EDP prccessing are defined in ad-
vance. With this I admit that I personally have already
chosen the type of EDP-system, i.e. there are only a few

systems with which we can handle our data files.

Now we have info-estimation, we declare our "larje sheets
of paper” the basis for preventive maintenance (this is
rubbish of course, but the best we have at present) and we
extend or reduce the inspection intervals, we run our
bearings 6 years instead of three (as recommended by the
vendor), and we refuse to do stroke if we believe from our
info-estimation that it is unnecessary. We do or we try to
do the maintenance in the worst possible way, we query any
time the necessity of any job, we delay shutdowns to the
most suitable times, we extend or reduce the running time

of our machinery to what we believe gives us the lowest
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overall costs. Safety of course and governmental regulation
and rules border activities. Still the safety of people is

our paramount target.

We have many failures, we have still a lot of breakdowns on
equipment which we believed would last for a calculated
time. Usually when we try to analyse the reasons for un-
foreseen troubles, we find the reason in ourselves, we find
that we forgot to think about very simple physics, we find
that we underestimated certain facts, and we believe that
we will have less than 10 % breakdowns (on working time
basis) once we have our EDP-system operative. If we can get
the system by the end of the year it should be possible to
do the adaptation of the programs within one year. By this
time we assume that we will have recorded on data files
about 100000 items, and we believe this will be the basis
for a very effective equipment evaluation for a very effec-

tive preventive maintenance.

And the benefi;s for our sleepless nights: We have de-
creased maintenance costs, based on the actual plant status
by 20 8 in five years, and I promised our board the same
reduction once more within three years after preventive and
of ourse predictive maintenance becomes active,i.e. after
installation of a comprehensive computerised system. In the
initial phase we have more plant breakdowns than we had

during the period of time based maintenance. But always
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remember lowest overall costs. Add;tiénally I believe if we
only learn to handle our new tooi in a more effective way,
i.e. get fewer simple mistakes in our assumptions and
calculations, we will get even less downtime with our

plants.

PREDICTIVE MAINTENANCE

The principle of preventive maintenance is to collect in-
formation from the past, from similar equipment or from
overall technical knowledge, rules and standards. Generally
we do not know the real reason for the behavior of any item
in the past. For all interpretations of failures and fin-
dings we make a lot of assumptions. It would be nice if we
could ask the patient "how do you feel”, "did you sleep
well last night", "would you like another cup of oil”. Can
we, we can. We all have been using predictive maintenance
from the start. Remember the oil reservoir of a large
turbine, maybe ten tons of very expensive oil. Are you
going to change it after a certain time, or in time with
some recommendation? We will check the status of the signi-
ficant variables reqularly and we wont think about changing
unless we find wrong numbers. But what are we doing in

checking these particular values? We are asking the oil how
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it feels. Many of us have large rotating machinery with
very tricky gaps and clearances in the balancing pistons
and thrust bearings, and many of us have probes there to
check the clearance in operation. The patient tells you any

minute it feels. This is predictive maintenance.

All findings and all information we collect during
the operation of an item from the item itself about
status and condition, and all steps we take in re-

sponse to these findings, we call predictive or con-

dition based maintenance.

Pine, maintenance based on condition; our old manager used
to put his fingertips on the casing of a turbine, and he
could tell exactly what was wrong (he still believes he
could). Naturally this is predictive maintenance,

but with
a plant costing half a billion dollars we should spend some

money on monitoring equipment.

Before we start arquing about monitoring equipment we
should find out what could be and what should be monitored.
The possibilities for monitoring are ample and dear. For
almost every task one can get very effective instruments
todzy. These instruments are horribly expensive and we in
our company are horribly incompetent in using of this
equipment. Pirst you need qualified engineers to start with

predictive maintenance and then one should survey the mar-

Cew
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ket for possible instruments. Probably you expect now a
statemenc about economy. Unfortunately in this séecial case
I am absolutely convinced that every dollar spent on pre-
‘ dictive maintenance has such a high rate of return that I
don’ t calculate economy. We started with simple instruments
and only when w;z got tothe limit of these devices went for
better appurtenances, and again had to start to learn the
handling of these. The possibilities for predictive mainte-

nance at present are as follows

during operation
vibration moﬁitoring
sonic tests
temperature monitoring

elastic deformation

nondestructive testing
visual inspection

plastic deformation

7.1 VIBRATION MONITORING

l during standstill

Every moving part vibrates. Even if we get totally perfect
balanced rotors “hey will bend in some way in installa-
tion, thus giving a displacement of the centre of gravity

' resulting in a rotating force. Practically we have resi-
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dual unbalances in our rotors and shafts, we have -some-
misalignment, we have -very slightly- bent shafts, so
definitely we have vibration. We all know the different
vibration severity charts, which we can estimate the
pemissible vibration from, dependent on speed, on the kind
of equipment, weight of rotating masses etc. During comis-
sioning the manufacturer probably will prove that the
machine is running weli within the limits. We get the
manual where usually all details about vibration are put
down. Sometimes with very large machines we are lucky
enough to have permanent built-in vibration monitoring,
with instruments indicating directly the amplitude of the
vibration, with set values for alert and cutout, additio-
nally giving readings about the displacement ¢f the shaft
in different directions. This of course is perfect predic-
tive maintenance, if one can "read” the readings, a.d if
the readings are recorded. Sets with automatic recording

are available.

For the major part of our machinery this is wishful thin-
king and we will only check vibration when our fingertips
give the alert, or when vibration is so terrible that our
operators start complaining. Wonderful we have this nice

monitoring equipment, we get a nice vibration curve, maybe
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we first have to consult the manual of the vibratometer
how tc use it, and definitely we will get peaks in the
curve. But we won't know how to interpret and how to dezl

with our findings.

The problem is that we first have to get familiar with
using the equipment, we have to train enginee;s for hand-
ling iz, and we need the vibration pattern of the equip-
ment in sound condition to get any results from our funny
curves, All m-anufacturers of monitoring equipment I know,
and I know some of them, will give you excellent manuals,
not only about the instrument, but also about general
questions of vibration, vibration mcnitoring and interpre-
ting the readings. They all also have training engineers
and for quite reasonable expenses cne can get those
gentlemen at site to explain the vibration monitoring
equipment and have initial tests performed. Naturally they
have the experts to identify the causes of difficulties
with the equipment, but the most experienced expert can
help you very little if he just gets one reading of one

status of the equipment in an already unsound condition.

The main mystery about vibration is that we must know the
behaviour of our process equipment in as many conditions
as possible. In the ideal case we should record vibration
from the very first startup and have regqular recording at

scheduled intervals. Usually we start with every week
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recording, and extend the intervals of sampling to those
of the overspeed tests (of our turbines). The readings are
recorded on charts or (the most way) in computers, and one
can get an idea about the change in the properties of the
equipment by comparing the different charts. The computer
of course does this automatically. I must confess we are

very oldfashioned, we have no computers.

Before we start to spend 10000 dollars we should try to
get an idea about what we want and what is available on
the market. First we have to know what is vibration and
how do these instruments work, or what is the difference

between an instrument costing § 500 and one for § 5000.

Important variables for vibration are the frequency (the
number of events per time unit, or the rotating speed in
radians per time unit, usually called omega) ancd the
amplitude (the motion of the material). Our fingertips
simply tell us that something is moving to and from and
that it is moving very fast. But we do not have the sense
to define the distance travelled and we cannot count the
number of movements per second if they lie in a range of
S0 cps. Electronic instruments can, they can at least
count the number of events. Purther we need a reference to
the equipment, we want to know when or where in relation
to the position e.g. of the rotor we get the maximum

amplitude. Very easy we get a mark on the shaft, the
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keyphasor, and this is the coordinate from where we count
each cycle from 0 to 2pi. The very first instruments, some

20 years ago, did nothing else than count the revolutions

of the shaft by means of such a keyphasor (that might be
any unsmoothness of the shaft, such as wedges, scratches
or even a simple of chalk) and register the movement of
the shell or casing in relation to our keyphasor. This
gives a connection between shaft speed and shaft angle to
displacement i.e. double max amplitude. Really the most

modern instrument pickups work in a very similar way.

I apologise but I suppose we should try to remember a few
things about our long forgotten physics. If we take a
solid particle and get it moving in a regular i.e. cyclic
way, it's going to vary its position in a coordinate

system. If we plot this position versus time we get these

nice goniometric curves such as sinus, cosinus etc. Usual-
ly one solid particle does not exist by itself, at least
not in mechanical engineering, so we have adherent partic-
les in all three dimensions of space. If all these partic-
les move in the same way there will be no "event” between
them. Actually the vibration theory of solid material
shows that they tend not to vibrate in a uniform way; they
like to form knots and maxima resulting in strain in the
atomic structure of the molecules and these create the

stresses that we want do avoid. By limiting the amplitude

we can limit the stresses.
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To move the particle from one side of the maximum ampli-
tude to the other I need speed, and this veloéity is
achieved by acceletgtion. This acceleration is what we
really are afraid of, for it gives us forces. For an
effective vibration analysis we need the values of dis-
placement (two times amplitude only for sin or cos curves)
the velocity and the acceleration. To my understanding it
is very easy to measure these values on stationary parts
such as shells and casings. But definitely it is more
difficult to measure the acceleration of a shaft with a
speed of 200 revs per sec. Now let's remember our math
lessons: by differentiating we can get velocity and acce-
leration from displacement, and by integrating speed and
position from acceleration. Here the very differences
between the sets of the different manufacturing companies
start. It seems to be extremely diff.cult to get accurace
acceleration from two times differentiated amplitude be-
cause high frequency noises become more amplified (they
have higher factors) than the signal itself. The usual
recommendation of the standardizing organisations is to
measure velocity for vibration monitoring instead of dis-
placement today. I would follow this advice for all equip-~
ment with higher speeds than the electric grid freguency,
and of course for all accurate measurements such as for
balancing etc. But even this vibration-speed is not accu-
rate enough for very sophisticated high rpm machinery such

as steam turbines, and companies recommend using accelera-
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"tion monitoring for frequencies higher tnan 1 kHz. As I

told you I like to procure the most expensive sets for
vibration monitoring; I personally would head (not from
the start) for a complete set that can measure displace-

ment, velocity and acceleration.

A common objection against compr2hensive instruments
(apart from the price of ocourse) is the difficult handling
of terribly expensive sets, weighing several kilograms,
with 15 to 20 cables hanging around in our compressor
hous:. One can fabricate portable racks, maybe on rollers,
that can be lifted by the cranes usually available with
important machines. On thece racks also the recorders -
modern people use computers for recording- and the filters
can be placed and with suitable equipment we can get

printed charts right beside the machine. So what recorders

and what filters?

The vibration pickups send electric cignals to a register
inside of the monitor. As we have no senses to recelive
such signals we need a display on an oscilloscope or we
have to get the variables printed or plotted against time
i.e. phase layer against our earlier mentioned reference

keyphasor. This plot for me is nothing like a funny curve.
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There are usually maxima in this curve and at the price of
a mere sleepless nigat one might find that generally these
maxima are related to the shaft speed. A very expensive

way of measuring revolutions per second.

Every curve can be resolved into many cyclic functions
(sin,cos) according to Pourier's analysis; this is what we
call a spectrum. The only thing I remember about Fourier
analysis is that I always tried to crib the terrible
integrals from my neighbour during tests. So it is not
very likely to perform these analysis by hand. Fortunately
the sellers of monitoring equipment also don't like these
integrals, and electrical engineers have developed very
easy-to~-handle instruments that do this job for us. These
are the spectrum analysers, filters for our funny curve
that split it into its components. These filters can be
tuned in such a way that only one narrow band of the
(unlimited) number of cyclic functions can pass at the set
tuning, and this can be recorded. Then adjust next tune
you'll get the next curve; usually only four or five
curves will be important. Searching for the important
frequencies may be a tedious job., Sets with automatic
sweep are available; the instrument_performs the tuning
itself. Vector filters also can eliminate the influence of
the runout, geometrical deficiencies of the shaft, by
subtracting the vector of the moving shaft surface (only

the part due to geometric ovality).
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Also I have mentioned recorders and computers. Expensive
pickup sets may have 15 to 20 connections for probe cab-
les, so one can record 15 to 20 sample points at once. The
direct processing of all readings of a very big machine
with 20 probes may not be possible, and it might be advi-
sable to store the probe readings on a recorder or in a
computer and do the analysis of the readings later on. The
computers can be used additionally to file the output of
the filters. They can calculate and indicate the varia-
tions from one recording to the next. They can be set to
prefixed maximum vaiues, giving an alert when these set-

points are exceeded.

According to my opinion these very expensive, very effec-
tive instruments cannot and should not replace the very
cheap and simple battery powered ones. The latter can be
handled very easily, maybe by specially trained mill-
wrights and technicians, maybe even by our maintenance
manager. They can be carried around very easily they give
simple readings and are well suited to finding out that
something has changed. One should start to get experience

with these simple instruments.

In the initial phase you should go for assistance by
specialized companies who have the instruments and the

exporienced engineers to perform the most trickly jobs.

This is the point where ecbnomy starts and we are very
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well calculating the cost for hiring a monitoring group
for very special purposes against the expenses incurred if
we ourselves purchase a special set, have our people

trained, and use them for monitoring. T

We have now a lot of curves, we have special frequencies
with their amplitudes, and now we have to start to find
out which part may produce this special vibration. Usually

by some sleuthing sense one starts to check the frequency

tions of components of the machine. I have never been
lucky enough to find the most simple example that usually

is presented in this connection.

l of the spectrum curves and try to correlate it to revolu-
' You have an antifriction ball bearing for instance with 26
balls. Running speed is fifty cycles per second, internal
‘ diameter of the bearing race is 84.3 mm, ball diameter is
14.25 mm,
| Speed of the race
omega =,2pi * n
v = r * omega v =0.0843/2 * 2 pi * 50

v = 13,2 meters/second
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Velocity of the ball around its centre is half of this

speed, because the outer race is fixed.

v =6.6m/s

Speed of the ball

omega =v / r omega = 6.6/(0.01425/2)
omega = 929 radians per second
revolutions n = omega/2pi n = 929/2pi

n = 148 rps i.e. cycles ps

If you find that these 150 cps are related to the fre-
quency of one of your spectrum curves, it is one ball of
your bearing that is causing trouble. Usually not the
balls but the races get damaged. How often per second does

a ball pass one special spot of our race?

velocity of our ball v =6.6m/s
circumference of one revolution
s = pi * (d race + 4 ball)
s = pi * (0.0843+0.01425)
s = 0.31 meter

frequency n = v / s n =6.6/0.31

b=

= 2] rps i.e. cps
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We got 26 balls, so we get 25 times 21 makes 554 events
per second. Again if we find a frequency of about 550 cps

in our spectrum we got the fault.

Unfortunately the problem never has been solved in such an
easy way in my case up to now, Usually one has to go very
thoroughly through the equipment, one has to calculate
endless columns of speeds, and indeed it would be a good
idea to calculate important cycles in advance and record
them in our maintenance file. The greatest difficulties
arise with gears when we get response from the teetk,
modified by some geometrical deficiencies, by the back-
lash, b some movement of gearwheels on the shafts where
the pressure of the edge contact varies. In this case we
will get unidentified sidebands and we will definitely

need advice from the manufacturer.

Normally the big manufacturing companies can give you help
very quickly and in a very effective way, if only they can
get the necessary data. First they have the experts and
also they have machines in service with many clients, and
it is a fact that difficulties arise in the same way with
several items of the same type. Sometimes they can give
you advice even on the phone if it is possible to transmit

a full picture of vibration to them.
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Up to now we got no advice and very little help with
vibration of the tubing and pipes. They are manufactured
by ourselves and we can't go back to any supplier. In
severe cases we had to add brackets and supports and even
change the construction of lines themselves. But this is

erection, not maintenance.

One problem left is the comparision of readings taken at
different times. It is of paramount importance to take the
sampling absolutely on the same spot every time. Therefore
i.t is recommended to install in site probes in the equip-
ment. There are special plugs available and you just have
to link them up with extension cables. This is the main
reason why predictive vibration monitoring is not used
more widely. Our old motors, turbines etc. have not these
probes installed. Without them the whole thing remains a
little bit uncertain. For very large equipment it may be

economical tc install sensors during shutdowns.

The major part of the analysis gives uniform results for
similar rpm, steam temperature, pressure, load etc. Some-
times the only explanation for changes in vibration is the
ambient temperature. When we get increasing unbalance in
an air compressor this is an indication for coating of
impellers by dust. With a steam turbine it may announce
silica deposits on the blades. One should check the quali-

ty of demin water very carefully. Once we simply found a
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7.2

loose anchor bolt causing an increase of amplitude.
Changes in vibration pattern are mostly due to the process

variables and not to the equipment itself.

Generally the assumption is accepted that fluctuations in
vibration at a ratio of less than 2.5 are normal. If we
get near a ratio of 4 we start investigations. A factor of
10 should be most alarming. These statements of course
ornly can be a rough guideline. We have to follow the

advice of the suppliers of the plant equipment.

SONIC TESTS

Gases and liquids passing through a nozzle may achieve
sonic flow if the ratio of pressure inside to outside as
above a certain minimum. These sonic waves might be in a
frequency band to be received by the human ear. Then we
don't need predictive maintenance. There is a leak some-
where. But very slight untightness will result in ultraso-
nic sound. This sound can be detected by ultrasonic detec-
tors at a time one cannot hear that. Unfortunately these
very small leaks tend to increase; specially if the tempe-
rature changes, as happens during a shut-down. It is most
frustrating if with a brand new restored plant just star-
ting production after four weeks’ shutdown just one steam

flange starts blowing. Naturally it will be on an holiday.

44




7.3

Before shutdown two technicians check every flange with
the ultrasonic detector, we got one with earphones, but
they are available also with soundmeters. All flanges with

the slightest leakage are tightened up during the follo-

wing owerhaul.

The detection of one untight valve out of a series of

valves also can be performed by this ultrasonic detector.

Another sonic test is said to be performed with nuclear
power plants: the recording of crack-scraming. Crack pro-
pagation in metallic walls due to strain produces acoustic
emissions. These can be recorded by special soundmeters
and hopefully the vessel can be shut down intime. I am in

the lucky position of never having heard this crack-

screaming.

TEMPERATURE MONITORING

Temperature monitoring is important with all'parts that
operate at a limit temperature or are protected fr: »
overheating by refractory. Reforming tubes operate at
limit temperature, and a few degrees overheating may de-
crease tgeir lifetime considerably. Naturally there are
people who can estimate the tube wall temperature just by
watching (the people with the sensitive fingertips). I

prefer pyrometers. These are optical instruments with a
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built-in reference light source. All dark bodies will give
the same light spectrum at the same temperature. The light
source inside of the instrument is a glowing wire that is
projected onto the focusscreen as well as the surface of
the tube. When the coclour of both bodies is identical both
have the same temperature. The adjustment of the colour of
the glowing wire can be done either by varying the current
(thus really changing temperature) or by a grey wedge
(whereas the real temperature remains constant). The cali-
bration is done in such a way that one can read degrees

directly from a scale. I suppose ever ybody operating re-

former tubes got such an instrument.

Refractory lined metallic walls operate at low tempera-
tures. They may rupt long before they start glowing. A
heat-sensitive varnish is a very reliable indicator of
temperature. For different limit temperatures different
pigments, i.e. different colours, are available. It simply
changes its colour at a known temperature. Immediate steps

to cool down the tubes or walls have to be taken.

The varnish is damaged once onverheated and the equipment

has to be repainted after repair.

This varnish is terribly expensive and additionally will
change its colour if we operate near the changing point

for a long time. Infrared cameras and/or photometer can be
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7.4

used instead of the ‘varnish. They won't give continuous
information about temperature, but they give values of the
exact temperature and the prints may be kept for records.

This method is used specially with rotary kilns for cement

production.

Naturally these infrared cameras or infrared radiometers

may be used for all temperature reading of moving compo-

nents.

Many other deficiencies with equipment will produce
changing temperatures. Damaged insulations of cryogenic
plants may be detected by portable tesistance type thermo-
meters, long before ice formation starts. Damaged suction
valves on reciprocating compressors can be identified not
only by spitting but better by measuring the increase,

blocked steam traps by the decrease in temperature.

NONDESTRUCTIVE TESTING

With the availability of temperature resistant probes for

ultrasonic test equipment we started to check wall thick-

- ness cracks etc. in our equipment even during operation.

Again it is most important to take the readings at the
very same spot every time. This method was proved with
several sample pieces even against our boiler inspectors

and we were able to extend inspection time of boilers for
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two years with regular ultrasonic tests performed. The

limit temperature for the probe is 380 deg.C.

Nondestructive testing during standstill also can be
placed with predictive maintenance if it avoids unneces-
sary dismantling of the item. It is performed to give us
an idea about the status of the equipment without wasting

working hours and spares for unnecessary handling.

7.5 VISUAL INSPECTION

All visual inspection is predictive maintenance. With our
eyes we doe not dismantle the equipment and also we do not
watch a pump for recreation but to find out something
about it. In this place with this regard indeed I was
thinking of fibre optics for inspection. These fibre op-
tics really are the dreams of every maintenance man. If
something is wrong with something I always desire to creep
inside, I would like to become a tiny dwarf to enter the
equipment through a nozzle or a gap. Fibre optics enable
us to enter the vessel with our eyes. With proper cables
one will get excellent observations. The cables have to be
replaced frequently. If one third of the fibres are rup-
tured the glass fibre cable must be discarded. Internal

surfaces of heat exchangers, boilers and vessels can be
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watched through instrument flanges with no need of cutting
welds or unbolting higﬁ pressure manways. Naturally in-

spection only can be performed during standstill.

7.6 PLASTIC DEFORMATION

I want to come back to our furnace tubes. They have a
scheduled lifetime of 70000 hours at a certain tempera-
ture and a certain pressure. After 70000 hours they should
have expanded by two percent and this is the permissible
limit for pressurised tubes. Did they really expand by
that value? Is two percent really the limit for plastic
deformation? So first we check the expansion during every
stop and we have known for a long time that the rate of
deformation is much lower than assumed at the time of
design (we never operate at design temperature and at
design pressure). So let's operate until a time when we
will reach this two percent increase in diameter. We could
operate for a further 12000 hours betcce the first tubes
reached their lethal condition. The remaining question was
whether it is really necessary to replace the tubes after
reaching the preset value. Well we did replace one. And
this one was checked by all means of material testing
known to us. First we found out that the elasticity of the
cast material (it is very poor) was still acceptable.
Tensile strength and yield point were excellent. Micro

finishing reveiled no sign of changes in the structure. So
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there was no objection to extending the lifetime of the
tubing for another 12000 hours. The maximum expansion we
reached until now was 16 percent increase in diameter. In
this tube we found already circumferential cracks and it
would have ruptured very soon. At present we are sure that
we can go for 10 percent expansion without any risk in
this very special case (no carbonisation) at the very
special temperature (960 deg.C). At a lower temperature
the tubes will behave differently, but the experience
about influence of all limiting factors is what we call
predictive maintenance. The manufacturers of tubes must
not become nervous. We also damaged one set of tubes after
56000 hours by overheating with wrong temperature
readings. The damage to the tubes was found out by regular

checking of the expansion in diameter.

The benefits from predictive maintenance: we get fewer
inspection jobs at scheduled shutdowsns, better advance
planning of shutdown work so well. Also I believe that we
will get fewer breakdown jobs once our system really
becomes effective. Even if I get only a few days margin to
prepare an unscheduled shutdown we can perform a certain
job less costly than during a cutout Friday afternoon.
Additionally it is generally assumed that replacement of
wornout components in time is less troublesome than repair

of whole machine damaged by this single part.
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So after several years, we won't need any engineers, all
the jobs will be performed by monitoring a2quipment. Fine
we all can go for holidays. Unfcrtunately this is not cur
future. The more sophisticated th2 equipment becomes, the
better and more qualified engineers we will need. There
will be a selection, a selection caused by the computers,
and a selection by plant supervising facilities. A selec-
tion of better engineers, a selection that started a long
time ago, the selecticn of the fit, of those who are ready
to accept new methods, of those who are ready to learn new

ways of maintenance.

The author, Karl Fink, is maintenance manager at CHEMIE
LINZ, a European chemical industry; he is responsible for
technical affairs, erection and maintenance. For further
information contact LINZ CHEM—SERV,'POB 296, A-4020

Linz/Austria/Europe.




Instruments Electric Transportatlon

AUXILIARY

DIVISION
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spect1on
3
Laboratory maxnt

‘Central Workshop (450)

Planning (8)

tools & purchasing (3)
wages & personnel (3)

Workshop (188)

vessel constr.& maint.
heat exchang. (57)
valves (20)

mechanic machining (33)
tin-platers (25)
plastic (20)

carpentry (19)

tools (14)

Mat. testing

————

——

Civil Techn. dept.
(design & planning)

Field (229)
maintenance & erection

machines (48)

pipe & steel I/II/III (85)
internal transport (74)
plumbers (22)
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AUXILIARY DIVISION T

Civil department

| Responsible for all civil work, planning, erection,
maintenance, vorkforce 163 people
‘ Head: Mr. Steinvender, Mr. Kincel

BElectrical department

Responsible for all electrical affairs, bound to obey
special mandatory rules, planning, erection maintenance,
work force 233 people

Head: Mr. Prinz, Mr. Salzmann

Central vorkshop

Responsible for all mechanical erection, certain part
of maintenance limited to the tasks of the production
related shops, mashine shop, internal transportation,
wvorkforce 410 people

Head: Mr. Riener, Mr. Deischinger

Technical department

Responsible for planning of investment projects and
special maintenance jobs. Coordinates the planning
sections of civil electrical and instrument department,
workforce 65 people

Head: Mr. Rauscher, Mr. Weber
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LABORATORY MAINTENANCE

Instrument degartment

Responsible for procurement, installation and maintenance
of instruments,

workforce 173 people

Head: Mr. Haas, Mr. Forsthuber

InsEection degartment

Performs all inspection jobs, responsible for cooperation
with authorities, follows up all standards, regulation®
and other restrictions implied by governmental rules (only
for technical affaires),

workforce 18 people

Head: Mr. Lughofer, Mr. Mittermeier

Transportation department

Responsible for all external transports, road and rail,
maintenance of mobile equipmert, . -
workforce 176 people _

Head: Mr. Webersinke, Mr. Roob

Twvo ways of maintenance

Corrective maintenance
Brak down maintenance: for electronic equipment
electric motors up to 5 KW
standard pumps
electric hand tools




Planned maintenance

Scheduled maintenance for newly erected plants with little
experience about the equipment

Preventive maintenance for the large portion of our plants

Predictive maintenance has only just started in Chemie Linz AG
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Chemserv

CONSULTING GESMBH

THE ENGINEERING DEPARTMEHNT OF CHEMIE LINZ AG is a section of the
TECHNICAL DEPARTMENT (T)

TECHNICAL DEPARTMENT
X

1 1 1 1
TKB THW TBW TME
Engineering Workshop, Architect. Instrument
Dept.(and Con- Erection Dept. Dept.
struct. Office)
l I 1 1
TEL TMP TRV
Electr. Dept. Material Test. Technical
Dept. Rev. Dept. }
— I
TVE TLT
Transport Laboratory
Dept. Dept.
[
‘ TKB - Engineering Sections
{ TKB-RL - Piping Section j
— TKB-NR - Standard Office
TKB-KN - Cost control and time control
{network)
—{ TKB - Pump Section
- TKB - Model Section |
{ TKB - Copies Workshop |

-——_—H

) |

ORGANIZATION SCHEDULE

--TECHNTICAL

DEPARTMENT




Managing Committee

i

Planning Department

¥

Engineering Department

l

Activities of the Engineering Department:

Basic Engineering

design basis (see CO2 liquefaction)

basis data of the process (e.g. melamine of urea guide)
process flow diagram (see CO2 liquefaction)

material balance

plot plan

process P and I diagram

time schedule (CG2 liquefaction and urea plant)

project medium key

description of the plant

list of motors and

specifications for the machines and apparatus (e.g. V = 340)
specifications for the instruments

data sheets (A/B 6)

costing for the project




Detail Engineering

P and I flow diagram (see CO02 liquefaction and instrument
symbols)

quotation for machines, apparatus, pipes, etc.

orders for machines, apparatus, pipes, etc.

plant model
" pipework isometrics

measuring and regulation (control) diagram

checking of the orders

checking of the workshop drawings

orders for erection

manual handbook

commissioning and test run

control of the project costs and control of the time schedule

(e.g. melamine plant, urea plant)
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l INSTRUMENT SYMBOLS
= =
. the letters mean:
in first place in second place in third or
I subsequent
place
|
I A analysis alarm alarm
B conduction controller controller
. D specific gravity - -
E - element -
' F flow rate - -
G - glass -
H remote control by hand - -
' I - indicator indicator
L level - -
' M moisture - -
P pressure - -
' R - recorder -
S number of revolutions circuit circuit
' T temperature - -
\' viscosity - - valve
' W weight shell -
I e
d ... difference AH ... alarm high
l h ... mech. thermometer AL ... alarm low
r ... proportion
' pH ... pH value
Q ... counter
|
l




SCOPE OF SUPPLY FOR EXTENDED BASIC ENGINEERING

The following documents will 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 will be
kept up to date and will be elaborated in German language (pos-
sibly English) according to the metric system (international
system of units acording to DIN 1301). Symbols or designations
shall correspond to Chemie Linz AG standards, to Austrian stand-
ards or DIN standards with respect to the Chemie Linz AG short
designations. Documents will be submitted in the form of prints

and one reproducible each.

P) Process Flow Diagram with quantities of the materials and
their composition within the different phases of the process,
operating data, thermal balance, consumption of raw materials
and energy yields. Above data will be indicated for minimum,

normal and maximum throughput description of the process.

b) Draft layout indicating platform loads (forces, weights and
moments) and ceiling break throughs, according to which con-
struction drawings can be prepared. Final installation dra-
wings, foundation drawings, indicating weights, forces and

moments.

¢) Piping and Instrument Flow Diagram with all process and energy
pipe networks comprising all machines, apparatus, fittings as
well as measuring and regulating equipment. The diagram will
be established in such a way that the relation between process
flow diagram, installation drawings, model, isometrics and
measuring and requlating diagram will be clearly shown. As far
as possible the dimensions and levels of apparatus and ma-

chinery will be shown according to scale. Material data lists,

media codes, classifications for pipework, fittings and seals.




d) Specifications (descriptions and dimensional sketches, data
for the pipe connecting sockets, i.e. quantity, nominal widths
and nominal pressure, material, static and dynamic loads,

. permissible loss, amounts of heat, temperature, pressure and
‘ the like) for all machines and apparatus including required
steel structures herefore, if any, to permit relevant design
‘ drawings to be prepared and/or the equipment to be built.
Workshop drawings with parts lists of equivalent documents

with apparatus data or apparatus details for equipment which
require special design.

e) Plant model on a scale of 1:25 (details possibly 1:10) con-
sisting of structural framework with stairs, platforms and
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) Pipework isometrics with parts lists for all pipelines with
fitting lengths in all three levels. Indication of sliding and
fixed points and/or determination of pipe supports indicating
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 with level indication.
Provisional list of materials at the beginning of planning for

the complete pipework including fittings and accessories.

the documents of Chemie Linz AG.

g) Specifications for insulation and painting of machines, appa-
ratus, pipework and steel structures.

l Specifications for special pipe material not yet included in




h) Measuring and regulating (control) diagram with specification
list for the measuring and control devices with indication of
nominal values, measuring and regulating (control) range and
relevant permissible deviations, information on material
coming in contact with the media as well as indication of
physical values (pressure, temperature, density, viscosity,
etc.) safety settings for the regulating and/or control fit-
tings, interlock diagram and alarms for the instrumentation of
process engineering. This documentation must be detailed

enough to permit ordering of the corresponding equipment items.

i) Specification of electro-technical equipment.
Draft of distribution system (one-line diagram), provisional
motor list, power mains and lighting facilities. Summary of
critical points in regard to explosion proofing (drawing of

explosion hazard zones) control and interlock and alarms.

k) Checking of our drawings and of technical order specifications
for all plant equipment from the process engineering point of

view.

1) Description of the plant, start-up and operating instruction,

control and analysis procedures.

m) Commissioning and test run by competent persons of the engi-

neering company.




‘ TIME~-TABLE FOR THE DELIVERY OF THE PARTICULARS
FOR AN ENLARGED BASIC ENGINEERING
months
Process Flow Diagram and process description - ' cseene
Draft layout with waste gas and waste water
rFarticulars - ceveos
Final installation drawing one month after receiving
l the last particulars - s oo
Simple Piping and Instrument Flow Diagram
| (Process P and I Diagram) - sensae
Piping and Instrument Flow Diagram
' (P and I Diagram) - ceeene
Media codes, classifications for pipework,
l fittings and seals - ceesee
Provisional list of materials for the complete
pipe material - cesese
' Specifications for equipments with longer terms
of delivery (reactors, compressors, etc.) - ceeane
' Specifications for equipment with the shortest
terms of delivery - ceenne
I Plant model - cveces
Pipework isometrics with parts lists - ceenne
' Specifications of the measuring and regulating
devices - cecsve
l Provisional motor list - cesese
Draft of the electric distribution systems - csenee
Plan for explosion and hazard zones - coeves
l Control and interlock diagram and alarms - srsnne
Start-up and operating instructions (operating
I instruction manual) - cesaes !
|
|
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ad. 1. PICKLING OF PIPELINES

a)

b)

Thrust through system

This method was used for the long pipes on the pipe bridges.
There the pickling solution (e.g. hydrofluoric acid) was in-

jected into a temporally limited water-flow.

Closed circuit system

This system was used for pipes temporarily connected to closed
circuits. See fig. 1.

All valves were left installed.

Hoses, pumps, mixing tank with steam heating and some valves

were contractor's account.

During the design of the pipes there should be a communication
with the pickling contractor to set the right nozzles and
flanges in the pipes for filling pipes with pickling solution.
So you can pickle the pipes every time again after repairing
the pipes.

Before asking a pickling contractor you should know the dia-
meter nominal, length, volume and the inside surface of the

pipes (area) you want to have pickled.

Before pickling all pipes ready have to be welded and water
pressurized. If you had not done this before there would be

new surface oxidation.




ad 2. PICKLING A NATURAL CIRCULATION BOILER

acts:

steam volume: 40 t/n
pressure: 42 bar
temperature: 450 oC

volume of the water tubes: 22,5 m3

(without economizer and superheater)

Pickling by the auto-circulation system

The performance procedures were the same as described for pick-
ling the pipes with the closed circuit system.

To have the required pickling speed, air was blown through lances
into the downcomers.

The auto-circulation is caused by inserting air-lances into the
tubes. The lances were taken through the upper water drum into
the tubes.

Pickling storage tanks (see fig. 2)

These tanks were pickled with a 4 - 5 % solution of cold hydro-

chloric acid.

Blowout of high-presesure steam pipes from the boiler to the

turbine (see fig. 3)

After chemical cleaning, the pipes were blown out with steam
which was generated in the boiler.

There we tried to achieve a high steam speed in the lcng pipe
(400 m/s). So we had good mechanical cleaning.




Performance procedures at Chemie Linz AG

a) flushing with water

b) degreasing in addition with ion-neutralized
t = 60 - 80 oC

solution.

c) pickling with a solution of 1 % inhibited hy¢ ~ofluoric arid.
t = 40 - 50 oC

d) stabilization with a 0,1 % solution of citric acid

e) passivation in addition with ammonia and H202 until the pH of
effluent was 10,2

f) after drainage of the system the surface was dried and
prssurized with nitrogen

The effluent solution was neutralized with lime (Ca(OH)2) to the
required pH.

Time required

This procedure needed the following times (without preparation
time):

flushing - a) eome hours
degreasing - b) 12  hours
pickling -c) 5 hours
stabilization - &) 14 hours
pasgivation - e) 24 hours




STRESS ANALYSIS OF PIPING SYSTEM

Basic steps of calculation:

1.

9.

10.

Procedure of design starts with making a freehand isometric

piping sketch.

Spot preliminary locations of hanger or supports, locate
hangers at or near any concentrated loads (heavy valves,
risers,...). Pick up all horizontal bends, to prevent any
excessive overhang. Hanger spacing must be close enough to
prevent excessive sagging.

Study building steel.

Check for interference (pipes, constructions)

Calculate distribution of weight - important to obtain zero

load at equipment flange.

Summarize hanger loadings.

Calculate distribution of expansion to hanger.
Calculate distribution of equipment movement.
Summarize movements.

Choose hangers or supports for loadings and movements.
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Pressure-vessels-according with the official

Austrian Code in the view of the designer

1. Introduction

In chemical plants there are a lot of pressure-vessels necessary for carrying-
out chemical processes with high pressures and temperatures. For protection

of persons and surroundings the Austrian legislator has issued an official

code which rules the construction, installation and service of pressure vessels.
Therefore Chemie Linz must be in the position to check the vessels built by
suppliers whether they are in accordance with the Austrian Code as well as

to use the Austrian Code in case of repairing or building vessels by Chemie

Linz in our own workshop.
The following explanations shall give a short summary of the general rules of
the Austrian Code for pressure-vessels, as far as they are of especial interest

for the designer.

2. Short Summary of the official Austrian Code

The Austrian Code is issued by the ministry of buildings and technics. This
Code regulates as mentioned, the construction, installation and service of

pressure-vessels.

For the designer are of especial interest:

Nr. (1) validity of the official Austrian Code
Nr. (2) materials

Nr. (3) Calculation and design

Nr. (4) Equipment

Nr. (5) manufacturing and inspection

Nr. (6) supervision and approval

And now the above mentioned points shall be couridered some what particularly.

/2
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2.1 vValidity of the official code

The aim of the Code is the protection of persons and surroundings. This
means for pressure vessels especially with regard to design fabrication
acid equipment that they have to withstand safely the allowable pressure
and allowable temperature and to withstand stesses as to dangerous re-
actions of the substances. They have to be built of appropriate materials

and have to get proper equipment.

Design, construction, testing and service of pressure vessels need the
working together of the manufacturer the independent expert and the plant
management .

In accordance with the code the pressure vessels are classified in 3 main

groups: (see table 2)

1.
2.
3.
3.1
3.2

steam boilers

steam vessels

pressure vessels

Group I: not moveable vessels

Group II: moveable vessels for transport

For each of these groups there are official determinations depending mainly
on the mechanical dangerous patential, which is expressed through the capa-
city and pressure, that is the pressure--capacity-result in bar liter, further
depending on the handled substances determined limits on the pressure vessels
have to be built fully in accordance to the official code and underlie the
duty of official approval and supervision.

The main limits therefor-official approval or not are shown in table 1:

/3
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2.2
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For example there is no official approval necessary for steam-boilers (see
table 1, Nr.1)
if (1) the pressure is less or equal 0,5 bar
or (2) if the pressure lies between 0,5 bar
and 1 bar and the capacity is less or equal 50 000 1
or (3) if the pressure exceeds 1 bar the pressure-capacity result must not
exceed 20 bar 1. ‘

Below the above mentioned limits there is no official approval necessary,
beyond the limits official approval is necessary.

For steam-vessels (see table 1 ,Nr.2) the limits are similar as for boilers,
but the result pressure times capacity is higher (300 bar 1 instead of
20 bar 1).

For pressure-vessels with compressed or under pressure liquefied gases there
are the main limit noted under Nr. 3 of table 1.

Materials
It must only be used approved and tested materials with guaranteed properties
in accordance with the conditions of the code.

The producer of the material needs the first time recognition and approval
of the authority befor beginning with production. The producer of the ma-
terial must prove, that he has the technical equipment and personell that
enables him to produce the materials in accordance with the Code and further,
that he has the equipment for the testing of the material.

Welding materials must also meet the demands of the code.
Materials, which have proved on basis of the code during a long time are

listed in Austrian standards or material sheets of the TUV.
(TUV = Austrian Inspection Authority "TUV")




2.3
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Other materials or materials beyond the limits of the standards or new
developed materials need an individual approval by the authority.

Materials must only be used with certificates of recognized organisations,
the material must be stamped or marked for control purposes.

The selection of materials for pressure vessels or of parts of pressure
vessels results wiin rega—i to the expected mechanical or thermal loads,
with regard to possible chemical influences and with regard to the con-
sideration of fabricaiton, especially welding and heat-treatment.

Calculation and dwigll

The pressure vessels have to be calculated and designed according with the
formulas and rules of the Code. The calculation is accomplished with global
formilas.

If for special cases no rules are available in the Austrian-€ode-then rules
of other codes-mainly german-are accepted by the authority.

In the calculation of the well-shickness here must be taken into account the
pressure, temperaturc, allowable strasses, joint officiency, allowances, es-
pecially the corrosion-allowance for chemical service and of course the geo-
metric dimensions of the part.

Some rules for calculation:

Design-pressure must be higher than the operating pressure under consideration
of static pressures and the possibla lower pressure at the beginning of flowing-
off of the safety-valve. Therefor the design pressure should be minimum 10 to

15 ¥ higher than the operating pressure.
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Test-pressure is usual 1,5 times the design-pressure, in some cases 1,3 times

the design-pressure, but minimmm design-pressure plus 1 bar. For special sub-
stances the test-pressures are higher as the mentiones values (e.g. for ammonia
minimum 25 bar)

Design-temperature for fired vessels it is a minimum of 250 centigrade (degree
Celsius), but minimum the temperature of th fluid and additional 25 to 65 con-
tigrade depending on the kind of heat-transfer.

For unfired vessels the design-temperature is at a minimum the temperature of
the handled substances.

Allowable stresses:

The safety-coefficientsare ruled by the code depending on different limits for
the strength with regard to the temperature.

For example: There must be taken in account 5 safety-coefficients for steels
at higher temperatures and cf course, the lowest allowable stress determins
the calculation.

Normally the engineer thinks of the safety-factor in the ratio of the characte-
ristic strength limit of the material and the actual stress in the part. It
shall be mentioned that realy the safety-factor has more to cover, e.g. de-
riations in the behaviour of the material, especially as to fabrication (e.g.
in the heat-influenced zone), simplified calculation methods and global cal-
culation models, deriations in the conditions of service, tolerances and de-
riations of the actual part from the designed part (e.g. deriations of shape)
arnd other uncertainties.




Joint-efficiency

for welded seams is usual 0,8, but also efficiencies up to 1 a;'c possible
with the permission of the authority and under special fiebrication con-

ditions (e.g. then the seams have to be checked totaly 100 % by x-rays or
super sonics).

Corrosion allowance

is a minimm of 0,75 mm, but must be more for corrosive service. It can be
unconsidered, if the material i:s resistant against corrosive service or if
the basic material (mostly carbon steel) is lined or claded with corrosion
resistant material e.g. stainless steel, nickel, copper and so on or if it
is protected with special coats e.g. plastics-coats (but simular paint is

not accepted as such resistant coat).

The selection of the material as to corrosion is done in close connection
with our department for testing of materials, (T-MP) which has a longtime
experiance with cur plants.

The calculation must be done for the pressure stressed parts. Those are main-
ly cylindrical and conical shells, dished heads - which are mostly ellip-
tical or spherical shaped - plain covers, tubesheets, flarges, bolts, ope-
nings in shells and dished heads, tubes, safety-valves and so on.

For some parts of pressure vessels Chemie Linz has available calculation pro-
grams ‘or calculation by the electronic computer of Chemie Linz.

Before beginning with fabrication at supplier’s or Chemie Linz worksnhop
the drawings and computations must be checked and approved by the re-
cognized authority (TUV at Chemie Linz).




2.4 Equipment

2.5

The minimum equipment is ruled by the code and checked by the official
authorities.

For example: Minimwr equipment for pressure-vessels, group I (not move-
able) There is necessary at a minimum.

(1) 1 safety-valve o L

(2) 1 pressure-gange with red mark for allowable highest pressure

(3) 1 drawing-device at the lowest point

(4) 1 fabrication-plate

(5) 1 Inspection-opening (manhalc), below 800 mm, vesseldiameter: hand-
hole or simular openings)

Manufacture and Inspection

Only manufacturers are permitted, whose workshops and personnel is exami-
ned. The workmanship is pamanent checked by the official recognized aut-
hority.

For example: Welders have to repeat their examination within at least one
year. They loose their qualification if they interrupt their work for a
longer time than 3 months.

The welding seams on the pressure-vessels have to be checked total or
partly by X-rays or supersonics.

The manufacturer of pr=ssure vessels must have at least a welding quali-
fication class 2 according with Austrian standard ONORM M7812, part 2.
Therefor the manufacturer needs a foreman for the welders. But for vessels
with higher demands e.g. vessels with poisonous or etching substances or
vessels for liquified and inflammable gases beyond 1 000 1 capacity or
pressure-capacity-result more than 50 000 bar 1 the fabricator needs the
qualification class 1 and a welding-engineer,
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After fabrication of the vessels, there is required a hydrostatic test
with water at soon temperature, in extraordinary cases, testing can be
done with other liquids or gases, too.

These tests are to be repeated after installation and by the code de-
termined periods of servece. ‘

2.6 Supervision
Supervision is done by the official permitted authorities, usuzally THV
at Chemie Linz or recognized foreign authorities for delivery from a for-

eign country. ‘

The contact-department at Chemie Linz is therefor our technical-revision l
(T-RV). ' {

Supervision begins with the first drawings and calculations of the vessel
ard ends with the taken-out of action.

vessels under the rules of the Code - there are also higher requirements
for the manufacturer and the plant management with regard to equipment for
fabrication and inspection, qualified personnel and organization.

l 3. Final there is to notice that - belonging to the higher demands of pressure
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Classification of the pressurec-apparatus l No official acceptance is necessei'y if | *
and short-characterization ‘ (p = pressure in bar) '

’

K . " (v -;- capacity in litres 1). ,' oo . -

1. Steam-boilers (mostly Fired) - ' (1) p 0,5 bar . ' _ ,
In these vessels steam is generated and (2) 0,5 bar<p <4 bar and V £ 50 000 1
used outside of them, : (3) p51 bar and PV £ 20 bar1
2. Steam-vessels . . ¢+ (1) p € 0,5 bar L .
Steam .c_omes from outside into the vess-1 (2) 0,5 bar<p <€ 1 bar and V < 50 000 1
or the steam generated in the vessel i . (3) pD>1 bar and p.v ¥ 300 bar 1

must not flow out.

3. pressure-vessels| 3.1. Group I: (1) o €1 ba: ' S
Vessels vith not moveable (2) 1 var<p < 3 bar and Py € 300 bar 1
: (3) for air and some other gases -
compressed or ' vessels ar<p * 10 bar andgp £ 3000 bar 1
under pressure | 3.72. Group JI: ,
.liquefiecll gases moveable vessels : . special conditions
" for transport e . - . SRR i

1. The table gives only a general view. Beyond that there are still some exceptions
. depending on the kind of construction and substance : V
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CHEMTIE LINZ MELAMINE PROCESS

PROCESS DESCRIPTION

Melamine, a raw material for the plastic industry, need to be
produced from calcium cyanamide via dicyandiamide, but is now

mainly produced from urea.

Chemie Linz AG succeeded in developing a continuous process at
atmospheric pressure for the production of melamine from urea,
thus achieving technical progress and solving all problems satis-

factorily.

The Chemie Linz AG Melamine Process operates at atmospheric
pressure. The formation of melamine proceeds - in the same way
as with all other processes starting from urea - according to the

overall equation

-~

6 CO(NH2)2 ----> C3N3(NH2)32 + 6 NH3 + CO2

The reaction is endothermic.

The melamine is produced in two steps. First, urea is thermally
decomposed into an equimolar mixture of isocyanic acid and am-

monia:

CO(NH2)2 =~~-=> HNCO + NH3

H = + 780 kcal/kg urea (solid), endothermic reaction.

This gas mixture is diluted with additional ammonia and fed to a

catalyti~c reaction. During this second step the isocyanic acid is

converted into melamine and carbon dioxide.

1
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6 HNCO ———) C3IN3(NH2)3 + 3 CO2 -
H = - 714 kcal/kg melamine, exothermic reaction.

These separate process steps permit carrying out each reaction
within the optimum temperature range. Consequently the formation
of unwanted by-products is reduced to a minimum; and a recrystal-

lization is nct necessary.

The first reaction takes place in a heated fluidized sand bed.
There is practically no abrasion and therefore the reaction gases
need not 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 necessitate filtration
and crystallization. The reacticn heat is used for preheating
ammonia. The melamine formed in the catalyst bed is gaseous at
reaction temperature. It is condensed in a subsejuent cooler,
where melamine crystals are formed in an aqueous suspension. The
remaining components of the reaction gas mixture can thus be

separated from the suspension very easily.

The melamine can be easily separated from the mother liquor by a
centrifuge or a filter. Due to this wet separation and the subse-
quent drying melamine with high bulk density is obtained. High
bulk density is an advantage for storage, transport and further

processing.

According to the overall equation 2.86 tons of urea are theoreti-
caliy needed for the production of one ton of melamine with 0.81
tons of ammonia and 1.05 tons of carbon dioxide as by-products.




As the formation of melamine from isocyanic acid has a yield of
91 - 95 3, 3.1 tons of urea are required to produce one ton of

melamine in practice.

The unreacted isocyanic acid is hydrolized into ammonia and

carbon dioxide or formed into urea.

PROCESS DESCRIPTION OF A 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 there is of course no need to melt it. The melt is delivereAd
to the decomposer (3) by pumps. The heat required to decompose
the urea is obtained from a circulation salt bath which is main-
tained at the right temperature. The reaction takes place in a
sand bed reactor, fluidized with hot ammonia. In the decomposer
(3) a gas mixture, consisting of isocyanic acid and ammcnia, is
formed. This is delivered to the catalyst reactor (5), where the
isocyanic acid is converted to gaseous melamine, and carbon

dioxide is set free. The reaction heat is used to preheat wrmionia.

The mixture of gaseous melamine, ammonia and carbon dioxide goes
to the separator (6) where fine crystalline melamine suspended in

water is obtained by direct cooling.

Due to extraction of heat by water evaporation the separation
gases entrain water vaporous. A greot part of this water vapour
is condensed in the following off gas cooler (7) and returns to
the separator (6). The off-gas is sent to the off-gas treatment

unit.

The suspension from the separator (6) is pumped into a collecting
tank (8) and cooled via cooler (9), whereby part of the dissolved
melamine crystallizes out. '




The suspension is pumped to the centrifuge or filter (10) where
melamine crystals and liquid are separated. The mother liquor is
recirculzted to the melamine separator where it serves as a

cooling agent.

To obtain the desired moisture in the final product the melamine
from the centrifuge or filter is dried in drier (11). The cooling
zone in the drief cools the melamine so as to be suitable for
storage.

The sieve (12) and mill (13) beyond enable removal of agglome-

rates formed in the drier.

The product from the drier is ready for sale. It is weighed (14),
bagged and stored.

Off-gas utilization

The off-gas consists of carbon dioxide, water wvapour, inert gases
and a lot of ammonia. The major part of this ammonia was fed to
the catalytic reactor in the synthesis for the fluidization. The
minor part was set free during reaction.

There are different alternatives available for utilizing the off-

gas and mother liquor economically.

The following possibilities may be mentioned:

a) Separation and return of the ammonia from the synthesis and
absorption of the residual off-gas to produce an ammonium
carbonate solution. This carbonate solution can be delivered
to fertil.zer plants for conversion into ammonium nitrate,

ammonium sulphate or ammonium phosphate.




When passing this amnonium carbonate solution to an urea plant
congsideration should be paid to the fact that the hight per-
centage of water reduces the efficiency of conversion into
urea.

An improvement is obtained througn conversion of the ammonium
carbonate into an ammonium carbonate solution, thus reducing
the water rate.

A better alternative would use a process, daveloped by Chemie
Linz and used in serveral plants.

b) Obtain an ammonium carbonate solution as in a) above and
separate this into ammonia, carbon dioxide and water, with
only marginal increase in investment and utility requirements.
Thus the melamine plant is independent of any other plant

because the pure ammonia can be exported in liquid form or
used anywhere.

PROCESS DESCRIPTION OF AN OFF-GAS TREATMENT UNIT

The off-gas goes to the ammonium carbonate column (=NH3-separa-
tion, 21) where CO2 is washed out forming an ammonium carbonate
liquor supersaturated with ammonia. The surplus of ammonia is
cooled and dried with liquor ammonia on the top of the colmn.
The bulk of this ammonia is compressed (16), preheated (4) and
returned directly to the melamine plant for re-~use. A small part
of this ammonia stream is further compressed (17), liquified
(18), separated from residual inert gases and fed to the top of
the ammonium carbonate column (21).

The balance of the ammonia gas obtained at the top of the column
(21) leaves the plant and is available for further use in other

units. This quantity corresponds to the ammonia produced during
the melamine synthesis.




The ammonium carbonate solution is stripped off from the free
ammonia in the NH3 stripper (15) and delivered to the lower stage
of the CO2 stripper (19), which operates under elevated pressure.
In the lower steam-heated stage the ammonium carbonate solution
is decomposed. In the upper stage the NH3 is scrubbed with water
and the pure C0O2 leaves the plant for further use. The ammonia
water obtained in the sump, which still contains slight amounts
of carbon dioxide, transfers its heat in the NH3 CO2 stripper
(20). A high proportion goes to the ammonium carbonate column
(21). The remainder is decomposed in the NH3 CO2 stripper (20).
Gases expelled in this column are recycled to the ammonium carbo-
nate column. The separated water can be used as washing water or

purged.




CONSUMPTION FIGURES PER TON (METRIC) OF MELAMINE

Consumption Expected
Urea (100 %) 3.10 t
NH3 liquid 0.3 t
Process water (condensate) 1.2 ¢t
Catalyst )
(2 years*® life) 2.5 kg
Electric power 6 kV 500 kWwh

500 vV 280 kWh
Fuel 14.4 Gj
Steam 15 bar 3.0

6 bar 4.0

Cooling water 15 oC 800 m3
Nitrogen 5 bar 40 Nm3
Instrument air _ 40 Nm3
Compressed air 400 Nm3
Credit
NH3 gas 1 bar 1.2 ¢t
C02 gas 20 bar
Condensate .
Effluent
Mother liquor from recrystal 0.03 m3

with 1 kg melamine
20 g NaOH
90 g Na-ammelide

0.03 m3
Cooling water 800 m3
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1.1,

1.2.

2.2

2.3

M

Chemserv

max.

Raindensity (rmm/h) 26,5 (mm/h) during 20 min.
Snowhight (m) 17 em/day

2
Snowload (kg/m ) 75 kg/nf

Air temperature:

middle temp. during a year: 10 °C
warmest month (July): 35 °C
coldest month (Jannuary): -20 %

middle temp. during a day: summer max + 27 oC
winter min - 14 °C
moisture of the air: max. 100 %
min. 18 %
middl. 72 %

Wind and air pressure:

.12

CONSULTING GESMBH
Design basis for Urea plant 1000t/day
Location of the plant
Location: Linz
Basline altitude over see:
253,80 m above Adrive = works hight 40,00 = street
Climate
Rain and snow fall:
2
max. 180 1/ha, sec. during 15 min. (1 ha = 10 000 m )




| T

.2.3.1. main direction of the wind (in %):

| W 33,1 % E
Woo18,4% N
' SE 17,8 % s
NE 8,7% S

l Industry air

2.3.2. kind of air in this area:

l2.3.3. Wind velocity and pressure (max):

0 - 6m: v = 28,2 m/s

' 6 - 8m: v = 32,2 m/s
8 - 20m: v = 35,8 m/s

20 - 100 m: v = 42,0 m/s

middle wind veloecity: 2,5 m/s

2.3.4. Air pressure:
normal:..... 738 mm Hg
min.: ....- 711 mm Hg
MAX.: .ooa- 760 mw Hg

Underground water level:

highest level about + 247,5 m over see

g
wn
.

Frost Egint:
0,90 m under ground

- -aR G GEn -l O T @ - -
N
.
&
.

8,2 %
6,9 %
4,4 %
2,5 %

W WO WO W

50 ke/m
65 kg/m
80 kg/m
110 kg/m2

./3




Architecture basis:

Limited building hight: no

Freebord under piperacks: 4,8 m

Earthquake force: 0,005 g

mergtes: (wHliHes)

Steam:

Kind of steam:

pressure (bar)
normal max. min.

6 7,2 5
22 25 21

temperature (°C)

normal max. min.

25C 160
300 (216-230)

200
230-260

compressed- and instrument air, nitrogen:

pressure (bar)

max. min.
Instrument air: 7,4 6,6
compressed air: 4.5 2
nitrogen: 4,5 2,5

temp. ( %) Moisture

20 -

20 ~urtil 100 %
3

20 30 g/Nm

‘/u




b.3.

Iu.3.1.
'u.3.2.
lu.u.
l...
i

4.5.

Electrical energy:

numbered

tensiaon of phases Frequent
Engine 160 KW 6 kV 3 _ ACS50Hz
Engine 160 KW 500 V 3 AC 50 Hz
Lights 380/220 V 3/Mp .. AC 50 Hz
Control tension 220 V 2 AC 50 Hz
Instruments 24 vV 2 _ AC 50 Hz
Signal devices 24V 2 DC
Magnet valves 24 v 2 _IBC
hand tools and hand lights b2 v 3,2 AC 50 Hz

electric protection standards:

6kV - net : -
500 V net
380/220 V  net :
42 V net

220 V - control tension:
lightning protection

Electrical instalations are under ground, under floor or on piperacks (it
depends of kind of using).

Wast water:

Wast waters (Rain, cooling water and plant water) are drained:
canal: concret, not resistent against acid canal sole + 249,5 m

Water: river water (cooling water)




4.5.1.

4.5.2.

4.5.3.

Physical data:

Net-pressure : normal 2,2 bar
max. 3,3 bar
min. 1,6 bar

Temperature : max. 21 %
min. 2%

water temperature after heat exchanger: max. U40 °c

allowed cool water heat-up: At < 15%
Af =215 Oc inspecial cases after
discussion.
Fouling-factor: mzh e
for wall temperature (water side): < 50% :2x 107 T
o}
> 509 : 4 x 107 TEE
keal

The cooling water lines installation (under or over ground) depends on the
using case.

Water analysis (industrial water)

pH 8,0
conductivity 263.10‘6 skm
free CO, 2 mg/l
0, 6,7 mg/l
allality 2,5 mval/l )
hardness 8,6° d.H.
carbonat hardness 7,1° d.H.
rest hardness 1,5° d.H.
MgO0 19,4 mg/1
Ca0 58,8 mg/1

.16




4.6.

(9]
.

evaporating wast at 150 %
glowing wast at 650 °c
KMnOu

Fe

Sio,

B5E

sdspended metter max.

normal

Boiler feed water:

pressure: min 3 bar
mx 6 bar
Temp. max 90 °C

Raw materials:

liquid ammonia:

max. 13 bar
normal 10 bar
min. 8 bar

pressure:

214 mg/1
122 mg/1
19 mg/1
0,31 mg/1
3,9 mg/l
156 mg/1
0,08 mg/1
14 mg/1

9 mg/l

29 mg/l

0,19 mg/1
0,12 mg/l
6,6 mg/l
4.0 mg/l

12 mg/l

3 -4mg/l

(can be higher for

short time)

J7




5.1.2. Temperature: max. 25 °C
normal O to + 10 °C
min. - 15 %

L e - -_—— — —amm—
[
-
]

5.1.3. Analysis:
NH, 99,8 + 99,9 weight - %
H,0 0,02 + 0,10 weight - %
S 1 ppm normal case
2 ppm brache down case

0il and Fe little amount
rest gases 200 to 400 Nml/100 g NH, (liquid)

analyses of rest gases

co, . 10 + 20 volume %
H, 20 + 3G volume %
CH, 25+ 35 volume %
' N,-Av 25 + 35 volume %

'5.2.1. pressure : 0,1 bar

|5.2.2. temperature: max. 40 °C

. 5.2.3. analyses: o
' Co, max. 99 min. 90 volume %

Inert gases: max. 10 min. 1 volume %

./8
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6.1.

a) at max. 10 volum % irerst gases:

H, 60 - 70 vol. %
N, 25 - 33 vol. %
Ar +CO 3 - 7 vol. %
Cﬂu 2- 3 vol. %

b) at min. 1 vol. % inert gases:

H, 90 vol. %
N, 10 vol. %

3
H,S max. 1 mg/Nm CO, (normal case)
3
2 mg/Nm CO, (trouble case)

H,0 - saturated (0,1 bar, 40 °C)
diverse:

max. noise: 85 dB (nearer than 1 m to the engine)
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CONSULTING GESMBH

Inspections adviced by Austrian law, which are done by T/RV

1. Steam boiler (generator):

These are vessels closed on all sides, which are producing vapors with a
pressure higher than the atmospharic pressure, the vapors are used outside

the vessel.
pxv> 20 (1 bar) at p> 1 bar

2. Steam vessel:

These are vessels in which vapors are produced by chemical processes or in
which vapors are dilivered to start chemical processes.
p x v>300 (1 bar) at p> 1 bar

add. 1. and 2.

-~

Before starting manufacturing the calculations and drawings are checked by
the TUV.

After manufacturing the TUV control if the vessel is exactly made like the
drawing and if the right, checked materials are used.

After this a water-pressure test is made, sometimes nondestructive testing
are done by the TUV.

If all the test are positive, the TUV will give his stamp on the vessel-sign
and the TUV also write a Steamboiler or steamvessel certificat.

Before start up it is necessary to check if all the adviced equipments are in-
stallated and if they are functionable.

/2
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Equipments for steam boiler:

Water level indicators (ones must be a water level indicating glass)

Safety valve (they must blow down at the highest allowed working pressure
(release pressure) and they must be able (together) to blow down whole the
vapor which is produced in the vessel, without increasing the working

pressure more than 10 %.

steam pressure indicator

water level mark (which shows the lowest allowed water level)
manufacturer sign with name , place, rumber, year of manufacturing and
highest allowed steam pressure.

Other devices you will see at the sketch.

consumer
check_valves Level measurement
Dt

% -feed head (feed valve +

empt va7ve for shut valve).
. Walfoefj‘l‘and mud W ~backvalve

L

, |
—>d [—J -y
f




Equipments for steam vessels

Each room need a pressure indicator and a safety valve.
Ather devices ycu will see at the sketch.

v

4l
o

Condensal
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Inspection intervalls of steamboiler and steam vessels

inside inspection: all 3 years
main inspection: all 6 years
outside inspection: every year between main and inside inspection.

main inspection: inside inspection + outside inspection + water
pressure test.

outside inspection: main points are the equipment and their function.




3. Pressure vessel (tank)

a) stationary pressure vessels:

Vessels in which compressed gases or liquified cases are stored
(in pressure higher than 1 bar).
pxv 300 (1 bar), with p max
p x v 3000 (1 bar), with p max

pressed air, nitrogen or inert gases.

3 bar by pressure vessels in general.'

10 bar by presisure Jessels for comi-

t -y

Equipment: pressure indicator and safety valve

Inspection intervalls:

k Inner inspection: all 3 years (pressure vessels in general)

" main insepction: all 3 years (pressure vessels in general and vessels

b.§ for, compressed air, nitrogen and inert gases)
l b) moveable pressure vessels (dispatch tanks)

devided in:

- bottles (e.g. compressed air bottle)}: diamiter until 420 mm, 2 m length,
150 1 volume

- tank container: volume more than 450 1 with load suspension divice.

- barrel

- vehicle vessel (volume more than 1 000 1)

- Put on tanks

- Battery of bottle cells

- Battery of barrels or tanks

- fuel tanks

dispatch tanks for liquid, granular or powdery materials

Inspection methods and inspection intervalls are given in the international
requlatior RID (for railways) and ALR (on roads).

/5
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Ske*ch of pressure vessel and bottle:

nNIPnNNNINN IIOI
o : 150bar
::; 6bar |
Z ;—J §
: -l R b
g.@.% ' ' - - i 22,0 -l —
T T rrrrereT)
1 M

T -

Delivery fank
f.e. Ammonio liguid 2-07
gastous =077

Tkg liquid fo 1861 filling
401 liquid 215kg =~ 28 m} gas

SV - Safely valve
Pl = Measure instrument (pressure)
?= density

-

add, 1.,2.,3.: There is no inspection regulation for pressire vessels which

arc under the given pressure-volume-mark (p x v). The inspection should be
done if the conditions of the vessel demand it (order for inspection come

from plant side).

./6
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4. Centrifuge (separators)
Before start up the TUV had to do a design test (only centrifuge drum)

and an acceptance test.

By the calculation of the drum you had to use the safety factor 4 for the

breakina strength of the used material.

By the acceptance test you had to check if the function of the cover locker

is so, that it can only be opened by standing drum.

Inspection intervall: every year.

cenlrifuge

-

cap with lock equipeinent

" / sorcler -
pun— !

A1 TN

~=_] - 'J [ Cdase

~l- cdrum

e




5. Lifting gears (hoists)
It includes Cranes, winches, electric cain hoists and pulley blocks. The
first inspection is done by the TUV.

Building crane and building lifts must be checked by the TUV after every
new errection on a new place.

Inspection intervall: every year

t—— sy GNE SN OB =
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arf Ving room

I
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6. Lifts
Inspection: after errection; every year

5;7C7fl
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_ counterweight —
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ORGANIZATION OF THE MATERIALS TESTING DEPARTMENT

Head of Departmen

Administration

(Secretary)

-

Non-destructive
Testing

Metallography
Destructive Testing
Welding Metallurgy

Corrcsion and
Chemistry

Engineer (mechanical)

Engineer (mechanical)

Engineer (chemical)

5 Inspection Men

3 Inspection Men |

2 Assistant Chemists

X-ray

Iridium 192
Ultrasonic Testing
Magn. Crack Detection
Dye Penetrant

Micrography
Heat Treatment
Tensile Test
Impact Test
Hardness Test

Corrosion
Qualitative Chem.
Analysis
Lubricants

Paints & Varnishes

C m—




MATERIAL TESTING DEPARTMENT IN THE CHEMICAL INDUSTRY

SCOPE OF WORK

P —— = = = 2 o o S|EIITWIRIJPONID=2T ===t

The work of a material testing department can be described as

follows:

1. The department is responsible for all materials which are used
in the plant on vessels, pipelines, engines and structures.

2. It has to ensure that the right material is supplied for a

given process or service conditions.

3. It has to check the vessels and installations in service for

damages, and suggest measures to avoid such damages.

4. It has to ensure that construction and mairtenance work is
done properly from the point of view of the applied material

and the service conditions.




Materials used in the chemical industry
1. Most widely used are the metallic materials

a) Within this group iron an steel and its alloys have the
broadest application, for instance:
carbon steel, cast iron, steels for boilers and heat
axchangers, where little or no corrosion is to be feared;
steels for lowtemperature service, stainless steels, ferritic
end austenitic, for ccrrosive environments, steels for high-

temperature service, steels resistant against attack by
hydrogen, etc.

b) Nickel and its alloys, for instance:
nickel-molybdenum alloys of the Hastelloy type and nickel-
chromium alloys of the Incoloy and Inconel group, for corro-
sive environments or high-termperature service; nickel-copper
alloys in plants for water treatment. '

c) Copper and copper alloys
These materials are not as widely used as the above men-
tioned. For instance: heat exchangers .n the oil systems of
turbines and compressors are made of these materials.

d) Aluminium and its alloys, mainly for storage tanks and pipe-
lines for relatively non-corrosive media.

e) Lead 1is no lorger used on a wide scale; it is found in some
parts of sulphuric acid plants.

ja




a)

b)

c)

d)

e)

Non-metallic materials

Enamelled vessels; valves and pipes for high corrosive ser-

vice or where high purity of the product is demanded, i.e. in
the pharmaceutical industry.

Rubber lined vessels

Natural and synthetic rubber is a very good corrosion-
resistant material which can be used in a rather wide range

at ambient or slightly elevated temperatures, i.e. up to 80
degrees centigr. at the utmost.

Thermoplastics, (for instance: polypropylene, polyethylene or

others) have like nearly all organic materials a temperature
limit of application.

Fluorinated plastics like Teflon and Viton, which have high
corrosion resistance and a high tenperature limit.

Resins - phenolic, epoxides, etc. - which can be used as
corrosion or weather resistant overlays on the inside and
outside of tanks, vessels, even heat exchangers.

To deal with materials successfuly the 2xpert has to know:

]

the chemcial composition,
the metallographical structure.

- the mechanical values,

the influences -~ mechanical, thermal, chemical

- upon the

material under service conditions.
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Therefore in our department we have three main kinds of tasks:
1. mechanical and metallurgical,
2. non-destructive testing,

3. chemical, that is in the field of corrosion.

For the above mentioned problems it is necessary to use a certain

range of investigations.

1. Identification of materials

At repair and maintenance of erngines it can become necessary to
replace damaged pieces, for instance bolts, small axles etc., the
material of which is unknown. Therefore one has to make some
identification tests; hardness, metallographic structure, tensile
and yield strength.

This kind of test must also be done when there i3 no connection
hetween the delivered material and the certificate of the

manufacturer.

2. Investigation of damage

Here the visual investigation of the damaged parts under a
binocular microscope is one of the most important methods. For
instance: in case of rupture the operator car find out whether
fatigue of the material, corrosion or mechanical force initiated
the cracking of a piece under investigation.




L
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3. Non-destructive testing

Non-destructive testing is mainly applied to check conscruction

and repair work, i.e. check the welding. It is also used for

detecting failures in material such as sheets, pipes, castings,

etc.

Such defects may be cracks, slags, piping in castings, etc. In the

case of welding checks the investigations have to ensure that the

welding has been done properly, that any pores are not unduly big

or numerous, and that no slag and no cracks are present.

The methods in this field are:

- radiography, x-rays or radio-isotopes,

- ultrasonic measurements,

- crack detection by the magnatic method or dye penetrant,

- control of temperature in case of heat treatment - preheating
and post-weld heat treatment.

4. Corrosion

Control of vessels running under severe conditoins by means of
visual 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 samples in the vessels.

ul




It must be pointed out however, that none of the above-mentioned
methods can be used in isolation:; it is necessary to apply two or
more methods to clear up a case. Therefore the expert in material
investigation has to keep all these possibilities in mind. Further
the material testing department has to make proposals upon the
application of materials in new installations or plants, upon
issuing standards for material quality, welding procedures,

control and investigation work.
As manifold as the work to be done is the equipment.
1. Mechanical and metallurgical testing

Here our department can do the following investigations and tests:

a) Measuring yield and tensile strength by a testing machine with
a load of 20 tons.

b) Moasuring hardness by two hardness-testers, one for Vickers (Hy)
and one for Brinell (Hg).
The Vickers tester works with a diamond shaped like a pyramid,
with a quadratic base, which is impressed into the surface of
the material. The Brinell tester works by means of a sphere
made of hardened steel; one gets an impression in the form of.
a circle.

c) Measuring impact strength.

d) For metallographical work we have grinding and polishing
devices, to manufacture test pieces, which are to be
investigated under a metal microscope.




2) A binocular microscope for visual investigation of damaged
pieces of equipment.

2. Non-destructive testing

a) Radiography
For this kind of work we have 2 sets of apparatus for x-ray
with 160 and 240 kilovolts respectively, as well as 3 sets of
apparatus with radio-isotopes. We use iridium 192.

3.In the field of corrosion there is the usual laboratory
equipment. But as already mentioned we do a lot of investi-
gation work with samples in the vessels, which gives better
results, as the samples are tested directly under service

conditions.
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2. ACTIVITIES
Erection of new electricsl plants managenent of elec. equipments
= detail ernginearing - = periodical tests
- work oat orders " = maintenance
« check marufacturs of eleotr. = repair of breakdowns, mistakes
equipments a. troubles

~ start all the new electr. equipments

The electrical department is responsible for the right tchnical planing
and for the working of all electrical equipments without troubles. -

- —

}.DATL -7
Rlectric power su CL I and CL II
Consumtion of elestric emergy per year 700 Mill. M imol. 5 % salt
generating
power top ~ 94 XW

efficiency hours ~ 8000 hours .

Transformerss 8 x20 HVA
2x 31,5 VA
78 transformers from § or 10 k¥ to 500 or 660 or 380 V2

-~ 90 XVA

} 223 XVA from 110 kV to 6 (10) kV

Swritch fields: 12 piece eoncee 110 KV
185 (AR X RIN X XX R J 6 O’ 10 kv
225 cevececcves for transformers, motors and distridbution

Cable networks high and low tension oable ..... 280 Xa (in the earth)

Electrical equipments in production ghnt-;
12 000 high and low tension motors (incl. rum) with & domtmy rete of

3:4% (dmcd. 1% olootrien num)
40 000 lazps
3 000 magnetio valves
20 000 alarmes
3 000 telephonapparstus




Lz.No. ! building: i plant: accounting dpt.:
f |
driving (no or: reference No.:
. ', date: ;
. ' firm:
firm: i
fabric. No.: o
type: kw % ED Rpm
shape: kW s ED Rpm
explos. protect.: v S0 Hz e2 = \Y price:
coastruction A i2 = A dimension sketch:
GEAR: T oo coay= Ja/Jn = dispatch:
firm: Q - ¥ Ma/Mn =
fabric. No.: - . i
type:
shape:
squirrel-cage / slip-ring runner expl. protect. res¢ript:
gear ratio: . .
Rpm: expl. protect.: te = 8 goods received:
- I —__linsulation class: date:
spare part: Lz.No. shaft end Kkp No:
same dimension - e e ] account No.:
installed sp part:. \ drum - i rm mm g
) V = ' m/8 mm rubber 1
{ coated
e e e : - e e
- coupung. belt diac:
. fo t.or / qear . _ flangemotor / gea;'—w - 7177 “remarks: -
B = . D = ] mm Pwm i min K= mm
A= E = mm N = " mm D= nm
Ha= F = mm M = ) mm E = mm
C+E= i GA = mm T = - mm
] : !
. ,
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going out firm return
Kind of repairing work account No. comming in | workshop el.dpt. ready at workshop el.Gpt.
e e e e e — SRR e . - - e e
- - e g e as o i a e e amcn s an — - enee e i e —m e o v . oo
LOCATION: REMARKS:
T T -
date building i plant | driving motor | back (date) remark | ordered by
!
! T
' H h - v
: i
1
v
; |
} t '
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BALANCING AND MEASURING VIBRATIGH

l1.Balancing

1.1 Introduction

Unbalanced centrifugal forces and momenta are undesirable because

because of:

- high dynamic bearing forces -- reduction of useful life
- vibration -- fatique fracture

- reduction of friction

- reduction of porduct value {employment)

- noisy machines

- influence on personnel
Balancing is the process of attempting to improve the mass

distribution of a body so that it rotates in its bearings wihtout

unbalanced centrifugal forces.

1.2 Measuring unbalance

Unbalance is a vector, therefore the amount and the wngle of

unbalance must be measured.




1.2.1 Centrifugal balancing machines

(balancing machines that provide for the support and rotation of a
rotor and for measuring vibratory forces of motion due to

unbalance in the rotor once per revolution)

a)

b)

Soft bearing (above resonance) balancing machine

(operating at a speed above the natural frequency of the sus-
pension-and-rotor system)
Resonance balancing machine: a balancing machine operating at a

speed equal to the natural frequency of the suspension-and-
rotor system.

Compensating (zero force) balancing machine: a balancing
machine with a built-in calibrated force system which courter-
acts the unbalanced forces in the rotor.

Direct reading balancing machine: a balancing machine which

indicates the unbalance directly.
Hard bearing (below resonance) balancing machine

a balancing machine operating at a speed below the natural
frequency of the suspension-and-rotor system. A dynamometer and
an extremely rigid foundation and machine construction must be

employed.




c) Field balancing

The process of balancing a rotor in its own bearirgs and
supporting structure at full speed. Measurements are m< le with
field balancing equipment.

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

motions of the supporting structure and/or measurements of
other responses to rotor unbalance.

1.2.2 Indicating systems

wattmetric indicating system

voltmetric indicating gystem with phase-sensitive
rectifier

voltmetric system with stroboscope and filter

I - voltmetric indicating system with marking of ungular po-

sition on the rotor itself

compensator with mechanical or electric indication

1.2.3 Motion transducer

- piezo-electric motion transdueer: the voltage signal is

prcportional to the acceleration
- electrodynamic motion transducer:

the voltage signal is
proportional to the velocity

~ inductive motion transducer: the voltage signal is propor-
tional to the displacement




1.3 Balancing procedures

1.3.1 Static balancing

(is a condition of unbalance for which the central principal axis
is displac’ i only parallel to the shaft axis)

Por 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. Single
plane balancing can be done on a pair of knife edges without
rotation of the rotor (gravitational - non rotating ;-balanciné

machine) but is now more usually done on centrifugal balancing
machines.

1.3.2 Dynamic balancing

(is a condition in which the central principal axis is not coin-
cident with the shaft axis)

E; Ex

A, A,

B I 'k

E 1,2 ... Correct.on plane
Al,2 ... Measuring plane




a) A run with the original undalance.

The vectors,
-

V4; 0

K0

b) A known trial mass (ml) is mounted in plane El. The vectors
V 1,1 and V 2,1 are measured. Remove the trial mass and note

are measured

the position at OoC.

c) A known trial mass (m2) is mounted in plane E2. The vectors
V1,2 and V 2,2 are measured. Remove the trial mass and note

the position at 0oC too.

Evaluation

Graphic evaluation: rarely used because it is protracted and
_ fallible.
Numercial evaluation: for equation see "St: cic and Dynamic Balan-
cing". It is best calculated with a pro-
grammable calculating machine.
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1.4 Balance Quality of Rotating Rigid Bodies

Even after balancing the rotor will possess residual unbalance. By
means of the measuring equipment available today unbalance may now
be reduced to rather low limits. However, it would be uneconomical
to exaggerate the quality requirements. To which extent the
unba.ance must be reduced, and where the optimal economic and
technical comprise on balance quality has to be struck, can be
correctly determined in individual bases only by extensive
measurement in the laboratory or in the field.

In general we can say:

The residual unbalance force: F = m.r.w2 m = unbalance mass
Acceptability limit: F = G/10 G = rotor weight

It follows: m 10 x f.:% m (kg); G (N); r (m); N (m'.n-])_

For example: G = 100 kg
= 100 10 1,000 3 x 10 kg = 3
r mnom O XgTxe000 0 X 0 ke <8
n = 6000 min

Terms of reference are given by VDI 2060:

On the basis of section 1.4 balance quality grades have been
established which permit classification of the quality
requirements. Each quality grade Q comprises a rance of
permissible residual unbalances (e.w.).

See figure 1.




The quality grade Q equivalent to the centre of gravity-velocity.
The centre of gravity-displacement is given by:

e=3  Qm/s); wi(sT); e (mm);

The permissible residual unbalance:

m=%%  n(g); e (m); G (ke); r (w)

For example:

= 100 kg

= 100 mm

= 6000 min"'
= 2.5

= 0.004 mm
=4q

8 0o O b5 1t Q@

In general, for rigid rotors with two correction p.anes, one-half
of the recommended residual unbalance is to be taken for each

plane. For disk-shaped rotors the full recommended value holds for
one plane. '

2. Measuring Vibration

2.1 Introduction

High vibration is undesirable, for the reasons given in section
1‘1.
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2.2 Hints for measuring

It is possible to measure displacement, velocity or acceleration.

For evaluating

(S;v-g%a-g’?s)

the vibration it is best to measure the rms-value of vibration
velocity V rms.

s 11 T vz (t) dc

The vibration severity of a machine is to be measured at

operational speed. For variable-speed machines the measurements

should be made at many speeds in order to locate :the resonance
frequencies which may possibly occur.

~

The machine support may significantly affect the vibration levels
measured on the machine. During testing the machine should be
either mounted on its operational foundation or - in case it is a
small assembly - soft mounted/suspended on springs.

Test sould be made preferably in x, y, z directions (choose the
bearings of the machine).
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2.3 BEvaluation Standards

Comparing the measured values with the limit values specified in
the recommendations, will permit an estimation of the severity of
vibration to be carried out readily.

A machine may be gqualified according to the examples of Quality
Judgement (see "Vibration Signature Analysis Techniques and Sy-
stems"). At first the tested machine has to be classified accor-
ding to one of the six specified machine classes. Subsequent-ly
the limit values for the quality groups "good"”, "allowable", "just
tolerable” and "not permissible”, can be taken from the approp-
riate table. By comparing the measured vibration severity with
these limit values an easy evaluation of the vibratory state can
be made. Up to now, examples of quality judgement have been estab-
lished by the International Standard Organization VDI 2056 for the
machine classes K to T. The machines in classes D and S§ vary
considerably in their vibration characteristics and for this rea-
son a classification in the same manner as with the first four
classes has not yet been possible. For further explanations refer
to the detailed description of proposed VDI 2056, ISO 2372, BS
4675.




/
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Definition of machine classes

Class K:

Individual parts of engines and machines, integrally connected
with the complete machine in its normal operating condition
(productior electrical motors of up to 15 kW are typical of
machines in this category)

Class M:

Medium-sized machines (typically electrical motors with 17 to 75
KW output) without special foundations; rigidly mounted engines or
machines (up to 300 kW) on special foundations.

Class G:

Large prime movers and other larger machines with rotating mass

mounted in rigid and heavy foundations which are relatively stiff
in the direction of vibration measurement.

Class T:
Large prime movers and other large machines with rotating mass
mounted on foundations which are relatively soft in the direction

of vibration measurement (for example turbongenerator sets,
especially those with lightweight substructures).

10
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Class D:

Machines and mechanical drive systems with unbalanceable inertia
effects (say, due to reciprocating parts), mounted on foundations
which are relatively stiff in the direction of vibration

measurement.

Class S:

Machines and meckanical drive systems with unbalanceable inertia
effects (say, due to reciprocating parts), mounted on foundations
which are relatively soft in the direction of vibration
measurement; machines with rotating slackcoupled masses such as
beater shafts in grinding mills; machines like centrifugal
machines, with varying unbalances, capable of operating as self
contaired units without connecting components; vibrating screen,
dynamic fatigue-testing machines and vibration exciters used in

processing plarnts.

11
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CONSUWLTING GESMBH

FPAULTS

This survey of faults in operation is not focussed on a particular

turbine - in other words it is of purely general interest.

1) lubrication and bearings
2) safety and monitor devices
3) control system

4) steam quality

5) blades

6) labyrinths (shaft seals)
7) noise and vibration

8) general points

1) Lubrication

1.1 Bearing temperatures rise

If bearing temperatures rise, this represents a serious danger to
the turbine, which must therefore be shut down immediately if no
success is achieved in dealing with the cause listed below and
lowering the temperature to the values given in tne data sheets.
various factors may be responsible for bearing temperatures

rising:

1.11 Shocrtage of coolant water:
This means that cooling is inadequate, which can be
recognized by a rise in outlet temperature of both o0il and

water from the oil cooler.

—
e




1.111

1.115

1.121

»

1.122

Coolant water inlet temperature too high

1.112 0il cooler clogged:

This may affect either the water or the oil side; it
is revealed by the o0il outlet temperatur rising while
the coolant water outlet temperature stays the same or
goes down (see section 1.34).

If 2 0il coolers are installed, switch over.

Insufficient bleeding on the coolant water side of the
0il cooler: interferes with heat transfer as in 1.112
(see section 1.12 for bleeding on the oil side).

1.12 Shortage of oil:

Shortage of 0il is revealed by a drop in o0il pressure;
it is due either to the oil reservoir sinking too far,
or to insufficient bleeding of the o0il cooler, oil
filter - particularly in twin systems - or other
leads to unsatisfactory cooling and inadequate lubri-
cation.

0il filter clogged:

If spring-loaded bypass valves are fitted,non-purified
0il enters the bearings (see section 1.3).

Keep an eye on the pressure drop or the pressure drop
indicator. If a twin oi} filter exists, switch over.




1.123The auxiliary o0il pump gets switched off too soon
after the turbine has been shut down - keep an eye on
bearing temperatures and switch auxiliary oil pump
back on. The process of final cooling down is con-
cluded only when the heat stored in the impeller and
and housing has been conducted away (see secion “shut
down"™ in the user manual). Keep to the guidelines
provided by the AEG-Kanis staff on site during commis-

sioning.

1.124 Replacing oil cooler:
) If the 0oil cooler is not replaced properly, damage
- will result. To reduce the risk of this happening as
far as possible, it is a good idea to affix a flow-
sheet next to the oil coolers.

1.13 The causes listed above apply in the case of insufficient
heat dissipation in relation to constant heat input. How-
ever, it can happen that heat is dissipated satisfactorily
in line with the design data, but excessive heat is input
and leads to a bearing temperature rising. Examples of such

causes:

1.131 Rough running due to serious mineral despits on blades
(increased frictional heat)

1.132Increased axial thrust on the thrust bearing in the
case of serious heavy mineral deposits due to in-
creased impeller chamber pressure (increased fric-
tional heat)




1.133Vibration in the machine driven transmitted to the
turbine

1.134 Incor~ct alignment (increased frictional heat)

1.135 Extended turbine operation with steam conditions for
which it was not designed (e.g. running without a load
for too long: the bearing on the exhaust steam side
gets too hot) .

1.136 Damage to bearing metal, due to mixed friction

1.137 Damage to bearing metal and bearing surfaces as a re-
sult of storage and/or transport

1.138Interference with free thermal expansinn (serrated

coupling jams)
1.139 Shims yield

1.14 Unexpected causes which can neither be identified quickly
nor dealt with at once.
If suitable measures (e.g. for sections 1.131 to 1.135 pro-
viding spare capacity in the design of the heat dissipation
system) fail to lower the bearing temperatures to the levels
specified, the turbine must be shut down.
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1.2 Lubricant o0il pressure too low

This will cause damage to the turbine; so the auxiliary oil pump

must be switched on at once, possibly by a monitor device in the

automatic switching-on mechanism. Possible causes:

1.21

1.22

1.23

1.26

Main lubricant o0il pump no longer pumps

Main oil filter clogs:

In the case of filters with a relief safety bypass,these by-
passes open, so the supply of cil to the turbine continues.
Open and clean the oil filters.

Shortage of oil due to leaks:

Can easily be detected from the o0il level (cf. section
1.12). At this point the turbine manufacturer recommends
fitting a mechanical lock on the shut-off valves on the oil
pumps and oil reservoir, so that they cannot be closed by
accident or by unauthorized persons.

Rise in oil supply temperature

Insufficient final cooling time for the bearings after shut-
ting down. 1f in doubt, cool down for too long rather than
too short a period. (Cool down either with the auxiliary oil
pump or with a special final cooling pump.)

Unforeseeable causes which can neither be rapidly identified
not dealt with at once.



Note

In some oil system circuits the bearing oil pressure drops
from a higher value to that specified in the data sheet as
the turbine speed increases to operating speed. This is due
to the increasing suction of the bearing with increasing
speed, and should not be regarded as a fault.

1.3 Lubricant oil contaminated

The function of the o0oil aggregate is of crucial significance for
the turbine set to operate reliably. Contaminated oil must
therefore be avoided as a cause of faults during operation.

As a matter of principle, the oil aggregate gets flushed out
before starting up for the first time (flushing o0il removed;
lines, oil reservoir, filters, etc. cleaned with care); see

supplement 4a.

1.31 After start up keep a careful eye on the oil filter (preé—
sure drop or pressure drop indicator) and clean it regular-
ly. Once the turbine has been commissioned, clean the oil
filter at regular intervals: once a week at first, later
once a month.

Keep records of this!
In the case of twin filters:
switch over and clean the off-gtream filter




1.32
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Aggregates with separate o0il reservoir:

A partitior divides the o0il reservoir into the return half
and the supply half. An oil strainer its built into this
partition in such a way that it can be removed together with
its mounting frame. As a basic rule, the strainer should be
cleaned at regular intervals after commissioning, say once a
week. Whether the strainer in the partition has accumulated
much material can be seen from the 0il levels ahead of and
beyond it; levels will be significantly different only if

the strainer needs cleaning.

A draining valve is located at the deepest point of the slo-
ping reservoir floor on each of the partition. The sludge
draining valve is locatad ahead of the strainer. To drain
the o0il reservoir completely, both valves must be opened
(because of the partition).

1.33 If condensate has got into the oil circuit, it should be

drained off with the 2 drain valves only after the system
has beerm shut down for around 12 hours, to give it time to
settle out.

Draining condensate out of the oil reservoir:

Take an oil sample once a week and test it for condensate.If
condensate is present, it may be necessary to drain it off
with the machine running, until clear oil comes out. How-
ever, it is naturally preferable to drain condensate off
only after the system has been shut down for 12 hours.




1.34 Cleaning the oil cooler:
Depending on the extent of contamination (see section
1.112), the 0il cooler(s) must be cleaned at least once a
year - both the water and the oil side. When removing the
tube stack, take great care that the gland packing is not
damaged; it must seal the sliding head efficiently. If

necessary, replace the packing.
1.35 Do not hose the outside of the oil resrvoir down to clean it
~ there would be a risk of water preheating into the

reservoir (cf. supplement 4a, section 4).

1.4 Damage to bearings caused by running backwards

Experience has shown that, when turbo compressors and turbo pumps
are switched off, there is a risk of the non-return valve in the
pump/compressor delivery pipe jamming and failing to close (or
leaking), so that aftar slowing down machine and turbine rotate in
the reverse direction. This is not good for lubrication, and the
bearings get damaged as a result, possibly in conjunction with da-
mage to the labyrinth seals and blades. (The thrust bearing is de-
signed only for rotation in one direction).

Before switching off, ensure that the non-return valves move as
freely as possible; if the pump/compressor still runs backwards,
apply countersteam immediately until tle non-return valve is
closed. The turbine must turn in the intended direction. The

tachometer does not indicate turning in the wrong direction.




The delivery pipe on the main 0il pump driven by the turbine shaft
is usually equippe¢ with a non-return valve, so that the oil
pumped by the auxiliary oil pump cannot be drawn in the wrong
direction.

Jmportant
Every time that damage occurs to a bearing, check the turbine for

correct alignment; realign with care if necessary!
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2) Safety and monitor devices

2.1 Emergency shutdown triggered by excessive speed

Possible causes:
2.11 As excessive speed may be due 0 a control valve spindle
jamming, check this by reading the valve scales before star-

ting up again (see section 3.1l1)

2.12 Pressure in delivery pipe suddenly dropping, in the case of
compressor /pump drives

2.13 If an emergency shutdown is caused by excessive speed, the
following points should be noted:

2.131 Allow the turbine to slow down to half speed

2.132 Reset the emergency shutdown valve by turning to the
right all the way to the stop, and latch it in place

2.133 Latch the emergency shutdown device in place only when
the turbine speed has gone down to roughly half of

rated speed

2.134 Set the speed setpoint to the lowest possible value

10




2.135 Before speeding up turbines with ©0il pumps driven by
the turbine shaft or transmission again, check the
lubrication oil pressure. If necessary, switch the
auxiliary cil pump on (if it does not start ﬁé aﬁto-
matically).

2.136 The turbine is ready to start running again, once the
emergency shutdown device is back to anormal and the
cause of its being triggered has been identified and
dealt with.

2.2 Emergency shutdown due to excessive wear on the thrust bearing

Applies to turbines with axial position monitor. E:..cessive wear
occurs in the case of mineral deposits as a result of the in-
creasaed impeller chamber pressure, which leads to increased axial
thrust. In addition, axial vibration of the machines driven cause
increased wear via the pressure of the coupling serrations on the
turbine impeller.

The axial pressure gauge reveals the degree of wear. Before the
limit values specified in the data sheet are reached, appropriate
steps must be taken; if necessary, ask for a fitter to be dis-
patched. The (v rbine is at risk, and if possible it should not run
until the damage has been repaired. Do not change settings.

2.3 Other forms of emergency shutdown

As regards any other emergency shutdown devices possibly included
in the supply schedule, which are connected to the 3-way solenoid
valve by means of temperature or pressure-dependent contact
devices or act on the emergency shutdown system hydraulically, the
user manual should be consulted if a fault develops:; if necessary,
it is advisable to get in touch with the manufacturers.

11
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2.41

2.4 Damage to/faults in emergency shutdown valves

Sealing surfaces:

due to foreign matter

due to excessive loading

due to the guide sleeves being detached

due to erosion of the sealing surfaces

due to the cone wobbling as a result of pressure
equalization

Glands:

due to being one up too tight (valve does not close)
due to mineral deposits (valve does not close)

due to unsuitable packing material

due to roughness on spindle

due to packing being inserted incorrectly

Dealing with faults discovered:
by means of regular checks for smooth running (see supple-
ment 16 or lé6a)

by partly closing the valves to dislodge mineral deposits,
without turning the turbine down

Important

If the emergency shutdown valve glands emit steam and get
tightened up to seal them again, it is essential to check
that the valve in question moves freely afterwards. To do
this, trigger an emergency shutdown, or close valve by hand.
The closing movement must not be impeded in any way.

12




2.5 Safety features

2.51 The automatic starter for the electric auxiliary oil

pump may fail because it is connected up incorrectly
or set wrong.

2.52 The automatic starter for the auxiliary oil turbo pump
may fail because it is connected up incorrectly or set
wruag. The manufacturers recommend fitting a bypass
with the appropriate shut-off valves in the live steam

line to the turbo pump, so that, if the automatic de-

vice does not work, it is possible to intervene

manually to ensure the supply of oil.

2.53 Spring-loaded safety and relief valves frequently

cause critical fluctuations in the flow both of steam

| and of o0il. This can be cured by:
2.531 A slight change in the setting
)

2.532 Fixing/supporting the valve, i.e. securing it
against vibration mechanically

2.533 Refitting the safety valve at a differfent point
on the line

2.534 If none of the methods just listed cures the

fault, the only possibility is to replace the

valve with the next size up or a different type.
Note

Unless the safety devices work satisfactorily,
the turbine operation is at risk.

13
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2.6 Monitor devices

All indicators, recorders and alarm devices are of great
importance for trouble-free turbine operation; if they develop
faults, they must therefore be repaired or replaced.

14
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3.1

3.11

Faults in speed control -

Nozzle group control valves

Mineral or other deposits may lead to a control valve
jamming, so that the force of the closing spring is insuf-
ficient to close the valve. In this case the turbine must
be shut down and the valve dismantled and cleaned. If the
turbine stays in operation for any reason, it is possible -
as an emergency measure - to modify the opening sequence of
the valves shown in a setting schematic (normally diagram
33). One can try to close the control valve in question by
tapping it gently, using a soft (copper) drift.

As a preventive measure, we recommend modifying the load
from time to time, ir order co prevent deposits forming on
the control valve spindles. It is possible to simnlate
changes in load by throttling the emergency shutdown valve
somewhat; the control valves then open fully and desposits
are dislodged.

3.12 As a result of fluctations in the steam mains (which may be

caused by the boiler, by a safety valve or by a pressure re-
ducing unit) a valve spindle can sometimes shear due to
alternating stresses. In such cases the turbine must be
switched off and ths valve in question dismantled. As an
emergency measure, it may be necessary to replace it with a

dumnmy .

15
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3.13 Valve getting altered or unsiutable:
use the setting schematic (normally diagram 33) to check
this and cortect it.

3.2 Speed controllers

If speed controllers jam, this is almost always due to contami-
nants.

Paults in:

speed controller supplied by KALB: see supplements 71/71a/71b/71c
speed controller supplied by Jahnss: see faults section in user
manual (list of contents, V2)

speed controller supplied by Woodward: see Woodward documentation
(documentation index in user manual)

other speed controllers: see faults section in user manual (list
of contents, V2)

3.3 External causes

The live steam pressure (and possibility the blending or reaction
pressure fluctuates, and thus affects the functioning of the speed
controller. This is usually due to a pressure reducing unit not
working properly, or to a safety valve on the boiler causing
changes in pressure.

16
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Condition of steam

Contamination with minerals

For types of contamination, and procedures for getting rid
of them, see the full explanation given in supplement 43.

The mineral content of live steam can form deposits on run-
ner and guide blades, thus gradually restricting the cross-
sections of the turbine. The extent to which the turbine has
been fouled can be judged from impeller chamber pressure and
exhaust steam temperature; it is therefore important to keep
a careful check on these.

If the live steam does not meet the purity specification
given in supplement 68, mineral deposits may develop after a
time in some circumstances. There is no way of knowing in
advance, though, which parts of the turbine mineral will be
deposited in - this depends on many different factors. ]
Mineral deposits in the initial stages cause an immediate
increase in impeller chamber pressure; on the other hand de-
posits in the later stages have very little effect on
impeller chamber pressure, but are associated with increased
exhaust steam pressure. However, this last point applies
only above the saturation line of the i/s diagram.

17
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It is advisable to take advantage of any possibilities in
existence for connecting up pressure gauges, and to pay
attention to their readings. As a general rule, the turbine
will be at risk if the pressure rises above the impeller
characteristic curve. In all doubtful cases the manu-
facturers should be called in.

Results of minerals being deposited:

Drop in performance due to simultaneous reduction in adsorp-
tion capacity and in the thermal head made use of

Excessgive load on thrust bearing
Excessive load on labyrinth glands
Excessive load on blades

Foreign bodies in steam

To protect the turbine from foreign bodies, a steam strainer is

located upstream of it; this retains any objects above a certain

grain size. Before the turbine is comaissioned, it is essential to

ensure that the steam lines are clean. If work has been carried

out on a steam line, it will certainly be necessary to clean it

again. Small foreign bodies have the same effect on the hlades as

sand blasting, i.e. the turbine will certainly be damaged as a

result.

18
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The wire mesh (wire gauge 0.4 mm, mesh size 0.6 mm) provisionally
fitted over the steam strainer should be removed within 4 to 6
weeks of commissioning, partly because of the pressure drop and
partly because it has only a short service life.

4.3 Water in steam
It is essential to prevent any entrained water in the steanm
reaching the turbine. In the circumstances indicated in supplement

1, it will therefore be necessary to install water traps in the
live steam line or in secondary steam feeders.

19




5) Blades

Damage to the blades may be the result of corrosion and pitting:
the load-bearing blade cross-section is weakened and the sym-
pathetic vibration frequency changed. This usually leads to
fatigue failure. Turbines must not be damp (exposed to moisture)
when stationary. In line with supplement 1, shut-off paths should
therefore be used to prevent corrosion of the stationary turbine.

In addition, the instructions for cons=2rvation -iven in supplement
37 must be complied with.

Most forms of damage to the blades are due to mineral deposits,
water shock, water in steam of foreign bodies. Close attention
should therefore be paid to section 4 of these instructions.

Fouling can occur if the rotating device is not switched on as and
when the turbine gets preheated. Preheating the turbine when
stationary is not permissible, regardiess of whether live steam or
countersteam is used for this. Fouling can also occur if the
rotating device is not switched on for uniform final cooling, in
which case the non-uniform cooling which may then occur leads to
the impeller warping. The situation is the same if the rotating
device breaks down during final cooling, and is to be started up
again after the fault has been cured. In such cases it is abso-
lutely essential to rotate the turbine runner at least 2 full
turns, using the hand wheel on the rotating device motor or a
suitable auxiliary device, before applying power. If possible the
turbine should be rotated for approx. 1 hour before starting up.
After starting up, check that the turbine runs smoothly at low
speed. Only if the turbine gets heated through uniformly is the
runner straight, and smooth running ensured. Only then can the
turbine be run up to full speed without risk.
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6) Labyrinths (shaft sealis)

If a labyrinth seal is damaged (by radial or axial fouling) it
will usually leak too much steam and therefore need replacing.

Possible causes of damage

6.1 Fouling at excessive relative expansion - pay attention to

running-in times

6.2 Incorrect handling when openingthe turbineor when fitting/
removing the labyrinths

6.3

Excessive impeller chamber pressure due to mineral deposits

6.4 Impeller warping due to asymmetrical heating up or cooling
down when stationary, followed by incorrect starting up

Damage to labyrinths as a result of

6.5 damage to a bearing:

6.51 running bearing damage (leads to radial fouling)

6.52 thrust btearing damage (leads %to axial fouling)
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7) Noise and vibration

If unusual noise is heard shut the turbine down immediately, get

in touch with the manufacturers.

7.1 Drive to turbine incorrectly aligned. Check alignment, and
realign vsing the values defined in the aligning instruc-
tions.

7.2 Causes of noise
7.21 Noise from the machine: investigate the cause

7 .22 Noise in serrated couplings:
due to inadequate lubrication, due to incorrect
aligning, due to the swelling of turbine, transmission
or machine (deviating from the alignment instructions),
due to acid vapors, due to employiag used lock plates,
die to deposits S,

7.23 Noises from turbine:
shut the turbine down, turn by hand as mechanical
check, check the bearinys, check the labyrinths, check
the running tolerances, inspect the blades, check for:
foreign bodies, unsatisfactory rebalancing, rebalancing
without half coupling

22
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7.3 Swelling due to heating up:

Any possible swelling (in particular affecting the exhaust steam
pipe) during heating up must be taken intu account in aligning the
turbine. If noise develops, realign.

7.4 Rough running:

This is due to blade damage, a warped impeller or incorrect
aligning. Asymetrical deposits on or erosion of the blade, or
shifts in the position of the windings in the generator, can caus2
imbalance and thus rough running. Pay attention to critical speeds
as applicable!

8) General points

If the instruction given in the user manual are complied with

consistently, faults will be kept to a minimum and the extent of

damage can be limited effectively if a fault does occur.

8.1 Operate the turbine only with the technical data given. This
covers: live steam pressure, steam temperature, exhaust
steam pressure, rate of temperature change, speed, bearing

temperatures, oil pressures

8.2 Comply with the inspection/testing instructions provided.
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The table below lists the main sources of trouble, possible causes

and the remedies advised.

If none of the remedies mentioned cures

the fault, ycu should get in touch with Nuovo Pignone, Florence.

FAULT

vibration in
and unusual
asounds from

compressor

POSSIBLE CAUSES

inccrrect alignment

damage to coupling

compressor rotor
unbalanced

wear in bhearing
due to contaminated
oil

forces transmitted
to the housing via
the gas lines,
leading to incor-

‘rect alignment

REMEDY

dismantle coupling. Run drive
unit alone. If the drive unit
runs vibration-free, the fault
may be due to wrong alignment.

To check alignment, please refer
to the correspondihg section of

the user manuals.
check state of coupling

inspect the rotor to find out
whether the fault is due to dirt
accumulating; if necessary, re-
balance

check the bearings and replace
if necessary

the pipelines must be properly
anchored to avoid excessive for-
ces acting on the compressor
housing. The lines must be suf-
ficiently elastic to accomodate
thermal expansion.
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damage to
support
bearings

imbalance in coup-
ling

pumping

machines running
close to the com-
pressor

incorrect lubri-
cation

incorrect align-
ment

bearing clearance
does not comply
with drawing

imbalance in com-
pressor or coup-
ling

dismantle coupling and check for
correct balance
condi-

separate the operating

tions of the compressor from

those of the pumping
isolate the foundation pads in
question and from each other,
and increase the elasticity of

any connecting pipelines

check whether <the o0il used cor-
to that
regqular

responds
Check at

whether the o0il is free of water

recommended.

intervals

and contaminants.

check the
if necessary

alignment and correct

check the clearance and correct
if necessary

refer to the corresponding sec-
tions under the heading "vibra-
tion"
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damage to excessive axial check whether the coupling is
thrust pressure clean and installed so that ex-
bearing cessive axial pressure is not

transmitted from the machine
coupled up to the compressor

incorrect lubri- refer to the corresponding sec-
cation tion under the heading "damage
to support bearings"

damage to incorrect align- refer to the corresponding sec-
0il seal ment and/or vibra- tion under the heading "vibra-
rings tion tion”

dirt in oil check the state of the filters,

and replace clogged filter
inserts. Check that the pipes

ar clean.

ring clearance check the clearance and correct
does not comply if necessary
with drawing

insufficient oil check that the pressure of the

pressure reference gas does not drop be-
low the prescribed minimum value
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ORGANIZATION OF ™E

(INSTRUMENT

1 Manager
Projects
| 1 Technician ]
| 1 _Enginear
Proj. + Devel
|2 Technicians
£ Semcians

1 Bngineer

Projec

1 Technician
)

1 Bngineer

Projects
i Té?.ﬁﬁcxan

-

I .
1 Groupleader
2 Workers

1 Supervisor

Machining '
S5 Workers

1 Manager
Department.
2 Office
Employees
1 Manager
Workshop
T 1
1 Workshop 1 Workshop Eng. 1 Workshop Eng.
Office eumat + F.M. Electr.
T__.L_iﬂesiﬂ‘ I I
Workprepar. ||1 Technician 1 Foreman
Control i
7 _Workers
1. Technician
Office Machin,
2 Workers
|
1 Foreman
4 Workers
1 Technician
Devices
7 Workers
1
1 Technician
Valves
| 1 Supervisor
S Workers



- _
N

o

DEPARTMENT)

— 1

1 Manager

Field Maint.
]

[ Technician | [1 Maint. Eng. | |1 Maint. Eng.
1

1 Foreman 1 Foreman 1 Foreman
Distri *Dis;ri ct 2 , kiggic; 3

1 Technici 1 Technician | 1 Technician
2 Groupleaders| {5 Grou leaders|

1 WorEers 16 Workers 21 Workers I
l T
1 Foreman 1 Technician
Assembling | Weighi

1 Techniciap

4 Groupleaders| |5_Workers
6 Workers = |

1 Foreman

Analytic ,
2 Technicians
9 Workers

//



T™E - SHIFT AND STAND-BY SERVICE

ermanently present 7 days stand-by service additional "analytical gervice Weekend and holiday | QUALTFICATION
(call with “'fault (call via "guide Sat., Sun + Holiday, 3 in stand-by service
pumber'') office") the plant of eng. (call
via "guide office')
1 Shi{" :H] WAGE RECEIVER
worxer WITH GOOD KNOWLEDGE
OF LOCATION - FUNCTION
A—J engineer ENGINEERS
* xhil 14 stand-by service ]J”] ~
-~ plant 8?00P1 o foremen, group leaders
for district J14] and manual workers
with in-depth knowledge
I of their plant areas
plant group

for district 2

for district 3

plant group

machine experts

weighing

—— e — ot —

— em—— e — —— ——

analytical experts

1 additional

analytical service

SHIFTERS ARE CHANGED YEARLY AND SPECIALLY IN FORMEL BEFORE SERVICE IN SHIFT
CHANGE OF STAND BY SERVICE AT TUESDAY 6h, SCHEDULE FOR 6 WEEKS IN ADVANCE
INFORMATION FROM "“GUIDE OFFICE': VIA TELEPHONE, WIRELESS, TAXI

N

and/or their specialized
group

manual workers in
analytical service group

]
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THE CIVIL ENGINEERING DEPARTMENT IS A SECTION OF THE TECHNICAL DEPARTMENT T

TBW

civil engineering departm.
DI. Steinwender

ARCHITECTURE MANAGEMENT BUILDING INDUSTRIAL STEEL CONSTRUCTION PUBLIC AND FOUN-
overground workings cost estimate TEGHNIQUE (.DNSTRU(?TION o industrial EJG'IIS.IIICI)NNGBQGI—
in general advertisment heating industrial builing building
pharmaceutical : . diti storage con- e rack streets
buildings supervisory air condition struction p1pe racks railway trackag:
storage con- cost account sanitary faci- special buildings halls sewerage
struction Ing. Putz lities statics statics survey
gggiézgogon- Sgﬁi}ggCTION Insulaflon DI. Kincel DI. Gruber DI. Almesberger
DI. Pect Ing. Pichler

bricklayer

bricklayer for furnace

sewer worker

carpenter

painter

track worker

insulation worker



CIVIL DEPARTMENT - ACTIVITIES AND ORGANIZATION

The main tasks of the civil department are:

- Plamning of structures, streets, sewers, tracks and other civil constructions
(pipe racks, bridges, wells etc.),
including all technical house equipment (except electrical equipment)
- Surveying of the construction
- Supervising of the erection of all constructions :
- Maintenance of all constructions

- Administration of all documents, static calculations and plans concerning
civil activities

- Contact with authorities concerning problems of public interests or Chemie Linz
interests.

Plamning, surveying, administration of documents and the contact with the
authorities are done by the plamning group which is devided in 5 subdivisions.
- industrial plants construction and statics

- building-, storage- and pharmaceutical plants construction

- steel constructions

- sewers, streets, railway and surveying

- water installations, heating’and ventilation, air conditionning, insulating.

The planning group includes about 30 employees. Up to the sum of 200 million
Schillings (about 15 million Dollars) of erection costs a year, this group can
fulfill its tasks itself. If there are several extensive projects at the same
time, outside contractors support the planning group.
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Supervision and repairing are done by the supervisions group. The 15_ members
of the supervision group have to supervise the erection and repairing done by
outside contractors, and they have to direct the 7 repairing groups:

- bricklayers, floor tilers and roofers (20 men)

- special bricklayers (refractory brickwork, acid- and lye resistant brickwork),
coating (20 men) o )

- sewermen (20 men)

- carpenters and scaffold carpenters (20 men) e

- painters (houses and steel constructions) (20 men)
- insulaters (pipes, boilers, furnaces etc.) (20 men)

- railway track repairing group (10 men) U

Every group is led by a forman and an assistant forman. Some five workers, brick-

layers scaffold carpenters and insulating workers are within reach day and night
for emergency in production plants. During the winter track workers are also with-
in 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 same datas about the Chemie Linz plant in Linz.

The plant area is about 1,5 k.

Some 350 buildings and other constructions of civil character stand there. -
Approximately 120 000 m* of roofs are to be kept in good condition. A special
problem is the coating of the countless steel constructions, pipes and 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 otner
one is done by outside contractors.




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 jobs in a quick way, even during night and weekend

- all jobs that are too little extensive or too difficult to survey to give
it to outside contractors

- all jobs that need special workers or special knowledge of the plants.
l- The main jobs given to outside contractors. are:

- roofing of large roofs

- coating of steel constructions

- housepainting

- repairing of streets and railway tracks.




Steel painting: (CL-standard)

Swedish standard
for normal cases

SIS 055 900
Sa 2 1/2 (metalical clean)

for special cases Sa 3 (metalical blank)
Painting systoms:
. No. of coats thicknes of
priming coat top coat Temperature
binder pignent pigment priming/top coats  resistance
inside | outside inside outside

linseed oil linseed minium white lead, 2/2 2/3 140 p 175 u +70 °C
painting oil zinc white
synthetic alkyd minium, white lead, 2/2 2/3 140 p 175 u + 70 °C
painting resir;luith zinc chromat zinc white

o
chlorine rub-| chlorine rub- minium diffrent 2/2 2/3 140 p 175 n + 70 °C
ber painting | ber with 8 & e.g. '!’102

oil
2-component | resin + acce- | minium, white lead, 2/2 2/3 140 p 175 u - 50 °C to
painting lerator system | zinc chromat zinc white + 120 °C
silicon silicon zinc dust aluminium 2/@ 2/243 70 u 140 - + 400 °C
painting » powder 175 u




APPLICATION:

TR

Linseed 0il painting or linseed oil pairting mixed with synthetic painting:

Mainly for outside painting, it is weathering resistent, but dry slowly--»
therefor mixed with synthetic painting.

- - Synthetic Painting: ’ -

-  For painting inside, if there are no troubles in sight.

_Chlorine Rubber Painting:

Painting if there will be chemical influences, for inside and outside.

2-Component Painting: - T - - -

Painting for temperature variations between - 50 °C and + 120 °C, also
as high-quality painting for outside tanks. ‘ B

Silicon Painting:

Painting for hot pipelines and vessels up to + 400 °c.




FIRE RESISTANT MATERIALS

General view

o ——

The different qualities of fire resistant material depend on the
different working conditions.

There is no material that is resistant against everything.

Especially bricks are either resistant to acids (e.g. SO, in the
flue gas) or to quick changing tcmperature. Other bricks are
especially used for heat insulating (light bricks). Of course it

is always important to use the special plaster for the special L
brick. e et e

The different possibilities of heat-resistant linin are:

lining with bricks : S
lining with stamped material
lining with squirted material.

The operating instructions for these materials given by the manu-

facturer of the material have to be observed very exactly—The——-— -

thickness of the plaster between the bricks is about 2 - 3 mm re- :
garding fire plaster and less regarding fire-resistant cements.

It is absolutely necessary to use only materials which are free
of Si0; (99 \ Al,0,) for waste heat boilers. Si0, causes corrosion
on pipes and piepe-bottoms.
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Materials with a high content of Si0, are more acid resistant.
With increasing content of Al,0, (35 % and more) acidresistance
decreases whereas and resistance to quick changing tenpératﬁié a
and high temperature increases.

Drying and heating up of new plants

a) Drying is necessary for getting out the water of the plaster.

b) Heating up the first time has to be done very carefully in
order not to destroy the lining.
Up to 150°C - the huridity of the plaster evaporates,
up to 500°C - the chemical boundet water evaporates.
Due to these facts it is necessary to stop the increasing of
the temperature for a while at the above meationed tempera-
tures.
The duration of these stops depends on different things
(material, insulation, thickness, largeress or the boiler)

c) The time-temperature-diagram shows an increase of about 10°C
per hour up to 150°C, then a stop (see itew b)), once again
10°C per hour up to 500°C, a stop again, and then 20°C per
hour up to the working temperature.

\er'mg temperature

atewchy, L0 e
~450%

10%c :
~Thes  3=6hes ~ 3Shrg  S-AOhes
o ; s
Attention:
Please use the time-temperature-diagram of the flue-gas and not

the diagram of the crack-gas. :
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Heating up of an already used lining

The diagram cepends on the time during which the plant stood still.
If it was only for a few days: 10°C up to 150°C about 5 hours, stop,
20°C w to 500°C, stop for 5 hours, 20°C up to working temperature.
If the stillstanding time is longer of there is a wet climate the
diagram is similar to that to heating up a new plant.

Storing the materials

It is necessary to store different qualities at different places

(the different materials often are looking similar). Please protect
materials from water and temperatures under 0°C and liquids for ce-
ments from sun.

Do not use materials which are older than 1/2 - 1 year (except bricks).
Good bricks should not differ more than 1 % in length, they must not
have cracks and broken edges.

FIRE RESISTANT MINERAL WOOLS

They are used for filliné tension joints and joints between steel
pipes and fire material and for heat insulation. They are resistant
to temperatures up to 1 250°C.

Trade marks: CERAFELT, KAOWOO!,




LINING OF CL-SINGLE TRAIN PLANT

PRIMARY REFORMER:

Wall fireside:

bricks: Schamottestein "A III"
product of MAGINDAG, Krems
Austria :
Temp: - 1 250 °C
Alzo; ~ 30 -33%

Firelight brick: 'Styrozell 8"

product of MAGINDAG
Temp: - 1 400 %
A1203~ 354

Thermal conductivity 0.33 W/m °C
# - 0.8 kg/dm® = 8 000 N/m’

Wall insulation outside:

Skamol bricks: Fa. Skamol

Gas tunnels:

bricks: Schamottestein ""A III"
MAGINDAG

Floor:

Insulating fire concrete:
"PLICAST LW Mix 106"
by "PLIBRICO - Austria"




FLUE GAS TUNNEL:
Fire side: Casting:
Super FAB by PLIBRICO
Temp: 400 °C - 1600 °C
Comp: Al,0, 45 % T o
Si0, 49 %
Fe,0; 1,1%

2 layers fire light:
bricks: FS 11 +
FS 8

Austria, Krems

Insulation near the

steel plates: Insulating fire concrete
"PLICAST LW Mix 106"
by "PLIBRIC? - Austria"

i
!
!
i
i
i
i
!
i product of MAGINDAG,
i
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i
i
|
I
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|
|
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CONVECTION SECTION:

Fleor:

Floor insulating:

Casting:

"Plicast LW Mix 124"
PLIBRIQD - Austria
Temp. up to 1 100 °C
ALO, 254

Si0, 45 %

Fe,0; 8.5 %

Casting:
"Plicast 28"
PLIBRICD AUSTRIA

'l‘a:p:upto1450°C )

ALO, 47 %
Si0, 44 %
Fe,05 1,14

Fire light bricks




SECONDARY REFORMER:
Wall: bricks:
"Kggll
by Dr. Otto Germany
99 A AL G

fire light concrete:
"Plicast Petrolite S9"
max T = 1800 °C
comp: ?

by PLIBRIQD Austria

insulating casting:
"Plicast Petrolite 11"
by PLIBRICO Austria
mxt = 1100
comp: ALO, 25 %
Si0, 59 %
Fe,0; 0,5%




INFORMATION ABOUT CORROCEM

Corrocem is an additive for concrete.

This additive gives concrete more resistance

against NAC and ASU.

Corrocem is a powder

Producer:

Supplier:

at least 60 kg/m, concrete should be added
3

at least 300 kg/m sulphat resisting cement

is necessary

water  _ 0.45
cement T

or less

corrocem makes uncured concrete more liquid

corrocem has to be mixed with cement and sand
before water is added

corrocem has to be mixed up itself, because its
different components can seperate during transport.

NORSK HYDRO
NORWAY

Producer of Joli & Co
Viemna
Austria
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INFORMATION ABOUT LIQUIDS THAT ARE USED FOR
CONNECTION OF OLD AND NEW CONCRETE

1. BETONFIX

consistence: milky fluid
mixable with water - .
application: 1 part BETONFIX is mixed with 4 parts water
This fluid is brushed onto the surface of
the old concrete.
Before it gets dry the new concrete has to
be set in place.
supplier: AGRO _
A-4600 Wels
Postfach 109
Austria
2. SIKA-LATEX
consistence: fluid mixable with water
application: see BETONFIX
supplier: SIKA-PLASTIMENT GesmbH.
6700 Bludenz Bings
Austria
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CONSULTING GESMBH

COMPUTERIZED MATERTAL MANAGEMENT DEPARTMENT OF CHEMIE LINZ AG

The busines< of dept. MMV of CL i to manage utility and pro-
cess materials that means making available materials at the
right time, on the right place and in the right amount.

At the moment about 2 000 item- are managed and stored in
6 different storage - areas-

These parts we call utility arnd proces< materials, which are
required in different sectionc of Chemie Linz AG to maintain
the plant:, for repairing services and for preventive mainte-
nance jobs.

The average stock has a value of about <45 mill AS. The annual
turn over of 5 storages amountc about 130 mill AS.

MMV manages the following utility- and process-materials:

-~ iron and steel

- non ferrouc materials

- piping materials

- mounting parts

- process materials

~ tools, outfit materials
- high pressure materials

et b gy D A BN e e ey e U B U B o

- requirements for machines
electrotechnical requirements

+
—_—
!

- civil material

- process demand

- miscellaneous

- armatures

- drive machinery parts

- traffic demand

- requirement for machines and apparatus
- packing materisals

/2




In dept. MMV also the central material acceptance is in-
cluded. In total 40 000 material arrivals per year are to
manage. From this number about 14 000 arrivals are for uti-
lity- and process materials which are stored in dept. MMV.

The management of the utility and process materials was done
on conventional ways until 198G, it means the registration
card handling (booking, ascertainment of the demand, issue
of demand orders for the purchasing dept., issue of material
arrival records and diverse statistics) was written by hand.

The personnel demard until 1980 for administration and distri-
bution resp. take over of the utility and process materials
was

32 employees and
28 workers

In 1979 the.board of CL has ordered to start investigations

about computer aided material management for utility and pro-

cess materials, Lateron all articles (spare parts and rav

materials of stores) should be managed by a computer aided

systen. )

We are following this system in practice still now.

An investigation about the actual situation was started, a
veak point analysis and a feasibility study were prepared.
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The feasibility study should show the way of rationalization
with the aim

- to get more information
- in shorter time
- to economize employees

This means first of all to reduce inventory of utility and
process materials in the future and therefore to spare costs
and personnel.

To reach this aim, we need the application of a computer.

A comparison of the actual situation and the target conseption
gives the result that the application of an electronic data
processing system is possible.

The system, which we consipated, should cover the folloving
functions

- an online stock management
- a computer aided automatic stock control
and disposition
- an automatically print out of demand
orders
an -automatically print out of material
arrival records
an inquiry processing and maintenance system
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According to the installation of a low end computer system
in the material management dept. and an adequate re-organi-
sation we planned a saving of 8 employees and a reduction
of the inventory stock (about 10 ¥%).

The analysis resulted - due to the use of computer and screens -
that 8 working places could be economized in the future.

Before installation of the computer aided system in all storec
control of inventory was carried out by 2 persons. After
introduction of the new system only one man is necessary per
store. In addition swing-man is required to substitute the
store- or inventory manager in case of sickness or leave.

As mentioned before the central material arrival is also a
section of dept. MMV and due to the fact that appr. 40 000
material arrival records had been written by hand yearly,

it was also possible to reduce the personnel in this section
by using the computer aided system.

We made the experience to reduce the inventory stock due to
the fact, that we feed the computer with datas (e.g. replace-
ment time and costs, storage capacity), which make an auto-
matical print out of demand orders possible.

Some of these factors are processed by means of the formular
of "ANDLER" concerning the economic lot size (extrapolution).
If recorder print is reached the store manager automatically
is requested for disposition of concerned article.
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The prepared demand order records are automatically trans-
fered to the computer system of the purchasing dept.

The development of computer aided system for material manage-
ment dept. took 2 years.

Time requirement

- investigation cseces 2 men-month
- actual situation recording,

detail analysis, target conseption ...... 7 men-month
- master file recording, system

development, programming and test eesses 64 men-month

system delivery eessss 11 men-month
total 84 men-month
SER=oSmSESTEsSnnTnT=S

The different jobs were done by computer dept. of Chemie Linz
and material management dept. (enclosure 1).

Regarding to already realized successes and savings we cal-
culate the following rentability result by a running time
until the end of 1985.

personnel saving 6.8 MilZ AS
storage tribute saving 1.4 Mill AS
minus additional investments

low end computer and maintenance - 1.7 Mill AS
Project installation, programming,

system analysis, controlling and

insurance - 2.1 Mill AS
investment success 4.4 Mill AS
RITDINTTIEINTE W ITW Pt
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TIME SCHEDULE

p

Order

Hardware Supply
Honeywell Bull Hardware
MINI 6(43

master file recording

Enclosure 1

concurrent
operation -

system

. transfere

programming, test

system-development

actual- and detail
investigation
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Due to the computer aided system in material management dept.
ve reduced the stocrage stock-without changing the service
efficiency - at about

(]

Py
8
2

1981 minus 2,76 Mill AS
1982 minus 1.21 Mill AS = 3.26 %
- 1983 minus 2.61 Mill AS = 7.94 %

X S &N S N A =
v

of the vhole storage stock.

OPERATION OF THE SYSTEM

In our system there are two functions.

—

—-l The first includes all jobs carried out by inventory man:jeér
on computer temminal (MMV 1A). ]
l The second function concerns the activities of central material
l management dept. (MMV ZW).

The fiprst function, carried out by the inventory manager for

' the administration of utility and process materials as well
- as for the punctual demand order printing are divided in fife
_l —_main groups: (enclosure 2)

"~ INQUIRY OF FILES
l - ~ ~ MAINTENANCE OF FILES
- - INVENTORY AND DISPOSITION
- CORRECTION OF ACCOUNTING
~ ORDERING PRACTICES




The second function - so-called central maintenance - includes
the following points: {enclosure 3)

- INQUIRY OF FILES

- MAINTENANCE OF FILES

- INVENTORY AND DISPOSITION
-~ ORDERING PRACTICES
INTERFACE TO DEPT. "EDV"
EVALUATION AND OTHER JOBS

The online system instailed in dept. MMV was the first module
of an integrated electronic data procurement system of Chemie
Linz. Later other departments - audit dept., material accounting
and procurement - should be included, which is done particu-
larly until now.

All astimation of the computer programs were done by EDV dept.
of Chemie Linz, to consider all interfaces of different
departments in Chemie Linz AG.
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