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Questions ralsed- during the study o.

: the PPOCGSS bY Partners with answers by Dr ‘Alberts

“:November lst 1938

answered as follows- »‘-v;. Sl ~7~r

1.'

stage ?

Several questions were discussed, which Dr Alberts

L Y

Throughput of ideal gas per ton Co per hour in first

e+

This depends on the amount of inert gasrvﬁ';ﬁﬂf”eww~w

_ a) At” atmospheric pressure. 1300 m3 per hour total gas,
"*"““"rncIudtng*fnerts“*This“is ankaverage and remains the

same whether more or less -inerts ere present.

" Production: 100 g liquid product + 12 g gasol'per m3

ideal gas, o i_-n, _ \”,a_”,;,/

ET*Kt higher pressures. thehpressure can probabiy vary -

between 5 and 10 atm. At higher pressures the trend

’goes towards more paraffins and more saturated hydro-

fﬂcarbons. Therefore, at 5 atm.»less paraffins Wil be

produced and the power consumption will also be ‘less
than at 10 atm. From 10 - 15 atm. neither yield nor -
paraffin content vary (this means. a variation of not
more than 2 %). Above 15 atm. both yield and’ paraf‘fin

content drop appreciably.l"

Difference in yield and paraffin content between'

.7 and 10.atm. 1s very small.

_”reaction.goes“mcre and morertow
synthesis. - S

Note:

At higher pressures more oxygen-containing

products are formed and at still higher pressure the
ards the methanol

Numbers omitted relate te questions which have been dealt with

_other chapters,
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_Throughput in case Of pressure synthesis is about
20% higher that at atmospheric pressure. Yie1d°
125—130 g liquid product + 7 8 gasol per m3 : ideal gas.

Note. | 'ﬂhj' TR e i S ST
‘ .Figures at_ atmospheric Pressure are. actual ‘plant
_ data over 1ong periods. Figures at higher.pressures -

.

are data mostly from 1aboratory and pilot plant tests.
ewg; Throughput per ton Co per hour in second stage 9
“Both at atmospheric and higher pressures the

f throughput in the<second stage 1s- about 10% more
synthesis gas (not ideal gas) than in the first stage.

Yield at atmospheric pressune. 20 g 1iquid product
+ 3 g gasol per- m3 ideal gas entering first stage.i

'. Yield under pressure. 25 to 30 g liquid product _
ot 3 g gasol per. m3 ideal gas entering first stage.;s

Therefore,'total yield- . ;Yf”u““‘frf"“'=~fiw
" atmospheric pressure 100 ¥ 20 =7120"g liquid oo
. product’ and 12 + 3 =15 ¢ gasol per m3 ideal gas,*fJ./
“under pressure.v125 “to 130*+ 25 to 30 v150 to- 160Vg-v
liquid product and 7 3 10 g gasol per m3 ideal

- gas.. ] ™~ /':/idll

2___ With and” without pressure 90 - 92% of the CO is;- '
Difference in yield between the &wd"*
arger or. smaller

being converted.
processes has to be_explained hy al
production of methane.r : B ﬂ‘ |
h. Theoretical yield from: 1 m3 ideal ge% is 210 g per
'm3. , - .
Holten-use gas W1th ‘about 15 - 17% inerts. The con-
“"tpaction in the first stage 1s about 60 - 65%,'for “
70 - 75% conversion of co, ‘whereas the contraction in
‘the second stage 18 "about 30 - 40%.on the gas entering

the secondpstage..“,“w
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Total production in first stage 9

1s about b months or 122 days.,Throughput at Holten

'uzis ‘about 1300 m3 total gas per ton Co per hour or

QTotal production, therefore, in first stage .

'about 1100 m3'1dea1 gas per ton Co per hour. There-T
fore, total production in’ first stage 1s 1 122 x 24 x

‘1100 X 100 322 tons liquid product per ton Co.,;"

3183 x 24 x 1100 x-125 x lﬁ (20% more throughput),_,
‘“720 tons liquid product per ‘ton’ Co.'””“’ S '

Total production in second Stage ;* - Q;”’”

This depends on the number.of first-stage ovens;
connected to one second-stage—oven;‘During 1ts whole

. lifetime. a catalyst remains in the stage in which it

has been put originally. Generally 3 first-stagen¢7

7~0vens are connected to 1 second-stage oven. Supposing

© that 1000 m3 total synthesis gas, containing 17% inerts,

' in the first stage will produc

‘the second stage. Assuming that the 3a8

ters. each_of the. first-stage- ‘ovens,.. that is,. 830 m3

ideal gas (CO + 2 H ), at a conversion of T6% on co .

in the first stage 630 mj“ideal gas will'thus ‘be con-.
verted The remaing gas. per!oven will then consist of

200 m3 CO + 2 H, and 170 m3-, inerts + some methane. ,:

formed in. the first stage, in all, therefore,_about

400 m3 per oven. The feed to a second- tage oven.con-

" ‘nected to 3 first-stage ovens will, therefore, be

about 1200 m3 ‘total gas containing about 50% inerts.v

Production in the second stage 1s said to be about
tage. Three ovens
20% of the production in the first s
e : 3000 x O. 83 (total
250 kg ‘1iquid product per hour.
will be produced in
entering the

ideal gas) x 100 =
20% of .this quantity, i.e. 50 kg,
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second stage contains 50% 1nerts, making from 1200 m3

__production is about 85 g per mi.ideal gas in the

- second stage. Actually the~ production in the second

stage amounts. to 90 - 100 g of liquid product per m}
ideal gas.; o

-

o The conclusion which can be drawn from: the above

‘is—that irrespective o) ot stage, the conversion per |
converter amounts to about lOO g liquid product per
‘m3 ideal gas.t S o P

Further information on ‘the ‘two stages e Poiscﬁoﬁs
resins deposited on, spent catalyst“appear to be the
--same—-:!:n-—botu suageu. g '

‘It has -been found that the percentage -of Co in the
'7cata1yst could be decreased, without affecting the
: production per-converter. Originally one oven filled
.with 3 tons of catalyst contained about 1400, kg Co,
' leter om—this was reduced-to 850 - 900 kg Co.’ This
refers to atmospheric pressure ovens.y; '

e o e o e

When starting the pressure experiments the 1atter
catalyst was used. This is also the catalyst now
being used in the few commercial pressure ovens which

“are at present in operation under atmospheric

' Pressure.,Experimentally, the amount of Co. has even
hbeen reduced in pressure experiments to an equivalent
of 400 kg Co per converter filling. o

n is_ taken out of“service. It
re-x

Every 4 menths .an ove
,takes ‘about 2 days in all to- discharge the oven,

£111 1£ again with catalyst and put 1t into operation.

" On-an average, 2.5 times during the U monthS'liunzizg”
periods a catalyst is regenerated in. situ. Usua Zin
first time this is done i1g after about 1200 opers; | g
hours. Total time for regenerstion: 10 - 22 houfs;unnins
Therefore’\total regenerating time per y months
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_feperiod is 2.5 x 12 30 hours. The overall out-of-

_ ?production time per oven (regenerating, dischargingn_

" and refilling) is, therefore, 48+ 30, “or, say, 80

"hpurs, or per year 240 hours 10 days. This is—about'
’97% service . factor. For the design of the’ present : v;

j;,German plants a service factor of 92 - 93% has’ been -

A

For design purposes an overall throughput of

820 - 850 m3 ideal gas per converter (lst + 2nd stagey
- 1s taken.’» '

R S

“The second-stage ovens’ do not have to be 3
regenerated, or, at the most, only once during a
-mmunmonthsmmperiod,_becansemless“panaffinwls absorbed
' by ‘the catalyst in this stage, owing to, firstly,'

less paraffin being produced and, secondly, the: -
Liscavenging action of the larger amount of inert

gases present. _«w,z_}_ f_,h, - *;

v

Thus far it has’ not been necessary to regenerate
the catalyst in the pilot plant working under higher
~—pressures. These ‘catalysts- ‘have -now- been 6. months in.

Operation and have,_therefore, shown a 100%‘time

effkciency.‘ o

'Z.&Q.-Number of ovens operating in.first and second
stoge ? -

There are 52 atmospheric pressure ovens at Holten.

Usually 48, - 50.of_ these ovens are in operation, :
‘about 36 being in the fi'—"st stage and ab°ut. 13 - B
“-in the second stage. T

A, Catalyst volume per oven ? .,, | N

total free volume 12 5 m3;
Pressure ovens: free

10 m>3.

Atmospheric pressure.
catalyst volume: 10 - 11 m3.
volume 10 m3; catalyst volume:



| This shows that the 0Vera11 ‘apparent density . of the

catalyst is a little higher in the pressure .ovens. than
fin the - atmospheric pressure ovens.

’

."-,

Tons of Co ‘per’ oven o“"'

| il
.

\

Nl

850 - 900 kg Co per oven for bothsatmospheric and
higher pressures.‘h : :

13, Eﬁ&rent density of catalyst 7
280 -.300 kg/m3.

lh;a'~Vumber‘ofNSparefbvenssze_

At Holten 3 - 4 out of" 52 converters"

5,,MHWeight % Co in catalyst ?

In green contact (tha+ is unreduced catalyst)
vﬂ-roughly 20% This latter catalyst still contains‘]
.»about T = 10% water and. alsc a little absorbed CO,.
in final catalyst 24-- 26%, viz. 850 - 900 kg Co per
3= 3 l tons oven. charge.;f

S

. A9.. Exact readings from thermocouples in catalystfbed.?[

Thc temperature difference between_lower and upper -
‘layer of the catalyst in an oven is about 3 - 5°C.
Temperature difference, when working with a tube of
about 20 mm die. in the 1aboratory between the wall
and the ‘centre of the catalyst (therefore,vabout 10

mm distance), is about 15 C. : v

| at the temperature control of )
the commercial ovens can be d ‘done by the steam pressure’ -

x.OnlY. Even in the laboratory 'y nO temperatures are taken

I.any longer with & pyrometer tube in the catalyst ‘bed.

However, 1t 1s realized that the actual temperature on

Practice has shown th
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the catalyst surface may be from 100 to'a few 100 C
higher than the temperature actually measured.v

I

1. Are ovens started singularly or in block 2 'l:"

T pm——

o All °°nV9PtePS in One block are. started and shut
EN down together.{

i
Lo

22;;_ What is the preferred number of ovens operating
- in one block from a _process: point of view and from--
a plant-size point of view 9. ~aaingfiw

Oven blocks with 2, 4 and 6 ovens.. are in ‘use_ at’
Holten.»Dr Alberts does not think that there 1s any
ob1ection from a process point of view t0’ combining
6 ovens in one block. For small plants, however, it )

. will be advisable to reduce’ this ‘number, as otherwise
: the service factor will be adversely affected.ﬁf

2 2‘ VWhat is the total amount of fin cooling surface
e and steam-pipe cooling surface in‘both.low and high

i

pressure ‘ovens .? .

SO S

Low pressupe~ovens' #000 m2 total cooling surface
per oven. 10% of this is water-cooled tube, surface

High pressure ovens: 2100 m2. total cooling surfaf

2ll being.water-cooled surfacer
25;’ Welght of metal per ovenrexclusiVé”of_boiler drum
| and connectfons ? -

Low pressure ovens : 41 kst-

High pressure ovens i 48 - u9 kgt,rall without insu-

-lation.

. . m?
26,  Why are OVenS ‘used with 2 depth of catalyst of 2 5
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- Pilot-plantlconverters have a depth e 1 . . 5
L4

. commercial-plant pPressure converters*gg_u 5 m,~p¢§nbt
know how far one can go, but too high ‘a. catalyst bed -
~would glve too much gas on the first layer of catalyst
- where- the gas. enters, which could: cause trouble
'through too much heat evolution. Permissible catalyst
depth Will, therefore, depend on ‘cooling surface and
'efficiency of cooling means. For this- .reason Ruhrchemie
- do not think that the depth of- their low pressure con~
.verters could be«much increased. On one occaslon, a
-falrly large amount of' carbon was found to have
“deposited-on the entraﬁcewside of the catalyst
chamber and warping of" the vane tops was noticed“ This
»waemnotmdue-tomtoowmueh_gasywbutﬁwaswexplainedwatmthe__

time by too high an. initial activity of the catalyst.

) ————

- 28¢ Pressure drop per foot of catalyst versus age of
i“”i’catalyst 1n first- and second-stage OVens 2 '

_ Pressure drop does not increase” with age of -

'catalyst. Normally the pressure drop-is 100 - 200 mm
“water per oven, “both for atmospheric and high pressure.»
ovensJL such when using 2 - 3 ‘mm catalyst. It is .
evident that variation in the size of catalystﬂwill

'Tvary the. pressure drop.

w

_2_ 'What experiments have.been made to prove that oven .

: has been evenly‘filled»? B |
Once the pressure drop Of all tubes on two cross
lines in a pressure converter was measured. The

highest variation found was 10%.

L .
.31, --Have you ever operated high pressure OVens as

atmospheric pressure~2

‘ c
Hish pressure ovens were oPerated at atmosihz:;heric
| pressure with same throughput a8 for the &% -
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pressure ovens. No difference in operation and yield/ |
‘wa34found. No- tests vere made in- pressure ovens at -
atmospheric pressure with higher throughputs, but _
Dr Alberts believes that this will be possible. This
questiu of impqrtance because..the cooling is
supposed to be much better in the, ‘pressure ovens. the.n
1n the atmospheric pressure ovens. -

. 2__ Why diga you choose 15 ft depth of catalyst, bed for ._:"
high pressure ovens instead of using 3 ovens in L
parallel with 5 ft depth of catalyst bed ? .

This was purely a matter of capital costs..'w;";

~——-—-In—-~the~pi~let~»p~1~ant-i:t~was~—foﬁnrd~that-wi'th"equa1”"
. space. velocity no difference could be determined in
composition -of". the products when varying the linear
: velocity from 1 to 2 or 1 to 4 '

However, different products are obtained when using

a) ~1000 m3/h containing 800 m3 CO +2 H2

e HBPBUSG o orrrim i o T - T
»5)'2000 m3/h_ containingd800'm3'C6?4 2 ;o
' Lighter products are obtained when the gas contains
more inerts. g ) " _
In general it ‘can be said that at the same; temperature
‘but with higher throughputs the products obtained are
lighter, ' S -

With same throughput but varyin
products are obtained at higher temperatures.

g témperaturesilighter

l Have you ever emptied an . oven layer by layer :ndatory‘
examined the catalyst from each layer in the 1; :;e
to determine whether the decline in activity o

-catalyst is the same _at top and bottom ?
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ActivitY decreases from top to bottom. A comparatively

fresh: catalyst‘will show much higher activity in the

bottom layers than in the top top layers, the. latter ones7
being poisoned, of course, first. After some time of
running; however, “the. bottom layers will get poisoned- |

also,; so - that- the activity of the catalyst at top and

bottom will then be about equal . .
2 . What is your present recomendTion for ideal con-

struction of low pressure ovens 2 - s

/Converters ~with catalyst in tubes. S "i‘“j"f‘* “ {
When not considering yield per m3 gas. but only yield
per g Co, .one can use- wider. tubes when increasing the
wl:!.nea.xz—Areloc:th._,,D:c:.AlbeI‘ts believes that when cir-

rrculating gas, such -as, for instance, tail gas or- CHLp
to remove -the- reaction heat it _will be necessary. to

,recirculate about 5 or. 6 times the. volume of fresh feed. }

—————

AN

When wg the same gas quantity the conversion with !
a2 -3mm catalyst will be about 70%CO in. the . first SN v
‘stage, whilst when using a 0 5 - l 0 mm - catalyst the N
""’conversion will be about 90% CO. R A

TN

One can reach also in the latter case -a conversion
of 70 - T5% CO by increasing the throu,ghput by 35%
‘This is due to better heat dissipation. ‘ S

For conngercial
the fo llowing-

ovens Dr Alberts would recommend

| Tubes of lvO mm dia., thickness of. wall* 0 75 mm or
.

as thin, as possibl_e. Material of tubes, if possible,

'Al; length of tubes: 4 - 5 m. Catalyst° hard as sto?i

if possible, less than 1 mm.- f

~ However, 1t 1s pointed out. that & Bmall czlum;i;z ov .
a -

dust is worst for & 0.5 - 1 mm than for

the
catalyst. The shorter the tubes, the smai.::ezo Obtain -
pressure drovo and the more daifficult it |
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 even gas distribution over the tubes. However, apart “g

from gas distribution 500 tubes of 1 m are to be' R M"& S
preferred to 100 tubes of 5 m.i R

\_‘

s

' 21_ Have yow- ever visualized connecting a number of ;
cooling tubes to different headers in order to control'
:temperature in direction of flow ?

Trials have been made in connecting a number of |
cooling tubes. to different headers, in order to
'control temperature in direction of flow. No great :
'dirfference -was found in the /results. A real advantage

could rot be ascertained- probably ‘the proﬁts are’ '
.,-somewhat more saturated.v R

2_6_. _' Ham.\you ever made experiments with upflow though
Sl catalyst bed tending to show that };ou can operate with
T 1/2 or 1/14» of ‘the normal catalysL, bed thickness "

;

Experiments with upflow through catalyst bed have
Mbeen ‘made. It was stated that in this ‘case. no great
diffigulties had been encountered with clogging up. of
the bed. Ho?ever,ﬂ after a fort*night“the experiment’s

~with a low pressurs’ oven had ‘to be, terminated on.

: account of lea.kage. A h. p. pilot tube clogged up after‘
e tO '3 months. 'Probably the upflow will produce some
‘more. paraffins s but with slight difference as compared
With downflow. Dr Alberts does not think much of the

cooling effect of the reflux..-‘

N

‘ t sta e :
,27— Analysis of synthesiéj gas entering firs "4 ’.5

leaving first stage and leaving the second stage ? .

ntering and 1eaving first
as follows.___,__

'Bhe analyses of the gas e
stage and leaving second stage are
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,entlering firsty 1eavin o
| rs 2 leavin .
S ~ stage f‘irst stage second %tag’e
: T o ' ) : ’ s e S R . .. \,., ;«-7.:‘“ — . . -
co | . e} o1 6.
o | o ) e | ame
co, l 18 }o385 o f 55 7
Wy | Al es | a0
Colefimed . - | G5 |0 12l
. COnversion after 1st stage - % 72-75% co

To\tal conversion after 2nd stage

'92:- 95%“00

.38, . What are the properties of the gasol fraction
after"first«»stage——-and«aftermsecond_.sfa‘ze 2

" The properties of the gasol fractions after firs
end second stage do not change.‘_ ’

Some time ago activated charcoal was- used after -
the. first stage, ‘this was discontinued, 7 months ago, '
as there was no difference to be found. ‘

o

éi " Have you ary results when operating with a
ynthesis gas es produced directly in the water gas

gene rat or ?

A synthesis gas, consisting l'of,l co-- 1.5 I_I_z,ihas |

been used.

, It appeared that with 1 P.. operation, with Co-Th
as a catalyst, the catalyst life was shorter (about
4 Veeks) a.nd that the lijquid products were 1ight2er.

t in the light gasoline was 1in-

ten
The olefine con - 68.

o
creased from 40 to 60%. vith an octane nunber

Vs

It is expected that more suitable catalysts mayibe
' found for the purpose of operating with & s::;zl:is s
gas as_ produced directly in & watergas ‘gene . .
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" An experimen,t with Co—ug catalyst under pressur;—‘"f’__ o
48 in, progress. Yield 1is’ the same as with synthesis .
ges 1: 2. During 2 months ca.talyst activity d1d not
increase. There is some- difference\in olefine content-—

of products between ru.nning at 5 atm. and at 10 atm. ‘

-It is interesting to note that under T atm. pressure
working with wa.terges, about the. san same products (as

far as boiling range a.nd olefine contentare concerned)

are obtained as at normal pressure when working with
ges containing CO H2 in ratio 1 2 -

y' As Ruhrchemie ere less interested in paraffin

' productior, they, therefore, intend running their
wwf‘trl:l--stre.—l:e—-prlent«»!.mder—»prwessur.ae.;w:!..th_,:vre.tergas i
-~ the experiment 'should prove succ_esstul. In the e

second stage, “they will then 'add some He, ‘in order
~ to obtain e better C‘O conversion. 5

ey

‘The pressure of units in the second stage, also
in the case of watergas as raw. material, leads to a”

In case 1t should prove adva.ntegeOus to run the —
second at a higher pressure, this will ‘be possible, o
beca.use the h. . compressors ‘can deliver: ‘the gas up.
“tO 15 atm. on secount of the. tail gas of the first
stage he.ving a higher specific gravity tha.n the

'synthesis gas.

.' ol 2.
43, Reactions involved in orga.nic sulphur r emova ,

al
‘The reactions involved in organic sulphur remcv

are as, follows. , - 3 |
) ho gas cont 12 - 20
" the ga&s contalns
After primary purify’lng, s 608 carbon

g/loo I3 e - e forio;fc::::n—oxy-sulphide (COS)
t
-disulphide (Csz) and abou



Th\e’se figures, of. 06ur:se, depend on- quality of coke
and the way the generators ._are.run. Théseé compounds
are converted into HQS with. the ald-ef. 1-12 present,
and are taken up -by the sodium carbonate, the
.reaction 1s promoted by the iron o:d.de.

CA small percentage of oxygen (o 1 - 0 2%) 1s ne-' “

mcessary to oxidize the sulph%des into sulphates, alr
may be- used for this: purpose._ s n

| In the beginning ‘no oxygen was added, but in that
‘case the HQS‘"‘breaks*through“ more easily, and the
: saturation could not be « carried on higher ‘than T%,

"whereas now with the addition of oxygen, the satu-— .
*rati-orr-may*gO*onwp"toﬂﬂ% -

It is important that the purifying mass should be
very porous, in which respect lux mass is. quite e
—satisfactory. It was stated that any kind of porous
Airon hydroxide is. suitable, such as; for instance, B
: "Raseneisenerz . Al-contentﬁ.s—immaterial. This
N purifying mass consists of. 66% FeO and 3’-}% Na2003
- The temperature when purifying is about 200 - 300 .

Cyclic-bound sulphur will not be removed, but

mercaptans are.

e e

‘ Cyclic sulphur compound is contained in gases when
vely low’

produced in generators operating at relati
‘but will. “be cracked at 1100 --1200 C,

’Cemperatu\re,
ren lten synthesis gas does “not ‘con~

consequently, the HO
tain such compounds. '

The price of lux mass was stated to be RM 1% 50'_100
per ton, containing 50% water; calcinated soda RM . .

per ton and the price of finished puri,fying mass rras

'said to be RM 90.- to RM 100.— per ton.
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Questions 1}5' and 46-' B

145 Why is the addition of oxygen necessary "

46. 1f the a.nswer to 45 1s ‘to produce sulphates
why do you have to make sulphates " .

have also been answered by the above. ’

_1;_4_,_ Is a reducing atmosphere necessary f'or sulphur
o —removing

el o~ . I
X R R o PR P

’ Investigations will be carried out to answer the
question whether a reducing atmosphere is necessary

for sulphur removing. : _ r—‘- o S

™ Z ~WhHat 15" thHe" maximum space velocity used SGccess—
fully in sulphur removal towers ? o

-

As regaros the question of- the maximum tolerable :

space velocity in organic sulphur-re‘moving towers,
¢ )

the following answer is given. T sl b f",‘b‘“f"" i
- . ‘ . / i

. Two types. of towers are invuse: S A N

set of w0 towers R

-

a) screen towers . cap.: 2Q,000  cont.. 50-60 m3
(treys) - _m3 gas/h mass ‘esich tover
' b) cylindrical . cap. - 25,000 cont. 90-100 m3,
 towers - 28,000 m}/ ‘mass each tower..
o h  (probably |
, more) ‘

‘placed one after

The towers are used in sets of 2, >
ssible safety

the other, for the sake of greatest po

and economy. ,~» ST i .‘ |
“ s saturated up to 10-11%, the

Wh first tower 1
en the after re-filling,

set 1s taken out of operation and,
'the second tower is placed: first..
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_ ‘I‘he specific gravity (app dens, ) of the ‘mass 1s
0 8. :

A hj;%h ,_quf?fity is n.ecessary, the_r:efo’r_e , no balls

: or pellets can belused T e e

o,

[ l
.48, You have two designs of towers, which do you
. prefer 2

-

For ha.ndling‘the heavy bells of the st removal,

- hoisting equipment 1s necessary and this cra.ne is.
also available for the ‘second. purifying step, thus
making ‘the use. of: screen+tray) towers, which ‘are-
slightly, less expensive than the cylindrical towers, .

_.,poss:Lble.._,One,.,trayw_at,_Holten_has_aiweight of.,,about

30 tons. o
&L Do you have both types of towers in operation o
' at Holten 2 = T e

At Holten 5 screenmwers and" 5-of the ‘other type -
"are avallable, i.e. in all: 5 sets oi' 2 towers. In
operacion there “Is-no- difference. -

.50, Do ‘you “pecomnmend & heatf-exchanger or ~:cooler, -
" between towers ?

A heet-excha.nger between ‘the towers 1s unnécessury,
as about the "same temperature in both towers is satis-

, factory. - N

——
’ . . )

51, - What 1s the analytical procedure for orgsnic
sulphur determination ?

content of the purified gases 1s

The gas 18 passed through ,
the rate of~100 /h, yielding-
be determined as
scribed in "Brenn-

The sulphur
determined by ‘combustion.
an a.nalysis ~apparatus at.
after 4 hours sufficient sulphur. to
'Ba sulph. This procedure ‘has been- de:
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stoffchemie . Heating the gas at 10000 ih a quartz ]

,tube filled with quartz chips with the hydrogen
E present and determining the Hes as CdS,

PO

is a sh.ort'er

g
" E 0T - e - e

5_2_._ How ma.ny grams of" sulphur are deposited on catalyst
_ when towers are cha.nged from second stage to first
' stage and - towers are removed "

Regarding the shifting of towers, the following
’is stated' L
The life of one tower is 83 days. b

P ;._ﬂa f .

If one tower 1s taken out for renewing of the mass,
also the ‘second. tower goes out of operation. :

- A cooling of the mass ‘with. circulating synthesis
gas_ or»tail .gas is epplied; otherwise the hot ‘mass
would glow. when coming into contact” with_air, vhich .
would de detrimen,tal to the’ transport ~‘-he_jlvts:and
further equipment. - - -

~ Part of the removed mass, which apparently-,—has
no._;?fmew‘l:awheen completely saturated, 1is separated,
..-grmulated and used ‘again in the Hes removal. ‘The

cooling,. discharging and refilling of & tower takes

.24 hours. . R |
~Pr. Alberts mentioned the possibility that" in future
or in other installations ‘both purifying steps may-

"“be peplaced by other -systems, eig. 2 Iinde-Fré.n;ls
process, in which the gas 1s purified from 002, gown
organic sulphur and gum by regenerative coolingas
~to_=180°—4-190°. In this process & scavenging gfor |
is applied to remove the condertsed impurit es,costs,.
which Linde require nitrogen, involving high

thils
' Dr Alberts thought 1t possible to use air for
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_ purpose, vbut Linde ref‘use to build such a plant

) 22_ What is the total utility consumption and the
net utility consumption; exclusive of" the watergas
generators and synthesis product- treating units
(steam, electrical power,‘water and fuel gas) 2 -

The utility consumptfons are given as follOWS°”

1) gas consumption for organic sulphur removal T
of- calor. “Value of the gas to be treated- the flow;
. chart ZM 106/19 estimates this figure to be 116 cal..
per m3 synthesis gas.vLW“”' :

g_

zl*ggr distilling fuel consumption 2%

fatoil from the oil absorption plant will require -,
1 -'lkd“of the calor. value of the products condensed.'

4) steam consumption for the final purifying. nil.{,;‘

5) steam consumption of the synthesis.‘merely for .
starting “up - the- processes- (heating. of _the ovens),
this quantity 1§ about 1 tor/b steam of 20 stm. for
a plant of lOO converters. ‘ e

-

6) for the condensation of the heavy‘products in a

plant working at atmospheric pressure, no steam is

necessary. The activated charcoal plant, requires

2 - 2.5 kg low-pressure steam of 2% atm,/kg gasoline

Produced. v - _ | |
If C, and C are produced in lerge quantities, the

7 o 4t kg/kg Cx and Cye
be set at 2 g - 3 I

1s about 3 kg/kg 1ight

steam consumption ‘18 to

“An’ average figure for Holten

‘benzine, incl. Cs and Cye

ounts
The steam produced in the .synthesis atVHolten amounts

t° 5 kg per kg 1iquid productss -
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v7) ‘When working undeuressure no steam is used for.
fcondensing heavy benzine,

— /

Which needs onZLy indirect'
water ‘cooling; the 1ight parts ‘are absorbed in oll;
“for removing the . vapours from the fat : oil, ,
steam cannot be us?d,\it having an insufficient .
temperasure,' the fue1~consumption is about 1—% of
the cal value of the oil produced.»

8) The electrical energy consumption, assuming thatu ,
no steam is used, may be stated as f'ollows-

. mes removal, a small quantity fo,r circulating _k ‘
~alr:- during the emptying of -the- vessels.

\\"'

For organic S-r: . oval . about 20 kW for each set
~ofpuri: fi’erS”wIth"’a“'c apacltyof-2 0"000*1:13/ hm*I'hi g
_figure includes the blowers for air and circulating~—
: flue gas. UL T :

The electrical consumption for the synthesis 1s
‘about 0 75 kW per oven for feed pumps, hydrogen
_blowers (intermittent) , crane,. etc.-

i

9) For- circulating cooling -water. pumps;- 30 kw per
“ton total liquid products are required; this figure
1ncluding also products pumps for synthesis ‘at at- 3

™

mospheric pressure.

.10) If the activated charcoal plant'has to recover
" a large percentage of gasol (80-90%), a circulating
blover 1s used vwith & consumption of 25 - 30 kW/ton .

total liquid products.

by propane-butane produced
60% C Cl}) from the activated
1 consumption is 150 kWh

"i1) For the compression O
as gas (containing about
‘charcoal plant, the electrica
per ton CBCu.

-12) When working at atmospheric‘ ;pressure, the gas



transport blowers working at ' a pressure of 3000 mm
| ,.have a ‘power consumption of 15 kw for 1000 m3 gas..

When working at 10 atm., the turbo compressors o

:vconsume 128 kWh/looo m3, thus. for 80,ooo m3/hour,
© 10,000 kW I - S

',/v,

o

,13) The cooling water: is circulated, for “Josses ‘and
» eva.poration a quantity of 50 m3 per ton of liquid
primary products has to be. supplied, including
‘boiler feed water.' This figure relates to the
synthesis alone, for the complete process, incl."
'cracking a.nd distillation, ‘this figure would be about »
70 m3. e . _ —

TThe elr cu Iati'onﬂatholtenvamountswtowab out.,50 0J3/
' hour. - S : :

5 '.~ Weight of steel required for each step 2

The weights of steel required for each step are
given as follows._ e

—

RS removal 1000 tons per 40 g;QQQ._._‘,,’.‘,“?’_, A
organic | s remov_al - W5 "t " "

4 .

“synthesiw one l P. con-

verter . 45 "
" one h.p. con- -
verter - 43 !

p:l.pe connections,’ fittinss,a_- 0o

ter
bOiler drum, etc. ab bout conver

synthesis blag, Supports -
& roof, {ncl. crane, - iy W meom
excl. walls 3=

Condensing plant -for . .. 2'50» w . ." 40,000 m3 gas/h
‘;"1.po
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Activated charcoal Plant » -

incl. absorbers, steel.
‘structure, blower- Piper L N
connections, fittings, etc. aoo t°ns'Per'40,000'm3vgag/5i
e Lo / . R ‘ ‘.

Condensing plant for h P.. S Lo '
incl. coolers . - 130-150 " M oom T w

o1l absorpt_i_on plant with « . RN
" heaters, etc. - @bout 300 M -*T e m

oL

57, Capitalﬂcost of“eaén step:?ﬁv

The capit al cost for a- plant of - 40,000 m3’w'
synthesis gas/h is given as follows'

H2S removal : ) : o S :
(all erected,_incl foundations) ~ " RM 500,000

t

=Ll

Organic S removal T — y o e
(all erected, incl, foundations) “_;" 350 000 '1 N

_ - N . -_ W
L e ﬂaal_
Synthesis.ber oven, 1ncl. pipe con-v';_ﬁwﬂfidyﬁ. L
- nections, instruments, foundations, - Qo ;Kf: L
building and erection costs, excl. TR :
catalyst L : _ iz P
for low pressure :- RM 63,000/ 65{000
" high - " e . ,» . . ] , n 72’000
Condensing plant,” two steges for .~ . 344 009
low pressure 3 . : NN :
' ' o i J° , S . A N
Activated charcoal plant, excl. -~ 'm 800,000
charcoal . : ‘
(charcoal 1oo tons at RM 200q/ton)
o o " 250,000
Condensing plant; high'PreSSure S
011 absorption plant (incl- ,"mj 5003000

pipe stills, etc.)
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. Bloweré Edéooofm3 h.;j>°"‘l | oy 90
S mme HZO’:ea,ci:l;’f- 11'101{ :mOtzr‘QQ .

et

RM _130,06015 ';
‘ , . '. .} A‘, » B [ o h_)::‘ . _‘ “ . o ,*VI_

mctor - B TR wo 37"006 )

. 2\ .

_.ﬁ.p. compressor unit for 10,000
m}/_h incl. -bldg, foundations,
pipe connections and erection " 290,000 °

P 1

~ Complete éo-mpressor-'pl‘é.nt'_ at 'Ho-]'.'tyén L ',/

58, ' Labour cost ffar each step ?

The labour costs are '__'stated--to be as fo_Z_Ll'ows:‘.'v .

. For purifiers end blowers _ o
up to 80,000 m3/bh. T 3 men per. shift

For purifiers_and blovers
160,000 @3/

" N n w oo me

[l —— .. -

' ' Ry A v n

For synthesis plant of 100 ovens . 6 " "o
‘MO_.'.".é.o'\,rer, for smell repairs,
.¢cleaning, changing oqua.ta_lyst., |
—(working ‘mostly in- daytim¢¥__0n1$ )

AL A

Tow

S ) R . . .'.“ |
Condensation (for pumps) - | Co
Activated éharcd'él pla.nt and - - ' o men L n
gasol production : ’ .
iy i 1 AabOTE ch.emistsgl ' day .
For control laboratory - — "'g'helpers~~ - per. __a? :
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Repalr shoj % N
Fep P | 15'20 men per shift
: working\two shifts, making R

, in all - 30_40

. ;_Repairs in the plant are-

~ executed by these men; part”
~ of these are also employed
,‘for the ammonia pla.nt. '

59. Cost of-mei_nteﬁehce' -and repairs' for- each ’s_tep ?

———

'I‘he costs of m‘rntena.nce a.nd repairs are 1—1—% of
-the total capital cost. This. figure includes 1abour
: a.nd material, but only for the synthesis pla.nt

N

~without: uatergas production., e e

’ —

—_— . -

w60.......,0ost._of.imzl. sC. ellane,ops__,supnlie s 2

T

" The costs of’ miscella.neous supplies are difficult

to estimate, f‘or‘the- plant at Holter. a rough figure

cf RM loo OOO/year was given. o B -
» 61, ~We should like a flow diagram showing type,' niak.téﬂ;éi :
e.nd cost. for each piece of appa.ratus. o i

, Regarding the materials used~ for the various

| vapparatuses, etc., 1t is a.nswered that only norma.l
‘iron has been used. in the plant, with the exception
of the valves, ‘for which'a chrome-nickel alloy (2% . )
and, 1% respectively) 1s “applied.. Moreover, for the 5
h.p. condensers special tubes are used,’ containing -
chrome and nickel. (probably 5-6% chrome and 3% nickel); _
‘the tubes of the héaters. in the orga.nic sulphur removal

contain ll-é% Cr.





