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CONHECTING THE PRESSURE AND LOW PRESSURE SYNTHESIS
IN SERIES BASED CF 65,000 m3 WATER GAS,

To Dir. Alberts.

I an presenting my proposal (msde in accordsnce with my report
of 4/3/41 given in the apmendix) for obteining the greatest possible
proportion of paraffin and the production of = greater liquefaction in
the pressure synthesis bty comnecting in saries tha pressure synthesis
(D) and the low pressure gynthesis (). : K

- Nothing stands in the way in the operations and construction of
the system of operation in series, aficr the assumptions made at one
time regarding the reactor load and gas conversion have been confirnmed,
end after the installation of the large separntora bshind the condensation
stage and heaters and in front ¢f the synihesis stages. Ths construction
of the third stags of condensmation is rendy since the middle of Jamuary,
and a thruput of 25,000 nd end gas is possible. The availadle condensation
groups of the l-st and second stages wers then used for the end gas of
the 1-s% synthesis stage in parallel, zad the supplementary condensation
used for the end gas of the sscond gynihesis stage.

After the shortly %o-be~installed cooler elements, and with the
operating level reached with throe machines {with ome more in reserve),
the compressor installation will homdle the required 62,000 md, The

00 scrubber must bz considered safe for operations afier the installation

back of 1t (beginning of March) of a separater the size of the scrubber
broper, and a safety ball valve to automatically stop the carrylagmover
of water; they moy accordinsly be considersd as avallable for the
washing of the converted gos intended for the pressure synthesis. A

gas thruput of only 10,000 nd ig possitle watil March, beczuse at present
the 2»nd scrubder is in use 23 a water separator,.

With these connections, modified hy to-day®s proposal, all of the
gas (based on 65,600 i 3 of water ga8) is passed thru the pressure gynthesis,
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except for that portion of the gas which ié used aftor the conversion
for producing the rsquirsd CO 3 Hy proportica of 1 ¢ 2 in the gas used
for normal pressure synthesis (cf. ihe operations flow sheet, app.2).

The composition of the intzke and the conversion resuits are as
followse

Water gns analysis: 003 ©O0 Hy CHe Na
5.2 39.9 48,2 04 6,3

Converter gas (804 O éozzversion) ' , .
28 6,0 81 0.3 4,7

. Converter gas (754 Coa removed in waching):
| 8,8 7.6 77.4 0,4 5,8
Inpat, first step: :
| 44,000 n3 water gas

+ 8,000 " washed converter gsm ’
. 52,000 M synthesis ges, l~ststage {D. aynthesis)

The composition of this gass 802 € Hy CHy Ns
5.8 35 ‘52,6 0,4 6,3
¥ater gas input, l-st stage

24,000 + 7,600 (8,000 B washed conv, gos)
= 51,600 n3 water aos

Efficiongy, 1-gt ata;_.a'
| Contraction 8i%
CC conversion  80%
C0p formation  00F
O formation  10%
Proportion of GO ¢ Hp ubilized = 1 § 2,03
and therefore 25,400 w3 of the and 528 cftor 1-3% staze
has the following composition €0 co Hy CHq Ra
1L, 35,5 36,5 4.4 12,7



~m T-415

The proportion CO § Hp for 2-nd stage synthesis gas rmst be agein
‘raised 01 § 1.5 - = -
Addition of washed converied 528 = 7,000 n° = 8,700 o° washed gas

which will increase the inzus: 51,600 + 5,’}00 = 58,200 m3 water gas
Composition of synthesis gzs, 2-ad stage
COa co Hg Clg Hz

»

1.2 29,5 44,5 3.6 1L.7

2-nd stage gas 1mputs 32,400 m3

CO conversion 509
Contraction 444
C0a formatlon  00%
CHy formation  10%
CO and Hg ccnsu;med in proporticn 1 t 2,03

vhich results in an end gas of ithe following compositions
COz o0 Hy CHe Ry

19,6 26,3 25.2 9.1 19.7

volute of end gass 18,700 ud

~ The proportion 00 2 Hy in thig go8 is raised %0 1 3

2 by the addition c¢f
convsrted gas. Required spount of unwashed conmverted gn

s ¢ 10,000 n3
= m B water gas
The total water gas addition figures then to
D, synth, 1-s% stage D synth.,, 2-nd staﬁe X, synth:

51,600 + 6,700  + 7,400 =
65,600 n3/h woter gag,

Imput of gas inte N, synthesis
' 18, 300 + &, 700 = 28,300 n5/h

of the following composition:
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00z Co Hy CHe Fg
22,5 19.0 37.8 6,1 14.6

Fith as Conversion of 00 65
Formotion of COp 3%
Fernation of Gy 15%
Comtractler = 264

there will remcin 18 mgfh of end gas of the camposition
- | 38 10,4 19,2 121 226

The gynthesit and converter load mey be calcalated from the followving
considerations:

Pregsurae Synthesis:

46 reactors, l-gt stage, 1120 m3fh, 35% O, 52,53 Hy, CO 8 Hp = 111,5;

: CO conversion 50% :

s ¥ 2l 9 1800 m3/h, 29,5% Co, 44,54 Hq, 00 3 Hp = 131.5
C0 conversion ‘

64 » 1*2 st., 925 uS/h (sic) 31,69 C0, 55.87Hg, CO ¢ iy = 1:1,%5;
) CO conversion 74f y

low Prossure 3 srnthosi 82

40 Teactors, single stoge, 700 ml/h, 19,6% Co, 7,64 Hz, CO 2 Hy = 251,99
\ €0 conversion 655 '

A balance and comparison of the 0O ond Hg imputs and convarsion in both
Tnthesis;

The combined input was:
¢0: 19,300 nsfn
Ent 38,700
Of this amount, in the l-st, and 2-nd. stages of the D gyathesis
Co: 18,730 uS/h
Tar 32,600
Of this amoun$, convorteds
CO: 13,900 n3/n
Ha: 28,000 "
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.e:, with a degree of conversion of
¢o: '}5%
Ha: 864
Input into the W, Syuthesias
C0: 5,400 udfn
st, 10,’}&3 e
Of this amount, converted
C0s 3,500 m3/h
E’z: '},200 "
which is represented by a degrea of comversion of
CC: 658
Has 6;%
Theme remains in the resicdusl 8as alter the X, comversion
CO: 1,500 nd/n
Ez? 3,500 "
These figures give for the 4otal degree ¢f convewsion of a1l OO énd. He
gent through the gystem: '
90. 3% for 50
91,0% for Ha
and, vhen distriluied %o the aifforens synthessess
D, synthesis ‘—72.0,‘5 W %25 0,
N # 18.3% €0 18,55 Hy
The advantages of tho new or 0ld sysiem may be Judged as f£cllowss
The total gas is worked w» in 4hres stages, with the mild convevaion
ond starting conditions required for the operaticns. The mubual influences
of mass relationships ore here eliminated, According to the subdivision
given, 80% of the CO conversion nroceeds in the Dressure gynthegis, and
20% in the low Pressure syntlesis, Disregarding the increased anount of
paraffine, the liquefaction in the pressure synihesis is better than

in the low pressure gynthesis, and this may be assuned as proven for the
proportion of CO ¢ Ha = 1 3 1,5,
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Operations are in goncral simplified in this method, which ig

desirable. The production is noasured seperntely for the pressure and
the low pressure asyathases wp to the produetion of gasol,

Signatore 3llegitie,
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1.0, with a degree or comversion of |
| Co: '}6%
Hat 88%
Input into the N, Synthesiss
" oos 5,400 n3/n
Hzr 10,70C @
Of.this anournt, converted
C0: 2,500 m3/n
Ha: ;,200 8
vwhich is represemted by a degres of ::anve.rsion of
co: 6538
Hat 6';%
There Temains in the residual gas after the N, comversion
‘ €Ot 1,900 ad/h |
Hat 3,500 # |
These figures give for the 4otal degree of conversion of all 0O and Hg
sent through the systems :
, 90, 3% for CO
91,0% for H,
and, vhen distriluted to the @ifferens synihesess
D, aynthesis 72,08 0 72,59 Ha
N, ® 18,2% CO 18,55 Hp
The adventages of the ney or old systam Doy be Judged as followss
The tctal gos is worked up in three sizges, with he mild converaion
and starting conditions required for the operations, The mitual influences
of mass relationships are here elimirated, kecording %o the subdivision
given, 80% of the CO conversion proceeds in the pressure synthesis, and
20% in the low pressuro synthesis, Disregarding the incrensed amount of
paraffine, the liquofacticnm in the proessure synthesis i3 better then

in the low pressure synthesis, and this moy be assumed as proven for the
proportion of CO ¢ Ha = 1 3 1,5,



eofen T-415
Opsrations are iz genoral simplified in this ﬁ:e.‘z’od which ig

desirable. Ths production is moasured separately for -E;h'a pressure and
the low pressure syniheses up %c the prodnaction of gasel,

Signature illsgzible,
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APPEIDIX I
Holten, Moy 3, 1941

CONIMCTING OB LIEDIUN AND THE TOW FRESSURE STITHDST
IN SERIZS, ON 4 BASIS OF 60,000 o° WATIR GAS,
The mediwm pressuve syathesis is conducted in &wo g’zzes, with a
CO:Haz ratic of 131.5, and foilowsd with a single stage low pressure
synthesis with a CUtEa ratio of 122,

50,000 n3 water gas including the comverted gas were sent through.
~ the system, determined by the ccpacity of 4he gas couprescor, and taking
into conszideration the load on the pressure reactors, on the Pressure
condensation and the ALK, fnstallation IT, The balsnce of 10,000 n3 |
water gas were mixed wiith the end 2as of the proaosure syrtheeis and worked
Bp at the low pressure gynthesis,

The load on the reactors ime

Medtum prepsure synthesiass

36 reactors, i-st singe, 1280 z8/n: 334 CO, 50% Hs

2 U S=nd " 1200 * 25,54 CO, 284 He
Low Pressurs Synthasiss
45 reactors 720 2%/n: 18% ©0, 25,38 H,

The to%zl inmput is:
O 17,30 nd
Hp 34,300 ®
of which the smount sant through the firet and see‘.:cn& stages, D synihesiss
€0 15,410 nd
By 22,860 0
and converieds
00 75%
Ey 854 #
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Tho amount sent through She X, gyntheais is:

€0 5,780 m®

Hy 23,380 8
and converteds -

€0 4,370 n®

Hg 8,440 ¥
1.0, with a degree of comversicn of

o ™

By ';'5%
There remain ‘in Tesidual gas of the K, synthesis

| €0 1,940 m3

Ep 2,900 md
Oonversiﬁn, figured %o the todal imwust ig

o 894

Ea 9%

Were we -to compare this process with the ons 4in presens day use, we
weuld get the following results, At present we pass through the D,
gycthesis . .
23,000 @ gynthesin gas compoeed of 28,58 GO and 51,69 Egp,
and in the K, synthesis: :
23,000 B3 of eynthesis gas, cont alning 26,4% Co axd

52(18% RQQ

CO irmput CO conversgion
First case: D. syathesis 15,410 n3 11,5%0 nd
Second * " ? {at prezent) 10,000 # 8,600 7
First case: B, symthesig £,780 # 4,330 8
Second ¥ L % (at present) P00 * 6,590 #

The compositions of the imput and conversion aro as followss
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VUater gas inpub

COa Co Ha CHy Ea

-~

6.8 278 47,9 9.3 7,1
Oonverted. gast %3 5.0 62,0 0.2 5.5
Total gas addition (v, flow sheet, app. I)

2,000 183 weter zos
7.000 " converted gas

48,000 ® amynthesis gas
of the following compositions

COa CO Hy CEs N
9.9. 33,0 50,0 0,3 6,8

The 7,000 m¥ converted gas have been obtained from 5,400 mS water
- 8aa, 1.0, the water gas imput into the fircs etage is :

32,000 + 5,400 = 44,400 m3 waler gos

Contraction 1n the first stage 504
CO conversion 8%

The fornation of C0s is assumed %o ba=0
¥ " L = 30,49

Bad ga8, first stage

13,8 Z,0 &5 4.1 13.6
The proportion CO 2 Hy 8 again restorod to 1:1;5 by the addition of
converted gas, for which we ghall require

6,200 n3 converied gas = 4,800 3 water £580

Potal inpet of water ges
44,400 + 4,800 = 49,200 %

The composition of synthesis gas I3

€03 CO I, CHy Ka
B.5 25,5 3B,0 3,2 11,8

Gaz input into second stages
23,000 + 6,200 = 29,200 n° synthosis gas I,
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Contraction, 3-nd stage 358
C0 conversion " 36%
COp formation # 0%
CHy fosmation ¥ 109

Bnd gas, second stape: 19,000 =3 of the composition
COg o Ha CHy i

330 0.4 20,8 7,0 18,2

-

The proportion of 0O : Hp in the 8as ig ralsed by the addition of converted

gas %o 112, requiring o _
’ 7,200 23 converted gas = 5,500 n3 mater gas

Producing 25,400 * gyntbesis gas of the corpesitions
ZeB 16,2 F7 6.0 14,8
Total water gas imput so far:

| 49,200 + 5,500 = 5A.700 m3 water
With a required input of 60,000 03, there remain gvaila‘ble

i 5,0 Rz water £a8

wilch are equal to o 2,800 n¥ smthesis gzag

of the following compositicns o :
T 13.2 18,0 35.& 5,0 13,4

Thia gas is used in the cne~8inge low pressure synthesis. With a_contracs
tion of 33f, the 32,200 w8 of synthesis gas will produce 0,400 mS eng
B3 of the composition - :

46,0 %5 15,0 11,5 20.0

Zlo scrubbing cut of COg from the converted &as is foreseen in the
above exposition, The serubbing of the converted gas uged in the nedium
Dressure synthesis, lest ond 2-na stagos, mist bo taiten into consideration,
Scrubbing of the comvorted gas for tha low prossure stage mist be lef
out of consideration, becamse the Capzeily of the thres coTpressors,
52,000 =3, is practically reached,

Vhen mzking the decision on whether the propozed methed or the cld
nethod are proferable in pivduction, the following rmat ba considered,
The gas irmput and the reactor capacity are loft unchanged, In case I,

& conslderably groater amount of 0O is rut in and convertod in the medium
pregssurs installatlon under more favorable conditions (CO:Hp = 111,5),
The low pressure stage with 720 me/u/ reactor remains o safe stabilizer
for the operntion of the nediun pressure installation,

/8] 1llezivie
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Appendix 1

CORNECTING SHE MEDYUL PRESSURE AND TS LOW PRESSURE

SYNTHESIS IN SZRIES,

|

Prelin,

o8 parillicate
460,000 BY wetar gos

i

60,000 m? FATEL GAS INTAYE

Blowae?
17,500 =5 Final purification
i 60,000 1w water sas
Conversion é.ﬂm n .! . —
m_cmal
. ‘y !
Compressor L l Compressor
13,200 & G ar gas
7000w
€z Scrubber N |
i
Fstage T oD ipeeem
| 2] e it o sy
‘ 46,090 5 , %35 00, 500 Hp
‘ w COL » }
| 5175 ngdeﬁs, Stage 1 :
, 25,000 n° , 31 00, =54 Myl
e DT synu}z.
29 Jd—m—;—.é;—. = L
Cco Conv, ’
36% .
S¢age 2,Condens,
39, %_2),44:_60,__&0
A K, B 2
19.000_m3

§

FA. Pre VL
%2,000 m , 18% CO, 3__5.‘!%
Hs




CONNECTIHG THE MEDIUM PRESSURE AND THE LOW T
SYRTHESIS IN SHRTES.

.’gur:‘.fication
A&,ﬁ@l&:&_wﬁe&-@a&-

~

Bliower

L
{ﬁ % ,azcation - si

2,600 =3 mmi,
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Appvendix I

BOSUEE

65,800 w° FATER &as INTARE

10,000 w3 Conv, Gos.d.. 310,000 =3
18':‘&‘)?333%?0019 &;J | m;;ge%’

[C0s Semigper — |,
ga‘sgom_m?' 18,300 md)
52,00 »,-—&i",. B iR, 8,008, 15 0o, w08
7,000 oS ¢} 50% QQ\GGIW, /5&%
otage 1 COLY, s DTe ngaan 0 Cenvw,
22, AR 060 T8 BE B0 =k m, 1o, 132 33’; |
[ |
32‘4\‘ uu&e 5 m@}% Ez g?ji'h: J.Z —_——l
50% €O Conv. ?
ur.ag 2y He D% csm.i
18,300-=%; 1’!‘5-31-"4-@%-“.4—-,« ia
'f | 18,1200 m3
[AKA 2 18,30 n]




