Syas to be donevunder pressure of thn range of the - e
middle ‘pressure synthesis with: cobalt catalysts.‘ The o
—~stabilicy ‘of theiveon-cetalysts was found 4o be very o
good. For a good yield of the hlgher hvﬁrocarbons et .,

of the catalyata vay: very imporcant It vas designated
forming end wag carpled out at & lower pressuﬂe_ﬁ."

than the" oper&tinb pressure ‘during synthesis, eo.g. at

atmospheric pre ure uhan wowLi“g with uynthesis gas.;

The nea method of formlng nhe catalyats resulted 1n‘
an advantage against the older. ‘tests, in which the ‘
yields with the iron cata;ysts ware encirely unsatisfactvry‘

Originally precioitatea:%?on ¢fcoppe£:ggt&lyats

vere usedainﬁtestsﬁuithﬂmidalewnresnureﬂgynthesis—with—————~
1ron catalysts, as hss alveady bsnn done pneviously

however, that with a proner pre~treatmenx_of tha catalysts,
.copper 8s well s8- onaer additions could be largely

dispensau with, and occagsionally even~@ntirely eliminated,
without cauq.ngmt%roaghéih—aay>deterioratien of tn ‘_;**,

5 At nwesent wor& ie mOQulY done vith Cat&lFSuu o
precinitated Trom & ‘solution of*irnn.nitrate with soda
- and containing 1. -porcent. conpar‘ss—uei‘l;




a precipi'ateﬂ iron«conpsr
~1g first pretredted with lstpmrcentﬁ £oas
“and with hyﬂrogenurich Qynthesis gas att;
"“p?éﬁ‘ure, and n,xu <J-Ts % v

_of 15“atm.._~ A

N ”his applicationwrefers to iron catalystS“ -
; which can ip 2 very general aay be pvegareﬁ by

j;anplication upecifies a: pressure of 5 _.1“
- .the optimum syntheslis: pressure. Claim ﬂrefews to a

1,pretreatment of.the: catalyst at: normalepreqsare, o :
<8 lower pressure. than the subsequent onerauing preqsure.-
In: ‘contradiction o, the first: ‘application, it has been

. expresaly stated here;. that the. pretreatment of the',_”
icatalyst mu«t be Hone in a gas containing CO. ER

3):fSt 5@"896 Iv d/l? o (June430’ 19 9)

s ,ff;;nie~anpiicatioq*ﬂnecifies—iéon~cataly oﬂ to
synthesi° after 8 pretreatmentvith synthesis gaaes

_aapnenarationmnrosucf “partic

ﬁnularly active*cataly«t«ﬂf

’;i».ue—cempesitionwef—the~qynthet1s” aseq uasl
left open-inthe: formermapplications, merely- statin :
“thet- they—were*water #AS or tarbon monoxide-rich synthe°1~-
gas, a high-hyﬂrogen synthe«is gas 1s specifieﬁ 1n this T




iron catalysts' :
1n.part1cu1ar,'that the catalysts mua ~be prenareﬁ - Lo
“from specified solutions of iron nitrate, first neutraltzedg
-in the colA or at temperatures: ‘below 5000, anﬂ -only’ then
heateﬂ for the precipitauion.;._ﬁgi__vA PR

"7;3f16) German Patent 708 500 (Marsh414 '1937)f

?perfcrated*aheetaﬁ—w?tf;' '“'fflyst-placeﬁ on. the.
~other silde of the sheet. This method of . Operation e
nresulta_in S+ Lol loss ef the reactien velocity and- eliminates

f“Ynthesis gasew b? %he catalyéts} g;;}j;ff_Vvﬂ”fﬁifggiif~

o When catalysts tubes of clrcular cr0°s Qection
fare uged, perforates: sheeta are usually intrcﬂuced
;which weparate a‘small wec ion o;;tbe cross qection

!separate a small part of. the available feaction space
from the caualyst space,Aas gas space.;;;,}-: 3 ;

'.'k[

A ‘A number of other facts about middle pressure :
]synthesis which have not been used for. patent applicatione
"have. been discussed: 2t the meetings mentioned above, .

- as - e.g. the 1mprovement in the: actﬁvity of insufficiently
ffactive catalysts by treat*ng tnem‘uith nyﬂrogen.,ﬁ,,,

b The minutes of the*meer ‘”A f Sept..lo 3940 .
i?have alreaay ‘been sent %0 the Ruhrchemie.h A voluminous
Csummary of experiences. gained ‘since. June. 19&0 by the: -

~ RK.MJIL In the flel” of ‘middle. preﬂsure eynthe is. vith
%%iron catalystsgis~trarslated as T”‘“ H.”=

LI From~19;7 ‘to- 19&0 the yields at S5 thesis temperatunew.
f.Of 230 ~ 260°C amounted as & rule ‘to 140 -.160 g/ncbm -
~ of ‘synthesis gas; with the proportion of: hyirogen to. - .
"’Co—maintained the seme ss thelr consumption, ans 140 .
‘ 1/2 years of Operation

g ylelﬂs were still realizeﬂ after




to é&nth 5
gmaximum presou: :
_;tsmperatur Df ea&ﬁr;”

Aw.a aamﬂlwn@nt to thﬁvjff FlA
xgar to uhw Ruaran uiw ﬁn th

,wmeantimaAOn &.h@miat shndenl se i § : .

_*{19 tuoes vith POTPTOTaTE] Inneh
c.gpacey. water Lcoling; preoipi"“
1 percent copper- %nﬁ-*/l
’,with the cuatalysts

jlrenctions war& GOﬁﬁh.
T o '!

| g 'Thﬁ
~’f1ret stage nraduce 5) g llqut ; m{nﬁnm;
The purpose of the tests.was $o. ‘i pper.
| amount of nroﬂucta thnn are normﬁll. _} mvﬁm :

' amount of higher b0¢lin@ hydraa&#ﬁqnﬁ

‘amount’ of gaseous producta. @l porosn
‘ang solid reaction products obtsined nt
“of solia puraffine, 10 percent of alco 1]
“of Cz - Gy hyﬁrocarbons. 50 perc&ﬁﬁ &&.%zp ‘
ﬁtxydrocmxﬁmo;':f, \;*«.uwu.,;;-f T

]nxample of & Metbcd of Oferationm P f’.wg* ,
Tron Catalysts for o ynthesua n_Lhe
Presaure Resebors — — —




eynthesis to B
1ndustrial ‘realization of the proce, 5 34
. Ways: of meeting the,latest recuirements of“ ynthesis i

pressure reactors. when selecting theqe way ‘At pays
-to start with cartain.limitations Dby operatingkwith

_the simplest catalyste in- composition, 1f no-. important
dieadvantages will
~ large amounts of nhe more costly constituents of metals the

——supplyi _»HA__.nx

<v:“We maygsay*v+th respect—tOche"aompositionfof*t
synthesis gae that 28 the amount of hydrogen increases
~ the. reaction tempeeature= may be IOWPPed, .but that there

uneconcmical to pass an aii“tco 1arge“ﬂead balance“of T
hydrogen through‘tne sydthe°isweauipment. “If one-were -~ -
for Anstance forcea to opewate & temperdture. of 190°C el
-.‘ R ) 2 Ho would: have to be used, '

while at 200 = 2109C the bes ,«ynthesis gas in the .
"long run will have a proporiion ‘of CO Ho=1 3 2, anﬁ
finally at a temperature of 22000 the normal uate" gas may
be uaed as synunesis gas.f . e o ey z;.

These Anta re;ew Lo awthruput of 10 li of synthenis
&zaaflo_—‘f—ip’o rovx/ﬁ _th-m the pas 1t 1s

e lower iT W =
“10 B d?’iron/h a- aatisfactory
conversion 15 al”eady obtaineﬁ at 210 C'r;:'J.-

3 It does not appear des;rable to Suart Operatlcns
a;of the svnthesis appdratus ‘near the upper teémperature - A
: 1t is’ impon'ia“ti' £o.- eaa'lr-mr onera; ‘ino onnﬁﬂ‘ﬁnnu”

i}dLring which yields will not alter Hlth4a given £

fﬁa, 'we give below an example of an operauing_procedure
. with & synthesis gas having & €O .}He ratlo of 11 2.
' and at.which the opg retions cen be conducted at synthemicx
“‘nemperatures Of 200 - el T T R

1 Sgnuhesis EQﬁiUmBnu Tanfgijf,;g;;‘

The nresen conaat synubesis weactcra ara used.



7carbon moncxiﬁe”or ahmixture of'carbon.monozide and'

hydrogea at“soma 1over preasura than the sxntheeia

presaures; .3? il Brb ok B sent
and if n@cessary;zepeated hyﬁrcgen treetment (se@ ..
directions in the report of Sept. 10, 1940, Td#?%)"”“’
“Such’treatment with hydregen.may be done &u the -
syntheeis tsmperatura...¢,¢. e

“{;3;>§ggtneais Gas Ccmgosition

;R;'Svnthesis Gas Presaure

YS:;Opﬁﬁaﬁing Tempefature ;
'fﬂj¢05 - 208° (400 11 ayntresis gas/h/kg iron)

_-GJZCourse of Synthe~¢3

;’Ff;}xn stages maiztaining the O & Hg retlo after
‘. i stages—by edding: water gas, following
a scheme ahown ln the table below.;é.fA

( =y U (ab neam uauer ggs ar% 0 2{9 ncum nyﬁrogen
1 ‘nebm: ¢ AHO—r - TRTE Cincthe
SPiest stage,w—Q154 ncbm;end gas~£?amrtb@ fiP$$~$t8gﬁk~w~
~and 0.55 ntba vater gas arg pessed. through the gecond
stage.A The thipd slage - cmny&ins 0.04% nebm end. gas. .
“from. the Secony auag& anﬁ UL 19 hebm watep gasy The
ﬂOﬁ%%&ﬁ%xﬁﬁ, = : Fre-and- hyﬁrogen utllizaticn~




;+m!fiwfte? presenting briefl.fthe'UO?k of the K.W I.;;
~on the mifdle pressure synthesis with iron catalyzbs,
“eonditions are discusses which permit carrying out the
,*aynthesis ai the 1owest possible temneratures. This
5§ illuatrate' -on an - : ng to. :
-synthesis gas with the ratio of CO ¢ Hop: = 1 - odm-
4canverted at temperatures betv@en 200'— 210° 1n seve"alu

——&tages

w”-w* :hé“ﬁﬁ@ f“higher‘hyﬁ?bgen synthesis gas is ;
particularly advantagecus for the: atability of the iron
T eatelyst. Using the ‘cobalt middle pressure reactors
~1On oynthesis, che requlramenzs may be met by using. -

'—ﬁat‘? gas &3 synthesis. gas. With o normel’ thruput. A5

e vater;gas/lngQ/h ‘the resction temperature ia_

gnounﬁ'2¢5°c “and it gan be lowerad to 210 C with a

+‘~ b 'ﬂn'!'

“Eelser Wilheim Institut fur Kohlenforschung



L cataly té z-.'ith 1 percent—capperwand—i
percenipota _,.‘m—ca‘rb,, nata, smthesispressure. :
Asmthesis :gas/lOgFe/h) 0 o LR
_0.725 ncbom water gas
_____Zﬁ nebm- hyﬂrogen gl

Eontraction.-_ ST NG

. Yield (solid, liquidi>-zﬁ:f‘.-~:n
' " _progucts- SC27 SN 2 - S
_-»0 54 ncbm snd gaa f:eom fimt stage Lo e T %
: -nebm. vater g8 - ‘
; ~09 ncbm (CO Hp“-‘l

?___TM Stage. o e
ontraction: 2 o
- (1s%,+-2n4. s*t:mgea)w M59 p@rcent by_.volume-
00 utilization:. R
(1st.:. ond. stages) BSLMW " Lol

.'f‘-f_f'_ Ke utili zation

| g o k-5 2 211:3. stages) 130 g
62% ncbm end gas from seconr? stage
0.4 netm mter GRS T EIHE
1.1 ncbm (CO Eo l - '

( 1+ 2+3% stages) :‘f-:6@;:_93?',3_55{{ :
€0 utilization EPI
{1+2 +.7 stages} _'1-933;_;; TR

. §+ e+j stages) L ?6 ”"““

_ Yield






