pd:nahoda‘n artio:ln ont'ﬁhd, "‘rhe Appwoach of Actm g
Middle-Pressure Synthesls.”

,vwmiw-'mammm
(1)%/ The exporiments were carried out with. cobalt-thorium catalysts. ’l'hoyioldl
.14quid hydrocarbons (vdt.h appmximately 15 grems of gaool) amounted -
cubie meter of ideal gas. Qf this,

ns whentbe most, favm'abh_ raaction eondi-

in our minds to use dwapercatal:ﬁcagﬁbswﬂehmﬂ.dava ‘the. mnoraimhr
products. We kept on: ‘working with iron catalysts. In 1923, Fiacher and Tropach:

(2) obtained the so-called Synthol when they paaaed wator gas over: alkal:lzed iron,
spheres pressure, ‘and 350°" to’ 450°C. - AR

shavings at approﬁmtely 300 atmo
dafabrik: (3) worked wit.h similar preams and t.empem-




SR FiaoheramlAclnamm(lD),inl%,obtamodﬁmmdnqﬂdhydm-
carbons per normal cubic: meter of mixed gas when they used certain copper-free -
_iron eatalysts. produced under certaln: conditions. - They worked at atmospheric
- pressure, Mayield,mm,mma‘todacreauatmmfmdamandin
-tbt!ﬂrduokmmtodtokaathmho.grw -

e "At this tims, they ussd 6 symthesis gas dch oantainodwmué
mmﬁoozlzz,ﬂwmmmtmtonm ta]satathe eon-
maimvacwds ) en.tixoly aceording‘to tho eqmﬁm: a&

Whanthoywdkasyntm@eisgssnﬁxtureorzco+m2,thaCOuasusodup

"dty ‘of tha 'mtalyat_ decreaeed rapd.dly




Inthecoursootourrouarclmamroobgﬁud, homvu', u:a.t.nootnﬂ
vcmymcho\rﬂmbynuidngataﬂjshuypontive pressure, and the catalyst
- characteristics could vary ognalderably. ‘Vhen we worked with a pure iron cata-
1yst whioh had been mmdummbammammc eynthad.a,mfomd
thatmobtaimduﬁmctoryyleldstormwmthzthmatur. N _

-
g

o ‘ B o sm kw,__r—‘ ., w e e e e -L'\ -l —‘;‘ ',. , .....\.
A: atarbing mter.lal for the prodnctton of*‘thé nggma, n gen-

eraa;iy'used iron-salt solutions, These solutlons were obtained by dissolving :
.~ ecmmsrcial iron ‘directly. - -For the sake otoompariaonm*alsomddwmically
pme.iron ‘J.'ho mjorlty of eq:er.!mnts mm earried out- with t.hs rouowlng :!ran

L -.’.*‘a;. quri.c nitrate (emmial). e T
b. Iron nitrats -solutions obtain:ad by diasolﬂhg technical
. iron shavings in pitrdc acld. .. The iron was chiefly
S0 _1 ‘:.p:.‘eaent a.s trivalent iron.: The: 1ron shavings ‘were :ln-
R %102 —inbo nitricaddofan**‘

e




'hopo:\ntahndtoboobmdeamﬁﬂlyinthd.rmp&nm:

_ éugammmumumottbeimmlmmtobocmdom
mtbo eold, stwtmmtmsapmdpa&auotiml\bh salts forms
which makes it difficult to get reprodusible re results, .

Do Itu:mportantﬂatthoimnprsdpd.tatobobmughttonbm
.bofonﬂ.lurlng Msmromdtommmtheact&ﬂtyandthommot
the catalyst. Tablolahanathatphdnly Inﬂdstable,catalyatpp:epand
‘\M&Mermttwpemmmumsmmpnmuthmam Ve used:

‘the degres of contraction ocourring: ‘the aynthesis as a measurc of the
catalyst activity (CO-Hp mixture, 312, 15 atmospheres; 235°C.). 'rlms, compara=:
tive activity data are given for various-lengths of--operation. . The highest pos-.

" aible contraction amunted t0 60 percent if we agsumed the eonvarsim to 1iquid -
:!vdmesrbmtopmmdaccmmgtomequaum,m+ﬂz GOz*m.‘:In
actua:l.pmcﬁ.ce,thobestyioldamobwnodatamacﬁmofsou”pemt.

precipitation teng




t!m or!ﬂnulguhr

' For a serios "'&ms, m\mcdzm-uualsuhroamw-w. ‘These
‘are digcusssd in a special chapter memmw
mmmmﬁmdtbmmtmtmatmatmthemhrmth.
Itiapracumblo mwwmmwmusmhdnwmtmq’

catalyab - By dodng_ this, mmmnawnﬁdmvalotmmfmm
_ ammetmtomﬁmdmn—hmgmulm ,

‘ n-eohly pmgipatated md drl.ad im _pz-ecipdtate is onuroly mwm,
uaeatalwstforthop_ogﬁmlonotwandﬂa ints hydrocarbons. -In this it s
“similar to the umreduced cobelt catalyst. Inordertowﬁmuthqbﬂtcamyn
_aufﬁed.eut.]ytomsaagoodagemtmth wmcaxbmaymmna,itiaus\mly ‘_

ca

’m.i..k

oo

_only necessary o the unreduced oxides with hydrogen at. 360°C, . If tho same:
“treatment is givén: ‘the still inaoctive iron catalyst, mo improvament in activity :
.49 obgerved:-- the 4ron is treated with hydrogen at 300'-450°0. s it is cone. S

verted into a black substance which is ferrmgnetic ‘and’hasg the. ‘composition; =

Fe3o,,. “Fnis substence does not catalyse the reaction betwsen CO and Hz. . “However,
the catalyst is- protreated with €0, its activity may be: incroaaed enomoualy,

and 4n’ that form, - ‘ds well au.i.ted for thy s;mtha Whm G055 uaed

ths catalysl’a &
Lo pretmtment »

‘the catalyst is more or less reduced, depending ‘on tlie ta
tures at. uhich f.hs treaimmt is carried~thrcugh -at the: amﬁmyvcarb '
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ms unapab‘.lo of wrking "at Jau tmoraturas. - Ont the ot.hor hand, at aprosm

Thaso recults were Obtained A
in’ diff Ways (ferrons and; romc “Wﬂ')- ‘Soe of contaned d
others did not. it tm tain cv u} :

f-vmmummm GOandﬂzlﬂ.mua:lnaPmeu ‘
- ‘tlutotSmthom it e

Induotionat various DReSGUTSS | ‘ nax ‘

VRS ’_;qpt.adf.or:lm outwhottwren‘mereass—inactivityafthe mtalyst eould
~be reacked by carrying. thejnducb.‘.nn through independently of.the the synthesis. Ve .
-vanb .0 f£ind the pm‘conditions for both the: induction and the syntheaa.s.
In order to -:lnwsugate vhat -effect pressure. had- vpon:the. ewnthad.a ‘at atmospheric
pressurs, ‘the riments n&ad in table 3 wero mdex'taken. Ve inducted_for 20,’;
hours at. zss'c. -af - per 10 grams of ircn, The -
gas had &' eompositinn of 3 din 8

with a ‘gas. or osition 1




——
Ed g— i TR e
ey

.o

a oo-uen gas. At 235‘6. s k3-percent contraction was obtained, and l.?-poroent lﬁ
250°C, " To maintain the cont racta.onat I.Stosoporoent, t,empeuturelndtq
be raised to’ 25'(‘6. vd.thi.n ladum e '.j"'\, T O
. z-—-x The iron catalyst, which ms. prod.pa.tatod with. amonin, was humctod -
with mixed gas at atmospheric prossure and 2,,5°C. - ¥he contractdon. reached 31°5
) ‘after 5 days of opsration.. mmmawitchedtooo-richaynthem

. {300 + i) and\operated atlSatmepheraa ssure. -Table ) shows: theemtrao-

~tion after some time of operation and the oumpoaitionorthosynthed.agaaand
‘of 8 product gas cbtasmd at 250°c. (z.th day)—~——— o ] |
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. Whent m;mﬁmetdpemmmn 315'0., the nnd.t of. EO-pmnt og:tnctionm
"pucidana'atwmthanamthotopimm. mmmmm




. . From tables 2 and &; it )mw ‘be observed that &' mcﬁmd,”mm
resulte: Lrom & catalyst which was inducted at 1/10 atmosphere and 325°C., when the'
mcuon tenpersture is 235°C.’ ~;ltm.,tl'ncat-uysb was indacted. atlawospheraand
245°C., & 50-percent ‘contraction resulted at 2h5° to.255°C, " For a catalyst in= - -
ducted at. ‘15 atmospheres pressurs, 8 tenparoturo ‘of 280° to 290°C. was_required to
pmducoaﬁo—pammmm. L T A T AT

O aﬂnoaplurs, the ¢ m induction t'axi:’pmtm’m'azs ) WO
ated the effect of msm upon the" 4nduction at tlnt.“f;mpem o T )
" showa ‘these results, - The Anduction was carriad oub ‘in‘each cass Lor: 25 hours with
@ CO~rdch’ mthesh gaa, and-the catalyst m” sstod o 235‘0. with g gas of com~
poait.ian X0+ z-lz at. 15 amosphms i RV )
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' 29 Pore ; T p- o ™ ~ %l xmnth.ndat235'0.,'
am,‘mrdmmmm-“_jw*memﬂd o main= . ;
-tained.  The catalyst, nhich was: inducted at 345°C;, caused a dontraction’ of: about
50 percent for 80 days. ummﬁnnmpmtm‘a, ‘sach as 255° and 305°Cs, '
and higher t.anpera a, such aa hOO'C. s ahmred loaa ﬂavonblo remﬂ.ts. L

S Aconpud.amofﬁgs. 2and3 ahmstmtthemtalyatwldchmabmw
;mctedwu.hpm comateadotw:mdﬂznﬁxtma ahandalmgermcbm This

can be said to hold for all ‘temparatures. ' When the" ‘catalyst was pretreated with
pure €O, ths contrection decreased below 50 percent on ths 12th day when the in=
‘duction temperature vas 255°C. _ When the catalyst mas pretreated with ‘synthegds
gns ab, 3os°c., the decreaso. in eontraction below 50 percent occurro;d.m.tbei,_lzth” O
.day, 8s. ccmpnmd to pure CO, for which the drop below, 50 percent took:place after = -
the 25th day.  Similarly, for an induction temperaturs of 325°C., the decrease in ' .
cunmcb:lon ‘below: 50 porcent ‘occurred on the 24th day vhen. synthesis gas wag used; . -
and when pure CO was. employed instead, “under:the  sara conditions,; the saws drop. . . .
oceurred at the end of 120 daye. When the’ cata]yst, inducted :at 325°C, was usod i
ths: aynthem tempmtm had to’ ,be raiasd ‘after 130 days of operation. " When —

3nducted st 3457C. was: ‘amployed, the- tempemtm had to be dne

Som operating data of thess mparments are presanted ;




mmwatmwatu- mwzs-

mMporb"otﬁdnalwattha mam
. . :-) -~ " .
!ﬁu pu' ot maal gas b tiﬁ“:.oommm.ﬂ

mumwofmalgasattmmaay:ﬁ'

e G0, 20 o it fr W rion of 1 7 oy
2k hours, Syntheais: CO-rich gas, 15 a‘hmspbems, lo"iim-f.vf—f“
perlOg-ams M:h'onperhom, mperatm 235°C.-




a.n. throe catalyste g2
m«m was inducted at 15 atmspmm s
uhzms ‘the catalyst inducted & 1/10”"1
(Dm-:l.ng ths. :lndnct.im ‘at: hfsh 91'”"
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‘mobmnod. mmma,itmwmbmupmwmnm :
ot&bthmghﬂweppautucto&tdn&ocnthntﬂnimmﬁtvd&z. Daring..
mdmuwl,altomlﬁntmdwzmmmd;mw ,cnly
nnma.ﬂ,mmzu:mwmmmuwmmrommam
and free ,moﬁinatothoqaatim,zco-(:*cm.q,v

mmnwnhdtydmtl,mnmmmponwm__
N mapmumnmammiom. E:q:erimtelaand]bbolong

mmwzmldmg.a;mmamammmmz. -Inthe .
cass of experiment la, formation lasted for 25 hours: -and was carrisd. out with l.

‘14ters per -hour at 325°C. : In the case-of experimsnt 1b,. ‘the  induction.lasted "
2-1/2 hours; ‘for experiment 28, wntmofmparmmused!ora-llzm .
at 325°C. ~ Experiment 2b lasted 20 minutes..  The.points at which the induction was .
terminated snd the synthesis started are marksd by crosses on Fig, k.. The follom-
ing: muammmmmmmatlsawmmasyc g table
10 shows, “after 100 1iters of CO had been passed over the. atalyatdtminsexperl—
-ments:la and 28, 3goodmdlastingactiv1tyaf the catalyst had been created, . .
‘When the induction was. ﬂxe.:OOgufamatim- (mw!ments--lb»-and ol
) declined,’ catalyst ‘which gave good iiitial’ canveraion; b




v mammt.duﬂngindmﬂmm OOgm fomedatahospbm
pmamthnatuwwmsﬂﬂammtmmmﬂmmdm

’ Miigtare of CO with Sther gasey.—lixtures of CO  snd Hp have already
bundimsaod mmﬂ,wpnmmwambhumotounmc

mmaﬂunmco. Tmmybomimdbyummtaynthem'
mdtwtatamdandwwccamyst

mmdwznmmmmimdodmmﬂmmmmou
Wumumm

'z“"'“’*“ﬁ B ] d~m11 qmﬁ.uan ot mrt gaaca. apedﬂ.‘w of xﬂ.tmgm,
“cannot be . umimummm@amm
qnantimsctinorbminpednthepmoaaaotmﬂm wo!nutcmdtmtit '
sphere pressure, mﬂgm. Iticnotpem‘luibla
_ ,a.mosphere partial pressure of oo and. 9/10.
”;‘jt.hosa eendi.tinns ‘over a lengﬁh of time ot 25r~hom4dth 10 1iters of co-nitrogen .
mixtures per hour (total flow. 100 1iters of €0), & eatalyst was produced which 7
‘gave ‘only.37 percent: ‘contraction at 235°C.. When we worked with a- co-nitrogen mx-
uare of a ratio- 1:3, an mauo:;ﬁcarrled wub for 10 hot

s




mmmmmtummm,m,mmw
, temperature; gas pressire, cnd ths ratio of CO' to CO2 comtained in the -
gas. Figure 5a refers to atmospheric pressure. Tnis corresponds to results of
investigations B.Sdmckuz).,ﬂudottedcmoamobmndbyu.ﬂom,
and E. Groll (33) through calmlat.ima.v Plgurs 5 almathe,eqzﬂ.‘libﬂm coni- .

datuby Schenck

2 o msmmfmng.Sthat,attmeratm'esbo]mﬁl)’tosm‘c.,\
 PeO is stable (Schenck tarmed this Ms ™ailstite”, bacause it always containg Fe304).

~ At Yow temperatuma, thamtore, t.he mdnctﬂ.cu“‘ot’?goh my be aoeompnarud wi.thont
.,go:l.ng through tbs FeO phass ; _ L

r 'rhe metalncphaseisonlyatableabwe tanparatureaofSSO" *bo660‘c
(according to Schemck, it decomposes into axoferrite contelning oxygen and oxo-
austenite containing oxygen and carbides).’ It is assumed,. t!ax'efore, ‘that at —
lower temperatures the carbide is formed. ‘by“the direct acticn of €O upon Fegoh.
,Th:l.s is believed to take place over unstable oxygen deficient in the inmediate
HefmnnarﬂGrollmade X-rayanalysesotthe ‘bodies which one obtaina
from CO- and iron.. Below :655°C., they were only able to detect amll quantities
- of fres" _iran. ‘' We have found. that-the’ mduction ‘of the. higher to the lower: ox.ldas
cof: h'on*:ls independznt of pressure.. It depends only. on ‘the ratdo of €O to €Oy
pera miain.g the preasure favors the formation of ca.rbidas and i

0, as it may actually occur in somd ine
“1/10 atmsphere, ‘only 4ren carbide

83UTes. an bigh co valocities are a.d-
C02 partisl pressure and offect a 1z



G J,Mz\ ,:{?x

et £

’t”‘a"& ,‘f
"

,xw,u;,
i

;<,




S Tt 18 dealrable, of course, thattm.cearudobotmdﬂu'ouaha proper."
pwotmmnbbefomthomuwmhmderm ‘Furthermore, to keep the .syntho-
s going, this carbide should not be used up. Imdi&bdvafﬁortheindmtﬂm .
the syutbea"ﬁ‘ieactim promds sabiatactorﬂy even at mmmhma (tor 1n-
ct-anco,belowm'o.)

, Bomm themardmgmdmuydemaaesmdwmombemm_-
,taimdﬁmthetmpcahmiam&wd,tormplnm to 240°C, If the .
ttn'ehadbemm'tozao"c. from ths beginning, tlucatalyatwmxldtmm
continued to work at this température. Tt is believed:that at low temperatures
zho%msmmdmmmpmbymthanitmam-formdhytm
Mﬁm - e

s S far as the fomatinnot frea carbonﬂ.s eoneemed, mmybo asstmd
,tba} this may be catalytically ‘accelérated by the carbon-rich carbide. “How far -
tﬁ.smdemnbhdeemsiﬁonotmmmmotm gan may be pmvmtedia
"at11) the subject of present. imstigamnsa ‘However, it- is definitely. raeogn:lzed :
t.hstt!mfomauonorurbonmwbe suppreaaedby]maﬁngtbaprsssm andin- .
vemdngttnﬂmvelocityofthem.g«, i ‘ : » T

only ]jm.tatﬁ.m is tlmt tha

sufficiem-ly high 11 ti.me
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'a0l4d curves show an actuslly cbthisied yieid (4 weeks average). ‘Theoretically 1t
“should be possible to obtain 208 grams of hydrocarbons, with of without water
. formation, for every normal cubic meter of synthesis gas. - At atmospheric pres- -
gure, taking into consideration only the formation of CO2, the ﬂxeorouoal gas come .
_ position- should be 2C0 +:1Ho; at 15 atmospheres, it sho x ‘be 1,85 CO.+ 1. -
o . Fundamental. differencss axist between the_synthesis carrjed out at atmos~ -
phorlcpi'oam and-at 15 atmospheres. One cannot work at atmospheric pressure P

with the theoretical CO mixture bacause, under thess conditions, the. activity of ' .

Tthe catalyst decreases oo ‘rapidly. This is not ths case .for-the middle-pressure
-aynthesis. At ) atmosphere synthosis pressure, & gas of composition 1C0 + A2 be-
haved beat. For the first /4 weeks of oporation it gave an average of 60 grans of - -
2014d and liquid and gasol hydrocarboris: -These yields decreasedrapldly during the

A+ 1t is possibls to work well for many months with the theoretical gas
pdxture and, obtain complets conversions. For the lower . ;turated homologs of —=?
mathans, more hydrogen is required than ‘oquations (1) and (2) demand. * Since tha
foration of methane is not entirely suppreased, C0. and By are not consumed in the
ratio of 1.85:1 but rather in the ratio-of 1,6-1.8:1. Fimally, it appears -to be.
advantageous vith respact to the lifetims of the catalyst, as Wo snt-end of the
snthesis still contains a ssall excess of hydrogen, tiat tho idsel synthosis @9
ontain €0 perosnt CO snd 40 percsnt Hp (CO-Hp =1.5:1). With Such & gas mixture, -
‘it is possible to obtain 150 £0°160 grams of solids, liqulds, ‘end gasol per normsl .




' In éther experiments the difference was greater (experiments 3, 6, and
7). Experiments 4, 5, end 10 were carried out with a catalyst containing.l per-
cent Kz€03. For experiments 4 and 5, the COtHz ratlo wes 1.5 and 16431, rospec-
tively, ‘for the initial gas. For the same experiments, the end-gas. contained . -
1,59 and.1.78 CO, respectively, ‘to 1Hz. .For experiment 10, the initial gas con-
tained too mich CO and cazbon formation is indicated. The catalyst of this . ~
experiment had only about half as long @ lifetims as the catalysts of* experimonts
4 and 5. The aitustion is ‘diml1ar for experiments ‘9'Aa<:ni~11—;+&q:aﬂmt:;v8_-,@!#3.;-:.,.»,
carried out with mixed gas '(m’aﬁi - 0.5311) 7 ;. -Here, too, the ratlo in which
4hs components were ussd up was X ghex toan the oﬂgﬁ.t}?l_ahdiamm to 0.87:1.

e T getm:dmnnfyfa_.e';ds,&it} is necessary to work ?&_th.a'nvinib!_ﬂx;- gas con~
taining both componants in approximtely the ratio in which they are used up.
:Initial gases which cont: in less CO than ‘is’irequ;md»tar{«the—: optimm conditions—
(1.4-1.611) are not capeble of ylelding maximun yields, bacause the end-gas con-
tains an excess of Hp. Initial gases with too gh ‘8 :

the- danger ‘of "ca’rbonf"fox'nntign;a.ndj.ahgftpﬁfithéiﬁmém,bt ‘%he catalyst. It is

paragraphon syntheals gas, tho
‘ot practicable to work gt atmo

—The catalyst contained iron and copper. . .
the eolutions of ferrous chloride and.
‘carbonate amd wes elkalized by adding.

ucflon ot o




senoEL T ‘-'nable 13 ahm the end-gas analyaes

percent at 5, ‘15, 30, and 80° atmospheres. Thc

of the runs. carrisd out at 5 and 15 atmospherea

: : "'tlwse‘anﬂ;ed oub at-.BO_and 80: atmsphms—S‘}.




¥ith nspoot to the 1ifetime of the ‘catalyst at various 1
‘ms,_j.b should be pointed out’ that world.ng temperatures: abovs 290°C. auonldbo

15 atmospheres had'thd 1qogozt. 1ifetime, With the catalyst” used for tids seriss
of ts, a temperature of 290°C. was required for 5 montha! operauon and’
working at 15 Mephei'ea; the same temperature was after 2 months when
'gﬁagmmdermahmsplnmn anddur.tng t.ha ﬁ.ratmonthwhenwrldns underao B

'.-?or this eer:lea of cuq:erimnta, a copper-

free, 50- mnoatalsstmamdwhichhadbeenindmtsdrorzk
‘hours at 1/10 atmaphere ‘and 325°C. with & CO-rich synthosis gasos *‘Bablo*llrahan
the mmltaofaxpeﬁmuta at various pressures; :mchasl, 5, 10, 30, andéOa.t-
msphemsr mﬂmaxperimbam etarbedat235°c. i ,

This ecatalyst giwve
'_nor did it give a conversion ‘on’ the second day

- 15 atmo hems and 235°C.; this catalyst “Amme .'7;
percent.) AL amp'spherea ‘the contractions 18y,

convsrsionwas still incomplets. This did:




. 'Here, tob, we found ¥hat an optimm pressure of Ay, to X0 atmospherss
exists, giving the i e cd 24fe. " (A-cony )
experirents recorded in table.5 for the anmeam.gn at 15 atmospheres shows -
that the optimm pressure is above 10 atmospheres.) . = - '

L Tmipd series of experiments.—A catalyst was.used which was copper-fres.
.and ‘had been precipitated With soda, Ons percent potassium garbonate was added,
‘-and the industion was carried out “at 1710 atmosphere. ~Ths catalyst was

prepared by a so-called inverted precipitation, that is, by.running the iron : J

solutdion (6C°C.) into a boil eoda sclution. Ve wanted to find out how long at
15, 20, 30, and 60 atmospheres and a reaction temporature of epproximately 235°C.

a contraction of more than' 50 percent could be maintained. - Table 15 shows that:

. for' 15 atmospheres this time wag 20 days; at 20 atmospheres, it was 9 days; at 30
.‘atmospheres, 5 days; and at 60 atmospheres, & contraction of more-than 50 percent

i
:
E
%;
;
‘g,
%
:

! could be maintained only for 1 day.. @
R > o 15,~Influenice of sipthosis. ressure upon length of time '

¢

'as» mamog héféa'
= Tame - Cone




. " Vie padd special attention to the temperature. problem. . e endeavored to
m the temperature for the iron mlddle~pressurs. synthesis as low a8 possible.
5°'was neceasary for economic. reasons. On.a 1arge’ acale, the réactor is coaled
with mater and a amall rise in temperature would causs a considerable increass in
steam pressure and therefore an inoreass in the weight of the equipment. .

o : Innumee of Inducuon ' _
the catelyst exerts an dmpertant influsnce upon the following synthesis.  The a
curves in Fig.. .supplement. the pnteﬂ.al,already prosented. “The sbacissae give -~ -
tﬂt: length of operation in months, the ordinates, the operating temperaturesand -
ore carried out with a. aynbhexis gag contalring 00 and Fp

pressure correspending to these temperatures. ‘A1l the experiments -
‘ I the retlo 322 U

S i Curve rlvz'e‘fe‘rs*ta,_a;l'catalyat{inot pmﬁouﬂsinmthimmuly o
‘ golten into operation at 15-atmosphersa. To - got: maximum contraction, ‘the tempera~
ture had tobe raised to 290°C. The faitial contraction was 45 percents ln the .
“course .of the ‘55‘53!1!.1'ﬂbnthféf._abpeff“ﬁdni-.th'af‘f_&cti ty of -the. catalyst. dncreased .

adua. s0. that a contraction of ‘50 percent was obtained.. The temperatire then -
could be. lowered to 280°C, witmutimpam ‘the. yield. . ‘Daring the: fourth month
'qrwpérasion’.";-b‘:jm‘rersfit;ha‘d~ » be raised again, and at th end’of the fifth: =~
‘month 4t had reached 300°C.. O e e R R T T







'metable shows that, bthmmmmmm,mqmwn:
gaseous hydrocarbons formed incroases. .On ths whole, the md—?a .analyees ob~
tained Lrom the syntheais ga.a do not differ too much for the 1 mnths of opor&-

Curve 4 refersa to a catalyat inducted at 325‘0. with Co and 1/10 atmoa-
phore. The induction at 325°C, facilitated aperation at. low temperaturss for .
the first few months. The contraction remainsd canstant at 50 to 54 percent
through the courss of 4 months at 235°C. After thet the teaperature had to be-
Taised, After 1 year, this iron catalyst did not show any advantagos over a’
eatalyst inducted at 255°C. o

" The curves of the, figurs ehow the etf;ct or pmtreabmnt ot tha mn :
»catalysﬁontheuyut&wsﬂsmm Lo | o |
e S L Innnenco of Gas cqmposigaoa et

‘In table 17, comparative posults are given for cosversions of CO-rich
and Hg—r:lch synthesis gases. a.t a reaction tamperature of 205"0. (syubheaia pros-
surs, 15 atmospheres). S ' B ‘ A

CO=rich starting gas 2°2 0.0 0.2 53 9 3399 0-2 1. Tl 20
i 883 l°a3 ATl ne_ o 0l 52o9 ZSJ& 106 103 508 R
Hz‘ﬂch 8W@B 2 o 3 co 3102 5606 106 ,90’0‘ B ﬂ ;
T ega  ®3 21 -3219.5 523 39 z,o BT
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: ‘mble 18 shcms the eonvem&.on at m dﬁfterent gases e.e, 5"0. .
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' ’ zéoo : 02 8.9 2006 ,602- 106 : 1505‘ :
6 .0 1307583 .2 1.0.2031 M E
loﬁ' .‘Ll ; oo 15398 1301 107 180 e




. The analyses show that the reaction temperature can be lower if loas co
ip present in the synthesis gas, thac is, less CO 1s converted. For the same -
temperature, an increasse in Hp content in the synthesis gas increases the percent/
contraction as long as the CO is not converted entirely, &s shown by the last ex-
poriment of table 18, 0.66 and 0.71 liter, respectively, of CO 15 converted per
hour at 205°C.- (according to both experiments of tablo 17). .According to table
18, 1.8, 1.7, and 1.23 liters per hour of CO were gonsumed at 225°C. . In the last
experiment of this table,- &l of the CO was comverted. As long as CO and iy -
wore present in the ges in sufficient quantity to react for the same temporatures.
and for the sams length of tims, ths converted /quifxrbitiqs.of 'CO and COtHs ratio
remained indspendent. = 7 ¢ ! oo e

".Effect of Top low Starting Tamporaturs s

: S T T L ~ SN

. . . . In gerieral, the experiments wers started at 225° to 235°C., slthoygh
good conversion could have beesn obtained at lower temperatures immediately after
the induvction. Thus, with an experiment conducted with Ho~rich synthesis gas
(COsBa = 1:2), & contraction of 47 percent was "gtill obtained at a.temperature of
184°C. after the second day of operation. :The ‘ratio in which CO and Hp were used
up was 0.7:1, indicating a reaction proceeding according to the equation, CO + -

- = CHy + Hy0. - A% _such low reaction’ temperatures, ths conversion ‘decreases :
after a fow days, and the resulta ars more unfavoreble even after tho temperature.
is'raized again, than-if operation had been begun at higher temperatures from the
start (table 19)

able 19).: Tsble 19 contains tho results of two comparative experiments -
using CO-rich synthesis gas and a normal iron catelyst. lxperiment 'l was con-'
dmtadia'tb'ZBS"cg,".éa':p_exf]mgntﬂz startad at 20°C, - LU s

S
i
By
3 :
40

.. 'Tha catalyst taken into opsration at 235°C. gave congtant contractions
of 50 ta 55 psrcent, The catalyst started at 210°C, gave contraction of 42 por-
“cent after 1.day of operation; after 2 days it gave, 3L percent and after 3 dsys. .
only 27 percent.. Vihen the temperature .was raised, the catalyst gave only 36=
percant conversion at 235°C., and even st 250°C., ‘50-percent contraction could .
“not be reached. T = e T e T




~ Tesperature and Reaction Products’

: . It has besn pointed out proviously (for example, sce table 16) that with
high temperatures the formation of the gaseous products insreases. Table 20 shows
average yields obtained on an iron catalyst containing 1/4 percent potassium car-
bonate; temperatures were 235°, 270°, and 280°C. Vhen ths temperature was raised
from 235* to 270°C., the ylelds of solid paraffin dropped from 39 to 4 grams per
normal cubic meter. The quentity of liquid and especiclly of volatils liquid -
gasol hyaroparbom. increased at the same time. At 280°C, the paraffin yielda were
sti1l lower; however, at this temperature the yields of liqid and gasol hydro-
carbons also decreassd, - - L i}

~ ~and Upon Nature of Heaction Products .

" Tne preparation of the catalysts and the mature of the addition of alkeli-
have been discussed earlier. (In the ‘following, an apalysis is presented to show -
4he influence of the alksli upon the <dourss of the gyntheois, . The alkaldl additions
indicated in the tsbles refer to potassium carbonate expressed.as-porcent potassium
carboriate Teferred to motallic diron. In the case of the othar alkali salts (per=
manganate, fluorids, etes) the notation 'l percent KO - signifies thet as mueh
potassiun wos used in the formation of thias ‘salt as would correspend to 1 percent
" K2003." Teble 2L describes an axpsriment, the catalyst of which waa precipitsted
with ameonis and contained no slkali. The testing of this catalyst was carried
“out at-constént tamperature (235°C.) with a CO-rich synthesis gas (COsHp = 312,
containing 8 to 10 percent inert ingredients). The pressure was 15 stmospherea.




- The series of axperiments auows that alkall adaition to the catalyst is
not required if cno disregards the nature of the formed hydrocarbons. : The cata~
lyst which was precipitated with ammonia and was entirely froe of alkall was - . -
tested for 50 days and gave contraction velues which wers gimtlar to those cb=
tained with a normal iron catalyst containing 1/4 percent K2003. We found that
catalyste which contained up to 1 percent or more potassium carbonate ghowed &
decrease in activity carlier than normal iron catalysts at 235°C.; the decreass
occurred between the 30th and 50th days. Vhen we usoed catalysts that had been
alkalized by salts other than potassium carbonate, no worthmhile variations in ‘
the courge of the synthesis could be observed durdng the first fer weeks, However,
ths catalyst containing potassium permanganate showed very good conversion,
whereas the’ons containing potaseiun phosphate was loss gctive. - ‘

amre

: .- 'Iable zastms\thg”qunxxhitwandmpatmoftﬁimcbim products
which wore obtained with the various alkalized catalysts at 235°C. and 15 atmog~' -
pheres synthesis pressurse. The yields, expressed in grams per normal. cublc meter
of ideal-gasy, vary to some extent through the first month of operation, corres--
ponding to the ‘-changmg‘fcmtractions,obtaimd.;, Thus, we obtained betwsen 150 to
160 grams per normal cubic meter of ideal gas. Ths alkali content of the catalyst
axerts a very essantial 4influence upon the nature. of the reaction products,’ Whan
no alkali was present, only 12 percant of-solld paraffin (reforred to the total -
yields of sclid, liquid, and ‘gasol hydrocarbons) was cbtained; according o tho
_ Butanono method. ' Whea 1/h percent potassiun carbonate was added to the ‘catalyst,
this i.r_xormd-.to;zé percant;‘,iﬁof_l‘pe_tcent Jpotagsium carbonate, to 42 percent;
for 2 percent, to 43 percent; and at 5 percent potassium carbonats, contents. 45
o 46 percent of solid peraffin was obtained, referred to the total ylelds, The
quantity of liquid and gasol hydrocarbons correspondingly £=11 as tho alkall con-
tmtmcrmdn e . : . . "“ ‘:‘,,:' e .. 7;‘\ .' P ! )

e YUTIN . :
. ; . SN

 fub1o 72 shose that the sourcs of it cliald yas nimportant, as for
"@s the quantity and.nature of the reaction preducts wers concerned. The experi-.

 ments with a catalyst containing 1 percent potasaiuwn carbonate and the corress s

onding quantities of potassium permanganats, potassium silicate, potassium £luors
. 4ds, and potassium phosphate  showed the SAmMe: COUTEs of reaction within the limits
of experimental e¥TOR. . . R T RPN R e L L R




srestment with Rydrogen Before and ghm. _.‘m theals
Pretreatoent with Hydrogm "

. mommlimncatalyat,imteadofbdngtmmmmw,msmdnctad,
with 6 liters per hour of Hp at 1/10 atmosphere and 325°C, for 2-1/2 hours. Vhen
CO-rich aynthesis gas was substituted and operation continusd at 15 atmosphores
and 235°C., an end-gas analysis made after 1-1/4 hours showed 2 to 3 percent cen-
tracticn, and another gas analysis.ziade after 3~1/4 hours disclosed 4 percent con-
traction. The catalyst behaved liks a noninducted catalyst. Nevertheless, the
catalyst, after removal from the reaction tube, was faintly. pyrophoric and ferro-
magnetic., A comparative experiment with a catalyst inducted with CO instead of
“Hp priar to the gynthesis gave a contraction of 54 percent from the very begimmlng.

" In a further experiment we used a catalyst of 1owir activity to detsr—
mino whather a pretreatment with Hy before induction would result in an lmprove- -
ment.. For this purpose we passed & liters of Hp psr hour over the catalyst ab
325°C, and-1/10 atmosphere for 6 hours. Then ws pessed 4 liters of CO per hour .
_over the catalyst for 20 hours ab 1/10 atmosphere and 325°C, ~Than we started
operation with CO-rich syatheais gas at 15 atmospheres. The contraction was 42
percent on the second .day abt 234°C., 45 percent on the gixth day at 236°C., A7
_percent. on the eighth day &t 238°C,, and again 47 percent on the tenth-day-at

238°C, Comparing these data with the experimeh conducted with s catalyst not
‘pretrsated with hydrogen 42-percent contractio _was obtained on the sscond Qay
at.234°C. and 46 percent on the_eighth day at 238°C.. The hydrogen: ‘¢reatment be-
‘fors induction therefore: was without influence upon the conversion. .,

. Hytrogen Troatmant Between Tnduction and Smithedts”

7. We papsed 40 1iters of CO for 2-1/2 hours at 325°C. end 1/10 atmosphere
over the’catalyst. Then we passed 6 liters of Hp per hour over the catalyst at

'3259C, We substituted CO-rich synthosis gas at 15 stmospheres; and the sctivity -
was tested at Z10°C. ~The gsontraction went up bo 42 ‘parcent impsdiately. After Ll
day, it was A3 percent,  For-a couparative experivent in which the Hp pretreatment
‘was cmitied, the contraction after 1 day was 42 percente The intermittent Hy -

treatment was therefore without 4nfluence upon the catalyst activity. . (This re=
galt is surprising becauss ang mould expect that the Hop would x% duce tha carbides

fomd Mmdm vﬂ.thCO,) : ;":—':f', T SAACIE LT ;

DU S ee‘f,alyst ‘that oprdinardily should have besn taken into opere donata
_ gomswiiat highsr temporature was tested at 235°C. and. 15 atmospheres with 4 liters
.par houp of CO-rich gas. I% gave «5a-perc¢nt"jcmt'ractd.on;. on tho first and. second <

9o (s00 Fig. 10), 50-pereent contraction after 2 days, and A7-percent, contrac= '
m after 3 days. The dotted curve showse that the contraction should have =
dz e ement: nuad for 1 week at 235°C.

e e o tlowiy %o, 50 percent an the 19th day. After the third ipxtrosient

had been carried oub, abt first-a-contraction of 55 percent was obtained, after 3- .-

days 51 peroent; and after I days 52-percent contraction was measured, Then for 2°
-months of ‘opération the contracticn :emimdeomtaxrbbetmso to 53 poreent 8%
"235.0.3», . L e - s . ., - RN - o il o
T 28 -
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. Figure 10 shows that the Ho treatment undertaken between synihogos causes
an increase in cata)yst activity. incroass ¥as especially pronounced during
- the first hours~after tho Hp treatuent, and 4t.aleo rosulted in a lasting improve~
-ment of the catslyst. then these peaks of activity were obtainsd Ammediately after
ths Hp treatment, CO gnd lp werc used:up 1in the’ sanmd retio ss durink the course of
the, normel synthesis (at 50 to 52 percent eontraction)s. In both'cases,“C0 and Hy ™
sore used-in the ratio of 1 !)? to 1.70:1. . (\ -
o;

. " Imncatalyabauhichhadboen-inopamtionf ¥ a groat length of time ar
had decreased in activity could not ba improved by guch By treatment., As a matter

of fact, an improvemant will oot even result if another induction is carried through

with CO. If it i4 plannsd to give an Hy treatmant, it 4s importent that this be = -

done bafors the activity of the catalyst has dscrsassd balcw 45 to 50 percent.

A

Catal y Basad on Pe Salts - - Cwee

A . In the initial description of the preparatiocn of catalysts from ferrous
salts, it was polntod out that thess iron catalysts arc obtained as voluminous
brown powders. The catalygts from ferric selts aré almoat black-and show glassy .
fracture, A fundamental distinction may therefors be made bstween the two cata~
lysts fiom their sppsarancs. o S : S R
)., .~ Vhen the ferrous catalyst was employed without previous induction (CO- .
#ich pas at 15 atmospheres) the: results vere as poor as thosa with ths other cate-
lyste. Thus, on the first day of ‘operatibn ab 244°C., 8-percent contraction was
cbtained and 45 percent cn tho pinth day at 265°C, The ferrcus catalyst under
thess conditions could bs brought o 50-percent. contraction at 280° to 290°C,

RN After induction with mixsd gas at 1 atmosphere and - 254°C., and synthesis

_ with CO-rich gas at 15 atmespherss and 24,5°C. , h3~-percant contraction vas obtainied
“ab 245°C., Ah-percent contraction at-255°C. ,” and 47-percent contracticn ab 265°C.; -
on the 10th day. When the eatalysts prepared fyom ferrous chlozide and ferrous = -
nitrate and inducted with CO and 1/10 atmosphere and- 235°C. wors used i a ‘syathesis—
at 15 atmosphieros and & CO-vich ‘gynthosis-gas, they showed .an ‘4nitial activity which,
howsver, decreased rapidly after 1 to 2 dsys. -Teble 23 shows this for three experi-
mens. AN T T T e S T

L __Table 23.-—BExpsriment ferrous catalysts -
AA R T o v ~(#<':""‘" M&Z v‘ ] R e
N o~ LI - - TS Falloalo—__
oTTL . perae 0 brace peras . - trag- .~ perse trace
Operation, - .=~ turo, - - tlom,. . ... turs, 7 %dehy, ture, - tdom,
P Teg’ ' yoveont  °C.  ~_ pepeent . 20, . POTCOmS reent
> > -] £ 235 56 . 23T
.3 =235 o Ay w25 B9 235 L. A0
- l& ) . 235 30» ¢ ..“Egls o 438 A L R
-6 R S R ST I~ 29 . = oy

~T 7 - . The contraction for the £irst experiment decyessed from 57 to 3k percsat =~
::ﬂtha third day when the operating temperature was 235°C. For tho sscond éxpsri~
ot - (after a. contractlon of 56 percent wes vbialned initially) thé’ temperaturs was
lowsred -on the £irst day to minimize sny possible dsmage to tho catalyst. At the.:
lowor temperaturs, - however, the contraction decreased. A third experiment with &
catalyst derived from ferrous nitrate behaved simdlarly. R 5



Under tne test conditlons previously adhered-to-for the other normal
catalysta (prepared from ferric salts), ths ferrous catalysts were less active. -

) For the experiments in table 12; iron-copper catalya& built on ferrous
chloride—copper chloride were employed. They were inducted with mixed gas at
atmospheric presswe. Tha table shows that these forrous catalystes gave full
conversicn fog-gsveral months. Howaver, it should be pointed out that the tem=

" perature has to be 260°C. 'and higher, corresponding to-the induction conditions.

iffoct of Adding Copper -

. "7 The experimsnts of Fischey, Ackermarm, and Msyor (17) have shown that
the aynthesis carried out at atwospheric pressure with copper—~fres catalysts 1s .
inferior to that carrisd out with copper=containing iren catalysts. The £ollow-
ing table shows the best resulis with both ea s at ataosphoric pressure.’
The peaction temperaturs vas 230° to 235°C.  Four liters of mixod gas per 10
gramg/’pez;. hour of iron were usad for the synthesls. T

e

R RGeS S Te (without 0u)
Oporation, Contraction, ~lLiquid products, - Contractiom, Liquid producis,
—S8Y8 parcent grams/pe ____ parcent W 'mt/"" - m@

' , 230 ™ ; R - - S
5 3% T s . -3 o 50
10 . 3 oo 55 30 o e A8
R0 30, 56 27 T 38
30 o2 - 50 oo 26 - 3k

" fho coppor-containing catalysts required & shorber industion tims to

reach the maximsin_contractions of appreximately, 30 percent. - The nm:lmm:yicmegr
at ‘the’ baginning of the synthesis in both cases wars approximately the same; how-

.ever, the copper-containing catalysts retained thelr activity semewhal longer
_than the copper-free catalysts. R A I

i y

... vnen the catalysts ‘were employed at 15 stmospheres pressure (without
‘proviocus induction at lowe pressurss), the catalysts conteining. copper (5Fe = -
'1Cn). and-the copper-—free*cgwysts gave: contractions of 40 to 4b percent after
the reasction temperature had gond up to 260° to_270°C. Copper-free catalysts ..
under thoge:conditions and at 280° to 290°C. gave a contraction-of 50 percent for
- geveral mohthg: - In comparison, ths copper~containing catdlysts deteriorated
‘mpmo . ”,» E ~v : \ : . = \' Rt .? _J'» AR oL V-'ﬂ.: oY) - - .
. Table 35 shows two experdments in which the-eetalysts were produced 7

grom ferric salts and wers inductsd at 325°C, end 1/10 atmosphers with CO. Then
the syathssls was carricd out at 15 mtmospheres wWith CO~rich-gas. Resulis are
* compared for temperatures of 235° and. 225°C, for catalysts-containing copper and -
catalyste without coppers” U Lo T w el L e R

.. The expsrimsnts show that theaddiiion of copper. to iron catalysts for
nes :l.ntpoxgiddle-upreasurs syntlw!gio‘ st 235°C.. S.spf' no advantage..



v‘mhoz -.Etfont.ofad ' na ty of

v L Syntheais tanperatm ' Synthesis temperature
Operation, ‘ .1 -235°C; oo 225°C,
—tays . Fe without Cu SFetlCu Fe without Cu z'ge:lcu
1 : o 55 o ‘ Lo 52 55
2 , .53 . . ;é — 54
¢ 3 o 53 A . 20 0
AR - S S .56 . . 50 e =
- S ST 5% 50 &5 .. 50

T " Eegact of Ad@g ﬁe@m‘
In the ayntheais of - h(ydroearbona with cobalt catalyots, ld.aeelguﬁr p]ays

an important part as a_carrier used in the catalyst.. Sati.sfactory ylelds of -
liquid and solid bydrocarbons may be obtained only w:lt.h ca.tahfsts contai:ﬂns

ki.eaelguhr

when 1ron catalys’os *wem used in tm noml-prsszmm synthesd.s, it wms -
found that the catalysts that did not contain a carrier woré more seifectlive “than™
vith ld.eeelguhr as carrier. In soms casss ylelds of 50 to 55 grams of liquid .
‘hydrocarbons per cuvbie meter of gas were obtained, but the lifetime of such cata-
lysts was only a fow days. Recently, we have. carrisd out expsriments using iron
‘eatalysts containing kiesslguhr for the ‘middlé~prossure synthesis. The purpose
.of this ‘investigation was not so much to improve the yields of the synthesis as ,
to operate with catalysts of lower: density in vertical reaction tubes,. Opsration. N
with catalysts containing no Kkiczelguhr in vertical tubes reeulta in much shorter -
1ife than when kieselguhr is pregent (seo fom'm part of this papar titled, "Tm .
REEL 1:5; DOCUMENT FG=21.577-NID. ")eo o _

S The ld.ee@lguhr was added at va.:;ious st.ages of: tho ca.talyab pmpamtion. :
The fol.'lmdng cxperiments Wore carricd out: ~ Exporiment 1, & grams of kieselguhr .
-per 10 grams of iron wsro added 40 the iren solution befors pmcipitauion, Expords .
pent 2, L grams of ‘kisssiguh- per-lO”‘grams of iron were added to the goda. soluticm
gbefgg_:M e precipitation; Experiment. 3, k. grams of kiezslguhr psr 10 grams of ‘4ren
‘ware added to the moist ‘catalyst—slurry after a:ﬂcalization PTHE .CATALYST",
page 2); Experiment L, the possibility of etding dry ldisse ‘%o the finished )
1cata1yst must be dianissed iIfTit is des).red to pmduce a solid granular eetalyst., -

el TkwresnltsofeamarimentsltoSaregimintablezé. rimentSa
refers toa synthesd.s temperature of 235°C.; 3b. Tofers to 225°C. The: vaz'ious -
_.eontmcﬁ.ons ‘cbtained after various times of. operations : recorded in the. tableu-~..-
In all cases, ths catalyst was inducted for 24 hours, using 4 liters per hour of
€0 per 10 grams of ircn. “The induction pressure was-1/10 atmosphere; and the...
temperaturs 325°C. Aftor this the syn'maaia wa.s camied out rd.th a CO-rich’ gas '

‘(380 + Zp) at 15 atmsPheres.‘f«" e T

R YE 26 ‘ghows that experimnt g;!.ves the- heat. results. I thi's caaie,‘
\ e Ideselgihr was added to the catalyst Lﬁ.er alkalization. The contraction re-
-mained above 50 percsnt for 2 months of cperation (without regeneramn). A% -
~225°C. (oxper:!mnt. 3b), the cmtractlon foll balow 50 peromfharter_lo days. of




Tablo 26.~~Effect of adding jdeselguhs to catalyst

?Mm__;-s___l . Experiment 2 . _Exporiment Ja Tm__rm*}.&
Teme * Con~  Tem- Con~ Ter»  Con~ = Tem~ Con-
. pora- trac- pera~ ~ trac=  pera~ . trao- pera~  tixrac=~
Opsration, ture, tion, turs,  tion, ture, ~ ‘tion, ture, ' ‘ulom,
. days ___ °C. percent __ °C. percent _ °C, _porcsnt _ °C. peryent
1D 235 53 23, 85 . 2% s . -
' 235 50 - 23, : 33 235 5 . 25 56
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. 1able 27 gives a ccmposition of tho ‘product gas at contractions of 53
%o Sk percent. lxperiment 3s gives the maximum smounts of gassous hydrocarbons.
The catalysts-in which the kisselgulr had ‘opportunity to be saturated with = -
alkall durin; the process of precipitetion (experiments 1'end 2), as well a8 "
experiment 3o carried out at 225°C., yisolded assentially legs saturated gassous
hydrocarbons for the same contracticom.™ (& mormal iron catalyst under analogous
conditijns gave a reaction gas conteining 6 to & percent gassous hydrocarbons. )

v L . Helans . ‘ ;
Experiment 1 59.1 3.5 0.276.312.9 ‘4.7 I8 13.3°
E@egg‘“»2~:-.59°2ﬂ Bb 1 S5hLA 6d 17 127
me~— nt 3&64'38 300 'vcl_‘ 1o3v,‘ {évo_”' g ll-la» N ’109 130-4—: )
Expoviient 3 55.9 2.6 .2 8.3 9.9 AT 22 k2

—, " A yield determination made for experiment 3a disclosed 87 grams of solid :
and 1iquid hydrecarborns and 36 grams of gasol hydrocarbons per. normal cubic mster
of ddeal gas. - . L. s Ui T ot R T

Lo 'A% the begimning, the liquid hydrocarbons contained 3 percent soldd - -
‘paraffin, 12 percent after 4 weeks, and 1) percent after 6 wacks, (This catalyst
was alkalizad with 1 percent potassium carbenate; the formation of, paraffin con=
sequentdy ig éseentially emallor-than in the esse of the corresponding Ideselguhn-

’32" .‘



‘A catalyst corresponding to that used in experiment % was charged into
a vertical apparatus composed of 18 tubosz (18 catalyst charges; 10 giums of iron -
per tubo). After tho catalyst was inducted with CO at 1/10 atmosphery and 325°C.,
CO-rich synthasis gas wis subgtituted at 15 atmospheres and 225°C. within 6 days,
the contraction decreased from 54 to 50 percent. The catalyst vas then trested
with H, at the same tempsraturs. On the eighth day, the contraction wed 52 porcents
on the tenth day, it was 47 percent, After a socond Hp treatment, the synthozis
was carricd out at 230°C. and then at 232°C. On the 17th day, the comtracticw had
decreassd to 48 parcant agaln. After another Hp treatment the oxperdment vag Sob=
ducted for another wesk at 236°C., ete. (/oo Fig. 1) S ,

~-—————Vfhen" the-resulis-of-the -expsrimznts-carried _out_in horizontal, sligWtiy
inclinod tubes (experimsnt 3b, table 26) were compared with cxperiments carricwi
out in vertical apparatus, it was observed that the latter showed & less unifom
rosmlt. Novertheless, it was posaible to maintain a contraction of approximateds’
50 percent by treating. ssveral times with Hp. (Details on the apparatus usad in
‘thoss experimsnts are conteinad in the section, "GENERAL PROBLEMS".) : _
T THE REACTION PFRODUCTS:

Tn the middle-pressure synthesis with iron catalysts, paraffin and ols=

fin hydrocarbons varying from mothane and othsr gaseous hydrocarbona to high
‘molscular solid paraffins aye formed. In table 28 yiclds of solid paraffins,
_1iquid products, and gazol:-hydrocurbons bf"_aane»expex&mnté"'carried‘ out unpder -
Tdifferont conditions are summarized. - ; B L

— . — . Catalyw i

Fo(NlagC05 procipitated) ~ — 3L &0
Fe-ldeselgehr . = i .~ 235

| Fe(Nij precipitated) 0O

‘Fe=notmal catalyst = . fs 235

Fo(NeoCOj procipitated) ~— 1 235 -
- Fe(NagCO3 precipitated) .~ 5. 235 /.

07 A the teble shows, the ‘amount of* paraffins Lormed varies bstwesn 3.%o-
‘46 percent (reforred to total yield).' If this is referrsd to liquid and solid
‘products alons, it corresponds 45 5 ¥5 51 percant. The portioh of liquid hydro-. .
ecarbons producsd varied betwesn end 76 percent of ths total roaction products..
. Between 10 and 32 percent of gasol referred to Gotal yleld wae cbtained, The -
“catalysts procipitated with soda and those precipitated-with ammonia gave ths
beat vesulis. - When the synthssis ‘tomperaturs was 235°C.. it can gensrally be o=
~ gerved that lowering the reaction temperaturs and .increaging the alkall content.
_causes a high molecular veight hydrocarbori to be formed;  The iron-kieselgumr -
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 The 1iquid products obtained not only showed a differert boiling range for

the various reaction conditiona but also contained a different porcentage of unsat~
.7 As a by~product, ths synthesis furnishes an exceedingly high-mslting paraf-
£in. PFurthermore, oxygen-containing organic compounds similar to thoss of Fischer's
Synthol (18) were formsd. L S T

‘  Pinally, the iron catalysts my be used under certain conditions for the
production of city gas. : _ - o : .

~ The middle~pressurs synthesis with iron catalysts offers a possibility to
control tho formation of the producta of reacticn by imposing specific conditions
upon tho courss of the reaction. In the discussion of the reaction products, only
approximate 1imits-concerning the formation of the various hydrocarbons can be sel..
This is ca account of the meny different variables which can ococusr in ths synthesis.

| ~ liquid Hydrocarbens - -

_ The eruds liquid total product gensrally is not colorlsss, but somewhal

sh. -After distillaticn, one obtains water-clear colorless pgasoline. The
amall guentities of yellow oil remnin as a regigus.  The gesoline is stable and re-
mins colorless afier monthe of atorage. The percsntege of liquid hydrocarbons
boiling below 1BO°C.. A grently dependent on the oxpsrimentel conditions and van vary
Tbgtweon wide limits. When a:catalyst precipitatad: ¥ith ‘ammonia and conthiniog 247 -
- porcent K3C0Oy wng; usedcab. 2£09¢;1v5S perssnt distilled delow’ 180%C. Whon:ax Aroms-
‘ooppor-tatalyst Wns used .&tia qn.n’:bi.onﬂwinpcrafﬁhi"“»o‘ﬁ:-jZSO?,cq ». 80 percent. cams over
0lowABOPC oot s iims, Al T et ol ey A L Een o hvd Uwad QU Y Cpe
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the products obtainsd with the :

5 12 boi ling-poirt curve of

normal iron catalyst at 235°C. Figgsn showd ‘an _Engler-distillation curve for a -
‘gBsoline synthesis at a reaction temperature of 250°C. and includes the fraction.
boiling up to 180°C. . Fifty percent of this gasoline boiled below 88°C., ‘60 parcent
balew 100°C. - ‘The boiling-point characteristics of the gaspline can-bs changed drzoe
+tically by changing the workdng conditions during the synthesis, - Thus,-at-235°C. -
and uging the normal iron. catalyst, the gasoline was produced boiling up to 180°C.
0f this, 30 percent boiled below 2.°C, For-anothsr ircn catalyst ‘at a working tem=
peraturs of 260°C. & gasoline bolling bslow 180°C, was produced, of which 50 percent
could bo distillsd below 78°C. Table 29 shows the density, olefin contents, boiling~ -
point characteristics, and cclans number of soms gasolines produced with the iren
— - - Tsble 29.=-Properties of gsolises producod with iron catalysts—— T

Moo " oNeon 45 olerin Starting 3 TSk So% Pl Moo
1 o Yea g O,G%' _610 Gl 309 ', _1‘6. mo u5. ,“ \0.5‘5 - 761"’
2 0 Yes .. 678 [ 65 3000 38° T3 WS Lo ;62 -

. Test 1 im table 29 rofors to a catalyst precipitated with smmonis, test 2.
refers to en ,_imn-éoppefr_cata‘lyat,._ and test 3 to en iron-iieselguhr catalyst. The
dansity of the gesolines boiling below 180°C. was ‘somswhat lower than 0.7, VWiith -

‘ phosphorus peatoxido-sulfuric acid, 64 and 65, rospactively, 38 volume~percent of .

‘olefins could bs taken oub. Tho octane number of the 3 stabilized gasolines wag

found to be 61=63, ‘according to the,fnbtb:_mthoq;";—qu'ssihﬂiﬁg;jot, improving the .
- antiknock properties of the gasoline ars discussed manother v;;_e»etion‘ dealing vith-

“the development of the orimary ‘products. -
T

3



w0381 (1381 Use3s 23 3 ___cmu.um,”..m o :
e ‘iaﬁxo_“‘nug._tfo
Mol

P O e

<
TR NS MO N ; . .
R o R X
R VR ’
X R 4
e R A .
leOOtoo 5 . _ :
O OO "' N g 7 g ., . .
: p, S
PRI
s : , Y N . / \ NN
g . - A b b > O N
. NN < . N AN < . =
A /4 NN { [V NN .
. . s v BN Vo



40 WopRLLI3sIP.
‘0 'IULVEINIL

'y "

0w o

ANARAN




"~ 'If one oonpares the portions that have been removed from the gason.m
by phosphorus pentoxide-sulfuric acid with the octane numbers, then one can ob-
sorve that these do not depend omludmly on the olef:ln oontmt.

' Tho synthol pmducta coutained in the react.ion products from the iron
m.dd].e-preaaure aynthesie are important.  The quantity and nature of the compounds
obtainsd vary with the. working conditions. Table 30 .shows acid-ester saponifics-
'tionandhydro:qumnberaotmrottlwmtheaa products,’ . .

Table 30, on~con constituents of X 5
v _...;..f,.wa.__T___.\_“:c.f,‘ . Boﬂing IS i : , Hyml"
- ‘ range, - Acid .= Ester - Sapw:lﬁmtim © . group"

~Catelyet . - °Cc . Wo.  No, No, No.
Po, 1/l KoCOy - 30-180 S E -
F‘pﬂ!ﬁp xza% C Under 180 . 0.2 02 ; Lo 005 : %
-Po,1% k2C03 © - Under 180. 1.8 - &1 9.9 7.0
Po-kieee]glmr 1% S R L o

K200 30180~ - 1.4 15.0 . - 164 . o
Fe-ldeaelguhr l% ' s : w e T T

32003 IEIQ'BI' 180 o ok ’ ”200 o . 201' L . -, .

' 'l'he t.able ahaws that the synthesia producos esters and alcohols in addi-
tion to @an quantities of acid. Those compounds are not only lower-woight :
“constitusntz, but they slso contain higher-molecular-wedght components (water and.
alcohols). Tho fomat:.on of’ thsse products ia greatly favomd by allmlimtion of
the imn cata.'lysts., R ‘ S d‘/{ .

S Whan*’tm products obtainsd from tha imn-kieaalguhr eatalyst were vashsd
with a Bo‘percent calcium chloride solutiom;, 2.5 percent was extracted.. When - -
another washing was carrisd out wit.h scdium hydmxlde, another 0.8 percem. went 1
szto tha aqusous fractim. : : _ . _

R Table 31 show's resu].ir.s of an elemantary analyad.m of thmmactm 'mﬁucts
boili.ng below 1807C., obtalned from the three. different iron catalysts. T w
nubere refer to unwashed products, -They -show that the lcwasﬁ»bqi]ing gasnlims :

have B h!.ghar oxsgen eontmt than the total prodm-.s . _ B
Fo=Cu ‘ Coo e Bhe60 15016 0.2 .0 83.% | 1497 1.09
,Pe-kiese).guhr '. e T UL e L e e

‘l'he aolid and liqlg.r{mction products contain (aecording to the Buta-

" none. mthod) approximately 5 to 50 percent parafﬁns When an Hpericli synthegis.
-gas and an alla].i-deﬁcimtt eata:lyst are nsed, the paraffi.n obta:lned is white to-

- }35 f;': |



alightly yollowish. Whon a COsrich gas is used and catalysts with 1 or more per-
cont potassium carbonate, tlic paraffins are yellow to yellowish-brown. The color -
1s believed dus to iran in the form of iron salts. Generslly, however, amall
quantities of ‘higher-boiling oils are rasponzible for the discoloration. Thoss
oils may be extracted or may be made colorless by hydrogenation, . '

N The melting points of the ins extend over the entire known melting-
point range of the lmown paraffins. total product contains high-meltirng con=
stituents, so that it melfs to a clear liquid st comparatively high temperatures.
Moniscus formation was observed in the melting-point tubes at 80°C, for & paraffin
freed of liquid hydrocarbons by ths Butanons mathod produced through a catalyst = -
with 1/ percent K5C03. When a catulyst containing 1 poreent K;C03 was used, the.
mandacus formation was obssxwed at 104°C, VWhen an iron catalyst was used which -
contained 1 percent K2003, a paraffin was obtainsd which was 50 perceant soluble in.
bollinrg ether (24 houra' extraction in Soxhlet apparatus). The product re-precip--
tated from the soluble fraction with methyl alcohol showsd a final meliing polnt - -
of 66° to 70°C. Of the insoluble fraction, 4l percent was soluble in boiling hox-
ans. Ths eolid obtained from this solution had a f£inal mslidng point betwesn G0° - .
and 104°C. The remaining 9 percent, insoluble both in ether and in bhaxane, produced’
& 20ldd which had a meliing point of 122°C. VT e e T T E
o ¥When the iron catalyst was gtmcted,‘ & paraffin was cbtained which, after
fractional extraction, was ingoluble boiling banzol but soluble in boiling toluol.
Gonstitusnts werc isolated which melted st sbout 126°C. -~ - ¢
~ - ' From table 28 it may ba gesn that 10 to 30 psrcent of the reaction pro-
duets of the synthesis tonsista of gasol hydrocarbons (C3+Cy).  In addition to .
that,  the iron middle-pressure synthezis ylelds ‘ethylens,  Figurss 14 and 15 show
the results of some low-tesperaturg distillations carried out at the Institute by.
. Weinrotter. . In order to obtain the gascoug reaction products, ths whole end-
gas of anugmﬂmmti.,_,_(ﬁe with 1 percent KLQ 3)-wms-conducted through a cooler. -
coolad with liquid air. All of the gaseous. carbons and lower gasolines with
the excoption of the msthans vere retained im the receiver. The Cp to Gy, fraction.
distilled ovar up to room temperature.corrssponds to Fig, 14 (aiatiation 1), =
‘The gasoline remaining in the recsiver still centainod considerable quantities of
0, hydrocarbons. They were removed by distillation. - Figure 15 {distillation 2)
rofers to the C; fraction. Ths presence of iso-butylene was not proved in both

v

~——" ‘Jeble ‘32 shows a SUMEATY of ‘the results of ths lovw-temperature distil-: ..
lations. Tho points in the second distillation curve include the points in the ..
£irst distillation curverplus-ths ‘gasol hydrocarbons.  The portion of unsaturated.
~bydrocarbons of .the various fractions ‘was determined with mercury nitrate. - .

1. 7ne €, fraction comtained 55 percent by weight of sthylene; 74 percent” .
of the totsl gasol fraction consigted of unsaturated . opa,; For this ex-

- periment; 5.2 grams per normal ¢ ic meter of sthylens, 11.1 of-'propylene, and

6,0 'of butylene were obtained. . = Lo I B
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Table 32.-=Cp to Cj, hydrocarbons formed during gmtheais

. First Second Weight percent
distillation, distillation, of Cp2 + gamol~
A » 7

Eﬂqlm to- 2360 Lo ‘ . : ' 15‘8
g3 T 1317

Propylone 3480 . : 349
Propane . 130 . : 1.9
Butylens - B L1 Lo BN ©33 ~ . 17.9
Butane @ 370 = & -2

(S

The quantity and composition of the gasecus hydrocarbons depend on the '
ature of the catdlyst and-the reaction temporature, Toble 33 shows ylelds of
ol hydrocarbons with thelr respsctive content of unsaturated constituents for-
various gynthesis conditians. A1l the oxperiments refer to a syntheals gag com~
posed of 3C0 + 2H, and synthesls pressurd of 15 atmospleres. : S

L

Table 33.—Yields of gasol hydroearbons with different cata.lzsrtay:_. o
e - " ~peran. Gasol per mormal  / unsaturated
R - turey . cuble mester of . 'hydrocarbons,

catalyst oL egy - ideal gas, grams ggrcant

To, Niy procipitated, CB K003 . 235 o300 o 10

" Fe, Nag(03 precipitated; éoo;; 235 ot 80

 Fe, NaC03 precipitated, 1/4f K603 235 . .26 © 0 76

" Fe, NagC03 precipitated, 1% 1 2% 0wl “do

Fe, NapC03 precipitated, 1/4% Kzl03.0 270 - &0 . a7
- Fe~kieselguhr; 1%1(2003 T . 235 e o35

y “The quantity oF gaSol hydmc’a.ﬂacna praduced dur:mgtha Tgyhtheam‘-niay‘be" .
~©increagdd. - Ressarch being eon?uc*bed at-prasent is concorned with that ..

BRY

Tz

85

\

.. Per the iren catalysus. that wers precipitated with ammonia or ‘goda, and
for a synthesis temperature of 235°C., 20 -io 30 ‘gramg. of - gasol hydrocarbone per
“pbrmal cuble metsr of:idesl gao wers obfained, which were 70 to 80 peroent un-——
sgturated. At higher reaction tempsrature;. ths quantily of gasol hydrocarbons. .
formed incressed, ‘The hydrogenabicn of the-hydrotarbons inéreased at tha higher
reaction temperature also, with a result thai at 270°C.. ‘reacticn temperaturs
approximately 20 grams of umsaturated .hydrocarbons were Lormad.. The gasol hydro-
_carbons produced with iron-kieselguhr catalysts very congidsrably from thoss . -
_produced with ths kisselgulr-fres catalyst in ‘so~£ar as the amount is concerned.:
As in the cass of ths gasolime, hero, too, the kieselguhr catalyst produces &
gasol that contains lees unsaturated hydrocarbons. - o o



Beaction Water

- With the iron-iieselgulr-catalyst and the reaction temperature 235°C.
(Co-rich gas, 15 atmospheres), approximately 13 grams of aquscus products per -
normal cubic mater were formsd. They contained acids, aldehydes, and esters,. and.
aloohols. (Test for formic acid was negative, that for acetic acid, poaitive.
Teat with fuchsine for sulfuric acid was positive. The presence of ester was
demonstratad by saponification., ILittle methyl alcohol was founds . ethyl alcohol
mas recognized by its bolling point and the iodoform reaction.) The reaction
water was subjected to a aistillation through & micro-colum. —Figure-16 ahows ——-
the distillatiom analysis of the constituents boiling bolow 90°C, (28 percent of
the total reaction wator). . . o . : .

‘The boiling-point curve shows very distinctly the ethyl alcohol frac--

tion. It corresponds to 7.5 percent of the total reaction wator.

. , Teblc 30 has shorm thet the reaction products bolling above as well as
those boiling below 180°C. contain mors or less synthol, despsnding cn the working
" conditions. - In addition %o organic acids, esters and alcohols were detected. . °
' Investigations are in progrsss to identify the bigher alcohols and ssters. :The
results of these investigations will be published .'é?ezgara_te‘lyg. e RO
¥ “In the following, & description iz given of theo ‘products which can be
‘extracted with a’30-parcent calcium chlerids solution from a gasoiine boiling up
to 180°C. 55,‘.5 ‘perecent of the gasoline). Figure 17 gives the results of a dis=
;?%aticn corresponding to Fig. 16) ‘of ths aqueous solutica distilled off up-to

e . o e— ‘. €y

... Tis question has boen asksd repeatedly whother it 15 possible to uss

* coke for the production of city ges. . Sinca water gas ‘has teo low a heating value,-
" it would ba nacessary to increass this heating vslue by partly canverting the
water gas into hydrocarbons. ‘With the ald of nickel or ‘cobalt catalysts, this .~
" is possibls without any difficulty. The production -of such & gas over the iron .
middle-pressure synthesis was investigated, as the nommal ‘pressure) synthesis with

‘iron catalysts \did not preduce & gas with the desirsd heating value. —=
K st ctty gps shoudd havs the folleving propertdest

"1, Combusti dn”m pertdes

_ a. Heating valus ‘(higher heating valus equals 4,200
T\ %o 4,600 kilogram-celoriss per normal cubic meter.’
. b.. “Densdty equals 0.4 to 0.5 as referred to air.= L.
~c._.Cas pressure, higher than 60.om, - -~

do.mm paﬂﬁ'o,yﬁo to 1000 Lol re
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2. Purity |, '
8 ‘Ozyém, less tlihn 0.5 perwnt. :
b, Hydrogen sulfide, leas than 2 grams per 100 cuble
maters. BN

G, Ammonda,- lesséﬂa grams per 100 cubie meters.
d., Naphthalens, grams per 100 cubic. moters.

o. Organic sulfur, less than 25 grams per 100 cubic
meters; hydrogen cyanide, less than 15 grame per
100 cubic meters; nitrogen oxides, 0.2 cc per
- —— cuble meter.— e
2. Virtually free of tar. . - -
By keeping the hydrogen content low by a rigorous procesa of puri~
o fication, the corrosiva properties of the gaa can be materi-

o Points 1 to -3-are-ro-ctandard requirements. However, thoy are merely

. general requirements which should e fulfilled from the viewpoint of the public

~interast. Thoss directions no Jonger contain the earlier limits of the contents
“of inert geees. . ° S

SRR Bz&c!maznd Weissbach (20) havs proposed to mix propane into the water-
gas. They have ahown that propane-rator gas mixtures with a propans content be- - .
tween 6 and 7-1/2-pereent-havg the desired heating velue of 4,200 o 4,500 kile-
gram-calories per normal cibic malex, Stich a gas, howsver, has tod high a density
(0.61 to °°613)‘ id oo low a flash point (40 to 46). L e T

SETT 0 12 one mgmmm—gas hiydrocaroons, COp=free, rasulting frem the -
Fischor: synthesis, @he resulting gas consists chisfly of Cj to Cj hydrocarbons) -
wth additional water gas, and a city gas may be produced which approximates the

- requirements -for. such a gas. . ... o | | |
A city gas my also be prodused froma CO-Hp mixture (1:3) when one uses
anmncatalyﬂt at Pﬁssms ofmmlo ,amosphem.,“. K 0 'b o

=w o -t g ayold the formation of higher: scarbons, an iron catalyst was ussd

‘which was precipitated with amronia and was alkali-fres. - Induction and gas rate- ..
corrasponded to ths usual conditions. Th , temperature at ths bdginning of the
synthesis was 235°C., after 1 month it was 250°C. , é&fter 2 months 265°C,, and . -

. after 3 months 270°C.. For the whold timo of operaticn, a gaa of constant compogi~

tion wes cbtained. Table 34 gives dete on the initial and final gas of this syr=

oLt oThis. reaction gas has & heating velus of 4;154 Idlogram-caloriss per -
normal cubic mster (Jtuﬂcer&-_lialpr@netier),“aidenﬁty of 0.4 ‘tow5, and a flash point
of 70 to 71. ¥When a more No-deficlent gas i5 used, the heating valuo may bs ine -

‘ereassd by 100 kilogram-caloriss.: - The gas thersfore fulfills all requiremsnts.

" According o our eiperienses, the iron-iieslguhr catalyst io best
- sudted for production of city gas. . . P ‘

-39
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o Ve foind that a eynthesio gae which contains 00 and Hp in the ratio 3:2
gj._vsa tho best results during ths nﬂ.ddle—pmeaum synthesis on iren catalysts.

. Por our experiment, we gemerated such a gas in & nomal water—-gas gen- .
erator (21) which wo had at the Institute. We passsd o mixture of steam and CO2
- over burning coke. Suéh a procedure ¥o believe could also be recommsnded for the -
technical scale, since during the gynthesis with ths 4iron catalyst, much morz CO 1
is formed than is required for the production of the syntbosls gaa.. Use of/syn- cubsec
theais gas of composition 300 + 2Hp glves -approximately 250-1atsrsof €0z at .~ mster
norial conversion. This occurs: according to. the equsticn, 56 + 2H30 + COp = 6C0  ©f
+ 4Hy. According to this equation, cnly 100 Jiters of COz are required per cubic =
mater of 'CO-rich gas. Therofors, 1t would only be nscegsary to wash pert of the ' -

COz out of the end gasz and lead tho end gas back into the gas gonorator.:

. - Ths COy mey also be ssparsted by activated cherceal, - Herbert and Ruping -
(22) have recordsd a procedure recently for the separetion of COp~Lfrom gasol.. g
Whan a cobalt catalyst is uveed 3n the Filscher synthesis, virtually no COp is pro-
duged.Howaver,-if-one usss & synthesls ges which was obtained from waler gas by
partial comversicn, this synthesis ges i wich in CC. In this caso, ons cbiains
approximately 35:-to.45 percent €02. 12 the activated charccel 48 stbjoeted to 8
steaming operatlon, the various gasss ars driwon ofL-separately, and At is pos-
sible to separate methans and €Oz very well frem the C3 and Oy, bydrecarbong.- -

e | I¢ cne charged the whole end gas £mmtha synthasia into ti:m gas goen=
erator (COp, methane, wmreacted €O, ard Hp, obec.), one would appreximate the
.theoretical yield of 208 grems of hydrocarbons per normal cubic metor of iceal .

" In the following, the rescticns vhich GoowF In the wates-gos produ duction,
mized-gie-production (COsHp = 1:2), and CO-rich-gas {COtHy = 322) production are .
coupared with oms another, - 0 T o o Lo
e 1. Vager gas. © 4+ High w €O + HacFor every cnbicm'ber of water gs
267 grans of cardon and 500 literswof steam urs used.  Six hundrod £ifty kilogram=
Q]_}grj_es mmquj_md;m : Lo N e ‘ .
2. Ho—rich mixed gas. 30+ Lig0 = 200+ 4p + €03, Tho equation rep-

regents the oyerall reagtion for the primary preduction of water gas and partlal
- conversion of | this to (O and Hp. Theorstically, 269 grams of carbon per cubic
meter of gas, 670 liters of steam, and 570 kilogram-calories are requirsd, -

|



L 3. _%&h_m%gmz 56 +" 410 + COp.= 600 + 4y, ror producing
1 cubic meter of such a gas, -grans of carboh, 400 liters of steam, 100 liters
of COz, and 690 Idlogram-calories arc required. For the production of all of

iy

these three gases, ons requires the sans amount of carbon per’cubic meter of gao.

Wihon a Dellwig~Fleischer gemsrator is usod, cne requires 550 grams of
coks per cubic imdter of water gas, that ls, twice as rmoh as is theoretically — .
necossary. The temperature and hsat requirements-for-the production’ of the CO~ri
gases arc approximately the same as those for tho water-gas production. B

. .. Vie were able to producs 100 cubic msters of CO-rich gas per hour in our
water-gas gﬁnorator for saveral years without interruption. - The compositicn o
the synthesis gas, for exsmpls, was as followsl 200,%,55C0¢, 3T and 6% In
goveral instances,. in order to detereino the expresesd ccntracticn moye accuratoly,
a 1ittle more nitidgen than given abovs was added to tho synthesie gas. =

The gases vers pm‘:lfied in the semp mmzér as wag Hp-rich gésa"'

. Another way to produo the desived syntlissis gas is the gasification of
coke or coal with addition of oxygen. It is not nacasmty‘ to_dipcuss'this ‘hsrs,

0 Space-Time Yislds and Apparatua Detesls = ——

= - For most of the sxperimsnts in Che laboratory, we ‘uesd_peaction tubes -
of 12 t0-13 mm. I.D. The catalyst was-distributed ovenly over a length of 30 cm.
‘within the tube.. A normal catalydt charge contained 10 grams of irem. This. =~
‘corpesponds -to 15 to 16 cubie centimsters of freshiy-prepared normal eatalyst. =
‘The free space in the tube amounted to 35 cubic centimeters- (in the reaction zoms).
Conesquently, the catalyst filled approximately half of the reaction space. Tha:

upper half of tho tube remained empty. Drewing 1 in Fig. 19 shows the relation~

-.fsh;pa‘ schemtically. s : .

i 'If verdous ayntheais-gaa qua,ntitiea are pa.ssed om&tmcatalystmder
3@ conditions of the syntheais, ths reacticn temperature has to be kept higher.

if it 15 desired to-cdavert more gas per; unit of time, According to Fig. 20, .
contractions-of around 50 percent were obiainod &t an hourly gas rate of 1.7

“liters (referred to 1 -atmosphere:-prossure) &b s temperature of -220°C, When k.l

iters per hour of gas were used, the temperature vas 233°C. At 8 liters per-
~hour, it was 250°C., and for 16 liters, 275°C. In another experizent, b liters.
per hour of gas wers psssed over:ab 235°C., and a contraction of 15 pexcemt was
‘obtained; at 280°C. and 20 liters per hour, ths seme contraction was reathed. = °

. With vespsct to the lifs of the catalyst, ths sagnitude of the yields -
of highst hydrocarvons,and other tschnical Teasons, it is adventageous Lo carry
the synthesis through ot as low a tempsrature as possible for as leng & tims 85
possible. - With respect to the space-tims yields, however, it appears more: favor-

gble to work at higher temperstures and higher gas rates. Ve found that at gas -
“rates bétween 10 and 20 1iters per hour pér 10 grams of ipon, serious. difficuities '
‘arose when the reaction was carried out on a large scals, owing %o ths fact that
“the heat of redction could mob be carried amy fast enough, The catalyst was
‘overhested, and freo carbon was formed which rapidly caused a decreass in cata~
lyst sctivity.  For this reason we, chose to work at a flow velocity of 4 liters
.of synthssis gas per hour per 10 grame ‘of irom. Drawing 1 in Fig. 19 showa the
" aPrengement. of the catsl yst in ths tubes, and it is to be observed that it was

_possible.to ops=ate for 1 to 2 years with the same catalyst. vithout regeneration,.

_'and a satisfactory degres of conversion was always obtained.
AR -







For the iron mddle~pressure synthesla, wo have discovered that with ‘
_increased pressure the gas rate per unit weight of catalyst may ot be increased.
Tl have found that proceseos occurring on.the surface of the catalyst which con~-
trol the reaction velocdty (transportation of the reaction products avay from the
catalyst, carrying the reactents to ihe catalyst surfaco) are not accalorated by
increasing the pressure. : .

" If the reaction tube 1d arranged in a vertical position (Fig. 19,
schematic, drawing 2), tho catalyst lajer length cnly amounts to 10 to.15 centd-
meters, ingtead of 30 centimsters, as compared to a horizontal srrangement.. The
contact time of the gases going through the catalyst is much shoxter, therefors,
when the tube is arranged in & vertical position. -The empty space through which
the gas flows 1a approximately four times as 1axgs in a horizontal-tube—ds - -
a wertical tube, By taking into consideration the rolationship between rate of
gas flow and temperature (shown in Fig. 20), it may be understood that ths sams
favorable results are not obtained when the work is carried out with an.apparatus
arranged according to drawing 2. In addition to that, wo found that the catalyst
takes up coneiderable quantities of the reaction products and-lexge quantities of
carbon ‘are deposited on the catalyst. This causes the percentage voids in the
catalyst to decrsase with consequent shortening of the cantact time betwsen the
.+ since on the lavge scale one would be chisfly interssted in warking with
vortical reaction tubes, we have attempted to find a solution to the problem .
according %o schemtic drawings 3 and 4. The dotted lines rspressnt porforatad -
plates. In caze 3, a perforated plate divides the rsactien tube-into two 'equal -
sections, In case 4, a porforated reaction tubs is concentrically arrangsd within.
the larger resction tube. The catdlyst is distributed in the anmulus betwoon the
two_ tubss. = In both cases, the ‘catalyst layor length and the percentsge of free- S
“gpace correspond to the conditions of.case 1, The resulte wero similar for cass
1 also. The perforated platés did not cause & noticsable dacreass in converaions
(the induction of the cataljst had betn carried out in a soparate apparatus, and =
‘the catalyst was transferred im an atmosphere of €02). “Afier ssvoral wocks of .-\
operation, the experimentz carzied out according to cases 3 avd 4 ghowved ‘8 ‘decline

in the conversion as caompared %o the procsdurs of drawing ¥. - The reeson for this,
we believe, might be that the catd yst in cazs. 1 had ¢the possibility of expanding

during the synthesis, whsreas in cases 3 and 4 this expension occurred minly at

the expense of the internsl volds beigoen the catalyst particles. . S
a2 ., Schematic dvawing 5 of Fig. 9 shows the arrangement whsn & catalyst was—
used ths structurs of which was loosened by the addition of kiesclguhr, When the

. normsl qmnuty;or;;mn,mmmlo‘gm,: 1o diluted with 4 grams of kieselguhr, .

—thisironskiesslguhr catalyst £ills a 12= to 13-ma. I.D. re: tion tube up to ai-

" length of 30 centimesters. “The -percentage of -fres gpace is-swaller then in cass 1,.
in amount[approximately equal to the quantities of kieselguhr used; on the other -
‘hand, loosening of the catd yst by ‘ths klesslguhr causes ‘considerabla improvement -

in its sctivity. A small percentags: exénsion of the iron on:gccount of the de-. -
position of carbon does not produce as unfavorzble @ result in case 5, as it has

. causpd in cases 2 %o 4. An axperiment which has been under investigation for
. mﬂ_mgkp"gvga"a_sa.tisfacto'zfy,commm (Pige ) 0 o T

o . Ve want to-mention here that the dlsturb - influsnce of the wolums. in-
_qrease of tho catalyst cbserved in ¢ riments 2 to 4 was not observed imall .'
--cased. :Thus, a catalyst precipitated by ammonia and ‘inducted with mixed gas at 1
-atmosphere yielded good conversions for 3 months in vertical position at tempera~

tures betmween 240° and 260°C, ~Expsrinsnts to- clarify the situation are still in
progress. - ' k2 o o A






It ean be mantimad hore that the space~time’ yields observed, with ths
iron-ld.esalguhr catalysts appm:d.matoly correapond %o ‘those of the cobalt catom
- lysts. ' I the iron-kieselguhr .catalysts should be usad on an industrial scale,
~similar pieces of apparatus as are ussd with cobalt ca sts should bes satis~

factory for the iron~-kiesslguhr catalysts. In the laboratory, we worked viith
vater-cooled tubea. The steam pressures, of course, are higher, corresponding
to the increased reaction tempsratures. They vary betr:aen 20 to 50 atmoaphems,
-all according to the dura.tion of tho test. .

. elleti_ixg of. Catalzz_i

‘ The catalyst ‘described- earlier which was ;z-oduced £rom forric nitrate '

solutions with sodium caerbonate, and the 4ron catalysts precipitated with ammonia

. (also-ferrdc catalysts), were solid when dry; -they broke with a glassy fracture
Theirp rigi.dity shauld ba azfﬁ.cient for industriasl app]ication. .

o Neverthsleas, pa]lating azc;.erﬂ.menbs were: carxvied out. The blacld.sh—
-bmwn color of the original granular catalyst bscomss. raddishebrown when it is.
ground. Ths pellets formed £rom the powder retain this brown color. We have
discovered that the pellets do not always retain the original activity of the. .
catalyst. - It might bo that the cause for this decrease in activity ls relested
‘i’.o the overheating which cccux's whsn the catalyst is comnressed into palleta.

We preduced iron«mt.alyst pellets of very good a.ctivity and: high life~ -
‘time when we mixsd paraffin with the catalyst ‘pewdsz tafors psll@t;mg FO?‘ this ;
e uaed aynthetic para.fﬁ.n whf.ch had been mads :mto fine scalala ,

: o Tabla 35, expe:dment 1, gives the rosulﬁs of an e:q:er._ment zaith pellets—
’which ‘contained 25 percent’ paraffin as reforred o tho iron. Brperiment 2:shows o
.- & ‘comparative. experimnt in which no paraffin was addsd. “The pareffin doea in~ ,
{lusnce the process of “induction, and: virtually 21l activity may be ragainad.. The .
_»pellets mta:.ned thelr sha.pe evan aftex: a: lt:mg time of s‘,ynthssiaa < _ -
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At the begimning of the reaction period, the ‘conversion obtained was -
virtually the same in both cases {this is also shown in tho-table with the.corres-
ponding gas analyses). After several weeks of cperation, howsver, the temperature
had to be raised more rapidly for case 2, where no paraffin had bsen used in pre-
paring the catalyst. The activity of the catalyst of experiment 1 after 50 days
of operation corresponds to ths activity of the catalyst-of experiment 2 after 25
daye of cperation. .o . ;o - ‘

. Even with the addition of only 5 to 10 psrcent of pareffin, a favorabls
‘regult upon ths activity of tho pelleted catalyst was obgerved. -

- Soms Details on qu'tg‘ r'nggm' of Primary Products

o In the middle-pressure synthesis with iron catslysts, varioua types of -
reaction products are obtained, as will be shown in amother chapter. They may, be
utilized liks the products obtrdned from ccbalt catalyats. It is suparfluous K

-here to mention the variocus usages of thess products. In soms raspécts, however,
~4herc are fundamental differences bstwsen the products firom the iron synthesis
and tho cobalt synthesis. First, thors ars synthol-like by-products as, for in- .
stance, various alcohols, and socondly, there are also more unsaturated hydrocar-
bons. The axygen-containing as weoll as the unsaturated compounds give the iron -
~gesoline higher antiknock proparties. Thsse compounds have no tendency toward
-regin formation. The gasoline produced with iron-catalysis ramaing entirely color-
less and vater-clsar after months of storage. T R
¥ .. The middle-pressure synthesis with the ivon catalyst gives a_greater
emount of unsaturated gasol hydrocirbons. These may be polymsrizsd to Mquid . -
hydrocarbong_of high cctans nunbers. .Thersfore, the gynthesis with izon catelysts

seams to be espacially adapted for the- production of high-qualiiy gasoline. .~ .

" Catslytic polymerizabion of olefin hydrocarbons hes been Anvestigated -
by Ipatieff and comorkers (23) of tho Universal 01l Products Company. - We. carried
- out some similar investigetions ia which the synthesis snd polymerisaticn tool
placs concurrently. - . e SRERT e R e L e

.. . The catalyst we used consisted of Cdy(P0,)2°4 H3FOy. The carrier was
' cadmivm phosphats, cg_l3(P0 )2, which was pmcipgtated from cadmium nitrate solu~
tion and calculsted ‘qm.nté’ %ies of NapHPOs and R&CH at the boiling point. It was-
washed with hot water, mixed with 98 percont. phosphordc acid, evaporated, dried,’
and pslleted. T R e Ty LT T R e T e

~ 7 vhen gasol containing 35 %o. 40 percent of usaturated hydrocarbons wes
‘passsd over this catalyst (1 liter of gassous gasol per hour par 10 grame of cata~
1yst) at a pressure of 7 atmospheres and 140°C., 4O percent of the unssturated ' -
hydrocarbons was convertsd; at 160°C., 60 percent, and at 180°C., 70-80.percent . -
was converted. A pplgmeriasdﬂgaaoldn,e{','!!as.,..qbtainéd;rram which was distilled 10

to 20.parcent of ths corpounds boiling sbove 180°% to 200°C.. The residus was hydro-
genated and had an octane. number of 97 to 99. Next, we carried out o series of
Jexperdmsrits. in yhich we passed the total reaction gas from the iron middle-pressure
synthosis at the synthssis pressure over the phosphiorie acld catalyst (after pro-
cipitation of the froducts condensable at ‘rocm temperature).  Approximstely the RN
.sams catalyst volumes were used both in the synthesis and ths ‘poly=zerdzation. Tha -
‘syntheais was in progress for 2 months before wo started polymerizing. We used

an iron catalyst precipitated with amsonis, containing 1¥4-percent K2C03. It had



‘been inducted with mixed ges at atmospheric pressure. The ylelds of solid, liquid,
and gasol hydrocarbons amounted to 140 grams per normal cublc meter of ideal gas.
Table 36'chows soms analysss of the reaction gases after the aynthssle (a). Under
.(b) enalyses of the reaction gasss after the polymerization aro given. The sories
of oxperiments was carried out at 15 atmospherea. The temperatures for the syntho-
eis wore near 250°C., and for the polymerization near 200° to 220°C,

"7 Table 36.—Compoaitdon of reaction gases
A after gynthesls end polymerisation
- Hydro- Carbonm
CO2 Olefins  O2 CO H2  carbons Mo, W2
58,3 3,7 0.2 8.7 12.8 6.7 1.6 9.6
59.8 1.1  ".2 9.1 13.0 6.2 . 1.7 10,6
) 6209 . 307 ' 02 7.0 >3‘°"1,_——- 707 108 . 80"
' 61}08 : 102 63 7.1 10o° ‘706 o 118 900
584, ka2 . o0 109 5.1 8.4 1.7 150
. 6006; .y ld‘g‘ ﬁ‘}. 1008 ‘ 5-0 6.0 - ..' 108 .;1660 -

TR

Do The 'analyses -show that two-thirds to three-fouwrths of the volume of the
l};ydmcarbona ‘dissppsared during the polymerization.. - R L T

. L <.-Sable 37 shows the quantities expressed as graws per cubic meter of - -
ideal gah of solld, liquid, and gasol:hydrocarbons formed durdng the synthosls “

. with, ahd during tho synthosis wdthcut,polymerdzation. The £irst values Corrss-
pond to approximately thres weeks of operation. Tha latter correspond apprioxd--:: .
mately to an additicnal week of operation, for which the polymerizaticn step vas’
emitted. The activated-carlon-gagoline was recoversd only onca ap the end of -

.. the conversion Tthat is, between the synthends and polymrizatio%. - e

10 ‘
. 15
" During the £irst pericd, 139 grams of liquid hydrocarbons (including -

‘paraffins) and gasol hydrocarbons wexe produced by the synthesis, During tha :
sscond peried (without polymerization) 135 grams per normel cubic metsr were pro-
‘duced. - The gynthesis, therefore, furnished approximately 3 percent. mors. products -
during the first period; ths amount-of liquid hydrocarbona: formed, however; was

‘19 percent greater, mostly at the expensse. of the gasol converted by thse polymeri-~ -
‘gzation. Seventy percent of .the liquid products resulting from polymerization was
“ecllected in the room temperature traps behind tha synthsais apparatus. ~Twenty -
‘percent of ithe products tbtained therein originated from the polymerization appa=
‘ratus and 10 percent.consisted. of activated-carbon-gasoline. Some-of-the. activeted-

—carbon-gasoline was not condensed in the first receiver and it was carried over -

- tho phosphoric acid catalyst. - Consequently part of this “activatedecarvon-gasoline

B e et
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- polymerized and formed wunsaturated benzine hydrocarbons., The gasol hydrocarbons
during the polymerization decreased from 30 to li grams”per normal cublc metar;
the quantity of the activated-carbonegasoline dscraased only from 16 to 13 grans
per normal cubic moter. This may be explained by the fact that the Cy, hydrocar—
bons polymerize most readily, wheress molsculos having either more or leas carbon
atoms polymerize more glowly. Therefore, over the phosphoric acid esters chiefly
.onmly the dimers of the olofins are obtained., - L < . S

. It is adventageous to removs ths synthetic gasolins from the reaction
gas before polymerizetion. Therefore, it ias possibls to furthsr procoss the ro-
action gas obtainad through tlie nd.dcﬂ.o—pn% synthesie with iron catalysts and

‘obtain polymer gasolins. This may be dons in ons step. Vhether it is more eco~ -

.pomical to proceed in such a manner or to carry.out a separate polymerization of
‘ths various constituents should be investigated in actusl practice. IV

- - Experimemto that have ussd acld iron phosphate inatead of cadmium phog=
phate have shown simiiar rosults. LT ‘ ' - a

. . The gasolinss reported in table 37 were stebilized snd washed with -
godium hydroxide and tested for the octans nuzbor in & motor. -Appreximately two-
ﬂﬂ-igﬂ of ‘the total liquid products of this expsriment boiled in a range of 30°
. 'Table ‘38 shows the properties of a gascline without following polymeri=.
‘zatdon, of a gasoline bedling up to 180°C. which was produced by a synthesio and
polymsrization, and of a gascline which boiled up to 150°C. with following polym-
erization. For 211 three products, table 38 shows the denzk.ty, the olefin con- .
tent, the bolling~point. characteristics, and the vapor pressure ab 37.8°C., a8
well as the octans mmber. 0o R L '

AS

" yith additional ‘polymerizstion of the olefins (tebls 38, No, 1) an oc-
tane number of 61 vas cbtained; with polymerization the octens number was 67 -

" (No. 2). . With ths gescline fraction boiling to 150°C. (No. 3), an octane number.
of TLwms obtadneds - o oo oo
. " Vhen 0.7 cc.cof tetraeihyl lead was addsd to each liter of gasoline. =
(.. 2), the ostane rumber could be raised to 79; when ths some smount of tetra-

ethyl lead was added to the gasolins (No. 3), the ottanc nunbor was 80. N



OGIOLUSION

: Aawmmmdaotthomrkmttnnﬂ.dﬂe—mam nynt.hoaiemlt.him
-eatalystn. First we discussed the precipitation, alkalization, and-induction of .
tho catalyst. Secondly, wa were conserned with determining the most favorable
‘synthesis conditions (gas compositicn, pressure, temperature, additions, regenora~-
tion; ete.). Trirdly, we digcussod the reaction products and lastly we discusssd
the goneral problex of synthezis-gas pmmcunn. ‘apparatus mszmuon, pelloting
ottmca.t.alm,andmx-therpmocadggot pa.-imrzprodmta. _

Tho mat mport.mt results of all the imsugat&.ons m a3 followna:
Ivasind don ony. Catalysy W. the
oatdnto wore’ pmcipa.ta

led by tred ng . forric airote’ ml.::dmn wth odiun cc.rbo-
nate 'or:ammonia;: The ferric nitrate sclutions sere obtained by diesolving tech~
nical iron in diluts nityie acid, The catalysts propazwed from forric aolutiona
wm supemr to thoee prepared rm forrous soluuono N ,

' 2. W. The presence o:l’ allald :la not raquired
for the synthesis and is of no importance to the yield, The addition of alkali,
howevsr, causss increased quantities of higher-molecular-weight hydrocarbona to
form. In the production of paraffins, therefors, the addition of allmll is im~ .
portant. In general; we used potassimn mrbmnata; however, othsr allmli aalt.s ,
producod tha samo on‘ecta.,  AETaaEE . N S

o 3. 3 gduction of cat_g._;gg - To mduce en aci:se catslyat 1t is necea— .
snry to carry out.an induction with CO-rich gases or, better still, with pure Co..
The induction is earried out at pressures which are below those of-the-gynthesis
ag for example, atmospheric pmssure 339 vag i‘o\md, hmrever, t.hat reduced praa-—
sures are mom favorable., AT : G T S

e 'l'he ga,s umd for tlw induction slwuld be- conduct@d mr ths eatalyst.
sm-.taca at a high valocity and-at temperatures of over 250°C., preferably: betwoen
300°-and-:350°C. * This: ghould bs conti.nmd tmtﬂ. the' 602 fomsd reachas 8 more or:
haacanst.mmxﬂmmvalm. S : }]_ _g
LT me mtzeaiea The opﬁmmn ratimqf co:nz in ths sym.hesis gas me

‘found to he 3. - Tha optimum synthesis pressure was betwsen 10 and 20 atmoap!mroa
The optisrm- syntmda ‘temperatures wera. between 230° and 240°C.: The proporly .
‘inducted catalysts are able to convert the synthesis gas-at very MWmtma
~£yom the boginning However, this is unfavorable for ths Yifetims of the catslyst
Nedther are’ tempemturss abova 280“0. mcmmended for tho b@gs.nn:lng (m accotmt :
of carbo"—fomatim)q o e ‘ R S T

PR The addiﬁ.on of. neaelgtmr (axter amusstﬂ.on) cauaea a conaiderabla
»;incmaa :'m ca.talyst activisy. % Ul L 8 . i

o Hydrogen treatmant of t.he catalyat before tbe synﬂteda»shows no advan—
'tagas; howsver; a hydrogen trastment’ glven repaa.tadly batwosn ayntheaaa cauaea _

mgenerauoﬁ"'—d—x'eaetivaﬁ.m of the iron catalyst.. ST
K yislds'of - .

A m The bczt/solid, 1imid, . andga.sol hgurambcns wors
-fomu!tobesomﬁxmmrl% grams “norxzal cubic mterofidealgaa..m :
1ansost 1ifetins was found with e yot which continued to produse 140 grams

| psr norml cubic matar after 1—1/2 ymra ot operation at a' temporature of 260°C.
without ngeneration >

Se%]



o, b W The naturs of the reaction productcmbomriod N
_vithin wide limits according to ths operating conditdons.. . '~ . A

Five to £ifty percent of the total solid and liquid hydrocarbons com= .
gisted of paraffins. Not only low-melting pdraffins are obtained, but especially -
high-meltdng cnes with a melting point above 125°C. wore dj.aoov#nd. o .

' The 1iquid reaction products differ from those of the cobalt catalysts
in that they contain greater pordentages of unsaturated hydrocarbons and synthols
1ike products. These, for example, contein alcohols and esters of various size
molscular weight. . - : o R ' ‘ :

. - %The octans mumber of the stabilized gasoline fractiomn bolling to 180°C.
4s 60 to 63, When the mynthesis is followed by palymerization, the unsaturated .
gasol hydrocarbons may be polymerized, and ths octans number raizsed by 10 polnts;
by the addition of 0.7 cc. of tstrasthyl lead per 1iter of gasolino, an additional
increase of 10 points can be obtained. ‘ - . S o -

. - . L ) N\ ) S
o Ten to thirty percont of ths gsolid, liquid, and gasol hydrocarbong con.
sists of gasol. Its tent of olefins amounts %o 80 percent. Incroase in tsm~
perature or catalyst/activity causes an increase in total gaeol yield, and a lowor-
inginoleﬁ.neo o . SR - R s L
T )y 'F;Mhem@"ra, wo found that iron catalysts are capsble of producing an.
accoptable city gas at 10 atmospheres pressure. O e U P
L e e .:Mthéais-&g gr_g_guct’idn.;! ‘The production of a synthesis gas con= ' -
~ taining CO-and: Hy in the ratio of 3:2 sy be accomplished by interaction of CO2
end steenm in ths witer-gas gensrator, Tha necessazy COp is furnished by the
syntheais itsslf, Furthermore, it is posgible to produce:a useful gynthesis gas
b;/[ gagification of cole or-coal with oxygens . e e R LI

—
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: '8, Apparatug details. We discussad ths relationship between apparatus
datails and the lite and effectivencsslof ths cafalyst. The bost results ars -
obtained in reection tubes slightiy inclined from the horizontal. If it is de- -
‘sired to ccol the reaction vessols with water, they should be gble to withstand
a steam pressure of -30 to 50 atmosphsros. et C o ’ ~





