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 HARTIME RESEARCH ON SYNTHETIC FUELS BY THE
- t IR o e e 4 et e e — — ‘

- SUMMARY

‘Wartime research by the Kaiser ifilhelm Institut fur
Kohlenforschung on-the Fischer-Tropsch synthesis. has been
- primarily directed along the line of iso-varaffin synthesis, _
Good yields of iso-paraffins have been obtained using the
normal symntheais gas at three hundred (300) atmosshers pres-
sure and four hundred twenty (420) to four hundred fifty (450)
“degrees centipgrade over an alumina-thoria catalyst. Zinc _
‘oxide-alumina has also ‘been used successfully. About one
hundred twenty (120) to one-hundred-thirty (130} zrams per
oubic meter of synthesis gas have becn obtained as liquiaq
products of over ninety (90) percent iso-paraffins., :

Synthesis of aromatios has been studied, using thirty
{30) atmosihere pressure and five hundrod (500) degrecs centi-
grade. However, very poor yields and mapthene side reactions
do not make this process look rromising. Rurther work wis

-abandoned- by KWI for the duration of the .

-~~~ Fischer=Tropasch syntiesis using iron catalysts was
studied, but inferior operations resulting from this catalyst
mado it only desirable as a wartime substitute for scarce
chromium, :
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(b) Aromatic Synthesis

(c) Iron CEbalyst Syntheai; .

2. Concluaiona and Reeomenda.tions

of -Shire . //

BO344.



8G345

. {ARTIMZ RiSZARCH ON SYNTHETIE FUSLS BY THE
- KAISER wILHELH INSTITUT FUR KOHLENFORSCHUNG-

1. DETAILS OF RESEARCH

(a) Iso-Paraffin Synthosis

A (1) Oporating conditions for tho synthosis of iso-
paraffins have boon found to lic'in tho rango of thr oo hundred (300}
 atmosphorus prossurv and four hundrod twonty (420) to four hundrod
8o - Pifty (450) degrucs centizrado.  For prossurc unaa- thrac- hundrod -
gdere -~ (300) atmosphores tho yield falls-of f rathor “sharply, although a _ -
_ .wery slow ruaction will takc place at thirty (30} atmospheres or '
over. Highor mrussuros than throe hundroed (300} atmosphoros. givo
“inerdasingly greater purcontages of oxysemated products, until at
_onc thousand (1000) atmosphores tho principal product ia dimothyl
othor. Similarly, lower oporating temporaturcs givo slowor rcaction
—ratoes,; more-unsaturatod-compounds, a vory high- porcontage of aloohols,.
and leoss ocarbon formation on tho catalyst, For temepraturcs slightly:
__greator than four hundred fifty (450) dogrces comtigrado, tho products
Instantancous roaction rates, howevor » Oru inoruasod. :

—

: (2) It has beon found that the bost synthosis gns has
a CO/H, ration of 1.2 volumos of CO to onc (1) of Hy. Incroasing
T%ho hydrogon incrvases methane formation; decrcasing tho hydrogen
_lowers tho overall yiold. | -

(3) The best catalyst found for this synthosis has bocn

_an aluminathoria co-procipitated one, although Zn0-A3203 appoars to
““bo_nocarly-as good and_much choapor,” “Using"'uithezt:;ofitheoo':mo.tozials' 137
4% wmc found nocossary to burn off tho carbon doposits about ovory =
“tyo “wooks of  stoady -oporations: This wos accomplished sidth-air--at-tho -

temperaturc of the synthosis (450 dogrowm contigradoe). Catalysts so

troated have beun usod continuously for over six- (6) months without

approciable ducline in activity. Thoir hcat sonoitivity is also

quitc good, as thoy havo boen hold for prolonged poriods at dght

hundred (800) degrcoes contigrade without damago. :
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————{4}-Hoat ovolution during synthosis is approsdmtily
tho somo as with tho normnl synthosis, i.o. ono-fifth (1/5) of
tho hoat of combusion of the products. it is possiblo to
work in a twonty (20) to thirty (30) dogroo cemtigrado tomporaturc
Tongo, this lossons tho problem of vary closo temperaturo conmtrol -
normilly oncountorud in this procoss. Anothe advantago is found
in tho faot that sulphur doos not soom to bo nearly as delctorious |
&8 in former synthosos, although tho upper allomble limit has not
yot boon dotorminod. LT A EEEE

—————{9) Gav volocitics havo boon fairly acouratoly studiod, -
-and-it-was doterminod that twonty {(20) oubic contimotors of & twa
(2] % Tour (4] millimotor-catalyst waro notossary for ocach ton (10)
1itors of synthosis gas par hour. Any incrcaso abovo thio volocity
-guva-sherp -decreasos- in-yicld and also “tondod to “form~inercasing =
“amounts of alcohols. : : ' e

(%) Product yidlds aro;,,@_,:foudwa -from a- ZnO-A12 —eate
alyst using a CO/H, ratio of 1, at throo hundrod- (300) atmoag oros T
and four hundroed y (450) aegroos contigrado: B Y A -3
~ Total yiold of C, and highor . 120 - 130 @.;:331""’9. —igyg o e L2
R Fo 20 gm. 30- 30
- g (90% isobutane) - 50 - 80 gm./md - aS T o
C5 ond highor (ovar 97% iso) 30 - &0 gm./wd 45 %o T

T (7) A comparison of tho two (2) catalysts shows that

catrlyst (1:4 by wolght) tho best yiolds of
all mre obtained. “Highor gns velocitics can be :used,. and:thoro - -
is littlo tondency to form alcohols. Howvaever » thore is a groator

oy~ to-torm-oarborron tho eatalyst ,“meaning chor tor burn=off

~tdg : : , od—t} tio of tho tw matorials in
_tho catalyst from twonty (20) -to forty (40) poreont Al,04, with -
—very little chanzo in overall yiclds. Howover, imercaso aluminn
~doos inorcasc mothane formtion somowhot. Tho addition of
onc~half (4) to ono (1) percont K2C05 to tho catalyst will givo a
slight inorcaso in yiclad. - -
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1. @_Ag.s OF RESFEARCH (a)(oont‘d).
o
S —’—(RL—On—ﬂw,othor—hnndr—thei‘no-Alz ~catalyst (1:1-by. .
“woight) 1is believed to. sarry moro promise as a”commorcial catalyat
‘bacauso of its choapnoss. It'does give. sligr_b_};_v_'_}gqg__yiold thon-
tho thoria typo, and produces about tan {10) parcemt alcohols.
Therc is less tendenoy to form carbon deposits on tho. oa.talyst.
Tho same tondunoy holds true as with thoria oatn.lynta {o., higher
‘alunina contont promotes mothano formtion. }bmvor,exparimonts
hove boon mado over a range of Al504 contont from 2:1 to 1:2 vithout
much change in rosults. Additions of K2003--do not appear to give
any o.dvnntage. ‘

(9) Tho thox-i.n. typo. oatalyat was. p'oparod by us:mg tv.o

Y TG Agley L ENY ndad 4Ol ‘lni"n) R TY ¢ RO DO -‘ LY

and in tho right proportion to givo a l:4 voig\t ro.'t.io of. t.hcria to’ ,
~alumina. This was addOd ono (1) litor of a boilim; No

in ato:.c:.omotr:.c n.nnun‘ts. "Horo diluto aolutions ,gnro groa.tor dan-
ity catalysts. Tho rosultant mr ooipitoto s ﬂamd,_driod,_nnd_#;:
sizod to tw (2) to four (4) millimotors. : ,

~--~‘——;:f:,—vW«*ﬁ—(le)—*'lhc*amnc—mthodm -used-for-proparing thu Z. T
typo catalysts, oxcept it wns found that tho addition .of tho nitro.to,
‘solution to thoe soda solution instoad of tho norml mothod gavo in-
creasod liquid lwdrocarbon yiclds,

(11) An altarnut.e mothod for mroparing thoria- catalysts;
*nmthronomcmrtkc—bcatwms s t.o mako sodium alumin-
-ato= = - —aulk: , ‘Thoriwmhydroxido— —

p.-ec;pltato w8 algo mdo, and thoso two ppts., wore washod aowrato-‘
1y and mixod vhile wot. They woro then air dricd ot ono hundrof o
_Lloopdogrooa—oent&grado«am‘r—gounﬁe—mmxﬁraﬂ ,

(b) m-gt_lg_ﬁmmsg_x_q. P e

e R e e _—

. {1} -Aromatics worc- Bucccssful}.y aynthosizw‘i by *tho uso
of Cr, L’o, Th oxides as catalysts. Fivoe (3) to ton (10) porcent

. 003 wos addad to roduco carbon formntion. - It also ruduced activ-

. ity.” A CO/H, ration of 1:1 was used, at thirty (30) atmosphorcs
~and_five hundred (500) dogrees contigrade. Any higher temporature.
Or progsure gave excessive carbon formtion on tho catalyst, whiYo
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lovwer temporaturea go.ve no aromt:!.ca, and reducerl the. J:eaction_

_rate..-mar pre.sauro ai.nd.larl;tx educoithe_r.eacﬁ.on rate,

(2) The golds were very poor, being only about eight.
) )‘tb“ten (10) gm./n’ of liquids which wore about fifty (50) per-
cont aromtics and fifty (50) percemt napthenes. There was lots

" of mothane formod, and much unconverted gas. Tho aromatice were
principally- tolnono :qleno » and alkyl-bengones, -The mapthonos
were a grand mirhuro not yet idcntiﬁ.od. ’ . , )

(3) Bocauso of the poor y:l.olda o.nd the exoeaaive ,
~carbon-formation whenworkh ; ’ I

mle
&ln® RS

(o)’ Iron Gatof;zat m g..g

- ~(1) Tho ontire staff of tho KYI was quite omahntic in
sto.t:.ng that tho usc of iron co.talyats in Fiachor-’l’ropuch syn=-
thesis sms considoroed only as o'~ ¥

+imo nccossity bocausc of the
shortage of chromium. Cobalt catalysts wore stated to-bo-dof-——
initely suporior, cloanor to-uso,-and capablo-of:-oporating-at -
lowor temporatures,. Thoy did mot know of a singlo inotance whoro
iron catalysts worc actunlly usod in commorcial installations,
althouzh it had boun plannod in tho ovont that chromimn bocame
unobtaincble.

s —— —-fr—~~-4(2 )——Iron“oatalyats—are—p epa.red by—preea.pitation from
dits-nitrate -with soda solution; drying at-ono—hundred—ton—{110)——
dogroos contigrado, grinding and e:.zing, ‘and thun troatmont with -
1:1 €Y/ gxs at reducod prossuros (from 0.1 to 1 atmospherc)

4 (320) dogruus..
nont.itg:ado,_’rhla troatment forme an iron carbido on-—the-catalyst-
surface, and is continued until o sharp drop in CO, contomt of
the oxhaust gns indicatus coessation of carbido formation. Tt is

gonerally usod in sizos ranging two (2) to fivo (5) millimetcrs.
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- Tho devalomont of tha m&gr-'r:opsoh Process as. o
p:oducor of iso-paraffins, and thus a sowrocc.of high quality
-aviotion and automotive fuels, opons tho way for it to bocome
‘tho most versatilo of all synthotio fuol prooassoe. It would
then be capabloc of producing products which range all the way -
from high quality diosol fuols-and lubricants to oxoollont -
“aviation gosoline, No othor procoss could mako such a olaim, -
It is thorofore rocommonded that this information be mado mmil—
able to all intorostoed agoncios, and that tho work of Ir. Pichler
and Dr. Koch of K/I, which is still continuing at thoe Instituto,
Wﬁ]&wx@@%ﬂammmﬁa%w—
1nformod as poasible. B R S i

- - SmlLaumploa_of_iho.tho:in-_-nlmm_an A:LGj
—catalyato usad in iso-paraffin synthesis aro boing farwnrdod to
Burcau of Ships (Codc 341) on Consignmont Tag No. 3655. Undor:
"tho samo consigmmont is also boing shippod smill samplaes of
“n-octane, n-nonanc,-and n-dccano.- £for uso- i.n—'tha—standardization

;of mas spoo't.rogmphlo uml;raie-—--prooodm'e—

~Fropared -bys-
D. R. DEWEY, - .
Liout. (jg), USKR-




