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STHTHISIS o7 HYDROGARBONS -FRON-CARBON NONOXTDE -AND-HYBRO
w7

"'NTRODUC IO‘I

'.l“ne purpose ox bhe presen’h paper :,s o nrcsevt a sez*vc—:y of the:

prccess for uhe prcduc ion of l*wdroce.rotms ‘r‘rom

"rbmz..movmm.de e.r!i :

‘ byd. ormnfa;scovered at ‘the Kaa,su.r W:.lh»’.m .linsticub :a.:z' Kohleni’ox's .pmg;,

: Lhﬂ.hezzn«-?uh,. hy Tanz F:.schez' and h:Ls co,’l.'l.x.box'ator a..d of’ ‘ohe e
- evelogmmt of th:x., process bc'th at 'bhc Inst:utu»e, and dn. the Iabora‘c.orves ’

; “icf lnuustmal comc,ems mxlcmg in me same izeldo

'Q D.Lscus :_on oi‘ Lh.w vork hes been orgam.&ed as i‘ollcms

! ‘I'e Gﬁxeral .md H:.s"c.orxcg't. cc-: :.dev*atlonso

'II., Synuhes:.s oi ’wdrocarbons from carbon mnoxide and bwdrogen in th@
o r=scnce oi‘ catalysUs of the iron group oi‘ the periodic syate

III ‘Synbbesia of "xydroca»bons in the pz esence of caua..ys’c.s of ‘Lhe
platmm groupen - ‘ : o

"'J\ZVQ ,“‘Syn‘b'riiasis i,ydro"arbons in the presence of c@.dps (:a.scsynuhc )

¥, Brief discussicn of the mchmmm of the hydrcgenatlon oi‘ i.h e}ddes
of carbons | S R

Particular. ‘Ub°n610“1 m.s been given to Par’c, XX nnch is

cmcorrw with werk of cu,.s..daranle 1pract.;cal 'u:mcmt“rc;. at tre pre.acna

o

~bims.  Of tho other sections, some ser'ie {0 complete the gsner'al p.,c =F
1

e i e .

'.aoms ave of.’ inbere t. because of the spec i23 neture cf.' the v*odug'bs"'faz'medﬁ- -
emd some oacausc ni‘ vhat they contribuie 1o h° study of the generel course

of the reaction. The pregent repori; iz concarned with, fhe chendcal [nz".’c.ure

of the mxbezciéls 'ix‘wolvyed; The technical and :mdusnrw..s. e.spee»s of uhe

problen, z'[g.ch will form the subject of 2 second paper; ars not 6.i:cussed
'.’:;b.El present paper is dn ended as a2 rapid survey of the develop-

m'm’c of the hyd:marbop synthesis a.nd of the mos* :moortant work cennected -



_' ‘-of a. late.., pa.poro In add::.tion, the reader is 'referred to‘.'t a::haustive

d:scuss:.on of uhe s;mthesm J_Lteratura bv ‘L.R, Storch (Cbem:.s»ry ‘of Coel
Utmzauop, Edmed by HoH. m, publ:.ahed by John wuey axri Scxls, Inc.,

New Yem:,i%s, xzol. _-.1, » 179') _ PRI

- ; Ru i Pichle!’ "
o PAm : B
Gmmx. AD. ms'romcm. comsmxmmm

.

\-—- l. Genaml Oons:lderatmna

xe aearch diacussed in the p:&..sa;u, :

‘the chemcal .;:ynthesn.s of & p-*od.xci, haxd.ng the propartiee oi‘ nauux'al
" petroleum, and preparsd frcm s.imple matemals,, readily ava.Lab}.e for -
‘ techn:wal pm‘pcses. The process was designed to give those’ ‘ecimbries
: "Q.uh m.s'ui'i‘l., Lant or ra.p:.dl;;r dm.ndlin; eourvea of natm petmleums
. the m,ana of bullding up fuel’ :rclustmes from thsa.r c"m resou:cr,.s and
:cvm%ually enzbling them to supply le.rge portiona o.f the organic chemcal
industry with essential raw m:»emalao o
Car_,m mencxide and hydrogen appeared to be in 1e:med ag.
-starting matarials for a syn..h\.sls of this type. Tneiz' orcductm is
jargely indeperdent of the natuare of vhe waw matemalf availabie in u.,ffer-
ent parts of the earth,, either now or at a future tims. Nm;ural gasy -
bituminous and susbituminous coals, lignite, coke, wocd, and perbaps sven ‘
(chould these crganic raw meterizls bs, la."lcmg, at acme iager date) n_.{,ural

carbon dloxids mixed with °lactrolyt1c ‘hydrogen, can all bs dravm upon to

produce a mixture ‘of carbon monaxide and hydrogen for ths ;synvhesim

-2~



475

5 omed“by synthesmom the w0rk\ ': 3

, out by I'ranz F:Lscnez' a.nd ms collebor“tors at bhe K« .,I., coﬁclated

‘ SG“lula.llj of sa.uura‘ced ana tmsaﬁuraued llquiﬂ almhat:.c hyaraca.rhons

' 'Y‘Utrd'e-r cert.an.n cmd La.uns omémaueu a,na cyullc compomds were also ooua;med;i
/Thes prmary s;mthesms Dﬂo&uciss cem be converwd hy sui“ab.xe na’chcds ’.r,a )

"”_‘.pwomzcts sa»:s.b.ucmry i‘ox" vge °a n:m.o.-. ucfla:.

' h.;fdl'\)ual us..nv cmstzmr:e an e;,.cellem: Dlet-*al ft..e.a.., Th@ ant-i.JmocP o J.ng

Y

7 Lhe nmaa:7 '751: N h**ccc 2rbons ..ﬂ.' palain al TaYS sa“u:x.macr,oré ov*' i

ii‘eawvx bﬂ- vc_r: c»u., vrel.i ~mc;m m*ecedu‘es can- eon‘f»c"i. these pz'aduc s mm

valua‘ole gasolines., Po‘i.,mm. mn of ol ef ins p"\dux.es ' '*z:a,de v*mpty c:’(:

' mc:ma.m.on of pﬁz ffms gvverf“.cvr acxds i:.o he u.wd ag

thf‘ m'o.u: Sion oF cz-ms— clazm ag,@m md. :.m.u.,bv*lal!'f'

©and edikic fabs. nfilc:l_t:x.mrz of chcrv moncside eura nyu*ogay o olefm.a,
produces a;.den J:las from which all manne}:' c.lf*c-hols and aelds oy Le

s .

teriveds;— Cyclizaticn

“:pa‘:gfi‘:x.ns resu.:bs in the formation of aro.rr.at:..e_:.s Y

atc. - Bven the cbursé of Zhe primary synthosis "i%gelf cen Be oriented dn

any vumber of different vraya, suggesbing ouat nerhap., ‘ono i;me <is not

d;«st.arit when W:b o wonoxide a.nd. hydrogen m".J hch the %.m, Ll-mnortan'h

viance dn the domai:.: £ industrial o“ggm.c cnemetry, twat c arbon dicride

2

and water noy seenpy in na'i:w‘:'e.,-ﬁ In the pre erice of solar ene“gy and
appropriaio cata’tyens > t.nese waw materizls form the essenbtial nn’cemal
~5f 3X-orgenie Lifs, o o _

Tn comnection with 2 farewcll addeess, delivered in l9h3 at

B i ' . . - oy Y .
the Wiheim Inshitute for Ceal Regearch, Dr. Fischer showed two tables

erbitled;, - ra:;;pe::tively, #Higtorical survey of syntheses Srom carben

"

wnocride and hydrogen” an "Hydrocarbon n;mtheé‘i’é Lrom carbcfn seroids

4 hydrogen.” S;_rzcc thr-sn ‘bables nub’.L'Lshed by Franz Pischer corres pond



”‘Tab‘ie 1 om rL_sto -Lc_g. aurvey 01 byntheses .r.Lom f‘e.rbcn H o*xo:;lde .\md Hye 1'rﬂyggezczf,‘v'
xaccordmg bo ~L‘ranz P;,‘"che : ‘ e e

; o*wsvif;., ; praczzzstb.cza~m._ﬂﬁ‘d
ezrhons 2o derivatives b bigh
prass suros fron co and ‘%m_

lbmﬂ.bolf n.«,y@an tad 413'(.!'—9%1"3’33& :
~5*-r' i aiiaiized Fe

ang a«,ner saselyete.

7. Fisehor axd - Op bhe fopmation and compositicn
T Ha Trapsch : of synthol. S
CBLSF er 1.G. - uethepol peke
DR P 415656 o extclogion of
w0 ARIL33 T P
® o 580695 ST .
Juiy 1925 7. Fischer and | Nermsl pressure syathesis-of
: @, .Tropseh : ' f‘?.,c \ine. "
. D R.P LBL3ST
July 1935 T UF, Fischey and SrEsBUTS WiEh
g, Pichiay . R cm‘ma’,‘.ﬁu
3R PI3 1235 P N L

)'A‘\r;f) E
o Ser o

May 193 _

Oet. 1941

el wod Xohle, 1943,

AR COI‘I‘E..LO]"CL:: £o Table 5, F. Fizcher,
"No. 21, 2% (Juno lst). '
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syatheals, and ghace

1/ Pichler, H., Brommstofs i?hem;'?.? 2 (W’L

e e me e e o ar s mm mw ks em e e e e amom on e cw G av wm wm T s el ae e

. T )
In conngetion with methanisation, a large vz.v.:‘s cr of patents

partic: Lamg by ths Buhechemie, A.Gy

B, Earilier BAZY Patonts

L puzmber ¢f patent claims for the prsparation

toa orgonie coppouads were. i ed by tha



Badmch%nuﬁn und odaf '

'.,m.ckel.. cobal‘ba iven Ly mnga.ueae, .chromi.um, i;ltamum,

arul z:‘mc, were lLs’c.ed a8 sultable_catalysts. , H:.gh pressuz’es,. geaev‘a:\ly '

i ,up to 100 a.umoapheras or more ,’ and temperatures from 300 uO 1520"(}0 w**re

: recommnded. Th:.s mr}c eppears to have been intez-mpﬁed by W ld Wa.r I and o

?'{"inot- A_‘t have been re sumedo

' »-'_..;,",C,» "Ciynthol Syxxthesm - : : :
‘ The synthesis Df tha produc'b }mown as synthol, essentially a .:‘.
""'”mi}ccure of ozgrgcnated co:n*oomds, was. dnscmbea by Franz Fxschez' and ,
“‘H., 'l‘ropschJ in 1922 an.d 1923': Alka_med iron ﬁl:mga wers uged. as
‘ ca*oalysu for the cgmrersion of water gas ‘2% p"essures above 100 abmmphere;

a.nd at temperatures of.‘ about 400%C... This ProceEs. rece:wed no. t:miccl :

: '_Table 3 gwes a ]J.st. Of the. compomds i.‘ound o be presant :

" appligcabi
in synyt'ho'l;

'2/ Fiechar;, F., and Tropsch, H., Ber. Deut, chem. Gesel... 56* 2&28 (19?3)
" Brennstoff Chem. 5, 203 and 217 (3924) . ]

-—-.—ln----‘—-‘--ﬂ-—--‘-n-c—mmu——"—-v—'r

_ CTabls: 3,, - Cofgo\mds Present 3n Synthol.
formic acid - " gsthanol i . roplcmldcbgde

acetic acid .. - - gbhanol L n.sobuty_alnex
propionic acid propanol diethylketone
. isobutyric acid aceteone o methyl'orobyl kebans,
fatly ac::ds up to Cg nethethyl ketone eleohols up to Og
. - esters

Be Syntheais of Mot hano"
Almost smltannously with the work on syntnol at the }ﬁﬂhalm ‘
‘Inst“tute for Coal Rasewh, » procese was evolved by the BASF or I_,,G.
“Ln wh.Lch controlled caulyx-:r.c corm‘crsicm oi' carbén mmﬁds and hydrogen

led to the exclusive formatian of & spseific campound, namely mzthanaol.
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s ogldy 15 rep ac d by au a.Uc'é”L ize d z:.zxc L&‘&,ya%- h1 z

_\md v.sye-c,lally Jsonuwla._cohm :

58, svkn ot has ,aci‘u.ev‘e—d?

x4 \
W )

aerable tvcrm:xcal meor":nce ‘.es qu .“io Pier‘ :

o e ;L’of’é r°ce*1t mo‘rkz\/ has shown *nat 'zhen ‘the &

5 re~-f0mzﬂd in

0

) T'}:] iogives a cjplcal a.nalvs:.s .of -the sc: cal_.ed J.SObLuy... oil nzﬂcc,esa;

.-»...»-—....’—.._»..-....m,..-,...-—-—..-wp...—.‘...-—.._--..._.......-_....a--

2_/ Hendiseh, 1.G. Leuna, TOM Reel 134, Section V, Item 2.
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& {m ‘,r»m

a

f,_r% runnings s
mrthanol L
G305 Zraction” :

Fe

propanol [firsi runnings)
‘gropencl,. erude :
‘Lsobuiyl ohol, '"1'udv
isgbuiyl sohol” \Ja”O:‘.d rungin g'}
~ Ysoanyl alcchiol R
rusfh“-" Yoiling first ronnings
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Also var;f x?al\“:_ smounts of propyleme, di-isobutylene, _
propyioyclohauang, and Ll viene. ! -
3. Considsvetions on bhs Syut waie Cas Used- for the Production of Hydro

he synthzgis of hydroozrbons Fioom zares » and hydoogon bY
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r Frong mwhsr-'i/ and his tollaboralorg profteidy
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Csscoraii to s

~general - equas‘iom s

a8l

Densm}) wz ‘on uL°

acH,c}n condm l\.n e cogversion is chsracter-

g0 s.i::ec;; it mey be pr

in “oh kﬂz’e:’_.:uzm g2 todid £for apps :}.«.

ruact (8.8., xecss caxhbod a‘\nsm.c. Lo %

rassible o opsrais ab lover temps x‘amr'a in m@ iron ﬂ-‘;;t'm;-l pressurg

D

X% is nob cur ;urposat ﬁ=cus~ hare the varieus et ‘zical :
poceiblliivies in conne cu,,cm fif‘ Las prﬂcaz 2tion of ater. gascf As o
riuls, bechnical water gas conta*.na c.,.\b—m ::mox:.de and hjclroven izx 2

ratio of 1:1. 2o &ﬂmn %cnas:*y, as fo*‘ 5.&% co in 'hh&. ccbs.i.t eauvst

ayathesis, a gas ‘ha':fi_,ng a higher nydrogen content may be cbtainsd by'

tr%a’-ﬁ.}.gz;;a porbien of ‘r.»h_g ‘gas s‘ci‘aam accorading to the .equa’hiou
- 3) €0 * Ho0 = COp + Hp |
in the presence of s:imple catalysts ’(nsually ircn-c‘ixr_cmium); It ig slso
possikle, by converding coke whkth ste ar.. in the presence of coke oven gas
o pmpam a _hydrog an~*~1m gag 'iz*ectl:.' at the zame bLine as mmthano As
ooy .Ier‘“za.. Carhon monoxide-rick g% "e;. way bc ?reparad :ux tha prt.:sés;ce;_

] zagea containing car'«;xon dioxide.

d

T DL T T e

. : W .
&/ Fhimensy, ¥,, Pichler, H., and Holbel; H,, Bax !nnsz.of" Chrew. 16,
Loy (1933). : - .
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B/ Hawx, Golden, Storéh,ond Ficldner, Ind. and Eng. Cheme 28, 3 (192.2)‘

-6/ . Natta=Pen¥elli, Chemica & Industrda 19, 377 43937} - ‘

-30/-- Storeh: end: Fielduer; X

'

o 4) CH; >th co+3ﬂg :
-5) GH&,—}JJ’)«- ’_uco¢2}{2v

v.v‘ﬁo; Bre’ﬁ'la'coff C}‘ed'no 99 1\00 3 (392¢’;o

ch, Enge, 61, 605 (190%).
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jIrcoxvp‘ etv combns‘bmn o” m.,'chune over a short intervel of

-heal ing, con be contro.xled in-sueh & way that in addr:.m 4o o gynbhesis -

.

: gag ccnba:x.n:mg 1 CO 9 2@39 acﬁtg*cne J.'a ob’t.aa.neo acsordmg Ho equs.‘cvlm ki ).,

ek : : .._,_.'. -3 i
T 5 '%c% £.30, = Gollp IR0+ Gy JHE0 T R ieal

e

S
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 The inkerasting £ u;:e of o prosedurs of Hhis bype mrﬁ.c‘: e iy the
. , ¥

fact that acetylene can be c,c’merbed e:l.m).a"imzmou:zla 7ivh Hen Tmncside

..

and hyd. ogw,, in the n:escnco of a synthesis sabalyste

‘the Me o‘ catalyots m..v:.ng_a robalh, mckc.u or .Lz‘or. tase,

.

s well as tho...u, of muhenlhm, dﬂoenqs 4o a cone 1(:61‘2.’-:-13 e;:t.en’r. o the

~ abgence of BUJ_LUI' ~,or’w.zr'cxs in vhe synthcsx fese O::ide eatelysta, of

= \
the type used in connect*o'i with icosynthesis, are nol aii‘o ched by

~

suifur compounds.

-0 -



‘ . ! Hyurogen sulfide is rezzmed me the gas :m 'bhe uuml manner
'by nurif;‘icaticn vrlt.h bogq:cm ore. Ox'gan:w sulfur is ramved a‘a hlgh 483

tenq:eraour s .’m the preseme of alka];u,ed :.ron catalygts 5 ac.cow.:mg
_:a, pro~953 developed ai; the Mhe:un Instituue ?or Ooal Reseamh b;;r Ra]nn‘*:-;_k'

:&n& P-alssh“l‘%/ lmovm b" "Femrein.igd"xg“ ex' Heissre:mimmg“ The a etc.ilsf -

e

». of the procedure depend largelg cn‘ the nature oz. 'bhe) suj fur ccmpomtla
presem. and consecment&g an the ore*aous hlstory m %he vas w ba
;n.rinod “he sulfur coh;ex‘xf‘. ci‘ uhe sm has..s gav must mt ezceed :
'002 La 0.3 grcms peﬂ 100 cub.v- m.etera and sholﬂ.da l.f pa ible, bﬂ lessa :

:J.u mu:;’s“. bo checke:z ,onma.nblyg

_.t-.-mﬂ“m“,—‘n'mmmm——‘uunm——ﬂm—uw‘

12/ -Ro..,.,.. aid mlsat, ..:remxs’cofi Cne:no 15, 187 (9h)e

em—-n..,.-.a-am.g»m- ——‘-nmmoc—a‘n

I‘t. .g.s d.so mporh.nt tha* 'bhe. synt 1931., &es be f‘“ee of.’ resm-

foming sabsbance‘.,., ) ub 1ances of this 't.yt.a do-not - "enera;tg ocﬂf_z' in 4

Lhe. standard t*a.ter gasg: ob’ca_ned lrom ecke. In the caze of gaa demwd

charooal,

Lo Consm;arﬁtlcns o cbe Amara tug ! Tged in. S\mthesl Egerments

) The conversion of carbon monoxide apd hyﬁroaen to ‘zigber ' ;" o
',m-oce.z'oonc is kmom to bm 2 highly u:cothermlc raac{.le:av Approsimately
700 !...localomos, in. ohher woxds, mord 'hhzm 20 pcrcent. of %the hoat of
comm.s’r.iﬂn of the-ges, ana liberated for evew nov'mal cubic meter of
'ca.z'om't mona:nde - h;ydrogan misturs thet reacts. This quantity oi’ heat
mst be mmmwd from the catalyst cha.mbsr, since any increzse im the
eomg L,rat\.rc of “he cabalyst gives riae to undegirable sstondaxy roecticms,

to inereased formatiom of gaseous hydrecarbons, espeelally of methene,



f ith 1abamtory appaz'atus oi ma uypﬂ med in amu" 1~»aca1 c»_

emaﬁ:uﬂ *ﬂ;s, uhﬁ psmoval oi‘ neat 1z'om 115 raac’:n ou zona dses mvt

congbimm\. 2 pmblamc ”hezmal- ”adia en fmm small apparams' )

sach mat n crder uo maintain a ccn : ‘v 'mc.ct.a on Lamha'mtu*m hcat
»

‘must be upp;.ied s,.o the sy,st».m fv'am w.r.t.l.mmc Edwei:eﬁ, 'evé,r; cne %
..abm'a‘tov'y s"a.le ?ahen 1‘1 ed catalySu hcda are .(-.sed 5 th ‘:hlvk:\ess af

- the ca'..a ys’x. layﬂz' or uha izmer diameuoz- ai‘ th; 'ﬂsactmn tube nco.st be

devmined b,: ‘C.‘l"" prew.ﬂ mg taohzxica.- ccmdi -,10'13, m o:.d" »‘:,o,,,a-.wid )

" overteating In' nmal, the™ mact,ion tv.ﬁ;es use

b.a.d an itisida diam tey ef 10 to 12 ui.uu‘t.ers, '&\'hen fi::eﬂ catalyst
':b as ara a.[‘ip\.oyed, tna use oi‘ z action tubes wi. th an mq:;da ';imoter
of 20 millipsters or more oraducaq unfeverable V'aw.,»s, even in
_'srélj.wsca;e 31 ;;{mea'bso

.

. In-pedinceprezswie cynbhes

s

L3, &1 GF-\"(\ izon Lubes can b3

ixseég 'ﬁh'araa_s in.iso 3»,,@ hesis, the tubss migt c?t‘. h-c 1-3.;197(%2‘ b
gtainless ’p‘toal N ‘oz? of irén lj.ns:d withreoppern |
I8 the Sundamenital lamore. tory experimsnts, the reeciien aé.é
caxrried out "ntlﬂ a' 35.:1@;13 pnsg of syatvhesis ';,.._‘3 ~v<.* a Tixed. c:é.t.sl;rét

beds Howaevar, ‘bhe synt,hesis can be run oA grsat nurber ot ﬂii‘femn’b

)
O

ways. s sarly ae 1630-1935, p:LJ.ot plam, experiments wikh movi ng
3 - o . Y

. = . Y »
‘eatolvets were caveied oub ab t.h v.l. ein Ins t.i:,ux,ef hcs:-* Wk kncun'

as v'l'sm'a phase” expeT Timonbe, in which .ths caua_uysi wasg &wpzmded X

B y o )
haavy pil, There was a fluldized eperation inm wh:ici:. dxy cataliyet-was

circulated shrouzh eacbm zong, ete. Hecycling of gag vae clse used

1 T —

in the zarly sl,ag;.s of .,yntn,(.,ic development {Urecyeling experdments™)

FETD



S e85

~—I'nr:aconamio~reasons 5 these 'orccedures Preqmt cmt:mued in.the.nonmal

y pressure synthesis o:f.‘ that timao i _  L : R
‘ v ' LIn moot of "c.he amall-scéle expermen'os mﬁh fﬁ.}:ﬁd cata.s..{s»
: beas ..nmlving a throughpub of 2 f:.o 10 h%ero per honr oi’ synt!w.-;:.a
g ga,s in the pormal- and m.ad;um-pressura processest, and 10 to- SOG— *
) 'lite*s per hour ia t.he isosynthes:.s, s.-he z'eaci‘.icn 'uubes were- pla.ueci
"in a..u.rninum blocke hea.ted e:'temally (usual]y mth gas)o For nomaln
’and med:’.um-pres.»ure synthes::.s, laboratory apparatus was also used in
which the reactmn tubes were. kept. at the desired temperature b:x,' .
. means of 'va.tex“ mder_ pnessnz'a “eps oil. At higher temp°ratmre thf .
we.ter under pressure was replaeed by h:t.gh-—boiljng materials qu.ch as
;—melted salta -ike- mtrat°-n1trite m..l‘hs, or..by dipmmyl»dlphenyl-
‘ox:Ldeo 'Ihe ‘bemperatm‘e was xeprt constan‘b by suita.ble tempnz'ature
© controls. X .
F:Lgurs l gives a dlagram of a v‘atemcoled j.aboratory-
. gc.,le synthes:.s apparatw.a of the tvpe uged m d:.ffere*at s.zes a&
u_hez.m‘. A dlagram of he apuaratus used ab Sch "arzheme i‘ov' Com.
,'pam’b:.vr= e:cpsxments :I.s also gim (qee mdmm—p ssoure” syn'bheslo

in presence of 3.ron cataly ns),.

" : uve*y eff‘ort we maae to ca.rzw oub the p:u.oU plant-
cxperimsnts under eonditicns apprmmabmg those applled in indmi,ry‘ .
For th:Ls reascn, in the ccmuaratxve expariment;, mth iron catalysts - |
at Schrfarzheide, discussed in detail in the orasent work, as-well as. -
in experiments at the mlhe:.m Insuitute i‘or Coal Research, dov.blo
- medlum-pressure raactors wore used (distance, 10 mms cabalys’c. volum.,
4.8 liters), Tioss dimensions énd method of hea‘o trensfor corresponued to

the reactors used in large-scale s.pparaius (Alberts-¥annesmann ;nodel)e
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T ‘_‘—‘fnn.xllI”“"‘ =

SYN‘ITESES OF HYDROCARBONS . XN P’RESE!‘-IGE DF CAW T
OF THE-] m G’BDUP OF 55:13 PERIODIG SYS‘I'EE&

Dmlomﬁnt in the Labomcry_ = 3
o 1925’ m""‘"‘z Fim anu M_E?P.. obaervea the. ?at'n
"ficiently actlve cata.lysts belong:ng to tha ::.ron group, cax’ben S

‘m@oncxlde and hydz'ogen z'eact at tenpers:bures belomv 300°G s**en e.t

_atnmspheric pressureo __’ )

‘.........-.--K--....—..-_.........-..La....-.-.-..-..—-n-.-.....

F:.schar, F. e.nd Trcpse,h, H., Ber. Deut. chexe Gese’.il» 59 YSfKQ, 83
923 (19263 | e |

'Fhe rcaci'.ion pz«oﬁucns ob‘cained mder these cond:.ticns ccns:.st ‘

" gimost axc‘uswely oi‘ satuz'ated and unsaturated allohatic t;ydrccarbons. i‘z'o-
jme’chane ta solid parafx'lns. CGot or\im ma used ag the bas:.c caﬁe..srat
mﬁtal. a'he*eas mckel, due .%o :.ts high h:gdz-oaeuatmb e.’o.;._itv, ?'as
ossent:ua_.]y a m»thaniaat:mn ca.r.alyat. “The ca?,a,ysts wez'e prepavcd Dy
decomes:.t:.on of the metadlic =a.,.us, and lan algo by pfex,_apl ':}.

, J._v,ivzasz “found that cerL.,m oxides, _ parhmu‘l.ar cbro:m.um oxide,’ zinc B
oo:mé: ‘beryllium cxide, ceriein rave casths, uranium oxide, si_cl»;:xc
acid, aluminun axide, mgnesiun aride, and mngandse oxide, pave the
ps:'oue 'x.y of p*m:.ot: 'ohe ‘.ct:ur‘ ty of the orig ﬂinal caha_;ytlc me‘.alo

| Ceramic materials, ashestos, clay chips; pumice stone aad act:m'" i'.ed

. cherccal. were used as cata.iyst carriers. T‘ns necesslty of. alkalies
iron ca‘tal;ysts and the dmporfance, of pmlizﬂnaw re_ducti;m oi' ’ahe-
catalysh, scon became apparéﬁt. Nevertheless, the peth tx-amole‘l '
from the discove’:y ofv‘tbe £irst drops of oil formsd"oy o‘*xe hydroge?zéticn

* of carbon moncdde t.o the process in industrial use was a long onc.-
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‘L n@rma._L cun:u. meter of carbon monmnde axxd hwdrogen m..:f.i;ura a.nd. a..dmg

‘ ob“r,a:med .as’ fonws. :

Two eo"utiono' wers. p@epared- :: ”“
uoluti% 1 1000 Grams ci‘ cobalt a.nd 180 gx'ams of uhcmum ;
eu:ide, as ‘the n.itrate, were d::.ssolvea in 20 llf:evs o& dmtiued wste?'a »1
\ : SoJ.ution 21 2160 Grams of sodium carbonaue vzexe d:stcWed

j‘:’m 30 3.1tPrs oz. dwtﬁ.lad v:atero Shorbly before using, lGﬂD gmms 04’

.,_4..89‘

,»»klesalgmr wcra added. to ’c.he aoluh:.on. (Ga a :La.rge sce.lo, prec:.yi.tame.a -

vzas cax'ned out mth 103 gra.m of scu:mm carbonam n::r 3.1439; of olut.;wed

~.and lnesclgL > added with stlrmug mmudla'l.nll,y a.ﬁ'.er n:e:’ec:.p:.ta "E)n o

Both' salut:.cms wers heated to boil:mg ami so.'.ut-:.crn 2 mcnba_mng

‘the kz.eselgthr) was poured as 7"a}nd},v ag possﬂ)le :Lni,c sallrhim 1o  Thig

was then beated bcilm.g i‘ar l mmube a.nd f:\lterad,. Tae f-a.tal,, at ca&ceb

vms washed 6-8 tln:ﬁ‘s mohi?._o .Ll‘i'.e.{'s of baﬂ..mc &s‘c.illed mt@* (mtll
velkala.-fx-ee) > umed ab. ‘L’LO“G. 5 and gf.'anulatem

' __The' reductlcn of the catelyst YR ef.r.ected. i_. che ‘L..om ..tory
by nass:.ng 20 ]J.tez-:, of dz";' "xyd"ogen per hour por 10 gyams of con ilu

ovar ca*oe.lye “beds 30 cantmnatcrq deep. Ab-a *be.nperat*zré of 3650,

+

“:L'b was i‘ound that reduct:.cn :‘cm.‘Ld be sr,onpea after L=, /? to G hours,.

Particularly active’ camlys’s,s are obta:.md (h:a.gh degrea of- rﬂduvmon)
when reductlon is prolcnged foz 20 hcursa {On the subject of rem.ct:;.qn

3n technical operations, see pp. 19 and 20.)
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a,i‘ter c ch s»age, ’she par’b:;al pressure of- the carbon monomde-whydro

nﬁ;’tu:e, lowered by fomtim oi reactlon produc'!..s 2 ms,restored;

m.—-,..-»m..n'....-...—m

;ij zma.m, sa, .Lnd, cmmat 4 320 { 1.937) Ly

....-.—_--.‘..-,.,.-...«.‘e-...,,..»v“‘.;n,.v......_-...,,_m~........,..._.-.,..

Cgoes.to F, zfav’-:in ahd L. )1001'...9“ AR

ue'.re“al Gha ges in tke ccmasatwn 0” the cobalt o ﬁxal*'s‘a WEIE

made a% bhe Rudy chemie. The arhoxmt o’ xia_s}elgum ,in"‘r,he 100 263 18

;Tl’{ﬂz;‘

3.00 Kg'ca’oalyst was increaszed 1o 200 Kg; 2o 4 magnesium cxide aubsti butadt

for about half of \ah" hordvel” cmd ¥either of the:—:e;::a.«"“ ~as inoreaged
ube 1abo 250CF ;&éld 11:1%1:*.& snu sb;”-.ioi hydrocarbons, byt the inere e ot
dilutim o] L
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addition of ma

cetelyst. T

”ho watar used. fow

be '11-*“1.116:1o The-cobalt should 2

=1 nrounts of

ca:!.cium angd 0.5 percont of -coppef. The ofewnca of sm

wickel {aboul Q.27 pzreen 0k} 55 desirable. Whon nee

':ems:’c'c" X oy '3)2‘(,‘,.»pJ.u.-?lQ” with sedium f2uorida. _'\E‘o.r techaieel dotails,

gae report TOK szeeﬁ. 19, Bag 3042, p. .ig..L anel following). Lrdwstrisl
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Further sinzeving. Lhe ved:iction temperature, szl ab 360-265°C. or
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_ Wlbh uhe raduced c¢naTvst to av01d oxlaatlon aactlonso Tb;s was

 aChlLVQG fivst at thc KNI h} su:uraulnp uha : yst ﬁﬁtﬁ caroqn dloxl ,;

tﬂaa in zndustfy wzth parcfilﬂ, benalme, ana u1¢sex oiJ, dnm Tate "gnlnl.

'}w1v. carbon GlOXLdGo (In uecnnlcal ops;ablon sar;acv oa reauutﬁon

X

hauch, 1. 5 sq;&re meters and cataly ed‘cf‘BS’centlmmcersa Rats of

hydroger “low, about l( 00 cubiﬂ mnters p“ squara mster murﬁase _br

 hc!"9_,Reduction bime, includigg fots eh iing,ﬁith,hydrogen, about,a‘hﬁur.

igel 3QC&~““BO"q" *adhﬁticn would be far more’ de=1rebi ,} The carben

dioxide easorked on ihe csialvst surfaca crevents injury o nhe cataiyst
rhe ¥e £re injurs }

by air when it is charged to the syathsszis comverter and' facilitates I3

conditicning.  {For Inrther dglalils, ges TOM Ree; x9 Bag 3042, B 4l

Y

(Ehy raduction ures covla bs

ﬁrdacu'on “eould s oub direevly in
. . N - . . N -
thJ syail sie apparatus. Ib was fcund Laat wobalt sebelyste containing

g few porcent of copper, can ke reduced ab temperalures B2l

low as 22656,

However, the 1lifs of the cobuit-coppar catalysia wao ccnaidera,ud snerier

than thet of eonteiaing 1o copper,-provably due Lo progresslve ™

Lorpation of cobali- ccnpar alleys. '1h2 undesirvable sffeet of coppsr is

nuch more marked with niclisl than with cobalb. In conseosuencs, the

redvction of catelyste ot low Lemr~~"turesviiﬁ the converter) was

o

. i
. abandeued.-
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the cataljsb ana leJﬂ:Qh zte c?flcz@nrya »fhisg,

‘3 synt%esls.f i naa @lso bcen saggusted that.axtraczz

bv ury&tm=nu ﬂlch ﬁydrogﬁp Qt Lh° symuua, a uﬂmpaf&&u?ef dow' 21, wAh

u.is‘typefof taVenefatlonj uavhxon ofi,b ca nﬁly 7 ;awaixvnw ig dosb -

xdeccmPOSiiibn tormetians. - ”reaomen v th Rydrog
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Cds de s‘rable. pub not absolulely necessery. Aftea

the ecatal

yst ez

extrz tlon and treatment with Ly

Tl

vemoved from- Lie converier,
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400°C. has been suzgested. - Under fhese vonditions Lydrogea T9HoTes
Teprtain substences, sudh xs carbon, which are not alfecied by ° ehe ugual.

this wmabthied ke

depleted catalyst i
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1§ Gynthesis Gas

he synibe gos used with cobwall

ig nsually

comuosed of 'L part ~f carbon monoxide and 2 parts of hydragen. An




>ynthe is 5au r oula xn

S

rdble eitEct in;horﬁél

pr»ssure uynthesi$ on the 1*fe o; thv cooa cata1v°t". Cerben G_Qm aw

ﬁln prescnce of u&rbcn monoxlde and hy_rogcn (fof hnstance,thnt Whlfh S

'

’ Aorns by the water ges. Shl*t rcacsion¥ bana es ]lkb an Auer* &aq as",f

“ong aa ary cgrbon monozlde is prhaenu, Ep tne bn ce of capcon

‘c—-‘\n..-—-‘—.’-.——.u.'—-..---‘_»‘—-—-uun-—_.-»-—-....-n_._-n.-n:-

__/ Flb é ;Eés_and,Pichler, Ha;;ﬁréénstéfﬁ

Chem. 1k, 306 {1 933) .
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'\ater VaD ;is ene oi th& ch¢ci 3vtlon prochLs of the

synthesis with coﬁalt_ 'y and canscnaenﬂ V g, always:g'

Since at’

3.2., belew 200°C.._vnder the condi ionS'of Lho synthesis, the .ra

S, g.rate of
_the vater gas. reastion -
. 00 + Hy0 = 60z + ¥3
is lowsr than thot of thesis ressiion,. rormelly no epmretiable

amovnt of carwcon dioxide formsg it

abave 20070, the amcunt of carbon 16
. i .

the temperature. (Alkelized cobal

catalyats, favor carbon cloxide formation.) ‘In the swnbhesd

of water Low. \For

fa - e . N o s R
mznts op syathesss in Lhe aqueous pnace, 988 i Flacher and

Bronnatolf. Chem. 20, 2847 (1235).) The peesence of nitrogen in ihe
. . A g

syathecis gas foss no haym.s Howewer

Lo keepr the inert gas

s peosggiblie, fivey, bacause
a deerease in Whd

an vniaverable affect




e 4ss .i;

because tne passa.ge of inert gases thro‘ugnf he synthus:.s appa.ratus T

(espec:xé]ly_méT'rorkmg.at“mgher preséﬁres) :mcreases the cost of
g "_f operat:.on. The only advantage to 'be der:wed £rom d..lutmg the ynuhesis
- gas mth :mert gases (pa.z-t:.cularly when acn:.ve cata]ysts are used) J-s ‘
't.o control *hhe heat of x-eact:.on. . In the so-called "recyc.l.a" process,
A‘lwhe.ce f’resh ga.s, mxed mth the ta:l gas, ig passed over the catglys'b,
H this factor is ai’“ import.a.nceow'i"‘-' S o
S Eo G anolxghpu& el e *
: . 'I‘he gas throughpuo (hters of synthes:.s gas per hour ber gra.m
of . cobal'b) is determined by the act-ivii',y of the catalyst, by the msthod
- of heat. removal and lastly, by r:hether thp ma:x:xmm ;ne.’ld per volume of

_A_gas, ~or mammum space-"oime y:.elds are desued. 1n Gemany, wherc

par"cicularly efP:Lc:.en’t, utillzatn_m of £he syn‘ohnsis gas a.poeared i
.des;x.rable, the hourly throv\,h'out was 600 “o 1000 liteys per k:logram
"of cobalt (10-llter convert,e”) , the tempev-atxwe being kept as ccnstant

* as poss*ble by use 05‘ NATTOW; mtep-cooled catalyst. cha.mbers. I.Ev'bhe--

'

L—throtghput of gas 1S inecreased, “the y:Leld per unit volump of gas
‘decreases 2 but the spaca-vulrm. gn.elds i.ncrcas“ {seo msd:.um ov‘eseu‘e

v} syntheens with conalu, figosd, and h.gh-n*esmre syntheo:s_s with

rutheniwn, fig. 16")0 .

e . . Fa PTlmry Reaction Pz-oducts

The prinam reac‘o:.on"products of the synthesgis conzist of .
paraffins and clefins, rangmg from methane to high molecular weight
solid :.:araff_ins. The boiliﬁg range of the products and the gmmmi; of

»'msatﬁi'a'hed ;:om'oomds present depend on the comnos‘ition end age of the

cata&yst, cn tne cOr‘lpODl‘ulO"l of the synthc.;.l.s gas, -on the tempera sture,

-23 .
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“Au ..z*cven..sa m Lk}e pxnnsure accommmg thc cc.ta...ynu, hyc?.rogena’c..on Q‘L

: ra:oidly men op..rat°d under *‘ahese condl«.,:mno.than at atmnspher:.c pre.;su:aes
A‘b h..gher pressmws 5 ozwg;e'za.wd cmnpouxm.s are ebi,_tned m puace «)‘F' h‘ydro-’ ‘

rbcns. . :.1v. .

»lF:iacher an(? ‘(uatur‘?’méj obhex red uhai,- v

'-—u-‘“--n'.!.‘uhun——.“‘—mw—«nuu&«@»n-”-"-’un‘--‘

_,_/ F:..,cher, F., ana I\Ls"c.er, H,, Brenn:ai.oi‘f Chem. 11.», \1933)

“The efi‘ecb of‘ pressure again ccmﬁms the fael *snav, aven uvhen e;perat.mb

m quu.:.d msd.p.—. :, the hydroc:a*'bon synthsszg du‘m.,.oaed ﬂ’f 1". F- scner a.mi

psch As lum. ted tc operao:\.m ab aumupnemc DZ'G‘&QL}.‘G H ;m o-,be; .

-“ ) ; . - g
[words this gynthesis iz 2 r:omnletely :.d psnden reactlgm, Amuch can

ozi"t.y bekks pL..ca in the region c.’s' mb ..er... preéaiu.v'é; As the p:*assure

-rioee, the hydrocarban s;mthams tends more and MOYE uomx‘ﬂa the fop-=

,matien of s*m‘anol ard .1.1stend c- parefiin ¥iel f,_a._b:mz EAHC] i‘oz" t.:lon

0y

of a..ht.o‘ zol.s ' at:uy ag! .c.s, etes, dascribed »"x)_f.wmsve in Lon nect.r.c‘.

with ynunw. ocours.? ) S :

431 these :mnenu.s ware. ca:m ed out with c:»r,uy%s 09 tained

N i

by 1,1121:-&,1 d"COOuO it..on, on ‘x}hﬁ cr,nar bhand, in 19«6 Zonkd Fischer i

R T . TR ‘ R v
He ?z.ciy;er&/ munfij.hat:'—“-' . e o . .
..............\............n,..,..-.....‘.................—m'......_............,.-...,.‘....‘

oy z‘/ Fischer, F., and Pichlor, H., DBRP 731, 295, Au.gﬂ..\su 2, , 1936, Brennstofi

Casm. 20, )\J., 221 (3% '\75.; Ber. Deub. chem. Gesell. 52, 327 {2929},

2

‘g. The use of precipitated sobsli-ideselgubr 1‘3.1.!.3,"6 3 makos cc.vmmwus :

ogeoraticn poapible even ab higher pressures

1
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i~
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o Thel use of pI‘ﬁ\..l :z.h ted cox:-@lwh."@se*gu_lr cate :jsi‘is in cousinuous
(.hesm"

) be*"rec*'“ ‘these

two “egz ong;. there wc.sts al rezglon of opﬁimum pressure fo“ th fannéﬁi'én

‘the; catalyst," -‘cfer\.blv by e.&tracblon g .\'2.0 such rag»nerahan .‘.s x'uqu_“ed ‘

Y

. J.a the m*oce:m “which P;schei. apd P:achler nave cal}.eo "m""d.lum-p;‘eSb e

Y o ) .~ S , A.‘ | .

oy the &is

% is longer in mo(ia i -nrcs ure sypihesis

nc *m::}_—- 1°=ssu:-e smta

‘

‘e, The to.:«ft Yie lct ef ngqroc=“'bon co-xia:n..nv more «‘.hau 3. cax von-atoma

_per-molecule is mghsr in mﬂ&um—pressum ~,;y'nﬂa,ne:zclss than in nc-mal—-,, .

orEssSure S‘mees S,

-

F. - The incrsase in carbon mOnOKL tidenh 3;:::0”9:1 conrers cm isngt propoos

tional o the increass in- pre szsure with cobslt-kissel iguhr cai

slysis,

Jn the conirax, v, in ordes ‘Lo obtain the dame cé¥bon “monosdide ronversion

Lhers must be =5 increste gt 'c_c;n":.’afct sime almwost proporiional to Lhe
ingreage in pressure. in obhsy words 3 of norzzl wid

w-pressure syabthesia, the ‘amount of csrbon monm;ide and

drogen

. converted by the cobaltb catalyst per uwnlt time is ap L.f‘ MR

independent of the rrezsurs.

2a  Othsr cenditlons m{' cnmr.e.rahlcz. satureted aydrocaybons '“ond co

Y

so during nedinm pressuara tn PR aving ¢ ormale

- quantl

suvre synthesis. (iic‘;aavc:‘, it is possible in medium-press.re

synthesis to wse carbon menoxide~rich swnincsis gas without horm to the

catalyst and thus io obt.ain‘ larger amowits of olefins.).



J;r.}‘xe ea.r.‘ller erperlmenus ‘Whlch gave

r,hﬂ caualyaw v‘as mcr asea. ard Lha’b .,he need “""ov" °"':Lod.ac res'enerao.wn

is’ ‘.ecessa"'y _n norm'-nx%sswe sy‘ﬁ.hes.Ls m lnnger exlub':‘da

'mls c..n.\ m v;a.hu; bs ...xo..a_ned By the f 31; ai.'m“d:.um«pt-nsswc s uhe

fa.ro'”~ the i‘c m.t.:xcn I -.\ydx-ocarbo_z;s wnieh l»cue.,y a“ L‘x:: °y*1bn

uempecai,mu "vyi oo in* m.xs’i_J wesh the ca.tal‘\rut qwi‘a' o

B A chamccev‘l.:uc afze%.xce bd,weu.\ cdlum anu nomal-pre, :>st¢e

synthc 15,, cbc'e .rec bo‘bP in the laboraw;‘,r a.“d :\.n m.dust:y, thv
; -ela‘c. va_.mdig.x.ere e oi ce.md.ysa.; opera*ced ut med.um pressures tom*'cl...

mincz' irregular t:z.es i.n the operaﬁjng c,ondn.tzms.. “13onsmm, fescimom yielde'

e

are more et »sn.’l.y obuamed -ab nz—d vm pressures, The naci. t.hai, the f‘ormatlon ‘

of methane n:‘&s-to bs omewncm gr»ater in norm.3 pressurs syrthes-..a
contribuies tomard making constant m *::umm comr»rs:ton of. oa**ocn mcuccude
“ond 'xyt rogen mors d._.zf‘xcu..t at normal . bhm 2% ned:w M DPressures.

e follo: .':.ng wable gives nomoaratwc valun's *‘cr average

4, g
production mr-er one m:rking mxenth ;.n a medium px-essu:ce and in a normale

pressu-e Plants

olc 9, -~ f‘onm:*.z.son of Yields Ob‘r,alned br !Zsa_.vm a2nd Nomla'j.

Pz-°s sure S’@thesm :
o . !'.Ted.ugn ’ lormal,

0.+ Hp wonvarsion, porcent . 92 - 1
Tield of liquid and sclid - - s 125
+ hydrocarbons (S mrams : S
per standard cubic neber
of oyathesis ges) - N
Oz + Gy g/ | 17 25
Cy + Ca, g/ . ) 2. 7 26



‘i‘he amaunu o£ proo.mt 2orms _durlng ar::f e\m auﬁgpemm

the rha,:ging 1.0 z'emoval of‘ *Lhe ew ) psv' mm o: ccna}.t rls'abo

mghar :m med:um preasure than in normal«presaure sy-ﬁ-kesis (450 aa

2

aga.lnsﬁ 300 tcas o" C3+ product par ton of cobal'ﬁ))a

" | Ano‘bher a.dvantage, umiez- the cond:micns preva:lm._, 5.n Germany,

ms ihe hicher nerke’c value of the paraff.ns obtamedo ‘Op :fatm at

’ a:z.ghear n*‘essm"es imrolves add:.tionaj eo;pense 'Fn comprz;ssmg t.he gaseno

Appamtus and operauian also b_ecoms mora cempllcaaz.d at quher :
prek urvs‘;' As 8. ?’emlt 'Bhe expez‘:ﬁnental work has (.ms:_gtentlv b@an :

d:.yec ed u"'u'{&"‘"ﬁ the ae"ewpmen* cf‘ c i:ely,ts that aon be ehev'a'bpd

it « B Es stce“at:ons on~‘ne dssc ioﬁ~rvoﬁ~uiﬁv<wﬂ»mw~w~~w~w

-

Figerz 2 gives a'g gra nhl c.ropresantation of g yaci r_vf;

..‘._.................l.......,...'.‘.--..~........

;
pareffins, Diseed oid and gasoline, obtaiaed ab

The resulls rapressnt the aversges for L wesks

SrONiARelY Consisnt over & Cconciger-
. ¥

Table 10 (similer to Tabis

glves the aversge compasiition snd propsiiles of
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Figure 2: Cobalt middle-pressure synthesis.
. Relation of yields to pressure.



"Th,Ls ’c.ype of 'orocedura favo”s 'hhe dlmc‘c- forma"m.on oi‘ high .x:slecula.rv
,ue.x.ght naraﬁms a.ud D::.esel mlo L dlrac‘bly mafketable ga.aol.me -
»c.es.tred a.s a produc\:, *'c.he nr:unazy gaso.,jne can be maxec w:rbr! gascl:me
”"cbtained by czam\irg of ..he b;x.ghar ﬁmchcnso
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:.".the solld paraffhxs and Dn.eaﬂl oil obtéined by m@dium-preasure synthb—
sis mth coba.l‘l:. az'e of exeept:.onal‘ly h..gh qzml;tya- Al*bhough by varying :
f p”essure, tempere.ture, e:c&.ent ai‘ ccnversion, and cgﬁa:’sysi., :Lt J.B

o coss.hbl\. +to vary the solid parafzin cuntvat- of the reaction produut
| honsidorab‘ik; i,he a.wmt cf primar\r D:a.sae.i oil ca._not ne cmtro..led

“in ’ohis my, : Comnazisoa of the pmducts obna:.ned mw a 100 Go 18
»moz. 100. Kg cata._y"“ and;. 100 o 3 50 : 7.5 MgO ¢ 200 Rz ca.ualysc. g
, shomd 4that +he Q,.ta,lyst vduch f'an'bums 1ess el ese_;guhr and cuo mgne :mxﬁ
xavom pam,‘fin wrmat::.m., T}xe D:Lesel oil frautions P cn »the othex' »
hes*d‘, shorea no appv-er-iaole d_.fi'erezzce,- E@aments mth cstalys‘t.S'- i
"conteming higher cobalt con*?‘eno (Co'h,g)l) gove licu:.d ard solld pm-
ducts cmtainmg 50 bo 557 pe*cenb of aolid pare..tf:m and 25 percem‘.-

of Dl.,sm] 0il, The sob.d paraffin i?ractmn ray possibly be increased
srh.l.ll "m*bher bv adc.lng ma.nganese to cobal catalysts. UOing a2 .
‘cobaltom..ngeaeve cata.tyst, Relen (Ruhmhsmle) obtained Yiquid aml

‘golid products cont ammo 6L~ percent of soL.d para..fms ah the
excepbionalliy low reaction tempc.rature. 105 %0 168°C. and 10

atmospheras. Tho:ium alse favors the Vi‘oi:xné.tio‘n of nigh Eqiling products.
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Similarly, the addition of alkali promotes the formation of higher
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:‘aﬁmsphsres hacause of carbozwl fox-mauim) 3 1cwamng the temperature

. and “e,ha gas thmughput a.'.l.... mcrease the sol::.d ‘parafﬂa y:xeldo" ’

' ca‘calyst Iayers vive h:.gher solid paraff:m y:z.elds than ara obta:me-d
mta dee.p bed@‘a Fma.‘l.ly ‘the a.mth oi‘ solid paraffz.n presmt in tnsa v

pz'odux‘.’@;a‘_ decz*zé.ées as‘;ihe*c*tzﬂya" ’"fcumd c"dhr, n+h 2 o%mspmdx’gg

- .

Srige: in the amount of lcmer molecular we.Lght hydrocarbons i‘ormew o

© 0 In the Xight of curran"afresearcn, & a :3. c’i:.cz:y f.smnecn.ve

or s *n“a.aue oz ﬂ:le::e}. oil R iwm.l.va c;ar:-ef‘m 4 ‘q'

meking of tho piinay *3; s01id, f.ax&hins %'e'«sléntuall,v »ta kzub..acmxwu

'

D

ax lrmii‘c.anf:eve n'circ.gm abior ). 'Lzmc‘f' c,c‘*tnn :'mdi&.;mr_m; it ﬁould. hs

: possialé it} ‘:)b:»ain &0 peresnt r.:i‘ the. product in the Lowm of Digesl oil,

D, Syréhesiz of Olefipe

s olefin content of 4he s*m‘si i produsha SLJ be insreaged

iy upar‘ ing vr’r’“?; & cevbon Eﬁ‘-?}:_.u(f’“l..ﬁh fes. Wa gf\a \Cﬂ ;,1{;{ = 3.1}

R \no,\.a o prowote slefin fummatis m"‘ia z'cvm,_.l.»pﬂessure sintbesigs bub

it is genexally avolided wing fo its doleteriovs «ffect om the catalysh
e *-L:,hmre ‘:,.mx.gg conditions,  Ih can; hodever, be employed An

<=?rnt-iu,\f.t.o., With waber gar composed of corbon ,ncqoiz,ul

and.  hydrone 3,,;,4_11}7..;;'” Ao of Lo 1.2 the pesciins frac‘bian cistaldned |

a5 rn.nc is conbainn L0 persmbt of oleling,

8

Lronm fngtead of tho 20
poroeny :;"omw:l vith mlzed gee {Hp 3 CO = 2 3 )3 g the Msesl pil

Machlo_, Pcrﬁ‘c'_xjx_u 20 to 25 parcent of olefing instesd of 10 parcenta
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By rals:mg 'the ca,rbon mono:m.de content oi‘ na s;ync.hegma ga

'hat

the ammt af olef:ns can be increased s:,:;.ll furtner. 'I‘hua, a gasy :

" contalns hgrdz‘ogen and carbon monox:i.de z-a.txo oi‘ 1 2 predaces a.
'gasolz.ne with e.lmos’o 70"_ _ercent oi‘ ol»fms, : A’b the Ruhz‘cheme "su.ch & |

'gas was onta.med b'y recycl:.ng"over the catalySu a‘c a pressuru of 7

» atnmspheres gauge 3. nﬁ.xture of 1 par’t. of i‘resh wa*ber gas to 2 t.o 3 ’
»parts ‘of recycle ga.v tmt a rat_m the’ cnd gas nf 1!‘2 2.00 ma ,

x

pwd:.mec.. E’.wn a hvrlrcamacax’asn wnm:v.ﬂ:se mtm of Ge?é? 3 1” in am _

inwgae a gasol:.n:: f *{z“()"cn) fmctwn m’ah 61 nercent o“ as’:ms and

a.yi}:.es:el oiJ fmcu:.m moh b5 pt“rccmt. of’ oLﬁns w (‘biw:,.!ﬂemo S n].s ,

IR cm'xg:«ares :*uhe xxzs:uj:hs fromj such-an cz:r:armn'r i.?.) with an °;.~;pe“msr1€,

uging water gas-wilh no recyole. (3%

% ghovld be ‘noted thet, dn order to use as mmoh of Uhe

b

carbon memertids &35 peesible, the E m:l e Srom bhe T :.,L, oza:w'a LAOr

"

sast in general be af;} ighed by ‘f.ne a-*:ux.im ;m-cwaga.. Lo 3 composie
tion of 2Hap+iC0 snd. then- comverted by ezond~abage cpereticn of the
synbheols :in‘ e aingle pess. The bolal vee il then corrosponis bo &

cerbined revycle and nerpml operabion. , ' -

Toble 1. ~ Bffeck of Recyriing oo Lhe Ié*cau.«-?‘ra:murn chalb Smb’fxesz.?

(Teoamnic “Faken from & ST Aanc;xmm hv t Euhrx.npmiai

B o L8 -(»;

Typs O "gau Yaver gag Wabor gas

Type of operaticn : Single peea  Recyelw, I3

Cas Lhrdurhpab, N A’/hro ) 322 ¥ 1

' . A {converser imled, 148, 8)
Tewperature, “C. 332 202

Presou vz, stmospherss zb \salu"ca E 7

Raiio }ig:co in mater gaa Lokl 1,28:1 .
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olefin content ag &
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the recycle protess, wx' Qn he mc“\,aoed vabe

sivewlstes dus Lo ;?eéyclih.g, bt 35 dstermives fmlg by

naxide bo hydrogen et‘ the ‘syni;‘zesis gas ente&':‘mg
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g axc rimeats (standard precedure). Ihe curve
fumetion of the How00 xatio. The pro-

ducty o bhe prosese with and withoud recycling lie on the pame cuwrve,

cwr'.x.mg simply constis

swies & convenient athad of bringing a carbon
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L. ,1[

pre sence of sobal u(.taJJsﬁs are concluded with & discussion of yic:kdso

Cpax ;t} was ca.v,*z':xec?. cut in tz'~:o steges, in weber cocled tubes having
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o disncter of 10 millimeters 2nd in the prasénce of a fixed cavalyeb
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e
&an

hydregen in 2 ratlo of 1 to 2, The synthesis pressure was J0O
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absci.,sa azzd the yields (gra.ms per nomal cub:.c metexs—of ayxzthesis gas .
a.nd gzams par kn.log:ca.m of cobal‘c pB:. hour) (1.0 ute;; catalyst volum.e) orr-k‘
t.he 1ei‘t ordmat.es Dnd thc sym.hcnis te@eratm*es corrcspmdmg to tha |
dlfferﬂnt .,nroughputs s Lhrs- 53 Lgnt ozd*.nate. G.zz“ms 1, 2. ana 3 are b&sed |

ot yields pt‘z' un..‘t; voluhfa of tnrc;u__,hpus gas 3 cumrss da, 23., a_.d 3a .me

'c.he correspondmg cuf:ecz fcv uhe welds rev }L.x..!.og'"a.m oif' coba._bs encl

—

ﬁurve g:ﬁres tho z-*..;e :_\1 uem‘.ratu.ee ream*ed say an :mc?ea..ze :Ln throughm\

s T " e : !
‘puts Cur*ves 1 ard 79. give the to’aal J.:.e‘lcxs, ine ud:.ng matl"ane, curvas
2 a.nd 2a g:wfe uhe *y—.eld‘. in 11ydrm~arbm T‘uh more 'uban 2 carbcn a’tcms

pammo"ecn‘ a, curves- 3&« g:we u"l@ ;r.\.ej.ds of’ paz'affmc tsIat are- sol:u‘l a’:;

rdcm LemperE tmvv ’Zhﬂ *r*eg'lam bet FEEN CULves 'L and 2, 3nd 12 and Za
“theweore POpresent. msat,have :co*m_.tlom - B -
For‘ a 'bhroughnm‘. of 17 i’ae?‘ »of‘ smtﬁesis gas peEr gram oi""'
" eobalt pcr "xourn mclds yons:ts*ced of }.68 gz’am.., of h.;.gﬁer km'droce.rbcns

C': and ovua"')_nm ?? gam., 0“ i thezxa per nomal cubic mter of
(00+Ho 3 (2165 o ) in other ‘worde, 103 grams m higher "~

byd.:ouarams per kilogram of csbalf, ppz' hour.. S
When the gas. th*’oughnut iz increased s t'uzo noas:.b"e 1imi’c.ing
: nrcwu&es present 'c.‘zem.,elvas, In *:,he Dirst ca'-"e,’ ths CO - Ez ccnvevwion
‘my be maintamed by a correspo*xdmg r:Lse in temoerature (associated
with a rapid rise in mathzme forxratlon)u If the memperature is kept
censtent, 2 a.orrebpondipﬂ decressé in gas convereion cccurso 'In_

the experiments ahmm in i‘:\.gure 4p an mtexmd.,a.te pam s chosam

48 the g8 throuuhpub was .’mcreased the uompemture ‘was raised, bub
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:m* & "c.hrouglxmr D= Jz, iit%era w.‘swﬁtheai &as per gmm s.\.
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_of nethymg
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55555) pof m.:armﬁ m:b.c 2oter .é'(.?{}.*zi;g)z».awe @b?r,ﬁme . This

: i")"’”GQT‘CﬁﬂB 6'3 zuﬂ c,mmn of hig j&e » i*(“d“wa'"borx r:i 220 grens of mebh

i
, g7 kilogram oﬁ’ eobals par houre—

3£ %he gas Bheoughpub is dnovsased obALL it thew » %here ds
‘& drop .i;a’u»ch];iffm e yiclds por it volume of gas, W alse dn those
talysi \spe.u; ‘L:r::”:.e‘i Y
B3 ip gas uhrcm _“.rr\r-.. Trom i, to 2, and

u‘rn priel / liters of symbthesis ges per hour, an inercage corabura

o Srem 195° o 210°C., and then to 227° w5 nsceesary. Such an incresse
'_'Ln beme:.'aturu nas = heye{ui-effect on the life of the satalyst. In
¥ .‘—? .
the x,b_uﬂ e@s:ttm%r.. JoBay ot 22 °C., &% wiould sean that tha oporatio

plaris at he temperatuwe which oxdinarily V':mlJ uot bo reached until

autus A jear later. 'ﬂ*’novex" with th'a conventlonalk 'bype of mddle

gressuxe converter currently used in indusizy (ﬂ.nmﬂ ug-riith 10 mitie

awher catalyast ' layer), opsration with i iitors of :z:mthcsin Zes wIR

houe da preciuded, owing Lo the nc'om? s of removipg the heab of
roachicn. Under these condit 1LCI]VE.:,‘ cperation e high terperaiures wowid .

dead- Lo -The-woretlion of pobthans &
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a:f.’ n,whm 73&' shos 's re nbt'xls..e"e pe Lm.t "’olisrzs e£ nhfougnpﬁ?' gemo

" Ag H’l..... ’m. seen *r&m z..LguPe L;; th :;aelds pa” uz i.-lme and w;:!um@ cc'!'m '

¥ ‘xiL. »immasm:i cmqa
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ﬁh..:a, 3 ‘ﬁ:.o,ac. ha* "u?h a ccrz:esnonda.xg :*eémtica in r:'a.s ccqtu (o.f

- "t
Jeere::-, e& 2T e;J Q:i‘ boat rf.mm“ c'...\.d, tmwﬁi or@ &Lcr‘as“’ z:at:lyr‘t L.:Le

and I ;’9 sesd ampunta of e 3.0 xwzl._ng f'"act:.oﬂ (see figure &, .

'('in ‘connestion fm:”"'- ‘bl:\a mresens caua“ .uirxcl render is zele "zmd
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to the 3."‘3{.‘{.‘2"{. b,;f B. Pichier p "RC’)OI’L on ¢ be i clul.—:w}’:*e:s;mr‘a_s-:yﬁtnas.ge
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Tespseh Synthezis.  Perb I \Secmw'rfdition)“. An abs stract m‘.‘ ‘bhia

'wcpox'?. :sz, g..vm h3 "L, Fichler, Se Ga Py 1GEQ, im cennaction with a
8 iﬁ."lectmbeé at the .ﬁmom Institweg Tao sext of this leeture
‘tiil be found in Reel 101, Doe. Pcn-z:.«'zﬁ,g-m:: apd his been translated

by Y Lcna., I' Is availeble in the czae report of translat ,I.cnfz.. A

gore deta 112 rveport by H. Pichler. “:1 h‘ Merkel, ezvc.i‘t.lu.d ”Cnemcal

exd Magazio-Dhemical Stuldy of Irem Qetalyats®, ls belng prepared,which

dlzeusscs the probizm of carblde and carben formebica durdng rreireatmmnt

af iron satolysts ond the sunﬂecuent gynthesig.
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eJ.”iPZ‘ the. Mrommmcn of nwec.a.p .‘cawé saﬁazys 5 1O 'ch:a €’ wioin -

-.j_".)"’ Shi ca’ta»ys» “a ki @33 .ahr, Hzic’n prc«.,.ua@ c:;ccllezzt mvulw 'zit.rf
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; i
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o
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In order to uwiilize = ;E.Jtmc? equrmn.,. at empts were mdc
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wrould be ccmparab}_e '-lk;o that of the bohald vatal ‘usa Systaratie

yegcaveh showed knau iron catalyshs should undergo 2 p“e.uminwﬁ/ zeat-

&

mant et 2 low pressuve, for instemee, atm:spheric mesuo.m, mi,h 2

carhon: monowide~contalning ros sueh as water gas. An iven cabtalyst

1

P :.,rr.-amd at atmospheric pressurs prduced a corhon monawide converw

sion-dueing syabhesie ab 240°C, which cou:id no% be reached belar 290°C,
7ith a cetalyst pub dimctly inko the syithesis ab 15 atiospheres.
Yovaover, the rields of higher hydrccarbons were bebier at lover

'

temprreturey.  Abteopibs made at bhet bime be veduce Lhe calalycta with -
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“"I‘he lncrease :m the h.vdrogen content of i:he gaa has a favorabla effect :
on the life of ’ahe cata.lyst :’m ’chat. :u, aecveavs the temisncy towarde ¢

'vcarbcn fomtion and promoi‘.es a conbi.nuous "actlvation" of the caualyst. :,v

swrface» R » » ; :
LN . f': he c.ompos:fo:_oq of the s:ynthesm gas and the react:l.on
’ﬁenpuz'aﬁure, as well as t.he syntheszs gas pressura and ohe spa.ce
: veloclty, sach :.nﬂuence the cou:ee of the ovew rgactlcn., given hv

: tne i‘o.t.loznng ecma,uicnsy -

200% 1{2 = cuz + 002

' 2 eos My Oy 0T |

‘_._n such & viay thet z"aactj.m 1.. mlula._'!.y the course over 1ron ca‘halyst,'-»
iz pr cgrsas;vely mpressed in favor of reacticn 2 a8 the hyurogan

- conbent, p;*essm*e, end’ sp*ce ve'*oc.;ty .anreaser and the temnerawre of thé s
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GGUau].On of tne synthesis for iron and cobalb; hovre A o :m the pre sence.

of iron catalysvs, 2 5206 da.ry ra2 ctim., ‘the v,'a.tvr-gas shifd, ‘
€O + H20 = 0 « Hp o

- takes place. | This latber reuctlon can ba- .mh,mitsd, or reta*ded, by -

."ahc changes_ in-operating cond tiona, a8 ahgga ;ted aooveo

B, Pz'epamtion and Compositicn of Irvon Catalysts

) In the cass tV_Qf'«::oba}ﬁ;‘cal’t:.a:l,yzsts s 2 a;@andgard c;;talyst, ‘except

for minor variations, the precipitated Co-Thoy-Tg catalyst, gave tt‘xg

best re«ults in the m-drogenatlon of carben m:mmde, Iron catalysts,

on the other h“nd, may be prepared in a number of @ifferent Ways,

Ae.ccord:‘mg to the operaoing conditions and the synthesis products
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' satlsfacto.vy conva"slo"i s obta:meu evar.a m.thout spe\.m:l. pre: ;

',:suggested (see Part V), however, J.ron cat.alysts devvloped at 'bhe

o Mulbe.s.m Instn.tute gave be'bter results when i‘u:st treated mth a gas
'contamng carbon nwnomde., .T.r- general "che .Lower the t,smnsrature at. :

"wh::.ch ‘che ...ynthesis 13 'to be ca ”'led out the more :.m»portant the

prel»nﬁb&ry 'breatment b'=ccmes«, At 2 smthes:. t.emperature of 300"00

tr eafzﬂl 34X Go

V

Decompoaltion cc.talysts my be’ used When 'lb is norb essenr.lal =

: '-_thai he synuhes.as be camea. ov:b a.t the lo-res‘b poas:Lble 1‘.empez’a.'l;t.u'e°

. ‘_'"hese cata..ysts have a sllghtly lm?ez' act.:l.v:.ﬁ;;r than choee prepared by—- .

' preclaltatn.on‘ Hov‘ever, ‘bhe:u‘ p:‘epara‘bz.m is ccnsmde**aply smnlez'o

on na.tra‘be. or. some oc.her eagily c:ecomposed iron salt.

mixed "m,h the appropmte p::-omoters s is thernm__lv decomnosed at the

wiaf

lowest poss.;.ole temperature, The ca‘b:.lyst is ob"c.a.::.nea as a powders

When organic substances ¥ such as .;t:_rch are added b@fore decompos:n:lcn :

a voluamaoua pm.ﬁer 13 ohta:mem T.:. ‘the catalyst is to be used in"a

fixed bed, ‘Lhe powder can be compressed mto pe]lets., z Cata.s.yshs in

finely pov:de"ed Torm are suitable for Hqtud»phase suspension units°

Catalysis preparad by. thermal d"COIT‘DOSlthD. of {ron carbonyl are also

suitable for tms purpose (prepared i'or instdnce by passing iren

carbony't d:J.utea vith inért-or reducmg gases, into hot 011)., Pre~
liminary treatment similar to that described for precipitated catalysts

'is desirable for the decomposition catalysts which ar¢ obtained as

coxides. Fucpex"g.menté conducted at the KWL srith &eéomposition cé.talysts '
at 15 atmosjzheres.and 24,0° ga.vg'satisfaétory conversion after the
catalysts had been subjected to preliminary treatment with synthesis



(2N

ges (CQ slz ==' _3‘2) a.,. at W pic” prossura an:‘l 250" i

Ehe 'hannerauure ? "m 3"‘ hyveek,, eonve =sien could be kepu cons‘nant
: ovea ba.u’ ;{e' (C«.z'mmn pvc.ent, -r.‘DP caticna .St : 508,:0, Nomembex' o
.23» . ﬁ_,}’ ) 8in ’:-e“ea "'?mn ce "'m?l;;rsﬁ;s a'ﬁe dae'i ml\.r spcc:ual ccmdrumnsp,-

gughiaa the mA‘ bas réovc].e mnegso Th&l:i’ supe;.mx' a.b.x.._lty 'bc ccnw

o
5
g
g
B
g"? :
»
&

o4 x.omx:a.:orl ¥ .L:fh ?.hsm 03.‘ Si’.‘me]. dx mdcd canas.ys S-« ig ,
-caghasized.. ,As TEH ma?:.ar.al i'mc’ tsze—p’oy*mm_c»n of‘ °uch cauel;rrs
Loiron powien m‘epa.:wca by dcssumau:d; o'u of LI’OA; caz'bo:xy:. i3 umd

in the case of m‘ha“ iron: ca?alys g5 some, alkm,i is qddari b0 "%ard

F Ja—

‘as pokassiom bora}.e,, lgaaer; &n 'iwm) A axz& is theo mr*zﬁ. ﬁ muo 1isgle
gramiles whic h are sint z‘*m m a. cusranc ai‘,h;y-drag_en fo‘r fow “houryg

ab B50°C.  “Yhe zatalyst s s dsnsxi;;x of more tm._n 7, and a bulk

Fused catalysbs of ths oym l:atﬁc ammonia catalyab 4 TP
zay 2la0 be uzed for the h,y-dr'o :.':;on synthesls. In thie cass lven

Az fuzed with tﬁa.r:.cws promoters in & current of emygén end carelliiy

—poduped {3z Sehvarsheide Zperd én‘i;s In‘\'}o)o

According to «he I G.,, cnhinam-cmd:t t&cns :-‘Zor r'—*'Juctmn

praseribz p.ass.,._: of’ hydvogen over the catalyat et a- smc& s'ej.oc:tty;npr

nou. for B hours of _9000 (%his type of eaucb icn would enmmauslv

insreass the cont of the otherwise :'me.zzranmve preparztion. )

As the E;}m‘bhésis proceeds, the cafe.lvst?_., av'w‘?‘a.};\y pz"*ent

a6 reduced iren (-roy studies at I.G. m!ar*'ecurw ghow Shat the irop

miides s eonverbed ‘*1»1*@1y B c&.:ho*x) y ia vo’ﬂfe ed nreg r'e%:wely

50 m s Fo 0 caxpido :5'3»70;1&..},



3 ;;_/ F:sther, F.., and keyer, K., B«exmstorf: chem., vpl, 15, 8&, 107,
193/&0 :
F.anoy.. Jour, Am. Chem. Scco, ol SI.;., l;llé 1932« '

In the Lai;cer case, the l,attice remangements necessaz-y for catmytie";w

‘.ctivi.-.y, ig obtamed by removnng alunﬁ.num, or silieen, rmereas in the

case of fused catmsts uhis reamngemmt is brought abou'*' by ' ‘
exhract:mg" the o:qy‘gen durdng - reduct;on. In: cmnect.aon m+h the fuged -

: cata.t;ysts developed by the I. G. Farbenindustrie, uhe Russion pa.tent

discussed by T "roitskilg"/ snould be m..n'bloﬂed, According w "ahis patent,

.939‘, o | T

 fused c’atalysts not, enly of iron, but also of nickel and cobalt, are
sutab.n.e as ‘zydrogenat.:lon catalysta.
It was found at the hmlheim Institute that m catalyats
‘ ziossessing e h1gh descee of activity could be prepared withoubt the
" addition of premoters. However, in general,' the addition of ‘prompf.ers
is desirable a2s & means of cmtrolljng,. the type of products obtained.
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: }Jce:i.l com;ent oi‘ the :Lron cﬂt..lys‘t. :Lf‘ part.:xcu_‘,.rl;,r

'.‘:‘impoz a.nt as w:'ull 'be ecp frcm '3e 12‘, : ‘g};ei amounts of alkall ind;‘.cated

~*‘epr:—:scn‘o “‘e:.gha parcenb ff pok 3.. ":..zm c;rbomm ba.*-*-d on Lsta]lic :.z'uno

‘Tocxm c’r,hczﬂ al.’nll sa.:.‘bs {fo .,.,cam*i ,', mzmmmnme,‘ ffs.uorld a;.c?o)l are

indicated, ch: ng ,a%:-s.:m “5.3?' e 4".‘," mﬁan- the s mt equ‘u .i.ent %6 1%
of .'.:._20‘030‘ -

S T tw}o mhﬁ?:s cha nature and qus bity of the t)"ﬁ‘)dﬁ.(:%ﬁ'
Lormed in "s'zw":.zvcsen e of Vc.!"!'ﬁud ai‘.ka.,mt;f? ea‘*alyat"'-da ing omz‘atlna

- at 235"0_3‘&1:3 8 a?smspnar xﬂ:’h & ayxd-ne ois gae am.,o;:&n of 3 mrta

0t za r~cu mmda -2 ;,ars Xxyazobazza ----- I‘m :;».g-: { - BATS mth2~~

L

the }wﬁ.d:jo' ini gs:'ams peR "..un.,., mmn.w of ideal g .s:' fluéﬁuﬁtédi.

wxn 160 snd 160 grema, iwm igating. thab aontmctim WS nob éonsﬁaai:; ‘

2 ap vargm, Thnk vhe ad Sien o“ '*llm d..,d na'o ;zi’ aah ths activity

of the wat :,Jym.; bieh only the ¢ if tribution of producisg '?i::: vislda,

» -

obtained over a lang parisd caf. kD With a cai’a&.ya,. m"spared -_b:y»‘.,.pxew

sipitation vt amm-a.iqia and conteinipy no alkali viere not slgnificanily

Teaor Ghan ‘-'w 59 frow ; an 1:*0;1 atJ.ysu z:onta.min i mmers‘c. of E5l0y..

Cu the othe': hend, e alkati conmbes t ,alays az umo“’tan’«: 'ﬂ"t in deber
sinlag he e of products obtained. Ta the sbaencs of aliell, b solid.
paraffin fraction, dctumfmm by the hae.mane mﬁbuﬁ—am baged un the )
otal yield of wolid, lz.cu.:d, ‘and gasol hydrocarbons, emsunied to 12 p:arw
crobs Additien of L/h, 3. 2, and 5 porcent of potassiim earbemate,
respectively, increased the ylelds c\bta..ned Lo 26, 42, 13, and b5-L poree
cemde -As the al.«’ 1:4. c:om‘,sm increas c.-, o corrcsnonda.n" decreage ia

| cheerved in the amownts of Liqum, ol gm'ol ﬁyf‘.m a\*bon produced,

150 -
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Table 12 also ghows

s

‘6

%he amount and type of preducids ar 505 influenced by

o potassium saly added o catalyst. Bypewiments

rotazs] ¢ and \;hoa‘

potazsion o

S

TRonei

mmenganate,; silicets, £iuo *ide, and phosphate, a3d

’g

mﬁng the Tirgh wes

Zavy

o of enexaticn
“he onbwre of

"!ih 1 perzent

uging equivalent amounts of pot 2 poium

“he pans. resuiis,
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‘bhe alka.li cmtenf.

» mthln tha l:l.mita of mperimental error,, Incr

nromote:i he formtma oi' mgen..ted produvvr.a.,‘ As rega.rds tha mmc

i
:m which h;ydx-ogen and carbcn mnm.de ara co-usun'm, the decreasmg tencency

g of alkaliz;ed ca'tal,ys»s to hydrogenate the: primax:y producta aaturated
I*ydrocarbons resu._‘t.s .n an. mcx‘eaee in carnon mmex:.de consumption a.mi

a. dec:z’ease m that hydr"geno The life of c.atalgsts is longe:: fox-

1017 alnﬂ.i cont sént , uch as 1 /Ar nsrcent of potassmm caroonate, than

for 2 high oneo

smvunt of a3ke;li. .added r“u.,h tirring, The 1iquid dg remm’re'i evagorgm
. A =4 . - N

$iom and nﬂ catalyst dried, u:ufés‘b xeciph‘.‘a tien wmdh mtassivm

caxvorats or byd.‘wud.a nsrﬂ vfashw" o ()2'3 dcs:m 50 a"m.l om’ce;.‘c.i‘ have
2150 heen %gg shed, Procipitation + : with z-sodizm cc.cpom" haf' the
névantege of -being less expengive. '
Addition of espper may bave én inportamt sifect on the

'

behavior of 4.30"1 caiﬁalysts, " Just as inthe caze of cobals s uhp additicn

of cccp@*n ;,cw'a s She reduction hempervaturs for L-cm '*‘vez".. the
mi‘aw of copper. ca thé:i;i:{’—c of “he ’um "at.al"ar, not as adverse
a5 on cobéli;. Erperiments by Flehler r.rn ‘Meriol {wmpubliched) show
thet :e'u 1ron catalyst containing 1 parcant of coppe.x‘ rse.c‘xwd the sam::
TeIee ni‘ carburization af.‘be? 1/? hour Hhat ‘S.&s a'ar,a.me& in U ’21}‘1911?:;__.

by 3¢ 9;. ~froe catalysb. Aftor 5 houwra, the coepper-containing

w52



$leizd wheraau the wpper«i‘zrea ‘ca‘w}y.% ”:eas :;‘i‘, 'L cumcowd easr.nt::a..‘lvf

5,

, o:Z 5@ 5‘3,:;0 Emrinmtmondm,md 9% ‘b%iea LG.. & cm ;-na i‘,h;) p&‘cqpncc of

a0y wmar a«xw hew e stab"’ ) ;ing azfemt on ohf- uw‘“"ble Mﬁgﬁma Fezc

SO

2,

Ad3ih i 01 r\i" sopper dn g 5y znaun"s b o favorablie sffect

on the ré:luei‘:si,lb L cﬂszaw*’ Ly alrrzganc hﬁ w n:oﬁuaibﬁi""‘ of:
: i e ¥ ; £ > :

the msc« active ron e:'sﬁ:ea.l sha atne.b :x.a.. on, ’ni\ose hrh opemte at

;.fg poresnt snd

sueh igh coppee o :Zem-s cu.ci be of interest m.v Poz Jvmb gaid &b
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low pe La"u, amu vE of
- alsd prosehe the Fozmation of higl ’oo.,.:..m !::wrpcm:.c,sq ‘High

e N 1 N - .
Lemparoi wes, el ther during predraatment or opsyaiien, bave o hapmis

‘ - N .
efleeh on 'x;hs dife of leca c:a%a‘i;v,{s‘bs “?*J;e;‘n a high copper conbent,
The =ddit ncm af b r:':.?.elg?ﬁﬂ*’ cm' ved in sharp Juprovemmd |
in tha 13%¢ and &c‘iﬁiﬁd‘h in zsbaly and zeic}\:al cata'iyxscso~ “his ig noh

wrus, of iron cabel

‘and espseially of nick el,, nec:css:l*i, He s “c.:zlut:xm" with ldeselguhy

o.t' The c'e:’,n }"ulﬁ t“‘L:' pressnd’psyd wld TOLUmY, "'c,hva'_ iess activa dron

catalyeve give the same f:ﬂzr-f-:‘.z-sio“ to h.xg,;m:z' h;vd ararbansq wnaohev"

N 2=

igselgvhe ds atdded or not.  ihnder 2indlior cow iviens, catalysbe con-

Tndng i "_:e selguinr have & greater i,ami'emy %o promote the formation of

‘i, h= T :‘.micg’l:e Lhat

vEbs. Fnc;::z 5 bhs high hydrogen z.a;mg ponee: of cobalr.,



1: oduens, tb.m do cc:c, ysts vs:,th nﬁ k.._eﬂelgelu' k

neless, k"‘" ‘..ridusﬁz‘y_ vhen m appa.mtus promdes inadequat? Lea'?.

xemml.- l a somctmea m’pvdxemb 1:0 use iron catalysts c:onbam:mg

eoelguhr in oz'dez' Lo pz-a':renr, vnd szrable carbon foms,ione 'me presence o

of a h.ru't-ad amount of ‘cieqelculw make'a t.he frashl;v Pl‘ec:i.{ﬂ.uaueﬂ. ueﬁ i

talys mo*-e ﬁltezab‘ea LR ,

i B BRI (

oL

Of the other. po....lble ea&:'nes:'a. :a:&...:u: ie ac;’.é 1.3 txmugh’lc tso

i zc?:easé ma‘cﬁaﬂical‘ly the sbrengih’ éé:L ,uhO ca'ual,y 2b io..ex. ‘,:eme men't.s at

,: e

Srhney z.le.u.ke, w... e Iﬁumi:mm-lceziﬁa ‘~:«,s-~}mciﬁfr,~‘-a;0'1nmea.;e the az* z:v::.u

I

of _mcl_;al‘ catalysy and the thermel ¢ .ua.b:ﬁ.ir,y of tho:u: cmrstal 1}2 t; e,
in the game way aes doss thorium cr:m. Am._-c.m of~ alx.mmvm eg:,.?
S ‘ :

szn—lf ampunby (3 0 4 .perce:ztl to r\"eci;a uaa;eu sebalysha :anv'ec.ass :

theiy tenz_ienc;sr o fcm alcc:hol&-" _ sdcbd,..on of 1arga~* amgu ivzcz*easas' -

’h abi:i’z,f’ of the catalyst, partizularly above 300°, %6 sp}:xr. ofF
_waber Prom aloohols fowmed during '-rm,hsaim ¥he use of caleium and

sy

megnesive owides bas ’oeen suggeatai for simidar reacons. In the ammonia

synthesis, 1% vasd observed thed 23ditisa of alvmimum, caleiua, amd

wotaseive axides in smail amovits decresssd fhe enargy o sebivation

of dron catalysbs L1.0.). Oerlum, vemadlun and siniler motalis ore said
-~ - rd

e fevor the [ommation of wuyrauatsd pocducts Qﬁmﬂ:fchcm‘_t,) Traces

esters facids). The effest of addiiien of sromotdns sush a5 vlgmnz;.\.

o -

and caleivm oxddes do not She same Lor 23l iron saielysbs. in- generel,

»

7 opromcbans (or aven cmiaslon of prcm)m‘m) can

o~

Tazdaticns in amounbs of

wna Op zm,..pr aeaid ‘.’r.onn in cpdor Lo
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‘)Tnn naosib:ll y of '*egen@ra :Ing i:::on cat«l;yfs’oa Y:-y amx ct,ien -
‘ mtn solvent.s or bv tz'ea.tmept m.th hydrogen is slsﬁla.x' to.tm\: dxscussed :
“wr cobaln ceﬁalsﬁ_tt_i_«ujn venaral,,ﬂhis yps o:? “reaubnai:im“

necesa»ry unlg :Ln “hne norma‘i. pressm:’e s,,vm. esis . par’azculam;r *“'hon 'chc

'syyntaesis is opev'aﬁecl umier corya'rtlcns that prmwte uhe formtlcn af

Mgher hydrccarbonso R & e o
C Rﬂctim Gmcl..tmna az:d the Gaialyst = v
The c ivity of uhe .1.?&:1 ca*aal:,fsu is ‘iso gz*eat exbm‘i‘;u,

siupenaen*‘“ upon, ohe @pembmg tenxmr;.buvco l’f-the amperatum 18 m

e.ram and mes,l Bne :2 Gy 3.:5.’ it is oo 101’;, ne coqverss.cm c‘°

7 'mwe and hyﬂ:v‘oz’ 0 15 pooT. ?or opi;:’mmm eonvemion_,v’i‘.ha

mwa u“ %he c;cx...y‘-t r:;hould. depsnd upnn the cwda. :chxs ‘wder whish

_ahe s:,u?.h a0 s ig o e c;M(.a’wdn At Lower reaciica nempemtvias vozy

achive cam.l‘ym are I‘UC@S':,' o The q..gnez’ ubf" gynthesisg ‘c.empez"' uv.me, ,

© the smpler, lesa capensive, and lesr ackive-the "“J‘l ea‘balystu ase

= . - T

pan b2 vsode T e "‘
Phsre high yields of "L.L»A rarafiins are roquired, the operating

s - 5 -

*amw?:aum* ;mm, be lepb low., I low-boiling zasolline hydrocarbons
2 B O J

o
i

=)
53
[¢]
o
)

Lemparatures, @hc-"e tics une

best yields por wis vcitmne of ges {(for & single cass of gac over the

ca*-‘;al ,'st.) axe obvained at ‘\ temsoraturss, . | ved dn £igure’d

. '

tween \.iv— reaction o.,m*\m,a’r,v"-e and

tha cat ’u...‘)'faba
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= ';D;oéomﬁoultion ’mym@é sf (pi'é;ti-éat od) oo

Precipitamd catalyatu :l.na.ucted with 8, G.,at

: 1 atm. Incompletcly reduced fused catalyuts., '

Pmcipnm.od or fuged: ca.talynw carofully redn bd
and lnduct@d. ' ; R o s

EN

' Piguro 61 Propor reaction t‘e@omtq:ma’_'}o:; varfous catalyeta, ..




Below 220" > omrat:.on i3, poss:xble oa.ly m.th J:‘on cata:l:]sts

B

preye.red oy spe ethodsg : Precim uated cc:ha.lyqts 3 prew ._aued at ’Lor-z

pce sur= (h.@h spa,re velccﬁ;y of gas) "vutb carbrm mono.xslde or a mnxtura of‘

' cvrbon mmom.de u.nd nﬁrogcrz, Tev'e uscd. “or nh..s pt.rpose n Lhe .{Qn.c A@ o

su..tab?e catal,}sr,s we;.o p”cp'*'rca bv careful rec)uwz_bn (ovez‘

’bhe _I.:C_"'u

arperiod od a:i' several dc.ye) of mqea eana?y.sus W:a:sh awdrogsn a‘t. 2 hign
soacc n,loc'ltv, h} 'hhe mgwn' oi‘ 930"&,,. nrccxp:.uat.cd catal;sts car be
' used ’n}’a‘r ha»ze bean prcwem.ﬂd mbh sym‘,hns:.s gas ab atmospheric p"essura

:

a.ne -Are m"ee ab & an mc:omplenely “eduued {or carm:f'veﬁ} s“.,ate. : The

e uc,ron of .’{'used catn'iys’ts alzo raqu.u'm 1ess care then .\the.t.,,reqmed.m;_

for cperabicn in' the "’eglon i‘rom 200 t.o 220"6, A% 250°C, , decomposition
ensalyste, pretreated at atmospheric pressure with syathesis gas, were .

uged with sur'céo,e a%,' the lu‘;".[ {iron catalysts pretrér_t'ed for use at S

220°C, v."ov.ld giva oo ng\, an’ ..momt o- carbm 4 this tempexrature).

.

JAr, Su:le higher températurasn. sinterad decompositicn catalysts

my bg used. Fo an initisl operc.tmg nempc:f'aru:e of 300 » unpretreated

P xc;.m. ated and decomno:zrcion catdlyeus vive good ccmvcrsmn. Iz

the exmeratuﬁ ia mcr-;a.;cd still :’.’.u*ther (m increase in pressare Ja

Yot

né ssa1y to. re—cm-:i .‘or:r* .alOI’ of volasile ‘O""‘QﬁIZC‘Gb) a r\.glon is »eache d"
betm.en 380 and '400°, where Fischer andr’.[t?opscﬁ wore able to carry oub
their Synthel synthesis simply with alkalized iron filings. &b 450%, -
ca’c‘a.l; tic conversion of carbon monaxide and hydrogen teo higher hydro-

cerbons u.Lll take pl:.ce even in-en emply iron tube ( although acconq)aiaied

i

by large cmounits-of-carben-and methane).
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types ana the:.. x“a.nge of appl_

thss promtem pr°semt and the ; thod_:og pretreatmeut, fused axzd prncipitated,

talysts rﬁth vazyino degrees :

i ordcar % m.,lnte.m the rate of _cmversz?u, tlfe *'eactm Lmnperaturs Reh
; > ‘
must bf. z‘alsed progresslvely f.'or 21 cata:t’..ysts to ccmpana..te for the:r E

[

gaadul decrease in acim.uo '_‘c,ur.’mg fynthes.us.; The temperat.ures g:we'z anc 5

activitrmy be p'*epared. B!oreover,, iy

_xleure Ea repres ent ohe :ml*ia._ hemoe:.:.tm‘es., Finally, foz' a g:wen
ca{:f.:lys% an mterdere*xdence ex:n.sts b"t.v‘esn the gas throuchput. a.nd the
' ont:mum gva,ct.;cn L..mberatuz-n ai, which oot..nmm cmverszm is obte..med. = .
ri'gﬁ"m 7 shor"s »zms rela’m.onshm For 2 p px‘ecn.p:.vted catdlyst, pre'bz'ea.ted
Cat atmaspnemc nv'e..sureg . Synthesis tempex'atures are plotted on the | |
' absc:.san, Sbtlmm ?hro hpx.ts of syrdshes:o.s gas en the ox'dimte. _ In the
reglon o._ the curve shmm in the x.lgu.z'e ontimum ccnditions p*evail.
W:Lth n.ughar temnevatures and a 3.01-" gas ‘ohroughput, a regzon 3g reached
‘where oux-bon and methan» f.‘arm abmmtly, whereas fmcreassd throughput
and lomer tempe"atmms remﬂt .n ..nccmplete canveraion of carbon mnaxide :
and ngeno T T e o D [ .

o Numsrous o"hér 6pera.ting conditions mst be .con:-p'fdered when -
cheoamg a suitable izron catalysto For hsﬁaﬂée, for high ihrcughputa
cver a fixed catalyst bed (hot gas recycle) the catalyst granules mst,
have great machanical _strength. The granule strength of the standard

) prucip:».tated cobalt ca.talyet was sufficient for the -techrﬁ.cal—scale '
process genera]ly used in Germany: btrb it would not have been gatisfactory
for the hot gas recycle procecs.

v ¥hen & fluidized cat.slyst bed-ta-used, the bast suspensions are

“)7-
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ob\‘f.amed a":uk.h vex'y fmcly d:wnlefz ﬂry cata,.;;rai. S ‘hh.»s casce,

.:ticns smst be ta&can to pment damage to 'i'.hs appavai.u_ ny the abmsive

R,

. acaion of the catc.lyst mnﬁes amd .,o avo:s.d changes ths cum?,m
act:a v 4 rvsul of decomposwwa of the caﬁa’lysto : :
S.mﬁle Suage Synthcsms wi.th arbon Biaﬂomdeuﬁ_cn er'ohes-v.s Gas

° .

Ove.. the tempeva.ture rarxne of 230 éo 250%.,, cafban_zgcnmwe ’

-and nydmg,en are e'-r\vev-b d in'a s‘lng,le naeq (m*‘chout rew&L.nf') 4 «n a

ra’m.p afv -3.;'.& : ‘Ei‘ Mlﬁl y».elsis are to bw anamedgioraﬂsmgle

ove“‘ the ea

crz.rben z_zonax;’ﬂa &i'rﬁ hfvci‘fcgen in the vatio in wia.ch they are: 1! 2d; as

de bcribca in the cxnex.g_ben'bq given in “’a.hle 12 A._a.lys..s m. the outled

zas 1ve:z in ‘I’a.b 13 sncﬂs oha perating con :«_\,ims for iron. CE.'&;T.J"M»
fiesod be m= mUamed ‘constant .Lm consmembls nem.uie vath 2 menes..,.. @aw
‘o2 this 'L'ypa., In this instence; s canpperofrcs iron ae.ta.’m vet écn‘héiﬂiz:g‘

1/% percent of potasglum carbonahe wi o P‘Z'c.u&l 2% o gan pressure of

'T5 atmospheres,
Thess e ?.brr“nur, ﬂcr" '-‘avx"?:?i' enb in raacé:i.u tubes {ghanda :\‘3.‘
Xeboratory alunint .'C':Q"Ef Lurnage)
eatalysh &id not £330 the . entiyd
ca:télyéi; ':taé 2 wery minn {. yoivs '..

owar the cataly

o FE e
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s ":Lth mtemed.atu regenerﬂ t.:.on of synthe 18 ga,s from the gaseous p:ro-'

_duct.,. .f.'ermeci :s.n “the i‘:u"s» s’c.cm,' Ca'balysts *"hat«contam coppex- and

: .'1s ‘Lo ug,e ca bon mono:ade-poar gas m.th recyclmg or .m two steps

'hav:mg B b:ugh

thle a}lcal.. B.I'c flees a.pt to fo,:m cc.rbo’q than cc."t.a ys‘ 5

»e.._kaln. co*xtent. a.nd no ('oppe» In add: Lion, the tendencv to iorm carbon

N '_ct reaseq a& 1ov'er reacnlon ,esmeratu_ee., ht» Scm:arznelde exper:.-- ;

'

: ments" for msua.nce, no. app c:.;.ble increase m ores.:ure drop over the '

cc.taly.at rzas_obscz’vea after 0per(,u.mg w:Lth standard water gas .m :

- vert.‘.cal react:.on t.unes cver a u°x'1od of ’ch ee monthso The sama"is

’wue O.L the exnam.mento de scr:l.bad "z.mder r,he head:mg "‘*y-'zuhesm in thp

Prc*se'xce of Iron Catalysim_a‘b ”nu.um or Normal Pressure", where

~~-vc.rb.Lc¢l lavers of i‘:xed catalyst bed were ‘used’ without any precep’n:.ble

L2

formation of carbon. SR R S - B
L ' E., Compaz'a’t;iw;e Experiments at Scht":ezz‘hve'iden 4 |
1 In Deceaber 1937, and aga:m:.n Sﬁpﬁeéxber l9i;0, F*‘a.nz Fis;cher,'
é.vld H. Pichler'ccr\i‘erred'ﬂii;h rep*ewntgclves of the :mdus r"es mtezu-
L.SoEd in the sy-‘thes:.s of 1yc1rocerbon s, :m hhc 1ecuure room- oi‘ *hhe
iiThein _.nbtltute s and re-:orted on the essen’o:\.al deta:'..'l.s oncem:.ng
"Vnthem., condltlono for iron c,a'b‘_l;ys’t,s. S..nce substltuv.!.cn of )
cob;:l.“ by -ron was h:xuhly des:.red auerhenc< {T0¥ Reel 37, Bag .
.>L53 /22d and 24Y u;‘b—h—# iron catalysts ‘m medlwre-pressure &ynthesis viere

undertalen both by the research isboretories of both the licensees

: of F:i.séher—Tropsch synthesis process and scme afi‘iliated industrial

enberprises. Details of the results obtained were not mke knowm-

_6Of'
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‘ qulllp:lu*ﬂu u‘noweé Y n:m. wma G..:a&:cqlzeﬂt‘.ty » 43‘6}11 Shie ¥ :u:si::p ‘apecifie

Li?act:‘é:ra WELR x.l:.l’i‘ down £S5 She comparablve m;.zsari.zc ﬁsJ a’nd‘ 't.he '

HOVY

ed ng’ ‘3'9”‘"(}1‘337.;, gas. -

> i;hewiémanﬁs h.v:. ma:‘i{c'&, the svrl
cspond 23 clogely
ccb'%l\. ca{"’h”r"s l’lg
:.;}.El 95 0% fore c,rnk'ou:r, and later with thfe

O
more oproons; bedng 1m_"‘c?‘m1;o' rdesd,
L. The :éiate ehje: 2% wms %0 obtein mewiaua 3’1&..&‘.&5 i
B .,.mgle sbage, with a ':in‘,le rase of the gase

’I“LG mth@aif' 'm:u'- in aid exo“'mmnt:z coneisted ox e m‘*’-

wocled double dubea, .1;05 sher l ong and containing approz::?mﬁely‘b,as
L I

iliers of catalyed, -The ’ﬁhzldc‘._f..sz of the catalyst layer batween the

dovble tubes was 10 'millimeters, -The dimsasions of t‘rﬁe apparatve .

bl
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‘Tne achal egperimen nbs vere carrded out. at tha Bxemxkhol‘enbmizin

A,L.., .,..' Sehuzrgheide wdel tno W‘Oﬁ‘.&"?‘l&.« = of Tepres e,wats.ves of “"he
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The sxaeh c SIS Jk.-‘,\, and Zhe ma:a:x_m of pr*aa.: shion of the

o

cotalysts used weye fzot mi‘.e mmL_e. 2% fizst. AY the cc:u?a cnce a
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Cobbingen, Sepiember 9r;1.,, afier terpination of the experiments, the

foilowing dada (Tabié ) werd b_.:v.sha,d(.»
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3.9 7390 30,’% Dot Mhm R S:li\.n:“ ecmv Izv\n‘ove:a
- S silica ejurcr. LN ‘pﬁ.'ms:mm . (30,5’ "’e\lw!,xcn)
w, 9“3 s.gi)} o - gilieate}
BB 5.9 0.5 nzf,na.; e eomes Y Hater g;,s :mw I
: [ } o {based G“' IZ.}., HETRICTN o _\smuhwsss gbv)
- KanﬁEﬁ.G l}’; L’\‘?C:-}Q e ;;L‘QOBH_, - hﬁmogm bgﬂo ‘_ e
A . : masAd o \..a‘c«;.ly Cad T .
e S o {up bo.28)
n’;"r’ a-.’-_ ot '-;ri— 7 T
»R.Jn‘_.z.‘.s‘ A= »().b %o 25 ,22\1,3 o ‘ Hydrogen T
: » e gbase'i on-Fe) — T L A
BaPe 2,7 138 . 0.5 %o 3% Ra00s . Pulverized  Hydrogen 30D $6 400°
: ' {&abvsﬂ @ Fey T Ampure. - '

: - and water gas R45°
dolemite R

' L .

Trs m‘um\,n‘bs were &2 ;:«amed Foz 90 ﬂay«m mder ﬁhe e

sewibed cye*‘“'».mw cwa.xt.;c,m Afser. ok,ev-atmg for’a few deya, *Lhe “’E
r-;nba:"c.i"‘ui:ed 2 ca*c.alvst covri;alr ing 5/),. pe roent of potas:-::mm cerpong

) ﬁ'o* ‘ohp cmumal one cohl a:m.mg 1/'4 pﬁr\.cnt of umaasi-m ca..bonm;e.‘ ia g

-ordey o) ob'tw.m mckof' bozliﬂfr p"ocmctw EB and BhPr-wers abLged 'uO :

rechaz'ge their conver'c_ex- N.t.h Eresh ca\ta.\,rw several times in tho

- beginning > owing to mechanicel d:‘Lfi‘icultias. Tr:o day: bc:.orn, tha close

of the- 90-«-daj m{v’x'mmtc.l 7_“::1 od, ‘Lue n'ﬂ converter su “erc,d ‘a bv\“z;- '

uozm because of & dpop in tho level of tho ccoLmz wakero .



T‘ne results of the tests s,t Schvzarzhe:-.de nmy be summarizeu_ v

B

: as 10.1.10?4

Cmver’aer 1 (KWI}
The cr.talyst, lODJ‘r-lCu-Oo’?S 1(2003, o,s precibitated from

R

f%a ?eam nir,rate aolution (6&-70“) cortaining i‘cr"ous and fem-.u: :wns m
' a ratlo of aoprmumatel;r l H l and 1 pnrcent cox:per by a bo:nlz.ng soluuim’

of sodlum carbona e. Aﬁ:er pz'ecloir.atlon, the slurz'y wa.s heated bmeflv .

tc 100° Go, flltered vand uavhed .t‘ree m. vJ.kB....:L. The cata.‘iyst ms then

re.,luz*rieﬁ n.n war.er and an aqneous sclutﬂ on ‘of- m‘bassxum carbonate

(0075 pern.env, baaed on. ._rcm} s ca“ei‘u_'.ly added w:l.th stirrin,; Ths -

mixhu.ra wa.s v "’Q.u‘;ted toa pasne on uhe vatpr bam" e a.nd dr:.ed ab
O°C foyr 2k hours, The dz¥y catz.:ys;. vas crushed” to gran.xlea of 2-1
mill..mevers in alze a.nd pretreated mth water gas-at 325° and 1/10 of
an a'cmospnerp {4 hters at 1 atm«)sphera per lO gramg of iz‘m per hour)o
| e ‘ Ccﬂvemr 2. (L) _
. The cnly :mi‘or'mtlon g*ven rﬂgardmﬂ the catalyst used hére _
mll be i‘ound in ?‘able 11;. As & ru:tc, the I.urgi ca.x,alysts cm‘tained
alumlmzm oa::u:ie‘7 in adc_tloa to copper and potass:.um sﬂ.ieate. TOM
Rc°3. 37, Bag 3451/21;, gives the ;‘olloxm@ _ew.a;nple of. compos:r‘cion and
method of pmp&atloq. S S |
L /100 Fe-—5 $o 10 Cu~9 A_203-9K20—a2b, 3102.
" The boiling solut:s.cn of the nitrates of .ron_., copper, and
ale.mz..m weg poured into boiling potassium hydrmdde solution (more ‘.
recently a solution of sodium’ carbonate was uzed) unt::.l a pH value of

9 wrs peached. The precipitate wez washed and cantrifuged._ The



preseribed amount: m’ p’saass.a.
-'Paw:iymw = h~= ca.t«_ﬂyn’r. ms Aw’i’av@n vﬁ LI’\’ dwoge::s { lﬁ mmix, ru”nr psr

' l.‘.i e cﬂ‘ o uf_.wymn per Loa.r:, aamﬁ; o&h mlzkums) 2l 250 ’ao "OO"Co Rc—duc‘bmn ;

‘The ca.ta}y-;a% Wmlaos; ion was ,00 F’s -=»10 Cs;. o LO Zn. -

Frassvre and ...r;nam‘ .'"‘D“

| .Cchi;erter 4 (-Z!IG} . »

'.5.m3 >cc.’ua?s;ystmm}a*eu by 1usi.ug a m:bmure o.; oo Ee
2 (A1203 ;Of;o) s and 1 1{2003 ina currant of axygen. "‘he i‘usion tempera
fure was/1500° Careful reducticn is of particular imnortance in the
caee of fused cata!!ysts. In genax_‘al, reduction is garszged out with a
space velocity of hydrogen of 400-3000 for 48 to.72 hdur‘a, ab 450~
500°C, This proqedure Temoves all oxygen. The iren is pmsent in the:
catalyst es <irem. Accord:mg 'bo the IG, fuavd catalysts tend to
agg.l.omera.te during synthesis. Az comparad vnth prec:r.p:x.tated catalysts,

the cost of prz-epamtion is lower, that of reduction highe)\ca‘

'..-‘65 -
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The compos citicn wig Pivel given i»."GD Fo =g O 50"5

P

__]‘iﬁ.esel‘gahz*.-ﬂﬁ{);f; m poz*cczzb of K00 3‘.‘ ,I;a“ op 3y vcrmamms gim by
V b‘.’ R .‘ ' B

»

! » R .
Rc:e'le«zz [ 61::: 3 ﬁ.. i m‘mt ke tvad) ﬂn E‘:-;"daz:g mdma\':erl ’c. 2', “L’he
. i R B o

r_j H:L__, G Ca, qrﬁz.,mm, Se. &9 (-e..e.lg Bo 5 ..ma.&."o&a&im f*;'? Bive
R 036 Roelen of Ra.hrch fmie; sty fﬁ.ﬂ.ﬁﬁ E’u::m Reps,ﬂu y‘oc J@i«,'?
Ltem 305 3./%6, Po 235 i

bzm calc.ﬁ.uvn“‘c:. *edai:‘..()psr:":enu

mm pfw:a:?eﬂ bv fordeTel :‘&a\:;cx*

Lo sodiem carbenabe. Bafore baing msb-into the s ,?"luthl.a wibh water gas,

she esialyshs were redueed wikn hydeogen for about 24 hours ab 300

LTS gy,
CohiieLyoe

. Soiubion of 6400 grams of sodium carbensbe in 50.4 ldbers

off wahew, :
Scluation ¢f 1.6 kilograms of irop and the caleulated amounts
& sdprer and cc'hx um, as the nitrates, in 50.4 liters. of waber,

v

‘En bhoiling "7run zolutden ls poured ,slc:;lv intoc the boiling
savhanaie sqlu"‘uibﬁ‘; gtirring cops‘f.anﬁ_w wntil no furbber sarben diaxide

1o swolwad.
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_ gl aa :.( on iroa,, .;.0-’3 ga*am oi‘ pczass:m nyuroziﬁe ey l:.te:z')., -

’i‘ne c&cc c»med at .LO) 'w.d g'fanulated ae. us‘lalp' hen

‘réduced for 1 hour at Bom »m. 300 hte’*a of hyds:cgm por 53 c.zb:w

riéz;bi.mate"’s of catal ,,ys..o . ‘ , :
' e Ccrrorhﬂv & (%P") e

e ;‘ﬂr\ eax,a.;ysc crm »=;~'.{.“ o1} WS ‘LG" Fs - 5 Lu= 0.5 ‘bo 1.,0

»1?_( Open dolomite { (‘zmta.mng ;.,'4! Cally ?) as carrier, It was pr&,,axed
o p‘ﬂ;,f:.';puua,t:!.éfl a.vd_eedweu 2% awmsz)hcmc pres.,oz'e, i'z.; sb with hydrogen
ab ‘CO - £00°C, aﬂ_ﬁ‘uh@) rzmh wa.,..e; g8 a-, 2+5°_Cg
o %:nmen‘ual Reaults \
The rulecz a, b, e, d, and £, prsscz‘lbed :sarlxer jm 61)

were followed for a!l the ezpementsa i

. Table as g;ves thc—. gas thrcughput (mrml cuoic meters pexr

_.10 cu’o:;c meters of cata.;yst per hour) for the & m:perimenﬁ:al con‘mri‘,er.;, :
calculated for 2 10~cubic meter converter (standard wmit). The ayerage
coﬁversibn of (CosHp) and of ;zarbon mono;dtie, the syntheéis temperature
at the'end of the exoeriment, the. average total yield (:mcluding Ci,C2,
and oxygen) in grams per rzormal cibic m.eter of synthesis g3 (887 GO+H2) >

_and ‘the yield in tcas per day-caleulated for a. lo-cubic meter convemr,.

are also shomm.

- 67 ~
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Tbe pr\,ducts mre d_wided :mto fractionst rafﬁ.n fracbion (molecules

| w"ith xrnore than .5.8 carbon atoms) s D:Lesel o..l i‘ract‘ion"f(cn
: gasclme fz'c_e‘clon (85 - Glo), a.lsa (03 * Gb') hydrccarbma, ("l" 02)

vhydrocarbons o arnl lo'ver (water-soluble) alcohols,v The :S.mi:r.vidual fracv-

| ‘tiom-: mere subdlv:v.ded :mto satuz-ated a.nd unsatumted hvdrocarbons, and
‘ o.sgrgsna.ted organlc compoundso ’i;’ » ' R o '
: Tbe synthes..s gr..s used r'on:;-:..ned .L2 percent of ipert cozmn«
nentsf._MCarban xr.mnm:Lde c.na hydrogen wc"*e p‘ﬁesem‘; ln the ra*aio of |

}...-..,350 In ox'dcr to obts.:m a gcod saace-tima g.eld :'m tons per days o

‘the go8 thrcughmt for -all e7p "':mm\.s ws sam.,vz’ﬂat hlgh T man J.s

high yields in a u.mgle ‘stage, as prescnbed, operat:.ons wers carried
‘out wi h t.he hig:'es;, pos.»ible eavbon mﬁnoande ‘convergion.. The degrea .-
of conversion was hmlted 'by the m.x:imum tme*atuz‘s allored, which
msses.a{:zzs" ’ . T » . ' _
The 72 ::.o in v"nch carbon "snox*g,and hydrogen mr'* ccnver-,
ted by the different cg.uelysts > d.:.:.fered. It was 0.80 i’or cm:ertez"“
15 0,66 fcr ccnvertex' 2; 0000 for co"’{x?érbcr 3; 0.7, for ccrmrerter
L3 C.72 for cor\ver’oer 5, and 1.07- for mverter 6¢ B ‘_.ﬁ.l'_’ :
It is mtnrestmg to note that at appraxin’xateljthe same
temperatures iran gatalysts of wigely differing compositions gave very
similar space-time. ;rlelds;. Thus converter 1 gave 3.27; converter 2 |
sgave 3.19; and 'convér@er-k, 3.23 tbx;s. per day of primary preducys. wT‘he
cafa.];rsta used in converters 1 and 2 were precipitated vcatélysts, con-

teining 1 and’ 10 psrcc.nu . copper respﬂctively.,
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On ﬂxe mbsr ia:wa- catalgslq .5. cmcainﬁd M amzm!sa—a%. a’fummzm and

%l@ldm mm.dcs, bm‘. was prenazved asa '“upcd *’at:.l&s’t, s.z_&lu.z* -,t:« thw

o

gyiz’she’a:' e.mmnma ee.ca si,m T“:e 'nuhmheme cata mut ms uh“ cm,y m

‘:m ham* Eo.e'selb ?z* ler (5(3 parwm‘" baxz ‘:Lmn}r.——“ha _xmnﬂ-

','df’m oy;. w‘«* exa.mul% ‘?. mc ai’ 'r'”on nﬂes«zni, ney’ mib vclmue ef"

x.ﬂzzalﬂem Ay *aaag:.mr from 2“ 'La ‘Pb z‘..r ong par s :

3 ’p‘:d, pr?ﬁ‘:’b’f' (}}Lau uJ‘Q aeg.ee: Q’P

tm;ga'salyet o ﬁ&'ﬁ(—l«yﬂuo .angz Lim. Sed

e

z'ed_u@t'am to 30 x*cent,, w‘:o*e:zs the I8, 2 a’baly% 3“ er:-::lf éi-ﬂ‘)ﬂ.gi&'?}i?a 3

~s~a{§um‘le;i,‘a€, Thie qh-mm -Aozr"ncz;ev&\, Iz2d o the eontluzion

Shat the Ay 3‘. vREy of uqn caa..?.ys g esgentially mﬂependkml' c“f'i "heL -

c¢m§c‘:sit:7.dn, but rather :’,ha’:, 'rzighl;;r'acti'ffe irs ca&ﬁysbs rib.‘?/f:e p:w-n

"-'Psi in s u-wﬂ“' 9 Qs ?.f’ Py aa:(rsu L L

Th iy be seen i’wn clc.;e :mspa i o:z 94‘ *".!.\_”‘Brea 8 bo 1

S bhe r,IL ='c;r,'e.7:' of the g Tﬂ’i"-i.s' m.:i dum.an e:h” d:z_.mrw;’c, \.cmc:«z‘c.-

vavied a good c&e:u., “Ce r‘?em ca&ya&a ga.ve main], ¥y

3

'm,h c.'-..ne:s JJ.m,,u. n;:wccarcom were bhe P mwml

-

zuadushs. @Eoz*e:wer: uLE (‘a‘i:al”*‘n axre dj_.vtm;r shed by their tendency

10 promots r3:i_'bhar olefin foroa irn or ihe foraat tien mx“ alechols and

orterc, Yhoreas ccnrerters 1 oong 4 gave *)*oqnf'tq very similar to t‘xo 2

obtained with cobalt catalyste, the cetalysts in conve ;*L“rs 2 and 5

ve large a swounts of alechols. Figure 8§ shows the azomnts e.z}d _ccrgpo...
sitien of the soliq peralfing obtained per day in é‘.'siﬂglle stage for
a f!.O*cub‘_\. matexr comn.m,et-. flgurea Q az:d' iO g:ve t‘he. com‘cép'cnding'

or Lue :.)10.301 DJ.l and "No.Lirve fractions, rospectively.

‘_.
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=
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iln, evalwi, J.m of ‘c%zez e:t.:pex‘unenta.t.wecu}.ts ':.n-temo oi‘ uh\,

i‘ourxd fa Flgure _.J.; For the I:era.ff‘m iractlozz;‘"

o

L pTod uc-b" form\,d Wﬂ

t.he d:\.f.'fevenu expermsnt :a.re .,mted fm rov"*e“ pm thﬁ f ; 'mat:mq of

L L
"ou_'—u L ;c.arad‘mn (“'1 xor's per da;,') :o:ms.e tnc saroduete run.ng the

h gneq _ mm*cni of m"ﬁ" I'Wdrecc.raons a;.su give uhe ,rughe gt cetene

mﬁhsrs“ & e. ’ia b sys»é:m‘ mf‘ usafI mz- the B"s ewc'i c»:.l :.sac‘cwm Thf*

- '-‘aao_uu ea ';;3;‘{—) jﬁm*cw ‘c:rdmg_';o' ahe amom?:,vs‘ o.{.’ al»’e r".. plv 13 a?;cohblsf

f=
L

g (“Z‘xﬁ 1 ;fi

Jf'a...».v.,y', 2 w.mp,.j.,,uu,; e Gt w~ygwﬁu~u wmuquua -.ormeu dur—- T
 vas mace_, The se cempamds ema:sﬁ miniy

“Lochols whoss wep menbers are. 8 An the mter frén t.ha

s -

end whose higher mesh

J.Dl‘l
A study of wranch shain formation (Dr, Xoch, zzm;} showed that
1z tq'1=5 percent of the hydze age at:a.m feta rodust u3 of the Cé fra g:u.on and

}.l"-vto‘ 3 percent of those belouging %o the O Lractic mrg amncmw

0

chain hydrocarbons. This study wae carried ou’b oy means of a 1 ogber’

H3nimying=Rand” column (!,O *L.hec:ee Liéal wlates).  The branche

be
fa
o
B
&3

of the G4 f:"‘cfcion consisted almogt exclusively af 2« and -
[ S i - N

2w methyipentane and theze of the Cr: Fraction of '2= and 2w

Connlusions
| RERRANSSOIS

t

The yesulbts of ths comparalive expexinants at Schwsrzhzside ghow

that it iz p ssible Lo subttilute 2n iren. eztelyet for a cobalt ca’c.a.'l,wn‘,e
Tha averese <o apasity in fone per day was epproxisately the saps ags i‘oz‘

LSobali eatalystoe  owpver, the ratlo in which carbon monexide and




,f;}y&g ag syfz+h 'is gas

¥ields obtained per néﬁiﬁl ‘cublc meter. of eyt

LY e

monoxic 'e'-f_hyd_l"ogen winty r,,vcr .,m. single sﬁage? were 1cvvo,z*3'nl'i.e_.:nvis” the.

o

S CRBETY “eobalt o5 'ys’a;sgj‘o_réha.n 'anp‘a 1'g des:rab“e i‘cr: ‘r-‘.du‘strial

By 1-dod. Tnor ﬂaaed ce r"c;n 3)16;;0}’3.(‘. :_-‘ccnrvers.to »

> é‘sz'.-ga_.si .h'cm r.hrA am r:m:e:'.munts :m & secc d L

o~

éiwg,, or By raducrmg ‘the rate of :’.’1@'-, uculL nok g:rre Lna s sz_ed T

s of the ¢ &pcrmen b ca:‘bcvz z*‘onq}uae c“rverd o'z*. g

4 the.l '»‘*re .mrss of aydravc.n ek w

ganaot .wo =X mz}apeq :Lx; thic way. mraro‘iﬁt.,ol: of - 'Lil vields for
95‘ jathd cent czmvers:x.oz‘ og c'«"bcn rmozudu isads ©0 the values a:xvcn in
Tabls 16, 5. Only the Ra.Fr. ca'ba'iv'sr. > whioh geve "che ol"av’r. conv er':ihn

’ optaingd at S"'mamheﬁdc. (.mcludivm oa'vgaa c-om,xamds o csrc,,:wmn {‘] and

tad
£y

\»‘,:", dse 3), and consequently the ..c‘:;éﬁi rields » r:'gac...,f.’\ an e}:*.carﬂa‘b

v

21 c blc m{:’-:,e“ (ui) 12)..' However, in this

pariicular experinent It is ac::'mug:enied by & bonsi erabie r*"op in space=

tine WHelds. It f;a‘g obzerved in ,spec:«l e:\re nts_a Sﬂh'ae zheide thuk,

carhen monoaide sonversion '_(»‘L_).asecl o Gy and rsore; including v

' "alééh'o};s_} %:hesé sp—a;:e‘-itime yislds axﬁcun* ..o <57 tons por day for
converter 1, 2.77 tons per day Zov sonverter 2, 2.26 tons per day fov

converter 3, 2.43 tons per day fox commrtev L, 1L.76 tons per dey for

cowverter 5, and .49 for converter ba An cf‘f,mbolahic of this

3
é
ot
n

; |
Lype, zueh as is .i‘our’d in a great ucvuety of rey 3, i not pa .u.tted

neve owing to the fact that an incvease in carbon soacide conversicn

SN




'.‘pawuion (fm‘,ﬂoui, muer wcua te ragpnemu flon t}f,aynthcs s vas

'

us p;‘oaub Lg Mo "ned m the .C“ vt s*-&ﬂc,@ }s Jhew, vhxﬁ ag our-t

o,
B
3
&
o
gog
S
(&)
£
@
9]
9

"of cay bon rwm.ude /-c},zver«uo % in L‘w f‘wm st a 2. and 1_(1'2‘0.1. -u..()n ’“Gf

- gasé 5 cum*\ow s! fsnﬁﬂ "mfe besi” lo*mra In sxp *:Lmant g, "ear‘xzc’zi ‘fhenoxide.

&5

convensio *-.'cou.Ld not be': m:ﬂaasea e,aov;e 62 "..‘/2"’ c.ni, u.l.e rc rzc_»_faf;‘". hab

the uppsy tememt,.wé 13s .5.5; v;’a dacbeda

| “The geaeous hydracas

Cﬁ} ob:@: od bv h,nbln b‘bqgt.«

operatizi {Tem ¢ 18} sould b ; r-_cx‘.ed Pl‘uh tlze carbon d sde of *L.w, '

oucih gas a_ri-\‘iv-?'h'& resuibing €0 - ﬁéméct\re:f.:scrl_ aﬂsr“a wabep gas

shify cat 1;::3 o ‘Sc:ﬁbbiﬁg ou%; “the c:arb‘on a:'.c'xaae thus ﬂ'prc:dﬁc 2d woudd
‘Mah in a vater 'g—;'a.sm;ii;h the aa,::e ca-‘xm mo'::a:u‘ia»lqrd::a{,un mib as
used .L:nh:e.L,-.r A sscond stagei c_ ;pc ablon under nonditions s:.m}zz-

to thoze used id the single sb

1
\a‘a

e wenld nge the nc £al Fields 's‘ao?fn in
the how .L.Jm 2l eclpmez & to &« Operadicn in- o r*"a"cs aives as auch ap

180 grams of hydrocorbong wiih

Ay

or nu*acarbons per moiscule :blclud'zlg

) -
i

exypenated s Qundé « :, ﬁ;:yge)mtec cmmmunan are roo 1'151Ld'=a, 160
grams of nha sarmz Lype o*“ hvdz'ow.lbcm s ave obtained.
g }"‘ >

An :mcr e in yiv_.ei_f_or the two~stege operation could be

u"ou.J;L about by (.dwu.;cm-g the carbon- rmnm:,dﬂ-h,yﬂ’ro,zcn ratio of the

synbliesis gas to the cons sumptlon. Th_e use of  varbon nmcr;udc.ﬂ:xcn
. : Lk )
231 A“L'!.T( n.ks gas gives Nigher yislds and-prometes the forration oi olefins,

'(J




: h}n it véquire h.Lgh W.L.r,ing mmpx,rquur rmd ,mcz'....‘ gag- uhe rlsy of

A
2QHROT

ing {sse l"dﬁjx le \,2'

o

- forration would

serve Lo shift.t,..ze ea con. ..cnc"“

3 *t-h. ;,ou:-sc oL gu *:':vs_'cm :

Tt ;shm&d -m aoserved' 3

had a pogs,.ulb br’oesdu:ee. ieT, the

b 10 operate m_ih an fron cwalvsi: i:: & .i’i st gtags |
ESE

and, with & cobals

Scarti..w wi‘c.h ».—,z,suni rd

tho second s

Lape Lne synthesis gas hag a cornou-_i.ucn optlﬂ:.m
for ueze with a 2obali o 0% I oy

a N ¢

48 will be geen z= I uhv »o.aoos_ Lion ef‘ the i ocluct. shown in

tha va’rious

SORE

of ;‘:;e resulas fail far shqz'b 95! the ‘apecified .

T eondition um?, 3:370 orodutis fo _md ba simiidr to thoes :_'a:y-nt%zesized ‘with

| fraciions cohmiab
ins ané no app:re-:iable amount
the other hand the ?arim'&'-r of

Loy <

the compounds obt a.ned

ig poesible to conbrol the composition c.‘i‘ %he producha |

- o

NERL 1w0ul‘:}’ irc*x catalysts of suitable compositicm

TE. synthesis with Bighly Active ir cn”Cab...lvsts et iediua
and Norwel Pregsurés -

A constaptly reeurren pxob’e nods that of ¢

-0f ivon eatelychs for synbhesis at normel pressure, Ia x

sescarah woplk

ield sesns bo huve pade progesse, - ”



e

U

. ,‘.T‘

| ;@ww%

‘ ,‘ : .w &snwm
96 m .mo.n

s et

et

T £0T gt

Lo

597

99T

60T

T

ekl
Sl

09T
¢oTUT
U

Ceer e

C0'TE | gegrT
lsE o geeTe

Hmﬁ.

¢

(Sme0o) o
T (o)
(%409}

(Cu+00)

(Zwe00)
(%s00)
A%m+cuV“

o @58 483 uate

.eed aama:p:mm,

- 8ToyoaTe Ty

' (0 pue &

(%0 pue Ty “qoxs

: Amnm;mo pue
Ty +1oxw) 8Pty
|

Ty «1ox0) spromx

‘0 *Tout) epreTx

No pue 'y jo uogsisaucy

o sganis s

TR SINPOOOI 95EFS OA] 9

(%5 pue Ho Aoﬁ

Lo} .Hu: v mvﬁmﬂw

AT e A2 e

_ » USTEISAT0) a9

 JeE T ToT TR oqeA X '

(0 BuR T *Tp Towe) aprers

(%0 pus Ty *1oxo

‘0 *TouT) epreTx

(0 vus “Z5 Ty *Tour) eprers Tesny

(0 puz 2 €Ty *qour) epToTh Tegoy

e

X ,..,E

o ﬁmsycz a

amacy

m&ﬂxav mﬁﬁ»ﬁh mg,

L3 wnwc

amm ovams mmmmxﬁ

‘)ksrooosm edeag 9THILS 'y

9T @Hpa&.

'




Af. the mmeim_laa :Ltui'.é““ior CQal Reaea.rch, Pichltar a.nd

. . i
1 A

'We:mmtter developed a. nm semes cn? n.ran cata.lysts :.n a.dd:x.tn.on to ;

those alreaﬁy martxoned. An iron eataiyat conaiderably more active

; "fox' bo»h mdiunr»- a.mi normlnprabmzx'e syn?,hesia than the cata.lyats com-

re,red t Schraxzbea.de was prepaz‘e? from a chlomde solubion by precip:ma- )

i

' .Vticm w_th smim carbona e and pret.reatm..nt m.th zg;’xzthes:.s gas a.t
atnosp"zemc prefxsurao S . o o ,
o For e,ample, 1et ua considm" p?enare:t.:.m of a catal;rst ob"ce.:in

.- from a.q 12'012 solu 3.0:1 cmzta,:uu.no f@n‘m,k, ami ferric 't.m :m ‘a. ra.t.io of

‘ 3 1, vlus 20 *)ercent e:i' copp..r. ‘ -’ — s ' o

PR S O S

- EWI, Catalyst 23 ?5
95 Fa*? = 25 Fe*3 = 20 Cu =1 KZCO"’ -
Solution l,, the following consutu»:n»s dissolved in 2 11 ers Hp0

134 grams FQCIZoAHZO B (/7 5 grams FC)
Cl grams FeCl3oéFgO ' (12 5 grams Fe)
o 26 _grams CuClzcz}sz (9 2 Q.'ams Cu)
Sclution 2, ‘ . - . _
200 g‘ams RapCos, dissolved iu 2 11'oers Ho0. Solu‘ba.on

1 is hsated €0 70°C. ani golution 2 to bo:.l:mg Precipitation is
effectcd by adding solution 2 2o solut:xm 1 as "ap:.dly ag”

possible wtil a slightly a_ncanne reaction persiats. The precipitate

is waclmd free of alkeli on the- Bucuion filter {for :A.lnsmm'zce_7 with 9 =

800 cubic centimeters of bo:...:]ng‘zvater)o The mshed catalyst 1s. mixed

-76!»



_n,J.Lmenerra 4n size, L

ks oSy

‘"co a vaste 1'1:1. Iﬂ ben.l.mg wauer a.nd z.s al!calized w:x.th 0.,5' gram of
«4003 da.ssolved hz 100 '-ublc cent..meuers of waterq added mth stL*':mg
: o;. t.rxe water bc- h. ).n.... mz}:m.re & evaporai,ed on the atez' bath to a

- c&lﬂ,y th..n pa&.ta ard dmﬁd at 105"0, fov" abow; 20 hourso‘ Afte; dwying,,

/,

- f"he catalyst. is brcken w and scrr-*ened to co)‘ect, oramles to & ‘

-

: ghty w.b f ce pblmet.ers oi' Cc—ts-d,,y's":n wez‘e pz'etreawa :‘..n*'a,'

‘f"a.ue*'-«cocle‘l &bom’co ca:vefner with 40 Ilbu’“e par hom: of m zed

gas (f‘O.HZ = 1y 2, abrospheris pressu.re asd 225°Ca, the rvaczion

'\‘m‘gei h.ax.',ng an 1.;.1:19 am amster of JO :p;illir.cte*'so _'Af.,ex 1,8 ncurs *t

Eai* %o’ "'nma ba *::‘c”ac(,lcn with sv-zuhesb 01.1. { D:Lesel oil

v

“hoild mv z:et,m, en 230 am’ 280°), bnﬂ rerafiin coLlem..ed in the catalyst.

wtrcammﬁ. RS coni,.i.nued under, the~ 9ame conditions 5 fopr anather
mefmjwfour hours. Afr.e'z- a sec*‘nd a'tz-acumn. the catalys-c was reaﬁ.y
for us= in synthesis, . . E
For synthesis at atmospheric Pressure, & apacs é-eloc‘it‘y of 41‘
synthesis gas {water gas)'v_éf"loo ab- 220°c,,, or 50 af 210 to 212°C.,

my-be used, A uanvau with the 21kxali come’zzt of +hn' example destribed -

‘above must he freed of pareflfin by extrﬂculo-z every 2 or daye {(under

'Ge"wl\‘l c..rcmbtzmces 5 sa'!: action c,ould be cmﬁmuous"

Over 2’ long pe'ﬂlod oi‘ operation, the téndency of the @e.t-aly%
e for'm solid ps.z'af;ms b-:duélly"decreases and ithke intervels between

extractions can be 1cngbn°ncd prog mss:}.vsly, in each case, a drop/:ln

vhe contraction velties indicates that an extracticn has becoms nocessary.

Calalysbs with a 'Lou:er alleds cont"nt p*‘oduce lea.., pax raffin and do not

veguire such frequent extractiong.”

-y
i)



With a space velocity wa:hex‘ gas of ,;O at 211"0. a.nd atmcs—- 4
pheric pressure. 135 grams af prod?cts per ncml cubie zmater of (GO #. Hg)

was obbamed for a smgle staﬂe.

a.o]lom (catalyst with 1% 14 K;J_COB}.” s

Fractlon Sl

3 -Gy

Liqu&'hydli)car}ﬁons AR
bcil:mg below 180°Co "

Liqu:_d hydz‘ocarhone
-~ bolling above 180°C.

‘I“ne producta mere distributed as

o Weigjxt Per‘cent
: ok ‘ i
101

o 13.5°
'Foo‘

loo o;‘.«,. i

For. eyn’c.hesls a{, 10 a.tzzéosn‘leras "lith & ‘gpace veloclty uf

100 at 200°, the same catalyst gave 137 grams of products per normal

" cubic metez' of (CO+H2)

Dur:mg the firsr, month .oif

operation, the products had the follovdng compogitions

. Constitue.n‘h
o -CH&
€2~Cp
Iiquid hydrocarbons

boiling below 180°C.--
Iiquid hydrocarbons =

boiling above 180°C,

In order %o obtain a high degree of.‘ activity in md:.umdpreseure

Wea.:zht Percent.
3.2

9.0
10.0

778
100.0

wntbeads, the catalyst had to be pretreated with 3ynbhesis gas at

atmospheric pressurao

fou

Extraction is ‘not nef-e:zsary at thia pressures
The L’ue of the ca.ta.lys*o is. very ].cm.,,°



Th:.s eapemm:nt was camed ont at the Mthein Institute

for Coa.l Research i.n a ;p.;loi, plant Vsynthesis apparatus of thé type used“
in bhe Schﬁarzhelde exnarimsnts (10 atmosphﬁres, 201 C., 88"" €0 conver«-‘-
aion, 3.35 grasm of 03+ hyﬂweerbom per no**mal cub._c centimeber :i.n a single
- °tage with no recycle). It a9 possible to opa"a.te in such’ & vsay that

‘,

37 percem. of tae yu.elsu vas hard para:zfins bo.f_'ﬁ...ng abava z,,o° ] m.i.h no

mtevmed:\ate extmctmn necessary S

C& 1 N"O

. 50 -:@é*-? 50 Fe"3~ Cu, l/lm x2c03
) el :u:on cat.a:iw% of the abmfe composst:mn prcparud under uhO‘
cazrdu,l.cms uesu'_aed 01 ~§k‘€{;&‘ 7:> *pf-oduced a lo’wez* raff“ el yae'!:mmi‘or tr‘e.-
same degree of can'"zrsicn and the same totc,l y:.e_cx., 4% ampherm
| p;’esvsu.\..‘e i:his st yst wgs ex::,ractea once 2 wesk,. es with § '75, no

ezf.raculcn was uGCSSS&.\P_’] &u mewum PI‘E:SUZ'CS»

f‘rvez-»mc ranze st u-:hed wi'osl he hi "zlv ac ive KWl catalysts,

¥ 50 and § 75, the mate cf the reacticn in volumes ~:>1 gas rer hcux'_.,

dcutﬁled for a'r"is' in J:.tmaewturc of 10" In connmst to the conal‘b
s;_m'i:‘nesis » for i,ne_; éx on bet uwcen nomru‘l. and rvedn.w pressure synthesis,
the percenvage of ges sonversion increased with tis incressing pressure, -
80 that fvom atmpospheric pz gsiwre o 10 atmospheres. the conversion ,
inﬁ:rea..ed 4 jtb S-L"ozdf, Tne upper pressure. 11m1“c. would cvorrx*espond Lo the
béairming of. carbo*xyl formation at 20 50 30 atmospi‘aveo (e e figure 12},
CAS a ‘_tnospherlc preasure and 220°C., the hn.ghly active ecatalysts described

i above gmre approximtely the same _,gas conversion and vields as &t 10

. @
~
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atmosphewes end zoo°c IL._‘b"mngh the solid pamffin fractim was am.‘L'Ler ‘
aa atmospher:_c preasure, frequevrh Mmctzm s vxevex*theless necessary,
this ms not the caee at medmm pressureo - :

'v In recent year% norma.l—pressuré expera.ments nth :u'cm ca.ta.lyats‘ :

b.ave also been ccmducteu :s.n the hboratories 6f‘ﬁhs ccmmex'c..al plante, ‘_ o :

fc? mmce at Rhemnreussen. Accordiug to H. Kcelbal 2-shage opera-
hion m'bh a s:,mthesie gas ccnba:ming ].CO + 1.,7 to 202 Hg_ ath & tenmera— o
t.ure of 215 ‘o 225° ,‘ gaJe y;elds of 120 *bo 225 éx;am_s of 05+ (150 grams of '
Cg-b}‘. Under these conaitions 5 *'ehich :lmluded a l.@___gaa recycle An the .
£‘:Lra‘q stage, o:zygexs i‘z‘cm-if,hc cavhony mcnomﬂe is said to g:.ve maa.nly muen,_
—Hewever, 3t ds ‘necessgary bo recycle i.arge volumes of gas at atmg*phe"ie -
- pressure which reduces the economic value of thiz procedurm ‘I’he avemge
ihroughpu‘b for a lO—cublc corf%'erte,. . 18 caleulated 4o be 700 cubic me’cez's '
, per hour (apace velocity 70Y.
A 'I‘n‘, e:xpe*imartal results given in the present sect.:wn ahow
'_‘ “thet the developasnt of iron catalysts has by no means veached the final

stage and thab the ;zcoblem of oporat:_on at nomal nressure shoﬂ.d not

be'overlookedo_ — pREE—
| G,, Recycle r,.merments
In dxscuss:mg cobalt syatheals at medlum ressure, two polnts
were em’phaaized in cennection with f-ecycling- (1) the gas recycled over
the catalyst has a high carben monoxide: hydrogen ratio, (2) the synthesi.s
opemt ) smoouhly w-lt.h a high throughput of synthesis gas diluted by a
lerge ammmt of inert compmants. the cobalt catalyst synthesis, the ‘

Tirst pomt ws a cmtromng factor for the formation of products r.lth

e &0 =



-ab zoom bemperc: 2 ‘m‘. the é:cvxs::z:mmon mtm of

‘carben hoxide

Utha weber whiieh

Y 1l i
Ciharaxnepiion of g
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yes

283 Lo a L.2 - 1.3 pavds of hedvopon

. L
Gl LD S

C‘...'LJ" rreasure sy bhe S.LS ¥

iran vaia y“‘i: umm are é.ezc .Lbec» bm.or {Tigure 3). In fivat

cmend tes eanrdied oul ab :230°S,,, tho second &b ‘?5”'»:.. Cor:e:pﬂsdmc Lo bm

aiffenense tin _'l,‘ﬂo t«z.mudstu:c Iron cetalyete that diflered in acbivity

were nzed {ose '.hap""a:r ciA "Regct-:i.cn Conmuww and ‘the Gateliysi¥; p. 5")c

At 230°. ‘n" DA p;‘oqucbg comprised H0 przeent of p,r'a:i'm a.).fi

20 ;ie:.-czan1; ¥ posoline: at 272°; & paresnt of nm* and Tl pa.. cenls

- of gesoline, ..;oﬂﬂl 31 was pr ‘.cen» +0 Lha e..:te;. o ?O o 21

Cer .



"Behzihe;v
separator

:.V
12ino

Schéﬁaélfgf feqyéld‘akpériments‘of'Thbles'17, 18._



‘

osrceniu 'i":le aasnl:.ne from -.he 2:0° éxpex‘m:em {Tabl» 1{) cezat-a. ed

%0’ pemavﬁ. cf_‘ 01@4.1133, us ara.mst 75 ne:mmﬁ 1./1 be ,2.'?5°~a°s:0=e=1mm‘b

(’I‘abla .&8) I’ine covﬂespovzdmg olef:m ccmenc. of thn Dlesez ml fracu- .,
..ir:no ennomwted to _g.,. a;xu 60 pex'eent, resnec*t*wly. . Lhe gcxsaou, hycsrewf
_'-ar’*on wv to G;) wtlon v.ras 18 pement ()° énd ';.0 bﬂracvx‘ at ?75 a-

w__‘l‘able a"?., P H‘,.,vc,le m-mmmn'& at: ?30" ’

Omfa ag con(.iblﬂns._ pressur 2, 20 ac'ncan"zeres,
AR Pt SOS
ey aneranur-es 30%Ce

Gatalyon: ':;_co_ Fo -2 5 Ge - 9 4350, 2,0 30 _‘.},02
e T e

First stage: ,.36 ’3.000 Nm}-..dea'l gas
{Second staze Izzymi“henua:!)' wtal yisld 170 J.OCO Hrp

Pz»oduc; q.*.si;mbx.t L<mg Egs

Hazd p,xn”“ixx )
Papeifin -~
033 29
Ganplin 29
AQditionad, 0—1:)1“ G
Gascl - v AR :
Total = 170 1 (e. c-ud.mo GE{;{’){T

Gas znelvaes gata; pereens:

po—r

Fregh Gag Loma%e In-Gos L\na Gag
20 5.8 . 2..“9 28,2
o 37.6 26,9 - 22.6
Ha 481 ‘ 31.3 : 27.0
CH,, 0.1 : 2.0 2.9
Ol - Ly a9
Wy B v 3500 S 17,6

[,




‘Table 18. - B Hecvcle xpar:oment ,,.‘2. A'IS“C,,_ ,

pz'es:swc B 20 L..tm@;nher"-s 3
: bemperaure 275"05,: ‘
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o

5% 3’;03 c(‘t‘dl‘t’%:

§§}‘33;:gat':
‘ : cm‘zra»mm) imn?egzated \q:d;h 3% Cu.

TComsosition of Lav _~Gc'.mm$::3.- & é %ﬂ,o 2
Composibion of LaUGamssss:

11328 Alzow 3%%

“anb%sue \.wa h; ux'mie }famdue .me alwnnum

EE 7 J,s B30, heith 8i0p, BGh

G 0z 125 g0y Dok

L . BTN R /23 ()9;, 003-00814 r'105~4
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. '?0’
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v‘u&d:.umm.i e..xcoho
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okl 135 Kg. (mrc'uJ_:L\.g m&)

Be]

Cliaz dna

roog Dab a, Pen,eﬁ"- ) o oF
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‘Frogh Cas Conveorier In<Gas

30 2t om0 B0
30 3.2 T 0.8 18,7
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A recycle ekperiment a2t mecf:'):um pressure, with an iron
a.l: scoved as the kasis for the se-talled “Arezzo" progec, 2t

Runyeremdie, An € Ll iren Ruhrchemle catalym. was oporated

aswiod of A monthw, at 2 G 8%mos p"xereL and 250 fo 257°C., wit

catalyst
“the

ver &



A

T i

. éﬁaﬁﬁés:ﬁzé—»géé_{(téﬁeé i s} a"ld tmt 01 i:m. a’d gas fv'om t"ae “:L“st suare

(5,3;2‘pavi;cenﬁ_eontzﬂac‘bi(;n),.f I’f a’Lso shows kS ne g,s comﬁoslt:on at *he

Cenérol s l'm:‘.'xtheticai s&cond smge (to‘xa.“ contfac ..L(}ﬂ 6&,,

i

I o
‘\ e i T y N S
‘\ ’ i- le 195 - Gas AN m =) J.or uhe Arez Aok Px'o 1&=ct =
- b i CO_‘. .3: CG L Hal GHy, ] -
: - { Pereent; )} T »
Heterges L kB 3G 50,0 35 3.0
End gas, first $3age- ©23.8 25.¢ 32.0 77128 L6k
End ges, second stege K10 12,4 U159 2.2

[N
i Q
'm

e '.{’he .v"ﬂmo of 'n*drc&en to earbon :rf\ra::.xdh in the frash’ gas wag
...48 s 1. - Sinde the consunpbion retio was adjusted to the h;\rzi og,«vn-u :
('-Iboa menoxide Tatis in the synthesic ias exbeasive reaction of ca?‘bcn .

monoxide and hydrogen ia to be empacted . .Li:hout. gas adjustmeni; betwesn

; Vhe stages, Y% 1s desirsble to smﬁ.b cit carbon diawide belwsen the
vtages For bebier opzration of ’abc synthesis, . bu‘h oh..e ig a matter cf

x;::l cule emounted vo 116.5 grems per no;mal cub:-.c meter of { 602-. is) for the
rsh stoge. Based vn 90 percent co:we::‘sicm' of carbon monoiride conversios
(two .atages) o 7ield of 48,5 grans psar ‘normal eubie neter was 'é\.,sumael. The
arownd - of gasa.g pmvnced durln\, “he firct 20 @ ay:; of uh.S mmrmmt r:creased

fron 9 to 20 percsnt by n'eight 2 that of gasoline from 33 4o l>0 pores enu,

that of eil {200 o "20‘} frem 15 to 16 nercant vhersas the quantity of

rarafs £in f*"o’yacd Lron ‘(3 o 32 “ercen{”. The fract:‘.on of pasoling boiling




below 2.00“ ccm‘.wcd 66 p@rcenL by volume of olef:hxs, oil bcm.l:mg from :

L

‘200 m ;PO‘ 52 nevcen‘ta

: "‘H. Ocﬂurrenc‘. cf Oxygenated Ccmpmmds,, ~tn cula y A.lconols, vk :
S Bumn« Synthesisg QKO and. i;he "yaol Smohcses - :

Ea:»l,r in th.;s n:am.scr’mﬁ, mr.mtmn ?ra.x m..ae 01 Lhe d.LuGW"..",f!

’ bﬁ;"Fé&n Fx.s‘..her aﬂﬁ. Haxzs Trops.zc.hs .,n 1922 aug_ 9,23 ,‘;oi_ﬁhe;ssmmgals__:

of synmcl m:i:ature of ulde!" ‘o:;ygeﬂa’:.eﬂ » ,_'ganie‘ ol _jgw@a%;qbtaj,néd

?rom 1'-7:‘,.031{’ gas in the- pz'ese oo of . a.Jmliu

TEREUTGS a'm-uenpe*atux‘es o*" about 4(.}0 G

Tha fact oh&.t ::ma.ll amounts of amrgmat_m.drganic compounds -

ey and Tropsg ch Ho, Brennstofl Chomu, ¥oL. 7, 299, 1926.
oy and ‘l’romch, Ho, Bremstoff Chem., wol. 9, 21, 1928,

; «p and Xoch, i., Byennsteff Chem., wel. 13, H%d, 1932,
n, i., Pl.,nler, H,, and Xxolba)’, H,, Brepnsitodf Chem“.volo 16.

()

XA norssl pressurs syabhesis with cobalt catalysts, oxygenated
arganic commounds epresent oniy a very iama}l qualn’city of byprcd.uct-c ,
Hevertheless o the fact that suech oo:ygeuabﬂd compounds aras p"oduced
suggested 4o vamctm Luveot.:.g borg that oaqy snpbed compoundz> are :mue*ﬂ—
nrediate in the 'gd;-ocarom synue ige ‘

39/ Elvins end Nash, Pusl Sci., vol. 5, 263, 1926,

. 50/ Elvins end L\azh” Nature, vol. 118, 15L, 1926°

kY Smith, Howl, and Golden, Jours Ane _ChC'D.a Sce., VOl. 52, 3221, 1930,

v - e e e we



As 1ong as the product.aon of msmr fuels constifuhed 'the sole

' 'purpose of bhe s,mthes:.e, F‘ranz I‘J.sche" and h._s colhbomtors strove. to

'f"‘._,keep at a mn:.tm..m Lbe .LOZ‘.Ek..‘Gl(m of axygenated cqmnozmds.,‘ Uno.f-‘r no*‘mal

i

card:.m.csns 2. bhe waue’r' resul ting from syn’chesm over a ccbalt catalyst

com,a:.ned 0.3) pexceﬁ- of f'atty ac.;.ds (ma..n..y a.ce‘l::r.c ac.l.d) 3 farrofr ac:Lds

in Lhe C5 9. C;o ra.nge were presant 1,0 ohe e:f;t,eﬂt of' o 06 percent in uhe '

- llq&.&rgv*bocazlsens. i"ne~aqueous Lractlons .Lrom cobaJ t mmmn—pressure ‘

synbhes_é c«mw.:med a.bcub 1 percerm oi‘ m'vgvne bed orga:nc compounds,
, ch1e4‘L,r a_cohol.n Some c:E' uhSSF were recomred :m 'Lhe C-ewma.n s;m*bhes:.s
~-'P_a.nb., in x~=cer' years by au:x.table fractiona.t:.oca., *~ g

’The sa_’cuat:.m cha.nged :Ln Gem;.ny whcn, :m aqd::tlm ’oo i,he pro~

ducticii of Luel, ‘the syn"c 1e=vls of i‘a.w,y ac:.ds and J.coho.!.s s detcrgents,ﬁ.
plas‘b:.r'lzez's, and of fc‘ts becu.ma :.trqmrtan '!“ne omda‘o ion of synth@tic
na,raff‘:rs boiling ‘between - 320¢ and 1450°C (‘,:L (.i.mosmev'n_c pz'essuru) as

underbtaken. Parazfms obbained in the m,.aim-pressure syrthesis

to .tmmxus%, (W:.uten/‘ﬂuhr) hese 1nr.>16tn.u.ea are: dpllt m helf during.
ox:.datn.on, resulbing in the productn.on of th_e deslred Clo 5'_° 022 i‘a‘bty
acids. Th«a_‘. careful craéking of hlghcr-malbu@paf‘affms r%mlts in

: .p.arafi‘:i.ns sui'i;ablg for .6zidation‘, Produc:bi,pﬁ;vof' é'oap‘, detergents, and
synthetic "butter", from synthétic paraffins was carried out om an’
indusc:aiei scale by the "Mhrkisched' Seifenindustrie" at Witt.éz_z/mm.
The fracticn boiling in the ;ranga from'280v° to 320°C. vas senb %o the
T.G. l'erbcm_.ncauatnc L.G., where it was sullochlorma‘cod to produca

detergn"xt., .

- 86 ~



V : : -
' vu'Lo ,2 ?;«2.1_, 1930, charchng to wbon by’leESJ.S gasf*s contahmg

bhylcaf' pz oduve ozs_rgenaroed products 'ar. o. ;" -y preosure. ' g

;

"’ha feacbwn pv'-oce ds dc.commes 1.0_.-_'{,1': ollo‘mug genera"g V

;

k equa'bic»n:‘ R B 2 — ‘ v
BT : ) SR
3R»ui~I=CH 3 + z.CO kS 24 2 R }12-032«0

\ T

Cobalt.-. uhe ca‘be.;ys» whl b is used ( easmtnally cobala caroonyl‘}

Wickel is '“ct su:r'c.aolc. ‘T‘hr—' ddehydea ma*‘ive reduceé dzrectlg w0 0T

alcohols, or oxidized to fatty a.,ads., T

Rep ne: (LGQ, hos alsc deve.xoned a ’cmceas by 'v’m.cn ;..uc!:tt:.on

of carbon monondc and weter Go och...ns resulnu in tne dlrcCu Lormation
¢ . A

of i‘a’ttJ =>01ng - ’—W‘_ ‘ : S

i ‘

.u.nJ er and va_f"'l(,uT / ob amud }’llg,ﬂ yle“lds of fomc ac:m.
v \

mn——-—.o.—~—-—‘-.-.--—,—-—..—_.—.~—u-.—.--—m...-—-_"-»u..—n

42/ Pichler, H., and Buffleb, BrennstoZf $hem., vole 235 T3, 1942,
by reacticn of carbon mono:.:.de and waber in i,he praaence of 'strong_aclds.
The addition of c=vhoa mcnoﬁde ‘bomemanol and h.ghe, alcohols z*esults
in the forxzat.:.on of acetic acid a c.nd the cov'rcapond:mg higher ec.Lds. A

geries ©f pabsntz, p’wc:.cularly 'bho.,e of the Dunont Company, relates —
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of iroen caial
.

PEimEry. .synthcsis. o

avl.e am«mf.s of
. Y,
uChsS, Whe queshion wae f-nam T°z=.1*'ed
yn":,hcsi'" of aleshols _‘(‘,,‘orl rarbon mozﬂ&csc‘@ -azzrl :"l:ffdi"dgﬁ;h.
LD fs'<dc @ :pér mu'lus".'ztn irén t::¢L‘::~;,*s ‘a‘c madiun pxieésm'a_v
discugesd 1. detail garlien :u" tm ré*;port, bety vieen- 10 e;ro. 30 pezreent of
- Jne‘- l’.’.lqv_id and solid pvoam,vs wore comprised of & .;:t’:;ois 'v.m‘. esters ‘
{principdly ohols) no.n hz;uc.nc:b.hg> the uulpul,u:mn r,l“*" bhe pv-cdmus
Cormsd be 2g simllar o3 0085 ible to thos e obl
2t medius :;zc: < ”
s poUnGy

ad with cobcl:t cata
ure (vhere om,:r t,ma;‘.l (..n.omta f):.'o::,yg nated or;zunin comm
produced)s ¥

T3ta
In edivie-pr

&6

CSIUTS synhh sis with iren cabalysts,
7 as much os 30 percent of a-_cn’nol. a5 unavoidat
1O zbmosvheres and 2”()"(’0

K

5 :m this f‘u..,a wepe also conducted

.ub sho d be p0331ble uo obta:m
n nﬁmbcr c" carnm aboms ¢mm ﬂax'hc\n mc*zo*"d
"'czge,n b'f,r u_l.ucﬁnu‘se cki.u.-i"
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'l ’5‘7‘4‘

Op-—z-au:ing at 3_0 a%mosphere& and "05°CA5_ _ ivith a nrec,&pitated
ca"oa.J.ySu of composxt::.on 100 Fe -: Cu =10: cw - > Kg, a.z}cali'zed “a:'.t ) ‘;:
'3 ‘nerc u o}.’ potnas.w.m }wdraxide, and “educ.e'i Ty hyﬂrogen (3 5° |
:hours, 85 p\.rcent roductzon) ;. Hcelen (Ruhrenr me}—ubv:amed la.qaa.d prc»- |

dum:.s ccnta.ixtme* as much a2s 52 pﬂr‘,ent of e.lz..c"’o's_o ~ o

‘ Jh, uhis 103? z‘eactmn "csmpﬂratufc. thu cata].yvt had cnl;v 8, ~—;<J
_n‘ncz'b l;fep bat Lhe KWL »ata;ysi;s,, B 50 md :.\I 5, prepax"ed under ::he
,..,ame cmdihionsa were- or:arated 1'.'01“ a lang ulme at. 200° md;lD atmspkﬂex'e

SN .L’q was known that &n incre‘,s» in uh° aynbnes,s prassure

7
=

'resgl‘g‘;sa in. .mcreased ;Lroduct,ion of e,:;;rgem fsd reacuion pvoducﬁs.,
Ove* 8 p«>1 cd cf years, pmlcﬁl&ﬂ,,r "‘{"‘CEJ\ L‘)n work 04. FZ“BB&
V F:L;qcnev and h:Ls collaborators hed 30:1 Yo ._nrl.xst'f';&lv-scalu opa*at.:.cn,,
th:; synoncs; of hydx-ocarbone- i‘rom camoq ;n.no;d.de and n:m*ogen Was “the -
-ovbjad ol \far:_ou., resc‘.rch proj cis.dn dl_lvarent laboratones of me T80 ‘
: Faroonmc.wtﬂzao I TG fouzzd bat afer carar '*cductmn, msed
ca.tuj.y;‘s of Lhe :synthet:.c ‘;.nzzom {yoe can be used 3 V‘uhe mgdlumm T
.pressu.\, symhesia, The Buh“cheme and the L.Go c‘m.}.aho ~ated cn ohe QK.O
synnhes.as, par uxcularly with regpect to furthes ‘use; _oi‘»the, OXO préf.
~ducta,” Hetever, at the Y.G. Farbenindustrie, tha nums“oue variatiana ..n ‘
the usé oi’ iron catalysts suggested a pcoo"ble process i‘or the dirsch ~- _
aynuzwis of alcohcols, which would bo shortor than tho m’oceaure invo"'n.n);
inhermedie. e olefins and the 0Z0 ssntneumo ) _
The fact that the elcohol content of the liquid products

i‘rom the medium«pressure lrcn a'ynthesm is higher a"' low uememtures

th:n at mgher temperatures served.as. the ox,..rting noin‘t for a process’

- 89 &



-';eh ,m.menus carrleﬂ out Dy Br'eymiscn (Ta.ble 2")0

‘uble mete:

B xﬂ“" m ’:}_3‘:.1'.4: nb .2, .’harse are .rze)('m1 operattifxg—‘hempera'wes Loy,

eontent Ag gre um*"- 0 expariméab 2 than i &mevimsnt 3, especially for

‘,jto vrhs_ch Lhe I‘w g._ve" "vi"é ams oi‘ Syxzol syq»hea..m,' The, d._f.f.'erepces

J.n the 5:9'nvhc~51s orodncts :.s xmed.la.tely an*aarent b..r comnamsm Wll.'bh t}\ef

l'nefa.lra oz uhesc

.Wmments was covxducteq w::i'h prec:.p:.zateu »a.t;lysn (18.,&.“ S:?Op s

35 3% zeg 35 O, 8‘}0 A,.;O':zg eozw iagO 2 8% ¥ .2 6@@ Cu0, and LT z«o3
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‘I”uq e c*m axperine nt we.a ca:;-:r*1 -:1 oui "Jlth a =~‘l;anaazd fbaed cahc‘lyqb.s

PO ezﬂwy-reﬁtaceag : ln Ebth s::;-

ys.eld of cjgran, pa-:'._

ws obte ined c.t 220 to zzw’ in e'pc“_’t & 1, and ot 15160

e

_.1,

rix...m..ana" ion uﬁ‘ \‘«c fmc"icns of produst ghows that the alechol’

he hl.g'l*f muL(_,.n-D‘ '“a"t..l.on

(L -
3
9
§
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,,l.
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w
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. T,

‘bzen apresen{;a: by the

Az already shown in the discuszion of uhc Srorn mf’C'..L'!..tP proszure «:monesms,

’9

shor‘:;.snirq;uhe ccntact- tims of the gas in t 1 c,anve**'er r :wsmw, by‘
raoyeling, wlcreas -.mc ameuns .zo,t, or formed at the @ wpznse of the

sueontdary vypraducs carhon u.l(:':{.ld_ea In the s2me ra,ay: prolcngg'd‘ ccsi‘bact with

the catalyst ecnverts alechols into hydrocerbons. For this rﬁascm_., it is
‘advisabls o avold” excevszwely thick catalyst layers-and to cperate in “everal
3tanca (,»-L) wivh removal of the major part o.‘.‘ the react:.on produtts after

each staun, Ope:.'a'h:.on at’ low temperatures is xacllltai;ed by keeping the .|

: pari tird. .,xesvure '\f .’méz't comyonen’c.) as low aS*'pDSSlbl"‘ (remcru-el of car:ncn

dioxide). us aliready :md:Lcaded, hmgh pressiure, is des:.rablex up fj,o the

pressuse ",25 atmospheres) at which carbonyl formaticn beging.
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‘Vui' rec&ming tbe ca*LAye

"'lﬁ o#déf to ‘, éﬁefa se at J.m‘: tempe

AOO o 500"0

obing aleohol fou

{orlzinally 10;C00 tons per anmum), whose

of alcchols a

Lochols obtained by w.’r'ccu

' .Lbaﬁ"a'recoxmands one-of

S;,m uhesi

\\

JoN
<

“:,ssog

1’:! x.omlua:m.. » the wllowmg ‘con ditd

'

"‘.g’n p'.r'es';~;mr-as.>

. &.‘LIL on in sweral ydcFod

. may b@ obf,alne..o.

The I.G, had mde plans for &

OO mynthesis, were cmnﬁv

Sm e lo 8- synthes:,s fr.ampem:;

res_, ;xfehredmnu cf t.ha

,Ji’t.“z r. hlbh smce veloc:.’sv

g with 2 h:\.gh hv‘xrog

souree of detergents,

synthopls,

_'s 'Lcmmx bu:'asa L

Short contact t:?.me of the gas- over

D,

o

wetdon of @ larger plant

sain pm'pose wa

cragt

[ ént ente

i

'L*'LL ‘c,abi mﬂ.nq 'fo th:.,r 'iﬁ.rge su*lc.cr a&'eau E‘D’W@’Wa o ‘rhe
ca’ba.s.ys’as mz’ P‘u.e pmsW
iong 4 "":y b\. listed a3 p?'o«

oation in medium préssure‘ ynuhesw u‘ 1‘,‘1

orr .m‘.rt. gas ._.ud sarbon dicu:i.d'z contente ..

Lthe cataljstn .

2bly with recycling

opbimmn a.«cohof centond- a:—_)O o 60 iﬂAcdlﬁ m the proauat

e = . . '.
wae found th

To .Ghose gbial:

straight chain compounds; 3‘:7).4:4"(_.‘.3.'1'61‘,' the

(Carbon - -

of ‘;.h'* cwal;ys‘!

3 the p;roduc‘ticn



' A’OXO nx'cducts weve auperlor to the aynol pz'odt..ubs as raw mtez'lala i‘or

de‘bex'genus .

As x'estlt it 'vus decided o operata the p"cgected syzzol

» plc.nu c.t smnemat Iu.gher ..empemtures, *ahus nroduvmg pmncipal‘.ly hydrc-

: ’cari,cns‘ for use as fuels, The syathes:xs convnrbers were’ ’c.o cor*espond

c,omm,ealy to tboss of ‘a,he Fisehew Torlcsa L A  ; L

he study csf the’ covxsntumoa cf coho,s foz'mssd bv ds,rec'h

°J‘!1uh6815 ard by the OEO reactlorr was mdemken by Asmger and Bﬁrgg

A

1 euna s I‘na

5
>

h ée'-.rbc:n; m'a uucdu ‘uiz OXF‘ fe‘.«r't r‘n J.eadq £

restl ob‘c.aa.ned verc summarizec. aa ;ollows‘ Sl

gven wen 'pxﬂ.'.ma'nﬂ -ef.‘iﬁs '(rﬂth 'cloubl'e, bond

tion of nﬁximrus of igomeri "vlcmp wdes, alr'o.mls, ar asids.
In general, the pr ol uets i‘mmd ke ) G(\- a,z}cvl branched . -

0y

compennds, rather than \ ~ mathyl b;.fnc 29 conpovinds.
Thig has the effect of _,Low-*r.:_ 1z the m;tw point of
the f\"Om abty acid considerabiy apd determines the

“hygeoseopic &.LM" ty of bhe QHO-sc2p.

gaen 132‘:1..3.1‘;9 olof..rs arz nsed, Lhe sverage amowns of

he Forsabion of Branched chain cc:-:'pomxdﬂ depends on
. o ! ’
double bond iscmerization duriny: the OX0 reaction.

“Double bund legoserization is indtiated by cobalt sarbonyle

Iscmerization and the OXO reacticn proceed simultoncously,

Y

the lattor -n'ooébly veing faster, ao that formation of

branched-chain prcxiucts is not as’ extensive 2s would -bs

P



 ~expected -Zyom the isonerisa ’ai':a “of clefins in the absencs

wof Apirogen. . : SR R R S

u
SR

b

iron .earbcnyl ﬂ.aa'pronm,’hés imme;?i Zation to ‘somu e}é"c-&nt_a o

but nickel caz bosr,y.x. dce..:-n The foz‘mc-:r:bbsex'?aticm 'is-

Cimporbant viln.cans:dem.ng the g_g_:m_paax o1 of .,y'zoy. g:“adz.ci,sa

o - Y
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Lhe smrl olefins fopm by

:“

% It iz exireme mely p}"ob"‘* That

detydration of ‘synol _:é.lcohgls»;-ﬂd 'chs.u m ir isamers

-t

vb?vthefioa;n;” R +he double bcv-d e

ceused by iron cardomyl. {T\ ‘"t 1;’;!:,3 Secv‘:{-‘v..ﬁn WiL,
Ltem 5, *Consti uum.m oL 0X0 and Syn 01 A-ccnolu., Augugt

21, 1942"9)

By

ie to the relsticnzhio bﬂ%’r‘:’&ﬁ‘!l‘"&"_iﬁ“ﬁ&ﬂi& 2%

asis, - They show bhet the QL0 D roncti on’ cammnot

carbons from elcobwls, This “s—a}_.,a apperent

nickel, which is not suited ac a cava.l'mt Loz 0K

synthe siz, 1s an ‘"ce.xlept c:ﬁalyst for the syntinosis oi‘ h;lzi:'ocar'conea~

nig other hangd, alcohols nan be eonverted to hydrccarbons under ths

conditions pravailing i median presgure gymuhasis, as is demonstraied by

thf» Tzt bhat prolenping the contact time of the gas over the catalyst

— 2 . i )

insreagss the hypdrocarben yield amd dc PPeases tm u..'.CO’IOl vield. However,



1-_.*& canro‘u be émuluded i.’rom %tch aco;zs:.dera?.. ons tha.t alcohols act as

mtez*med:_»z.ws :m thu Droducmon cu. dll ‘xydrcmarmns. "‘herP :m no. erpem«» :

‘mental mdmce o‘«. an es en ,:Lal d.n xex'en(.—betmen the cau:z'so cf ths

icn 2n mecb.um nressur"- “;mthesi.s m.th iro'z .,af-a]gs ta v',an the -«l}

Sym J?huhc‘ sq

S Les vod.f.mammq
EER ‘éi_; Hot Gas Eseyed ‘

‘ -n_ccnt*'a 5% to 'r,he zwcyt:le p':or'e.ss in {m:.cn hs i‘&t.x.(‘ of

Exé sh to rﬂcyvle ga.: 13 genc.x 3y bauvreen 'L . ami l 3.. anq the con-

:deasaole UbL tios o‘r‘ ne ')ro:mct is fm“ﬁd ‘o lﬂav:).ng +he cox ver&.er (cold

&8y, .wcycua) s-in.Fhe.hob gds TO vcle Droces*’ t\e ra'bio of S

L
7

recycled ges 5.3 about 1 RS OO a.nd “here v:m o sepamtmn of predusts. |
'{izo?; 88 ¥ cw,le) . Fneress the s:or'ae}* ‘procsss J.s_‘ us;éd to dirset thé cours{‘e;‘
"-JL the reactlon in z . cex’tair. 18K aud to pel'mi'i'."zvighei 'gas i;hroug‘nnut '
ovez' une cmm 1yst, the ..n*'cve; ovccaus is deslgncrl ‘bo rernove am.o’chemlc
' hc.::b of .rerc{;:;.on £von the f:ued car"" st bnd bv e}-tﬂma?. bea+ exvhar\gers,
ﬂ':.th a la E pormsmble temuerature cﬁr“ez- nt:ual The gread qm.rtluy
’ of heat l_ﬂwrat.ed (;OQ (-c.lar:xe,. pev* noﬁﬂml cubic m\.tev oi‘ carben mraxido'-
hydrvogen mixbturs cm‘rartud), and the .Lm’? bcat cap ;it.y \oi Lhe zas,
necessitate 2 high :'a..v of gas clrculat.ion :).n this process. “ The p:-obiem
of L&S vecyele was studied at tle I.;G. ‘F&:-behindustrie ,bv Liichael;l Hé
reports that whan a temperature rise of 10 is allowed in the catalyst
a.pparatus, the gds mst -be recirculated on an average of 1C0 timeos. Gne

percent of fresh gag is added contlnuously to the i-ecyéle gas and the -

35!);”'3&_‘3'“1:6" I



581

same amount v.'as bled_ for removal oi' products :md .,.er eventual ‘ﬁsé_ ina

-

sec,ond s'bage., S L g B ‘ T ,
' In general s:mt°rec1 aron cataiysts ar° used., The machanical

stz*envth oi’ preci_bi at.ed ua.talysts s sa::.d to be msuff:.clmt to mth-"

N [

G s’band the gaa velccity requ:.rc,n bv the processn A..so, a.c. tha hwn tempar-

. .tnres ci' onembwn, 'x.he h:.gh u.ctiv:.uy ux prec n:s.'batefi catala'sts leads

: Au.cormn_, ’ao Elc‘:ael. 1us°d ca‘hr.lysus ce.use resinJ fcrma 10’1o S

AL an opﬁr._tmg preﬁsure of 20 atmox:pheres s temnerature.., ranged
‘be‘c.wecn JCO and '3 ; 5 N Theqe re’L. we]y h:o.ch gempemtures 3 uOg"tﬂ. T vrlth o
“'c.he h..t,h temperauu-e ali‘;erentlal a.rr ‘The, ;.:Lxed. caoalyst bed nevessaw Lor
economic '”338011-4, .ncreaseo tne rn.sk oi‘ lcca&_wed carbm forxratmm
.F;nvre h,a shows e flow daag,ram of the hot gas rPcycle Drccess, t:.ble 23.
shc‘vp an. anuysis, for.a twc-etage opcrau.wm "Iﬂ"iable 22, the second. ,_4__‘-"
vez't..'.ca.l ﬂolumn smmmes 2 hot gas mcycle hydrocaroo.1 aynthesls
-::xpam.ment 5 whcreas the vhlrd colum - shows a Synol syut‘:ea:.s enrpﬂm.ment
-—at a lover temperature. Becau.se the hot gas ecycle procesa hags a
' tendency to form ccns:.derab"e quant tlee of gaseous hydrocarno'ls, the
yields. of liquid products rcport.°d by }Siyhael are relatively higho I‘b- ’
Cis r,m.g "cbat the data’ 5iven for the ylelcs show rather wide variatianso
These yields viers obtamed in two to four stapges, with removal of carbon
‘dio)d.do between atages. Iﬁ would apmr that,.as a rule, only the ylelds
for the first stage were’ ac*cu.,lly obteined, the results for the othexr
stages ,beinp calculated or estimted. In leOt plant oparations, it was
Afound that the catalyst always had to be removed after a few weeks

", because of carbon depesition. Michael abe.ndoned‘the ,ho‘\? gas recycle

- 95 ~
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IR

- }’is_cst Sac_:end
gage. . stape

3¢ 1cs{=.{,j.me },_.eld e SRR E R R Lo -
: Kg;litex":ra?.d@st/my Sl 0.8 0.6 . -
< Uonve rv'n.on, pereent : TS eRe -
L GyeCa .,mat.cﬁ}. pﬂm”!.t ! SR 188 e e
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rom polymerization 2 a Fats. w",’ 'f;:) of )
Eﬁ;ng,.--z-; Co. 5 20.G - L7 11.9
ane -y : . . .
B . - 242 28,
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*Jas recycie nrooesso .

‘_ effect of.‘ condxi‘.mnc of ‘Elmq on »he reachm 5 ’chs. effec,t o.f

'

1ar'ge nre&sure dz'op a.cro::»b the ca‘halyst bed, and the proo'i.em of i’.he

enerpv quant.r_tms reqmed w:s.l_. no‘c. ba d:.ecussed hez'eo Howe\rar, :Lt should

b° mtefl c.ha“ causa of the. 1a.’:ge prcssu_,v'e drop, opex‘at.‘.on is lim:r_ted

Lo »re;x-y 'hh:m : ye 'ci ca’c.al:,rstg even on a teclmJ.cal sca..c‘ Subooquenﬁly,

klchmel ‘mm;d tc expﬂmm&‘pbs on che ].iqu.d—pne.sa cgtmyat sxuans:.on
proc e88. - LT A :

Syntqesls with &,ata};,rsu& .;uspe*dui in-a .u.‘.ou:ui Ladlum -
. (L'E.qum-?h.se Catalyvt Suspengzion Proceqs)

Iumnrous au’t,empts have been made’ ’cc use ca'c.alvste sugpended in’

liquid nedia for the syntnesls._ SOn:c of the m**k has bnen published: W

13/ Fiscner, ., agd Péters, Kej-Brernstorf Chem., vol. 12, 286, 193L.
: )*:_sc‘xer, F.; Rolen, 0., and Feisgh, V., Brernstolf uhcmu, voL 13, 461,
1932, . -
— Fiseher, F., and Ku.,ue Ho, Bremi‘z“s‘wﬁ.‘ Chems p volo ll,, 35 1933, o
' F:LS-.“!GI‘, ;" and Plchlf“" Ho, Brezmstoi‘i‘ Gi:L.m., vol. 20, 2475 1939:

Other work ab i‘,hv KWl, the RCh, and the RhPr ie atill tmpubla.shedn In

;"'oce t yoars, I:i:.c":acl_(LG ) has anuima the problem of catolysts cuapo*ded
in liquids ‘14 named it nliguid-phoss catalyst smpenaion procesa.”t

; The ci‘i‘iciency of the suspended cotalet is debenm.ned easmtaally

- by the um.io v dispersion of the cetalyst and oyrithesis g s in the oil.
“hecording Lo *;pemznt conducted at the Wi, qu.'Lheim/Ruhr, where

such d:i.spe sion was to be achievad by suitable stirring arangcm:ent, it



~—.i.t was i‘ound tha“o up to 2 maz:um:m value, the .’mcrease in: ccmvers:.on ﬁaé w7

propoyt.:.cmal to the speec’. oi‘ “ot ‘:.icn o he stmmg devicen

In industry, s?.mﬂng dev:r.ces of thls %ypo gs.ve rise ‘bo various

d:.i'f'wulmes., Where sm,h demces are rioh used, homogeneous suspems:.cm of

the ca’oa.lyst :m the oil musi-. De “ont.rolled bJ nroper gas dlsperuion anﬂ by
. clrculatim of the 031, which slse Temoves the hea‘b uvolved by ‘c,he reactlcn;jr
) ! ,b & vervr fme?v cm ‘m’.cd c"iﬂ*’sﬁ l iz e "A sier to m**-«t_..n h«mogenaous k

sﬁsp@‘zn{sicn» ‘han T?_L‘bh 1arge par’c;zcleso ; .Good diep “slcn o.f.' uhe zas my be

attalned by b ubb?ing-:l’b Ouf"'-i POTDUT '*1.,. es dn the both wom ¢ of the. z'm..w;;}n'

‘,;

'*@5591;*“&',@*3129 of the: ,gsu i;‘.!j’.,.!, S5 ‘“t? mi:,,m::.

columm, ond the rate ab v

nich' the gas is bubbled »‘n&:ou X

ave :’s.nte..*e;abrﬁc The sizs of Hhe powes in Lua porcus plateg has an

important effeet on Hhe ipitiel size of the gas bubbles.
. - v . . <

Cis a fipetion-of the toiperature. I‘i' in admoab e use & nigh-boeiling
Tragtion of hydrocarben cil from the synthesis as ithe iiouid medivm o

awol cunt,.mmamon of. the c~""lv::t and k,rcdu ts bv 2 foreign-substance.

1L the p ra"s;inc temperaiures are suclz tha‘t the loss of ibe

.L:LQ\L";.Q d.L wn bv ﬂmnom:at‘on o g k’-hly".,lc 'ecémposi’t;‘on ().oe not exceed
the preduction of hig h—boﬂ_ng h grocarbong, the. lic,ui‘@ volume is g2
Lained constant by conkinuous tapping of oil :‘-.‘rom the x;sécterﬂ P_rovision
shondid be mede for uei:aratihg the catal yot £rom the fr'ac tion of the oil
thot is memoved from the zipnaratus. f:‘msh cai;aly.:r.‘:. should‘be add.ecl at the

SumE rave i:.aat ztn.lvsz is removed in c"der %o insuve c.oni.ummxs Qpere "iom



In *bhn exper..zxmi,s ’:'t. me IGI.".:, uha catal\f 'ts

set Dy uhfazmai decozm;)o tié"a; later by

n,-u

: wel"“ p:."&‘")&.r"c S

were snﬁ*wnaed in h.Lgh-uo.Ll.‘.xx; .LI‘ 'cions, of;syzrchnsis'o.,l; ‘.fn.gene'z‘al,‘
t.he»_c alysi: vas rev.iuced, oz_p “resbe beic»:° be? Nnu :xnt*odacar‘ :m"t.o i,h.,

e, 1 hw,_, reparteo. ﬁha F:.'LJ lrer* \,a.,elv = was n:emred b:,r th,.«rral

decomnoss ..c;r- of .ch-z Gz, rnorvyl in o.*l (25(,“}, bv comoustlon of z.z‘cz:

savbonyl *;oi iren axide and,sub equa 2:‘ uct:,:.n (vran*.l size"l oo 5
mes ). The mceéssaxy 2ikell wme fui =i ‘{:o t‘ma ca.t, "yss 28 p '::lvm i.cx‘a";e

(2 percent). Ap‘aro.,,.rﬁ‘oe.u,‘ '“')O 50 .)OO ?:c - of nataiyet and 100 bo ’1

.Lu’ry, mk:mg 20

t“r

gz'azzs o/. ci_tcljm,, The

10 .,m‘l .m-.S m:L'LL.mﬁ"ez'

'Tha‘syri’f,hesisx pressures weg sbowt 20 atmo *he.ws s a.nd tl‘f te::qrra:cure bemvaer

wa & flow diagram of the Lqu:*tmg‘m,r‘ catal y5h

ith racycle O.e. 2 r\o"’LJ_oxz of r.l:a gas stream.

'_-T‘he-. fresh gas 'i;hroughpuf:. can be jncreased with the bemperature,

5 .

At 230%; it should be 80 n ’aal evbic meters per subie meter of slwrry,

znd st 275°,.3% should be 5__;\_03@3.1 cubic meters per cubic metew of
slwrry. To kesp the rise in tempem’cure bet*,rrésn 10° Limits, the botal

guantity of slurry within the converter st be recirculaied 20 tires e

nouf, The slurry is cooled in exterazl he:«_.t axé:hangers. To obiain moro
thorough mucmg 05.‘ *iJ., c.,.mly.w, and gas, gag vecycl,mb vas :‘Tb:‘oduced..
Kb 25600, tha space-tinmd yleld is seid to be 0.2 %o 0.3 kilograms per

N

i co-v"ert.cr’spaiié.per dey. Tenperatures ave aboub L0°C. higher

then with {ixed catalysy buh, The mexinun allownble temperature iz



lo‘ver cecause the o:.l volume decre;.bed by evapnr*a.t on above 280°C. a.nd

would nave 'uc be restored bv bhe addz.ulun m‘.‘ fresh cﬁo ¢ ¢

2 ‘he_:at’:};mg ,:L's-' at a ﬂmumn .n th:s pI‘Of'F‘.'as, lltt.le mptbane is pv'éauced

(usually less than 5 pe r:ent)°

-- -': A"— - : "*’"' 2
R o lJz 23 summa; Lzes Lhe dada fo

-

Eélumzs by 55 tand 6

Tablz 23 - Comparison of the Products from the T iquaui’base tha..;"at

/ " Suswensien FProgess at-DBifferent Temui—:z’ai‘- 1'-g§‘ .

Y

80°C..  300°C.

-Oa "\)a’l) . 0:7-'0,8

Cuanges in volune of slurry - Inoreases INo change  Decreases and
- : ' . s ) ) ‘mugi be adjusted

Gagol : P 6 T8
Casoiins ,=-200°C, 3040 35-50 50=55
. Hiddie 2il,~350°C, . 3037 28323 3033

Pareffin, above BSO°Ca - . 20-30 15—7.?.0 B30
‘Aleohois in waber - 6 & -3
" Octane number {regearch) of L X )
crude gesolino . 50 2 78
Olefin zontent of middls’ ) o :
oii .. ) ca. 60 ea, 60. unkmo™m
¥

ormaticn of Gy, Gy

C{ssturated), pereent 4

W
7
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O..J.Re c'hs :

lo m*'vxai e.i‘ **emvinb the heat' m .ctmn avol‘s'ca

i
2
- (.-o
N

: au:lng n;ymﬂoc.ax'om ..,vnﬂ‘esa. 5 caﬂsﬁs i xlush.nﬂ 4

bed .,:z a;l,m*hlch absarbs ha hew ancl is rrzzm%ec. ucm 'che ,y.u :1es:Ls

..4 _@'-‘ 't\':’..“;}'su 3

. va bé;..ka‘a‘us; @& prbcé 58 OJ. tma 3 pe reqm'es abf‘asn.onwg!*oaz ea’av_.&yst.n)

T After et *"nu c:oo.?_:mb ‘L-O the dbsu‘ed u&npemaure, «.,he m.l iz mturrcd

%o vh synt ;cs,v;, a.vnaraoh., : A nom:.on &f uhe o..l is cmtmuo&s.Ly bled
B : i : :
of% 571_3? thc Z"GCO;‘LZ‘S’ cj’ svmh,} S.LS nz'oduots;_‘ E:;r*mnmnt.; "?"I‘u cay ".Led

olb by Duf.‘r«clmm., (1.G. Oc-wu! amon'z o*'c.hev' 1o used b wed cata*ys‘us
_engd akx esscxl :-11& Imporiance. ci‘ orreraua.z ab-bhe c-c»l..inﬂ -“peint-of: ghe

cooling ¢il,  To avold r&m“"ul..?.'mc e}:r'e.;k.:mc anounts of a::.l ?.'hic:h
wold dnbrodues & lsrge ses *‘““ssare: a"'o;a;, Duftcchdlity 3.110“"*&2 a Lenperas

)

ture differential of 50°C. b ‘bxl te_.xos'ﬂu e ab 4 & enﬁranqe 'r';o ’(.L

rjrw*;—ﬂ“*’u»‘: w2g 240°% ., it would be 250° 2% the eutletj « At 25 atmogpheres

. o s ¥ -F Yy
10 5,82, operation

liguid hydrocarbens,

=2 gramg j.‘ a.‘_.o'l (CBYC’{‘):DA’d 20 te 30 grans of (q and Ga hytrocarbonz, —

A ‘process of _‘r,‘u.s r,ype, if o},e reved at the lo'ﬂast"ocs'sihla"%.empe_mtures‘,

Woulf’x be’ muex*estmg i‘or catcﬁ_ysus vihere continuous c.ft~~ac tien is des' Toue

abke {owing o a sz,ran ..endency"’-:.o form nigh boiling cnopounds that
accwculate on the cata]ysf.) The converters comprised high towers without’

- .

special intermal -equipment.

In contrast to the Liquid-phese catalyst susponaion process,

‘the oil rec;,rcle process hez the adventage That no specisl equirasnt is;

meguired for digtridbution of the gas sad for egparatlion o" the catalyst.



" Erom bhe .'ailu :

Lhe cooling oil .~ou1d be’ ]J.ml ed to narrow hydrocé.:bm 0il featll

10*7 ch‘, mh@i

: u}‘e : 3:'31.&"‘ :

AL p?bcess OA“Duig,sclm'tt
carcm «vm:heci ';‘ x..xrd':sece;;nd.‘:ai _a;iaz*es'.‘:.';t'e of 180

of aleohols. Both

.'.n inerezzed alcohol

vields.

——— . . - ’ —

:,\ aperah cn qrers . sarricd &at ab Lhe boiling point of the
s i - . Pl X .

'coci:mg oi3 .’c.his : proceduré would_result in ecoromic difficulties‘since

oingy what
. 1

1 Ky Pl 3 + 3
wonld have teo be‘sep*:m.tcd from the m,,m?.h:s:. ™= mrodugts y centinuona

5}

distidlation. .6.1 o, me e;harp decrcasu ip the pap uiéxl cressure of |

carbon sasncw:ide and Imrcgen buc._.a.;w of '(,h\. n._ﬁh v:sa.m:.:ﬁ. *x‘casure of

oil TaPor wonld—:mter&mre sez*:acmsly ?7:*:9:1 _jyf,z_le_. proeiuc C-a of maxitmm

‘ Ua“bﬂn mey Amc.e-m Jdrcgan t:mwa::w:umn and_rrith frchatizitod ;\,ﬁeldsa

~ ‘4, Other Possible Variations i

“he pos suble weriations in the hy‘d*oca*bcn synthesis with iron -

stg. discussed in the pre sceding scct-:u,nn , are not limited to the

enacales gi

ren above. .This is explained b"' the wids range of Lempera~
Lure, praseure, and cata 'l.ys‘ cospesiticn and preparaticn pos ble for .

operzticn ol imon catalysbte in the hydrocarbon mynthesis as. rcs; r2d

ot



5 m:* bvcrower.«a:;on cota ‘-f'uts;'

‘\

"u"cn can ba 1mrlcd., ‘ O“emtwn in stag

N oo

he mmbi}zeri ix‘ uaurnvs ways avd sml.L ﬁ.rths‘r md..f‘led 11«% P&panf?ed"

G ﬂ.c':,-unex-c:s‘zi seale. Ar inders ,t..‘m «cmsp,i;(; is aff cmded b't,- the *ao?‘h

) a

. mdertaken in ub,e "(f;.lot’i S‘tp &5 with dry; Lived i’i’uld:w A a?mst beds s
..mrolvzxm 1” 3 'xg,avxl:uc wmbvxaf" on' el d:«;rer, '&nd inc,z'“c heat remmlo

h:j* process Ty e a’trs ad;;r .ﬂpn -.va'{,i 'ln var ‘jaumm’mc

'Vf:aov v on

T THE PLATINUM Gﬂb*’r?.o:‘ THE  PERIODIC m:s:u "

The nge of meba

»

wardicdie gysber az po-'sslol' eavelysts Zor the D'z:sdmticn cf hvdroca.rbms’

-~ ne.

by tydrogensbion of cerbon moncxide bhas been the JHDJGC"; of 'a nwnbe T

h, and P. Dilthey published
\ :
A\u-.n‘.-ﬂ-am!v'-mﬁmﬁmw—n—au-ﬂ“&-—_“—-v.—-—wwﬂw~.r'——-'-

em me va ma e we me wie de i e me e AT A e am em tn W e he A am E¥ N R Mk Se e s U m e ae we e

116%A

Yine “?.e guction of Carbon Monoxide bo Mei b.me i ube Frosonce of

o

Different Metals®., Tne experimants, conducted & atwospheric pressure,
save the foliowlng ssguence Lo the retales erelined ag catalyets for the
M . | . t

formabicn of methons: :
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of Babhendium

- ;-‘~€"l:x'~ﬁ"ﬂ":, 3 RN i
T Ak pordion of

. 2 e}, N
larmeight

y

&. coapounds

anrae -
OWERL

Sobmerred thed,

e, rhoding and

3

1ic nrodusis

weret somaller

aroon moucesd

Sgne

fece

wikh rn

sorpeunds,  Tondum

bhis case, also,

8 tned | hut ao

el -» PO BN 5 ;
o& ebunip2d, DU as wsg 1o e exmzedsd at the

X sy
Tle & CCUSICE

Ly of geseous hwdro-w

3.

Pallads

only traces of reacbioh products.. o

systematic study of the synthegis. of pavefiins in-the presence

T

vulnenivm caotolysts al pressures up to 1000 atmospheres was cerried




cut w 4, 74 chlex‘,, and H, Bufm,b &lf.-

unw\ﬂvmv‘\)*mtm-“dp—»“-ﬂlull‘km“m—---"‘on. o ok e e v

1@/ P:_chler, Hay md Bui‘}.leb, -{“ Brsxms»oii‘ Ghom“kv::l #y 25'?; 273,
T aes, oo fe SR Bl

(112 & 7;. H",JO

ba%zxﬁoab
: Syn“bhasis frecXsd co.nth..n.nv a ra"‘ i oi 1 Ln’.) 2 Yy 9x'oduced Fie 'lis:' as highag

:rmciﬂmu +Hge ;‘ct;'-.ca..’!.-i

190 zramg of ij'-* mﬂre-w'bong {91 r:»rcent of

‘":.r‘reld")g__ ~‘o_1d. pavelfin r=n;~:'e5snu 4 64 pe"cm of.'

(bL e;saqu me c'.l}o x).mo:(.l:x. 7 tea t"s:(h" wed }E’—iﬁ the cat,.lz,’at "oaJu ue

oper’aae a ccns?;\_.n¢ e ..p s s‘LL"‘C an'i mwr,xmma i’or more than & menths

U:‘l‘h.xmh.- x2 g:—z\e*e:t.:lcn: _)chacirion_. es,c:‘.)c

~ A. The m.m}wn_:m: Ca‘ca_avst .
. o A parc:.cw_?rly satis facir T cauaLrst is prepa.red as 10" 10\" H
\
Qo:zv._n_lerc:".al Tuth evx.mn povder is-fused with a aixbure of. 'C*OL&SSJ.L"I hwi:‘cw.zde

and potassium ni'i;r be (.,. part rut....,n:mm 10 pmassn.mr. kﬂ.rm qe, ki

pcu_os ium nlura'be) p’"a;t e*‘abl,,r in g.mver cx‘uc1ble a.nd stirred with a

silver spatula. It ig edvisable £3 a_ud vhe potassium nitrade in ésrﬂll

.

portions, Fusion is complébe after 1 to 2 hours. After c.ool:‘mg; the fused

- R - s . N . . ;
mzss e dissolved in fmier; a deep red solution of potassium rubhenade . .

.resul;;s_. which is heatec"l_ té boilinw ‘I.blgtliy_'l alcohql ie added d?o@':ise i)
‘the bci:.ing soluticn.’ 'i‘he ;‘éductiqn of ?oi;;:xssiwn i'uthen;;‘i;e' ‘Lo Tubhariun
_ GEoard d bepgins with the ﬁ;c’zd:'t:,or of the first drops and goes rapidly to

campietion. . The precipitate gebtles after o fg\‘:' hours. ¥% 35 hathed on

a fritied glass plate,-first with water acidified with nitric acid and thén

- 108 -



Jlled' watnr,_ Fmally, .(.t is d.:c’-ed 6 1107

Ruuhan.uum dii:‘fers frcm the me tals oi' ‘hhe iron groun :m uhat

red.u(,tlm of' bhs= d:.ox:.da w t%h. mefal p'f'occedg ;)ust as snwohhlv au

synthes.Ls pressure ag at a'hmo pbemc pressure, Pure hydrogen can: be

o

usec-,.,., T‘m a.dv.n.tnon of promowrr ha.s no e fecu on the act: V'_Lty oi‘

: ‘;Jﬂlﬁhﬁi}i&’na .- The sams p‘ﬂodu;cs‘az"e ob’x“.a.ined :m't-he pre ence oi‘ alr,allﬂs

S or ‘e;'c'ds., riowcver,, uhe :mthemmn o;.cslvst ﬂs affected Ly svli‘ur compounds

’ - n

Cand” mu@t be s'oe’“a«..ed like uh" cata.lysts in bhe ivon y‘oap v.:cn gases

. havzzg as: J.DW 2 svlnrr comse:!. ::-5 poasfole. ”he Va‘i:.aly.:t wag “use d

-t

:mltially 1 2’ fixed bed :m"buﬁs 1;“1‘1‘;(1 an u;s.xde dlameter of” 10 pBNEEgy

metelso_ .iowever, sus pe sion ns of f'uhhemm caualyst \'1 hqu..d medlum

NE7A

nzve also been usedy ; ‘ R NI AT

o U e me e Ga e i m e s s e wm st Gm e mw wn am ae vm ae am e o e ew e e e wm am am v .

48 Pligzgu Frang, and, Pw.ch] er, h., s Brennu*c,off Lhem, 5 vol, 20, 247 s

B. Effect of Préssure e T e

Figures 152 and b show the effect of pressure on the reaction

of carbO'l monoxide with hydrogen in the presenée of the ruthenium

cataj,yst., " Thas lovar"chr' 5 of he pressurcs are shown on the abscissa. .

“he ordinates 15a shou the carbon noncxtide conversim at different
Lemnﬁr‘,m.r 2S5 ‘those of 15b show the carbon balance: for experiments con-
B ducted au 180°° It will,'be seen from 15a that at temperatures of éOO_" ”oz"
ey z—md below 10 aﬁmoéphere:-; DrSEsure , no appreciable cdnveréim to
higher hydrocarboas can be e;;peci;edn For this reason, . ne carly experi-

ments at stmospheric pressure had to be operated at ‘;mﬁpe;afoures vhich,

e

R

-~ 109 -

i



| 2 Legaa/3 gmeRu/uk. L)

© 10, 10 Atuespheres. 1000

oo

N B ST R /I.iquid and
N Un,cggng'ed_ T - Gaseons Hydrocarbong

| o114’ Paragfin

47 180° ¢,

G-BALARCE, PERCENT

o SRS R |
T o 100 Atmospheres lOOO

:Figure 15: G o-conversion and—c«balance at variousg pressures
.on_ a Ruthanimn catalyst. ’




ra00; a.c-mospne?‘e and _.LO° 5 anout 25 pen ‘bhe ca.rbon mnoy:.de Was “

P SO0
. B S e

r nox;d_e conversio

. corrve""c..,d., : A‘b th' s«,.me p&’essure azm 200" , carbc :

was 81 p°rveno. At '.1.000 a’omcsp?w res the correspcndmg valu« 2 - were 56 -
vp ercent foi'- ,..40" 9L. perceni- for 180" and’ % 'oarcent for ?OO" ' 'Yie‘lds"
' up to. 20"‘ uz'e.ms per N cu.om meuer were o a:,ned. Flgure 1‘=b °’hows ’ché =

' [

i str:.butzczz of the nroducts obta:med from a series of experml.an‘&s«at‘ i

“'."”180‘; o At .LL?"O atmosvheres, 5’7 perce "v'c of the carbon mno:ade charged

0 comrerber o 61 ce?‘cent o.f_‘ the ca'f'bon mpa.ﬂdc CO”}.‘IOI"‘GG., r..nd 71

percent of 4he 'sol:.uv and liqud d product 1 phtamed as so.ua paraff.’m’
“having a_pure vwhite appea'rance in the crude state. Ab Jower vempera=
Lures bhe paraffin fracti jon xceeded'so .'percentu. ~

*S:'.nce ruuhcnlum lS not az sensitive to temperature.es the

ca’ca.lystg of the iren’ Eroup, and approximetely the sdme yields o:f solid -

Cand l.;ould aydrocarbons may be obtained i‘or thz. _range from 1°O to 2&0“

conversion is approximately ‘the same at 100 atmospheres a:gld»»h: gher.
"cempera‘c’ures as ‘at ZLOOO a‘bmospheres and correspond:.m;ly Tower temnemtures.
Above 300°, conversion between 100 and 1000 a'bmosphereg also results in

_the formation Qf methane end carbon dioxide.

- 210/~
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catal;rs‘hs. The coct. o; mthemtm const:ttutes axx obstacle to 5%3 use :m

_' an a"ﬂdustrml scaleo This siﬁua.‘hi.on might be altered, ut lea.st to sems

: veight pa.raﬁ'm.. produced b;;r uhe synthesw over ruthenium caw..wsoso ~

te 132%.

Caxtraction at differant

socratures of o rntn:rn.xum

stmcgpheres restited in the uwct&c s tabulabed

The mrcduct wms cops mued b0 § frachions.  about @ thixd: o
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tortiory, or preforably quaternary, _cazhon atoms ave -preéeﬁtov' o

2y

zinsd in She

_satureted hydroe
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iace-buw __alcohol process, this method ofi‘ers oxﬂy_.a partial solution tof‘"
the kp blem ‘of a pro..edure for synthesls:lng branc‘ ed-chain pax'affin
v (Hyﬂrogenatim of coal at high pressu:-e by the Bergius~

Lco proces'

> ga.vee princinally n—..phthemc and aromatlc hydrocarbonso)

_ s process for the direct- orepa.rat:.on of :.so-parai‘f:}.ns as the
px*incipal products s based on 'sater &gos prepared £z'cm coal or na’c.ural gas, ?.ras
‘ not knom prenously %e pmblem of a proceas of tlus i‘.ype is discussed '7
in the fo]lom.ng pages., The result is-a new synthesis to which the -za;m ;
. of ":.sc-smth sia“ -has-been- glve:n, As in- the synthes:.s of n-paraffins,
""" the start:m‘, matemala ars” carbon mnm:ide md hydrogen. Hmver,
contraat- to the }qdrocarbon synthes:.s a.lready described, the catalysts
are mudes, partic\ﬂ.arly thorium axide. The temperaturs requ:.red are
considerably hlgher than those in the n-paraffln synthesmo o
Ao The Catai};yst R
Wh@n water &8s is passed through an emyty steel tube, for
instapce, et a prssaure of 30 atmospheres a.nd temperature of 450°; the '
carbon mox:xde and hydrogen ‘veact to give chiefly carbon, ca.rbon dmxida,
and low molecularowelght llydrocarbans s espec:ually methene, The rcsnlts ' .
. of law température distiua'bion of the 03-04 fractitm produced d:.stillation
curve I represented :’m figure 18, No characterd.st:.c brea.k wa.a obsarved
at ‘the boiling point of iso-butsne (-11.8 C.) In additim to n~bntane
" and n-butene, emall. amounts of imobut.ene were present in the fracticn
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;7:‘.@.‘.*.35 of bredo&mez:u? ‘S‘ul’& ‘.:mc"x :"_.' 11*'(.‘:;‘0-'{ -

{:al‘bt‘:lm a‘& .,empem*m-ea betwe s lSO »nci ;CG’ c hi,,nsr temmratm-ag 5

th'., ﬁ:tnc.-.m.l 8 ey Oi‘ll.f,us a.re caz ~bon an:x r:ebhane., : Cd'toly‘sﬁq o; ’c&n.s tyne

Care na’c s:Laarl (74 ';*,qe :‘.m-m;vnbna%.,a,

T 8y f’sw mstm«:.cr, ca"f‘oﬂn nnfzmde e.nci }‘ydrogeva are treated at

'be *-*sence af‘ mtha.nol

,J,-.OD,"_ “o "70 g, ..n 8 copoer—.izred ra tlco

_yut. sre_l amcn. of I';,vcro'-arbms form in add_:i:lon cc m 'genateci "

'. ‘,om;oundsz_“ __Cumre Il, wure i8.. aho»':ca the &wtﬁamon eurve .Lor_. tizs

rev.:;x.ab?i:= i'orn-

(33—0& ‘i‘\:ac tion obbained mth a zinc-copper. catalyst. No _'

» .,nulcn of. .stbu‘oane s o»snrv\,ds the. :Lso»buhene content wag 0.,.. @ra.m :
ver noziraa.. cubic met er of e’r:\thesz.s 2880 . A

‘ Cwnve 331 represe'z’iﬁ the d.:.stliL.x.mn curve lor “tha 03«.4,
- Ira t,.vn of a n;«ib: aroen mrtu-ﬁ. cb:a.a.r'e" &*’iiah precipita":.ed}_ aiumnvm
' wﬂ‘mir. Ct.tc..L‘)"M.' (Opv;‘i‘,‘L.LOI with water gas es the synt‘neéis gas:‘ 150 -
atsogpheres,” .’4,5 )o The poriion of the curve corrgsﬁono‘ing to 'i',he‘
fraction tnc.t d.Lstills beireen =13 and -5“Cu 2 :hﬂdicates the presence of
1sa«bLbane» ho-rever the auc.nhlt.,r TRY vw'y small, ,

Completely dz.fi‘erent z'esults were obtained vhen thorium axide
was used a2g catalyst. Curve IV Shm that with tlu.s catalysn iso-butane s
b.p, -11.8°C., represents cne oi‘ the principal products. This new obser—

vatlcn co-xst:.uuues the basis ov’ the :so«synthes:.s. In addition to :.so-butane,

- 118 -
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- PRESSURE, ATHOSPHERES.

00 -

Influence ‘of_'Lpi'es"sure on the amodnt and kind of

Figure 203

roducts from the Iso-Synthesis, '

O, single component catalysts, .45'0°c_f._')-
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amall general]y less ﬁhan 3 percent.

It Wll.. be" een. from f:.gure 20
'At lower nressurea
at hloher pres- o

_ .predonnnateu._ Pz‘essureé )
of 1000 at.mospheres and h:Lgher were {,oo high for ";tﬁe thomuzmmmie smgleu-
vconmoneni‘. oa‘b&ly'st, even at temmratures o‘&her thm those used :m ‘bhe ;
af:pcrlments .ahO'm., For pr;ssurcs of t.h:Ls order, tsmpex'a.tures belo 34 1&50" -
.'nz'oduced mcreaomgly large amcmt° oi‘ dmethyl ethe.; (400‘ 3.000 a‘bm.,, _

' 20u g d..me\, 1. ether pnr Nnﬁ), u‘aars‘.s .,emperauuz’es cver h50° resulted

A :mcrmce'* ,mabhcne producb;y.ont W:Lth ;mcre sing presév.re and tempera.— .,
stage mcreaseo ' "Iﬁ:h :.rxcm;asmg tempbrature. the range in. vhlch mgygenated'
ccmpounds fornm :m censz.czez‘ab'e amounts becomes OMer but there is’
stiil _;10 apprec.,a.nle methane fo*m.ti

Increased synthnsis gas pre;su.re ' v_gccompamea by an :.ncrea.se

EQS convev‘azon, whlch ds. i}qo high to be a:{plained on the basis of P

i.ncrx.a.o\,d contact time in the convcm‘,ar, Thus, at 600 atmosp’neres the _ '
space~time y,Le.z.d was 8 time, hlbher than at 150 atmospheres.
. Bxpes riments with ..iulti—CompcnenL Catalysts ‘

< The following combinations were"e_mong the fmﬂ.t:y_-compcnent

catalysts investigated:

o 122 e



' "’he effect on the acta.czl ot Thoz ca.tal.yst of smll amounts of
‘f «.a.]lcal. will be- seen fx'cm teble. 26 ' The prenence of-alkali lmcrs the .
a.ctivit.y oi‘ ‘::he cata],yst in much the sane way as iz reduces the activitv ,
of ca'ta:Lysta oi‘ the 1mn group. For amall e.mmmts of. aldah (lsss than
1. percent) ‘.nd at ccnstant carbc:a moncocide conversma, a decre.,se in,

tha produ.,tlon of gaseous products is noticeabla. “The preaence o;. h_ -
alkall ‘makes it poss.tble to carry ont the synthesis at relatively hign
temperatures, without cmvert.mg a cmsidemble portion of the carbon
mecnoxide~hydrogen mixture to methane. This meaus that operaticn may be

‘conducted over a temperaturv —range reszﬂ.tmg pﬁncipally in tho formation

-123 -



*l‘zfﬁl“e 40. :.- Synthesis In 'bhe Prasenci’“ﬁf"a?m()z Ca.t:ﬂ,srst

5;3

R

ems_(g!ﬁm? co»ap_ mm:«:@

KgCO? 00 Convers:wn L:qu"d s Alechols in’

.;:Percem; 'goluma Pez'cent Hyur s.arbcns 0i1 HPD 1__'0 ) n_ck 53 \ Cl
o el g u 33 A:u.

0°62 e 21 23 8]3, 6

.of cyc._ic hydrocarbms., Thus, c.t 30 a.bmosphe*es and 5OQ°, a khomum cxxide

ca%alyst comaiui:-g 1 n%‘c»nt of pcua.,s:.um carbonate pmduced & . ,j_

hydv'o.arbon fractlcn of Whl“h !;2 panent was zzap*hen.c e.nd 8 percent
aromatic 2 “the ].a'L\.er cons..sting chiei‘ly of: olucne g.ndcontammg- 3 percent‘

of phenolsq ' e s

K For axper:.ments in an acid medim, a- preczpitated tbarimn exdde

propara{lon g dried c.‘b 200°, pulverized, and made inte a paste rr:mh
' phospnovu acid, mich vas dr:..ed at 250° A cabalyst of this type produ.ced
a decrease in carbon mcnm;.de-"xydrogen conversa.cm and in the y:telds of
.Lﬁnuid hydrocarbons, and an incrvase in the formation of methane.
:’Thorl..m phosphate showed no- cata]yb:.c actn.nty.
CAluminum qxide is not suitable as a single—componcnt ca.talyst
for the ay-mhesis of isn-—hydrocarbcns ». but when added %o thox'luzn axide
its effoct an the- activi'hy of that coqtpotmd is striking, A consid\.rable
increase in :so-ck Y¥iclds wag obtained. with Th02~A1203 cata.lyats. E:meri—
ments in emich 20 p,rcezxt of alu.url.num ‘oxide was- a.dded thorium oxids

- 32l -
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atag) m,\,s‘,, wmbou.wex;. o a_a.LJ~u. var az; zine osides;was-‘ -

Wi

o,;e .-_Ozma’:.'- on. ol higher hyd

u"emcomomcn:. aabaii,y 18, thorivm, zine, znd aluminuem <oides,

imilar %0-those obtained with ThOp-ZnG cofalyets (i

this oy cr, o:_f:r:. ed ad “Oa}“, prodused. Liguid .sya,:sc "bma commosézl

alnost u.\m, ively of aromatiss. .l:\.g‘-.u: 21 shows '= wd.L.sz*t ion curve

of the Li muid preducts -ooga_.ne'i '*v??bx these catalysic. “he roinge

o

sheracteristle of Benzone, “L‘olus.za,, end xylene are present. 'E‘\'e"' 3
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i

s c:-bd.u ae, tub as ~<‘:cmp2rec§ 'n.'-.%, ?hor:.u.n e}:me "“‘usu.ﬁ oxide c/z'r,c,urs-;o -

“these" }'L;"d; were eonhide a‘ﬂv’lof-s.“"‘ ~ ‘

z‘adfi‘;‘r.‘w of iron ~.c:~ ul-e 1:,b.crium ezid; cataly 31;, éven in very

amalld e.mm.'n’.; 3. dnsreasad m‘amx e‘.‘c*mt.w Co: ~s qu.m tly, caxe ghould he
talken thas‘:, Zhe s:mi:.hesisz pas introduted ifo the converis T zonbains ne
irani-carbonyls wol ch acccm coses ab tha t

&Ly

¥ liaing of whe xba

ITie Cop 46

with bipsivie ondde,. incveased the £ “.ax,-.\n of ‘;awov* :u‘z aGuAcUD

e et T e et .
przduets, as well as that of carbon,

e -:
2,

cseJ.guhz 0 an active thomiva oddde-aluminum ciclde

ked dnerease in 'bhe oroduction of methane Zad of

Aigher molecular ?:e.me ralght cbaﬁn hmnolonu 3§ of methene {G},{ fraetion

s

33% nel, , a5 egeinot 135 with catelysts ::oni;a:n.n:".ng no ldeselgiin .
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Ia thg preceding seebicns it as shc::m thai the nabure of the-
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¥ mmy nsethmol :m the ol Zracmcn, prlnc:lpal’ly—zso«-butyl alcohol., -
"_:At hi{,her ..e:nperatms, :Ln addrbn.cn -bo saturated and tmaaturated a:dphat:.c

) vhydrocarbons napthartea and aromtics arb produced in mcv-easmgly large
. r : . .
mouni,:ao o '

T&e ooil:.rw range of pr-oduets i‘rcm 10m-t.emnaratuwa ope:e.tim

is “iplghez- than Mb;ch-tememture opera’m cn, z:tafove iavestz.gatzen oi‘w ‘

&he hydrccarbon o alcohols were ﬂemved by vashing with- water a.m_ bz'i.ns
and. i".ma.lly ‘by tre&m..ntmtb acd:mm,, The unsaturated and aroma.u.c con—_mi
) uCElt of the lmm.d hydrocaroons ;ncv'vased with mcrease in bo:.ling v~ange_,_.,.
ha mducu... An axper:!ment condu.,'red m_t.h 2 tbo rium cxide + .?.0" eluxzdnum
o;:ide cntal,yst at ;00 atmosphares and 425 c, gave a product wh__ch cone )
ua:lnf'o. 25( pewcex:t of tmaa‘bura%ed and of of ...maai‘.lc lwdrcﬂazbans in the
B 65«9 »fract..lcn, and 62 pef'c&m. of msatu‘atﬂd and 3% porcenu of aromatic
comonemu m bhe 175‘195°-fract,1mo With lewer rescticn tcm;;a:;ture,
&he u.asabum ed fz'actﬁcn oz‘ ¢he 1iquid hyimcax'bmu is 1argar e.m ths-
amtw* i‘racoion smllm‘ ‘
Prec:xse diatﬂlau:mn ves carmed oub i‘o‘ the pm'pcae of idengis
’ JTy:.ng the hydro.arooxm obtained by 1ao~synthea:s.. After removal of tho ‘
- alcchols, » the hydmcarbms wers hy:lrogenated in "r.he prasence of n.mlcel
: catal,vata at the lowest possible 't.empcratures and the hlghest possible
, .hyt}rogaa messures, zmd then dried over soditm, F:.gu:e 22 shews the '
| rasulas cf 2 di.etil]atiom cn the product obtained by this treatment
(l—m“ter epn:m.mg band colwm), Curve 1 ia the distillation cuzrvos
cumre 2 shows refractive :!nda.ees 3 and cuwrve 3, aniline pomt..s. ”ortions
of. tha fractlons were sub,]ec\.eci to a uccond precise dism_mtimo ’
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have an m.tane nwcher (...o c}: ma’c.noc‘i} of eppwoxzaa%;el\r 80', B;y m:xmg ' vm;h-'vl.

or_ﬁar*:: mzmbe.x rlses Lo 3.0\»

o mmry
BRIEF CONSIDERATIONS ON THE MECHANISK OF 'ﬁm.
. HIDROGENATION QXIDES OF CAREON .

: . .d:. ha b@@n wusbo'vm :m the: past Lo d._stmp'r on bebwsen ?wo
'S’ P I

'-iunéamenfzalﬁ* dixfe’ren ‘a S of' } drozenaﬁim of carbm '{mom‘r.de' I

: one cas e, xﬂe»mzc cm»_lysts ‘mt’a a»mng njd:mge"aau.t A=) -capl:ci‘by pz:aauc» .

o wsumns a.n.l P ﬂdon.:.rxmz Ay .e:‘az‘a;xghi ‘ehain homologues of mebhane; in Zhe

lzer, o;q,-oem.ced r‘o’ﬁpﬁ.}:‘d are produced in he pradEnce of wadde satalysts.
In sach s:,j_;“, -t'ziese t‘r.o reachisn grobps are included a muwbey of different

cyhthoses. . Thus, the first group dnciudes o symthesis by w

sxclusively is formsd, ansther v nicn nr-odw;,ec }"‘ix-Si},:&Jg l..o*..w nyare-

sevond g ToUp W REY (..'J."L-.L,"““ .3 b o cpeeid «.Lc gyl csis “for “‘_:r;‘aj;:’gggz;o_}.,gd;;n .
-;‘-.mm‘autyl aleohsl 3:,‘71{, wesie {j A7) nh,. ~h ‘NO‘% iso-bubyl aleohel £‘_“1‘ifﬁ‘§';““in

sddibion oo motha nc-_;, d.!l’\ = mena is gl""m'; a mixtura of very diflercni

s

alschels, cldcnydee. kotones, 1d acidg \szmuhol) It s asc:umed tnah

“Hhe Lwo syntheses in which ach c-w ’LHC." [oh Lax.gsts buu cther wperating

conditiens differsd, procecded -a.long Fundarentally dif.t‘ero::xt patng,
Wevertholsss, some dlverzsnce of ;apinion e disted and it Tes sugsesied

N

that 1;{“&\1‘0(:&1%0;15 wlight be Lo asd by \ray of' intermediate oprgensied organic

_compounds. —

=30



_ 1&'5&3 an.i I‘Leh rnel, vos., ;, 203, ioe6,. RL AT
- Wling, Jeur. Sac,, Chema " Inda, vol. 46, !.,,'23 T 192,_, gl

E2)
CE3S amih h, 1._.*&"5; aad Golden, Jou.., s:rsaz'o Chaqg‘uaco, volo 5}' . 823
'3- ety - S ey Sty B

Lo

..,y.....---‘-..m--n--.-m-.-vm-.u...m'-'-»-(..-..»u-—-—u-.m‘-

..‘l" : R

e m.m.v TJ"' ery on. uhe {‘uurse of tnc, I:{vtlmca“bcr' “zsmi,hnsl% ‘

B Pwrblcmﬂ.a.rlv Sn I;a’r'zna.. Prsas«ure ;lea.c‘ho"s S

In uhe synt.i.. iz of moher *;,mrcc.ar’obm in Fa-'-' m‘esse'lcc of

&‘;a‘i:alvst'm-ezi' mhe z_z*o.h Wcmp e talycta. Z‘z“azm F.w(.her e.!\d h:.s coi.}.gbo:é“\:o

mawl_. ted i‘.hc. ind nz’sneciiateﬁ‘? m.sm.on‘of cu.roiueaa. Le‘*:.x 12 .Lﬂmti‘:'i’.“

- sy p‘creeu by a aiffﬂth z:ash, .m h as the ’r"ox*-satmn of *ﬂ"”?m&dla‘ia'

conr;;.xot_m s'betvzéﬁ 1 thie metal and ‘rsyi:imgezfi: ‘m se 239WiSEions wers bassd

S AP RE ST NP PP N

1, Catalyasts of the J.?:sn £Roup use s6 in s.fm,hss..z..ng h}gnpz'

- hydrooay henv almyb ccnca..u ce r‘cm\.sc

2, _'i‘hdse ,c‘arbides can be cf.‘m'f;‘:s‘oea o h:mher e.lln‘"\'c.lc nga*'ca-

. - » \
caybong by treatment with ecida.

’ : g . S S

T 3. Escept in such cases where b..,n mwoy;:.r‘e can be ghoun
bo ferm as sn intormediste in-the- pre s’ém'e of '—m‘bhusz.s cata],veuu > mi:"-a -

ares of carbon dicxdde and hydrogen sivays produce mi;n&ne, bub ne

' hiygher hyt.:occ,roc.z
The preserice of carpon monoxide on the catalyst suri‘avce and poss:l“l;ly v
alsc the reachions that accomany the formation ef Eigher hydrocarboﬁ;ﬂs,;,
appsar S0 impede the formaticn of the hypobhotical getal-hydrogen
compovnds, (assumed 0 be intermed ._a‘ba in the produgﬁion of me’c.hz.ne)

‘mince there iz no reachion bcua::\n ecaxbon dmuxle and hydrogen &g long

as carbon zmua}dde is present in approciablo amounte in sixiures of

carvon monoxdde; carbon dicxide. and 1'1\\7'1"&'::;&1\0

- .!\;... ~



—»#JIaa ,.heo ,s relat;.ve " ‘Lbe ch—’mcal proccsses accompzmmng

‘2~.'nc E"schﬁr-'}:‘“op sh ynth?am, by cwxiz Fi 'chei;' andn&sﬂ-coll_aborgtores» »

_Y:'(’?l’.’f’_ oz-m"'! "tﬁd as mllf' WS ﬁ.n l

"(“..l“ on mnc:ude emd hydrogen are, f’:x.:ca» ad,sorbed on Tbe
ca’;,a.‘_f;y_ga "i‘e.cee ”h«, La *bt“ mmmde it ezn- and@”gc 3 chem.c&l :Lm:bi(m

v’e ccmeﬁs mw;h lonsanmg of‘ th? c:a.r1 xxwogg;mup bmeia :ifyd‘l'a'

T EIOEES rbf\n rupodde m uha irazz,_z'eact'swith th‘e_w.;,g n to mter

e var-a:::v. flm*z.,d.e‘ resnac'bi?ej.y,> Vidhe 'carban, bound. as carbide, » 73 now

&

relessed by Further amov‘r i‘ Erd“oge Ay vh‘* Torm ‘Hw.,(}}i,-- and GH,,«

ieals, w{:tcp then ucrv:“xie'ﬂl"" o 2w wide varde! ,y of ‘g‘ﬁroca'"bcns u"‘

A

e P PR
b AB b»w E.engcrr oP the chass

incresses, the desorption of the ccnmovndo f‘mm he cai _'g.y 5t suriace

='\3.*cc'::'qu nore and mosa siovflv‘g thas ﬁncreaﬁing “he intervel of tims

) ava iiztle ¢ for coumiéte"‘zﬁémgeﬁaﬁl on by %.hg; Tydrogerte "i_‘aese ae;mzmpi;ipr;s -
' -v;xcuv.zié'»é sz;‘l,g' eﬂc;lr_m' ‘the steady e;:r\.as in uqsai;ura’oionlof the products
aé"i;h_e boiling point rig Under certain rmd.z.tlon.u igh mtecu._z‘.c

wolght hydreearbans mav be split ;nu»: gneiisy "'ac*io“ by 2 cmvkzx:y

&

~—

process, thus eé'&nblis}ﬁ.ng-fan- equ:.f;mv’;um bev::ﬂen ml:mmrlzm ion and

cracking.
3L/ Fischey, FJ, and Koch, H., Bremnstoff Chem,, vol. i3, 428, 1932,

D e AnlGe mm v vm s em e a WY e ae s we D e e e e e me an KD e e ws e A e aee me
.

tudy of the formation of thie CHp-fragwents s=s-also made

In this study, nomml pressure synthesis vas cerried

r-»n‘—a-n‘-mnr—.—m,—.-——-u-m-—‘un“--uu—.“u..u-m“a—m--

B .
“,55; Craxd om, S. R., Lecturse I areday Sce. .AQ,...L 1939: Erennstolf Chem.,
Towel. 20,0 26)“ 1939, . :

pro—
e e e e v et v ae e ww e e e e e e s KT s e e e

v




=62 B.

: out both mth carbon moncuc._de plus nhe c,ustomary hydrogen (orbho—nara
eq&illbmum) and ‘nth car’non smnm::ﬂe plus pe.ra.-whyq"ogen, 'no detem:me ~
s x‘he her uhe or hanpara h;ydrorfen equ:x.ln.bmm, i‘or f;h:mh the ._ntcrm,dla"oe';

i‘ormau:.on :ﬂ‘ dcom_u: hyﬂrogen is assumad e.;tabl_shes "‘Lself cmrinc
\ N

) byrt‘zlhwsl8a Lt vas i‘ourd uha here we.s omho-para-—hvarogen equ..libmum i

mm caqvero,:z.on of carbon mcnmude d.Ld not occura or restuued in thP

p:.o vﬂmo’a oi meuhane, a.nd that t‘xerP ws.s o equ....lomu.rn when lu.gher 5
hydrocarbons lO‘.’.”iﬂEd. "h«, e obser"at:wna led to ohc cc:nc?fus..or\ tha‘c a‘bcmlc
_;cz'—,cncm:(.w 'bsd hydrogen is *10 necessafy for the f‘o”ma.w’::.oz* of- Cﬂgechains ’
‘e_nd ‘that the Povmani\.n o cnem:usorbed hyzh‘ogen vha:.n is cc-bmerably
5:”xhibltem By Lhg comnoumis present (carbldes, acsov"bed l’qzdrccaz'bona).,

w” ecLlar nydmgen acbs cn 'uhe 4nd;w1dual ca,rbon a’boms of t,i_e <2 rb.v.des _n

auer"o Lon to gt ve CHg-radlcalsu ‘

©

That the sym;hes::.s of CHz-x,ha..ns proﬂeeds Girectly by “alirmaz'i« '

' _ zatlon of C‘Izm'adim..ls aasorz,ed en the catalyst surface, (ana ok by &

sradual aynbhesis b;_r,,“c-he albemate ac'tm of carbon monoitide and hydrogen
on. the metal 'surfar-'e‘;-'o the ca.,aly:n.) is demonstrated by r.he fact that
hyde o'{?._rf?ja i‘crnmon can tal ] pla\.e evea in tho a.bss‘ace of ex—.vbea
monoxide, by _cticn of acids on the carbideg. .
iz the @Izuradz_cals my defin:.»c]y bs considered as prm01pel |
shructural units of the hyﬂrocarbons, then it neces.,a:ily fo..loa'o that
~ the hydrocarbens produced 4n the synthesis are meinly straight-chain
“compovnds. The fact that enly one out of 25 to 50 carben atoms in the
wroduct is a terfowry carben and that no quaternary carban comnomdo
Here observed indicates that there are relativcly fow em.eptiona "Gu the

[

,,.courw asaumad i‘or ths mactiono
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‘4" E T

1t ia xmom t‘hab in a.dti:.‘cioz. Lc ;sz"xf"ivxs 1& ~*3n$:.h°e23.s o.r.

L u_ipha'ba.c h;y “cca.raam a.Lso pmcmc 5 alsi‘..nsa As sno'm: dn %ha vasc. a” .

coba,-,, .,}10 amausxb of: olefm I‘or:wed .m & fmct.mn c»“ wﬁh, c:arboa rnq'\qw;: g

hyﬁrogen ratle o the.‘s’yn'apasia‘ gas‘, and ,in i:-hr-a aase._‘ éi‘ ses&mhes:xs N

es'ceclal'ly Qf tre ennpa‘éa’c‘ure; In ﬂsrmtn 313 m.tb cﬂaa,.y“w o“ tbe ?.:'\m—'
_grt_bun.uc»}.ei‘ms a.ppee.'x; a8 the pr:mary gyt l«c.ms proﬁucts;, cio 010 Bond
iSO!B"Z'lJc.&.LOD -en the c\.tm\,tst is {‘OSS.Lbl"i; buu pa:w:u,emu moz-e elovxly thaq'

v""

the s’mthesisﬂ Coreequantl,, ,v:«d')r norm?l cena;tlms o\olﬂ i_x;s _prectom:;;z-_—j}%e

w-.---w-.-..—.—.—-.-....-um.-u..--.—...-—--..n...—.-m-n-—-.. - o

» éé/ Xoeh arcl Riel ,r;m;ﬂo:,,ﬂdal.,ﬁeseamh r‘{'.;;ae" n x....bnb,z.l»‘"wb,,-..‘.,..,,.

‘,—.-..ua....-.-.u-n-'-..-..,.-..-._-.-..--._............-~-._....~w_.-....-~....---

.,

" as reactién preducta, ﬂolef:}ns Em'-re higher cotane nusbars and ai‘e_',-f‘

' 3

. zn velore f*m"e vp,mablc &g moLoy i‘uz Tne sog-ca:._cd Ruhire h SIAE ;de
;- Tindng 91\)(39;3 is ?ws\,d ass 2. _l'l'o o an }.c zﬂzabion of prirra‘-‘y"

ol“'z . T\Q.ch' ‘s ‘gearbh can m_n»:rally be used as cg.tr.},\, uOﬂ';u

2. Recent Ubse"vations on_the Subiect of- Carmde Formtlcm in

the Smhhesis nf.‘ Hydrocarbeons wi‘th Ircn Ca‘tal,w:‘hs_' .

‘Vhen hyﬁmicarbén sz’ﬁthaaie ﬁith iren catalysta’ (msd* 2
nx*aésx\re) is o be carried out at lor uemoeraﬁnreg {200 to. ?5 t
—ig necsssary that the iron cat,lyst_, be suoaected to a prelz.ninary
treatisnt. T‘n\, lower the sym.hesla temnerature to be used, the greater
thb caxe that. mst be exercised in carrying out th:'g.e pretreatmento
. Two fypes of catalysta r}ava, p}o{red particularly suitable for
use in synthesis at low tempomtml;'eg"{ |

l."‘Precipi‘c,;t-ed catadysts.
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‘ ._?uaec. catalvu{,s (o.f }he a.mmcnle-»ca'salyot tyne)o .-

‘1@ le.rp'e catalysu »urface nef-Ps ary:- oz- ca'i‘,clﬂ.u. act.wuy

"exrmirxeci, ia w

3. e

e

-»-e;écon ; t;rpc;:, jbhe suzrfe

NS

usuz o:xlde.za .

e

'5‘0 um,alr pﬂac:-.pltn bed cf.um.;sbu m“ m.:::.rxm.n wtim‘:;y, F. Fischer -
and’ H -.,n..e“' (¥ ..,) pmr‘osed pmt'f‘eatmfmu ‘TLGII m.rnon mmo..:.m.b cu a -

cav'o”n rwnumﬁe-«-u;ymore"s L.:\:Lure’ pase ed w 3 mmﬁd wtm omz* ’bhe ;i‘}algrsw’:.

©ah l,: .;.O z::;n ~'sszah‘=z'¢' vl 325 °C Fihfcm m:.m.uvca O.L caz*ban Jxo*m}*- d<. ami Txyc‘z’oaen

\_"A .

as“a:a:, 'catalvsts "':.'_'.l.'.h_a ‘lozmr buh tisg 'Z'"c'cc»?'*y °Gh11"l"’y ccuj_d be

m 3 bv")..\‘rv

R4 a,ndE,.G"Su , o o B R

In Noﬂcc\h‘.v.c:': fiat uh faged cata..;j, 255, ‘b'z“-.-:v: I. CG. Parbenindustric

ecatalyst pz*at,re.sfmxent requirﬁ'e:', redestica :atn Dy ‘3.1‘0_&'83). 21, & very n.‘w.ga

R ﬁ}moﬁghpu‘b {space veloocivy 30(}3) afd 2 'cbmperzv"ve of abcu‘b L)O"

{18 nourz). : ' v
i ST The effect of pretredbment of dren vatalvsis with carbon monccudﬁ .

or aarbhon moumam»containiﬂg Zases, such sg wabor ‘ges, must be compared

AN

with the off c‘c, oi’ b‘*ﬁrogeno Preliminery treateend viith goses céntaine
ing earbon .rrvmcldo ras described by Fisc,her and Pichler in Yhelr first

ratens applicatien in the La.e'Lo of madium-pz“s wre gynthesis with dven

cotelyste. Subseguently; experiments were carrisd oub by other workers

ry

fer the purpeses of obtaining active izfoz; k.l“*‘us ny cther "'*\,’cha,
sueh ay pmtre:r‘csnen-h with hydrogen, or Wibh hydrogen convalning 1 pere-

- ceat of carbon menczdde, or even witi inert geaes f{well dmied ¥)
PR Eeel’s'?, Bag 3451/2k). It wes lober establishod 3 vy the Rehrchemic

i
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mcm catalyabs pretreafed mtn water gas aceoming tc the KWI: k
procedure showed less tendsncy ‘bos“ards mthane fomt:mn than did
catalyet., reduced m\.h hydroganﬂ/ ‘ Eia S -  o " “

P:mhlar and Lsﬁ«:el (Chemlcal zmd Magnﬂtcn-()nemcal Stud:xes of -
I:?m Cata.’tysus - to b° publ.shed) repor’r.ed tha lron catalys’cs pre- '

treated Wth carcon monox:.de cmtain a- ccmsa.de:rable amount of caz:b‘.l de S

A

ha‘rmg a Cume point. aL "260"- also i:.ha.t the 263 :wity of t.he cata.'kysu

: Tion of "used cama.qsts made at. tﬂe I. G., how&d 'hhat, ai‘ter treatmenu
“with hydrogen as\descnbbd above, (apart {=om promoterc) “hese catalysts
» couslst mcclus:wel:} ofdJiran - N
4 cm’hradlctmn appears o exist between these two obsermt:.ons
| gince: m the e case carbide seems esoentia.l for car.alytic actwi’by,
whezeas :'m the other it dces !;Oto } T
Sinece synthesie h dii‘feremt u:on catalyata glvea
cs:entially the same produc'ts, prcmded other cond:chn.ons are the came;
_and since in all probability the reaction mechanism'is the sams, it
yould -~be actremely i’ntei'estiné %o clear up the epparent contradicticn
excisting between the preceding stajhemehté,. For this purpose the exact
reaiﬂ.ﬁs of the research work leading to the"_‘dii‘fe\rent coanclusions must -
be Jmom. - The following discussion is baséd on a portion of the
: m'pcrimem.al results obiained by Pichler and Mark X8 as well as on
certain data or the I, G. Faroemind}xstria:
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?'a’h"'n 2 pz*ecipitatea' i.f:‘c'x ca»ai;st ccninmmg .L pan.. 5%

£ the Ou a

- ..hc ?oucedmg p»_g,es, 2&:0 Cu;u. &'cer ../

aurs,nhe iron ei‘ the catalyat xzay be censlqered fog all pracz.lca., ;nww

: b::sew' w be pzesen: c.nth y as carbldea_ Magne tv cnd i roe .wan wﬂve

rc.bsent s o preaeni, »my 1r ‘trace:.., On nedumg te 8(«0‘(}., 5 h"se zl’

P, aisappﬁa*eu :md s-sas beol._cmd by the- 220" CoF .,plv“a.‘uer ié of ‘the

-4,2 .

- mommal. coasntite Pmdu»ed by 2 dpcarpom,m z‘eact.i"*xue ivon eatalyet

ccmm seu ussentn.a.u of carbide (C.2.. /60"‘ upon p ration in the

E]

msdiwa«-'ressure s;yp**heus \’235" phefea) possessed extremely.

nigh ectivity, L.zm\.;szc M(i rr_sg-et,xc ueb‘avior mms'.lned uncharged af

z0 hou:-au After ope rabing for zous time, an Inereaze in the Foa0,

& e E D
v

vcmt et s ace omp,nied by 2 decrease in ac:tiv-lt-y, T3 cbaerved. Troatment.

of the fft.gh, rvomnlmsw c.,a“udvd catalyss vri‘t}r mlecular- bydregan at

CES

esis temperatbure (/”0" o "LO )} gave no uczﬂ"e-xw.};,ae éi.énge in the

-

"’"éo ..p leulcn of the cat 'g:si:':m the courss of cno hou:c'o .
warbﬁc(c *’om‘n tion during pretreatment was zlso obgerved in a
copper~-res iron calb sakyst, bub the process smas considerably slower #han

WIen copper was present. Even afber .25 houra, the carbidé T magnebibe-

.ve.tio was ondy 6 : 10. In TengequUEnce;, ocpnvr rresobes not on.w-

‘*Uwcumn, but 2lze carbidae formatic: 1o
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monosude i‘or\ 219 hou;:*s 5 Ce P, 260° carbidp and magnetitO ;

a 3. : -1 r"t-lo.. Using the same procedure V'luh an Fe-— 1a Cu» _.,5% 32003

asi‘alys mae;netlc !:ma.lyals showed tha.t, .e.n adu;:.tlon to »he CQP. 260°

T

cawblde, aaoz,her substance Wi Eh e G.,P. ai; 385° wae n:esent, lfshen "‘

g carbum,at*on a‘o 205" vas preceded by hycmogsn 1'edm:t:z.cm, uhe ccmnotmd
co.c‘ﬂeopanding o the 385" G P was i‘ound 'co bs by i‘ar ths most ablmdan"a, '
A c'a-ba_'lgsu prebr eated dn this, my sbowcd no ac':.:‘.v.a.‘ay Tor. s;gm'.hﬂst:\.s.w On 4

'ec,{l;‘yng 0 tempera ‘*:,L.. higher 'b:’:&:’l 200° » tho CaFa-385° OW-@OU!W
- econverted Yo cementite (C.F 2?0 )‘,

P

e Undsr the cond.;.tmns of normal pressure Synthes:.s with iron

(I‘g. + 1/4% Cu, no sp eciol pretreatmmt, syntheais temparature 235") the

cate:{yst Tag flrs’u reduced %o I‘e301§a ‘I‘Ius was. fo..lot"cd by the very
gradual formation of C. P.. 200" carbide. After 120 hours (nre’cv-eatment

__perdcd) ine carbide to mgnet:nte ratio reached 3 :10. Ais the carbide
‘ conten‘b izacreased, contract:mn also lncreased {syn*hesm gas COsH,,
1:2) from zers to 34 parcent, (Towards the end of ' the pretreatment period
alpost complete carbon m:mamz.dsn conversion was obtainedn)
. The expérimants’ showied that, in additien to the Fe3C carbide
(ccmmtite, 220° C.P.) which aicpe is stanle ats tenmeratures above 300
‘o AOO° there exist two therrally \mstable cav'oides, with coP., 280°
and 385°, reapnctiwaly, first of vhich was obtained with parblculamy )
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b..gh yﬁ em by carhon mnw&de tredm t m: uh" mweaucod .s.rm ce.ua]ye“:.,

ar-d the' sem.no. b;ef ca."‘bm":azaﬁzon a:" 1ow ‘e:empemturan 0£ cai‘»alys‘& ‘ '

prmcn«;? '*e:lueed mth' hyd“ooem

T .: e Sh':um .,hr. two Pa“'bon-mch ca. mdes d;ﬁ'fer :m ched...cal

corﬁpoglt.ma, then 1;h«= ca’é‘.n publ:x .:=h .m %ne h’r,emture “'m_tb m.;erence

»,0 ohi?— iron "tO c""bm z'er,:i_o of ﬁ‘au; rbozx»«mnn C:l.?.‘bl. 2 xmwt. be ircorreﬁ'bév

The ox laAa.&icm is bl“a.t .mdj

?ue concxﬂ.vlm uwasd by Bnh:e, v;esseno ama.

omwrw bc pwm*e t‘ie ag “e;:(‘ ».,he_ﬁ,,Po RED° éa.ro;de aJw:.vs fom {ag; -

‘ghown by nrag.a tie .stu&::.eig*bv '?inhlrz’ az:c? nie:-z\.fs‘iﬁ in :.dd:u; en to the SoPu

.

si0g. - Toe o om:os:tt.x on- mw?}.@ dﬁhez-. 22 Lron “s.nc to tal

cy

"f’n.» ag.an-iic n»:;arem»r’cn compmmd., Tha~

z‘-’-:DZ‘ach ‘.:ul..( of the m's’i"r.s obkained nd i«':a’fif?é"‘t’ﬁét these carb_;;dea' ;

'

bomz reurewec.ﬁ p**c_» Hedbicis-of .Fe? G B ~p w”rws on This vt are

aj’g;ﬂl in pregress.

Y

“Iwo veports f\f .‘n. 3 an Farbeniig us’mﬂa“-“‘ ‘ '*étwtl;v dlswxﬂrpd

]

he docurents of the «ar Dcp,rtmant. read ag 1oum.

-“a.....,....-.-.-,..........-.......'..........._.ﬁ....o“n...._.o e L

58/ Growp leader sonfevence I.La:‘rigshai'czz ‘1‘&5 Recl .?o, Bag, 21,6; and
Report Dr. Wenuwel, T0U Reel X34,37710).

- - ~
.‘.-.......\:.o.....n-.-,-.n.---..«u-sm-—m.n.-.a.u._o-.n.---—-un--mn--—.unu--

A 3.(:-125 as 12 years ago, E’:-.z:cqer addad c:mpor &0 n;us .I.:‘c:n

eatalyst o crder x’:a. Zacilitete reduchicn, Xer L2y shudies Inibiated by

Dr. Helle, and continued “Yid complebad by “Dr. Lorbs‘a. showed thab in
addition to promoting redusiien " conpﬁ‘- olsyo onother ,mpc-*"w p&rft in

=4

the synthegis. In tae courFe of the PVntbeQw s With our stendard cabsl .yst,
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a ne*; hq,xe,-.onul c.._51de,"

vs}",:;«.m r 7""’ r:_x- “.. p me*ed c.s csarm%;al

;..y%a : c,c:\ : 'mriud of ti__,,,, ELE

s@ecﬂlly a."' high tornpemture ":5

1;?,3 new hw:wg"nal cat;zlm,t .mdny Drc derm;t w be converc»e:? mto
i he f’am..s_.aa“ Lr,: c&rﬂmc o;i' mgc. The c.ﬂd.}.i.;o‘f' o, ceoyet‘ h.w & .wz‘h*d ‘ ‘
ifm,.?mtm“y m ;e on ..,n:vu chc.ﬁgfe Aanu N)*‘per* y 1 refor& ‘zi*e c&; id ’e& |
: »l"'to aé’c; L.s st?.bi Yizer for ‘an *’n ‘3! i, V‘:L,.tc stats cif theca%aiMst
. },muhe.z:t ‘.wr ‘J'ho adc.lmmz ci.‘ 2 meﬁ:un‘; oi' caz._:)ez, ::’c:*_‘h
as tue ca icm mmpammzxw m bO‘J.v fSO"‘_.,‘ L
O Ezperinonts ab Opy u_ {fnms Tab, Ber.. lé’?c D“ He_:xfbst}_ sn':ﬁ: 3
“pha -he unbnﬁ ixéan ee.ﬂbme m,QC ﬁ'o:‘@ :‘m,K‘u‘s' 7 (s Tused cew éﬁ}- l
,riw,.@; S}ﬂ’l‘u'{‘eu;.‘: ..n¢-?’*.;=_u “tem "E;\:-.J.CS eom;ze 299' ) 5,9 convaTh uEé;-
-i:n':m the inagtive rfa-&}\::(}c B : R : o
' Beth these Teports from, o'w promc,o_e. of thc .!.-:Co Fan bm._z'--
3h o present io \'\‘.he LG; aual(;mo ,w R

Folloving whe vewsl r-nsz*;)s.m.ic hydrogen Aedug sion of he Lo Ge c:u,pJ.ysf, o

cliron; c:xuh_‘.v formaticn A rerovtsd in the IiTeL stepe nf the bm"cn si'

N

(it ie noh ing ::.-::a’:-e:l Tracigely whab ner carhide fow‘:c.mm oceurd ae.\.ore

fcitzal mbhecls progsurs iz 'rc—ached)n‘ The :cqpe:-‘us 2igo show what R rE 5

carben-rich cavbides, one of which is desi 1gnat ed an 1§ :-':1'-0"
Tuis Minactive" carbide is considerved to be identical with

g accopding to the

) w5 : e
that described by ia ggﬁ/ who prepared-his

T U T T T R T e B e el e et

1 '
s6/  toge x,c.l. sehrifh . Kelstallographis, vclu 8\7, 02, 193';.,
sad . LD !



: proceduz:a o'? Bahr a.nd Jessen, by ca*'burizat*o’z ox an iron ex:.de wh.r.ch was 5

i .X.J.I'Erh reduced m.th hydrogm for 1080 houz's at 250"(3° For a carour:s.zatim‘v

~‘Lemoerature cf 225 5 -»-ray e“aams.mamon ga\ra very :incepac l:.m,s. An Mon"; .

, caoal; st ec..rbumzed m me sam wa;y' by. chJ ez' an. B‘Drkea. wa.: xmmd on ;

3 »mag;neulc mwot:.gaumn To mnsist malnly : oPe 385° and l.‘J,,P= ?60° et

i a*bldeso In e.ad:.t:mn to the, 1Jnes of 'E‘.he caz'bcn-—w.ch ca.:'b:l.d Hagg - ‘;--'

I

i 1'~aported fam; '.!_mes for reBC and re:,,o,w i h:nghev' uempsra‘buress the
"o.momzt ef’ r‘mc _inen eased at the e:cnenae ‘of the new car’nde., Tr, is
rmter st:mc to note ’r)'xat the results obtc:u.ned i’mm ,c-»ray a.nalys:w oi‘
- the Hagg carblde are not f:menu.».ca.l mth tbe Lres mporoed by
~HoZmann and Gre G ﬁé-/ Loy thie: cav"bme Bhey ob‘b&med by a very s:..mlar

Procesa. l‘r;e d..fxe :mces ers not Tell defined. In the Light of the new

studisg ah the KWl and %he I;G:, it is pr ab'l e -that in bo £h cases 'hn,,

o

diffevent caram—-r:_ch carbi Ldes are present. -

;.

“res

ACedrding to v'o*k at the IaGe, '3 an iron catalya.t wnich had -
"'ﬁ&kﬁéﬁgdme/sa thensive ‘Wo.roge reduct.non Then. operated for the s'mthes.sk
- gev e:r.agom,l regb s which vms evenivally t'r'ansi‘omcd into the Hag,;
carbide at higher tempera:om‘es, Small amounts of copper are reported to.
. have a\ste.bil:’z:ing effect on the hexagonal carbide, The fact that the .
different ‘carbides a ppwently prepared under the same conditicns by differ-

ek carblaes apparently prem.red wder the same condit tions by d:xi‘f“renr.

rasearch worie ers, _u:.d not prcve 't,o be id.entlcal indicates that,

vhe zormation end decompositicn of “the Caxvide. ” Although the Jimits

had 7 VN



"'of e;ﬁstence i‘or ‘bhca two new dax-buiea and partlcularly ‘bhe dl.f.cerences

I‘_-‘-.m *Lhclr behavicr duz‘:’mg gym,hesm have not been clearly detemmed as '

.

‘E:‘-ya"r., ioxm‘blop of one’ or the cthez' cax'o.xde ns denendent upcm tbe

7 fc]lawﬁng factor compo .Lta.on oi' the carbmzmg ga,, f) -te.nmvrature,

' p'r-asanz'e, and. nresencs of - promotem,, T’nus, iﬁ; mght ba ..mportant €

' know rﬁe’hhpr the ircn preparmtlm ‘"'ae comple'r.e_.y *educed bufox's carburiaa-.
- 'c.'i.nn,, or whed her s am’xt of mﬁ.@ was stlll presente 'f’he a.l}‘al:.
_cnnh‘.nt of the 1:on .,ataByat mny also ba a.n ..nfluemt:.al f.‘actor., ;

.En any "aseg the presencs :Ln the aci',:we 1“&:1 cac.e.lys’c of a

red a8 dei‘mitely est‘,bl..ﬂhed; ‘However, this ;;houl_c_i by no means e

'
o,

cengidered proof ‘bha‘ thig carbide co;xsj,ituﬁea an ig%ezrﬁ;diéte product,

in the nyt’.'"oca*bon sym,hes;xa. For :‘mstance, the fact establishedvby |
Fichler and Eieﬁce’l thdt. the fcrnz :z_cn o; thair wz'bzdes is relatlvelv

$'Q=w 5 thad n.o]ccular hydv'ogep actmé at a 5ynthe 2 uempere.ture of 240°

for a nvr.ﬁm ©f an hour produces no anp“eca_able chznge in i.hc xomposztzozz

1

of the ..arb:.ac catalyst, ard that under *heae GCI“diolGIIB no a.omoicm of
higher hydyucarbens results from the ac’c,:Lc'x of hydrogsn ‘on the carbide,
all co*m»i u’he—ev:.t.encn 2gainst this nypobthes: _

D:..gcuss:.on of all the argumenis for or against the so-~calied _
Boarbide ’c.he_ox'y-"- -T.':ould cxcdecd the scbpe of the ﬁreszmt paper. . Apard
{rom kinetiec considerations, the act that ruthenium catalysts pro.duce ;
h;;dr&carbszz compozmds without i‘ormjzxg'carbides, and the fact that these
are the same type of hydrccwraong as ere produced nv :u-c"x ana cobal"c,
catalysts fermn strong 0".‘1@="IC\. aga.:m.;h t.ne neccss:.ty of fo\.em°mts

i-c'_;:;;»rb:’v.d'é formatien.

s A



‘zrmocax-.,o.zs wﬂm a‘b thn aci.lve c@al,vc‘b surface., by zf:ay oi‘ mgenated

.‘,f‘Oﬁ'L(JO«'D ds«‘ 'ﬁzz‘:ec aly dcohol fbe i‘om.,t:!.on e:f alwhola 1‘1 me,dim&»

-

' p.{*eeseure sy’zi'hesn.s vr' c,h :u:on cc.t .:' &,

at ..m. tarxpemmmes a.nd c.zhcr'i‘. raa.m..lozx times > malﬂates & imilaz' } ".» ’.

,vcm,i, iom nrs»:.c.ssa o " R N :

L compounds wh ma in the casc 01 ceria.n n'-m Lic cauan.ysns by ’i.}:\eq '
glbrucburs and ontn_nmm condits m:;v.k 07 form: ,'w;zvc.a_vse.a.y rbscmble ti:ue- '

"1*‘)" -:/15, D3y ]aw-ca. ‘:omyl seopounds {ﬂluhmm,.. whers ”s with w:i'.de _

'l

te_.ofsi'. f "' ,L"m’ BRO8, TSYE .cm"ued ccmp:; -ms ;_‘smued »o oz Ry

YRy vmceb b(ur way of 20;?3131(16}13@&3,-8.8 the result of a purely surfacs

reactlon. o

Sinse ’(;he differsnl e':.udleu of iron c"*"l;y'..rt.s naﬁ.e ‘eshablished
a relation hzm cen ‘oheir_ aci;ivwv a:rd the z ,mou_m of cj.rben n<.h ca.rb
pre .:mﬁz, it may b* assumed that Lh:».s carbids is an :'.mpo%av i‘act.c?‘ i

The

Il
@

_\peéizic' shaineture which is necosse sery in an ot i ge Lv*cn ca t”lysu
Tos the hydrogenation of carbun,

3. Pustresiment and Carbide Fariae ion in bcba.:_'b Catal: gms

It w33 be seen 7 ,ozu;he pv‘ececlng é’ec”on thu%. acta.w dron

eatalygts Tor Lhe ‘:rwdrocar’non_ synthesis may be prepared by préliminax’y

S .

treatment. w.i\,l1 carben monm:ids, with hydrogen, and with & mixbure of

cashon o wpr.udu and hydrogen, uader congditions different from thoga

1z during simthesis. On the 6the’rv-h&_ngl; hydvogenvrq;iu;i‘;%qn :'fo.a

v procedurs i‘o}: tho preparation of an active coppsr-fres cobalt

O T2



s

...LT'Lt:& T,he au.:unu 03 nea.‘c .,..Lbf-ratsd‘ bv bhe exo‘t’_

;.,l react:wsz 5 brm.;

: cﬁ:uxdm,g 2 mngefowz irvcv'ﬁase m nomw:cv-ature)o 3'0:. 2 aobalt to nesclguhr

Tfebio of 1 'L, m» rﬁducuiosz uempe auuz'e xﬁ ,65‘“ i‘or a 1 2 raulo, .u‘,

o

’f--:’.'s'B',?S?z; .i'z.'l\« Pgw—ocm "ﬂomv‘ e a.; 1z'e~'*v.ea poB: ible o.:. «};ygcna‘bed co.n-

\\ mh as viaber;. cwbtm dw:._lcic, and cc,raon mm.uﬁa an:i 't,he 50&9'-* S

. ve»oc-b«r .mouj.d ba, ,;g;. .f.mla.; rJ..Ll;y. the 'u',ppts':/.‘ limit for~ the ,carbcn_
azz.:nw..‘.dc. c nbeny. 35, seb &b 0505 percent, When- “Pc;rc'ie b;m::-cvv’m s war}
’.?.i’b(:n diexide ané; w&ﬁéﬁ, formed Iy ‘:? cmpfa ien of the car-nolaate and
”by raduc e aa of whe ot de, mpvcnlv'ely s avs r&wved a3 eo fnw}.steii.‘v as

S

rosci ipls oy ecdling and o saseing &Lvax.gn silica ge" CALT t eﬂe precat..t.a.ons;
ere des i> &d to oblain the d%:.:ed degree oi' ::educ&lon ct. he laxest :
posqibie tompecaturs in ths snor’i.as‘s pcss:.b}g\-s:mxe; Cc;mle.,e z-educi'.x_m
of bhe eofw.b cz.t&y iz-, fiot daa:\.“aole, Too iﬁr'hly.radméd cobal{:
ca‘x«ﬂ;wts showr excessive i_muic.W ac v:_i'y (m.thzme formaticn) c.nd a
shorter 1ife than coba}_t cc.c.alyorbs uhlch stdl_con‘l,a:m soms_emides .
- Incdustrde _,.y«: nrepare ed cor_\aLl catalys»s are. ?‘cdureo. 50 to &5 percemw

The reason wh@- ‘the hydrogen used 3.11 reducing the cobalt
catelyst sust be as free as possible of carbon monaxide has not been
Wty o **q:;;.:mcdo 'Ihc:,_as sumption made by m'iou:: %:érkers the.t tha__

.ract.h-:;ne :v;”omou in the preagence of carom wonaxide 1eads to over-

Taek .mg anc cc.nseavem:..,j to s,Lntemng of the caml_vat is noi, ol entirely

Fatislying. LU seems mere likely that thc V'a.te* and-carbon dicxide

- Uh o



.

w‘niéh" accompanyt £ m..b:.on Gl mer.ha.ne“havc & xmfavv*uble ei‘i‘ecc. cv.

nh» redudo:.on uz'oce«ss@

in 'hhs course of svntheﬂs. .(,cgc carbiap :.0}.‘.’.'13 : 'the cass.lyvtm

'h,

La::a.ez’al..g ncalmfg, :m., f_':aci;:r.on is sma.:{le. 'oh.n t.he i’z*act:mn af :1.x'on-

“earbide ‘a. pxec,mlzaued J'ozw. ca'culyb

'1‘ & c:z.z’mde anu mE uaJ conﬁeqt af -"‘ccalt ea

’chc
sumch cf mahed’ st x.dy ‘bJ e;re? ‘.,z:cz Schumchar’““ e T s

‘.-u-n."lil_uwn‘nu-‘-mms«u.--nw"n-.-qqnm—mo.u‘-&"c. S e g
s IR

41/ “&sy"’* 31.& Ss,h:gmache?, tﬂe hzuh,}x: Ins..,ltu,e (tm“pubﬁ.iabud; ..9

The quest:.on of t\-lneuhe; wua,l% Lav'bz.de is %o b ccnsmermci 2

n‘i.ér,,mdmtv prcd\.c* in l.ydsoearbo"l sgnthcsﬂﬂ ‘fe.;ds to ¢opswcierat3.oﬁs

- sm.La:«: ©o uhcau alewﬁaed m c:rmeci,mp with :Lmn carome(.

.,ﬂ/

Recent mnetlc stu:hcs c.f. conal’c cabilysts do nob suppcrt ,

_ u,2/ Craxford and Rideal, Jour, Chem. Soo., 1939, 1804,
Bidus end Zelinsky, Buil. ded, Sci. URSS, 1942, k5.
feller,. &, ? Rinetics of Carbiding and Hydrocaz-ocn Synthesiz mtn
- Cobait Fi chcz*-“ropdcn t.f..b:uyv-tuz, Jouz, im. Chom. Soc, (in ‘press).

m*m_»q»mwn—-a—«—.?-’mw_*-—-Q——.v-‘-v“c--m-—-w—o

@z theory of intermediate carbide. for"'ﬂt.wm These works establish ©

i+

fach Jza*:. u‘t-&dynst-até_ c-arbide fmmti.ml progceeds 2 e..ﬁmch alower rate
“hzn ths gynthesis, | ‘ ‘

| Thus, as regards. cébal\'; cgtalys*‘qs a].so., tha quea’c.::.o” of Lh°
part played Dy Lha cazz"bid.e- in t;?_xe hydrocafbon synthesis cannot be coh~-

gidered as solved,
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0&“ ourz’ace sl

) /
-.,Jo?, bc 1.‘(‘blu1"&.£?..iﬂ7‘ Gin *a:ded'}:' R

-a.v...'..-.';'.vvm-....-n.m“.,......,.».-.-.....-»...‘.‘...‘-...--. T RS RO PO U

j Do Ca; Llfms? ueu 'y ;c:v Ot -udq,. 701.u ..,6" '1-53 :_192?;

“In' the ¢cage of zw:’-.caccl the carbo: ﬂgﬂ. ir:‘m. cvwz &b a earbmz

huis ,a;Lv.»e c" 3.@5,' *hw; 1 aboos p"xe.w

- e .

S cdgclr.ﬁxon of the mm.::: :a_wu

e o e 50 F@{(!O'J

@,

: : L S
bzen the subject of a pudlication by He P_chley a.mi Ha Walenda~~ ,
ubject .

8L/ Piebler, H., and m enda, He, Brennotoff Chem,, wol. 21, 133, 1940,

’.,.~.,,-~......._-......-‘-.m..‘.....—‘...;.--....,_.................--...................

K
.

The anthors showed Lhat at a temmeraturs of 170°, .I:z*oxz earbomf.:. ax.‘..rts to

B b

fori at a carbon menoxids prescure as lowr ag 10 at:m;pneres. A?; R10°, the

corre -ﬂmg pressure is 30 atmospheres; 2% 260°, 100 & tmoopheres. Ag
the temperature wises, the amount of stable iron carbonyl in equilibrium
desvezses, bub the reaction rete ixiereases, Haxlremcarbony: formaticn

“wiae obsewved ab abeut 200°°
Ru hemum, az shown particulerly by the work of Lfcnci '.:md

4
o2

Z.forms %;‘as:»ylsfrat— higher;pressuma 'i:.hax_-'irgn; cobals and niekel,




| J/ Monzii, R L,, le'bs, am‘. Cmp, Zeltschr, Anorg., .,ham,,, vol. 68
1‘:.0‘4’7.&1, Rc Lu‘; and Wmis, Aa; Jﬁura chﬁmo Sw-, Wlo m’ Jo 192]-0, ”
© Mond, o Lo, Chime ste Inde, vole 2k, 690, 1924 - . L
Lancho‘i:, Ze;o.tachz’? Anoz’g. Chem, Wlo 226 385, 19360

66/

CIn »;Rs,h:.s conhéc;*bicng 'Mézx?:ho‘c“,' ,,-di'aﬁs_jaﬁiéhtiqn to the gimilarity he'nﬁéen :

: aé,/ lmarncno%, W.., a.nd mncho ,, Wo Jop 2o Anorg.. Chem.,, vola 226 391,
g 1936,
: “anchou, W,, Jieblgs Axma_en,, »V‘Ole .&,‘?0,, 266 1929:. o -

.s*uthem.um amd ;:mn, and ne’r,vf'-‘en Lhair—cx.ubcnyls v“’iich is asy mbuted i:o

“Lf,then.r electwn coni‘.ngurat.lon, _ Ruthenium alao foz‘m.; a volatlle pentacarbcrnyl,
Ru(CO)g that is vexy easily Lmnsi‘umd into th'= *a ,stable ennea—carbenyl

‘ {‘?.up(co)g r.'hlch, h:msvcr, decompo.;ea 2% 200°

. Taspection o£ table 28 lea.ds ‘o the’ deiinitio-}__gf the relat:.ms
bat"em carbcny.‘. formaticn wd-eyntheszs 3 optimum Bynthea:m camﬂticma
ore*aaz.l ab_prca.,upes just bolow theose ab whlch (a‘a the corresncnd.ing
t,emcewahms) the ..e:ndemy Lowards the .comatim of volatile carbanyla
- becomss so great i hat dﬂ-,emoraui.ozl of che ca'aalysi, reault& In chher ‘
m)ﬂs s cond::.»lons mua'b be chosen in such.a tay that tne ra'be_ of iomtd.on
of vola 11e carbonyls ramalns scmanhan lcss than that for thc reaction -

of the supposed,’mtemdiate carbon 1onoxide compounds with'l_wdmgeno
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;A_} S _' Satalysis.  Pressures.for whlch Undes:'_rable .
IR '.: Formetion of Ca.rbonyls, or Hydrocarbonyl ST T
Gompounds occur a’o ths Svm:hes:.s iempevatuz'e L

s

ng gaa pz’aasurs, LW e , 'Efé"v" '.;Ru'
]a'f-gnﬁ 3 . e e T w e

Omumn‘ ow
synthests’ |

150',‘103‘} :

un.,.s :trbqnj;'l L

CwEd

F“omp?lm L e CwE0 ‘,;Under the- condit ‘ons
S . e e T T e T .of the: synt hes.Ls,
e S0 carbengls Torm on the

: suri’acc 01 the cata]y\:i;w

E-sr:ecmlly izz'""he"‘e’ e o 440?61‘_112131, ‘aiuch he.» prcved to; be

bon.. 2 the agevement :)etwaen the optiuun tommrature.‘and presaure

R

oHidis: icag for the syn‘the je-and ﬁhose f‘m' cas ~boay"' Tormaticn (pa:*b:.a'.‘.

f'l

€O pressurz) is striking, -

No ruthenium ¢arbide isfimoxm gl sz'za 'xmder the f'on:iiticns of

'i:.he synthé’s;‘:.sp A% the high pressures '.L,cd in mubheni: t’zes.,e.. She-

hydrocarbeng _:muvd are of a bd.g 1oz molecu.hr ox«der than those obt,a..,.ned

in nbmal 2nd medium pressure “synt sheeea v'm.h cobalt and '3 ﬁmn Hor.'ever, -

the '*w::'c tha¥i in other respeeta thfz f’ovr-t* on o*‘ h‘varomv-b ong dn the

SR e,
d

présenca of ruthenium ig esgencmq the sar*e as in the s:,‘nt‘heses mﬁ;h
L catalystu of the iren group: has again ra:z.sed the question of carb::.des
versus ca.rbenyl-l:xke suri'e.ce ccmoounds as intermediatea in the synthesm

- of h.ydroc\.rbona from carbonm monoxide and hydrogenu



] »Dev h:.gn»k‘reasare S}__g_;_zthesm af A.a.cohela‘ : S

Tha synthesz.s oi‘ alcohcls at high pressures and ralab:.wly

h:u;}; ‘t;mnratm-es *equires caw.. ysts unose hyurogena%i% act:xm is
ﬁeaker than that of the uatalyms used for the sym:hesis of mfdm-
carbt;né. Ger?:a::n mdes are smtable hydrogem'bmg agent.s, such as.

; ,..mc mcide, on za.nc o::u.de» hmm:.um o:ﬂde, i.n uhz. c..se oi‘ met&)anolo , |

..J./ I G. Famenindus‘hme D”lP !.;.;.5686 273[87.:

. When 'ﬂka.u "‘s presem. :..z ﬁhe z.x.ac m;zde " h:.ghez- alcohole form
5.n add:.tlo”n to mhthano...n IR o < LT ‘,’"‘. S

'u---e-.-—.._-.-—..-——-——-..m-.—-—n----—np-.—---o--
S . - '

‘:_/ Natta and. collaborators, C. Chim. ind. appl., vol. .|2 13, 169,
19303 vol. 13, 317, -1931; Vol L, 217, 1952,
'_mllcn, I‘:ug apd Crjyder, So’ Ind, Eng. Chomd,.
~wol. 22, 1051, 3930, .

As m_nhe a:L:s.phe.t:.c hydrocaroon me:::x.es, in the smr,hesie of
°lcohola crrly the Tirst mmber of uh@ homplogous sc:‘ies can be prene.red
*y *tcali‘, hmreas tha ‘nghar bomologues alweys occur in mx‘c,ures uhe :
mlque pos:&t:&.an of' metha.uol and me»hane esglus from tho abgence of a -
carhon to carben bonqlo N ‘
~The reacticn -r e
o | 00 « 2y = CHBCH. ‘
oboys the rules for an e.quﬂibrm‘énd can be cm’c.réiléd easily. Al
atmospheric pregsurs and ﬂémpsratures_a.bové 300°, "ohé equi ibiium )
shiftc completely %o the carb§n mmoﬁde-hy@x‘ogeﬁ' gide, wﬁéreas' at 100"
a’:,mo’s;pheres and 300° it lieco almost entifely on the ma’ohanoi‘aida.,

YR



gy z’evarﬁ.s uﬂf‘.‘ ccurse oi ’z,he reaetztm, ‘lt' 'épxﬁéai;s *’tremeld
L e

: pr‘obable ‘ms‘b ea ooﬂ manwacle e.nr‘ hyd“ct efx‘ 'y 'mu reacﬂ on ehe active~ B

.“‘ca'cal,ysi, :Jm"aee to fax*n m:,mluaxryae *#L_c'q :zs vhen h:,rd*ogen«.tea to

hhaqo’l in 2 aec:md aaepg. b mtcmeﬁ“"te ppearance'o.a"zﬂaz’aaldehyda;

: zm ae ob.:e"’ved r}'an m«thazzo’f 5!..00[(1»./0 ‘353 '

3 v : ) N :
L e o e e M_m."a‘l‘»m«oﬁq’ -‘ua.«..-.,.-.. —-‘u-ﬁu\n-“ v b o - o
- i ! g . :

69/ Trolich and ;o.labomucws, Tnd. Enge uhmoa vol., 20, 691;.;13{37_“
, 19285 ol 21, 109, £67, 3582, 1929, vel 22, /oSt /130,
Auibers and Rmcnt., Tnd. Eng 2o Chene, vol. 20, 1105, 19281 ,
Dokse, Z. phaysilts Chein,. Abts By vole 8,-159, 1830,
: Pizhie\*, Hoy Bwexmsm*‘x' Ghem.s Tol. b A -«?—-”19!'&}» . -
{ Browmn and Galloway, Iﬂda Engq Ghsam,,, vol., L ,’;!3.0. 39295 w0l
2m¢, ..()3 .!.9300 = :

£
il‘.‘-nmu.au.‘na_m&ﬁ----m—a—u;ﬂruvmmmnn-‘u‘unanu-

e e e sy e e e, e 2 i Sl e e e -

En addition to weber, the bvp:mdtic'%s of methanol synthesis

sogtain _methyif.—~—'ir’9ma€e,7 di.rn’-*tnvl %Qez“; a‘nd :smﬁ. amounts of _n:~°+hane

2] car“oon’ dicontids, iiat‘z’;vl'fo*“m J.a synsiun zed by 2 y of ioma.ldc.mrae, :

4'_\\_‘-

;,.

Aipet) Wl ether by the logs of x‘a’mr J,”om L thc.no The eqyﬂjnr:;um

Q'u'isi: - CHﬂCCH'x - HQO.' : )

beg becn sbudidy 1~cpcaoef‘='*y end the fres snersy of the reaction debermined,
' %he overall re-a_.zru__ B Imy ba ropiesented as foliomm s

ey %\ ) |
e % uzvxwo — CHyOH == O+ Ha0

\l; V- . N
i, .
= _/2 HEX G'no : l/ H {6113)20 > ;iz _i

1/2 Emf+ co + aﬁ

= The mfchdn:.em for +hc Tor retion of 'th iug‘““‘ e.lcchal hag

L

been studied by Frads Fisc'hér, Mitageh, Frolich and Cr&rv:ie., y-Farike

and Huffrann, among. others,



o

v».,“:a.b bhane; 3 us bv :za j 01 mma.,nehynao 1"1 192«5-!- mnz F:zscher

rm:le 2 \,‘ mo‘alm- i cow.n c;m.on :m.‘oh svm"hoi. @ypuk'es:xs s hu:i. memarsol

‘ s,akes w c-wz*br.m xmnox: de w ;flve uCG‘GlG c;xd, xmicb.‘ls nhen rcd\.cud by

ﬂ,vrlz*o: zen oo .,cﬂta'Eﬁeh;yae o er,hy., alc‘oha.x.v '_ ’ \;rl a...coho} vrould p“odu'-s

: 'p:mpyi a.;cchml hy, 2 :umlcr "JI"OLCOQ?"' zmrl sia c 'Ilns e lanation of

'

a m:amlo*x mchamsm Ay m'"“cord 'z kel ne .xE.C'b, shc»n'n m .,aoJ 3,‘ :

uhﬁv ’che in turm te pﬁcau.cvs emzmev*amd do : allv ecvur s:mml aﬂecusly- :

..i’l s,he S:n\,h S:? ,c:j‘ s:muhQL N fi'; ke 1" S

Accomm" \.o Fro;.:cca arz_:i Cr-\ydvrs a.._coiﬂc»l form-a® a result -

f

. c:" s:L_.c:Le s‘bage whyc;mtlon'

-2 C’dj{.)}i = 921{5 H % HaO

Cof :-; H GHjOP &= ugB:;OH + HﬁO, ewo

Par}:s and Hulmenn .mud m’i “the r?‘ee erer es oL tbe different racil

L mtcr e.:.mte ):*eact..umza, x{:mever, the maa’c. D"oLable reag sien path

38 y& &t to- be de iib as;r establi shecfo

6. The '7,,-acrﬂon Yechaninm of Zle Eso"vn’cheSis' .

- ~Tnordum cr_xa,a-, .Ls tne .Jeac cu*ue‘qrsr. fo" isnsyobh%lso

Lgiel 1...1.0:1 of gs_u:rdnnm exide and, in cerd v&ﬁn cases, on.e.].’t amounts of

K

alwli, Increases ivs activityc Bre.nvhea—-ch..m mdmarbons were also

ained with 2 fSeries of cxide catalyats :;u.,h as za.rcomvn cde,
cerivm axide, as well as with ce’*i.a.m med z.aw.]ga such as zinc and
aluminnn c:cides whose individual comments are"noﬁ:. suiteble for izo-
synvhesis. In ccntra two syntheges with cata%:ats of the iron and

rrabinun c;:ow...- rrherc—: oxides of this type are used a.svprcmo'bex-a, m -

p—1
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pscn.v.e c,av*bozxy‘l s. ,'.I & mrumty fasmﬁ: ora 0“’ cwgﬁnated orgamc

c\,mpou, s"s. resul'i; of.‘ su':r_a.ce reacu
¢

o :
7*"&11 250X, .Lsobvtyl glcohml. «.nc. d..m*:.hyl ctns“ arg in e\:‘:*.denccg =

o&s apgeaz.w *msll es‘bao.»lsbedo

'b : '.f"n.e dehy m.zmrr acawzx o;L thr, om,a.iys?:, t.z'a.rszs.xma them .Lm.o o*s"lzrs, -
waich, in fuis are no'? ed kn'f h;aro,_g naﬁ.cz:, .xnde” the ccncb:b_cns oi

weram«n- o g;we 2 ‘vawe y ov nydrocarbanso. . ’
The com; ** dion of the DI'uCﬂ.lC‘Bu xox:aea by :.scsynhheus dces

dep-;m cn a; xa iscm uion °quid.:.b“1a s w:.l] be seen J.“om Iw

23, scburmn repz'esevms a mm,h h..gher Dercent tnc GL fr ciaion t—ha.n
T e Ty

csyora o 'c.he Gkﬂj_o eeu_:_:sbr"umo { For m:'poses o" comm*lson,

ou.Ld co_-

“he 'LSO"V! ccmtont fwl‘ \.ymhssls with iron and m*c,n cobalt is also g:wa
in figtive 23. ) In the same 'va,,r, the 0y fract.:.cn has a higher mo}:enasne

conue”n,. » 2nd the (35 £rag *blon 2 higher content, purti cularly of 2,3-»

dimedh L butane Lm,n voud he cx;;er*bﬂd i’cr 1s¢re"i&a 1c'1 eqnil 'briaa'

Cor .1.=c'mem.lw, » in iae syn ssis of hydrocarbons Irom o;y J:. e cosr-n

mmds. theage pvoducta, or the eor raapmdzné, olef.bps s Peprezent pz’:t_mnrJ

i\.;ramcarb-_ns which ray wndergoe i‘ur’che'f 'brun.._ z-na‘c,:.on as & resvlt of -
omerz.mﬁlon. mTym mizaticn, a..kylgt_m, ahnd aromabvisation,

7° Hydrogan ation of Carben Dlo;ude'*’-‘/

Hethanol end pethane Jiffer from their homologues rot caly in

that they con be synthesized, from carbon monoxide and hydrogen withoud
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; Jne szmgltoaaous forneticm ci‘ n_g‘ae“ homm_ogve.. e ?:.ur. uhey can also be

o

ologues 2 'i:he easueqc o carzmn monomcie w.zwacn coxr@omds :Ls a.ssumudn

i seens uraoab e hhd\“ ‘the }fomaticn md%ha.:ze and zrebdc.xvol is

ase 'cza\»sé mth che GC\»UI’?’t:}l’l""G of

'aur,gace'.; zidnirogcmaumn ..«3’: ea %bo c‘.ﬁ::‘zx;;.e:io f‘uhéna -z*esu‘:_ 8 :r_n i,l - i'o*m%‘oﬂ*
m pict -"amo_'. oc msﬁana Py va D*"o}-aﬁyf" 'my «:i‘ .sormc ac:,d z:,nd"’ :
£ 7m3_ciehyde:; T‘we p%u.!.;ar scmv:z.or of i’om‘. ae:u:‘.3 ,no..<:0-nvo:iu.ct~l orx

i o:v amm d:mz:.de and ha‘"rocm ha Leen 28?;<tb...l.r‘=ﬂ d by a numbar of

’;vomem. would Ld‘lcat the ex:; s"ceace of tk* tmat,ahle 1 omer,. d.h 'drmq,«‘

- e ety S e

x:.::ubyJ.ene, f‘hw r*eact:u:\::s az compam,rlng »he direq‘c. hydrogenatiq_r. of

"b..zz c_:-.am_da may be "epresénted &5 followss .

20 H - _CH By H_H '»z

¢ i ¢ 77— ——-—--9 CHy, + HoC
o B Sou + H ‘o A
s ©UEsQ
HCCOH_ : =

N

ST te f,;rst oLy » consists dn the i’o:ﬁ“ tion of actlvated nhydrogen
&% the czh u;.gﬁu surig:c_gu' As alrgagiy indicateé, this ,prbcees ie delayed
by ths presence of carben monoxide, Witk ceriez’n f:étalyaté _.;”vsu.ch as
ruthani.un;. &rbures c-i’ cavben 4 cud.da and b;vdragen reect at temperatures
ag low é.; 100° te &ive methane, E:'wmments with mixtures of carben
dioc:ide s varcen manmde. and hyﬂrogon gavo ne such reactlon up o 150°
At m.;g tcmn*rauwe, caroon moncside bezen %o react, whereas no reaction
of eorbon dioxide could be cbserved wmtil temperatures % wa lc‘m c&rbcn

rweroxnide hod disappeared almost conpletely by resction with nydrogen. .
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£ thau carooa monoar,ide- ’ :

';hmmef;x: r:u‘tums cmta iub q:g;fban u:w::ide ca‘ duaed £cu. che aunr:has:m

of. h«gﬂer k'ydrocdmonsﬁ ; 'Lo mp a na:"cioa «.:\I‘ *she "zsmrogen Lhmuszh

0

' “ee.ct.mn ’mi,h rafbm ”ﬂ omd uo mm,ha.n : ;’, in c/ﬁher rozﬂd., i caz'hon d’!..ox:_ e

‘

g em;s ]:xk@ o ‘&zem Qas"x-:'.ren passed 0%1" Lhe cat.«ls ysho j ‘1'
' Ihe J.ﬂ‘i:ux‘m“‘jlatp Lox n‘atiyn of nate ol._ﬂg._;ﬁroxynm “yl ene
'jhma dso "\eep ;G“"'Llca eé .Lw comecbmn n.z;‘i bmlcglc :eea.c"omn '.‘.'h.,
‘.":vi'op L::.’L‘.:.Ch., cf‘ roxmiaengme e.a inms"r diate :m ;.n sea.m:s;;af;:;én of oz =bo“'1“‘
1\:110:&1&@ iv nn uure ap"ﬂe..fs daﬁ’m:a.se“v t.stab’i :Lshai., s'\fllw atter and %c’ll

reported bhabs "‘Phere iz nok hi:lo z,heomm.c_.l in w..hs fac i;hau

-caruoua c reached

a8ad m.“ia:.l \35 "c-zedre’t-ica_ considerations apply uﬂy
g ' e

s

vhich the deoxidaticn of the caz‘«c», ic agid pm»c ..3.,

weteriel of the carbohydr ates 5ubg-='su$ a curtain analogy ae» een the | .

C BRIV

e 8. Summry , B

M The tezzapax’-at‘.‘ire-—pmssure dizgram of .._«gure 25 8"10-':-. the .

2

optimm reglons of operation fo" tkw various processes useq i_n the hydiowm
genwelon of carben. - BonoX cide. "I'he i‘e.cts presented in the preceding

gections suggested that tho vazicus rrocedures be cdneider_e.d from &

o~

common po_ nt of view,
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:m f:.g\ e, 2,4 h&s a wec:ilc act.t.ozz

i

oowa*ds "x:,mwo ea«.' ard carhcn fcmwu‘ sho :y ‘bhe t.ndwmv 'Lc :mrm

mthaaa cr kx.oh 2 ?'grdrocaz'bcna, ‘o the Lendcvmy *Lo i'orm mcohuls ncm

o g-.;g§i§n the ab._hty i.:a h/dragcnate, o deh;;nirax;e e.lcaml S im.- :

*—varmﬂ‘citfrm*anc iso—b“anoto reacmonc smh ds 'i.somcr*- qsra.on, R

c;f;clwai: ien 3 ctc 8

mracewt::.es of t e;ca‘oaqyst' sy be‘-’" -

ord mwd ..n one p—*%lmﬂ.ar uirec’slono : ’7'07: J.nsner. thn less the z‘r:,ru.a«»

‘jgc.zm,t_ng puffw m? a given ca'ﬁa.&.ys - the Iughes' tne tempe@.t.ure 03-

» bo:,h at uhlcl 1_ “rmst be cpers wd :m o*’cer bo on’sa

'

acu.a.m, ﬂdulu"O@ oﬁ‘ .mtera also gaazr?“es to Qme“t ih’:

. pmperbq‘.es of bhe e cd,jst in one my cf:‘;nc“hm ,
Dus: or the condibions of the Fische “«i‘m 5 hl wnﬁhe :",.. ‘ihat xs,
é;i;'?C*!}" and @ osnﬁér 1o nresuu:ra, aouull. s a.m:l To 2 1e° .'t‘rhfb@ﬂ‘b ivon,
ware su..r, ble c’a‘i,a_ys’us for % he _?m.tho'*n.., of ?d,gher !kiydiééérhcnao v
zhc‘c 21, which nae a much Sr,ater nvu..“ovanaii ng action tha_fx coba_t o 1*‘1::1,
a,._d Sends - m c,cweauﬂnce to fora med ’rune._could not bz used .tor 'ohe _ '

sjnthe::.s' c) n.kgh hydro»arbons bl the use of k,.c-oelgwm as a me. wn..» of ~
dllublng the matal concentration in the catalyst had been establzshed» ‘
- hs the temper=ture ”isc.., 3 bhe hynrogenabmg, power oi‘ the c,atalysts 5
‘mcreases. and is accompan..ed by a decrease in the tsndency to i‘zz '
7‘ ban monoxide, Evam.uelly -a regien.is reached vaere methane is the
sole product (Saba"c.i@“s and Sende”ens) 5 the in‘c,armad..ate foz‘mation o -

"acl,lvatnd“ hyarogen, for which mcke" is the bast ca’wlyet, is assumed,

( (‘ P
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?‘:.ﬁ:z.x.J. com:;.mo:.a .

b pressur\. iz mcl"%ed :mczx.r t“e

Oy e

5}3 '=J.eva.md @?@asureo i p”ecjr..de:a cvm;g, uo Lhe 1950 af: mcke‘i -

"os:vzﬁ Lhe ;.c"'m:.:.mon of. valar.ﬂ. wcc.n C:;ba_t,t um be mcrated at} :

scme*rhat h;g,‘se” p:r:- mme.s (vb bc 2‘3 ep O aimosphe s) %mt- W:mg to it,».

e

h_gi‘* cv:.gwes: g a»wvﬁty ch s b ' ‘"‘ute\'} “n mc*“easinr“ d.‘Tﬂ'UB.uS of

Cinerh peberdal, "cu. ...nstancm h kw"ege’mﬂ &g the'pres:;u:-.‘e inc;seasesg .

’\Ic" such ”n_.lux on¥: ia naca .saz' . vl"_ “'v.ﬂ uro::e a‘&im«,g,r ig degore

obiained

: '?ﬁisf'ac:‘.o;‘éf sonversion wii h-z'asnect to pate of “anct* on was

‘f 2 foraation of fubhenion
e e

nyl occuve cn!y' wi; -:er;,*- high preassures o.c Mroen monascid e,s:zd as

&7

restﬁ:h_ this cate vsi, cen, ‘and pf:abao,..y w*m.ld be operated b hizh ::re:ssureso

Since ma a,en:xuncy B *“orm .1;3,(1 Boleculam- elbku cepounds incraases ird.t,h-

._f;he pz‘c—ssurez the prineipal producis '\cb‘;;ame" with ruthenidm cad yst

are high molecularm-weight paraifing. Tn@ svnt.hesis pres sx.rns ucad ks
. N .

fig cabalyst. e mtrﬁm a region dn which tnera .Lﬂ tcndepq' Howards
“bhe fornetion of volabile cark onyls. I—m'e.feirer,,' the ¢ catalyeb may te

operated over j.cmg' pavicda wi’ahout deteriorabicn bCCdIL’SO .,m aculcn oi‘

o

carbon mano:r'.de'oh ruthenium results in the zor:nat:on of & carbmxl
wiiich is fived ab the surtece of 4he catalyst and inkibits any further
action of carson ;nanoxidc to fora carbonyl, In“aﬂdition; it iw very
~puchable t;.e.i“’r,he‘ hydsogen whiech .1? ‘als:l-pz‘essm’:, alwmeys veachs ad e."
oufficient rate with the surface carben meaczids produving, mebhylene

KT LR
LOLia) padicaly,
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' g’"essurc *xﬁ

i

‘“eeuu of surfa.c.a reaccimso
: fc:«cbal hnwkel B uﬂ.’q mthw:an o- o] .‘r. b hvc‘uogenauex:' 'of,,:éé.x’bonf

@

mznq:cme _aj.mss'»u ‘em;w 'j.v- toma i

the znw.ci l& 0w 'amf.m S ai’ a;lcohcﬂ.s 0@’ espe"ia}ly‘ :

ca%ﬂysts m’rm* ‘Zhe L

.-’;‘.or.:;uii:ion m‘ GO:.!OJ.S‘:

: 103: Lsmvax'nt“rc

can b'= ..ul;u:steu 50 - uaat ni.c!;e.’i;::vroﬁui‘es' g

' mzthang 23 sole nydroae.\.bm, 50 g .Lu he case. cf’ zine w:lrieg met‘ﬂ.ano,( .

as the cnl; y z:\}.co‘“m“o Sxmila rly; JZB.:_;‘?‘ a;s_pzé*a;'w ¢ is 'i;he"

30le h;?drocaxbozl % ;e:h ’ﬁe zc«r:n b';r d..:cmc’c ...Jn iesis from ce.z*bon

dioxide and h,yd.rogm, 50 m hf:.no.;. i the m_..y a_t.coucl of L.a_ch ﬂzls
38 dwues L RO R ‘-_ ] L.

sbhene and ’5"1"1‘ ydv'ocaﬁ'bmﬂ my be nmdizc\e& :
foring roactions patheis mr‘mularly ev:.dﬂm'- .m{m mv*la_g.e, W +h '''''

—rutheniumr catalyste, wh 2T "'ha o_pu'um\ mg;s.on .sor.the fa_'m;x_i;ion of"higher ’
1 qrs carb:na i: widely, s’eg\ar;- & from th"-c of me u’ﬁamsc ;

'

Aadisien f alkeli to the catalysts of the iran ,:-;rouu ) shife
‘&he *"cacinc ::u"a.. rds ’0316 ..orxram_vm of higher bo...lmfr cc.npcxmdsa In a
:3.' ey mannoer, adai .i:?on of alhall to z:».nr' ‘oxide favm:b the forma.tlcrn oi‘
highar alcoholis.. ”s"hsn ‘..(.ded to ‘bhorlu;; rtide, :n.t a.lso *eul.lts in the

formaiion of hi gher boil:mg hvd_rc..arconw,
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.y ““The—facﬁhet ,oear&cm*cmsntute*ﬁﬁé GM
laosynthea:.s result.s fx'em the intense dehydrating act:l.on of thor:s.um cm.da

and ra]ated catalyatso In the s:egxon oi‘ oparatn.on for th:i.s synthesis, low
texme”atuz'es produce high yie...ds of alcahols.‘ A risc-z :'swaempe*ature at

5 £iyst in reasea the ole.t:i.n y:.eld- then, aa t‘w hydmgenatizg pomex' of tha-‘
cata.lyst mcroases, iso«paraffms are .-.omdsd A fux'thez- Tme .’m temperao

wre prcduces n..p"xthenos a.nd f:.nally, bccauss m their h:n.gh thermal

stabﬂ;xtya arommcs., o

f . 9. _ Conclus:s.cn

: T has been shown that widely dlffarmg ca'halyshs can cause
a react.:.oxx bewraen ca.:a'bon monoxide a.nd. hydrogeno me natux'e of the pro-
ducns fomad varies considerably, acvording to %he reactlon ccnaium '.'”‘ B

. t.hosen, Resu‘os of a aeries of recenu expem.mem‘,s have l°d to the
abandonmmt of.’ the theowy that carbide ca ualysts produce hydrocarbons
and oxide vgtalysts 2 alcehols. : S_imla.r*ta.es in reaction of esaeﬁua.lly
dif.‘i‘érent catﬂysts s a.nd diff-eféncesfobserved for the smcat_alyst ‘
unde:' va¥ious conditions caused this change in cheo*ye '

in 2 very genem WA, .st my be sa:;.d tnau as a f':.rsu step in.
the uynt"netlﬂ pmcess, carben mneeade* and hwﬂrogen ars chemsorbed Lo}
" the catalyst suz‘facea The chemieorp"ion of hydm%en leading to the Zormee )
ticn of m*hane is i@aded by that of carcm wonoxide. Accox‘dulg %o the
typf; of catalyst and the gynthesis conditions > carbon mcmaxide can,

: partlc:xpa'ue in the foma.tmn of a wide variety of comnomﬁs cn the

- cabalyst surface, rangmg from ].ooaely bound surface compounds to Vell
‘defined carbonyls. ' '

- The bree.kinb of the’ carbon to mgygen bond. censtitutes-2 seccn_d '

stcp in the synthesis, producing in cerbtain cepes bhe elimination of
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oxygen (as water) a.~d the formation oi‘ ca.rbxdes 5 or even o.; t‘rce carbon.. .k

”he th:.rd s'bage mvolves ‘the a.cn:.on ef hydropen. Accord.mg

0

to the cond::‘a;uons ef ths synthes:.s wh:.ch detemﬁne the zanss ,of the _5:‘ e

‘ f:i.rst, seccnd, and i;hn.rd °teps, the: ei‘.t‘ect of hydrooen becomss appareno"'.
By ﬂM G'
_ ‘at difi‘erent m‘bervals, g:mrmg “5e to X semes o:f.‘ reacbms wn::.ch n?oceed

a:xm.x..tanebua.ty. although at dni'ferenu rates £ and requn :m ’i‘.hn conver—

_ sion of uhe weak metal to carbon monoxide bonds, of tha caromy.a_, 'of ‘uh@

.wec,kened ca.rbon to o:;ygbn bmds and of tne carbn.de. :
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