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’ br, H. Kslbel, Stei_rﬁ-c‘oh;‘.enbergerk }?heirkpmussen Homberg, Nisdsrrheln.

Dr. C.0. Hall B L 7

Dr. S.R. Crazford } Fael Besearch Station, LT __

Dr. D, Gall ) Departrent of Seientific and Industrial Pesearch.

¥r, 5.L, Seith T T S - . i

by

Dr. K8lbel was in charge of rosearch and develoy

ment at the Horberg works
of Steinkohlepbergwark theinpreussen, H1s work consisted rainity of
investigations on the Flscher procsss, in vhich hie had also had experisnce at
the Kaiser wilhalm Institut, 1flheim, under professor Fischer in 193.-5. -Tha
information cbtained at the present . interview arplifies that obtained in Cervs
by ODrs, Hall end Crexford in the course.of B.Z.0.3. Prip 2505.  Refersness %o
the report preparsd on this Trip are indieated by (2505), :

Dr. Eslbells mxin fields were the development of iron catalysts for use
3n convenkional Fixed catalyst bed resctors, and the investigation of the
poesibilities of carTying out the Fischer synthesis in ihe Liquid phase; the
inte~view was accoréingly directed towards obtaining detailed information on
thasze subjscts. _ R - - ' :
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_I.0/3. Final

The report om Trip Fo: 2505 is being published as 3
Report HNo: 1722
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_ -Qg_talyst Preparsiion

+ geusidoraole amy

' tha Tiltrate was fres fiom K03 by the browa ring test.

. necessary., The wel. filter
" pobasslime caxbonate,, dr

i

v

in ecynthesis gas (Hz: 005 4Y-dt:250-2807C and aimospi
gra was rieirenlated In Xh o5 o i s of resycle’
port of fresh gzs, he epnde sing 4000 v
vol, catalyst por,. on” 3o
by dene satisfactor
- has no delsterious o The
beiwesn 3 and 2% bours. - It can’be Jui

P

- Lt o bl s e

T Yoddsm Prosoira Sntheosils with Tron Fixed.-Bed Catalysts

I

Catelyst Composititm The composition of 2 good catalyst which had been
prepared on the sami-technical scale was glven as (parts by weight)o~

Mlp03 Fop03 Cad kg0 Cud K20 OO

Co sk 6.3 L0 6.5 3.4 05 Lo

the exmet corposition being of great irportance. The main constitusnts vave
iren end dolomite, Dr. Kblbel had only tried synthetic dolomite {i.e, an
ogrisolar mxiure of ¥g CO3 and ¢ac03) once and it gave a less agtive catalyst
than natirel dolomite. The AL203 13 derived from the dolomite and vas not added
separately, - The dolomite used was specially sclegted %o be free from sulphur |
‘end phosphates, was roasted at oa 700°C and wos then finely powiereds

]

the iron, 2s matal, was dissolved In dilute nitric acid
Iy . . ’ - o - PR
che tempesziure rising ©o cz-5G°C during - .
sed,  Copper nitrate” .

Yo mive a 104 solucion (based on ),

e ot
]

]

3]

-zolution,. 4 smell excass, -1, of nit id was u
‘wes then added, the mixture heated o beiling, the cowdered delomite ndded and L
the precipitation carvied oul by adding a bailing 1G] solution of a9 m garbonates, |
‘ha oozona of sodium carbeonate used was es 221l s possible, so that a o
int of megnesium rocnined in selution. . ) . '
. : -

followed directly by washing till )
Tiis took sbout 45 minutes ' :
for a laboratcry-scale praparation, ths filter fuanel being refilied with ) . :
frosh water six or seven times; no redispersal of the precipitate 1n valer wes

cake ves thenimpregnated with an aquscous solution of

ond granulatedes. . : ‘

Filiration wzs carried out lvwediately,

A

3% . This stage is yery ¢riil

wes oarTied ouf
ressure. - iha

Pretrsatment of the Cataly:

of carbon dioxide. . &s showa in the 4t
cencentration in.the gas rises o & maydinn )
oing to tho dezoomocosition of the mataliic carhonates, then fall

anpd rises slowly to a sccond madinm anring carbide formation,

pretreatrent should be ended when the . sszcond rexdmum ds rzached, -

Figure (4)
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If caroon I‘oma‘m on ocours during pret-«-aa senuy.&*“cuma oJ, e

to B (Flg,.u" I) ig? ob’c.a.m*‘d, and the ca.,al_,rst will be use'! ess for sy-u.heszs-

. _ coamam
Synth*‘u.s-- When: ’cne p;w:eatnenu hag emeu ihe" ue*DE“a‘u‘e of the ca\.aly's...
H .

s deers EELE and synthesls, ig-siarted at, 40 atzosphsres and
valociiys There is: VETY. 1itile dangsT of belting if proireaurs )
gone in symihesis gas; p;etrea’cment Ath carbon moaoxide gives a cafalyst
vhich is mors li=ble to volt. .- The Lemperahire: at which. synthesis is atart
is. cntlcal tut 1t wvaries from catalyst to el ,.lj'-?rf- ead evan, fvom bateh ta
batch of the same ca’;alyst and m’.slbel could' e ne’ e:.z:,::c'a fignre, L

Ty &

Kblbel cauldf-lve et results for labo*atory scale* p_;s.n.. wow.:mg In &
smglc stage gnit; ‘es most % of his wor¥ Had beed carried out with two or three -
stoges. Using th» above catalyst, however, in ong- stage he obtmea. ths -
followmg dnta in a reaction tibe 3 m. high ny 16 mn, diameier.

Synthesis gas:= TWater g2s of normal composition (Co:ipz : 1 3 1.25)

Space Velocity:-= 100450 .,

Ree.c"cion Terperature:= 225°C. (Th:n.s wes limited 'by the reucuor Gesign)

hesidual Cas: ter 96 howrs nmnmg 38,9 1-9 0.7
‘ - 3000 7 384 T 6.3

ze T in a 2 stage p:.lo..

ohe corresponding figures for the residual g8 from Stag
COp 155 Cutlizm 0.1:- ol

plant after. 1000 bours nunning with sjﬂ.uh"'s.s.s ‘gas were
22,0,

I
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iborbing after 1200 hours. - During this time the rgaction temperatule in .
- Stage 1 was incre cased from 205°C to 21 3%, | The space veloeity w=s adjus L,ed.
S to give a totaSL conversion of carbon monoxide of the onder of 55%. : o

E
. synihezis gas than w‘ th water gas. Tl

For a catalyst of this tyve, which wes G.&S" gr-eu for miiti-stag cperaticm,
Kélbel advocated *'u‘-fu.ng with 2 or preferzbly ) sua\_,—ﬁs, or with rr-«-iv-cu_‘Ln tion of”
the residual gas, 'With 3 stages a cC~conversion of 90-535 could be Shtained
with an overall space velocity of 150 i.e. ca. twice that used on the normel
tecknical scale plants, .and higher throughputs {3 to L timss norzal) could be :
achieved with very active baiches of catalyst. %o adjustment of the CO : Hp ratio -
£ the zas was carried out between stages. 4s an exzrple of the rasulis
obtainsd X8lbel gave the follc;sa.na dzta, -

- ~

Composition of GOz  Crilom -02-'-:7 CD Ep Cﬁﬁani-Q Nzr_;. A

Synthesis Gas G.3 0.0 0,2 28,2 54.6 0.5 7.2 ) .
Residual Gas | 32,5 1.5 Qld _4,0_-3;-1.6_ 8.1 21.0 e “

zaction uamamtu:ﬁ:;,' Cayp .- T ghage 4. . 'Stage 2 o Stege 3 "
after 640 hourse © T L S 215. : 205

f‘O—-conv#rs:.on % . T kS BT - cz. 93
Space Veloclt Lyt ' Stege 1:5007 /w,/’m‘., Coverall 15{). vo /v o,
Gaa Contraction: 555 ovarall N JEE ) '

Ttilisation ratie: GD/'Hg :r 11,52
vield, inoludmg mh 159 gﬁy/ch..... CO+Hge .

The Ga’ba—é'at llfe aculd not be ae\.anmad as the mun was cui shoig ‘cy

in gensral Kblbel had Tound l.na.t tne o:*.ta.lyst had a lo




il. Cla:—. tion :Ln the L*m..:l_d 'Phase
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Dr. X3lbel ha.s ca-::i*i st Inves? i‘-, 3
Tropach synthesis in the 13 aiid phase over

=3

vonsiders thls technique of grcat imsortense for 1re clavelcra;:..fau of thg 7
synthesis, * Ee pointed ouk that ifs rain 2dvantagas '.&:’rive from the rupid ‘
transfer of heat eway from the catalyst, resulting in thas true catalyst
te@era"uro a:o,:ronsa ting to that of the liquid u_.u.um. Trhe productlion of
methane was therefore zmall {urdsr scxe condll :?_on_s zéro) snd the Teaotion o
temperature could bhe reg.xic.\ed easily e,z. by simsle cooling eoils: Are=raed in
the licnid medivm, so that larger toclmz.ﬁa_,_uscala converters could be usaed '
than with the convaniional procass, and they would be eo DAL .ti’*ely chesp to "
construct. The main d:sadvan,age of the process wes duP to the restricted
solubility of the reacting gases in the oil which set a limiting factor on’ the
space vel oclty .. Theoretically the solubility c'.g;:.ht to increasé with pressure’
but sym mes s at” 23 atﬂz}so res nad b...en fo-md to glwe no bettﬂr :esu.l‘s “thap -+
10 atmosp nerss. . : e AR AR R

Desizn of r=action veéssels, & of ‘dohtact i J._.dﬁpenclcn of he h 1ght
of the vessel, ik ths laiier governs the linear gas velocity which mstbs
large snoogh .,o ansuve a guvﬁ suspension of the catalyst particles,” The S
smallest ro-cbor usad by Kbleel was ca 1,58, high by ce 7 cm. diamster; he ha.d
found the raxioum cohversion abtainable with a +ube 0,5 m. high was 85 as
ageinst S5 with & 4Hube 1 7=, high,  His work hed besn mainly cerri=d cet oa pi ot
plants with rzastors Lo, by 20 cm, dizmeizs, Th uid level in the
latier was nzintzinzd constant by a2 ball valve, oil and satalyst being drewa of:’
together; tha catalyst wes filtered out and rebtumed to the r2actor as a

L = bl
concenirated slurry., Cooling s2s effectsd er‘ Zour verticsl Bayonst tubes
filled with "ater end comnesisd to a pressure stzam drum, Mo troubla was

expariencad with corz‘os:.o.., prebably owing +o the fact thet no liguid wed:
present, nor did crusis of catalyat ete, build wp shove the 1

The largest reactor built at Rhelnprsussen was ﬁe:lgn.,d for a gas through-~out

of 500 - 1000 cu.m. per hour; it was ca, 20 m. hizh by ca, 130 cm, dizreter,. )
This plent was put out of action by bozbing before i} was opermizd. Fo

soﬂclal provision was made in its design o minimise the fire harmard, Swiivisien
of the &5 stream by sinter plates ete. i1s not nsceasary, ihe gas beln_g led in

by an nm_.sary ‘tube, . o o

Catgz tg. Kilbel l*ad tried coba.}.t ca.ta.lysts in the 1101:3_6. phzse but had found
thex inferior to iron catalysis. The usual co:z:csltlan of the catalyst w23 in
the mangs Fe 1 3 Cu 0,2-0.5; K003 1 (2505) and the preparation, etc. were lzas
critisal f r th2 liquid phese then for the fixed bed process. The pretreatzent
of the catalyst could be carried out in the ges or l:.culd phase with similar - -
conditions of space velocity stc. to thoss used for fixed bed catalysts,

Rarovel of cf‘._,_g_ from the pratreatoent zas wes not so .-.mortant for 1iguid phzse
catelysts, The finer the particle size of the catalyst used in tha "‘.LCL_'Ld
phase the better was its performmance, %hen asked if ke nozeally us=ad catalysts
without a csrrier for liquid phase goeration, ¥&Ibel said that he éb.d, polatin
out that since the catalyst was suspendsd in c:n.l which performzd the functlons
of & carrisr in preventing overheating, sinterins ete, additiom of a carTier

rely dilutsd the catalyst,

AY T
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Reaction conditions, The a2wount of co wlvst rresent is lirmited by the azount
which can be maintained in suspension in the oil:  this veries with the catalyst
but the best obtainshle was about 00 gms Fe per litre of suspe

space veloclty used was ca 75 Vol gas -"':e?su =0 at ¥.7.P,)
per hour %ith a minimm of ca 50, i.e, a spacs velocity of ca 750 vo ‘
vol, dry c:atalyst par hour, . o R

Performnce. Most ‘of the investigations-on the ligquiq phase had been carried

cut by K&ibel with a catalyst of phe composition: Fe 400 Cu 0.2 mng} 1.0
(2505). . With this x..atalvst the Tt :Lllsa‘.n.on Ratio of" hyé. zen to carbon- rts'xc:r:xde\,

was 0,5, the reaction following the Zourse 2 CO + Hp - CFp' + COo and | S
: aﬂcorﬁj:g‘ly a synthesis gas with a Ho:C0 ratio of 0.5:1 was used, r:ce-ri‘.ly
minor modifications had been made in the cdtalyst with the resuli that the
Utilisation Ratio had been incressed and under suit table’ onezat.s_ng conchtlons s
waler-gas or even synthesis gas could be’ u.ec-g .. EBiBel would give no preelse | ..
information on the change nade in the catalySt huf adnmittéd that no carrier had
‘been incorporated. . He a"so adpitted that reci ¥ the residual gas haﬂ.

voulatisn of
been investizated but withheld the sosnlts chidinad. {The inves tization

appear to have bSeen carried ocut lmter than Juns 158h 1947 and TEIbel wms
entitled to mzintain sesrecy about ‘:I.-_:n;. _9ln il
to use a zas rvicher in carbon minorids fhan wmter-:o la
scale plant were to be built as CG-rich 1d e
give products of more varied character, s 4 .
uzing coal dust with Cop or flus zas to rive a CC-rich . oy '

Fortation of carbon. dozs not zpp2ar o take place with quid phase -tecim-ique,{
but if carbon deposiiion did occur on the catalyst to a 1 vited extent X¥lbel

s inelined to think that it would be Lenefictal in Zecreasing the.catalyst

ensi ty and so limroving the catalist suspension, | itlbel srpressed the

opinion that the f‘or:'zag.lor: of fatt‘"aﬂlas dn tring s “*t_;eﬂs ‘Il_f'h&. mf‘of‘t the D
catalyst astivity, but he appeared 44 havs mle no rne-, L3 :10*1., on »t"lq_bt}lﬂt. .-
Thus Lz had not tmad ‘the addisicn’ to *ﬁe rase ..o" o' tt_,r"aca.- 5 cr oorlc acid
or 2lkalis such as sodlwi-carbonzie -
to affsct the smt“e‘uq reaction, pa;
investizated the iatedt clain (In Le
patent 99201/1 91,.1} #Hat rendval )
washing with =lkali indresses the
zlkall metal in the cotalyst decr
propor‘.:lon of wax znd oAy*en._. heu c

The o'b:ervdt’on (°503) made ‘by ]--.‘j'l bel tha't the

. 2sel o0il used as the
liguid medium fook part in the resuction ané wos converted to wax Kas been
confir.ed, znd the uss of a hydrogenated Digsel 0il fraction has proved
raffin bydmcﬂraons can react in this way. ~ Experdcents
—- the rate of incorporation of both lor and hish-boiling
E vere cut short by bosbing, bubX81be} szid that in an ‘experiment
1d of wax formed by synthesis wes Th.h gm per cuum, a further AL.6

)

e . s
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&% per cu.m. was forwed by reaction of the Dicsel oil,

| K31bel Fave soms daté.on parformence in "ch.e liq‘aid phase; tha f'.;gura's
groted belew havae besn corvected for the insreszsz in ¥leld dus to inecsrporation:

of the 31iquid wodium, -~ B L LTI e NPT

fsing a benzine-fhrming catalyst at 8-10 atmosphares, "'230_°c.,; a.-'zd“a"rs.,'-‘;..xa.cié ‘

‘\1310‘31{{’{ of 75 "i'"f)ln {5?’5/?01. rezction SP&.C%‘_.{&'JI‘., ‘the xss.'_qfhegi_s gas hav‘ing a Ha:cd .

railo of 0.5 1 1, a total yisld of 168 gm per cim vas chiained with a .
Gtilizatlon Ratio of Hp 2 G0 of 0.5 1 +o No methsne could bo detected in the
products and the acount of sthsne formed was very small.  The distributicn of -
the podust vasi- B T R T '
BylrocarSons C3 ~ 0, - boiling 35-20070  200520%
1988 7 a0 Tam
The cotans nisher {motor) was 77 fSrthe Praction boiling beldw fEGOC la,-—»_d. 68,5 B
for the frection boiling below 200%:. Ths fraction boiling 355-15070, contained
&% or olefines,: C T L

A To .
200
NS

vy

Using saiples of catalyst which Fad a tendency $0 produce wax, K&lbel had. -~ o

cbtedned as high a proportion of wax zs 674 of the fotal produst (95 gm,/m’ of °. ..
Tax when the {otal yield was 142 ga./e ). Tt is posgible that this wax had snl .«
L.B.p of 230°C, but yieldy of wex bps 32070 sadunfing to 74 g /md, with o -
3 total yisld of 140 gm/n’ (L.e. . 508 vwex) were not uncomon, .. SRS
Ateospheric Pressure Progess, - Although Dr. KSlbel had carried.out & comsiderabl.
szount of #ork on the develcprent of iron catslysts for wse ab.atcossherio -7
Dressure, it yaa considersd thai this précess kad little fubwre Smpoirtahe
and he was nol interyogated on ik, . L S S

13

Veriation in Preduct Compoaition L X

Dr. X¥8Ibel considered that thers wes little prespest of diresting the
synihesis towards. the exclusive production of & narrow range of kydrocarboms
{other than &1 to C) end kiew of no set of conditions which brousht abowt
any spgreciehle dncrease in the proportion of ths Dissel oil fraction, ]
iz falf, however, that the limits of ‘he possible uodifications in product
covposition had not yet been reached, s . e ‘

Ye=chanism of Reaction .. | . .
Cn the mechanism of the FPlscher reaction Dr. K&lbel had no eriginal
observations to maka, ) _ 2t
to the formation of inlersiitial compounds Fathsr than true individual carbides,
Tormation of which lowsred the catalyst activity. Hydrocarbons were formsd by
the polymerisation of CH, growpa to form a very large molzcule 01; pseu_i?-
rolscule lying parallel to the catalyst surface with' the svbsegquent eraciing

of this molesule to give the compounds actuslly cbisinsd as products. -

37-238,G.4.L.Ltd.,2-48.
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He expresssed the view that carbiding of the catalyst led- .
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