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2.

i ef hydragarbons From esrbon spooxide and hydrogen 1m the [resgace of

- iron eatalyuts.
deaording to epplicatdon 3erlal No. 609,695, filed
Docember 27, 1950, by E.G.Davis and T.F.Wileon, the fortstion of

gasecua lefing as well as water in ths irem tetalyzed ayatheslis of

. hpdrocerbons from earbon mencxdde mad hydromen Is inoreaged br
controlled Inhitdticn wherehy the eatalyet ie gubjseted during synthe—

: #i3 to regulated amounts of the halogens, chlorins, bromine or icdine,
or ecmpounds eontalalng thees halogens. After s brled perlad of
i mperation under ihese onditions, a deposit ef ferrous halide extata

formation of hydrogem helides in the nxlt geées oan be secounbed for
by sn equitdbriua vhich axlats betwean the ferrove halide on the

+ eetalrat apd the hydrogen present in ihe sygthesls gas, es follows,
| wheze I i Br, CL or I:
; Feky + Hy p—————Fa + 2HX

Bevauge an equildbrive of 4hiz pature exisiz, the 4e;ff1eu'.*r;ﬂ~
i of lokibition ars maintained by m@uaLv or intermittently Intro-

ducing hulogen to the catalyet, to compenasate for thet removed as

hydropen hallde in tha exit geees. Az a result, the pragent proosss
requires the purchess of & halemen ighibdtor as an sdded expenge of
operatlon. In mddition, since water vather than carbon dlewide is
the prinolpal by-produst of the innibited Gynthesls reaction

¢ (2 + 60———HTHy) + Hy0), nn squscta solublm of & hydrogen

i hallde is obtained when the rea;::tlm pro&ﬁcts Bre gondensad end the

bydrocarhon separeted. Suwh sclutiona, pé.rtinularly of hydrogen
13

docordingly, the cbiect of thiz inventlon 1s to condoot

: the sbove degeribed Ianibited synthesiz of bydracarbous in sach s

This inventien ralates to an Luprovemant In the gmthiania |

_'I' chlérida, are corresive and speclel sllars are Tequirad to handle them, |

en the oatalyst and hydrogen halidea ere fomd in the exit gases, The
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. manmer that 1t wiil be prectieslly self-gsuztaining in ita Ishibitor
,l requirements apd that ouly very weak, relatively wem-torrosive solu-
: tlons of hydvegen halldes will be obtmined as by-prodecta,
E Thiz chieet 15 acoomplished by utdlizing the effect of
i temperature on the equilibeium betwesn 8 ferrous hallde and hﬁmgan.

] .
:. For the verious halogens, the eguilibriwn and equilibriue conptants
; '

: ave glven b the relaticns:

1. Fells + Bocmmmm——" Fe + zAQ

X = Equiliteim Const, = [pﬁgjz' '

=

B

logipk = - &@1) + BJTE
MR

- Feliro + Ho —————= Fe + FUEr

E= éiﬂ !2 _
B, :
Togypk = -@%D o686

:' 3 Folp + By o3} Pe + 2HX

| <o)z

log, K = - - 6.5.5_::.
10 G%KD -

Bafind tiemp:
T{"%)

|

Absoiute tempareturs

} Fpy = Partial preseurs of HE, sim, abe.

1]

PHE Pa,rtiﬂ rragoswme of H:J;’ pim. aka,

i Far & glven partlal pressure of hydrogen aud =t eqwilibrias,
! it 1= seex fron th.a typieel equation 1. above that the valus of T :
:E: inereages with the tempersture ploes, for Inetonce, the nopetive

| sxpreseion ~ G%f_%)), becemes mmaller as the tempersture incraases.
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g Blnce g =‘1I!I K. » it ls appaTrent that the periisl wressure of
bydrogan ehlerdde, for o glven partis) pressure of kydregen, will

inereass with the valus of K, and corrastondingly therefore the soomt

i of hydrogen ckloride i egullibrium will Tary direetly wlth the

- tempeTaturs of the Irenm eazalyrat bed.

the exit gms=e frea the symthssls corwerber which cesbaing 6 subobame-

© el JO0% to 40090, over a gegond bed of iroan particles or 1romecontain—

ing gubsiances auch as the ‘ron boge catalysl, Iron oxide and lron

' cotalyat 1n the ¢onverter. At the lowar temperature, the hydrogen

heltde will react with the Irem in the zsgond ted, which may e dermed

i & strippar, to form 2n lymm halide watil, uwnder ldesl eonditioma,

the awcunt of hydrogen chlorlde in the exit gases will decline to the
equilibriun value for the tempersture of the siripper. The change in
the concentration of hydrogen chlerids in the exlt gases sbtaineble

. by thiz mesns iz extremely large. Tn e 'dr'aﬁ.ug, turve IT, for g
pervial precawrs of hydrogen of 7.4 stm. abz., it 1s Bhewn how the
partisl pressurs of hydrogen chlerlds in equitiherlim with ferrous

| ehloride werles with the fsupereturs. Thus, at 380°0., the oguili-
brdvm purtiel oressure of hydrogen chlerids 1s 4.55 am. of HUSFGEET ,
vhile &t 200°C. 1t %8 0.048 mm. of merenry. This meene that, weder

iderl conditicne, the stripper at 200°C. removes 9% of the nydrogen

chloride formed in the esnverter af 36090

t #hown In the curves Ia and Ib of the drawing, which give tha coucen—

| trations of hydrogen chioride in the produst water eorrasponding o

L ent conversions of cynthsals ges to hyérocsrboms. Tt 1z noted thet ot

Thud, e sbject of thiz imvertion is zecouplighed Ty passingf

tial smomt of hydrogen helide at syathesiz tengeratures, for sxample,

ciide gres, at o sohetantially lover temperature thon fhat of the i1on

e precflesl result of this rewoval of hydragem chlerlde fa

i The eguilfbrdony partivl presaurea of hydroge&i chloride for two differ— °
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e lower convereion, there is & decresmae In the velume of the water !
¢ condenzate formed for sn egual wolume of Intet gaz a0 that the coboag—

- ¥retion ol 'ecid in the condensede will ba higher. _ :

{8 scmversion = Voluuss of [COtHa) remcied x 100)
- Volnmes of Ffead gan

Thus, the aguecsus condsnsate fTom the conwverter at 3E0°0. =nd ACE
eonversion weuld Ye strongly corrosive [0.15 molep of HOT per 11tar}
tut the aguerus condensate from the stripper ot 200°C. would be cnly
‘1 #ligutly corrcslva {ﬁ.ng13 meles of HGl per Xdter).

The above cotalderations alse apely to the other hydrogen
halldes, hydragen bronide and tydrogen lodide, and pimflar relatlon—

shigs oem be deTived by the applloation of equetions 2 snd 3, shove,
o fact » for & glven giripper temperature, the partiel pressmre of
hrdrogan bromide or fodide in squili'bril;lm with the corresponding !
- forrous helide, will be lowsr then the Fartlal pressure of hydrogen I
chloride ln equillbrivm with ferrous chinride, atza, for each lydro-
gen hallde, the stripper temperature required for effectilve removal £
- the hydrogen halide from the guses weuld be ahove the dew peint of
11'-&1'.-51‘- In the exlt pmess at the poroml vonverslons obkainad in the
syathesis operation. This Sngures ihet the opersiicn of the strippe:
will not be coaplicatad by the sondeneztion of weter at that poink.
i I1 addition: a% effestiva stripper temporalires of I0M1° 4o 2sped., A
for esxample, the gartial préaam'e of the hydrocarbons syrthesized ‘n;.r. |
i catalysts inhibited by kalogens is such thet condencetiod of even the |
heavier fractions 18 not 1ikely, ;
: Thers ere aeversl methods as described below by which the _
zbove deseribed principle can be applisd, oot only to redces the
i Aydrogen ballde content of the exdt gases, tub elso o effect &

o tecyele of the reccvered halide,
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. Methed 4. - Catslwset Bergeles

dpcording to this method, both the comverter oad the str:.ppa:.‘

* conhain an Ivon catalyst wiich is mintained ee & fluidized bed, fhe

: eatalyest in the strlcper being st an ap}:.recia's}l;f Lowey temperature. |

i The exit gmses frem the eomverter razE thiough the stripper vhere
; Wrdrogen helide is vemoved from the grses wg Perrous bhel?ds on the :
vatelyat, Catelyst from the stripper iz eontineonsly clreulated o l
the ecavarter, where at the higher temperetire, it losss pert of its |
kalide content w@ bydrugen nelide in the geses. Correspendingly,
cetatyst from khe eonrertar is eoptimueuely cireulated to the strlsper |

i where at the lewer temperaturye it pleks up Lydregan hatida f‘rom thee ;
exlt geaes o complete the cpele. Meke-np iubibitor 1a edded tio
g replzce losses such As thet of the bydrogen hellde *n the cuktlat gnmas

from the atripper. E

Mathed B. - Herenerstiws Catalyst:

In the prectice of this method » woth the cepverter and tha

i Btripper pontiin Bboud an eque) volume of frem catalyst and altarnete

in funetion. Thet s, exit pases frow the copverter paes thrempgh the

shripper 6t & lower temperature wntil a copziderable deposit of ivon

| hailde iz built wp iz the stripper. Ten the gas flow 1s »aversed
| and ke temperatnre of the stripper raised to resctiog temperatnres

80 that synthesia gee reacis in the etripper %o form bydroesrlons.
. Uorrespendingly, the temperature of the sonverter 1 refucsd o thab
| 1% setzs to0 remove hidrogen halide Prom bhe exit groez will e dezosit

i
i of iren hellde has sccwmileted and the gyele iz ropoated.

i Mathod 0. - Strdppar Rooweles

!- This method I 2imilar to Method 4 emsept that the cafelyat |
:T.E nat Tecdrouleted to and from the c:omrertsr. Instesd iron centein

i
| |
I
i ing e depoait of Ireon hallde is eotiinuously removed from the strdipper |
. and paesed to a regemerstor at m higher temperature than the atrippey. :

H
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In the regenerator hydrogen is passed lbreugh = fluldised bed of the
t iren and irop hatide formalag hydrogen hallde and vedpced irom. The
. reduced iron is trensported as & fluidized solld ook to the siripper :
and the bydrogen conteining the hydropen hallie inhibitor pesass to

the cenverier sz paxt of the sypthesis gad.

Thip method hee the zdveatzpea thet the Avop bed used in
the atripper need not be of the quelity required for & hytrocarbon
syatheals catalyst, end that the catalyst In the converter 1g net
: subjected to sny chenge in Loupersture.

| Mathod D. - fepenspative Stripper:

The converter i cperated with two atrippers im perallel;

' ene belog on stream to penove hydrogen hallds from the sxit gaess from
: _ [
~i the converter and the other belaz on & blow cyzle with hydvogen at a
hlgher temperature to remove hydreges kslide snd regensrate the iren

|
I
Tor stripping. The hydrogen and hydrogen hallfe from the blow cyels |
i pads to the coverter as pert of the syothesin gog. ‘
. N |

Thig wethad hes the sdvevteps that no solide are trmpurt&d;

in the proces:s,

The privelple of this invention hea besn thoroughly estab- i
lizhed in practlce, and the ameunt of hydrogen helide in the exit i
E geees reduced by the operation of the st»rippﬁr to & ruing oloze te :
| the equilibrium vslue for the stvlpper temperature. Tt is, of ::nurss,i
unnetessery for the prostical suocess of bhe inventien heb the quﬁ_li-i
" briua eonceniratlon of hydrogen halide at the lowar berperaturs of :
the strlpper ba resched, sloece thers is such = wide spread bhetween :
the equillibrdim concentraidmaat the converses tempsrnturen snd at thei
#trlpper teuperaturas. . |

MPTF 1.
The apperstues conplated of fwo one—inch I.0. steel wapmzels

i arranged so thet asch voszel eould oparate indepeniently to aslks
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{ hydrovartbens from synihesls ges or o thed produet gus from the firgt |
; weagel comld De passed through The zecond when desired. Tae firat

versel, termed the roscter, was charged with 150 ml. of & fluldized

|
|
. i
irom catslyst prepared from redused mogmetls ore concentrata, and the i
i

|! second wosgel, termed the stxipper, wae charged with 50 ml. of the

zame gatzlyat. . ’ : .

Synthesle ges {2.25 Hzil00), wae passed through both vessels |

|
et 285°C., end a spaee veleolfy of 3100. Inhibiiiem of the catalyst 11:1
|

¢ wach veseel wns aecomplisked by Tebding 0.33 wi./hr.{liquid) of :
: ethrlene dichloride with the sypihesls gas, - Vhen the catalyat in each
' wegsel had recched the same sluge of ectivity and inhibitien, the flmri
of frech aynthople gee through the shrlpper wes discontimed apd its I
temperature lowered o 200°0. Pyoduck gas frem ke roector was bhen |
peteed dlrectly into the stripper end frew thepe throush s condenger I
! and the condeasate collected, The weter leyer of the condsnaste was |

anulyzed for bydrechloris scid, To mesture the eolffectiveress of the

etrdpper, It wae faken out of asrvice psriﬁdicnlly tod the wnter layer
In the confencate from the resctor amplysed for hydrochlorie meid.

I every Insttance, the smount of carbon dicwdde and the amount of

& Op=(y clefing formed were weapured. Thke l'agul{,s of the sxperitents

were a8 followa:

Chiorlde oo 3, :
pop Hour of B8 dw

Cetrnlyst Igbylens Dichlerdds . Confenoate .
| hoe Neastor Temp. 3fripper Townid ia Cale. From Water, Moles |
¢ Houre 8. : Seivice  Edth Gas Fquilibriwm:  per Liter i

o:

108 2 Tut, 6.104 0.096 © O6L |

109 312 Tn 0,058 0004 . 047 !

11 310 In 0.015 0.004 -+ Da.0LL i

11z k13 Ia .020 O, 00y, 0.007 ;
' 115 e Ct D.085 O.I80 0.077 i
Ak 308 . In 0,009 0. 004 0.009 |
o 315 Tn 0.0 (. 004, 0. 0U7 !
| 134 355 Qs 0.319 9,255 0.11
O as1 In Oa029 S J 12 :

137 351 In 0,009 c D.004 . 0.0033 :

1xd 352 Te =~ 0000 0.£04 0.0023
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9. |
&t the lower tenperatnrs of operstiom [I0B°— 315%L ) the I
| comverrlon of synthesis gas to hydrocerhons was in the Tamge 19 to 264

the content of the (-0 slefin: in the totsl bydrosazhbon product was

I in the ronge 39 to 47%; and the nelsr ratio of Cﬂaf[ﬂﬂgi-i{zﬂ} = 100 wag
In the Tenge 3.6 to 6.3%. At Ube higher temperature of cperation _'
{252°t0 355°C.), the comversion wes in the range 36 4o 41%, the ulafirml
were In the weape 3V 4o 43%, and GOu/{00p#Mp0) x 200 was inm the ronge i
2.0 40 428 These results show that tho effecks of Inhibition 1a

:;: rodueing the carbon ddesdde formatlon and in Increspfne the gaseong

i olefln eontant of the hydrocsrbons wera malntedined repsrdlems of

| whether the strlppar was in or out of service,.

The walues for the scid content of the wondenzate water In
the sbove tabls ave the analybicsl recults, and from this and the
enount of weter formed per hour, the ckloride in the exft gea e
' nalanlated for somparison with the inle;n feed. as.{ni:!.;‘_itars {1quid) of

sthylene dichleride per hour. The squillbriun valaes for the. chloride
:cn:sn'tsnt on the eane Dasiz were caloulszted Eron ihe reactor tenperatiure
i or the stripper temperature of 200°C., respectively, ﬂepénding on

;. #whether the stripper was In or cut of sorxvice

At ostalyst age MOS8 houts, wiltk the stripper ont, the

i chloride in the exlt grs wes approxinetely the &quil:’r.brim'é valus. With

the strlpper in at catelyst age 109-11% hours, the chloride content

of the exlt gae Froam the stripper fell to & level slightly atave the
I equilibrium velus four the atripper tempsratmra, At eptelyst agas 115 1
howrs, with the eiripper eut, the chloride comtent docressed but, on

putting the sfrlpper in service at catalyat age 117 to 121 houre, the

ehleride coatept of the exlt gee eealn declined. i
i
iI On raiaing the reectlen temperstirs to 554°C., ab catzlrst

aga 134 kourg, with the strlpper out, the ¢hioride in the ezlt gas

Increased hecanzge of the effect of Ltempereiure on the hydrogen
i
It
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561856.;

1o,

i
chleride-{erreun chleride equilébeime, However, with the stripper in |
. 1

even though ibe chlordde content of the gas to the stydpper was highar.;

temperatures, the acid conceutrstions 1n the seadentete water were

Cwag reduced to e valine approaching the enillikrimm smowmnt for e

4t the higher conversions stbending the higher rescticn '
: i

lower becavee mere watey is formed in the reaptlon, while the amgunt
of ehlerdde Io the exlt pep ;‘.‘ro:n the stripper remaine cemetont at a
fixed gas flow and stripper tempersturs, Thus, the operatdon of the
gtripper served to reduce the copcantratlos of the acid in tke sonden— -
saie water In this cace from 0.1 Normel %2 0.7033 Hormal. |
DXAPLE 2.

Another experinent wes carried out in the apoarsins and by

the proceéss dascri't:;ad in Femple 1. The resulfs woers g3 followe:
’ Thlgride ag ML,
per Hour of . '

Catrlyst Reactor Strippey Fhylens Dichloride Molew HOL

fpa, Temp. ot Tound in  Cele. from . per Liter of
Honep P 20K, Ipif Ceg Tomdlilidomn. Peoduct Waler .

56 3300 (mb 0,135 0.174 703 -

] 324 In ThOZAY DL0m4 0SS,

£1 jered In 0,06 0. 0034 . J05EL

2] 225 In L0045 Q.00%5 0. 00257, |

The eomversions were 27 to 30F end the smowrt of Go~Cy olefiny

ir the total hydrocarbon preoduct wee 38 to 448,

In this instence, the mweunt of chloride ln the evlf gma i

stripper fowperatyrm: of 20090,
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The embodiments of the invention in which an

- excluslve properby or privilege 13 elsiped are dafiined aa

s follows:

1. In the aynthesia of hydrocarbons Ty the
reaction of carben monhoxide and hydrogen at syntherls
aonditions of temperature and pressure in the prezence of an
iren catalyet whereln the cabalyst is inhlbited during I

* synthesls by malntaining bherein an iron halide of the
.grcup congleting of chleoride, broslde and lodide and
?wherein a product gas containing olefines, water and s
'hwﬂrogan hallde of pald group 1 formed throughout the
“aynthesis reactlon; the improvement which comprises separat-
éing the hydrogen halide fram the water by passing sald
gproduct gas through s etripper bed of Iron-contalning
%partinlea at a tempereture substantially below zald
syathesls temperature but above the dew point of gaid pro-
rduct gag, removing most of the hydrogen halids from the

ipreduct gas by converting it o ap iron hailde in a#ald bed,

cand re-using tie iron halide formed 3n sald bed as az
scurce of hallde for lohlbition of the synthesis catélyst,
2, In $he aynthesls of hydiocarbons by the
‘raac;ion of carbon monexide and hydrogen ab aynthesis
;cnnditiona of tempervature and presﬁure 1n the pyesence of
‘an iron catalyst whereln the catalyst leo inhipited during
synthesls by meintalming thereln sn iron holide of the
group congleting of chlordde, bromide ang iodide and
wherein a pproduet gas contalmlng olefines, water and a
hydrogen hallde of sald group 1z formed throughout the
eynthesis reaction; the improvement which comprises

reparating the hydrogen halide [rowm the water by passing
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\
gald product gaz through 2 stripper bed of lron-contatning
partlelea at z temperaturs substantlally below sald
eynthesls temperaturs but sbove the dew polnt of pata
product gas, removing most of the biydrogen hallde from the
product gas by converting it fo an iron helide 1n sald bed,
and recyeling the Iren halide formed in satd bed for
inhivitlon of the syntheals catzlyst,

3. In the synthesis of hydrocarbons by the
reaction of carbon monoxide and hydrogen at sﬁnthesia
cendltions of temperature and pressure in the presence of
an iron catelyst whereiln the catalyst 1s inhiblted dwrdng

 Bynthesls by malntaining thereln an iron halide of the
cgroup congisting of chlordde, bromide and 1odide and

whereln a product gas comtalning plefinen, water and a

:hyﬂrcgan halide of zald group 1s formed throughout the
fsynthaais reactlon; the lmprovement which comprises
fﬂeparating the hydrogen hallde from the water by passing
Isaid product gas through a atriﬁper bad of lron-contalnlng
-particles at a fermperature substantially helow sald

syntheals temperaturs but above the dew podnt of apdd

product gas, rewoving moat of the hydrogen halide from the
;product gas by converting 1t to an iron hallde In sald bed, -
‘pPasalng hydrogen over the mixture of lron and iron halide

thug ebfalned In sald bed to regenerate the lrcn and to
form a gaz composed of hydrogen and hydrozen hallde, gnd
passing gald gas over the synthesls catalyst as part of the
ayvotheris zas,
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