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The pregept inventicn relates to the prpduntion

of iron caprbonyl apd more particuleriy toc the preduction
¢ i1ron carbon¥l st tenmperatures and pressursz haretolors

congiderad inmprachileal for indnstrlzl operation,

The usual way for produclng a cetsliio cprbonrl
?_ ' g 10 peds oerhon monoxlds, or gaszes contsintng a substan-—
i tial pertlen of carbon monoxide, over the metal of whleh

the oarbonyl la to be formed. Ysually the metal is

sbtpined by =aseous refuction of its oxide, However, prior
Art proceszses have alec besen shonr appllazble to the pro-
duetlon of cerbonyls from preciplisted sulfides of iron and
nickel ag well a&s mabies contalnlng nlckxel andfor iren and
copper obbgined in the redoctlon of niockel ores. HﬂﬁBvér,
Has generally Earrieﬂ out, only nickel uarﬁunyl 1z prnﬂuceﬂ.

when mixiures of nlekel ant iron are treéted with cerbon

nonaxtds, the ivon being for ibe mest parid 1aft a3 a residus |
in tha reaction veseel, The femperatuvres and pressures at
which the reacition between carbon monoxide or carbon monoxides
contalnlng gaﬁeé gnd the ﬁefai“ur metal Bompouﬁd is carrieﬂ
out depsnd uoor the partleular metal, The zarbonyl most
1largaly produced cogmerslally in thiz menner 13 nickel car-
|| bonyl, tha pasctlon teEing floee at'étmnsphariu preggmre sudl ;
at z ocomperatively lLow tempsraﬁura,:fﬂr example 40% O, to
Boe 3., although 1t te common practice o use higher tedper-

sturgz and higher pregeures in the production of nisksl

carbonyl. The niockel carbonyl is obialned by the sction of

carton monoxids gasses on omleined and reduced alokel or
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¥ rediatdon 1n the gpesd of the resction betwesn nlokel mnd

| and the nickel carbonyl reactlon cen be maintalnad By

. actlve form cpn be snaured through the partial deconposl tlon

S
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acpper-nlckel matiea, whlch Anvariably cootaio some eobaltk,
gnd 1t Le wldely kKnown thst the rate of carbonyl formation
Irom theas mattes progresaively decreases wlth lnereaszing

aobalt content, T4 iz believed gt this tioe thst the

carbon monoxide in the presence of eobalt in intimate
sumixture with the nickel la the result of the fact that
asbalt and niokel are oo aluillsar atomleally that when the
nlekel 1a removed as carbonyl from the cryatal lattice

of the veduced matte, it ts replaced by cobalt., Thia pa-
piasement of the nickel stoms in the Zattloe br cobalt
s#boms elowe down the resotion Desause the cobalt aurface
gr produced la nnf avhacked by the carbon mondxide st

atmosphertio preseuva,

Thls effect of cobalt san be largely overscme

snauring that sulfur lg pressat in active form in the
reacticn chamber iln the menner desorived in U, S, Patent
Yo, 1,300,762, Thet la to say, by lotroduolog metallic
sulfates smoh as niekel sulfate into the ¢sleined niokel

mette before ibe »edvetion, the pregénce ef sulfur ln the

of the sulfnte 1n the culelnsd matte during the reductisn !
Process with the evolutlen of hydrogen sulfide. The hydro-
gen aulfide {sr cerbonyl sulfide formed from 1t 1o the
resotlon shawber) vreferentinlly comblnea wlth the eobalt
to form sobelt sulfide which ls unable to enter the arystal

latulice,

-3 -



L
“

el
£
‘.

Stan hAHW

Dot

TETRT AT

R PR
ORI

Eowsver, 1t la recognized by those sxiiled in
the art that the resoticn betwaen carban menoxide or gagses
orntaining carbon monoxlde and redused lron invelves
Tadtora snbirely differsnt te ihose afi'voting the Xinstios
of the reaction tetween vedused nickel anf carkon monoxlde
¢r carbon monexide-contalnlng gases, Yhis ia olsarly
stated by theo patentses Mittaeelh, Schleohi anfl dsus in . 5,
Fotent No, 1,812,399, at page I, lines 5 to 11 in he
JSelloging wordsg: ' '

"When trying to produse ivon carbenyl by the
adtion of carbon wonoxlde on iron by methods by
khich nlekel zarbonyl 1s produced on a semmerclal
poals, elther no iyon varbonyl at gll ig obteiped
er the precess proceeds in such a2 slugzish MEnNnEr
that the precesa can not be ecarried cut on g
sommerclal acale,t

it ‘ada been found that there 1s a possible erplenation for

: this”difference in the reaction betﬁéen iron and oarbon

-l ronoxide aﬁd:niakel ané sarbon monc:xlde which may be

explalned en the bmals of bLhe peuuliar afflelty of lron fop

earbon, Iron carbonyl 1s uwpually prodoced by the reacticn

‘of carbon nonoxlde with ironm generally ebtained by the

reduotlon of 1ron ore, bt at temperatures and dependent
Dreasures meh higher than are required for the preodusticn

of nickel oarbonyl from reduced nickel. In contrest 4o tho

- aperetive teaperaitre of 40 to 50° §, for the produation of

| nlekel cerbenyl, s muoh higher tempersture ig regquired,

usually of the cpdgy of 176° O, for the produstion of lren
earbonyl. In additlon, a high preggursa ustally from 100 to
800 atmogpilerad or sven as high as.BﬂDD atmozpheres 18

employed hoth to make the reszetlon proceed sufficlently

- & en




the carban monoxlde, On the other hand, when an attenpt ls

i mafdle to opsrate st lower tempermtures and preasures, Ion

Sdiffieulby whieh arises ;n‘thé produstion ef ireon carbonyl.

" sf petuced powdered rossted pyrites with iren aerbonyl.

_expenslve snd troublespme and lests to the dasompealtion of

rapidity wlth which the resaction between iron and oarbon

- secondary reactions beiwaen the reduced lron anfl the asrbon

monoxide, :

- Thus, in U, 8, Patent Ho. 1,812,399 the patentees disoloze

PoAe Y g

rapldly and Lo drive the carhan monexide lnto the lumps of

veduced ore, ¥Yaturally, the use of such hlgh pressures ig

i
exanple, temperatures of abowt 80 to 10G° e éni predjgurea of
the ordaer of 10 to 20 atmospheres, 1t has veen found that the
rate of formation of lpen carbenyl decreases €0 rapldly

that the process becomes uneconomical,

It hags boen dizcovered that this decresse in the

meroxide prosesds 1s a resulbt of g 'detTesze In activity

caussd by the formatioh of carbldes of iron as & result of

’ﬁanj attémpna have beso made o overeoms thls

thet if redused fine grﬁineﬁ;roasﬁaﬂ vyrites sre made inte
a paste with paraffin oil and irested ln intimate coniackt
with & siream of ecarbon menoxide for about 3 hours mt 300° O,

and BOC aimosphered pressure, BO% of the iron iz volatillzed

ag carbonyl,

U. &. Patént No, 1,356,&?4 dlsglosns & process

for producing iron carbonyl whleh invelves meklng a paste

L]




The paste ia pressed into s vesszel snd heated to 2009 e aad ;
carbon mongride pazged into the Teasel contalning the paghbe
cwlth aweh = valoolity at 200 atmospheres of pregsure that the |
rartial pressure of the carbonyl in the effiuent gaz doea

i notk reach the vapor presspure of lyom carbonyl at 200° G,

{about 8 atmosphares),

A&aln in U, 5, Pafent No, 1,BER,230 s vrocesz ig
dlecloszed in which roasted nyrites are &rencheﬁ.with a 104
golutlon ef magnesium sulfate snd reduced hy means of

;hyﬁfugan 2t 8009 (0, The reduced pyrites are then trested
N as 300° 0., with ocarbon monvxide under s presaurs of 200
atmospheres wherghy 1t 18 prosaible according to the patantseg
4o obkaln a conversion of ebout 94,1% of the irom in the
. .pgriﬁea into iron oarhonyl In abeout 8 hours. The pateateea
' Tfﬁgiﬁﬁ.quﬁ éﬁaﬁ witﬁuut such previeng trgatment ﬁf thé .
prrites with the selution of maﬁneslum_sulf#ﬁe and tha other
canditions being egual, laen thaﬁ.half.aﬂ the iren la con-

verted 1nte carbonyl.

T U, 8, Patent No. 2,086,281 the patentoes

‘Hehlecht and Fsumann podnt oubs-

*In other aasea, suliur or sulfur compounda
have been found to a0t highly detrimentally om
the formation of iroh and nlokel earbenyl. Thus,
when a nickel matte iz subjected te an inoomplete
rogating treatment so that a.anbstantisl portlon
oF the sulivr inttially present le left 1n the
material, the formation of nlckel cavrbonyl pro-
seads usmally very slewly, i¥ at =il, even LT
after the lnecmplets poasting the saterial hap
beon anblzeted 4o s predustion treatment undasr
mederste condlilons af as o praduce a highly
poraus metal,
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"The aforesald prlor procsssses thersfore are
tore or less tedlous in practice when sulfidle
Initlal materlals are to be nonverted 1nto metal
oarbonyls, and furthermars, they lnvolve Tery i
often other disadventages such mes the GONnBURD—
tlon aof lerge smounts of carbon monoxide fer
reducing ths gulfides to the metsilic ptate WET B
by carbon oxy-sulfide is formed, Tt im probably
for these respons thst there 18 siill g great
demand for a sifiple and eecnomical process for
mazing metal aarbonyls from zuch materisils as
mattea eontalning ndekel, o iron, or beth,r

These patentess glse point ont that when stavting from a

matte sontaining iron and sulfur only, carbonyl formation

) bakes place st preasures up to sboul 200 stmospheres until

| exempla, 1000 or zaéa atnoepheres that alao the reﬁgining

Ftreated wlth streasing cerbon monoxlde under a presenrs of

the composition of the rematalng Wass eorresponds about to
the formula Fef; whereby no earban oxy-aulfide 1y formed

and %t is only at substantially higher predpures of, for

irﬁg-au;fidg reacts wltih sarbon monoxide wherehy irqﬁ:
cuFbonyl and sasbon oxy-auifide are formed stmuliapeonsly.
Thgse_ﬁaﬁénteas ﬂ;aplpae that if lron esrbonyl is to be mgia:
iraﬁ impure gorap iron, he scrap iTon ts.meltsd tn s gﬁpéia
.fﬁfnaga with 86 mueh pyrites that the resulting matte containg
about 10% sulfur, . This maste ta then somninnted until the

particles have an sveraze size of 5 millimeters and iz then

200 gtmpaphseres at about 200% 45 275° G, In the gourge qf

10 hours about 7L of the inltisl materlsl 1s conversed inte
lron carbonyl. .Dn the other hend, lron carbonyl can be made
frem aovar lron sceordling to these vatentaes by smeltling tha
serap iron wltih so mueh coprer emd sulfur thst the amount nf
thess two gobatenoes 1s sbont 30% by welght of the resuliing _
Imatte, the propor.tlon of oopper te sulfar oorrespunding about

b the formiia Sua®. The asmminuted matie ls seted npat
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1 sonbalnlng sulfur, selestum cr tellurium in sctive fomm .
sulfur, eelealum and tellurlum sucsh ss for example nlokal

“and:thﬂ preseures smployed even 1n the presenie of aotive
-gulfur are the ssiie as uspally employed for the prodoction

' gf.ﬁ;@kgi;éErﬁqnyl;

',arn ¥t %111 be reaagnized that the art has anpreciate& that

aaéaler&ted by carrying out the reactlon ln ihe prezence of

astive gulfur, - It ls aleo manifest that nome of the pro-
fﬁu the production of 1ron carbonyl hes provided & means
! emﬁlayeﬂ for the rroductlon of iwon carbenyl, Thung, zithough

esrbeuyl uwnder more favorable conditlons from an induetrial

with streaming corpon monezide under g pressura of & oot

200 atmompheres end 3t & temperature of from 140° te ZEHF O,

|

|

I

In the producticn of nlckel carbenyl it haa Leaan i
J
found that the mate of formaitlon of nickel omrbonyl 1s 1o~ é
&

- areasel by the presenceg 1n the reastlen chamber of a compoun

(7. 5, Pafant Ta. 1,509, 768), The expresslon “"motive form*

#s used 1n the aforementioned patent includes. sompounds of

aulfide, ntckel - salenias or nickel uallurlne. {Paze 1

Lines 31 tu asy, Huwever, the Lemperature ot the resction

ﬂrnm the fnrsgein@ brief refareneaﬁ tn the priur

in the profuotlion of nlokel carbonyl the readtion can be

cagsés of ihe priﬂf,arﬁ whiuh'apenifiually'gﬁgapplicable
wﬁeraﬁf lower temperatures and lower preszures can be
many attempte nave beerd made to 2ffech the produstien of lron

etandpolnt, none of thege prior art pmooegees has besn
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wholly sstlsfactory when carried cut on an infustrisl sosls

T4 has now been dlscovered thei lron carbonyl
gan e prodwcad fron reduced lrorn st femperaturez end
pressures heretafore sonsidersd 1mpfaqti¢al for industrizl -

operatlion,

It 15 an objest of the pragent lnvention Lo
I provide a means whereby iren carbonyl’ can e producsd from
- reduced. iron with 100% ecoversien in not more than aboub

t 24 hoors,

It i another object of the preseat invention

Eto provide s mesna whereby ivon earhonyl can be produced

il

Jat tﬁmp@raﬁurea'not grester than asbout 200¢ O,

4o provide s weans mhereby irow carbonyl can be produced

“ftrom reduced iron at pressurss not grester than abowt 200

ntnogplisres with about 1004 conversion,

The pregent imvestion slse contemplates neans
|for producing iron carbonyl atb tomperstures of the orden
of B0 to 100° O, st pressurss of the ordar pf aboui 10 to

about 20 atnospherss with sbout 190% converslon in not

are than 2¢ howrs treatment.

Other objects and adventages will becons

apparent from the followlng degerlptlan,

o

- -

Tt ia a furthes object of the present inventlen .




In conventleonal prler art proesgses iron oontalning

materisl iz treated 1 such A manner asg te prowide highly
I actlve mehallie iroen, Ueuslly the reduced Ferrous matertsl
auek 22 reduced ivon are ia treaied for the produotlon of

lron Darﬁonjl tn the form of pieuss of reduced 1ron ore

SR AT il b Al o

atout 174 of an imceh to sbout 1 inoh in dlasisetsr, When such
reduced irom ore le trested in the oustomsry menner with
carbon monpxlde or carbon monpzide—ocentelning cases the

? velocity of the readtlon is very low wihen csrrled cut at

| temperaturss of about 20 o about 100Y O, and st =28y 30
atmospheres preasure, In Taet, under such condttions of

3
bemperature and oressure only about 30% of the iron is

converted to iron carhanyl in ahout.aﬂ houre, Althoogh

g _ aa_has been regognlezed, splfor in the form of sulfides

EﬁiH: . :: ;:: Jguch as nickel sulfide iz effsctive w0 1ﬁcrease.tha veloolty
é;f o .; of the peaction invelved in the ﬁroduﬂticn of niekel esrbonyl
i | from reduesd nlcksl, nevertheless sue adﬂitloﬁ of 2nlid

aulfldes to - reducsad iyon such as desaribed hervalnbefore 1z

not #ffective. Furthermors, gasesius auifides nave baen found

we bﬂ'ineffective also in view of the f=ct that there is o

excagsive local acilon near the lnled port for the goseous

' [ -gulfides and relabively ineffective aciion a$ pointa vemote
from the gae inlet, Thue, 1t le mgolfest that sulfides are
net sffestive in lagreasipg the veleoeity of the reastlsn

batween 1pon and qarbon monoxlde o vroduce iven carbonyi.

— T

Yowever, tha resoileon betwsen reduced iren and carbeon mnnuxiﬂE
0

can bz aocelarated to s remadlkabls =xtent by treatling the 1r

T
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- by whlch the seceleratlon is produced, Thus, aithnugh meph
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conbaintng materisgl with a solmitlen of sulfates prier to
reductlion of the irom to the metallle gtete. ALl sulfsties
are not effective and 1t has been found that the soluble
sulfates of the hosvy meials are the eifectlve catslysts
in the resctlioo between ircon and cerbon monozlds. Furthes-
mora, the amount of sulfzte has besn found to be critieal,
and must te malniained below » certsln maximum critical

amncuoi,

Tae precise mgnner 1n which the sulfate brings
sbout the ramarkahla results 1s not certﬁiﬂ but in view of
the entlrely differeni cauae {or the reductdion in the rats
of produetion of niokel and irom carbemnyl reapeetively, it

is menifest thst there 1s no relation belween the mechanlems

. pulfifes sre the squivalsnt of ewlfates in prometing the
Tormation of nilckel carbenyl, no suchk sgulvalence éxlstd in

the formmation of 1ron carbonyl,..

It 1p found ta be essebilal that the heavy metsl
gultste ghould be added before reduction of the iron ore to
mets2llo iran and should be wniformly spread over the f

surfase of the lron bre,

The sulfates smoleved to obbatn the novel resulbs seb
forthk hereln are any sciuble éulrate of a heawy méhal, guch
aé nlekel sulfate, iren skifate, cobalt swlfate and coppar
sulfate, prefarably niakel sulfa#eg Tae amount of zulfgte

 employed is erltiesl and should néthaxcaad sn smount such
tiat the nroporbicn of 205 in the é%lfate to the reduced lndn

ore ls from sbout 0.2% to about $.5% by weight, Thus an irgn

- 10 -
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|| phieres may be employed. From the fpfegging it will be

e |
w75

sre of 1/3 ineh size is tmuersed 1n a cold saiurabted agueous
aclution of mlgkel sulfate, The vre ls remcved from the

solution of sulinte and allowed to :draln snd dvy, The

smount of sbsorbed nickel sulfaie corrssponds to sboul 0. 5% !
205 based on the welght of the iven cra, That 1a teo B&Y , .
the lron ore absorbed about 2% hy weight of HMisd,.7HzO. Thsi
iren ore whth the absorbed nlokel gulfste ls than subleoted E
Lo reductlon preferably by hyérogen s aonventiunal.temparw i
atyree such ¢ about 500° (., untll the iron ore hag been i
rgduesd to medalile irom, The metalllc lrom is when heated

wltlt carbon monexide at temperaiures of about B0 to aboul

100% 0. at presaures vf 10 to 20 atmospheres, - Higher temper-

[}

atibres sueh sy 140% 3, and highen préésures such gs 200 2tmos

ﬁppareﬁa to those gkillsd in the ari that reduced iran ore
which has been treated wlth solubls hesvy metai pulfates to
the extent thst the iron ore has abénrbad abeus 0,2% to abond
0.5% 303 baved on the weight of the ore may be treated with
darbon monexlde or sarbeo monexida-contaiming zases atb
braapures from 10 atmoasphares to 300 atmoppieres gnd at ten-
Faratures from S0 O, to 1402 3, Ii will be readlly understopd

Ly those skllled 1n the art that Lhe higher the tenperatures

employed the gréamar'tha Dressure wnder which the rearbion
hetween the redueed lyon and the carbbn monoxlds ig carried i
ouh, . .

Tllustrative of tha remarkable resulis oheained
Ly the new aroeeszs a8 a resgult of tﬁe trestment of the !

Ferrous materdgl with soluble heavy metal snlfate prior to

- 11 -
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of couwpsrabilve treatmeni of lron ore reduoed without the
addltlon of solable hesvy metal gulfate and then treatsd
with ogrbon monoxide snd iron ore trested with ooltble

heavy metal auitabe oricr te redustion %o the metmllic

atate aud then treated wlth earbon rconoxide, -In these

votiperstlve teste the iron oré was reduneed by hydrogen

at B00® O, The reduoed ore was then heateé with carbon
monoxide at temperstnres of gbdut 99 4o abomt 100% £, and
at 8 pregaurs of about 20 ztmoapdierea, One ketoh of iron .
ore wap not breased wltn heavy Hetﬁl.aulfate prior to
vodnation by hydrogen whersse the other 1ot of lren ore
‘Waa treated with an aguecus selubien of nickel sulfate

and shsorbed sbout 3% nlskel Eulfate:equivalant to abouf
-0,6% ﬂﬂa based on the weight of ths iren ;:Jr'e. In the

I fallewing table ia given tha porcontoss converslom lnis.

iron carbonyl st variocus blmes of reasotion for matbsrdal
“tremted ln scoordance with the present inTentlon and

untreated iron ore,

t : % Converaion &b Trﬁg Eg;@ggxl_
: '§ Reaotion .. 3 : AL NS0, VHaO ¢
: tima : Untreated H ar
: 1 {Hoprg) . 0" 1 : sbouth 0,59 B0,
i 2 H a : 31
Y 4 : & 3 44
2 & H a9 - i =153
'S 81 H B : 100

reduation to the metalllc staie Ls the followlng tabulztion

P N T T

From the foremoing tabulation 1t is manifest that ln the
prezence of shoub 935% 505 based on the welzhis of the lrom

-_":!:_.rj . - 12 -
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ore the somnveralon of iren to iren oarbonyl ie about 310%

grozter in 21 hours than in the absspos of S04, If is also
interesting te note that st the end of two hours tie smount
of iron converted o lrvon cerbonyl 1ln ihe presence of sabeuwth
.55 80z 12 gbout 10004 of that converted in the sbasnce of
added 805, Another liem of lnterest which iz manifeasted by

the foregolng tohulation ls2 the Taect that during the flrst

.ﬂ:\":’ﬁ"'|':'.:?ff-\.'-'.-Cn'.r3mﬁ'm¢fm&w-:diﬁﬁﬂﬁﬁﬁ;m€¢ =y

£ hours of the reasction the veloolty of the reacticon i=z
praétieally Ilaegr which mlght Juetify interruptleg the
treatpent with carbon menoxlde 4o aggin treat the iron ore

with zoiuble heavy metal sulfste, subject lhe trepted ore

N SRR ST 2

te 5 redustion =2tep and tnen contlirnwe the trestment wlth
?h_ pérbon moncxlde, Howsver, gnlte aatisfaﬁtory raﬂu;tﬁ have
i béén obtalmad withaui seuunﬁ trestimant with heavy metal
xsulfate. Fenerslly, ;t_has been founﬁ aatisfactiory 1o
?tﬂaét the iren oontaining materlal with soluble heavy matal.

gulfate ocaee apd then carry the reactiion betwesrn the reduced

iron snd the carhon manoxide to conpletton,

[y

Fupther tllustretlng ithe effect of treataent of

‘firon ore wiih soluble heavy metal sulfate is the Gomparlaon
Ebﬂtﬁaﬂﬂ thﬁ.amnunt of seoverslon to iron carbonyl of une
itreateﬂ and treabed iren ore when tis Yesoilon with ocerbon
i“- émﬁnaxiﬁa la csrried out st tempersturdz of about 1409 C,

and prepgusod of shount 200 atoospherca.

Iron ore was immeresd in ssturated aguaeoua
nickel sulfste solubion, removed from the solutdon, allowed
to amain apd dried, The ore absorted about 3% by welght
iHlﬂO4,?Hgﬂ equivalent to aboutb 0,5% 503 based on thie welsght
i i

- 13 -

e T




of the ore, the so-trested cre wss then reducad by hydrozen

at about 500° €, and reacted with carbon monoxide at a tem—

s perature of about 140° ¢, and a pressure of sbsut 20D

" atuoppheres, Under these conditioms of tempersture and

R

preseure the conversion of iron bo 1ren carbonyl was 1004

| iz sbout 4 hourz. On the other Liandl, untreated crg reducad

by hydrogen at about 500° ¢, when Teacted with carbon monoxlde
at 140% , and 300 stmospheres pressure wag enly converted to

| the extent of sbout 364 inte lren carbonyl at the end of abon

SRR e et T

4 bours. fn other words, the treatment of the lmvpn ors befors
o : reduction by hydrogen with =olubla hesavy metsl gulfate oo~
|oelerated the rsactlon beiwsen the reduced iron ore snd

i carbon sonoxide sbout 300% when the reaction was aérriea Ut

at 140° C. and B00 atmospheres preaeure.'

Whils-aimilér.aeﬂﬁleration.af the velosity of the
e reaction hetween reduced lron ore anfi cavrbon Mompoxide aaﬁ
be obtained at higher pressures and higher temperatures,

;', the practicsl value of thils lanvention 1lee, %o & large extent,

% iln the fect that reduced temperaturss asnd reGnoed pregsures
3 ' may be employed, Those skilled In the art will faadily

E understand that many troublesoms ﬂréﬁb&uka of she prior art
P Prooessss sre avelded by employing the traszent process. '!L'hl.i.at,.;E
It ta manlfsat ﬁhat the process carried oub at pressures of
10 to 50 stmespherss or even ab 200 atuwespheres does oot
lraquira apparatus of the mpaglve propertions regulred when
the proceas is carried ocut gé prssaufes sudh as 1000 0 2000

atmoapheres az 18 customary in piior aph presosges, It is

" - 14 -
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nlgo manlfest thai apparatus capable of wlthatanding tem-
persturss of the order of 90 to 140“.0;:raquire g much

. lower ocapital 1nvaﬂtﬁanﬁ and the llgt of permiszglve makerials
1z mugh iarger th@n of those which asy be suployed at won-
gidarsily Meher tsﬁpéraﬁurés and conarderably higher

Drafaul i

Although the present lnvention hza poen Gescribed
in conjunction with certain rrefarred emboﬂimenﬁs, thoge
ski1lad 1n the art will readily understand that variations
R and modificatlons thereof may be made, 1t lg 1o e undar-

gtood that such varlationz znd modlflcatione are to be

ﬂunai@afeﬂ within the purview of the apeeificatlon and the
ganpe of the appended slalma, Trua, ntxtures of water

soluble heavy metsl sulfatea way be employed.

ST e
-

LT L
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1. & progess for producing iren carbonyl which
couprizes coating jron-gontaining maserial wivh waber
goluble heavy-metal sulfake, reducing said 1ren uontainzng
material o the meiallic stave and reachdag szid reduced
iropyaanm&ining'matérial with carbon monoxide a% temperatures
below 200° . and &t pressures belew 200 atmospheres.

2. A proogss for produciog irem aarbdnyl which
gomprizes 1mmerﬁin¢ reducible Ferrous matarial in nickel
sulfate selution to obtain reducible ferrons material having
miekel sulfate distributed substantially wmifornly wver Hhe
surfaca of aald reduéibla ferrous matérial, reducing said

ferrsua material at about 500° ¢, o the metatlie stete and
fsubjecting. said rsduaaﬂ ferrows ‘material to the actien uf
__aarhﬁn munnmida at. temparatures hatwaan about 94° G an& '

RN Eﬂﬂﬂ ¢. 2t prepsures n;t greater "than about 200 ﬁtm&éﬁh&raa

o

: wharehy 1004 converaion of said fervous material to irom’

narbunyl is obtained 1n not more than 24 howrs.

_ 3. A process, for produsing irom carbonyl which _
¢ampmisaa intimately slxing iron ore with heavy-metal sulfate
in =uch amounits a3 %o previde sbout 9,.2% to zhouk ©,5% 504
based on the weight of the iron ore, redueing srid iren ore
in the pressncs of gaid haaxyamatallsﬁifata to the metaliic
lstats and reactisg ssid redured lron ore wish esrbon monoxide
whereby 180% conversion of the iron in said redweed irem or'e

iz obialned in aot more than 21 h&urs.

th

1




........

4, A progess for produeing lron garbonyl which
 comprises inmersing iron ore im an aqueous solution of nlckel
éaulfate, separating spid iron eore from unzbzorbed aquecus
solution, reducing sald irom ore in the presence of sbsorbed
nlelkal sulfate to the metalliec state and reactlog said
‘reduced iron ore with carbon menexide whereby sbout 100%

i
conversion ¢f the jron in said iron ore to iron carbemyl is

obtained in not more tham 24 hours, |
5, A progess for producing irea carbomyl which
Jeomprises lmmersing irom ore in agueous nickel sulfate,
removing faid iron ore from said agueous nickel zwlfate,
separaping said iron ore from vnabsorbad aqmecus nickel
fenifate, dryipg said irom ere and abaorbed plckel suifate,
jredusing said iron ore in the pressuce of abaprheq aickel
o ab about 500° ., to obkain metzilic irem, veagiing said

ﬁi* ' _ reduced iren ore with ecarbon menoxide at Hemperatures below
200° €. snd ab pressures not greater than about 200 etmospheres,
iwharaby shont. 100% conversion of the irem im sald reduced

iron ore %o iron carbonyi is obtained in ack more than

2k howra,

g. A progess for pradnniné iron earbonyl which
oomprises immersiag irop ore in aque&us niekal sulfate until
isald iren ors hag absvrbed an amount of agussus nickel sullfate
'equivalemt to up to about 2% Dy welght, sephrabing gald lron
ora and abserbed nickel sulfate from said agwecus nickel
sulfate, reduclng said irén ore by hydrogen at sboub s0Be G,
'to-uhtain reducsd iron cre apd reacsting said reduted iren org ]

with earbon memoxide at abows OO wo . about 100° C. ab preasure?

]

of about 10 %o about 20 atwpapherss,
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7. 4 prosess for preducing iron sarbonyl which
jmuersing irem ore ia aguecus nickel sulfave wmtil
sald ivom ore has absorbed en amount of nickel sulfate
lequivalens to not mere than abou¥ 2% by welghv of the irom

ore, redueing sald irvem ors By hydregen at nkout e ¢, Lo

'sbtain reduged iron ore and reacting sald reduged iron ore

th earbon monoxide at B prassurs of sbout 200 stmospheres

’rﬂd a temperature of about 140° C, whereby about L108%

Euanveréian of saig reduced iran e irsa carbopyl is ebbalned

in apauk X hours, .
a g, In the process for produsing iron parbonyl the

imprnvamaat which unmpriaaa coatlng suitablewferruus waterial

_ ﬂwith water solmwblie haamjhmatal sulfate prior to reductlon. to )

-.::ltha metﬂllie state

9, fn the prucsss Ear produging izon carbnnyl the

' Hmprovement whieh eqmpriaes reducing iren ore by hydrogen

i the presence of absoreed nickel sulfate %o chtaln reduced

reducsd irem ore with garbon

?irqn ar# and reacting sald
about 200° C.

onoxide af temperatures nob grestor than

L

10, In the progsss for prodneing iren ¢arkonyl

the improvement which cemprises redueing tron ore in ths

ce of heavy metal sulfets to shtzin reduced iron ore

REER

‘reagting seld raducsd irew ove with carbon monoxide At

ipressures not greater than abous 200 atmosphered,




