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The present invention relates to a method for ths purith-

cation of fluid streams. More particulady, the pressnt

- invention relates to the removal of iron carbonyl im-
purities from fiuid sireams.

*The products of many reactions coatsin iren carhonyls
as impurities, especially thosc reactions conducted wherein
carbon monoxida s 1 reactant. This is due to the reaction
uf apy jron present during the reaction eliber in the
catalysts or the resctor system itself with carbon mon-
oxide to produce the iron carbonyl, which include iron
pentacarconyl, iron telracarbonyl, and iron nonacarbonyl.
Iron penmtacarbomyl is the most frequently accurring of
the iron carbonyls and Lie present invention is particularly
useful in the removal of iron pentzcarbonyl. The reaction
of mixtures comprising carbon monoxide and hydrogen
is used to produce many different producis. For example,
the reaction of earbon monoxide with hydrogen or the
reaction of a mixture of carbon monoxide and carban
dinxide with hydrogen may be used for the production
of methanol or may be used to produce higher sicohols,
hvdrocarbons, kelomes, and aldehydes according to the
wellkoown  Fischer- Tropsch  synthesis, The Fischer-
“Tropsch synthesis [s particulatly adapted to the produc-
tion of bydrocarbon compoonds such as gasoline. The
reaction of earbon momoxide and hydrogen in the presence
of olefins according to the well-known Oxo synihesis
produces a final product which is frequently 2 mixluce
of aleohols of varions mnolecnlar weights and Isomeric
confignrations as well as ketones and aldehydes. "The Oxo
synthesis may be accomplished in either a one-siep reaclion
or, 8s s mmowe ceperally practiced, in a two-step process.
In all of these weli-known processes where a mixiure
comprising carbon monoxide and hydrogen I3 reacted,
iron cerbongls are nsually present as impurities.

I is therefors an obiect of the preseat inventjon o

provids a process for the purification of streams containing’

iron carboiyl as an impnrify. Anather object of the pres-
ent iovention is to provide a process for the removal of
jron carbonyl impurities from the reaction products pro-
duced by reacliog u mixtute comprising carbon monaxide
znd hydrogen. A particulay object of the present inven-
tion is to provide a process for the removal of iron
carbonyl from alcohols, Additional objects will hecome
appatent from the following description of the present
invention.

The present invention in one of Iis embodiments com-
prises a.process.for the removal of iron carbonyl jm-
purities from streams containing sald iron carbonyls as
impurities which comprises passing said stream through
a resin bed, said Tesin bed having beem prepared by re-
placing at leusl u poriion of the replaceable cations in a
cadon cxchange resin with ferric fons,

Ay the stream containing the jron carbony? impuritics
is passed through the bed, an oxidaton-reduciion reaction
takes place wherein the ferric Iops refained on the rTesin
bed arc reduced (o ferrous ians, and the ivon in the iron
carbomyl is vxidized to the ferrons siate. The iron which
has beenp oxidized to the ferrous ion iz refained in the
resin hed while the carbon monoxide produced im {he
oxidation-reduction reaciion passes oul of the bed with
the fuid which i5 being puzified, The carbooe monexide
can thenm be removed from the fluid in a coaventiomal
manner. If the flnid which is being purified iz a liquid,
then mnst of the CO will go off 2t a gas,
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The resins useful in the present invention may be pre-
pared by passing an agueous solution of a [erric salf
through a cation exchangs resin bed so as to rcpiace the
cations n the cation exchange resin with ferric ions, The
catiops replaced by the ferric ions will generally be either
sodiim ions or hydrogen iuns, Generally, an saneons soly-
tion of feriic chiioride will be nsed; however, agneons solu-
tions of almost auy soluble ferric salt may be nsed, Some

-nonlimiting examples of suitable ferric salts inclnde ferric

sulfale, fercie nitrate, ferric bromide, ferric dicromate,
ferric Muoride, fecric citrate, and ferric oxalate. The

-aqeeous solution of the fesric salt will generally be passed

through the calion exchapge resin bed af @ temperainre
of from 0° C. lo 120° C. and at the pressure which is
sufficient to keep the agunecns sclution in the lignid phase,
which pressnre will generally be at or about atmospheric
pressure. The flow rate of the agueous sclution of the
farsic salt through the bed may vary over wide limifs,
uwsually ranging from abont 349 zallon per cobic foot of
bed per minute and lower to shout 4 gallons per cubic
foot of hed per minnte and higher. Naturally, the fasicr
the flow fhrough the bed, the faster the rcplaccable cations

‘therain will Ba replaced with ferric ioms. Mot all the re-

placeable ions necd be replaced with ferric lons In order

‘to practice the presen! invenlion; however, it is obvions

the fower the number of ferric fons that are retained on
{he bed then the sconar the bed will require regeneration,

Whenr the resin beds of the present imvention have
heen exhansted, they may be regenerated by passing a
109% hydrogen chloride or sulfonc acid solution through
the bed followed by passing an agucous solufion of u
ferric sali throngh the bed.

The cationic ion exchange resins used for the prepara-
ticn of the resin beds nsetul in ihc present invention may
be cither a weak acid cation cxchange resin, an imber-
mediate acid catfon exchange resin, or a sirong acid cation
exchange resing however, the strong acid cation resins
are preferred. Catlon exchanpe resins are high molccular
weipht palvacids which are virually imscluble in ague-
ous and most non-aqnecus media The acids which con-
stitufe tha exchange groups of the cation exchange resins
useful in the pressnt inventior may be cither sirong acid
oroups, intarmediate acid groups or weak acid groups.
‘The strong acid groups will generally be nuclear suifonic
or methylene sulfonic, which ars the preferred groups for
the practice of the present inveniion, while the weak acid
eroups will be carboxyhe acid or phenolic hydroxyl pronps.
The intermediste acid gronps are generally phosphinpic,
phosphonons, or phosphoric. The cation exchange resins
are genevally prepared by fizst forming an insoinhie, in-
fusible polymer matrix into which active acidic gromps
van be iztroduced by appropriate chemical action, How-
ever, a {ew resins are made by o one-step condensation,
The preferred cation exchange resing have a matrix of
cruss-linked polysiyrene suck as a copolymer of a major
propertion of styreas and a mivor proporton of divinyl-
benzene and/or efhyvlvinylbenzene, Compounds sich as
isoprese of bufadiene may also be nsed as cross-linking
agents. Such a cross-linked polystyrene matrix may be
converied to a strong acid exchange rerin by anlfonation.
Also, many cation exchange resing are hased upon matrices
which are phenol-formaldehyde condensates. Most of the
weak acid cation cxchange resins arc carboxylic resins
which arc seperelly made by comolymerizing an acid
airch us acrylic acid or methacrylic acid with a cross-link-
ing agant snch as divinylbenzene. The carboxylic cation
exchange tesing may also be made by hydrolyzing a cross-
linked polymer of an ester such as aucrylc acid esler.

The. cation exchangc resins useful in the present lnven-

70 fiop may be of various sizes and shapes. Generally thosg

having a cross-linked styrene polymer mattix are in the
form of beads, while those having a matrix of a phenal-



-

formaldehyde condensate are- granular, Those cafion ex-
change resins having a matrix formed from an acid such
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as acrylic acid or its ester ure also usually in the formr

- of beads. The mesh-size will generally be between aboul
10 and 78 mesh. although the present ipvention is not
limited to any particular mesh size. .

The temperaivre at which the process of the present
igvention is operated mey vary Over a relatively wide
range. The lower temperature limit, of covres, ie limited
by the kittetics of the reaction between the iron carbonyl
impurities and the ferric ¥on which has been retained in
the cationic cxcliange resin bed, Higher temperaiores
favor this reaclion; however, the decompusition {empara-
tore of the particular cation exchange resin being used
raust, not be exceeded, For most cation exchange Tesing,
this decomposition temperaiure will be around 120° C,
It is preferred fo operate the present inveotion at 2 fem-
perature of at least 0° C. and nat above 120° C, par-
ticularly in fhe range of gboul 10° C. to abont 70° C.

The iron carbonyl contaiming strearms which are to be
purified may be passed throusl: the resin bed of the pres-

" ent inpvention either as a gas or as 2 liguid. Usually, the

fmpure strcams containing iron carbonyls will be in the

ligoid phase. In practicing the present invention wilh re-
spect to the purification of aleohols, it is preferred ihat

[he alcohols be liguid.

The pressures which may be used in the present invea-
{ion may vary from atmospheric pressure or lower up 10
pressurcs of several atmospheres, ie, 15 atmospheres
und hicher. Genetally, pressured at or near atmospheric
pressure are employed anless p higher pressure is desired
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in order to keep the siream beinz puriffed in the Tigaid -

phase, For example, in the puzification of methanel, pres-
sures of above one atmosphere might be used if the
tcmperaiure of the procoss of the present imventivn is
above the boiling point of methanal. :

In operating the process of the present fnvention. the
flow r=te of the iron carbonyl-coniaining stream {o be
purified throngh the resin bed is 2 matier of choice pro-
vided the load limits of the bed are not exceceded, For
example, the How rate throngh the bed may vary Trom Yn
galion per cubic foot of bed per minute to about foar
alions per ¢ubic foot of bed per mirmte, The maximun
flow rate throtgh the bed will, of course, Vary with the
size of the particlar Tesin being used but will vsually be
within the above ranges,

Practically zny #iream coptaining iron carbonyls as
impurities may be purified according to flie prasent aven-
tion; however, a strongly acid madium conld not be puri-
fied mor coutd one which s hieh in sodium content since
the ferric ions would be removed frum the resin, Most
frequently such sront carbonylcontaining streams aré
those resulting from the Teaction of g mixtare comprising
carbon monozids and hydrogen wherein jron is present
in the catalyst and/or the veactor sarfaces, The present
jnvention is particularly useful in the purification of al-
cobols having from 1-1% carbon atoms contuining iron
carbonyls ss jmpurities. Among {he alechols which may
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e puritied are ethanol, isopropylatenhol, n-butanol, the

octanols, the decamols, I.dodecanol, tridecapol, and 1-
pentadecunol, In its preferred wiilization, the process of
the presznt invention i nred for the removal of iron car-
honyls from methanol. The alcohols which may be puri-
fied agcording to the present jonvention arc not Timited (o
those produced by toe reaction of a mixture comprising
eurhon. mounoxide and hydrogen.

“The following example is given to iMustrate but not to
limit the present invention,

. Example 1
A resin bed was prepared by filing a 1-inch diamefer
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which were between 20 and 70 mesh in size. A 10 percent

aquesus sotntion of ferric chipride was passed through-

the bed ot a tate of .30 to {.36 galion per cubic foot pex
minule at about 25° C. and afmospheric pressure ia -
der fo replace the replaceable hydrogen ions of the ex-
change resin with ferric jons. Methanc] which had been
prepared by reacting CO with Hp in the presence of a
catalyst at about 375° €. and which gontained about 8O
purts per billion jrom pentacarbonyl was then passed
throneh the bed at a Tate of about 0.3C o 0.36 gullom
per cubic fool per minule and at a temperature. of about
250 C. The cffivent from Lhe bed contzined less than one
puit per billien irem pentucarbonyl.

Ezample 2

" A resin bed was prepared in the samc manner as ikat |

in Example 1 and 1-dodecanol gontaining about 100 parts
per billion iron pentacarbonyl is pessed through the bed
at & rate of about 2 gatlons per crhic toot per minute and
-t about a tompetature of 30° ., The effinent from the
bed is substautiaily free of iron pentuearbonyl.

After passinz the product to ‘e purified through the"

cafion exchange resin bed on which ithe ferric ivns are
retxined, it will penerally be desirable to pass the product

throngh a zecond resin bed which fs comprised of a cation .

exchange resin, Although this is not nacessary in ordes to
practice the present inyeation, such a second resin bed
will act as z buffer to pick up any jron bleeding through
(L first bed, The second bed can be in a different struc-
ture from the first bed or the two beds can be in contact
with sach other in the sawe struciure. The calion ex-
chunpe resin used in the second bed is preferzbly the
sams as that used to produce the resin bed on which the

ferric fons are retained, however a Jifferent cation eX-

chunge resin can be used. )
The prescnt invention is pot to be constrioed as heing

lLimited te the purification of strcums containing Jron

carbonyls as the only imparitiss. The present invention is
especially usefnl for the removal of smines. The mines
are basic and, therefore, when 3 slream containiog fhess
amines is passed through the resin bed, an amdne sall i

formed which is refained on the resin, The formation. of -

amine fmpuoiities ocews frequenily, especiaily in the pro-
dnetion of alcohols, when a synthesis gas. cunfains soms
nitrogen. Some amines which may he forined are methyla-

' mine, dimethylaming, trimethylzmine, propylamine, bu-

tylamine, ste. .
Alsp, in the “production  of wlcohols where minar

amounts of ketonss znd aldehydes ara present, the cation -

sxchange resin in ihe fetric state will catalyze a rsaction
hetween the aleohols und the carbonyl campounds to form

the corresponding acefals and ketals of thouse carbonyl

compouads. This i advaniageous as the ketuls and acetals
are less sobject to oxidation tham the ketones and alde-
hydes and therefore increases the permangupate time ol
the alochals. Some [requently oeeurring ketones and alde-
bydes are isobutyraldehyde, bntandne-?, acetone; pro-
pionaldehyde, {ormnldebyde, and the like.

What is claimed is:

1. A process for the remaval of iron carbonyl -
purities from an alkanel siream comtriming such impuri-

tes, snid alkanol Laving from 1 1o 15 carbon atoms, which -

process comprises passing said stream ai a temperature
of [rom about 0° C. to about 120° . through. a resin

bed, said resin bed having been prepared by replacing ut.
tcast o portion of the replaceable cations in a. cation ox-

change resin with ferric ions. _
2. The process of ¢laim 1 whercin said alkanol sireamn

§s z reaction product of a mixlurs comprising carbon

wo monoxide and hydrogen.

_(ube to a dopth of 16 inches with 2 nuclear sulfonic acid

cationic exchangs resin known as Amberlite IR-200. This

cation exchanps resin bad 2 matrix which was a styreng- -

divinyl benzene copelymer angd was in the form of beads
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3. The process of claim 1 wherein said strearn contain-
ing jron carbonyl impuritics iz a methano! sireant.

4. The process of claim 1 whercin said iron carbonyl
impuritics comprise princtpally iron pentacarbonyl -

5, Tl process of claim 1 wheteln the effiuent from
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: 6
said resin bed is passed througk a sccond bed comprising 11, The process of claim 9 wherein said cation cx-
cation exchange resin. change msin has u matrix comprising cross-linked poly-

6. The process of claim Y wherein said repltaceable siyrene,
cations are hydrogen jons.

7. The process of claim 1 wherein the temperature 3§ Beferences Cited

from about 10° C. io shout 70° C. Germany (Lunderaf et at) 1,101,383, March 1961
. 'U'he process ol claim 7 wherein the pressure is suf- (2 pp. spee. ) 260-643,
ficicnt to keep suid stream containing jron carbonyl im- Amberlite: IRC-50, October 1962, Rohm & Haas Co.,
purities in the liquid phuse. pp. 1-9.
9. The process of claim 1 wherein said cution exchange 19 - . _—
resin i a strong acid cation exchange resin, LEON ZITVER, Primary Examiner.
1% The process of claim 9 whercin said cution ex- H. MARS, dssistant Examiner.

change resin i a snifonated cation cxchange resin,
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