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ral ates to a process for the reduction of resi dual chloride
present in regenerated iron oxides. During the last twenty
years, the regenerated iron oxides (R O : produced from
hydrochloric acid waste |iquid generated fromsteel 5 pi ckl i ng have
been recogni zed as an inportant source of raw_material : for
preparing products containing iron oxides such as iron-oxide based
catal ysts and hi gh-grade ferrites. The raw material cost savi ngs
associ ated with the subst irREpidT26N GF RESIDYAE OSHLOREBX) @RET UNCOXIDES iron
oxi de for nost of the conventional commercial sources of iron 10
oxi des are substantial . One drawback of utilizing regenerated

~iron oxides from This inveythionchélates @acadprmmete fdrqthelregestdoatet] from
steel pickling ferr v y contain
chl ori de ions, %f)’l’duaﬂ'l Chlorwgtprw&t Q{,} i gﬁéﬁeﬁgg 1%g'ut5£€£f to 0.5%
measured as grans opue#nmﬁhdelapértwfsty YeariO(J:hgr eeaengratedgbrry arides (BEO)
oxide. In the &e&&eaf fﬁxﬁxmﬁmc acid wastYGiiR0GEAL1aR8a Citlom! e, 1t

is known that the snmal anount s of resi dual chloride present in all
regener atded: | roﬁ"%iﬁésh%ﬂ‘f Beqn recognized as,pR JTPREFINS AAHSE QbANSMAtPris,
the ferrite pr oduﬁerrﬁpafm products cdhkaiditg imm pi’:ﬂi‘s@ﬂkudm ah h&oheg:emer ated

I ron OXI de I S ng% chtazloysts and gorr Slty fteg"lt't e% felr %.' a‘it (l:'lorslt
installations bu FOUs to t equa Herettite
produced. Savings afeddated) thﬂe té)hl MSGétuthanﬁltaemw |cn5t.egrsg€¢eﬂaédd| on
oxi des by iron ¥ki8E HQThGR! oPI@eClitvRnt Yhrlah Oldmmalr 81H 1 E&?{Heleo€ haggi ng
the ferrijic oxi de quallty I's believed to be one of the nost

criticalld ssues OFtfiespare substantiaynye| opment of regenerated iron oxi des as
comer ci al |y usef ul one drawback’ W uFAL€£ind Segenerated iron oxides from

hydrochloric acid waste liquids generated from steel pickling is
that the ferric oxides inevitably contain chloride ions, typically
in the range of about 0.1 to 0.5% measured as gfams of chloride per

15 100 grams of regenerated iron oxide. In the field of ethylbenzene
dehydrogenation catalysts, it is known that the small amounts of
residual chloride present in all regenerated iron oxides affect
catalyst performance adversely. For the ferrite producers, the
chloride ion present in the regenerated iron oxide is not only

20 corrosive to the ferrite manufacturing installations but also
injurious to the quality of the ferrite produced.

Reducing the chloride-ion content in regenerated ion oxides by
an economical procedure, without significantly changing the ferric
oxide quality is believed to be one of the most critical issues for

25 the development of regenerated iron oxides as commercially useful
raw materials.

Japanese patent appllcation J59,050,031, published
September 13, 1992, discloses a method for purifylng iron oxide from
waste hydrochloric acid pickling solution containlng ferric chloride

30 by treatment with ferrous sulfate, ferric sulfate or ammonium

sulfate solution. The iron oxide purified by this prior art method
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Japanese patent application J59, 050,031, published Sept ember 13,
1992, di sMOP5@8068 net hod for purifying iron oxide from PCT/EP95i60982
hydrochloric acid pickling solution.containing ferric chloride 30 by
treatment with ferrous sulfate, ferric sulfate or amoni um sul fate
sol ution. The iron oxide purified by this prlor art met hod WO
95/ 25069 PCT/ EP95/ 00982 -

-2- stillll cemating rssabmhsiﬂnhmaﬁhnamwmoeidchl n&téiﬁe:jvqrtﬁeyer it
S t nsum n e the salts_in ter. Furthernore,
the LS EORIATT G @ daT38' et SURER TR Raar < Bifibermiin. $hT

hi gh. raw matexsagm fQ;t th¢se isnlfate Baltsr nne¢ iredativeédnfieighnce on

Ferrites, 5 sRANERECESE | 41 .O2h YN Ente¥iheichan &kéﬁe.(ée%ﬁ edr2pOs ed a
met hod_f or ' enpvi ng ‘chioride i ons fromhematite ers by 'heating
the fefric Ad——é‘%—'é%‘—ﬂg—%(ames Moht th7-t Bl 830 41 98% n  £APOs e l‘?uF‘e'éh‘iS'xifﬂ’é

and/ or nDi St Uremoving chlorideoimse Eroms hlepiitit eOpdwliz s Soyd he@king A6 MRELH | S

unheal thy and,. e i, a%re.ﬂ\shra.rmeaaﬂﬁox SOUESE AP Lo ibd 2na/or motstlldlS:

there remains a need Tor a commercl a
subst anti al | yHawedege sukghuzhpeidedds @oﬁpm gap rwhigheire nabesl thyosnd

oxides (RO é';.j;n%,{ngwtgﬂsyt umgﬁggglél gnl ficantly changing the
quality of theiron oxid The present invention relates to

a prodlss for rerﬁS\‘r‘PngthfSe remaip$ 3o PEefd fPFo%n“'&mEﬁ'f‘%PidemGSﬁ% afbdehgrildon
oxi de, which subse@fially reduce @ﬁéﬂ&ﬂl&@ﬁdé|&6n€3ﬂ%ﬁsiﬁﬁregenerated iroft) M Xing

t he chl ori de- &9 t ai oxi de "W, a sol onpri sing E
Herr]So[err]® ge? o(%lftngg artfﬁ xt refethd m“t s"gm'(fbfant&éfp'él?aé’tgr‘ﬁgj th8e iron
oxi de from t lmuakityt @fetifeod pend oxpdest.ep (a), .. optionally foll owed by

drying and cal ci rtih@g?res-gﬁg ﬁ%hé;o%drelates to ar Eggdéegga%oerd rercnot}llngm des are

particul ar suitable maki ng 1 ron ased catalysts such as
et hyl benzene AT A0 GEN R B Tafiardpataining iron gxifleni whichr Roeceserrites.

The iron oxi desptisedetid e8égyl dgy the process of the present 25
invention in |is broad%t cép’ﬁf are sel.ected from any .i ron oxi des
|

of mineral or “SyAthetd c or TCRREEEAPSi OB PHEP vHEca iﬁl“tm“

comprising HpSO4 to form a mixture; and _
(b) separating the iron oxlde from the mlxture formed 1n step (a),

20 optionally followed by drying and calcxning The purif;ed
regenerated iron oxides are particnler stitable.for.maring iron
oxide-based catalysts such as ethylbenzene dehydrogenation catalyst
and high-grade ferrites. o o

The iron oxldes to be treated by the process of the present

25 invention in its. broadest aspect are selected from any iren oxldes
of mineral or synthetzc orlgln which contain either trace or
substantial amounts of chlorlde_ ”Var;ous methods_for_the obtaining
of iron oxides'from.scrap_etee;,_etee;_scaiing'liqnors, or iron
chloride as industrial waste product;heve.been Qeecribeo in U.s.

30 Patent No. 4,935,219. The iron oxidee'obteined from some of these
methods inev;tably contain resrdual chlorides origlnatlng from the
chloride-containing reagents or raw materlals present durlng the

process of generating the 1ron oxldes



" Substantial anounts of chloride. Various: nethods for the obtaining

of iron oXiwWgoshkge scrap steel, steel scaling |iquors, or i PCI/EPIS00982
chloride as industrial waste product have been described in U S. 30
Patent No. 4,935,219. The iron oxides obtained fromsone of these

met hods i nevitably contain residual chlorides originating fromthe

chl ori de-containing reagents or raw nateri-al3s-present during the
process of generati t 0X} ; . 9;
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i nvention are tRgod 8g@ARMAbEL: LELD v@&td&&qﬁﬂiso);eﬁﬁdace&om steel pididnng.
hydrochl oric acid waste |iquids ?enerat ed from steeatgé i (ggdes

During the procBeeings th é’dﬁ%‘?’ﬁ‘g RFOPRGIT FAT S8R TO%id -
hydrochl @ri c achgdraichkériegasiah peskling wymtay cakei npoy&drba@t erroaster.

wher eby wat er anﬁj f ee ng a% tfbge gtﬁ? tﬂé%a@%ley?g: OHNLH' QH ﬁu;ckly,

whil e FeCl[err] dro {0 produce 1ron oxli
chloride. The retgtheﬁ‘a@aﬂ iP rhdrekyasds te RYPERGe éﬁ?‘br"i"élée |°(5‘ﬁshY fogen

typically in thehiéﬂa@ oﬁmarfaaeab%&mnpaﬁ&spwnmhlmarme abau,t 10 -

20, 000 parts per [1ion, Eartlcularl¥ intherﬁgg{%of frog%ﬁl to about
800 to 5,000 par»wﬁiéh’ rimy PorFangy fefEmt 2BPut RS REFER S 1r°8n © adou
oxi des. 10 20 000 ima:ssyéf l:lﬁ.lll:icﬂ:(;l fattdedlanlyt i ahientprigeont Grcdeabouh t he

i nst ant ven i als Nte Q& A8 st lifHL i C
acid. 15 Pre era%‘l Y, once gﬁéggsul %ﬁrvlﬁéggle f?‘ggdl Ieg% ed \tI:\A t h wat er,
nor e pr ekidesbl y with dei on| zed water or distilled water, before

bei ng used 3fe té&@ﬁﬁ@ﬂ@id f.9Ld timeatddtdn [133n0xktides - i Rhd HReSAd I C

enbodi ment of the present 1 nvention, concentrated sulfuric gm d V\ntp
specific gravit yPYsntape AEN1DEANY FAMMEECIAY BF RPAAPT JABEIS UL BYF LS 20

to 100 tjsnes by pyetdraBlyf cdftanticatel salfiripradid 1o dieuntel wsen vaser, more
treating the iron %::agﬁ-&;}th deionized Wadt)er nol e ﬂ)lén;'aggr sylfr !sg?ig@ din

the sulfuric acPﬁ uSed T 6F Treating | Fof OXi
general |y a nol asedimsutlie geafersnfor treating iron oxides. In a specific

embodiment of the present invention, concentrated sulfuric acid with
specific gravity of about 1.84 g/ml is diluted with about ten times
20 to 100 times by volume of deionized water prior to being used for
treating the iron oxide. _
The molar amount of sulfuric acid in the sulfuric acid solution
used for treating iron oxides is"generally a molar amount of from
0.5 to 10, preferably from 1.0 to 5.0, more preferably from 1.8 to
25 2.5, still more preferably 2.0 times relative to the total molar
amount of chloride present in the iron oxides to be treated.
The iron oxides may be treated with a sulfuric acid solution by
- any method known to one skilled in the art which would achieve
thorough mixing of the iron oxides with the sulfuric acid solution.
30 . As a non-limiting example, the iron oxides may be slurried with the
. sulfurid solution followed by.either decantation or filtering. As
another non-limitiﬁg example, the iron oxides may also be wétted
with the sulfuric acid solution and mulled to form a paste.
In the broadest aspect 6f the present invention, the_iron

35 . oxidés are treated with the sulfuric acid solution for at least a



0.5 to 10, preferably from1.0 to 5.0, nore preferably from1.8 to 25
sti lhyowkh@epr ef erably 2.0 tines relative to the total pEPEpdsnoss2
anount of chloride present in the iron oxides to be treated.

The iron oxides may be treated with a sulfuric acid solution by

any nethod known to one skilled in the art which would achi eve

t horough m xing of the iron oxides with=tHhe sulfuric acid solution. 30
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As a preferred embodiment of the present invention, the treated
iron oxides, after being separated from the sulfuric acid solution,
are subsequently heated at an elevated temperature. The heating
and/or calcining is typically conducted at a temperature ranging
from 1° above the ambient temperature to 1400 °C for a period of time
sufficient to dry or calcine the treated iron oxides completely.
Typically, the ixon-oxides are calcined and/or dried for from
1 minute to 100 hours. This heating step can bg a simple drying
process, a calcination process, or a staged dr&ing and calcination
process. - The heating is conducted under a pressure typically from
10 kPa to 1100 kPa. As a non-limiting examplé, the heating step can.
be conducted under ambient pressure. The heating step can be
conducted under any suitable atmospheres. Non-limiting examples of
the suitable atmosphe:es_fo: the heatiﬁg;step include air, oxygen
containing gaseous streams, inert gaseous stéegms, and vacuum.

In one speéific.embodiment of the present invention, the iron
oxides are treated with a sulfuric acid sclution and the treated

iron oxides are separated from the solution without subsequent



As a preferred enbodi ment of the present invention, the treated

i ron oxi deswWo&sR8069bei ng separated. fromthe sulfuric acid soPOTERS/002ER
‘are subsequently heated at an elevated tenperature. The heating

and/or calcining is typically conducted at a tenperature ranging
from1[err] above the anbient tenperature to 1400 C for a period of tine .
sufficient to dry or calcine the treated Tron oxides conpletely.

Typi cal |y, theheatdmgoxi dbe trexted|iczoneckises/ in dptistally berameddin air atd
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process, a calcination process, or ryrng ‘and cal ci fation
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WO 95/ 215069 PCT/ EP95/ 00982
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preferably bet%?e‘w‘?‘a%ly betweeBol%Qal’? Jaada?RP 30(Fores rRe@iodate t prefrangiiigy
bet ween 100[ er fz}onCl&ﬁlﬂau@QOtt{ Qb rﬂ&xsf CHreQerably from Eelﬁirﬁ@egftot bR® Ho@RJI NY

from1 nute to 72 r preferab m nutes to one hour,
nor e prénf er abl 5% Bﬁ?%f ﬁ’}%d“fg‘g 1% ""E%%“tes to 30 “‘*ﬁ“ﬁﬁfe?ndl then grigioed ctpr
enbodi ment, the perded e tingen foon demimrte to 72 hourssubﬁawemﬂ ¥rémlisi ned for
a period Of t 'r[@mﬁ:@?reollm!{g&g: Bg%zgegerably r%ostgfn%:gg atbl ¥ fr.om 15

m nutes to 10 hours, nore M nut es t'b"f hours.
I n anot her" prefer r%ﬁfeénb‘lﬁjliﬁ%‘hPXi#% agre (fried and optionally calcihed, a

sample of the treated iron oxides can be analyzed with a suitable
20 analytical method(s) to determine the chloride content. The post-
treatment chloride content. is then compared with the chloride
content measured prior to the.treatment.
. The invention will be exemplified by the following illustrative
embodiments. ' ’
25 Illustrative Embodiments
The following illustrative embodiments describe typical
techniques of the present invention for reducing chloride content in
the regenerated iron oxides and the typical techniques for measuring
the chloride contents of the iron oxides. The chloride contents
30 were dete;mined using Kevex Model 770 Energy Dispersive X-Ray
Fluorescence Instrument.
Paxt A: Regenerated Iron Oxide
The ferric oxide used in the present embodiment was a
commercial product of regenerated iron oxide produced from

35 hydrochloric acid waste liquid generated from steel pickling. The



oxides are first dried at a tenperature between 30 [err]C and 300 [err]C,
pref erabl-yolygbyggen 120 [err] C and 200 [err]C for a period PCT/EPSS0098210i NQ
from1l mnute to 72 hours, preferably from2 mnutes to one hour, 15
nore preferably from 10 rrinutes to 30 mnutes, and then cal cined for

a period of time from1l mnute to 72 hours, preferably from 15

m nutes to 10 hours, nore preferably from630 mnutes to 2 hours.

After the i ro&,l@gm@s;oa{;&mdafemiandemum hyoxca»hmaeds gbout 1400 pasanpl e
of the treated iron 10XI des caw' g %alr\é d, i uosw‘{lggl e 20

anal ytical nmeRHoBEEYEPPY AP AP e cont en The post- -
treatnment chlori danu:qnimtofl thet lregerearped daoniqxide (werehwsnd der each

content measuy dﬁb %#%F togfmé:{tep%wt The total amount o-fhﬁ'xé RYESMslgen Wi | |

be exenplifie owmng Illustrative . nbodi nents. 25
|11 ustbative Ermat rfgnthe 600 grams of regengrated)irngp; ?f&‘%el Fih 1409 pasts -

embodi nent s dﬁ‘éxchhbﬁctnymnﬁﬂ' of chloride heei'&stﬁlmdoi:otﬂ"eemmesenu igramst i on
for reducing chloride c

n 0 ted iron oxides and
the typical t2&MPEd §'°$ %ﬁé%.élflnl ’ﬁathmtica %%‘i ﬁ{ gll‘l de contents of the
I ron oxi des. Fdx ahlmpdamatmﬁasw solutionyer e det erm ned usi ng Kevex

Vodel 770 Encfoy BLSpSid@ol BPY: matse neliklfd agcEnCe | nstrument.

Part A: Regenerate The ferric oxide used in the
presenf enbodi nentlidamiblilitres of eneRBFEAtER PHE4EEE aghd rEGBneRefiEdC i ron

oxi de producegfyi@P ¥ 1.84 g/miWebiraCiddeli €o 821, 0l ML Bi dreqUbEl c@@BRizaked from
st eel pickling. e WO 95/ 25069 {
PCT/ EP95/ 009gWater to make a solution of about 63 millilitres contalnin%

chl ori de cont gigrofimdtelg m.@gemetcabedoﬂ manpxwdiach/\ms abal tol®Be penlas

per mllion b%/%WEI gh} t?,f h*l%rE&Cl gﬁ&ﬁ%‘%ﬁ :HQ Oé(dOdSrams of regenerated600

.granms of the generat I'ron oxi de were use each
||| ustlsati ve Emmdxmtfrmll’e\ﬁ& ArpEovet al - am)unt of the chl oride

B-2: HyS04 Solution of 2:1 Ratio Relative to Chloride
2.6 millilitres of concentrated sulfuric acid with specific
gravity of 1.84“g/ml-were added to.60.4fmillilitres of water to make
a solution of about 63 millilitres'by volume containing
20 ©  approximately 2 X 0.0237 m§1§3-of H2S04 which was twice the molar
amount of the chloride present in the 600 grams of the regenerated
ferric oxide from Part A. '
Part C: Reduction of Chloride in Ferric Oxide
I. HpS804 TREATMENT FOLLOWED BY DRYING
25 Method I-1: Treatment with HpS04, 2:1/Dried at 50 °C"

600 grams of the regener&:éd iron ‘oxide from Part A above were
mulled for 15 minutes. During mulling, 63 millilitres of the H;S04
solution, prepared from B-2 above, containing a melar amount of'_
HpSO; in the HpSO, solution of about twice the amount of choride

30 contained in 600 grams of the regenerated iron oxide, were added
gradually to the regenerated iron oxide. -The wet iron oxide powder
was filtered through a 2.83 mm (#7 mesh) screen and then dried for
15 minutes at 50 °C under ambient pressure. The chloride content of
the dried sample was 1200 parts per million by weight of the total

35 iron oxides.



5 present in the 600 granms of regenerated iron oxide with 1400 parts
per milliowopsnadesef chloride was estinmated t-o be about 0. 84pgrares00982

or 0.0237 nol es based on nat henatical cal cul ati on. Part B:
Preparation of Herr]SO[err] solution B-1: Herr}SJerr] Solution
of 1:1 Ratio Relative to d 10 1 3 mllilitres of concentrated
sulfuric acid with specific gravrty of 1.84 g/m were added to
6L 7 millilit reeth&ddem)mmdment with Ho80j c2:1/Dnimfleata 120/t i on of about 63
mllilitres contai g a !

Herr]SOerr], whi (rﬁ]da rsamg ﬁglthe PQ#%HGFJ&L%:P OQZ&% frlrgrr‘jﬁﬁ%trgo? bﬁeec *Sri de
contai ned in tHeesbed g’F-&hrstth saney HpERpnseution in thejsame vwaw e MethedPimk A

above: abdve, éﬂ[:egstr ]tSQE Edubleainkt wn;hef fidtkatdn Sl ledbi MSatla
Chl ori de mII|I| res ncentrated sulfuric acid with

speci fic? "‘°“g‘?’8\91et 8/“5'1"’ 1¥ag, dgied aﬁ/e:'rzé’ a%ld‘éd"?‘i}eeb BESAPITS IFPFrES of

wat er to nake minutes. Bhs@hlibricle oénteboudf GBe r’ddiledl.‘.a‘anS s VR0 .
containing 20 (o) q 0237 &r] SAerr] which
was twi ce the Mﬁﬂmd sl -B?&.%G‘J ¥;2h ?29% %hf}ogri{‘gé resent in the 600
grans of the regencd04t gxpms of the I*F%PFF%“G‘XMFE‘ Prida Paw EArt A were mulpedt
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TREATME FC]_LO/\ED BY DRYI NG thod 1-1: Treatnent t
Herr]so{err], 21iHsm el Rrsd %m B-1 above, contgdping 2 molar pRRMAtefEner at ed

iron oxide fromyBajtinAthdaS0 EicRution about equhl ed ¢ mdfasTafblitS of DUr i ng

mul Iing, 63 mi thou.r.% [ %gngalnggequESE aiﬂ%%erfr %:he regeneratﬁ?l Utl On repar ed

from B-2 above, coOn err ¥ the
Herr]Sqerr] <gded |mde$llabemtthﬁmfwn?h@=ea‘rrem osideehotlnejeletmon oxide

contained in 6QugAMRsOfi1klfed RULHEIHAL S, 93" AR @mﬂ@smw@é&eﬂdmtmn
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r

was filfdred t EOEGHCR 25 FAnntAs 2y MOsHH uBfen SRPISHT PFRRIFUAr: Sher elrlonde
15 nmi'nutes at Eﬁn{-.arr.r b€ thedaricdTbamglie paessurﬁrtl’h@ezcmpuoelew%tlﬁmé
the dried sarrpltelev@sta}ZOO pg}r&;esper mllion by weight of the tota

iron oxides. iron _
Method I-4: Treatment with Hp80,, 2:1/Dried at 170 °C

600 grams of the regenerated iron oxide from Part A above were
20 treated with the same H5504 solution in the same way as Method I-2
above, except that subsequent to the filtration ste§ the treated
iron oxide powder was dried at 170 °C at ambient pressure. The
chloride content of the dried sample was 510 ppm. ‘

The results of study I are shown in Table I below.
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Met hod 1-2: Treatnment with Herr]SO[err],

PCE/ERPI5/00982

600 grans of the regenerated iron oxide fromPart A above were
treated with the same Herr]SJerr] solutio

above,

2:1/Dried at 120 [err]C

dn the same way as Method I-1

except that subsequent to the filtration step the treated 5

iron oxi de powder was dried at- 120 {err] CABEE Jrbi ent. -pressure for 15
mnutes, The chloride Gabegiiaed iR SiIchRimbe MRBCTRR BPGBY
Met hod |-3: Treatnment with Herr]SO[err], 1:1/Dried at 170 [err]C
600 grans of t ated. iron LRact A were milled
folr 15 mi nut e‘ESaBdnrdf Ng mMithididde 63| Piddtiihgt r eﬁeﬂ‘mlahe FEﬂJ:L&Q}[ PEhlorife
sol ution, prepared from B: ove, nt ai n| np.a ar armunt 0 .
H err]So[err] Pi n the H efF T‘%ﬁgé?’?] goll B‘Eﬂfg‘% SO ePhie pBfMCtARDUNt
of clhori de. _cont pMethddi n_6D0. qram; o t.he. reqen et ed i f &n_oxi de,
wer e gradpally to the regener iron The_wet iron
oxi de ggglev\%é:rg&was@'wt ered ?1'{ ough aag&%B mﬂ(#yér%r)gsh) 5creen and
then 15 germeetciak 15 m nutes|at 170 [efr] C under| anbi ent pressure.
The chl oride |rgrro coptent- of. the dried spnple was B50 parts|{per mllipn
by wei ght of ThE total Jrpn OXiJdes. R VET nod T - @, __Treatment
with Herr]Sol&Ft], 2:1/PH2%4 atl 1ePertiic |50 C 200500 gf 4% of the
regenerated ifon oxide fypfedart A above werge 20 {treated With the
same Herr]SQers] solut | n thel sae yway s hod [ -2 . _ aboVveE,
except that spibsequent t ISP:in'b‘r?é ?'lllht r%aéggn@egf%%atre t%%o (49% i 1 on
oxi de powder Wwas dried albdigd [err] C at anbilent Dressajfe. The
chloride contepiyof the rrpljgge,aslq 0. pjyme e resulfts
of study I arasovmin%ﬁlélaib cRN c 951/3%0069 Jﬁ
PCT/ EP95/ 0098p fPried : -i8-

I-4 HpS04 2:1 | HS04 2:1 170 °C. 510 64%

Dried
II. HySO4 TREATMENT FOLLOWED BY nmriu_e AND CALCINING

10

15

Method C-1:Comparative Exbodiment - Calcination without H3804

600 grams of the regenerated iron oxide from Part A above were

mulled for 15 minutes without the: addition of any H5S04 solution.

The mulled iron oxide were then dried for 15 minutes at 170 °C.

Thirty grams of the dried oxide were calcined in a static kiln under

air having one atmosphere pressure for one hour at 825 °C. The

resulted chloride content was 810 ppm.
Method C~2: Comparative Embodiment - Treatment with H20/ Calcined

600 grams of the regenerated iron oxide from Part A above were

mulled for 15 minutes.

During mnlling, 63 millilitres of deionized

water were gradually added to the regenerated iron oxide.

The wet

iron oxide powder was filtered through a 2.83 mm (#7 mesh) screen

and then dried for 15 minutes at 170 °c.

Thirty grams of the dried

oxide were calcined in a static kiln under air having one atmosphere



TABLE | REC—ENERATED | RON OXI DE CHLORI DE REDUCTI ON STUDY

I WODS/25060 Chloride: =~ Treating Heat i ng PCT/EP95/00982i ¢
Chl ori de Reducti on Sol uti on Condi tion Cont ent
Reduct i on Met hod ppm
Untreat ed None None None_ 1400 Commer ci al
Rl O -1 H err]SO[err] 2 2" Herr]SO[err] 2:1 50 [err]
C 1200 pressugelffor one hour at| 825 °C. The resudtingSEhbyniHe Xcohtent was
Herr]SO[err] 238’10 g,,go [err]C 720 49%

Dried Herr]SO[err] 1:1 H[err]SO[err] 1 1 170
[err]C 55mpthod II-13{Bgeatment with H2SO4, 1:1/Driscd/Cal | - 4

Herr]SOerr] 2:1 rhdeyrdrambess lthe dried 10ider £donCMethod 148l Qbove were 64%

Dried II. H err D .BY DRYI NG AND
CALCI NI N& caleingd i,y ’ég‘f?&b?iggr%ﬂ %e%Bg{%ﬁ% ag&g’?%eﬁﬁt%eﬁsﬂﬁ hout
H er] SO err] for one hour at5®@5 diCanbheothldrideegrmrtentitafidthe oresukiiochg $angle

Part A above wef mJI |l ed for 15 m nutes without the addition of
any Herr] S errfs SO?LPtmeI’I The nulled iron oxi de were then dried
for 15 m nutes ’&'tthﬂon['@rr?’e‘m“ with H2$04 ¢ 2y1(Pmies/GHlodRed dried oxi de

were calcined in a ﬁ{ie:tcycg&&nknomﬂerdned oxids ﬁd&n héstidadr N apatdmepber e
pressurei for one hour at 825 sulted chloride content was

810 ppm calcgpeddd & sz‘-“%f)rﬁéf‘a‘ﬂ F&x %Bd?’ff‘eﬁt’mm’i‘f*éﬁt%ﬁﬁf“w £R®
H err]0/ Cal ci n@tt hd@r at 825 °C. TheOthlgkides caﬁtédteofetgeneeameﬁing rsamp D iwd@
fromPart A aboyg, Weh e ) ,

The results of study II are shown in Table II below.

TABLE II
REGENERATED IRON OXIDE CHLORIDE REDUCTION STUDY I1I

Sample Chloride Treating 'Heating Chloride | Chloride
Reduction | Solution Condition | Content Reduction
Method ppm 3

Untreated None None None 1400 -—

Commercial

RIO

.C-l Dried & None 170 °C & 810 42%
Calcined - 825 °C _

c-2 H0 Hp0 170 °c &« | 880 37%
Dried & 825 °c
Calcined '

I1-1 HpSO4 1:1 | HpSO4 1:1 | 170 °c & |510 64%
Dried & | ° 825 °c
Calcined

11-2 HpSO4 2:1 | HpSO4 2:1 | 170 °C & 390 72%
Dried & 825 °c
Calcined




mul led for 15 mnutes. During mulling, 63 mllilitres of deionized
wat er wer wos28e62l | y added to the regenerated iron oxide.

i ron oxi de powder was filtered through a 2.83 nm (#7 nesh) screen
and then dried for 15 mnutes at 170 C. Thirty granms of the dried 15
oxi de were calcined in a static kiln underqalr having one atnosphere
WO 95/ 25069

PCT/ EP95/ 00982 III. HpSO4 TREATMENT WITHOUT SUBSEQUENT nmzms/cucmgs

pressure for &@&J}pur-satc Jt@“]&bodmﬁtresﬂﬂeih%tchiﬂ{ nge content was
880 ppm Met hod . Treat rrent W th ’lf_f‘«rd % o&
1: 1/ Dri ed/ Cal ci ne§00 grams 'of the regepprAted o} o OB FESY Féﬁ pb)?f’a‘ée i

Met hod | -3 abaum%e&ez 5 minuteedl uresy imuldimg,a6s onidlilitredest &he havi ng
one at rgospher r%.sz??rv?ater we:le ngé&al?{'%an&'rtoalggaigLﬁ'g{al:gd ﬂ*&ﬁ G:tlcﬁa' d'e

cont ent” of t h&T¥EY
11-2: Treat rren‘be\metthlﬂfrepﬁ}‘sqpewﬁf Z'ai/WFEEEdC&PE?Wd‘ #7 mesh screen. Thjty

grams of the %é%h@%i&kectaﬁﬁntl\/ﬁsqu bodppRove were 10 . calcined in a

static kiln in air with one atnosphere_ pressure e hour at
825 [err]C. THethad it TEMERRE SRR 2Py £ H‘b‘y’g‘aﬁﬁ‘?’é"‘&/ﬁ% aed 390
ppm 600 NframeSasl kthe Qfegaheniitell| i meosivpWiram Piab|re wkte lyallbed
TABLEE{J .for 15 minutes. During mu;ling, 63 millilitres of the H,S04

solutioh, prepared from B-2 above, containing a molé:.amount of

HpS04 in the ﬁzso4 solution of about twice the molar amount of

choride contained in 600 grams of the regené;ated iro# oxide, were

added gradually to the regeneratéd iron oxide. The wet iron oxide
15 powder was filtered through a 2.83 mm (#7 mﬁsh) screen. The chloride

content.of the dried sample was 3,200 parts .per million by weight of

the total iron oxides. .

The results of-sﬁudy“iII:are shown in Tahie?III belbw,

TABLE IIT |
REGENERATED”IRON:OXIDE CHLORIDE REDUCTION STUDY III

Sample Chloride Treating Heating Chioride Chloride
: Reductibn Solution Céndition Content Reduction
Method : L Ppm- _ %
c-3 H0 | Hg0 Undried [10,200 [---
Damp Undried & : Un¢alcined |
Control Uncalcined e
III-1 HpSO4 2:1 |HpSO4 2:1 |Undried | 3200 70%
| : Uncalcined



I;QEGENERATED | RON OXI DE CHLORI DE REDUCTI ON STUDY |~ Sanpl e

Chloride wWoasikdsd Heat i ng ~'Chloride Chl oride PCT/EP9S/00982
Reduction Sol ution Condi ti on Content Reducti on o

Met hod - ppm % Unt r_eat ed
None None None 1400 Commer ci al

C1 Dried & None 170—[@1r-]C & ﬂlm Ilﬂm

Cai ci ned 825 [err] C VLI IIII
Herr]O 170[err]C& 880 379 S Drle
825 [err]C _ CalcinM [1-1 S
Herr]SO[err] 1:1 H[err]SCIerr] 1 1 170 [err]C & 510 cal 4 64%
Dried & - ci ne

Il-2 H &tr] éG[’é’FFTS zf°£ rﬂ%ﬁﬁ shieride Srop a ghipridetcentainingoiron
72% oxide, whichDbt®@s& comprises the steps o325 [err] C

gacl'l';: :Eggg /00982 (a) V}B:g.%/gzéxoets%hloride-conta:.ning iron oxide with a sibutgion

comprising HpSO4 to form a mixture; and

5 (b) separating the iron oxide from the mixture formed in step (a).
2. The process as described in claim 1, wherein the solution
comprising Hp504 used in step (a) comprises a molar amount of Ho S04
"to form 1.0-5.0 times the molar amount of chloride in the chloride-
containing iron oxide. |

10 3. The process as described in claim 1, wherein the solution
comprising HyS04 used in step (a) comprises a molar amount of H;S04
of from 1.8-2.5 times the molar amount of chloride in the chloride-
containing iron oxide.

4. The process as described in claim 2, wherein in step (a) the

15 iron oxide is mixed with said solution comprising Hy504 for a period
of time ranging from 1 minute to 48 hours.

5. The process as described in claim 1, wherein the iron oxide
separated from step (b) is further heated at a temperature ranging
from 1 °C above the ambient temperature to 1400 °C for a period of

20 time from 1 minute to 100 hours. '

6. The process as described in claim 1, wherein the iron oxide
separated from step (b) is further heated at a temperature ranging
from 50 °C to 300 °C for a period of time ranging from 2 minutes to
ocne hour.

25 7. The process as described in claim 1, wherein the iron oxide
separated from step (b) is first heated at a temperature from 50 °C
to 300 °C for a period of time ranging from 1 minute to 72 hours,l
and the iron oxide is thereafter heated at a temperature from 400 °C
to 1400 °C and at a pressure of from 10 to 1100 kPa for a period of

30 time ranging from 1 minute to 72 hours.

8. The process as described in any one of claims 1-7, wherein the



[11. Herr]SOerr] TREATMENT W THOUT SUBSEQUENT DRYI NG CALCI NI NG

Met hod C- 3w0esr28869 at i ve Enbodi ment - Treatnent w th H err] OPCI/EP95/00982

600 grans of the regenerated iron oxide fromPart A above were

mul led for 15 minutes. During nulling, 63 yyllilitres of the 5

dei oni zed water were gradually added to the regenerated iron oxide.

The wet iron oxide powder was filtered through a #7 nesh _screen.

The chlori de CHfEBRIWESSRLIb0YS SpRfucted 1n af QMERRTLIFAIRINITARARMNENt with
H err] SO[ err] ,stZedmlndri ed/ Uncal ci ned 600 grans of the
regenerated irpon id r e X 5 S.
During mulli ngé) 6?" Ffj{ﬁg?rgfd%?%ﬁgg&ﬁig&b dhe 42 cj'amT gc(gonvghef):rg}tla“gzli:trhgd
from B-2 abovereatbrg #fhenFtar ntiais Ardduetest in an oxygensLestaigine gpkedys t he
Herr] S err] sx@lhhi on: of about tw ce the nol ar anount of chori de
contained in 600 ans of the regenerated iron . oxjde, r added
gradual Iy to t¥fe gbﬁéﬁ%’r’:i‘t éﬂ“i‘r‘“b%g&? #Y PRt Slatng,d- ?)xl"gérejf‘s the  howder
was filtered tdegengtatad2ifBd oxadeIs esdical fean a Ehdrd::hll@t:lcdecid waste .

tent of th 0 pR iy
content o e [15-3 eﬁ@Pﬂeﬁ %gtg& EgﬁlﬁﬁFqﬂ%L@tz&g pyﬁ% are sﬁown in

the total iron e res

Table 111 bel 05\990 PPm by weight of °h1°rlde © TABLE I 11
REGENERATED | RON OXI DE CHLORI DE REDUCTI G.'“ ST Sanpl e
Chloride Treating Heat i ng

Reduction Solution Condition Cont en I'mHHM”m””",

Met hod ppm

Herr]O Herr]O Undri ed 1(1 200 7 --- Danp
Undried & Uncal ci ned Cont r ol Uncal Ci ned
[11-1 Herr]SO[err] 2:1 H[err]SO[err] 2:1 Undried 3200

70% _ Uncal ci ned
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CLAI 1. i de fr ongxs
chl ori de- cont a.Hﬂ'E i ron W% proce@é’ conpri-se

of :

corrpr
the iy
H err

cont

wher €} (2) tdi@natisial Hiling Date: & MarchQ995 (1493953 H[erK}’S(HKz, , LR, &, li.tmm

conprfi ses a nol ar ?rmunt of Herr]Sqerr] @Pﬂ' ‘i‘ Cﬁg’é
t he t of/chloride in the chlor}lde- GB PrSE,OAPl
oxi de}. Lﬁ&ﬂ"&}:ﬁ%;/rh mpmlﬁgggesc%w [ n?éfes@m mlcm GA, OGN, ML, R)NE,
t he 1 ir oxi is mxed wi'th d sof an.umwomomwmnfsaw@
peri o of XYinme ran froml nnute to 48 hours. _ 5. The
procejsED A8 iy Bm Tgé':g& 1 Afudndon oxi de separ at ed
fromistep bs96 HR! Thel Hakue (LS. terrp=ratumhmmgioﬂaguarchrepon froml
[err]|C above the anbi ent terrperatu to 1400 [ 8eferd @e fexpiratign pfcthe et nding the
tine (?%Fnﬁ % 3"8 15906 Siema | g Fese ""#%‘%l’éé"&f‘f‘ﬂ he sgeeipt of
cl ai ™ Bh 0T (ws). :eparﬁ'f'ee ¥ om step (b) is further
heated at a tenperature rangi ng romS(RIYerr]Cto 300 [err]C for a
period of time ranging from2 mnutes to

bd |
as dejscr 936G 4902c|l ai m 1, wherein th
| S err] used in step (a) conpriiseq
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(54) Title: /KEDUCTION OF RESIDUAL CHLORIDE IN IRON OXIDES /

(87) Abstract

A process for reducing the residual chloride present in iron oxides, particularly in regenerated iron oxides produced from hydrochloric
acid waste liquid generated from steel pickling, by post-synthesis treatment of the iron oxides with sulfuric acid optionally followed by
drying and calcining. The purified regenerated iron oxides are parucular suitable for making i iron oxide based catalysts such as ethylbenzene
dehydrogenation catalysts and hlgh-gmle ferrites. _




N

one hour. 25 7. The process as described in claim1, wherein.the

I ron oxide separated fromstep (b) is first heated at a
tenperature from50 C to 300 [err]C for a period of time ranging &
from1l mnute to 72 hours, and the iron oxide is thereafter heated
at a tenperature from400 [err]C - ~ to 1400 C and at a pressure of
from 10 to 1100 kPa for a period of 30 time ranging from1l mnute to
72 hours. 8. The process as described in any one of clains 1-7,
wherein the W05/ 25069 _ _

PCT/ EP95/ 00982 - 12 - m xing in
step (a) is conducted in an oxygen-contai ni ng gaseous stream 9.
The process as described in any one of clains 5-8, wherein the . . heating
after step (b) is conducted in an oxygen-contai ni ng gaseous . stream

10. A process according to any one of clains 1-9, wherein t he
regenerated iron oxide is produced froma hydrochloric acid waste.

| i quid generated from steel pickling, and conprises from800 to 5000
ppm by wei ght of chloride. : ‘ :
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