- 1 - SPECI FI CATI ON DECOVPOSER CONTAI NI NG | RON PARTI CLES FOR
ORGANOHALOGEN COVPOUND AND METHOD FOR PRODUCI NG THE SAME 5 FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates to a deconposer
containing iron particles for an organohal ogen conpound, and nore
particularly to a deconposer for an organohal ogen conpound,
containing iron particles which conprise iron and iron oxi de and have
a 10specific surface conpositiongpEosFipngiIent i nvention also rel ates
to a method for producing the sane. BACKGROUND ART [ 0002]
Conventionally, as a nethod for cleaning soils and groundwater
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| NVENTI ens to be Solved by the Invention [0004] However,
sufficient performance for deconposi ng an organohal ogen conpound

cannot beggbkairsdnNbyaRire techni que of increasing the specific

surface ar of ,iron,powder as described, in Patent document 1. There
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i mpr oved.deFompéogsr fo mhakmit possible to change the contaminated soils and groundwater to be
harmless at a relatively low cost and in a relatively short term (refer to Patent document
1). Further, there has been developed and used a technique of using iron powder

20  containing copper as a decomposer for improving the performance for decomposing an

organohalogen compound (refer to Patent document 2).

PRIOR ART REFERENCES
Patent documents
25 [0003] Patent document 1; Japanese Unexamined Patent Publication No. Hei
11-235577
Patent document 2: Japanese Unexamined Patent Publication No. 2000-5740

SUMMARY OF THE INVENTION

30  Problems to be Solved by the Invention
[0004] However, sufficient performance for decomposing an organohalogen
compound cannot be obtained by the technique of increasing the specific surface area of
iron powder as described in Patent document 1. There is also a risk that the copper
contained in the iron powder is dissolved out during the process by the technique of

35  using the copper-containing iron powder as described in Patent document 2, while the
performance for decomposing an organohalogen compound is improved. Further, from



t he viewpoint of a cost for producing the copper-containing iron
powder, it is desired to obtain a dec oser capable of efficiently
deconposi ng an or ganohal ogen conpound W t hout cont ai ni ng copper.
[0005] In this situation, as a nethod for increasing the specific
surface area of a 5deconposer, the present inventor attenpted to
flatten the deconposer. However, the effect of inproving the
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containing 1ron conprising iron and iron oxide, wherein the
iron particles have a value of 15%or nore by nass as a netallic iron
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twice under the following etching conditions:
25 degree of vacuum in a chamber: 2.0 x 10 Pa
accelerating voltage of an ion gun: 10 kV
emission current: 10 mA
etching time: 14 seconds.
[0009] The second aspect of the present invention is a method for producing the
30 above-mentioned decomposer for an organchalogen compound, wherein the method
comprises the steps of: subjecting iron powder to wet treatment in a pot of a ball mill
containing a liquid medium; washing the wet treated iron powder with an aqueous
solvent; and drying the washed iron powder at a temperature of 30°C or lower to obtain
iron particles.
35
Effect of the Invention



[0011] Fig. 1 is a diagram show ng an exanple of a spectrum obt ai ned
as the result of an XRD analysis with %Espect to the deconposer for
an or ganohal ogen conpound. ENMBODI MENT THE | NVENTI ON 10 [0012] The
deconposer of the present invention for an organohal ogen conpound
contains iron particles conprising iron and iron oxide, wherein the
iron particles have a value of 15 to 20% by nmass as a netallic iron
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etching has been applied twice.

[0014] ((1) Constituent elements of the iron particles)

The iron particles essentially comprise iron (i.e., metallic iron) and iron oxide.

25  The iron oxide includes iron(ll) oxide (FeO), iron(lIl} oxide (Fe;03), and triiron
tetraoxide (Fe;O4). The iron particles comprise metallic iron in a relatively large
amount and iron oxide in a relatively small amount.

[0015] (BET Specific surface area of the iron particles)
The iron particles preferably have a BET specific surface area of 1.0 m%g or

30  more, more preferably 1.5 m*/g or more.

[0016] The BET specific surface area value is measured by the method described
below. After performing the vacuum deaeration for removing the affection of gas
adsorbed in the surface of the sample for measurement (iron particles), a nitrogen gas
adsorption isotherm of the iron particles is measured at the liquid nitrogen temperature

35  (-196°C) under a stream of mixed gas of nitrogen and helium as a carrier gas. A BET
specific surface area is determined by applying a BET infinite layer adsorption equation



nononol ecul ar adsorption anount [m .STP/g], C constant = Exp {(Et -
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[0022] The surface |ayer of the iron particles to which the ion beam
etching has been applied tw ce under §3e0| fic etching conditions
contains netallic iron in an amunt of” 15% or nore by nmass. The

remai nder (less than 85% by mass) of the iron particles is
essentially iron oxide. The above surface |layer of the iron particles
preferably contains 30 netallic iron in an anount of 15 to 20% by
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applied twice under specific etching conditions contains metallic iron in an amount of
15% or more by mass. The remainder (less than 85% by mass) of the iron particles is
essentially iron oxide. The above surface layer of the iron particles preferably contains
30  metallic iron in an amount of 15 to 20% by mass.
The specific etching conditions are as follows:
degree of vacuum in a chamber: 2.0 x 107 Pa
accelerating voltage of an ion gun: 10 kV
emission current: 10 mA
35 etching time: 14 seconds.
[0023] The above-mentioned etching conditions are conditions such that when, for



[0029] Wth respect to the relationshlp bet ween the peak intensity
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| ess. [ 0GB inThesurisck layenst thy iros pasis tegrhivh itduectehsnhbab e cappltrdcbnce

bel ow. Ffu%ghathé Yo lgmivd?eﬁ %E}:ﬁﬂisgfl%&dﬁfoﬁ% éﬁ%feﬁrl])ﬁﬁf(f%a'opn@?é g{ﬂehrasé

powder to be neasure een rough a sie so 't hat
the pri méBghesareferablislGlo k%ebpawser are satisfactorily 20di spersed,

i's a|2b0WE{d(t)i7ij fririhet, 'iﬁﬂle&ir&)ﬂal’tm&fm%@i?l@%nt fhventied, &%ﬂfdﬁt Mfmetalhc
nmeasur engnt apparatu exa r ere a

ment i oned™iBd Lm%@ éﬁé{ﬂ oftin oA mcleea tw F@Lﬁtc 28 baheep eplghe

I nstru nerthﬁ:e ﬁine,s ulntlet the aH'dve—mgﬂtidnde etchmgfcbhdhadnwstplfefbﬂablymﬁm or mate tay

| evel gfe?abl%?tocﬁld and a mass of the powder
f||||ngt ety ider' s asur ed S k density can be determ ned by
di vi di ng [ﬂﬂ%ﬁ]nﬂ&s igi nahtecleﬁnpbwlesemwvteh@on preéaraldy hoesd apeakatensity ratio
cylinder . [10P3) 2 W flRrd B3RCH Swid 3 Pagy éﬁ?&ﬁoﬁf(hérélﬁaﬁér%f&%dttb Gk €gRDY)

t he present I nvent| qn, is no particular limtation,. and th
iron par maen@swléeaﬁmaelsnmanpmw e peadpr @éobp@%@m kas msw&ﬁéltya the

pri sm shapek fa (BRo@larkal The pageintékitRrdtloqlye d}h@%cﬁbgﬂﬂ‘erambe) Sbe@erepf
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the iron particles.i ferably a flattene hape because the iron
parti cl ef?‘??lﬁﬁﬁ‘rfrﬁﬁef%n%g% J8°30can be easily obtained by a process
(for exarfp0Zy] Withtrespadtito tid rlelatmnﬁﬂm’aethreaetlﬂe@dals Inbemsity mattoh(@,/Iekefithe e
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e nu IVE Sit
or ganohal cogwhete lupisiation hesawipetdiasy nadechut dhre tekatiopship isaresumsd asdolloprse

iron par thEl:ﬁéal'T'ﬁ\ﬂ 3 @)résﬁﬁe@ftﬁh% (206? ﬁ%@ hﬂ?&ldeﬁ&ﬁ%l?e%%ﬁ%ffﬁé’ti‘ve% a site
pr epar ed appropriately cont e 35conditions for vari

met hods, héiéilﬂg agdecgmppsitiay, pif ?f-‘é&rsanrfgs alogen cRBRRWL: 3SHYMHE KA, (?%Ps)cvo
met hod, aplﬂavamamoplplaﬂm pResebit merlazgetanmunﬂmtth@ghrfd& efiHelRrtidlan

parti %l 3 btamed by e Tethod’ foli' l[)%d%lg{l]l%% dsegc?tﬁpdse o aillo?gta}ngﬂgl glacrc}rﬁpcdugg

and the conditions thereof shown in the present invention. It is considered that, by



5[ 0034] The average di aneter and plate ratio of the flattened
particles are determ ned fromthe fol I,Pvm ng formul ae. Average
dianeter of the flattened particles = (2 x Average plane dianeter +
Aver age thickness)/3 Pl ate ratio of the flattened
particles = Average pl ane di aneter/Average 10t hi ckness [ 0035] The
average plane dianeter is determ ned by neasuring the | ong dianeter

:j nt h? dlvti@@é bf)cﬂccﬁlflblh:hﬁ)nfc%f&ﬁé ?m??]@h?@qa% of 68 cR@idré, teﬂrlﬁclaéuilséstr@?ehg {) t
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averagin t ano%gl%gé:r% ﬁg%ﬂnﬁgﬁlgﬁ }n%ﬁ%vm;;nleacﬁi A8 BJHV\# Yoo sdc%

det erm ne om an-cave ness val ues su e respect
to 505paraS|00p1@%’ [ 0036] The decorrposer of the present invention is a

deconpos E{DOj nﬁ:‘%ﬁl@ fRARAY ?&ﬁf‘(lﬂﬂm%&‘gureﬁ\bpﬁﬁ@ﬂﬁﬁoﬂ ReddiBed below

or ganohal og I'S | ori

I ne, brom ne, i
especi al 148 SAPRRIE %mtrym&htwwﬂ@ tB%EPSF t 9b% pwd efE’ﬁ%:Prﬂﬂég’Sléleﬂ“ respect

200r gaﬂloftakmﬁao sReuntR pré&hﬂﬁ@eﬂioﬁffhﬂﬁlﬁﬁ@hﬁtﬂﬂmgeﬁ a6@pdund is shown in
tetrachl qr

hI th I
1 ot ik by o‘éﬁﬁ%ﬁ%&“i VeSS bERe SHRBH Btk ae 140k ORP oo SHhYS ragnized
t et r 46hl dndég.Hy| @yepplyite theclataarf@Pranples of tltcse ke amd the XR D BEBsurament

di oxi n. C%Hglgllj ?%6 ﬁﬁggylé\ﬂ aFlfaﬁlc@%?éH‘E%%ﬁhe Exérs{ai‘f’s SR, A 53Hd AR, L O

soils, groun as contam nated Wth
or ganohalibigdaursbipoherepeaks are shaaeisiisiicoof( bl B plans aflﬂ é20) plasec| eani ng

of cont a%i}ﬁ%ﬁ@el§0'ﬂ?r‘ém ﬁé%&%&fm@ﬁeakmrlamp%e 288 (B9) hemepsdpdak a
such as a nethod in which the deconposer

conventi qnal I, n th

i s added 14i¢8s! Bﬂvfﬂgg’a’&gﬁfjﬁtﬁpﬂ% d soils, or a nethod in which

co Ft asi ]na[t)ﬁ:dl 19 r’ﬂmﬁdwqiaeuicleaslnphsplecbm hmu@dsn prefeayidy hate 4 hﬁk édel]@imge} :
30[ 0038] Thes present.i n t 0 t ho or

pr oduci ngg/(frﬁse alﬁ% tT(lj‘gs ﬁ‘ e§1 (r%ggeefrglla\ggﬁ %/CE)TII’ Ogrll 'al ogen
conpound.[0032] rBterodk dénsithés Ipmgmdtbyi the'mthOdrdeS@'rbeprbg@Mm fgomree
deCompOS G iThirh 86ifath B AR ceiftalﬁl%lgﬁy WIERGIE (b B RBsBRANRRicABaR T AW

material to wet treatnent contalnlng i qu
medi um  (B2pn passed Hgoqglpea %\fe qortbgttb@plpmgw M@ﬁo Hogﬁerm%@gactonly

" sol vept, rs(ea)xs%ﬁoﬁiéd/tmﬁutlﬂite awgrﬁb@@i pldced i BERIdeddityombaRetaat ur e of
30C or | ower obt ain | I he

R
or esent  (APEAIAR FLoamply of G APPARIES, theth e bt e T o
is fill ednamifactarepby TtsmsmaSammljicdnd;tnqmmrth @edLuh) aﬂ"dhea;yhmthrwﬁ’x]ﬂ@}wnh

appl yi ng tﬁ@ Catt atl&eLg'fth% E@]erﬁom% Vﬁﬁ'ﬁe 9 P&asé §f t‘ﬂE lroﬁ@ﬂeli fﬂhng tH

rotate or v

subj ect ed:yilodtwes rrtea%mdmn‘lx bulk| dpo =ity canrbesieéqmme)i byathﬁm the qnﬁ&jof the

ng:j@mpr gaogvderwm%rmteﬁﬁl @bﬁﬁ%ftb@éylﬁlﬁ&t her or ganl c solvent can be
u .

h | d
i sopropyl[0 §Hﬂg hWFth(rW?Ctsigﬁ\éeq%t?é%?{fﬁ%&P qucge&%g'@ Hrﬁseg{fgﬁé}gwn& nU’n‘F
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ste as e ava ot C
exanp! eb 86 RrE Bond oD el Spanky S Ehaied o8P, cdfle Sfrkas i
mat er i al .paficlesis erefengbly adflattehed shrape bn@uﬁ@thh@rdm pattenles in arﬂaUenerrbaluape)ned
a_pot m 'éan b@‘%g%kr A%TA;leb Q@F&é}&%ﬁ&r&%% Nx@ﬁ&lﬁ{ﬁ ﬁ*’PQ&tﬁ%ﬁP&%& ON.

[ 004 or a an I npact to
t he |ron waent eri%xami%e gﬁuhpﬁrm@én\fﬁnﬁ@n}wbwh@ﬁsl n@réaseamwpﬁ@ﬁ?

oxi de, i rfbfacSire®bf pSldr dRiSthe BB ofABEYSsited DAVingBA BLfahShdIGdear | al .
compound decomposing function per particle volume. The iron particles having the

other shapes mentioned above can be prepared by appropriately controlling the
35 conditions for various methods, such as a wet synthesis method, an atomization method,
a CVD method, a PDV method, and a pulverization method. When the iron particles



[0043] In step (1), as the raw material iron powder, a conmercially
avai | abl e iron powder can be used. V\g’pl es of comercially avail able
iron powders include reduced iron po (e.g., DKP-100, nmanufactured
by DOM | P CREATION CO., LTD.), electrolytic iron powder, atom zed
iron powder, carbonyl iron powder, and cut 20pieces of iron material.
[0044] In step (1), the wet treatnent nmeans a treatment for

mechani calrd yn £1%tddgd edﬁfe Qlfaf'ﬂeﬂ!ﬁ PaRfe1&sHIeBHLEF hie o ;ﬂé’c@ ra&ﬁ%’f% oﬂ&ﬁbﬂég
t he actlo of t%g[?gﬁyisma 1ntq§1 ,E?resence of aﬁ’ (g g iFum
(Wi t hout Bhenny Py memgspgﬂa Iy preferablicy riaotsi r The flAttensd peftistes
powder f QfrefRfBUERIvicRE avBiRge diatheR? Wl €00 inCdPrastef RiFthBgprefcesd$s 120 um or
oxi dat i Onrh The wet 25treatnent nodifies the raw material iron powder
in, e.g. grl‘?ape [ 0045] The conditions for the treatnent in step (1)
are appr c[ﬁ6343]t elhy avetage timdyetes roli ptatatatio af thexiatighed patcles e determined

t enper at ”%E% essing period is 20 hours, and the nunber
of revol ﬁ@%%@eﬁg% ”Hﬁ%m ch corresponds to a ci rcumc erenti al
speed of 60 rﬂn‘}t‘fﬁfﬁg?rdlﬂlﬂ@feb@ﬁthﬁﬁ@itwd@ﬁﬂb‘lﬁser di amet er of 500 mm

whi ch is used uwgztmvaq sepRRBHRY + AGR4R m¥hamss)B) i n the present

invention is a hi n wi th an ueou vent
treated iron p Elrath‘?féﬁlaﬁgﬂe fl PARIClSS S ‘%" é?ea lala*efﬁr/t&maﬁs liquid
medi um [Qﬁl‘kﬂleslsn step (2), the aqueous solvent can be water, a

wat er - sol [HE#% ongA . I%gg §4a\1/1g Iatame?er 1?deg1emglﬁéc? \_ém% ﬁql?l Eﬂl;enz éﬁ?an?eter in

wat er - sol VeNnts 1nc e an
t ol uene, the Hybdb@npéﬂm flatighedhplaneofibe p@mlctermldlth«@ort[cbmg:]er ’@t'@p (2) is

per f or m?ﬂg E‘);RJ \Aél&ﬁfa'r % %%tl&{gt c{l]l)mef%F’R/Yﬁxqgng&Eto '522:%&1&‘9&%{% gt Mane

10 - iro respec for sh| ng, t here

is no pardlar@eimaby mﬁﬁakcakatleh sugh as Plangismetgr 3 fhenedisetsatidhgta
}c\ll ![ t rlﬁt [ Qﬂarﬁ&@r)ﬂ.’f Qﬁdih\Fwa 1hlg1ﬂielc@1¢ulla$ddiq|'laﬁ5d1arnfaﬂefi el’l“hﬂraea"[&g@fhuﬂmess is

ut sche, eous n s moun
Mueous. SsferaiRed AR EVenkes S Pickp e By bbbueed Bisf FRRR G0 biffctes.
sol vent |[003961 direudetompossh of the pBBehtiyvention is Hdwediposerttheamarganaifaldgae
I ron pOV\dc%End) ll.lﬁd usﬁ%af?)%&? H‘Pt'he% %Bﬂlo énr%ﬁ‘l obhE; st&gg}ﬁfca{l{]'&ﬁle' Brothifi®

(2) varies 5end agquedus sgivent ératuré
around r cothiedinpespacially adyalpﬁmﬁlwhlorm@#n@ ﬂ@oweemﬁﬁamplqsfoft he

Fr Odggt' Qg f(ixﬁﬁblo é@%ﬁ@oﬁumcmk déhl&rh&eﬂfaﬁ§%¥bohﬁ¥t%hld?ﬂe' s a step
or drying

to obtai nb %’-ﬂ?fﬁll%ﬁ%’fgfi‘l@ré 4 Pgoe %&??@g@? alt“%f dnf E&B‘SXE%PQ‘;? 1"

e.g., th&n&hﬂbf@ﬁ@lﬁﬂﬂﬂé&%ﬁlb@ﬂthylﬁhenl 3-déchibryprogedes trilatcntidilisnel BCB; ghier
t han 30C, the activity of the deconposer is reduced. The tenperature
in step (%? 5 preferably 20C or |lower, nore preferably 15C or | ower.
[0050] TH&037lorByarriyiog & desompossd Of)ﬂletphmeménh@ﬁiouﬂo stits, growpdwater,

| nvenki on, cany, ‘éﬁ@gxﬂ-a%ﬁts a%c%@m&@ww rrf]%r? Ironpoaf\mgms be

m xed wi th anot hér materi a aconven

form a dewssplsdeclean o) @é&%ﬂw tqoawnt%t@ pails, §ﬁ%¢‘@%¥%ﬁé?}’8 ks
conpound)can be perforth@l B EQIVEBRAGRITK Rho6HE GRIARGRE kit R rﬁétﬁa@ﬁh@hﬁﬁ@ﬁh

conmpound S _measur e t hod descr.i bed, bel ow. 2 0 50 nL
of i on- exiHg a%rwdgﬁgéaimmeﬁﬁw ORI SRSy i me%ee%é pacity:
124 L), cncthniindted goindwater 3massedthmagiph tayeoofihe deampmtsad was pl aced

I n tgg @?81??%1&%% ﬁg%’vgﬁﬂonﬁ Qfs'%tdﬁ'ect&ﬁ]?o SHTRA o SRSRd Lo

nitr
above-described decomposer for an organohalogen compound. The method of the

present invention for producing the decomposer comprises the steps of: (1) subjecting
iron powder as a raw material to wet treatment in a pot of a ball mill containing a liquid
medium, (2) washing the wet treated iron powder with an aqueous solvent, and (3)

35  drying the washed iron powder at a temperature of 30°C or lower to obtain iron
particles.



vial, and the vial was sealed up using a Teflon (registered .

trademar k) coated butyl rubber septumgnd an alum num cap. Using a

m crosyringe, trichloroethylene (TCE)" 25 as an organohal ogen conpound
and benzene as an internal standard substance were injected into the
vial through the septum portion, and the vial was subjected to

shaki ng, and 100 p.L of gas was sanpled fromthe head space of the

vi al ever[ﬁome@éﬁmﬁ\ﬁfé pfréééﬁt 1ﬂ9§htfoﬁ@s Qﬁﬂlﬂﬁmrééthieﬁﬁéct%ﬁﬂ@hwh iron
qualitativ ntltatlve anal SIS$ ans %Sf)

s ot oGy o ALES it SR RE S B Feln SHEs ety iE spRo ey i o)
30 changdmpdetao tie itdrepgyedes aad therpodls dyben fio,@mg. foate ororibjacydbethatcthe irbe

i ke, buté)r?be eEzen(%aunedl rthé n(r,)e%E&J@&&jﬂ&dxgﬁré{,ﬁp@n&ance suffers no change
in the corce

n I on and t herefore, by
measubi nd08dterdnetee (th as:timltqatd wadiam, BIge verderean alpeholcuyraneiber oiganit t he

concent r%l\%ﬂt rbe%em%f A hﬂ%o%h‘:’s%@%v'aﬁ%? Iﬁaﬂ%ﬁ'ce)fha‘?lfol taﬁ@

concent I’atl on or gano en corrpoun as In
space wi tifPRTeRY t heTlteésquI Mgy é.‘R?dn’@ ssl?lw% ﬁﬁﬁ‘fnttthfﬁél}e lr%p

decorrpOSIQFo\»@armhe @Iflshbean:rogﬁapIhah@gen corrpound to be treated was
eval uate Her ei nafte rese i nven I
o deccr 1 BAHTM I AP Fb AR Ewobg CruneroRlLb ot AFo Rt bk U4 i Sabinies
not HLé consludupmis amdt bfisteelngaintess steel pe nofgnétivempted sle NtA ssinnsxamipi coot. the

[0054] ( eﬂ’l})d there clan @e %ﬁeqtlgne%fatédt@r?ﬂnfnugél 1991 %Lﬂﬁa&ﬁ%ﬂ %9 a

di amet er ‘€58 aV| N
2.3 L. TH‘éIDsEﬁ‘a'SHﬂ\@O CHBPMA'EIQNarged was 80% by vol ume, based on

th I t
(S Tos e OB RO

mat eri al iPFide Iﬁd%%deaq{&“io@“’&fox&ﬁ’ gf%{lw %&egr@héreg%ataflﬁ?% sterb agaip
m Il 1Fhe cﬂ@ﬁagﬁtﬁi&’lmbfmﬂmt erials charged therein was rotated using a

t |1 A- t DEC- SHI VPO PORATI.ON,
inder. corPEflore SRR on IR W BT o Rbobla R LSBT, o
revol uti q:wdwasammlseqim ExamplasdEecamnéralally peaithblsi@onpowdery incbide 15 20

hour s toggﬁgegrﬁhgo%&gge%@qtgo HaBuMEhL: rb‘iﬂff) WA'il@ m&fe once

separate and_ zi rconi um oxi
usi ng 100-FR.).oflectohdicdronapoveder.cigyaizad irpn pewdgsearbq%é Imaw@’dler and cut
wet - bpeatfigees bpRoREefal Was dried at a tenperature of 10C for 24

hours to iro rticles in the present | ent 00

(Bxanpl o B9 4oinsiogsk By edhupe gutal hE3e by Srar o DPEHE Ve

manner aslefornixgthelrew maorix piontpoatder nsiisd thadciddn efthabals inwgioein thas
sed in wa

g i epsl f OI’ ésQ:' Qqq?fé e([i ]?%@& %n m%gﬁ\?fr’t]l%dt \68 &E@%Hﬁkﬁo%n@r or Ton’tb%il \/\g alrmﬁ} the

per f or nedrondeer for ptrmentlagvthmrcemca\rder ér@nt fermgnxcmmdatmﬁ ushelwas

I,;?I”FEF‘;L*%E?? SRR fant FARAL Aon Uy SAUILE, Bhoe ner as i

Exanpl e 108%Yephe congitionsdoythpitrrgtnent yestan (i) @rmrmﬁ%éaek@s‘#ﬂ%@h@b

18;:3C [ 8%@(6&1 ﬂ@ékﬁ@eﬁlﬁﬁm £5°8) the processing peridd 9120 Mdtids] @ﬂcﬁt‘heV\B{ e

obtai ned in,su n nner a

o e A RlAh ¥ 105 R TROR SR L M aar s

( Conpar atnﬂmnE&mhppet HavirdgDdh @JtelfdmmetﬂceﬂS(]Ormm phivdies ug§ddkP-tid)0) as a

raw %teré i powder was put into a ball m |l charged with the

bal | S "use Odlhﬁxglﬂ le 1. The pot with the material charged therein
was r ot at[@84alsiStep &) potherresent inpersionpy AsEp fomwebingcvith aragieoggsolvent

NI' DEC- SHI 1P QBRI }%\Ivdéf%ﬁéh féoﬂ(i'l'eéés@d}§ s%gmteaffﬁim ftai ﬁi%%&ﬁhilﬂ e

25C t h no I t
\énged 6?{?) T ﬁn;]syepcgs) the ac{ugc\)ll?s S%E\IIB(I)‘JLP csan e water, a ater—soiub?e orggrrn%gofvent

or a mixture thereof. Examples of water-soluble organic solvents include an alcohol,
35  benzene, toluene, ethylbenzene, xylene, ether or the like.
[0048] Step (2) is performed for satisfactorily removing the liquid medium from the



- 12 - 20 hours to performa dry treatnent, obtaining iron particles.
[ 0060] (Test Exanple 1) Wth respect ﬁ the deconposers each
conprising the iron particles in Exang es 1 and and Conparative
Exanples 1 to 4, the performance for deconp05|ng 5 an organohal ogen
conmpound was neasured by the above-described nethod. [0061] Wen an
or ganohal ogen conpound deconposition reaction of the iron powder is

assumed tigynjRwalet,iand! with %bedt@@ﬁieh@&hodfb@uﬁi@lﬁﬁ @rbtlé.ﬁ)cﬁ\ #r€iaglbd On can
berepreﬁentedb th ol'l owi n fornule}.ﬁtb#n tic forrrual]
10C = Co MaHeP, DR AP Ra s SRY R AT SO iRt &gélw asa
corrpound ﬁlte@pmmohaNagene tonpantageanhosad.r alnistsp @), the maamdtiodithe | me t
React | O édu@%o Ig][?ty"lsf’ fégr?)% ?ﬂﬁe%é gqucrté&) ll,;] tﬁ% Eqﬁe%ﬂ?%@oérg[iggg ml)unt of

15[0062] Rer el Cons | Ve FErn A
of thé décio?p8%i by mass, beted wnithemasscofdeisorppewderyis tubed enges setepal tlmes

trichlor Wﬁgf::m@ér ﬁ-})st%?@%gaﬁés%gaﬁﬁﬁ#’&?ﬂle‘i@g@lﬁ’cgﬁgusaé&v&lﬂQWE‘a' n

Table 1. [0063] [ Table conpose ron part l.es) anohalo
conpound teBRY @rpp%r%@mpswn@s h%?rafﬁTeré from {he Mievpoini éhfapre"
Exanpl e Zo&. 093 Conparative exanple 1 0.000 Conparative exanpl e 2

[0049] Step (3) in the present invention is a step for drying the washed iron powder at

10  atemperature of 30°C or lower to obtain iron particles. This step modifies the iron
powder in, €.g., the surface composition. When the drying temperature is higher than
30°C, the activity of the decomposer is reduced. The temperature in step (3) is
preferably 20°C or lower, more preferably 15°C or lower.

[0050] The iron particles obtained by the method of the present invention can be used

15 as adecomposer for themselves, or can be mixed with another material (e.g., a
conventional iron powder) to form a decomposer.

[0051] (Decomposition test for an organohalogen compound)
The performance for decomposing an organohalogen compound was measured
by the method described below.

20 [0052] 50 mL ofion-exchanged water was placed in a 100 mL vial (actual capacity:
124 mL), and 0.5 g of a decomposer sample to be evaluated was placed in the vial.
Using a Pasteur pipette, the sample was exposed to nitrogen gas from the bottom of the
vial, and the vial was sealed up using a Teflon (registered trademark) coated butyl
rubber septum and an aluminum cap. Using a microsyringe, trichloroethylene (TCE)

25  as an organohalogen compound and benzene as an internal standard substance were
injected into the vial through the septum portion, and the vial was subjected to shaking,
and 100 uL of gas was sampled from the head space of the vial every predetermined
time and the gas was subjected to qualitative and quantitative analysis by means of a
GC-MS (gas chromatography mass spectrometer) apparatus. The pressure in the vial

30  changes due to the generation of gas from the iron powder or the like, but benzene as an
internal standard substance suffers no change in the concentration due to the iron
powder, and therefore, by measuring a benzene concentration at the same time,
correction of the concentration can be made. From the attenuation tendency of the
concentration of the organohalogen compound in the gas in the head space with respect

35  to the test time (shaking treatment time), a decomposition rate of the organohalogen
compound to be treated was evaluated.



0. 015 Conparative exanple 3 0.008 Conparative exanple 4 0.004 [0064]
(Test Exanple 2) 20Wth respect to t hqli_r on particles in Exanples 1
and 2 and Conparative Exanples 1 to 4,"a content of metallic iron in
the surface |layer of the iron particles to which the ion beam etching
had been applied O to 5 tinmes was neasured by the above-nenti oned
met hod. Further, with respect to the iron particles in Exanples 1 and
2 and Conparative Exanples 1 to 4, a plate ratio was neasured by the
above- marﬁihg%gé%S net hod. The results of the nmeasurement are shown
i n Tabl e 27 [Table 2] Iron Particles Nunber of etching (n) and
met al | i c [0058] ddereieafter thelpyesemsiayertloatvell batdeseribed vith r8feferioe tdthanpl e 1
2.9 following Examples, which should not be construed as limiting the scope of the present

5 invention.

[0054] (Example 1)

6,580 g of zirconium oxide balls having a diameter of 10 mm were placed in a
stainless pot having a volume of 2.3 L. The amount of the balls charged was 80% by
volume, based on the volume of the pot. Then, 100 g of reduced iron powder

10  (DKP-100, manufactured by DOWA IP CREATION CO., LTD.) as a raw material iron
powder and 1 L of pure water were charged into the ball mill The pot with the
materials charged therein was rotated using a pot mill, model PTA-01, manufactured by
NIDEC-SHIMPO CORPORATION, under conditions such that the temperature was
25°C and the number of revolutions was 120 rpm (circumferential speed: 60 m/min.) for

15 20 hours to perform a wet treatment. The wet treated iron powder was separated from
the water and zirconium oxide balls, and washed once using 100 mL of ethanol at a
temperature of 25°C. The washed wet-treated iron powder was dried at a temperature
of 10°C for 24 hours to obtain iron particles in the present invention.

[0055] (Example 2)

20 Iron particles were obtained in substantially the same manner as in Example 1

except that, instead of ethanol, water was used in washing.
[0056] (Comparative Example 1)

Any of the steps for wet treatment, washing, and drying in Example 1 were not
performed. That is, the raw material reduced iron powder was used as iron particles.

25 [0057] (Comparative Example 2}

Iron particles were obtained in substantially the same manner as in Example 1
except that the drying temperature was changed from 10°C to 105°C.

[0058] (Comparative Example 3)

Iron particles were obtained in substantially the same manner as in Example 2

30 except that the drying temperature was changed from 10°C to 105°C.

[0059] (Comparative Example 4)

100 g of reduced iron powder (DKP-100) as a raw material iron powder was
put into a ball mill charged with the balls used in Example 1. The pot with the
material charged therein was rotated using a pot mill, model PTA-01, manufactured by

35 NIDEC-SHIMPO CORPORATION, under conditions such that the temperature was

25°C and the number of revolutions was 120 rpm (circumferential speed: 60 m/min.) for



11.7 18.4 29.6 37.6 37.0 35.1 Exanple 2 0.0 8.6 17.0 17.2 20.0 24.2

33.4

- 13 - Conparative exanple 1 1.§,9.2 11.8 15.6 17.9 20.2 1.42

Conparative exanple 2 0.9

10

15

20

25

20 hours to perform a dry treatment, obtaining iron particles.
[0060] (Test Example 1)

With respect to the decomposers each comprising the iron particles in
Examples 1 and 2 and Comparative Examples 1 to 4, the performance for decomposing
an organohalogen compound was measured by the above-described method. _
[0061] When an organohalogen compound decomposition reaction of the iron powder
is assumed to be a first-order reaction, the decomposition reaction can be represented by
the following formula 1.

[Mathematical formula 1]

C=Cyxe™
Co : Initial concentration of the organohalogen compound
C : Organohalogen compound concentration at a reaction time t
t : Reaction time [day]
k - Apparent reaction rate constant [day™]

[0062] The results (reaction rate constant k in the above formula) of the decomposition
test using the decomposer with respect to trichloroethylene (TC) as an organohalogen
compound are shown in Table 1. '

[0063] [Table1]

Decomposer (Iron particles) Organohalogen compound decomposition
reaction constant k [day'l]
Example 1 0.137
Example 2 0.093
Comparative example 1 0.000
Comparative example 2 0.015
Comparative example 3 0.008
Comparative example 4 0.004

[0064] (Test Example 2)

With respect to the iron particles in Examples 1 and 2 and Comparative
Examples 1 to 4, a content of metallic iron in the surface layer of the iron particles to
which the ion beam etching had been applied 0 to 5 times was measured by the
above-mentioned method. Further, with respect to the iron particles in Examples | and
2 and Comparative Examples 1 to 4, a plate ratio was measured by the above-mentioned
method. The results of the measurement are shown in Table 2.

[0065] [Table 2]

Iron Number of etching (n) and metallic iron content (% by mass) | Plate
particles 0 1 2 3 4 5 ratio
Example 1 2.9 11.7 18.4 29.6 37.6 37.0 35.1
Example 2 0.0 8.6 17.0 17.2 20.0 24.2 334




3.1 14.5 14.9 20.0 20.9 31.8 Conparative exanple 3 0.0 3.6 3.7 4.1
8.8 11.3 29.1 Conparative exanple 4 2.3 9.6 11.9 12.6 16.0 17.0 1.06
[ 0066] (Test Exanple 3) Wth ré pect to the iron particles in
Exanples 1 and 2 and Conparative Exanples 1 and 4, a peak intensity
ratio and a bul k density were neasured by the above-nentioned

met hods. The results of the neasurenent are shown in Table 3. 5[0067]

[ Tabl e 3} Comparative 1.8 9.2 11.8 15.6 17.9 20.2 1.42
example !
Comparative 0.9 3.1 14.5 14.9 20.0 20.9 31.8
example 2
Comparative 0.0 3.6 3.7 4.1 8.8 11.3 29.1
example 3
Comparative 23 9.6 11.9 12.6 16.0 17.0 1.06
example 4

[0066] (Test Example 3)
With respect to the iron particles in Examples 1 and 2 and Comparative
Examples 1 and 4, a peak intensity ratio and a bulk density were measured by the

above-mentioned methods. The results of the measurement are shown in Table 3.
5 [0067] [Table 3]

Iron particles Peak intensity ratio Bulk density
/L) (g/em’)
Example 1 0.77 0.74
Example 2 0.66 0.58
Comparative example 1 0.14 2.65
Comparative example 4 0.24 2.09
INDUSTRIAL APPLICABILITY

[0068] The decomposer of the present invention for an organohalogen compound is

improved in the performance of decomposing an organohalogen compound without
10  containing a contaminant, such as copper, and therefore can be effectively used for

cleaning soils, groundwater, and others contaminated with an organohalogen

compound.



Iron particles Peak intensity ratio (I AD Bul k density (g/cnB) Exanple
1 0.77 0.74 Exanple 2 0.66 0.58 Conparative exanple 1 0.14 2.65
Conparative exanple 4 0.24 2.09 INDUé%RIAL APPLI CABI LI TY [ 0068] The
deconposer of the present invention for an organohal ogen conpound is
i nproved in the perfornmance of deconposi ng an organohal ogen conpound
wi t hout 10contai ning a contam nant, such as copper, and therefore can
be effectively used for cleaning socLalv® oundwat er, and ot hers
contam nated with an organohal ogen conpound. - 14 - CLAIMS

1. A decomposer for an organohalogen compound, the decomposer containing
iron particles comprising iron and iron oxide, wherein the iron particles have a value of
5  15% or more by mass as a metallic iron content in the outermost surface layer of the
iron particles to which the ion beam etching has been applied twice under the following
etching conditions:
degree of vacuum in a chamber: 2.0 x 10 Pa
accelerating voltage of an ion gun: 10 kV
10 emission current: 10 mA
etching time: 14 seconds.
2. The decomposer for an organohalogen compound according to claim 1,
wherein the iron particles have a peak intensity ratio (Iz/1;) of 0.2 or more in the XRD
pattern wherein I; is an intensity of the peak for (110) plane and I, is an intensity of the

15  peak for (200) plane. :

3. The decomposer for an organohalogen compound according to claim 1 or 2,
wherein the content of metallic iron in the surface layer of the iron particles to which
ion etching has been applied four times under the etching conditions described in claim
1 is 20% or more by mass.

20 4. The decomposer for an organohalogen compound according to claim 3,
wherein the content of the metallic iron in the surface layer of the iron particles to
which ion etching has been applied four times under said etching conditions is 35% or
more by mass.

5. The decomposer for an organohalogen compound according to any one of

25  claims 1 to 4, wherein the content of metallic iron in the surface layer of the iron
particles to which ion etching has been applied once under the etching conditions
described in claim 1 is 10% or more by mass.

6. The decomposer for an organohalogen compound according to any one of
claims 1 to 5, wherein the content of metallic iron in the surface layer of the iron

30  particles to which ion etching has been applied three times under the etching conditions
described in claim 1 is 25% or more by mass.
7. The decomposer for an organohalogen compound according to any one of
claims [ to 6, wherein the iron particles have a bulk density of 2.0 g/cm3 or less.
8. The decomposer for an organohalogen compound according to any one of

35 claims I to 7, wherein the iron particles are in a flattened shape having a plate ratio of 2

Or more.



1. A deconposer for an organohal ogen conpound, the deconposer
containing iron particles conprising iiron and iron oxide, wherein the
iron particles have a val ue of 515% 61> fior e by mass as a netallic
iron content in the outernost surface |ayer of the iron particles to
whi ch the ion beam etching has been applied twi ce under the foll ow ng
etching conditions: degree of vacuumin a chanber: 2.0 x 10-2 Pa

accel eratg ng Vol tRdRdGhr ﬁ%dhaﬁgrmerﬁec&ﬁ pd¥r M%ﬁ‘o?édn@ﬁalﬁgkﬁf&)% jouh MA

etching tine: 14 seconds 0 or gan ha ogen
conpound 34EXGHE A GnY BRePESIAmS, | Riflef RotRg.c C‘PTPB%SI% stepa etisi C%paoeak
i nt ensi t Yirgnaddwadet th‘A/bt]t)eaﬁ‘helﬁ iR a@bt [)ist &lll milt é’tﬁlteiﬂﬁﬂg B&iqhﬁf Iﬁedx/ﬁﬁ’lr @iaghihg
is an int n5|£ gf t he g (110 g ﬁl gﬂ%en5|ty of
t he 15pea¥ 16 %)"OIH’ ne er Wl anﬁﬁ’é‘e %8%3? #and C(Waﬁ hat ogen
conpoénd ;mmlarahmtgnﬂperaﬂiraofrﬁ(?(bmr lawex/\ﬂme:lbemmmh«panmtﬂsent of netallic
iron in the surface |ayer of the iron particles to which ion etching
has been applied four tines under the etching conditions described in
claiml is 20%or nore by mass. 20 4. The deconposer for an

or ganohal ogen conpound according to claim3, wherein the content of
the metallic iron in the surface layer of the iron particles to which
ion etching has been applied four tinmes under said etching conditions
is 35%or nore by nass. 5. The deconposer for an organohal ogen
conpound according to any one of 25 clainms 1 to 4, wherein the
content of netallic iron in the surface layer of the iron particles
to which ion etching has been applied once under the etching
conditions described in claiml is 10%or nore by mass. 6. The
deconposer for an organohal ogen conpound according to any one of
clains 1 to 5, wherein the content of netallic iron in the surface

| ayer of the iron 30particles to which ion etching has been applied
three tines under the etching conditions described in claiml is 25%
or nore by mass. 7. The deconposer for an organohal ogen conpound
according to any one of clains | to 6, wherein the iron particles
have a bul k density of 2.0 g/cnB or less. 8. The deconposer for an
or ganohal ogen conpound according to any one of 35clainms 1 to 7,
wherein the iron particles are in a flattened shape having a plate
ratio of 2 O nore. - 15 - 9. A nmethod for producing the deconposer
for an organohal ogen conpound according to any one of clains 1 to 8,
the net hod conprising the steps of subjecting iron powder to wet
treatment in a pot of a ball m |l containing a liquid nmedium washing
the wet treated iron powder wth an aqueous solvent; and drying the
washed iron S5powder at a tenperature of 30C or lower to obtain iron
particles.



