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WFFERR R DOBEEE (FE30) : Six dust samples recovered fiom bag filters of electric arc fumaces for steelmaking or six fly ashes
recovered from electrostatic precipitators in pulverized coalfired power plants are characterized by use of XRD, SEMEPMA, XPS
and TPD techniques to examine several factors controlling the formation of organic halogen compounds in the steelmaking or coal
combustion process, respectively. The dust samples contain 2.1-6.4 wt%o-dry of carbon element, and some of the C can release CO,
in the TPD up to 300°C to provide carbon active sites. The number is related closely to hexachlorobenzene (HCB) concentration of
each dust. Further, it is suggested that the Zn present in the samples consists of ZnFe;O,, ZnO and surface ZnCO;, and the dust with
a larger content of the ZnCO; has a higher concentration of HCB. On the other hand, the ashes include 20-130 pg/g-dry and 0.54.2
wtYo-dry of F and C elements, respectively, and these components are enriched at the outermost layer of the ash surface. The F con-
sists of both inorganic and organic functionalities, and the proportion of the latter is as high as 84-93 mol%. The C has different types
of surface oxygen species, such as carboxyl, lactone/acid anhydride and phenolic groups, and most of these groups decompose into
CO; or CO up to 800°C to give carbon active sites. When the amount of the O-functional forms increases, the content of organic C-
F forms tends to increase almost linearty.

St YA
(BHFEHAL . M)

[EREE ik & &
2009 fEEE 9,600,000 2,880,000 12,480,000
2010 fEEE 5,600,000 1,680,000 7,280,000
2011 fEBE 4,700,000 1,410,000 6,110,000

R

AR
w o Ef 19,900,000 5,970,000 25,870,000

WF9E4y 8T« BB v
Bt 058 - B« BREES - BRETEUN - BREEAE
F—U— R @ik et R K E - 7 obkFE - REBEEETA b - B2 T ALEWY

1. WFZERR 4R S A D15 5t

BART Ty TR a—7 APIZEEND
RSB D —H%, ERUF RN TR CRE A
WHRILEW (XA AT O~ FY 7 an
~_RUB Y (HCB) 72 &) 28T 5, BREA D

AT LD & T = o B B 2 6 0
A F X VHOPEHEIT XA A UM
X R BIFTEE” ORATLAR KR L,
R 19 FTIT AL 9 D 1/5 FREE (50 g-TEQ/
) E IR L7, LA L HCB 4RI E S %



Y CIWFFEIRIEF I D RO BRBLRTH 5,
— 7 AR IEE 20~500 ug/g-dry O F 23
TFAE L RBERRICIZHE & LT &S, £
—HIIABF L LTI T v a2
BATT D, EOMRITIKD L 7T v ¥ aHDF
13K 10~200 pg/g-dry DFEFHIZH 0 (2 D
BT AsRHg 72 CITH_TE W, L2 - T
A IRRBER K DA F RO E R E FlE 5
TN ZHMECT D52 L ITEETHLB, 20
JFICHER LICAFRITEECTH 2,

KHFGEE & OO D & | EmiRRSE
T'at A0 B IEF KA HEH S5 iR
a7 ACEWL IRFEWE R
T A ER (8 2 WITES IR EE) Attt oo =573
BG5S 2 R — UG &k THEM T 5. 16> T,
BB SIFHEDOEC AL A SO R
BRBEHSRDT v afiZEENnD TZhbo
X —Iik ] DL PR A T~ D Z &1,
P AT COFH 1 7 A Em D
AR IR L CIERICEETH Y . 2D
FERII T U RREBRME DR ER L
B R < HIE - KR C = DR O BRI ELIC
RO EEFB LT,

2. MF5ED B Y

AW CliE. ER 7ot 2n b En %
B ERDE DRETH DI A
N (ClLE F)IZHOWT, TOTERAR
YA N THIXAINRTTIAT v 2D
IRFEWE, ~a 7 AL LR ()
B DA RERC I BGRAR IZ BT D &4 A F
IV AT T2 kD, A
a7 ACE Y O E R LT
R L, FOFEFICHESX N DHEFER -
7y BRBREGYEME R NFE L BRET D
B OFHZERTI L2 AN ET 5,

3. WFFED J5 ik

(1) & A R} PSHEER o0 B F SRR U AU
FA N LT, WThoga s B8R
FElXFe & Zn TH YV, C & Cl OEH EITK 4
2.1~6.4 £ 1.9~8.0wt%-dry DHiFHIZH > 7=,

Q)7 TAT va  NEEOWERES K (C,72
~74; ash, 7.1~15 wt%-dry) % Ky R RIEE L 7=
FRICESRECAEN LRI LT v a®
HO T AT OFER . C & F OIRFEITA %
0.5~4.2 wt%-dry & 20~130 pg/g-dry TH o7z,

(3) FHELAE (TPD) F28r : T AVl A S a5 %
i U 7c, F2BR Tl A8 I FRE L 7o alk &
BRI He (>99.99995 %) & 5\ M T HlE N, (>
99.9995 %) FXPHA T 5°C/min CRTERE £ T
E (TPD) L7-, TPD i@ T34+ 5 CO -
CO, ITEH~A 271 GC TAHY T A 5 L.
HCHIFT-IR ICE VW 1 R CTERE L. 72,
HAZRTH ANy ZITHE LT CL EEAL

HAFREE THIE Lz,

(4) X HEHT (XRD) JIE : #RIRICIE Cu-Ko &
EHL.Ni 7 4 V¥ —THE{L LT, DD
FLek TR L 2B 2 T AR H— LI
PRFF LB 40k V., B B 30mA, A
1.00degree/min (20) O 54 THIE L7z,

(5) AARE 7ML (SEM) Bl L OVE
Tu—7~<A47a7F YA (EPMA) : ik}
FKHOMHR, kFE, SRFEOIREB LT,
EPMA % {18 L7 SEM Zffi fl L. I EE 1%
15.0kV & L=,

(6)X BIEFE T4t (XPS) 2947 « By Rtk %
In A2 IR L. Mg-Ka Z R & LT, 4~6x
107 Pa MEZEME T 500 [AIfEE L=, BT
BARY MVOFEE TR F—IL In,03 D In
3dsp(444.9eV) ICTHIIEL . N 27 75 v RiZ
Shirley {512 X 0 BrE L 7=,

4. AFFE R F

() XA MOXF—HEOLFEFH L
Z A RNABIO XRD JIEZIToTo & 2 A ER
FEELEZREIT Fey04 3 D \WME ZnFe,0, TH Y |
%< DA Zn0O bAFIEL, F7o, lHHEE £ <
e A A N HRIZIE NaCl 3L & v, 2 DY
FEER BT 40~60nm TH - 7=,

I Fem DO DOIREE TR~ 5 72 SEM-
EPMA {ECHIEDRBI DO LHR~ v B T %
1To7=& 2 A HBESAMITI Na R Zn DFEIZ
MPLL, RFEEDEDICE -T2, T,
A2 N OFRAEFED NaCl =° ZnCl, & LT
fFE L. EO—E0TIRE L FEE LTREE (C-Cl
) EER LTS Z L A2RBT 5,

ZTI T ZOEERHMBET A2 AL
ETOH A MBI L. .Cl2pXPS JIEZ1T - 7=,
WG 196~203 eV ITHE AV A7 KL
Bliv, ZHUIONFEOFRECHE L T\, e
TR D & IR 1] 2 1E NaCl, ZnCl,,
FeCl; @ Cl2ps, D3 7 F Vi34 % 198.3,198.5,
198.8eV I[Z1E(E L, £ 7=, AWFZECHIE L7-9-
suan7y kIt (CuHCl 1Z 200.0 eV 12
Cl2ps, DE—T HH 272 ft~>T, XA D
FHNZIE, IR L D 772 &3 C-CLEE S D
BHEZNEELTWALZ EIZHATHY .
W BT TR O 7= F DOEIA 1T 37~48
mol% DHFIFHIZ & - 7=,

RIZ XPSTET CIUC R F A ffi T & 2 A,
0.66~3.6 & ERE I, ZAUFILHESHTIZ LY
KDTAME (0.18~0.91) D 2~15f5 L E< £ 72,
SEM-EPMA ¥ G~/ H LRl >72, 2 F v |
A2 D CLIZ L 712~ nm B D
FRHITEM SN TS Z N L, A1
WHEFEIIXPS EOATHIEI SN2 Enb,
ZOERITIIMEER IZFET D C e
N B 5 LT\ ad b o & b, D EH



BHEIEFEN HCB ([ S N5 AlREME D B 5,
WIZ, XA NDERITTHD Zn B LW Fe 12
ERALIZEZA EHEOD Zn/CJRF I L7
D 3~20 fE K& < 72%—J5, Fe/C JR7-bbix
PV CREWVMEIENZ B o T2,

Q) XA FOBMLFLIZ L b 72 ) IRFELHEFED

RAEZAL & IRFBIENEDT A N O E R TPD IA1%,

HILERRF IR BRI D FRET S COCO, &

EeEbT 52 & T, KGICIEER Y1 Mg

HOMNCTEHELE L TERTH S, £ 2T,

FORBBEFTRLIZO, K4 A N ERIEE

He #17C 950°C £ THIEL (5°C/min) L7z & Z A,
CO, EIIA&ETORETCO & K& LR,
A& O BEE E— 27 12351259 550,860, 940°C T

RO BHIL, REFXAENITRRDIEEY A b

FIENMER ST,

KIZ, HCB DA RRICBHR T2 E S D
KRR COMRAEZEDL -, %54 A b & KHE
(2°C/min) T 300°C £ CTHIEA L 7=, ZDFEFR D
—fFlEX 11277, %< DA, CO, 1 50°C
FHEM BT S A, 160~170°C B I IS
E—H L IFva X —RNHELE, 20
JRLE LT ZnCO; DR[EEMENE 2 HNT=D T,
ZnCO; RIKD TPD #1772 & Z A, 175°C I
CO, D — 7 BNENTZ 06> T.160~170°C D
CO, 1%, 7NV @ ZnCO; L 0 IEM D& WE
ZnCO; HEZRD)vE LR\, L DX A |
FUBFTIE 200°C LLFE S CO, DTEEL S vz 23,
ZD CO ITFEIZZy VRBD VAT IV
(COOH) HicHikd %, CO 1X, &2THHAET
FREFE Lol U EX Y XX NFRED
GIRFERERED — X, HEA A ALEL DI JE 5k
(50~300°C) TEW UG A AT 2 RFTEME
1.0
0.8 |
0.6 |
0.4
0.2 |

N
1.0
0.8 [

Rate of CO, formation, z mol/min/g-sample

S22 eo e e 2
S N B & oo N B &

50 100 150 200 250 300
Temperature, “C
1 300°C % TOH-If i B SRR O MR 7o
CO BT m 7 74 )L

YA MCBALT D DML 25T, £,
HoMNOREE EIZIT ZnCO; BRFEEL TV D
AIREMED IR < R S T,

Z T RAAND In2pXPS JIE E 1T - 72,
ZOREREZX 2 IR, DWTNOGAE D 1018~
1026 eV FPTITHR ISV A7 R L RERILTZ 28,
FE— 7 OFEITITEVA R S 72, ZnFe,0s.
Zn0.ZnCO; IX,F 1 F741,1021.4,1021.8,1022.5
eV &: Zn2p3/2 @%6\3:?\/1/5\5_%5-25 O)‘/C‘\\
HHEDOH A D XPS V'— 7 % ZnCO; DFEL
TRV —HIZE -T2, D K ) IS %
Fpo# 2 M@ TPD KflZ13FH ZnCO; 3k &
EZHND COERRE—7 N LNIZDT,
Zh e oEE I, ZnCOy BIFEE LTV D
AREME XAV, XRD TiE, ZnCO; O B — 7 &
B HMHENRST2D T, # A M DOFEHE X
nm) (D HFET HIRELFFEE B 2 B,
FEFNCHLIRROE R TH 5,
ZnCO; M 1Zn0
(1022.5eV) 1 1(1021.8 eV)

:’f/&‘
‘./'iL

I

[
I
11 1

XPS intensity

1
1030 1025 1020 1015

Binding energy, eV
X2 H L7=% A kO Zn2pXPS A7 kb

WIZ A A N OHFEICE L, RE L FREEIC
TPD(2°C/min, 300°C) 47\, B9~ 5 HCl %
ST LT FDfERD—F %X 3 12773, HCI
ARG, BE . K9 140~160°C TH LU, %< D
FUBHE 180~230°C fFiTIZ#E DK % 5 2 |
F7-.175 £ 235°C I 2D — 27 2 HT 5
A AR BERO Bz, 2SR L .CL IR,
XA N OFEFIZ D &P R RSA (0.05 ppm)
LR Thotz elci#i Lk oz . omno
AUEFE 121X ZnCO; WF(ET D EEZ B,
Z OALEEFEIX 160~170°C T ZnO 2533 %
G 1) OT, ZnO IFHEH A D HClL X A
3k HCl & OFJSIC LY ZnCL I Z{kT 5
F2) LEbh D,

ZnCO;—ZnO+CO, (1)
ZnO+2HCl— ZnCl,+H,0 ©)

ES)FW I RREHTR D & K2 OfEREX T R
H =3/ ¥ —21k (AG) IE. 165°C Tl - 17
kcal/mol TH Y | ERARIZAEFITH B,



(5] w -
T

W RO -

O
NS
®
o
®
ol
é’

@@ @@ @@ @@

Rate of HCI formation, nmol/min/g-sample
[ w o - [ ]

o

50 100 150 200 250 300

Temperature, ‘C
3 300°C % T H- MBS ER IR 0 MR 7
HCl A7 e 7 7 A v

1 &X 3 OIREE{Lih#R A5 L CO, &
HCI O R &% k872, (B L, ZnCO; D3RI
FRT % CO, £ (0.43~1.6 pmol/g) 1L\ 7=,
300°C £ T CO, BEEDOAFHI, HEH L
RNFEDZ A N CTlE 4~41 umol/g DHEIFAIZH U |
AEHEICR K TL0FDEWRH -T2, DF 0 |
IRFBIEVEY A P OEIX, ¥ A b ORIEICHHR <
KAE L=, 2%t LT, HCL BiffEfEIE 17~
170 nmol/g D #iFH (HCI XX 0.001~0.014
Cl-%) CT.CO, D EIZHERT/NE Do T2, IRIT,
A - GOMS 5 TH# A FH D HCB &%
PRI A, FDEIT 3.8~64ng/g (0.013~
0.22nmol/g) £ 72V | CO, BEED LN DT
KEWVHRBPED bz, & Z TLLTF T,
A NH O HCB & % R E 3 2 R EE K D
MREHZEL Y FLA T2,

Q) XA RMFDO~FH s BrORIC
BG4 5 EERORE : K412, FA MO
HCB JEJE & 300°C £ TIZAERT 2 IR EEME
P A NRoOBRE RS, FISNEH DA, HCB
BIXIEMEY A N KT AR %
RU, RFBOREIFET 2 E BB ERELN
HCB A4 FE L THEL TS Z &0
5 < TRIE ST,

FIZEE#E L= & 9 12, HCB R FE I3 R BT ME
A MBI R L0, 2O
KELANDZ A NBFHE LT, Z OB
RTH D0, DOFEO TPD FFIZI, 200°C
DI 280D CO, MER L, & DO3ARE X
BELLEHQIIKRELS oI ENL, K412
mLTEIEMEY A N OEIZiE COOH # LAt d
EELEFNLTWHEIONE LRV, BEED
MRS &, RimfeFEME & MO EEER
(AT RWE) 26T H8BA AL, BEHR

BRED M ZET D LT b T o,
80

HCB content, ng/g
& N
= S
T T
~
~

[
<
T

~
®
®

/
0 4 I . 1 . 1 . 1 .
0 10 20 30 40 50
Carbon active sites, u mol/g

X4 A o HCB OFERE & 300°C £ Tz
R T D IRBIEMEY A MR BEf%R

WIZ, XA RERIR LT NT T 4 v H—D
REZER L. 100°C £ TICERK SN DIEME
A k&L HCB D BRZH~7-, X 512,
FORERERDT, MHORIZIXELF 70 tE B
BEERANELE L. HCB O BITIEMES A~ DA
HEIN9 2 SIS EARANTIE R Uz, A Bk
EWEEFRTILdH 528, 100°C £ TIHiEES 5
CO, BIZIIMHRE LT-b DB EEND DT,
S%OMRFTHEETH S,

6 1%, TPD @2 TH A hFE D ZnCO; D
DRTCHERT S CO, BN HRDT- ZnO &I
L C.HCBIEE# 70y hLZbDTHD,
Z D CO, 1% 0.43~1.6umol/g TIH->7-, X 61
F£HOT L. Zn0 ENREL 72 DI LT,
HCB &6 %< ol ALFotniECER LI
ZANHD Zn GH & E HCB & & OfIZiE,
PR 22 BRITER O BN =D T, PEH A
SLER TR CAERE L7 iE M 72 Zn 7Y HCB @
FERIZEE G L TV D AEEMERE 2 Hivd,

PLEX Y, HCB T RBFEEY A e
FH ZnCO; B3\ & B\ M [H) A3 H]B L 7=,

80

HCB content, ng/g
= (=)
< <

T T
AN
AN

[
=]
T
L
@

7/
0‘ N 1 L 1 " | "
0 0.2 0.4 0.6 0.8
Carbon active sites, 1 mol/g

X5 # A N HCB OFERE L 100°C £ Tz
R T D IRBIEMEY A MR Bf%R




80

60 -

40 -

HCB content, ng/g

20 -

W03 06 09 12 15 18
Surface ZnO, 1 mol/g
6 4 A NHO HCB R & i ZnCO; 1 6
A% L7z ZnO &0 R%

@) 74T vahnT vHELREOFE
R K T7@) 2. 7 74T v 2Ol F
IsXPS AT MV AT, FERTET L DI,
684~691 eV [ZIE RV ALY F L (EE—2 1%
687.8 eV) DEIAI S, ZHUTRIE L= =D
TI7AT7 vyaTHBBLTW, ZZT.FDO
(LT BE A CaF,(684.6+0.1¢V), Na,SiF(685.8
+0.1eV), 7 v R{LEFh (C-F) #1& (688.2+0.1
eV) ERGE L TEBD ALY ML OWRGABE
Rt AT o= & 2 A (W#R). C-F FOEIA X
84~93mol% & EE SN, ZHiE, 7 v HED
KEET v 2P ORRIRF LA LT
WRECHAET D 2 & &2 BT %,

12(b) 1, X 12(a) & [A—3ELD C 1s XPS
IaT7 A NERDT, FERTRLIELIIC,
#1285.5 £ 287.5eVIC oD — 7 2 HT 5

——— Observed (a)F1s
— — = Curve-fitted

Inorganic F
(8%)
Organic F |

694 692 690 688 686 684 682 680
Binding energy, eV

—— Observed
— — = Curve-fitted

(b)Cls
Amorphous C

15%)  Graphitic C
(18%)

C-0 bond
(57%)

289
Binding energy, eV

7T 7747 w2l BTG F 1s (a)
B LU C1s(b)XPS A7 b

AR RSB L, ZHIFHIE L2 To
T v aTROLN, BEDOE—271X C-0/
C=0/0-C=0 fEAITIMIE S 4L, Z D K 9 72 &Kif
FESEREIL. RS TlT CO X CO, 2/ LT
TR IRFBY A MCHRA SN D, £ Z T 2D
B HERDDHIZD, Cls AT LD —7
DEEERIT T2 2 A (ER). C-0/C=0/0-C=0
FIE 43~60 mol% & FHH &, EDMEME
7 w2 T, ARE CIZXT 5 CFfaD
EAEHRE L RDMEMNBED iz,

F/o, XPS IEIZ L W ERE LT F/IC T HlE
TERGHT D HAFTED 10~30 f5i2 v | C/Si
FEIZ XPS T3~10f5RE o7, 2F D FiX
R DOARIRIRFIT M S LTV,

5) 7747 v aHOIEWRRFEY A D
BN . ERLORE R, RBIEHET A IR
W7 v ROAEREHIET 5 —>DEE
KFCThdZ earned s, 22T, kL
TPD {512 X U [RFE DAL FREIEMIT 21T > T2,
ERO—FZK 8 IcRKbDT, BETSH CO &
CO, DEIEX. TNZEH.1.0~9.6C-% & 1.8~10
C-% THYH WTHOHED CO, BEN-T-,
RNEEOT v aMdbAEKT S Co, 1L, <0
Bt 150°C {2~ & iR LAk 6D 300 & 620°C
A ENENIERIT/ NS e —7 &
vV—27 %52, 800°C iz TbHZDAERMIT
AT L7c, ZHUX RBRIRFBREICITHE A OF
B EREINFIET 2 2 L a2 a4 5,
ZZT.CO, DY —A%ETIVRFIIVEL (100
~400°C), 7 7 b »/EEIEKP)¥E (350~800°C).
CaCO;(650°C) EE L. TPD 7121 7 7 A /LD
v — 7 SRR 21T o 72 & A (COOH #&+
77 b IR Bl 0.3~1.6 wt%-dry &
KD BT, 800°C LAEIZIER &5 CO, D
FAETROMREIIL, 5B OMETH 5,
0.25 5

0.20 | o,
0.15
0.10
0.05 I~ 7

th

CO,

co -

purt —

0
0.25
0.20 |
0.15
0.10
0.05 -

0 T Y |

0.25
0.20
0.15 €O,
0.10

BN el NS s e
150 250 350 450450 550 650 750 850 950
Temperature, ‘C
8 7 v 2 alE o FRBEER O BRI 72

CO, 7 m 7 74

i CO,
L  CO

- CO,

Rate of CO;, or CO formation, pmol/min/g-sample

~
s

S = N W R NS = N W o S = N W
T T T




(7) BRE 7 v FAL B DA OB X
7(a) TRARIZ LI T FIAT v 2DFED
KEBTIT R DO RIRIKFE EAES LTIZIRRET
16 L. FDEIE 1T C-0/C=0/0-C=0 fE& D
BE L BEBICERT S, EZC. Ty aho
FEAEN CFEEDOREKMT D EIE L,
F # & (COOH #:+ 7 7 b /R KY)) D
BMR A L= X 9 1T F OfE R %R LT,
FISMEH D b OO, WHE ORI X BRI 726
BEGRNMEAE LT, BOGPED B O R E B eSS
ZF X, AR FALEM E ORISR Z Y
G720  FORR. KinE CFRETED D
FENEMLLT 25 RS D,

150
/
e/
= /
g / °
e L
100 o /
=
% /
‘g /
§ o o
£ 50+ /
2 /
=
-
/ @
0 ! 1 L 1 L 1 L
0 0.5 1.0 1.5 2.0

Sum of carboxyl and lactone/acid
anhydride groups, wt%-dry

X9 7747 vadF &H &L (COOH
B+ 77 b oK) &0 B%

8) ftwm : BUMHBESRIF DO NRT T 4 NV —InD
FUL L7 ASEEOFZ A NRICEEND F—
JLE (RE, lBHE, BB OFEREL £
PRI A XA NRDORFEDO—ERIL 50~
300°C Rl CHASIC CO, L, ZFD&ELIY
RO IZIRFBIEVES A VR ZNEX A D
HCB #1315 < 72 DA DB H vz, £,
HAMIEEND Cl O—EIE 300°C F£ Tz
HCl & U CHLEE L 72, XPS DFERICE S &,
KA F I EEERILEM ORI 5T C &
A LIZIREBTIEELEEZ D, 20K
WD HCB IZZAL T 5 rIREME S R STz,
A Z D Zn D3V T OIRAEIL ZnFe,04 &
Zn0O TH > 7223, TPD & XPSHIEDOFER L v
F1f ZnCO; DIFLEN R S, Z D H: & HCB
IR & ORNITITAEBRIR GO BT,
WA, By R K 1R BT D EEREE U AT
MR L7794 7 vafdF & C O
ENT 24T 728 2 A F O IIREO KRR
RFEFES LTIREETE SN, 20X 97 C-
F OB GIIRBRIRBLRAICHET D EBE
BREHE L & LN IS - T,

5. /R R L

(WA AR08 R OV R TR 121

T#)

HERS M SC1 T 15 1)

@ Matsuyama, T.; Tsubouchi, N.; Ohtsuka, Y. Catalytic de-
composition of N-containing heterocyclic compounds with
highly dispersed iron nanoperticles on carbons, Journal of
Molecular Catalysis A: Chemical 2012, 356, 14-19.
EHA Y

@ Ohshima, Y; Tsubouchi, N.; Ohtsuka, Y. Iron-catatyzed ni-
trogen removal as N, from PAN-derived activated carbon,
Applied Catalysis B: Environmental 2012, 111-112, 614-
620.

EHA Y

@3  Tsubouchi, N.; Mochizuki, Y;; Ono, Y. ; Uebo, K. Function-
al forms of nitrogen and sulfurr in coals and fate of hetero-
atoms during coal carbonization, Tetsu to Hagane - Jourmeal
ofthe Iron and Steel Institute of Japan 2012, 98, 161-169.
EHA Y

@  Toubouchi, N;; Hayashi, H; Kawashima, A; Sato, M
Suzuki, N.; Ohtsuka, Y. Chemical forms of the fluorine and
carbon in fly ashes recovered fiom electrostatic precipitators
of pulverized coal-fired plants, Fuel 2011, 90, 376-383.
EHA Y

(® Tsubouchi, N.; Hashimoto, H.; Ohtaka, N; Ohtsuka, Y.
Chemical characterization of dust particles recovered from
bag filters of electric arc flimaces for steelmaking: some
factors influencing the formation of hexachlorobenzene,
Joumal of Hazardous Materials 2010, 183, 116-124.
EHA Y

[FRIER] (29 1F)

O BFENEA, 7= XEHER T O #ED
Ty vat VT g LEG RO
24k, 55 12 [FHEEE = )L — E IR B
WFIEFE RS, AMRE K7 AT AT IR A,
(2012.1.31)

@ PENEA, SREMERC, RERER, 240 fiF
F v —ORBERHZISIT 5 7 v RO ML &
i, 5 47 Al B, IR R B
[EFR =5
(2010.9.22)

IR G ED)

[PE S PEME]
O HBERDL B 0 1)
OBAFREL Bt 0 1)

6. W FEAH

(1) IFFEREE
BEN B (TSUBOUCHI NAOTO)
JeHRE R - KR TEF9E0E - HEdz
5t 25 45:90333898

() WF5E

(3) HHERTIEH



