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3.2.1 RSP o=y rLVEREERLGREOKE

AL N EERRELS AR EE#BME L, BRIO CRI-NITEIAEIZOWT, Bk cHEM L
BRI X CESY B TR LB 5 RERE FURHC AV e, Bk % 200°C[Air 1hr]-400°C[N, 3hr]
WZHE— L, Ni EF D% 0. 068~0. 268 [g-Ni/g-composite] DRI TR L7,

Ni DEFRENDZRL XD TE—7 BELNRVRERZ W TSR BB S e o 7228, Ni &
FHEM 0. 135[g-Ni/g-composite] LA EIZ72 5 ERESMEGR N MR L, WHEREINEERSND X HITho
7o (Fig. 7). Ni BRIFRRFRERED LI ITHFEEL T EONEMA DT, T 2L BBEEIT- 7,
SRMERSEh DR K B RRBHI N1 BRBIF- DY A XA 10nm &/ & < RN RI> TRV . FNHIMREKD
BRI D EIZHFHE LT, SRANIC N OB H R4 7 < MBI R b 72 ) 2 723RBHE DV Tik 60nm
BEFETRECEELE N BRFHAR Y MRORFED RIZFELTWAEFNBREShz (Fig 8,
e, ),

(RIRZEALELRE & 200CIZ L, 400, 500, T00°CTRALEAT »72, 400C, B00°CHA LA CHIEREENN R 5
TR, T00CHERIL TIERB 2D o7, XRD OF % — b2 bid, 400, 500°CHAL# Tl Scherrer MRIT
Lo TR NI OFERBFEN 10m FREE L/NSWVDIZR LT, 700°CHRAL Tl 50nm BREEF CTRE < A2
TED, REEOHHNILT T T 74 MELEZ o T, KEEORIEABAESE OF EIZBE LTV
B ENTRRENT,

3.2.2. Ni/CEEPENTRT DTS & #tESE) & OREE _
LREORERNL. YT O N R FOEHE R, J6 LUNL AR & IREE ORI W5/
LTNWBZ e R hot, 22T, BALMOTREM & Ni #E T ORBCHHIC RIETHEBE TR B
XV RE L, ZRABOFEIL L 5 R OHRIEEDE N ZF/~2 Fig 8), ARDZERAER: L (48
SUTHEZ T N, HARFFIZT 2000CTHRY ORBY, RO E L7 e 5 L% & b
10nm BEED/INE WY A XOPRITF DRI >T-KE S THRELTRY ., BB E T3 2 L8053,
L2 LS 2R I PR 0SB0 L TH 1 . Ni BB FORETF IS0 TR < (SRS I 2 sk
HOREPHEBLTHD Lo, —H, RURHETRIL LR ROREL L D b Ni BEFRDD 720
FADOFEETHL NI RITF IR E VSO T 60om FBE F THRE LRI E LRI T o7z, BUHESEE) L IR

Ligli2ote, THOMHIINI MBI FORFREE LW Z LASREBSh T,

I TED T, BAATO N BFFR, (CRFIREER L T OFBR. RIGEE IR TR RKIE
THBERT, BRERE T 200CMBE, N, ¥ ZKH T T 400°CTHRL L3548 Ni S8R5
BRI RN 20 RETH o7, EEENEL LD L 10m BEE NS, BEFOIZE
A ED 30nm KW TH-T (Fig. 9), LML, (R ZERAMBEEATOR D> TG aid, TR 2T
FERTFARRET D, BEERLEEIT oA & e FOBRNME LN,

Flo. RAGI ISP DRE S FRD & | RAEHTFO Ni R FORIERIT 200°C O 2R BN % 1T - 7
B, QFE Lo 70354 (16nm) & bR TRIFEIVIE L 22572 (8. 8nm), {RIRBUAE A 255U X T
BRPTITD LAFRILT. 3om & X HINE {leolz, ZBRUIUREE % 220°C, 250°CIZ EiF T < L RIF
BIIREL 2ol BRBEMBOFE, BIOTON AFERUZL > T, MFROTCRIET RS
BENTz, BHERENT 200°C, 220°COBFAIZ R BTz 250°C TR Lz o7z, 250°C THULER L3
¥HE 400, 500°CTHALT B & N1 BIFI340 10nm REEDEBE Th o728, 700°CHA LTl 100m BEFE TEL
{HRLTWE,
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3.2.3 Fe/C iAW B ORESEIS L (U Fe BT

CR11-Fe*, 3L TFCRII-Fe & Fubt e LICHAILOWTRR LT, FUBIOA &7 (Fe, Fe*) #ER D &
BHLR & & BRFRICOVTOE: (Fe® & LT FeX OMBMEIEEL 720 RN KE 2D BR
B, & BIZBLIC - TIERM{LABEIT, 400, S00COERTRILT 2 &, WEFBRRO
Fu. Ni/CRAREY M CBIAASERY Div, TEMBEMC LT, 100nm BAEDKRE 2R FANRIE L TV D
BETHBEEBRRER L TND I LR o7 (Fig 10), Fe" LD b R Ul 38 a7 B 5 A3gkAL
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3) B ORI AR ER T AN TR B RIS L, ZROBA LY, ERTADHH
BIFRILNE L Ao,
4) EEMEROSBRERRNRATVEY, MFRINE {RBEABR LN,
ZDY b, BAMO= v 7 M EBERRS 1bwihEh LT, RENH 100 REH > T HEAMER
b CiL, EFESERTS (B 2REMBRESh,
5) AHKEM EBITEER L 7mBEA A A Bt e LI BEE. A 3 Bl b 5B bh
C TiRALe b FEOMIE R L,

T
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Introduction Ion exchange resins and membranes contains hetero atoms such as S and N.
The disposal of these wastes needs high cost and leads to land filling. In this study, the
conversion of these wastes to specialty carbon materials was tried with the aim of resource
recycling. Here, we report mainly on the size control of nano fine particle of the metal
cormpounds dispersed in the carbon material prepared from metal ion exchange resins. In
addition, the research on fine structure of the porous carbonaceous material, which showed
the peculiar elasticity behavior, observed at micro Vickers hardness measurement is also
reported.

Experimental The commercial chelate resin with iminodiacetic acid group was mainly used.
The conventional ion exchange procedure was used to incorporate metal ions such as Ni**,
Fe?* and Fe® into the resin. The metal ion-exchanged resin was washed by deionized water
and dried at room temperature. The resin was placed into the glass tubular reactor kept in
electric furnace. The temperature of the reactor was raised to 120°C and kept for 1 hour in a
N, stream to dry the resin. The low temperature heat treatment was carried out for 1
hour at 180~220°C under air or N, stream. Then, the resin sample was carbonized for 3
hours at 400 - 700°C in N, stream. Crystalline metal compound in the carbon matrix was
identified by the X-ray powder diffraction method. The content of the metal was obtained by
the thermogravimetry. The pore structure of the carbon material was analyzed by the N, gas
adsorption method at 77K. Shape of the carbonaceous material and distribution of the metal
compounds were observed by SEM and TEM. The elasticity behavior of carbonaceous
materials was observed by Vickers hardness measurement.

Conclusions The following results were obtained as the effective factor for controlling nano
particle size of metals in the carbon matrix. 1) The diameter of metal ultra fine particle
increased, as the increase in carbonization temperature. (Ni; €.4 - 48nm at 400-700°C, Fe;
19-37nm at 400-500°C) 2) The particle size was affected by the low temperature (180 -
220 °C) heat treatment prior to the carbonization. ) The particle size was also affected by a
kind of gas used at the low temperature heat treatment. Smaller metal particles observed
when the N, gas was used in pretreatment compared to air. <) The particle size tended to
decrease with increase in the metal content of the composite. The disappearance of the trace
at Vickers hardness measurement was observed for the carbonaceous materials whose Ni
- content was over 15wt% and in witch Ni particle diameter was about 10 nm. &5) The
carbonaceous material made from the waste ion exchange membranes showed the similar
physical properties compared to carbonaceous materials thained from ion exchange resins.
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