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Gas desorption property of carbon fiber composite/oxygen-free
high conductivity copper brazed material
as a divertor plate for a nuclear fusion device
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Abstract

In a fusion device since, the divertor plate is irradiated with high heat flux, the tempera-
ture of the divertor component shall become very high. In order to reduce the heat load, a
carbon fiber composite (CFC)/oxygen-free, high conductivity copper (OFHC-Cu) brazed
material with a pipe for water cooling was developed as a divertor component. However,
gas desorption from the divertor component occurs during the plasma discharge. In this
study, we investigated the gas desorption property of this brazed material following electron
beam irradiation by thermal desorption spectroscopy (TDS). Two CFCs (CX-2002U and
MFC-1) were used as the plasma facing material (PFM). The results were compared with
the case before electron beam irradiation.

For TDS measurement, the brazed material was cut into small pieces of five different
positions ( two pieces from the CFC part, two pieces from the part containing a brazed layer,
and the OFHC-Cu part). The desorbed gases from the material following irradiation were
very similar to those from the material before irradiation at every sampling position. The
main desorbed gases were H,, H,0, CO, and CO,.

For the surface of CFC, the total amount of desorbed gases from the material following
an irradiation was about four times larger than that before irradiation. For the OFHC-Cuy,
a large desorption peak was observed in the TDS spectrum of CO,. The total amount of
desorbed gases from the material following irradiation was 0.6-1.5 times that before irradia-
tion. For the sample containing a brazed layer of an MFC-1 series brazed component, the
total amount of gases desorbed from the material following irradiation was 7 times larger
than that before irradiation. However, in the case of CX-2002U series brazed component,
there was little difference in between the total amount of desorbed gases from the materials
before and after irradiation.
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Based on the desorption amounts of the three samples, i.e, the CFC, the OFHC-Cu and
the sample containing a brazed layer, we estimated the gas desorption amount from a brazed
layer with a thickness of 50gm. In the case of an MFC-1 series brazed component, the gas
desorption amount from the brazed layer of the material after irradiation was estimated to
be 20 times larger than that before irradiation. The contribution of the brazed layer to the
total desorption of the entire brazed material greatly increased by electron irradiation.

I. 3 C &I

B, JET (Joint European Tokamak) TI3RE&RIGE? 3 B [n-Tit(keV-sec-m?) ] #¢
Ti=20 keV T 9 X10%keV-sec-m® & % ) ¢ TR EH2EX LY, JT-60U TH T,~40 keV
T1 X10*keV-sec-m?® # 2V BRFRMICEDTE D05 %, Lo LEREFERD2OI2IE, F
PHEAERL Twb, ZORENO—DE LT, 77 XohORMIREZWNERT 22 055
WHs, BAE, MEAEREBCH, BEZHETIZ LicL - T I Xehogn r¥—
DAFERLA- % A4 23— FHUTESD, A = FIRLSN D 7T Xoxf MBI & T R LXK FH°
BHETHILEFIHL TWd, Z200e, FA - MEBFBRETMCE L3NS, BBEH L -
CHREEATRTHEI R LT 3 BB SERELA £ B F (ITER : International Thermonuclear Experimen-
tal Reactor) DHE&REFTTIE, ZOZBAFIEFRETL 5 ~15 MW/m? & FHREI T 529,
P> T, ZA = ZRICITEFRAHBELZ BT g2 o5 B, AN E
WS LITFIUE L b n, E5IC, A= FZIRICIZEZERE, HEERECER R
Wb bBEdH b, 54— Mo s U CrBERLEAH (CFC : Carbon Fiber Com-
posite) HW LN T3, Z o CFC #ic #8541 (OFHC-Cu : Oxgen Free High Conductivity
Copper) #* # 4 L OFHC-Cu

N o o rCondition of electron irradiation
EMCIBHIRH O <A 72 ) A+ Heat flux : 15MW/m2
7284 3— F RS MHIHAR Irradiation time : 30sec,
BF N TR E A T 1000 cycle
Fig.1)s L L, ZooB:ickE g 1 cycle
&( ig- 1 \L } w ;i% Electron Beam I "
Bk b OTA S SR i v
- e sec : 30sec
HSHZT>Th, BEBENIC E, 3see (T
£ 0 54— S RO E D LS Time(se)

L, ZARX=FR o5 A0H
Wy e THENG, F72
BBRIC &) FA N— FRER
HEBEL, FDBOT AFHEF
R BEENF IR E (Db D
ZELFEZHoND, Brlc A
W= R LRIET 2T AET
RO E ), T /
A= L ZOFENLIDER e P
&% b,

FIFETIE, BAWEZIT/2  Fig. 1 Schematic diagram of a CFC/OFHC-Cu brazed component.
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Brazed
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Bkt o 7 ZBHIE & 72, Fig. ISR #A&MIC CFCHAl» LEBEFE—L2RHET2 2L
Ic ko THER 252 (BERED, ZoBosr 2ABOLRHE* RIS (TDS) ®ECFHiEL,
AR OBAT CRESRMY & BB L7,

2. REBH K

2.1 CFC/OFHC-CufEg#Mey > 7)) » Il
AR TS 5 74 ~N—F#iE, Fig. 112R¥ & 5z CFC, OFHC-Cu B L UB:AE» &
> Twb, CFCIzIZ = bF B MFC-1 (1 Rty F547) EHRERRERD CX—
20020 (2RTG7x Nt F47) D22%fW, 220 CFCHORELBNZBIRERTDH 5
(Table 19), MFC-1 13— (z fi) Ic DAEWEMREER 2 H L, Mo T HmOBRERIT z §
DI 1/10 TH %, CX-2002U 2 ZHBOBREHLE T 5 L ) ICHMELIRAAS, EHi12h )
—HFEDBEERY MO F @D 1/3RES L, BEREFENFHTILER 2N TH L, W
CFC & b z Wi MICE BB L RO L J ICHEE L T b, INHLD CFCHEZMAKA N/
A 7 %A 72 OFHC-Cu ic 5 ) # W THA L 72, BAE RS 13H 50 um TH 2, 855 D
BriE Ag=63.8%, Cu=34.6%, T\=1.6%Th b, ZDRRLEEMDEL L 5 DDEHH 6 12
mm X 12 mm X1 mm & ¥
Vi iy A A I A B ek ) Table 1 Thermal conductivities of MFC-1 and CX-2002U materials.

DEEF L L TR, 7 Thermal Conductivity

> 7 ¥ 74L& % Fig. 2 [W/mK]

iKY, CFC Sy, #4Jg |Direction X y z

P ahiah b FnFhn 2 |MFC-1 50~30 50~30 |460~360
# AT & OFHC-Cu#b 4  |cx2002u] 290 116 290

b L EFOR 5 WA b (atRT) | (atRT) | (at RT)

VAL 7 DA

Electron Beam

Sampling position
(D CFC part-1 (perpendicular to electron beam)
@ CFC part-2 (parallel to electron beam)

(® OFHC-Cu part
(® Brazed part-1
® Brazed part-2

Slab Sample's Size
(12x12x1 mm?3)

25mm

Fig. 2 Sampling position for the measurement of TDS.
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2.2 BFE—LBEICLSHANREER

BT —2o0liNL, BARRFIHFRATIAITFERT JABIS #& ¢iThitiz. METiE CFCH
D HATV, ZOFEMBILE — L0BEREY I5MW/m? & L, 30 WEE, 30MKikz 194 70E
L T 1000 4 7 W4T - 72 (Fig. 1),

2.3 H RN

BAMD LY 7Y v LM (MFC-1 &) — XKW CX-2002U0 2 ) — XL D &5 8
) O 77 Z R O FEM 13 TDS #:TIT - 72, EBREE ORI % Fig. 310”7, EEITHERE
BE X RRTE L LU b, FNEZ AL Ta b — 3 — DT A %47 - 724k, BHED» 5
HEE Tab—2—cBL, b—2 28T 52 X2 & 2 ERMATRE 2B L 72, BB OEE
WEl Ta b— 3 —THICHEREL THI2BENTIT- 72, ABOMBIBEN»LAEFE
PIDa> bu—Z—THIEIL C, FiEHEE (8) % 10°C/min TZEig (RT) » 5 1073K (800°C)
&L, ME ERIEEIX OFHC-Cu Rl 2 B L Tk 1z, BBET 5 0 A OMEEHDOSAT
IR TNERE BOE (QMS) 2 H 72, B7 ADBEERT, SEOPEREES & QMS DREE
BEK2BCCHET LI EHTE LY, LTI, SE K &EE2ENTE&bE{E (SKE) 25
L LHBEIEL, ZER AV CHBREZ RS2, 2720, HO0 o SK ERIE I BATeyIc Wik
ThHbd72, N, DERELZHWTEHMEL 72, £72, 1073 K $ TORBERZEE L 2HEER 2 Ko 72,

T™MP RP

QMS TMP

Thermocouple ) :
Manipulator

I TDS analys1s system I<(—~———>| Sample preparation systeml

Fig.3 Schematic diagram of TDS apparatus.

3. #& R

IR TIE TFEEO CFC M2 Wi BEMIc 0w TBF £ — L BE RO KIS D 7 AR E
W% A2, 22 TlE—RIG CFC M THh 5 MFC-1 # vz BAM DR 2 dulicilfi < 3,
F 72 CFC &%, BB 2 & Liah b2 2B ov > 7)) » 7 L72d5, CFCE#ah L IsEEE
FE— A%%T 5 CFC £ (CFC part-1: Fig-2) OfE %26 : LT, B2 20LEHI» LT
EENDLBEBORMY» S HAIGAEE (Brazed part-2 | Fig-2) n#EREHIE L TRY,
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3.1 CFC RE®OH A EME
Fig. 4 IWHERB A7 } Lo
—f & LT, W% CFC
Fe (MFC-1) 0 1000 K @ &4
DERT, KHASEEIT H,,
H,0, CO, CO, 8 L U1K
KThodz, FLINLHUH
SHEFEILY 7Y v SR
£ 67, »OEFE— LM
BB TLEbLL -2,
Tk FE DRSS L SK % %

L e e A |
Sample temperature:1000K

e
W

QMS Signal Intensity (10"’ A)

T2 o 4 DOEEDEL 0
Himo 1/108ETH - 72, m/g
Fig. 5 ic CFC £ 0 & 7%
FOHEARD TDS 227 b v Fig. 4 Typical mass spectrum of CFC surface of the brazed
AT, a) [FRBEREO, material (MFC-1 series).
b) RN~ L
Th b, W E LM HAT
MR 7o D o iR, B
WETH D, FEERTE, CFC part-1
7 SR BB R I B 3T T T T Ay,
B L0 150 K R 35 1 o) @) Before irradiation A H0
K500 K 5 & E5 L ed 72, ok 1® co
Z 0z kid CX-2002U % H 1O co2
wrBEHTLREMkTHS ] |
feo El2, Ho 900K U ED & 7
RS RIS st L §
EEREERE L TH-72 S g
v, DR RESRE O B 8 A H,
2 FEI AL C e, = A H0
Table2®a), b) o2 0O X 2f 1® co
M SRS B SR SR = O Co2
THBEENSOK £ Th
MERBEEERT. I LD,
H, Ao S i sk :
TSRV L 0 B B i O 00 800 1000
HbHIEDB, 4DDRIK Temperature (K)

DiEER & L bR

~ [ digs iR nERY 347
:CJ:H&T b ek %iﬂ/ 3 Fig.5 TDS spectra of main gases desorbed from CFC surface
fERREICRI L 72, B, (MFC-1 series).

H, 790K Ll Eoo & iEf ¢ a) before irradiation, and b) after irradiation.
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ZRICBEET 52 &, KFK
DRERSBEMT S LT

CX-2002U # M v 7z & $ ¢
LELTH-72, L, CX
-2002U T i3 600 K~800 K

FRHS - EMET - BRI -

HIEHR AR

Table 2 Amount of gases desorbed from each
element of the brazed materials (MFC-1

series).

MFC-1 series

a) Non irradiated sample

[x10 ¥ molecules / cm 2]

DRI T &SRB oot gases | parid |ovret | s o
Ay MFC-l Ot N k&% H2 1.1 1.1 1.4 49
0, BBLEERIE MFC-1 LY H20 0.3 1.2 1.1 60
3% < imf:o BT — Cco 0.6 1.5 11 16
2 B oy CX-2002U0 52 CO2 05 | 3.2 2.0 20
HREL, BREFEDE D Tatal amount || 2.5 7.0 5.6 145

& MFC- 1@?@« ELD#H
200KE WK I4TBK & o

b) Erectron beam

irradiated sample

[x10 16 molecules / cm 2 |

o XN, CX-2002U T Species of CFC |oFuc- | Brazed |Brazed
BEFE—LIC L > TRED desorbed gases | part-1 | Cupart | part-2  |lyear
258 MFC-1 X Y35 L <, H2 2 13 54 | 524
SARHWLE L Rod VR TIR g H20 1.7 | 23] 79 | 823
Ko Bhns, Co 19 | 1.8 | 64 | 637
CO2 1.6 | 49 13 | 1371
Tatal amount | 7.2 | 103 | 327 | 3355

3.2 OFHC-Cu BN A HFRE

Fig. 6 |2 OFHC-Cu #E Zc BEESARD TDS 227 P % iRT, a) 3RBHERD, b) &
BSRB D27 P LTH B, OFHC-Cu S8 Tl iidises’ ER LIk 218 E13, CFCH#4a s m L
LIRS ERR L ) LIRERIC 7 F LS00 K TH-72, L LEDT 7 MR 50 KRE
TCRCE LD L7, TDZ &3 CX-2002U0 # H 72234 OFHCE L R TH -
72,

OFHC-Cu #§ ClE izt & & CO, DBLMERD I b K E v, CO, # TDS A7 b Uzid, Rif
FEVETIZH 600 K &4 750 K o 2 i Fric CO, it — 7058 b, CO, Dl — 7 &
B LEREI CO Mt — 7 (L a vy —) R bz, BMEERTH, 600K & 750 K ot
THERLN A — 72982650 K 49800 Kicie b i, W UIEEIR CO /M3 wiBiEE
v— 7 L FAE L 72, Fig 7 13 ER#ES (OFHC-Cu) ORMO 7 ZBHEFLEEZ AL LN TH 5,
F RS, #9700 K B 800 K o 2 #iffic CO, DBt — 7 1S 5 2 & h'5r - 2. §E- T,
OFHC-Cu {212 600 K~700 K & 750 K~800 K M iRFEHHIKIC AN FNHEAZANX—DRL b
CO, DIRFEFA P 2E - T B I EMT o7z, = 2T, BEFHED CO, nBEER 800 K TR E
e o I2BEIE, BEHICZOBEY 4 PERDREIWSE L 2b e FL LMD, Tibb,
A M ER O CFC ISR % 5 2%, OFHC-Cu#fiZ Wil & ) Az B E W72
&, IREPICEEAM D HBEEL 2AEEHIRE T 5 Z &2 5N b, OFHC-Cu #in 4 gl
DR 773K (400°C) T, WY WU F» 555 5 & 5 i OFHC-Cu HHIIRESAT £ £ - T
5, TI3K LIF CRisET 2 = A0 X— T OFHC #iz s L 2 &dkid, Bahic—HhsET a2 &
WEZ LNDE, FOHFRBE RN 600 K s CHEET 2 CO, DB ET L, #9800
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Desorption Rate
[x10 7Parm? /ecm? s]

OFHC-Cu part
3 L I —

a) Before irradiation

2-

oOeébdp

2k o

ocebpp

400 600 800
Temperature (K)

Ha
H20
CcOo
CO2

Fig. 6 TDS spectra of main gases desorbed from OFHC-Cu

Desorption Rate
[x107Pa'm? /em?s]

part (MFC-~1 series).

a) before irradiation, and b) after irradiation.

N
14
2k 1@
| O
1} .
)
o0
] EO
0 S : i
400 600 800 1000
Temperature (K)

H20
CO
COz

Fig.7 TDS spectra of OFHC-Cu as non brazed OFHC-Cu.

K CHBEET 2 CO, &L k-cbnEBbils,
ELHBEEOBERE % Table2 ma), b) O 3 MR, BEEE o OFHC-Cu #i2 5 @
ESEONHRARBHERE LD L8NT 2 EEICH - 72, BIRBEE CLLET 5 & RBHRED

2 i,

FBE L2 CFCEm (MFC-1) of 1.5 fFichsml 7,

19

CX-2002U 2 HW 723K TL CO, ik 2 oDl — 7 pERR S Lz, L L, EUBBERED
BRI, KIS HEA L2 CFCEH (CX-2002U) &)L AEAT 2MMEICH -7z,
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OFHC-Cu 573 EHEFE— 222 LW, #%E&T 5 CFCHMOMEERIC L > TOFHCH
DT BEDHBIIZ L b, T DIzed> CX-2002U > ) — X» OFHC #44» & 0 77 ZH DA ]
WRE-72LDEEbILS,

3.3 EAEWEEO T AKHEE

Fig. 8 oG8R BN £ e S MAD TDS 227 F VERT, a) [IREHRED, b) 3K
HRENARI P ALTHD, 22T, b) Dtz a) D245 TH D, BAIEE TR BLEEERD
FRLUIES BEESRBAESE LD D 250 KREEWH 400K TH-72, »7 Mgz CFCE &
N4 100K L JE (Fig. 5-(b))o %72, BERE TR T XTORERDOBEER S RBA R L ) L1
LT a005h 5,

Fig.2 » 549 5 & 9 12, BAEEEE: CFC #5, OFHC-Cu iR M8 B2 L S N Tw 5,

Brazed part-2

3a)Blfl'xd't" R ol
0O
| €10re irraaiation 1A Hzo
5k , 1@ co
1 O co2
L - 1r -
SIS
< %
g o
.a E 6 T T T H T T N H
5 & b) After irradiation 2
2 9 r i 14 H20
A X o4r & {1 ® co
° % | O coz
o
O:
2T o .
S aunen
0 e iaas . L I
400 600 800 1000
Temperature (K)

Fig.8 TDS spectra of main gases desorbed from brazed
part-2 (MFC-1 series).
a) before irradiation, and b) after irradiation.

o T, REBHEROBEATRELED TDS 227 PUClY, ZOMERERTH 5 CFCH# L OHHC
CuffnRfi e A bef- T b, 2F D, BEMEEE Tk Hy 275EM THEEL, CO, 22 5D
Bt — 7 2B L Tz, ZNLDEAIZRHERM TOMREI N, 7, CO 3 T00K Ik
Eb—7%FL, H80KICH Ly s VI —2FLEL L, T COIDWTE EBENMERIC H
D, CO, CO, DBMNE— 7IREIREFEC—22BE L THIZLALEML LW L0972,
% 72 OFHC-Cu o> CO, CO2 Dfilt— 7iRE & 3 L miRfil~> 7 F L Tw 325, Zihid
KIS ER CHERDER TH - 72, F 72, Hy 3SR CHBEERI KR E < 2 2mICH 257, =



KRLEIR 7 A 23— & R RERHESR LIS 01/ e S S e & o0 7 2 J A 21

OBEANGKRFBHFR EFE L TH 22, HB0K I Hle— 72K L Twa,

EuBHMEEOBEERZ Table2 ma), b) D 4AMUCR T RBHEAB I THFROS 2
L4~ T, BIHETY 6f5IcimL, MFC-1 2 B #BaM T ETFr— 2B o L i
BRI OB E L D EHEZ bd, MFC-1 & D 858N 5 CX-2002U % v
REAM T, BABIAES, L OBBERIIRBHAR $I1ZEFL TH -2,

3.4 EEARBISDOHABRBMEORTES Y

BaM o CFC#, OFHC-Cu ¥, RUBAERED SEFHOT ZADEMENT — 5 b #46
D& b BEET 2 REDEE R - 72, AR CFC#B & vr OFHC #io 1/2 (KR T
) LEE S50 um DAL LR > T b EIREL L, BAWMEEABREERY 5 CFCHB LV
OFHC ¥ b DR D 1/2 #Z LBV 2BR O DED, BE 50 um OBEE» LBEHL T3
b Lz, ZORLBRRBICED W CEHE L 2BEE» 6o 2R % BATEREL 2 ) T
L7zbo#% Table2®a), b) D& SHIICRL 72, &7 ADBEAERNY - ) OS2 BAM D
SEFTHET DL, BECL2BBEROBMIBEEEI—FREL, B3 fcdbEmle L
2L, BRFHCHWBAHI S A = e L THLNEA, Fig. LICRT L ) ic#ESEIE
ZeEEATICE 5 315 KEMIE CFC &% OFHC hic b5 EEFIc/N S v, B2 1E Fig. 1ic
FRLZ2BEMD 1 7a .y 7 (256X25X30mme) TH 2 % L HARHFEE#IZ CFC #% OFHC-Cu
WO A0 DD 1 &b, ZDIEBEBICANTERSY S OBR A 1 7oy 7 T
fliT % &, Table 3R TEIA & % - 72, REBFRBOEE, BEE» LOBBEIFEHRTE 21T
ERE oz oiz L, BEEER T CFC R

Table3 Ratio of normalized desorption

OFHC &% & % o 72, amount for the geometrical area.
INH DR L, KB THW 2BAM D

ITER CTHwW b 284, RE LA L 286 CFC |oFHC. |Brazed
b DB AR EDBENEH FRIZ A B Dh part-1 {Cu part {lyear
&MESEL 72, ITER OTEBEOBIET, /43— | Joniredation] g5 1 70 | 5
Z OREHIE 100m? LFHHENTWE, 209 b —

. v s Irradiation 0 40 30
B EAEFH I HEE T 10 m* BRI L 5L D sample 3
EFEZ NS, 10m? @ CFC 4% 1sec T 800°C % (%)

ThEE N L EL T, B ER»EOfEEIc

TR EL L, HERHBICT 320, ERERPIESE, EEES 10m? CEE 3 cm (¥
BRBOBEE0Oum) DT 43— %2 b, ZOEA, CFCHER W OFHC-Cu i EREHKII v
FTNLH10.2m? TH D, BEROEEMITN 6.3X107*m? T 5, CFC #4475 b BT 2 iz,
CFC &% 800°C £ TIN#AZI N5 LRET 50T, ARIFILH 5455 172 800°C = CHABEER (7.
2x10"%molec./cm? : Table 2(b) % 2 #l) % F\» 7.3X10%molec./s & % %, OFHC-Cu L U#4
B b nliBiRElx, CFC#EMA'800°C £ TmA X /2 OFHC-Cu R ARG DIRE % 5
T2Z i L7, Fig QICmBEE L 2 0B E S Clo i3 N £ E0BRE AT, Haiz &
HAORIBERLZ 1 & LEBELTH 20T, ZOEET CltBE N 2B R OBIHEERIC
G dEEERL Td, EE 30 mm OEEAMICEIR 15 MW/ m? 0BT — Lz BE L%
£, AT OMMIIH 400°C HEEIN B, L » T, CFC ZEH»* 800°C $ Tim#a X 11728, OFHC
-Cu B UHATED L IRBET 2 AT, Fig. 9 0 68 1T%UUT & # 2 72, 17% 04, OFHC-Cu &
UHATE D & DBLMERZ, Table2(b) %3, H5M (1.03X10molec./cm?, 3.4X10"*molec./
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Irradiated Sample (MFC-1)

Lo ] O CFC part-1
;e ] O OFHC-Cu
- o o 1 @ Brazed layer
08 673K(400 c% b
[ S ]

0.6

e <
SR

Ratio of desorption Amount

[an)

400 600 800 1000
Temperature (k)

Fig.9 Annealing temperature dependence of gas desorption
amount. Data was normalized as unity by total gas desorption amount.

cm?) A &, 1.8X10%molec./s & UF 3.5X10%molec./s & 7 5, 3 BAiH» & DOHBEEOERHEIZN

9 X 10%*molec./s & 7 5,CX-2002U #2840 L TO s L TRER> RED 5 &,
22X 10%molec./s & > 72, TOREWEICTET &4 37~90 Pa-m®/s 24§ 5, ITER T H
T 5 R 7OEDPEREEIIFRART 700 m?/s LFBEENTW27, - THEERHNIZBERYIC
0.05~0.13DFEH LR & 70 5, RICEBEAMEMERAL 800°C F TIMEASI NI LT 5 2, ThlHAR
134 74~107 Pa-m?/s & % 5, BB O E (22~47 Pa-m®/s) E WK T 5 &, Wi hoy CFC 244
L 72888 CHBERCIRED 1 ~ 2 BT MW BAT S Z LIk b, L L, BVREERDOE
N OBRR IR R & 7% 5ISHKO &M (HE, HEnHKkNEBE) 2Bo1752
ETCIDHARERIZERENEINEFEZI LN D,

4. 2 & &

RS EBREBR O S A S— B & L CAREFHISER TR L 72 BHERILES
M/ EBRAEASSMET v — 2 BE BB O 5 2B BT £ 51~
(1) RESHHEE T, CFCHRICEL 5 CFCHME AT &5 07 AR EIC K& &y

PRD LN H -T2,

2) L&L, BEHETIE CFCHOBEEIC L » TEHTOT AMBIFEICRE L E SRS

2% (AN

O—FHcBZER DK & W MFC-1 2 AV 72848 T, SRS R & 5 &, B4R
D7 2B BROEIEI R KE L (64, FoEiE: CFCH#< OFHC-Cufin £ i
FHH 4.5, 3ETH-72,

QA MIZ B WEMREAR % L D CX-2002U % A v 2848 T, RES RN T CFC
KD LD ZADBBEOEINEI L KE L #5H), ToRITHBAIE<S OFHC
-CulfnFNFNK 24, 4ETH- 72,

(3) AFFFRTHWH4HM 2 ITER THW L N354E, BE FRIC L 28AHMD LD AKH

& BEN LR, $0.05~0.13Pa &4 5 2 L8572,
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ARFFRIE B AR R F IR IR R O ZFCF RN —IR & L TAT bz, HFRICHZDBIE R
Wiz tZv iz BARRF RO RN EAE, BBEAE I BBl £,
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