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Development of the heating plywood by using the electrically
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Fig. 1-1 Transition of the amount of supply of plywood for general use?.
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Fig. 1-2 Transition of construction area of floor heating system in home??.
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Fig. 1-3 Vennier composition of plywood.
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Fig. 1-5 Character and functionality of graphite.
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I T, NLERKRABFRIZE L, £OEEMERICOWTHRF 2Tz, RIBARRBRIT,
FE RS b HEEE o % — 0 BB ORI 251 7=,
221 ERFE

3k & U C 4D, TH YT « <~ F U A(Acacia mangium, LA T BT 7)), T
JV > 71 % . (Paraserianthes falcataria Becker), == —7% VU - & 2 L /% (Eucalyptus deglupta BI.,
LLF=—2V), A Y7 (Gmelina arborea L.)Z H\ 7=, ERA IIHA DARE H ~BHEA 2 N T
%, 20°C+-RH65% DIEIRIEIREIZCBS W TREHEICR L2 ETHIEL, ZhzEzHWe, Zh
HIZ IS I8 KUV IAS (28 U7z a5 MREIZ B4 2 5Bk 22 32 hi L 7=,

BEANT, AMBEROEFLVLT VT v RREERNG, Bl Y = VIIEHEE A
(PVAC) B L UKMERE DA V7 % — MIEREEA] (AP %, RV LT AT E RHK
BERNS, U THIEEER (UF), LY Ly ) —LREER] (RF) DOFF 4 oA
AW, #5554 Table 2-1 12”7, FHR L 723 % 20°C, RH65% CTHHRRREL 72 %
T TR L2, FEEFAICEALTED LN TS JIS IS\ =T a v 7t AWk &
LR D IAS I HEED T BB A e L, #EMERE M L7c, 7 v v 7 ¥ A BB O
KIEHEALER (APl & RFE XY =/ — VIR BEE AN HE#L) 36 K ONT < BiEal o TR % Table
2-1 12~ L7,

Table 2-1 Adhesion conditions, adhesive shear strength test in water, and delamination test in

water.
Conditions Mixing ratios Spreads | Pressures | Pressing Adhesive shear strength SR s
Adhesives Base resins | Curing agents | Extenders| (#/m?) | (kgf/cm?) ftimes (hrs)| tests in water Delamination testa in water
. Water at 30+1°C for 3hrs— | Water at 20:+1°C for 6 hrs—
7 A s 25 2
pibdsin 100 | B 10 24| Water at 20£1°C for 10 min_| Oven drying at 403C for 18 hrs
Water at 60+3°C for 3hrs— | Water at 20+1°C for 6 hrs—
J a) b) o
UF 100 J 10 250 10 2 Water at 20+1°C for 10 min | Oven drying at 40£3'C for 18 hrs
Water at 100°C for 4 hrs— Water at 100°C for 5 hrs—
H Oven drying at 60+3°C for 20 hrs— | Water at 20+1°C for hrs—
2.
td 109 1> 0 i 24| Water at 100°C for 4hrs— | Oven drying at 60+3C for 18 hrs
Water at 20+1°C for 10 min
Water at 100°C for 4 hrs— Water at 100°C for 5 hrs—
) - Oven drying at 60+3'C for 20 hrs— | Water at 20=1°C for 1 hrs—
g 25 9
RE 100 9 20 B 24 | Water at 100°C for 4hrs— | Oven drying at 603C for 18 hrs
1 Water at 20+1°C for 10 min .

»209% NH,CI solution, ®Wheat flour.

R OEKRFEIE D IEN L DBEEA~ORBEHR 5120, B EIYZY Ol
UCNAEOEEZRE Lz, RUNAEO L EEOHEIE, 20°C,RH65% OIEIRIEIE= T
FHIE S 708 13 em, = & 30cm DRERES & VY, 1 [EIH % 60°C OEIES: T 18h #2412, 2
6] B % 60°C T 48h #2412, 3 [RIH 2 2% ICHIEZ1TV, RUNAE L GKRERDT-,
222 fER LEBE
1) 7Tu v 7w A BRR
HHERRER & MM ALFE 2 i L 7= 7% Ot 312> C Fig. 2-1 & Fig. 2-2 [ZR L7z, HHEE A
Wi SREL I TV T OEE A S B R LB S 0, LB O KIS > TEAMEE
SRR T DM AR b, HAMEER EITHEAORE TR LD, HKbEW
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a2—H U O FHETH 60~80 kgf/ent, b @7 B 7 THK 100~130 kgfleii TH -7z,
UF, PVAc, RFIZEY T A58 IE, T T =a—X=7k 19 O X MO\ TT TITH
SR HEAETREE L HEE & OFEN S KX SBENLD B O TN D),

160 160
g 1404 UF % 140 PVAC
= A i)
< 120 X< 120 A
100 # © 100
c o G
) o
= 804 + P E % 80
;"; 3 60 E
£ 67 e 5 ’
) o | P
> 404 Z 40
8 2 (P ¢
5 204 T 204
< <<

0 T T T 1 T T 0 T T I T T T
0.4 0.45 0.5 0.55 0.6 0.65 0.4 0.45 0.5 0.55 0.6 0.65

Specific gravity

Specific gravity

Fig. 2-1 Relationships between adhesive shear strengths in longitudinal directions and specific
gravities in strength tests.

Legend: UF: Urea resin, PVAc: Polyvinyl acetate emulsion
m: Dry conditions, o: Wet conditions

P: Paraserianthes falcataria Becker E: Eucalyptus deglupta BI.,

G: Gmelina arborea L. A: Acacia mangium
160 160
§ 140 PVAC £1404 RF
£ 120 X £1204 A
£ £ G
© 100 100
< S 9
% 80 T 4? % 80- +
] @
) | E i E
£ 60 * $ 2604 t
% a0 P 2 4 @
o 8
5 20 ? CP 5 204
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Fig. 2-2 Relationships between adhesive shear strengths in longitudinal diredions and specific
gravities in strength tests.

Legend: API: Ivater based polymer-isocyanate, RF: Resorcinol
m: Dry conditions, o: Wet conditions

Note: Other symbols are the same as shown in Fig 2-1.
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Fig. 2-3 Relationships between wood failures and specific gravities in adhesive shear strength
tests.

Note: Symbols are the same as shown in Fig. 2-1.
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Fig. 2-4 Relationships between wood failures and specific gravities in adhesive shear strength
tests.

Note: Symbols are the same as shown in Fig. 2-2.

Z DR RS ORER TH HERM O IAS DT vy 7 AUWTERER O S (EEER B-
BIfEX Sy 5) LHLTAHADE, HAWHEEREIIWTNOBESL SEOETH- -,
Ty 7 AWERERIZI T AR & LLEOBR % Fig. 2-3 & Fig. 2-4 12”7,
AROERIZ BRI 2R LECEO S OBITEIE SRR DME T 2 m 4258~ L TW A0, 1K
TOEAEWITHEERNAKTT LTz, FHE S AWHEEERERBR CORMEIT, RF OLA %k
WTEBEOM TIHEVMETH - 72, By IR L ITRBRICH O T-BER 2 TT 89%LL
FOARBERTH S22, ZIUTENL Y B LAOKELED 0.40 &R T & 205 48R0 HE5 F
ThdEEDbND, ZHCkL, o 3BFEOKRERITIK -T2, LV, THTO
AL RF LA O#EE R TIRIEFITI <, PVAc8%, UF50%, API10% Th -7z,
a—7H Y & AU FTIE, PVAC TS LTcHE OARBEERMMES ZE1 28% & 32% Th
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o7z, —RIZ, FEEDSEWEAM O AWHEEREIZES WG, HEEH] &AM F O A
TERDEC THIVUTHEMEWDIT EARBRIIELS 70 d, £72, AWM & BEAEFIR OB
BT UEARIERITE L 2B, KERIZT BT, AVT, 2—H VY, Ty IR LDIEIZK
XL R B NERD BTz, T 1 7 2B L C RF YA ORW  23R O THE L Th o 72,
THYTIIRIRD X ) ICHEMANKE NI L KGREBEEOHEENEZ OGNS, B
APl DTELITIZARS D RBRENVETHH Z LRSI TEY 2, WiEgk K LO
Bl 5 2 - B AR kS R EOFENMER ST g 29,

PRAZI 7K B R AL BRA% D A Wi 48 TR EE & ARBEERIZ- DWW Tk~ % (Fig. 2-3 & Fig. 2-4), #2545
FIOMREIZBIT 2 IS OFIME T, #EH T & ICmKBREAIENED 5TV 5, itk
JE TREALEE % i U 7= 1% Ot A WrBE 28 08 B | L RE - AU WM RS TR I L R TR R 9% 23, PVAC
& API ZFRNTHO T RMEFIZE EF o572, PVAC & APl T, Tit/KBRELERIZ X - T 50
~60 kgf/cit B DFREEAR R 23580 b7z, APl TIXMM /KB O A MriE S s 1o
HEEARAFED RO G < o 7oy, MOBERITIX, MKBEELERE & A WrEs iR
D ERIFIEIZ R0 o712, PVAC & APl L, ARBERIZIBNT b MK B8 R LLER o 8
MPHZE T o o> 7=, PVAC DAL, MKBERELIC X > TR KRMEZR~T A U F T2 15%
Th o7 API DEAITIE, B HEEDEWEL v B3 AEZRWDTARIERITH 30%LL T T
HoT,

VL EDFERN G, MHKIB IR % D A Wi 28 7R EE 13 HE I OFFME & HLE 2 & ORfE O
FREICARTE T 5708, BIFERAE L 0 EER ORI 9] < KB S 4y, R/KE E O INEE E 3
K OLERE 225, RF>SAPI>UF>PVAC L7250 EEZ B D,

(2) MW O BMER

SR e DR T & X 0 RSG5 7291, UF, PVAC = L C APl T LT
AT OERET v 7 AWERER% O 2 % BEMEE ISR LT, SEEEAlIL bkl
A EFISEAIC R CHLIEFICIB O N TH -T2, UF & APl Tix, V7Y b & LTERF
L CWANILICHRE EINTZEAERNRBD bz, ZHOMEEmIIEERIORELIZEALE
TR Fl|THY, AMFPELESEAEORB TIIHNELT-Z L2 RLTWS, &
g, IR RN OO ER NG LR TH D EEXDND, AW 4 FEOH:
ERNIAKETH D00, BF L KBS OB{LILE~DOBEGERE 2 65,

(3) &< BERBR

2 & 13 < EERER & A 1T < BEBR ORE R & Fig. 2-5 12”7,

EERICHE R SN 285K TH D UF & PVAC 12 L7218 &3 < BERRBRAS 0%, DL
DEBYTHoT-, TNy IRLEZ—TVIZEL TIE, UF OEEIX<EER 0% TH Y
PVAC DA TH 10%LL FT, Wb JAS O A= L7z, LvL, 7 71X UF
TIHIE < BER 0% CTREMEM 27 7= L, PVAc TiIiL < B 64% T JAS O ILUEME 23 7= < 72
Moty Fl2, AV FILUF TilE< B 68%, PVAc TITIX<BER 45% & W3 JAS
DIEMEEZ Erl - 7=,
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Fig. 2-5 Relationships between delamination ratios and spedfic gravities in delamination tests
in water.
Note: Other symbols are the same as shown in Fig. 2-1.

APl & RF (ZHE L 72 & b < BERBROFE RITLL T D & B0 ThH oz, RFILWT L ORFE
DA BITSBERIL 0% TH Y, BWIAKMEREEZ R Lz, ZHAUIX LT, APHET o7 &
AU FOEGEIITZENZEI 51%, 17% DL HiR AR L JAS OS2 7- S 727 T2,
1< BERER O _EREAE R, BESERIORETS T CThIMEBEDKB I NTZD EE X LND,
Fig. 2-5 IZBW T, MAMEREDRWEEANT L, LWEERFEEHAB CH D, TH VT (K
LbE#: 0.65), A VU (KHLEHEE: 055), =—A Y (KHHEE: 0.44), €y R A (KELkE
H:0.40) OKOFRFEDFRE TCHIVUIAHETEILT BT > AV F>a—h Y >FELy TR
LERDIFTTHD, ZHICEE LT, LB OGKEEIIH > D UAE %2
Rz, GKRREEBCHEI R UNAENRKREVIEE, EEB~MEAT DI NN REL 20 H
FHRENDHEBNRKRENLEEZIONDINLTH D, KELARIEEN D BFLIRRE~D & KK AL H)
WZPED R UNAEZIE, THAST>AVF>a—h U >FENLyhRrhERD, HEITK
LR TChoTc, LD Z &b, 1I<HEBROMEIL, HEAKBINT-bDOLE
BT,

2.3 FRBEFFMHEO AR
22 TIIAREREEAIL LT, IEFRVAT LT v RREERNG, Bl = LitIEEEEH
(PVAC) B L UKMERE DA V7 % — MIEREEEA] (AP) %, RV LT AT E RHK
BAERINS, U TRIIEEER (UF), LY Ly ) —LREEER (RF) 2380, FEEMIC
KT HEEMREMGE LTz, L LERIETIE, SLAT AT e RREEANICET 5,
AT I URIBEEERIRC T = /) — VEBIREEAIOFEAR KB TH 5, TN TINLOHE
FaHNT, BEERI~OEEEWEORAN & BEAMEZITY, BEWEREZ AT 5 A iliE
D AREMEIC DWT, —HORGEFRRZ1T - 72,
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FEWERR A HIET D2 AL, B E 2D ERD LI, EEMERFIRAOBEF 28T L,
HfRZ85 L, MBVEHK L CTIER L7, BASELT-00EEREIL, ARORBIZIEW—
J&5r DHTHOREM AR TH D, ZD &5 B ikiE, JAS TlE, FEEGROES 1V
IS, LN ZORBMES v (B, HBEGREFES) OREMERRIZ OV TR
L7,

231 BEMY Y=V EFHVEREAESRORE
(1) BE®RY F=r L BEERORS
EHED PN LR, V=i g vHBESEER R EOBFRRRETINT 5 L EEE
AT XS D, T, FUROEEROBE T ZRENY = HOHFRIZH LTE
M UBHBEE AL 22720 Thb, ZOZEZHMMAL, SREERESERE L TAT
VEHIEARMEEE B L OT = ) — VBHIEARMEEE A Z2iEE L, HEEY F=F2inL,
FDOEEMEIZOWTHREF LT,
i) FEER A
U 7= AR DRI L pEEMN Y = 2R L, BEGHROBEFIEICHOWT
MEt L7, mbEIRMICRAARE B IET 551k L LTI, RERESFNEENEY) 7=
VERALTHEET I ENEZIOND, TOY, EERD =2 b AT RS
FlB L7 =/ —WEHEEEE R %2 1RE L1256 ORIIE R X O O ORI DV T
Rt L7z,
i) HEEA
AL AT I URBIBEEEFIB L O = 7 — VRS
U= k) 7= o (B ARRIRER (D)
HALRERI): SRR (> 2 b i)
iii) (b ITE
FTEEIGDY 7= L A8k & LBV BT O E RO ARG AKFITHRM L TWE, FiE
BOBEEREZRAE Lz, TORAWEZT 7uarv— bk BIZHiL, AT 3 URHIEESERIO
BAE 120°C, 7 = — VIR EEE A O 413130 °CTLO0 MNEME b X & CHEE A L)
IR L7,
iv) R & B
HWASR A MNTEEME ) 7= & X T I URIIEEE A ORGSRt 36 K O O (b Rr
L ESIRET (BUTFRPUE & 1897) ORIERF 2 Table 2-2127 Lz, ik T kg LY
FpkE U 7= DU, A 7 2 UBHIEEERI OB LN R ERTE, FHRIRECTH - 12,
WERINP % & 5 COKIZIED LTSGR, A7 UBIROBLIRIUIERL T, EEEL H
HIEEITRD BT, AT I URIREEAZ AV TORAERELEIIAEETH D EE XD
iz, BRBKPTHALERE YV 7= ZIRET BRI, HELBROEN LN E RS ITEME S
T, KA T CRAZREIRIC R D35A R R b7,
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Table 2-2 Mixing ratio of glue components in the use of melamine resin adhesive, and the

measured value of electrical resistance of its cured materials.

v Bls (FEEH) A LEEE | EEMEY 7= | B
BERl | V=2 | Ak 7K Fe 3 2 (mass%) (MQ)
A-1* 100 10 10 0 AR /] 26.3 -
B-1 100 10 10 50 peity) 26.3 0.8
B-2 100 10 10 100 Dty 26.3 1.6
B-3 100 10 20 100 pei] 34.9 0.4
B-4 100 20 20 100 peity) 41.7 6.2

* 0 U 7=, BB HAIR THRN

[FRRIZ, 7= 2 — WVRHE DA OBLE St & Rk R A Table 2-31C/R LT, 7=/ —)b
BHEOWE, BIROZGNRAGNTEN, ZiUuL7 = /7 — VR & L8k SSIZ L 0 &K
DAERLEMLZEEZ DD, HENEZRLUZEASRMEICONT, PHIICEKRE RE
L7c & 2 A, BEAITELT 2 00, BEERREEZ RS R oz, U 7= VAR OpHIX8 .4,
HALSERSIE D pHIT2AFRETH Y, 7=/ —ABIEONBEHEOFRKN E EZ bz, D
e, HEMWY 7= T2 ) —ABIEERIRA LT, AL LTHNDDIEREY TH

>7,

Table 2-3 Mixing ratio of glue components in the use of phenol resin adhesive, and electrical
resistance of its cured materials.

Al fle (L) AR BB D 7|
AR |V 7= AREk | RV | Y —=FIK ] K =R (MQ)
(mass%)
C-1 100 20 0 20 2 20 pzitad) 23.7 >99.9
C-2 100 20 20 20 2 200 | ARARUASE] 38.3 -
C-3* 100 20 20 0 0 200 | pARASE] 48.5 -
C-4* 100 10 10 0 0 100 | pAYw] 32.0 6.3

* o HERICER

Q) A7 IVHIEEEAZRAV-RBAARREER

231DFER IV, AT I UBIIREEANL, FREAGHREEHOEEAIE L THERRETH
HEBEZ, SHLICEAFEEEZ, BAAKERBREZITT-,
i) S E

AT I URIIREER, V7 =B IO0MEASIT231E R L 0x AW, s L 7c Ak
OEMGHERIE, EX1.9mmo B CT3ply & Uiz, ERESME, BWARE 120 °C, JEHE
IRFfH45y, JEREE0.78MPa(8kgf/cil) & L7z, —HEBOFEF CIREAN & & I 72 OIS A kAT &
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ATz, RfARIE, J8X0.15mm, 0.35mmis K OR0.60mmdD3FHEE % 2, 7eds, B,
ANREAT A AU T2 355609/900cti (A ERAR), AAL72702 - 7o 454309/900ci (F iEiEEAR) & L7z,
i) PERERER 1A

BEMY 7= W BEE IR OMRERHI L, BIEA2RET S Z &I X viTo7,
il L7 AR DEEEREHOREZ K S 5em, 1H 2.5emD K& IIZHIBL, 794
VT AL — (HIOKI3256) % HIVCHRIE AT -7z,
iii) AR & B

Table 2-4IZF G D BLERF OBl A SFF L OMLE EZ ORI 2 M E LR 2R L
7oo TAHREBROFESR, KEFRIED IO OKIINEIT, BHFL00EBIZ kT L T255FRE 23 XYY T
HY, ZOFMEMW, BEERICB T H2EGUEITIETE TH - 72h, B DT
24F5fH], 1T & AL ORURE TR (CIRPUEIZIRIR R & 722 0, FEMITRRE LR
Teo ZO72, HEMD 7= TlE, BAGHREZRET 57200, ERRRMERENE LI
RN EHIE LT,

Table 2-4 Production condition of the heating plywood made with melamine resin adhesive
and electrical resistance of the obtained plywood.

fld (&) BEMY 7| A | WEE#D

ARk AR | V=2 | Hiugk K =R | JE S (mm) EAR AN [N

(mass%) (MQ)
D-1 100 20 40 25 52.6 0 >99.9
D-2 100 20 40 25 52.6 0.15 12.2
D-3 100 20 40 25 52.6 0.15 1.47
D-4 100 20 40 25 52.6 0.35 >99.9
D-5 100 20 40 25 52.6 0.35 7.70
D-6 100 20 40 25 52.6 0.60 154
D-7 100 20 60 25 52.6 0 >99.9
D-8 100 20 60 25 52.6 0.15 12.6
D-9 100 20 60 25 52.6 0.15 3.52
D-10 100 20 60 25 52.6 0.35 14.9
D-11 100 20 60 25 52.6 0.35 3.99
D-12 100 20 60 25 52.6 0.60 >99.9

* 0 AT I URIEEAA] (T 5354.0 mass%)

232CB - B EF AW REAGROBTE
231 TIHEEMY 7= 2 HWIEGE Ot 21T o 72y, #E R LIREG T 5 51E T,
BE Lo BN 05 T8 ORPUEIEF 12m <, BEGRITH WD ITITEMR TIZ RN &
FIBr L=, 22T, KVEEMREDOEWCBREEN R & DRFREEMERL T2 T, FE
-25.-



AWOBIEZRAT-, £ LT, L EEERE, BEWEED LWRLESREEZ RO D720, E
BRI ORd AT, JEREE, #EEAOREEOERB LV, HEEMERERIC OV TR LT,
BAERNT, 231THH LAV LAT LT E RRD AT I URIESEER], 7 =/ — NV iHER:
BRIz, LAV AT AT RR02 Y TEIEESEA], £ L CHERIVLATATE R
FROKMEE A VT F— NEEAIE AT, BRI S BEAER A — T — OFERE(AR
EHIZWE - T,

(1) HERAE

- HEEH : AT 2 URHIEEEEA] (N-300, [H7E4556.0 mass%)
7 x ) —/VRtIEEEEA] (PA-2085, [HJE4542.5 mass%)
= U 7B (PO-511, [EJE4555.0 mass%)
KM F—A Y T 32— MgEEH (PI-172, H-40, [EJE4353.0 mass%)

- FEAL A LT V=T A (AT IURIIRE =Y TRIRICE)

- BREHR T U A H((450%450x9mm)

- ZH HAR D T EMR(ES 1.9mm)

- CB » =2 RMA-1L(RL £ 29nm)

- Beh : B EEN(UCHIDA G, 99 mass%)

- AhEAR S JE X 0.15mm B LY 0.35mm

(2) RBRF &

i) FEENGBR

s LT BG R, 15T & JEHREE (44cm x 5em) 6K%Z 810 HL7=, Fig.
2-61Z7R73 K D IZ, M H3em & R OETKEVE X 2 B0 £117, 1D EHI D & 34,
15272V 18R O FER A 2 IE U7, JE HEUEHZ 100V O 2 % (AR E D56
IF50V), £0 L EDIRE FRZHE LTz, 2B HIEIRE N 120°C % # 2 7o R R CHIE 2 H I8
L7z,

i) B2 I RE R

PEAEMERBIRIASICHE SN TV A LR E E I VRBRICHE L TITo 70, BE L2 REG
W6, 75mm x 75mmO Ak 2 ) 0 L, 4FRF[HZE#h, 60 °C T20MRF[H Rz, ARFHZA D, 60 °C
CINFMRLERD A Y o — )V CHLEE 2 T o 72,
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Fig. 2-6 Measurement of the calorific performance of the heating plywood by use of
thermocouple.

Q) EALOBRFERBIVELE

A7 I URIIEBEAEAIL00E I ) L CCB & BERDIREEIA %, TZEN10H 530 0EIG
TS, BEARZRLE U, EEMER A ORLAEIA R L OMIES: % Table 2-5127R
L7z, 728, BVEIRE 120 °C, JEMBFRIE3y L Lz, £72, BRERBROEE LR ORER
#Fig. 2-712< L7-, CBE BENDIEAEIESA, CB20 &, B30 BEITH bR ImIEE
W EF LTz, BRI BN O HBCBIZHARFUED /N E EEBMEITERLTWH DT, B
DWMEDOZ N, EL, E2, EFFREWEREN @ 2o7ehy, BERHE K& <, #EA L+
MRS DR ho T2 lREE DL H 5, LARE X IE VB TII T R CTORBIIZB W TEK L
7. Table 2-5|Z/ R N TV HELE L OFIH THIVE, BEEMERICKE 2B 2720
EZ bz,

Table 2-5 Production condition of the heating plywood with different compounding ratio of
the conductive particles (Melamine resin adhesive is used.).

Ble (&) CB - B | EHEE WA | R

BUBE | gAY | CB BN | Wk | T (MPa) | (9/900ci) | JE&

(mass%) (mm)
E-1 100 10 30 1 42.1 0.294 25 0.35
E-2 100 20 30 1 47.6 0.294 25 0.35
E-3 100 25 25 1 47.6 0.294 25 0.35
E-4 100 30 20 1 47.6 0.294 25 0.35
E-5 100 30 10 1 42.1 0.294 25 0.35

* 0 AT I URHIEEAR] (T 5754.0 mass%)

-7 -



T '1 0.25 T T T T T T T T T T T T T l
—O—E-1 r (b) —O—E-1
——E-2 —&—E-2
—B—E-3 02 L —B—E-3
—|—E-4 . ——E-4
—0—E-5 I ——E-5
~ [
o ] N -
~— [m}
H i &
&
0 1 1 1 1 1 1
0 1 2 3 4 5 6 4 6
ENA0BsE (min) ERANEERE (min)

Fig. 2-7 Relationship between compounding ratio of the conductive particles and calorific
performance (Heating plywood described in Table 2-5 is used.).
(a) Surface temperature measured at 3 points in the plywood sized 44x5 cm.

(b) Standard deviation of surface temperature.

4) EREORMERE L UELR
JEREE 22 2 THAGHR A TIE L, BEWER~OEEIZOW TR AT o 70, BESME
ZTable 2-61Z7R L7z, AT X URINEHEEAZ W TEVRIREEL20 °C, ERERFF35r DFAMET
Table 2-6 Production condition of the heating plywood with different applied pressure
(Melamine resin adhesive is used.)

fde (&) CB - Héh JE i BATE | ANk
BB | g | cB | g | eEfps) | JEELE (MPa) | (9/900cii) | &
(mass%) (mm)
F-1 100 20 30 1 476 0.294 25 0.35
F-2 100 20 30 1 47.6 0.588 25 0.35
F-3 100 20 30 1 476 0.981 25 0.35
F-4 100 20 30 1 47.6 1.47 25 0.35
F-5 100 20 30 1 476 1.96 25 0.35
F-6 100 20 30 1 476 0.981 25 0.35
F-7 100 20 30 1 47.6 1.23 25 0.35
F-8 100 20 30 1 476 1.47 25 0.35
F-9 100 20 30 1 47. 6 1.72 25 0.35
F-10 100 20 30 1 47.6 1.96 25 0.35

* 0 AT I UREEAA] (T 5354.0 mass%)
98-



fldE Uiz, 7pds, BOA I EEAEAI10056 (2% L CCB 2056, 803056, m{bAl 1 #5& Liz,
F7o, HEAERBICIIES 0.3mmORNGAN 2 A Uiz, FEEVERERAER DR R 2 Fig. 2-8F LY
Fig. 2-9I1T/ R L 72,

JEREEICOWTIERE BN o, £7, Fig 2-8lo-T L9518, ERENEL 72

BT THREEREN M E L, 1.47MPa(15kgflct) DG M i b3 BMEREN R e o=, L
NL, TN EOERMETIEIH EVRBEEITES b7, S BITHEDERTEZE
FRDT, MNP EREZE X THRAGKRARIE LT L 2 A, Fig. 2-912R”" T X9 (1
0.98MPa(10.0kgf/cii) ~1.47MPa(15kgf/cit) D F BUR EE A3 151 <, Z O #iH OJEHKi 2 il Tdd 5
MW LT, BOBOEREENFET D E V) ZEITRO L IICEZLND, JEREMEN
BB NIEL T D RN H D, %Wbﬁ:ﬁ%ﬁ DR DN D EZ 2 HIDN, BE
Fh OEEMEDE ORI DR I D, WEREN SV EBERENELS Y, TOHET
K%U 5, ;@ZO@EI@/\7/X’CWL WHHNRESND B NS, £, NT

IR LTI, 1.47MPa(15kgf/ct) CTHEME L7-F-48 L OF-808E T-HENTE YD, FEEMWERE
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Fig. 2-8 Relationship between applied pressure and calorific performance of the heating
plywood (1). (Heating plywood described in Table 2-6 is used.)
(a) Surface temperature measured at 3 points in the plywood sized 44x5 cm.

(b) Standard deviation of surface temperature.
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Fig. 2-9 Relationship between applied pressure and calorific performance of the heating
plywood (I1). (Heating plywood described in Table 2-6 is used.)
(a) Surface temperature measured at 3 points in the plywood sized 44x5 cm.

(b) Standard deviation of surface temperature.

G) BAEBEOBRIERBIVELR

BABOREBIIONWTHRDL DT, BAELTEX THRAAKZ IS LTz, BUER4F%
Table 2-7127R L7z, #EHIEIA T I URIIREEE A2 AW TC, BWaREE120 °C, FERGERFF35
DEAETHRIE Uz, FEVERERRBR O f% F % Fig. 2-103 X OFig. 2-11127R L 7=,

Table 2-7 Production condition of the heating plywood with different spread quantity.
(Melamine resin adhesive is used.)

fle (&) CB - H£éh JE i B = A fik AT
AUB | BEEAl | CB Ben | mEAkA Fe I =R (MPa) (9/900cit) | JE &
(mass%) (mm)
G-1 100 20 30 1 47.6 0.294 25 0.35
G-2 100 20 30 1 47. 6 0.294 30 0.35
G-3 100 20 30 1 47. 6 0.294 35 0.35
G-4 100 20 30 1 47. 6 0.294 >50 0.35
G-5 100 20 30 1 47. 6 1.18 20 0.15
G-6 100 20 30 1 47. 6 1.18 25 0.15
G-7 100 20 30 1 47.6 1.18 30 0.15

* 0 AT I URIEEAA] (T 5354.0 mass%)
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Fig. 2-10 Relationship between spread quantity and calorific performance of the heating
plywood produced at applied pressure 0.29MPa.
(Heating plywood described in Table 2-7 is used.)
(a) Surface temperature measured at 3 points in the plywood sized 44x5 cm.

(b) Standard deviation of surface temperature.
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Fig. 2-11 Relationship between spread quantity and calorific performance of the heating
plywood produced at applied pressure 1.18MPa.
(Heating plywood described in Table 2-7 is used.)
(a) Surface temperature measured at 3 points in the plywood sized 44x5 cm.

(b) Standard deviation of surface temperature.
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SmEICE L TE, Fig. 2-1010 -7 K 918, BMENL < Riud, BEWEREL M LT 5
ZEDHERR ST, F£72, Fig 2-1UIRT L 918, JERENEWEA T FRIERICEA &5
%  IRAURRBVERES M L35 Z EFRO LT, ZORENS, BAENS L EEE
NEL 720, BEEBICEENIEEMMEOBENLL 250l BEE BN OE B M E
THZENBRON, 2L, BMRICBAEEZZ < LTHREWVERNE < bR NI &,
JERET DERICERMN B ITAE T Z L s, FEERICEE T HBRI21E, 40 &1320~309/900ci
BENEELWEEZ BN,

(6) FEMOBEFIBRB LI OEE

AT DA RN D NWTHRD T2, [ES ORI 5 KA B L OVRREAA 2 /A L7222
HEEW A BE LTz, BRI A T3 /ﬁ%&%ﬂ%%wf BAHEE 120 °C, JERFRER
3 O TRYE LT, BES 2 Table 2-812, FEEWERERER D5 & Fig. 2-1212~k L7z,
REATEITEANT D 2 LIIRBWEREICRI LT, HFE W REQRBEE 5 X o720, kA
ANV, RIUEGSMHTY, %%%;mﬁéﬂkf ENRET DG NE L R
FoiTe, B RBEEREGLTCOICRBMAEHAT LI NI NWEE X b5, Fig.
2-121ZR T K 9IS, R E2HAT S Z LIk D BB ITE TR T+ 258, ZOEAWN
TS, NIV XOE TIEENREAZHOZGE, ZEMREDA NS08 5
i,

Table 2-8 Production condition of the heating plywood with different thickness of nonwovens.
(Melamine resin adhesive is used.)

Bley (&) CB - B | EHEE WA | R
AR | A | CB BN | Wk | (MPa) | (9/900ci) | JE&
(mass%) (mm)
H-1 100 20 30 1 47.6 1.18 25 L
H-2 100 20 30 1 47.6 1.18 25 0.15
H-3 100 20 30 1 47.6 1.18 25 0.35

* 0 AT I URIEEAA] (T 5354.0 mass%)
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Fig. 2-12 Relationship between thickness of nonwovens and calorific performance of the
heating plywood. (Heating plywood described in Table 2-8 is used.)
(a) Surface temperature measured at 3 points in the plywood sized 44x5 cm.

(b) Standard deviation of surface temperature.

(7) RELBOBRFNERBLIUELR

R O FIBIEDREMERE~ DB ONWT, BWROERE T Z—FEL=H 0% Ay
THREF LTz, BEEANIA T I UBIIREEE Al Z VT, BUWRIREL20 °C, JERFRER3S) D 4t
THIE L7, Table 2-9IZ &S 2 R~ LTc, 2 O%HE OREWER A Fig. 2-1312/R L7223,
VoA U SRR X E < 720, BEMRE /NS oot ZhudEmE
BT aZickvESEREBSE—REIC o7l tBEZ LN, 2O D, B
DR B D WIIREHEROFEEENEE TH L Z LR ahoT,

Table 2-9 Production condition of the heating plywood with different flat surface of based
plywood. (Melamine resin adhesive is used.)

Al (EHE) CB - Béh | ERiE | BfAE | Ak |2 —
AUB | BEEAl | CB HBen | BEEA | TR (MPa) | (g/900cii) | J& & AT B
(mass%) (mm)
I-1 100 20 30 1 47.6 1.18 25 0.15 2L
1-2 100 20 30 1 47.6 1.18 25 0.15 HY

% 0 AT I UEHERESER (EF454.0 mass%)
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Fig. 2-13 Relationship between grinding with sanding machine for surface of the based
plywood and calorific performance of the heating plywood.
(Heating plywood described in Table 2-9 is used.)
(a) Surface temperature measured at 3 points in the plywood sized 44x5 cm.

(b) Standard deviation of surface temperature.

(8) BERBMEE (R Ly ¥ —) ORFNBERBLUELE

FEEROAWIET 4 THWO N ARG MEE (A7 Ly & —) ZHWTHRAEHK
ARG L, TORBUFMEZRATC, SEANTA 7 I URBIEEEEHI 2 VT, ERE
0.29MPa(3kgf/c), #WHRIREL120 °C, FEAERFF3Sy OS5 CTHbE L7, BAh &13259/900cn &

Table 2-10 Calorific performance of the heating plywood produced by use of glue spreader.
(Melamine resin adhesive is used.)

fide (FHEH) CB - 2 EQARES
AUB | BEEAl | CB Ben | B A | TR IEE EH O (C) EENREL
(mass%)
K-1 100 20 30 1 47.6 84.7 0.142
K-2 100 20 30 1 47.6 82.1 0.053
K-3 100 20 30 1 47.6 88.3 0.098
K-4 100 20 30 1 47.6 92.3 0.069
K-5 100 20 30 1 47.6 89.6 0.159
K-6 100 20 30 1 47.6 87.7 0.052
K-7 100 20 30 1 47.6 78.6 0.096
K-8 100 20 30 1 47.6 73.2 0.271
K-9 100 20 30 1 47.6 70.9 0.180
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0 AT I UBIEEEA ([ETE5554.0 mass%)
L7z, SESRMR XL OREWERERBR OFE B4 Table 2-10lZ/R LTz, VDT Y21 H5H T
DO, BEERIEAEE (A7 Ly X —) [CL28EEEOEKICHEIT W EEZ LT,

9) RBOREHORIHREL LOEBE

HHGEAIZ AR 0 R LIE L2 ORBWERE DL E M %2 WD 72, 50 MEN L, 15 % H)
TE, ZOBEINEEIE L THKRBE OV A 7 V21 Z L IZ1H8R# Y K L, FEEERE %
HIE Uz, SR W Z30BHE, BLAIiE A 7 2 U BHIERE 5 AI100%6, CB20%E, HEH30%H,
LRI CH v, RERML, ERFFE.98MPa(10kgf/cil), ¥4 £:259/900ci, A fikAfi JE &
0.35mm, FWRIEFE120 °C, LRG3 & Lz, HIEMERZFig. 2-1412/k L=, 1H OFRA)]
BIERHXTZ AT Al BEDS B3 o T SHEmIA R Bz, L, #0ak UEELDHE 2
L ERAINEFBD/NESL 20, 16 A 7NV EIRE D ERBWERIZZE L TE T,
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Fig. 2-14 Change of temperature of the heating plywood in the repetition of a cycle with
applying 50V for 5 minutes and natural cooling for 1hour.
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(10) EEROBEOBRMNERBLIOELE

IHNETAT I UBIIEEER 2 MO TREAGIR Z 8BS L7z, 5 OREOZEIC S
WTHBBH L TR SBERD D, T2 T, 7=/ —EEEER, =V 7HIgEEH,
Y@ f—A Y o7 x— MNMEERZHWT, BEGHRE RS LT, %zn%zn@%cf%ﬁ:%:
Table 2-111Z7~ L7=, 728, EREIIT 1.18MPa(12kgf/cr), @Ai&Elx 259/900ci & L, &
X0.15MmOARHAT A L=, KRS T4 V7 32— MEEANL, FEFROT- D
BHRNTIKZ20EIZ EWM L, B EIFKRSEMELZE L CHE LT,

Table 2-11 Production condition of the heating plywood with different adhesives.

PO flty (&) CB -« Bgn | BVRIREL | JEARRFH
Evas FEAH BEEAKl| CB Ben | mE kAl | FeH R (C) (1)
(mass%)
J-1 A7 I KR 100 20 30 1 47.6 120 3
J-2 = U 7RG 100 20 30 1 48.5 115 3
J-3 7 x ) — VIR 100 20 30 0 54. 1 130 5
J-4 | K rﬂf g1 Y| 200 20 30 0 32.1 mE 60
F— MR

FEEERE DGR A Fig. 2-15127R L7, =V 7T HIIEEEEAIO, REWERRIZA 7 I U RiEHE
ERIERZETHY, 7=/ — VEIEEAE LT L EOREMEREZ R LT-, Fig. 2-1512137R
LCTWRWA, KIEESF—A Y o7 33— MEEFNTEE A FIRORER &<, CB - Bp
EHOICEINTES, +ofEREGELNRhoTo, KTHRT D Z LI WSRO
WA, AWROREIIATREZ b 00, HEPUEIZI0 ~ 20K Q& , MOEEEA L -~ T100f%L4 1
DEFUETH 7o, ZTOTZOFENES 70 <, FBEEHRHEEFNTIT A Y &l Lz,

S, AT IUBIRBAERNCI A, BEAETHAMEDEWT = /2 — VRS Al O FREH3
VETHD EEZT,
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Fig. 2-15 Relationship between type of adhesives and calorific performance of the heating

plywood. (Heating plywood described in Table 2-11 is used.)

(a) Surface temperature measured at 3 points in the plywood sized 44x5 cm.

(b) Standard deviation of surface temperature.
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(2) BBERBRFGIE
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EHWTIT o7z, 450 A XOLE1E3x8D24 5, 90 A RDOLE1X5x50D25,1, 3x6H 4 X
DG EITAXT D28 [ DRE 24T - T2, FEGREROWE DERT % Fig. 2-1612777,

Fig. 2-16 Calorific performance test of the heating plywood of large size.
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ETFBEMRIZOWT b MET Lz, TiRaBROFE R A E 2, 45V 14 X, 0% A X, 3691
ADOKE S ORAAEKZME Uiz, BBOBUHLE R L OREX OWUEN & % Fig. 2-1712
w LT,

(4) BRLEBLE

Hib, SO TARRERTIL, W ICRBRREOMHIEITREO b e o=, LavL, itk
IARM & DB RN 2D, JASOLERE XX VBROMB R TIE, —fIE<BES
HUENREZT O, BEEEOE T, MO BOO LT 0 RN BT T A i
FLWE b,

Hitl & AfRAT O B FBIR bR L7, AREZEITRD bR o 7o, 458 A4 ADE 1T,
Fig. 2-181Z/~ 9 & D IZEEARBITITR IR 13E < R o 7220y, FEE RO H 5 7y D2 iR
ENE < ERmN R G, L, 908 A X3x6% A XDGE Tk, Wil IioRmiR
FEMMEL 72 DAEA S B S 72 (Fig. 2-19, Fig. 2-20), BRI < 72 5 O THPUE S K
X<, REBEMETT20IEHRTH LD, RO AT Y XO[MN4EL B 5
Relpol, £, NTYXOEGONREL FRIZHEALZVHERH Y, 5% OMG
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Fig. 2-17 The attachment position of thermocouples and pairs of electrodes
onto the heating plywood.
Numerals in each figure show the attachment position of thermocouples.

Lines in each figure show the attachment position of pairs of electrodes.
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Fig. 2-18 Temperature distribution of the heating plywood sized 45cmx45cm.
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Fig. 2-20 Temperature distribution of the heating plywood sized 90cmx180cm.
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S5,

(1) #aky — b &AW 5k

BB TR OMRE S — N A AT DEICRIEIC 72 5 O3 Mg — b EREER E D
BEEMRETH D, Tow, Mk — FMRAIERB LW, #ikgks — b AR E OBEEMEREL
ARz, Mikxy— R ELTA T I UBHEIR (74 7 TER) BXOHzRI =2 (=vh T
#3019, #1091) =MW, AT I UBIIEEEAIZ VT A T I URIIIER- A 7 X U RHIER
B ONERZ T = 2k Y = A DEEEME, KIEES A VT x— MNMEEAIE VT
U = AR O R LT,

)RR RS OV SR

A F I URIEBESER (bR N-300) OELAEIE, HESHI100%S, /NER15ES, HAk
TUE=ULIERE L, BAEIEA T I EHER 230 g/900c, 10 g/900cii, 20 g/900cid,
309/900ci, #fa#% 7 = 2730 g/900ci, 209/900cit & L7z, BNESAEIL, 1RFEL120 °C, JEAFHER]
AT I URIIEIR TSy, kY = A T34 & L, HEfEH 1% 0.98MPa(10kgf/ci) & L7z,

i) B IR IE

DXL, HRPICHEZ Y — MWL 2 EELERBRE LT, @R — e T E
B (E&55mm) OEEMEZTT-, g — MTHEY = 2 2 v, SEERITKMES
DA VT F— MEER] (BR)A— 8 PI-172(FA), #LAl H-40) % FHuvi=, A
AVEEAN100%E, AHALHIL0HE, WAt 4200/900c & U7z, BVESAFIE, 1EEE120 °C, [EAFEE
34>, JEAMGES) 0.98MPa(10kgf/cn) & L7z, #&EVERRIL, JASOHDIRHE = 13 < BEERIC
L0 EHI L7z,
iii) R & B

AT I URIREEAZ AW GE, AT I UBBROBESEERIIEF CTh o7, Bfig
DEFTH LT, BAENZWVRERIKIL, BERINEERB) DITAMN Uic, #EA 2810
L2RWREBRIA Co H BT R b o 7o, ##%x Y = 2130 ¢/900ci, 20g/900ci & & #2745
REZEIL, #EELELoT, Mgy — hE LTAT I VHIBRERAWDEA, 273
VRHIRBEEAI CHROEAFEETH D LB 2 bz, Milxy =2 L GROEERBRTIX, K
VEE Sy F—A Y U7 F— MNEEFIEEH L2720, JASOBE DR & R ER D KL UE % i
7z L7z,
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(2) IREBEARFBEEAKR D ER

MR DOE 9 —D2DEZFE L HEHTLELEEZ TITHEWS HERH D, TDI=HIC
T E SITERWVEPUE O REA R 2 BLET 2 MERH Y, TOROEA R L.

i) HLERT R

- BRER . T U A H(450%450%10mm)
- RIEHLR c Y FHR(E S 1.7mm)
- CB : =L FRIMA-1LCKF-£8 29nm)
- Beh : B EEN(UCHIDA G, 99wt%)
N i DN e v L B (S A e, PS-103, JE X0.15mm)
- TRl L SR 0 1.0mm , FEHR(IE U — RiR1.25mm?)
A A : AT X UBHIEEEE FI(Z BT, N-300),
7 = /) — Vi EREEA] (DIC, 7=/ 74 b PA-2085)
- AL AL T = T AGRIELR)
i) Sk
- BRI : AT I UBHIEEEER 120°C
7 =/ — /RIS A 185°C
- JERFIET : AT I UMIEEEER 0.98MPa(10kgf/ci)
7 = /) —/)VEHIEEEA]  1.18MPa(12kgf/ci)
- R IREfH] : AT I UBHIEEEER 30

7 x /) =NV EAE Al 557
- PEAE A AN = ¢ 259/900cn
BRERICHE R 2 BAT Lictk, EMH O & A2 ER, S OICREERZER
THAf Lo, Bdh & BER 2 Table 2-12127" LTz,
Table 2-12 Production condition of the heating plywood for applying low voltage.

W HAEAID il & CB- BépFEH AR
FHSH ARl | CB | BEn | mE LA | K (mass%)
Al 100 20 30 1 10 46.7 il
A2 100 25 37.5 1 10 52.3 il
A3 AT IV 100 30 45 1 20 56.8 A
Ad Fethg 100 20 40 1 10 51.3 il
M60 100 20 60 1 20 58.4 il
D 100 20 30 1 10 46.7 HEHR
P1 100 20 30 10 54.1 HEHR
P2 7= /=) | 100 30 45 20 63.8 AR
P3 Bt 100 20 40 10 58.5 B
P4 100 20 60 20 65.3 HEHR
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Fig. 2-21 The attachment position of pairs of electrodes.
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D, EPUEIXE< 720, F7z, CB- BEDOLE T, BEOIENE VI SRR
xR LT,

U EOFRERMNG, BEAAGRERIET D356, 7=/ — VBRI 2 o Ciild Lo
WENTWD EEX BN, LonL, EPUEIX IR o700, BERETHI1E, CB- &
ShoBL AL, FREREROZ/DICEL L TYEEIIA LR 5T,
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Table 2-13 Calorific performance of the heating plywood after applying

low voltages for 10 minutes.

OB o el R FHEECC) [EHERFZE (C) | ZEetk | #HhilE (Q)
(poise)
Al 1 58 32.1 2.488 0.077 13.6
2 30.8 1.737 0.056 14.7
A2 1 220 36.6 2.863 0.078 10.9
2 35.6 2.689 0.081 11.3
A3 1 X5 3 320 35.6 2.683 0.075 11.0
2 34.1 2.119 0.062 10.9
Ad | 1 i 200 38.0 4.498 0.118 8.7
2 39.6 4.256 0.107 8.3
M60 | 1 >500 45.0 4.062 0.090 6.0
2 51.9 5.092 0.098 5.6
D 1 >500 31.8 2.311 0.073 125
2 32.0 3.088 0.097 14.9
P1 1 60 446 3.577 0.080 7.4
2 L 47.8 6.996 0.146 7.0
p2 1| =/ 150 86.4 4.829 0.056 2.8
2 pragis 72.2 7.068 0.098 3.4
P3 1 120 68.7 5.099 0.074 4.0
2 54.0 3.222 0.060 4.8
P4 1 160 56.7 4.040 0.071 2.3
2 53.6 6.013 0.112 2.8
100 T T T T T T —O0—A1-1 0-25"'I"'I"'I"'I"'I"'I"'I"'J
[ (a) lﬁéf L (b) —0—A1-1
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Fig. 2-22 Calorific performance of the heating plywood bonded with melamine resin adhesives
on application of low voltage.
(a) Surface temperature measured at 24 points in the plywood sized 45x45 cm.

(b) Standard deviation of surface temperature.
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Fig. 2-23 Calorific performance of the heating plywood made with different electrodes.
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(b) Standard deviation of surface temperature.
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Fig. 2-24 Calorific performance of the heating plywood bonded with phenol resin adhesives

on application of low voltage.

(a) Surface temperature measured at 24 points in the plywood sized 45x45 cm.

(b) Standard deviation of surface temperature.
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JEEIHEE LT 720, B U v AL BENER T TE DAY & L CTHF
(Tetrahydrofuran) & FH v 7=,

(b) intercalation of first guest
molecules

0.535 nm

0.891 nm

shear

Fig. 3-1 Schematic depiction of flaky graphite particles via grinding and exfoliation

(1) K-THF-GIC DA Ak & By ik
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0, Z O L—F — a7 Xsogirl £ 21mm, PEFEEEXss0,:13.6mm T &> 5 , JFUEHE$110.0g% 80°C T24h,
F—T UNTRITZEAEE L, SIER OB S VT3, Ly 7 A 975 Aiiltwo-bulb 5% D
RN AR, S HICEZET A4 &2 HW T, 80°C, 24h BRI T,

ZD%, TN UFEHK(FERT—25CLL FTOKESIE)Z 2 —7BOX NT, U UL
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10 7L EBER A A AT two-bulb R & 22T A L ZHERE L, 50°C T24hEZERiMgE L7
%, two-bulbZeRZ HZXRRETE LIV L7z, £D%, v bbb —2—NT300CIZfR-
T4 BN EIT>70, 2O/, FANCHAALTEGRB T ) U AOZERN, BEZEREHRNE
BEL, Rl BmoERICA 2= — N T DRIGHEZ > T 5,
ZOXIICLTAKRLIEERS BV v ABR{ILEWE, Table3-LiZrd X 512, MaEH
IZAT v L ABASem R v b 2 WS EAICIE, 1.50g%Ar S—Y L= a—7 Ry 7 Zth
T20ml OTHFHIZIRIEL, T2 T7 Y F 71000202 L, $OKES 5 2 & TR
— B Y T AEREEM LD b & SICBROHEN 5 7-K-THF-GICY 2 &R LT-, /Lo =7 #l
500ccA v kDAL, BRE14.09i12% LC, THF200ml, 7> F 7% 20109k L7z, Z D
Wik % = DEEMERE LT, 3.0mm¢ £72131.0mm¢ D/ a =7 R—/L (45cm*K
 T1361.35g, 500cm®7A »  TlE681.50) & Iz I ARy NNICEIA L%, Za—T Ry »
ZWNMHED H L, 1R R—/1 I L(FRITSCH—P-7% 7= i%Retsch—PM100) Z JHV T, THF

Table 3-1 Synthesis mill pot volume [cm?] 45 500 conditions for
K-THF-GIC  v.eic (9] 150  14.00
THF [cm?] 20 200
anthracene [g] 0.02 0.10
Table 3-2 Mill configuration and grinding conditions
Fritsh/P-7 Retsch/PM100

pot volume, [cm?] 45.0 500,0
pot diameter, [mm] 40.0 100.5
sample weight, [a] 1.50 14.0
amount of THF [cm?] 20 200
ball diameter, [mm] 1.0,3.0 1.0,3.0
ball weight, [mm] 1.0, 3.0 1.0, 3.0
revolution radius [mm] 70.0 70.5
revolution speed [rpm] 400 400

VAT a5 50400 rpmiZ CT4h, TBEUGAEL 72, Ny b OSFESORES I E LD CTable
321TR LT, FZMIEERE LT, GIC BB Z DR WEEIO RREIRL 2D F
FHWT, RO TR AT 72,
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—O— NG feed —O— NG feed
—/x— NG ground for 4h with ¢1.0mm ball —— NG ground for 4h with ¢1.0mmball
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Fig. 3-2 Particle size distributions of natural graphite ground for 4 h in a 45 cm® pot.
(a) laser diffraction diameter
(b) sedimentation diameter

NG feed —O— NG feed
K-THF-GIC ground for 4h with ¢1.0mm ball —aA— K-THF-GIC ground for 4h with ¢1.0mm ball
—W— K-THF-GIC ground for 4h with $3.0mm ball —¥— K-THF-GIC ground for 4h with ¢3.0mmball
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Fig. 3-3 Particle size distributions of K-THF-GIC ground for 4 h in a 45 cm® pot.
(a) laser diffraction diameter
(b) sedimentation diameter
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Fig. 3-4 Particle size distributions of natural graphite ground for 4 h in a 500 cm? pot

(a) laser diffraction diameter
(b) sedimentation diameter

—O— NG feed
—aA— K-THF-GIC ground for 4h with ¢1.0mmball
—W— K-THF-GIC ground for 4h with $3.0mmball
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Fig. 3-5 Particle size distributions of K-THF-GIC ground for 4 h in a 500 cm® pot.

(a) laser diffraction diameter
(b) sedimentation diameter
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GIC LHE % DILMEARICE L TEEETH Y, 45em’ R v MR Tid 3mm R — Lo
75 H3(Fig. 3-3(b)), 500 cm® A& v MW TIE, Imm R — /LD F5 053847 L T % (Fig.
3-5(0)), BIRSAFIC K DRI RO R 2 RFHIA B OFRE & 3203, EMERINITLL
TOXHCHBATE S, 45em® Ry FTIE, 1Imm R— L O T AE R KL X —N+4T
1372 <, RIFFE OIS TR — A FREET —EICHRE L TW 25O T 3mm R —/LED
H, AHEIT D 7 < RES TN E K 72 50, R—VEENKE S AR—L 1 HOEE SN
RENZ EN LB TN &L 0 #IT L=, —5, 500em® A v MYRETIE, ek L=k 5
IZ45em’ Ry MTEL U BT XL EF—N KX VDT, Imm R —/L T b B4 72 1
BADNELI, R \EN L SR ERERIIER L, e T L
eHEEZLND,

LIk, Figs. 3-2~3-5 (2R L7c K 912, JBEHLEW &I ER Clix L —F —[al3 R
1%, RIRBER DA R LTI FER I AR T2 LN S WDIZR LT, JEffk
B 5 BT IR DILE RTINS < e o TV D, ZORER AR 7 DO b & B
AT T TICEET 5,

ARRETHW L —F—EITEIC X DR FERIES TIE, oK E & STk 3HE
B VIZER I IR AEER AR 7 CHRHIC L VAT N D 728, AR I IR IRET A & < e
5HENCEENT 5, T 720 BRI 30AR 7 ISR O R dl 3 o X 5 1cidm 35 &
EZ 6D, L=V =[P Xgir ITHEEB TD L —Y— %M DR OWiHFE I K AFET D,
L7223 TR O BRARF 7 & RO Edl 5N — L, koG maRixfgh s LT
VA LIER LTV E T B L, KT IERDIRNEL 22 T IR0 L — P —[al PR
DREZE, ZOEAICESTIZFEAEEL LN EEBEZ OGNS, —TF, KT OEHRNE
S RBIZONTHIFOILBSEZIZ/NE K 22 5120, A IRBIF ORI/ NS < 72 5 21219,

L7=Mo CTEICRFBHBND L5 i > Cnd &, L—F—RIROKRE D
FALIZ/N S WD, WWERIIMIEC LV /NS b 2 énTHlansg, LEOZ &5,
K-THF-GIC 3k Tlx, R DOEHRFHORE /NS L 20 EREBREITL TV D
EEZLND,

EER O R AR TANCHERR T D 72012, Fig. 3-6 (ZITM A4 ki 2 J5 6] D SEM
Blegmifg (5,0001%) 27, (QDEERREENTIL T, ZOMIARY(b) TITRL T DJE
HFMORE SN, #H T R> TWLBRBME TRV, Zhickt LT, EBRbamE&k
A5cmPB A R (C) 1R A ST I~ D JE R DRZIESe, FIBENRL Z » TO AT MR T 5,
FAITRT L 91T, 500 cmPR v b &AW OSAI , WA BRI ORE &
HBEENE T TWAD Z ENRBETE, AFREOIHVE Y DR & & D% OBIRTIC X 5 B
WEEEETE TWD Z L2 BT TS, 20X )T FIRIR OB RI1L, EiRDFigs.
3-2~3-50 L — Y — AR L LR ORRESA DOEANLBLE LR & KRS L Tn
a3
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Fig. 3-6 Typical scanning electron micrograph images of feed graphite particles
and their products ground for 4 h.
(a) feed natural graphite particles (NG)
(b) ground products of NG with ¢ 1.0mmballs
(c) ground products of K-THF-GIC with ¢1.0mm balls in a 45 cm® pot
(d) ground products of K-THF-GIC with ¢ 1.0mm balls in a 500 cm® pot

34 AT A RHTZRAERAWTZEBER
3.4.1 BERAEMEED ERLE

HEMEGHIERIT, SEEYE TH 2 BN, CB (MA-11, —ZE(b 78, AFRKL
T£290m, LLFCB LIET), BXOEERCTHH 7 =/ — g (7 =/ 74 b HD-2325,
DICAEHEARRY ~—HL, REFRSr 43%) 2OAED, BERII1E, FEPEOHE R RIRES

(GP-C100) & HBiRen T 3T ik ik KR RS (BF-3AK, BF-8AK, CFW-18AK ; \»
Fhob PEERRES OBV, B IXONEEEROEGHESH (UCHIDAG) Th o,

NEE 5em D A 7 7 FLERIC, EAERTOWRIKIR 7 = — VB 1.09, £ér & CB #pTE= (&
3R 50 mass%Lll T O#FH) WL, A/ UHEEZHWTE pMREH L7z, ES Imm DA
TARTTAZHEABRE (AT7A4 RHTZAEFR LA XTHES 1.2mm O 7 /L I BRI (2
Yy hL, ZORERX—ANEATA FHTAEIZEYE, TTRAF v 78-O~5EZHNT
Vj—eb Loz Lic, BN AT A4 RITZA%4 L, 60°C OEXIFT 1 KFEF
%, 130°C T 5 SY[EIMEAL, B4+ CB-7 =/ —ABHEESEAER LY, Z ol
DEIEIC LY, BEEEEORIEAATRET, BHMEO LWEE LR S OBEA BRI E 2=
HNZAERL T % 2 E N AREL o T,
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AT CEIHEA L BENE, 50%E8 (L —3 —FHTEE Xar) 22.9 um OEFEMIZENT-K
SRR ROIRESR CFW-18AK TH 0, ZOMKI RO R 5 Béna 4 FFEH W -, HW o Beh
D% Table 3-3 127”7, 22T, Xafldk b —F—[EH788, Xoldom ODILMER 2 7R UIRFEBE
D 500X TH D, FRiFEE XgifXs) 1%, RAFOERALEDIRIED —>TH Y, Rk
HBKREL 22D EMFEILVHARTHD LHEZL TR,

Table 3-3 Laser diffraction diameter and Stokes diameter of graphite particles.

Xdif Xst Xiif/ Xst

[um] [um] [-]
GP-C100 52.5 26.2 2.0
UCHIDA G 31.1 15.9 2.0
CFW-18AK 22.9 12.0 1.9
BF-8AK 7.9 6.6 1.2
BF-3AK 3.3 2.8 1.2

3.4.2 18 A5 W o> B T 14 BT
B - CB-HE1E AT OIEHUE & T EREHEIC & 2 IKIKHTRET (Loresta AP, — £y LAY

ETEY T a— 7RI X D AP (Hiresta UP, —Z28(b52H) 2 W CHIE L 7=,
10° Q & CIHEILPIRF T, 10° Q L 0 K& WIEKFLOBHEEIT mItPrRe 2 AV CllE Lz,
REITAT A RH T A0 10 EHFT T, FRFICYA 7 B A—F—TAT7 A RHTTADEX
& 10 FEATHIE L7c, 2O OEN D, HIHUE p[Wem] &2 L FORE HW TR L, 0
WAE, R, AR (RERZETEAE) 2Rk T, EERBNRELOEEME 2 R L
776

p=R-F -t (2)

Z 2T RITHBUE[Q], FIIMERE-], tIZEE[ecm]Th D, MIELRE F 1%, RS Rk
TRE LR TH Y, (KIEPLERG & mIPLERGH TENEN 4532 £ 1009 ThH D, RBEE
Lk, WUERIZOAT A T ADESOENSEB L,

343 EBREE
(1) CB O #RINZh &

1L U I ERBUE D /N SV EREY CFW-18AK  (Xgir=22.9 mm) (2, RIKHUED &V CB %
IR TER L 72 E A BRI DWW T, ZOHIREUEN & D L 5122 b3 2 0% EBRAVITHK
AL, £, RIRIEORE BRI~ A7 0 A= —Y A4 XDki+ (HBfp) &F /KL
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T (CB: K729 nm) #EEEDLESZ LT, BEOMMIZ CB BAV ALY, A NE
HCH I CEBEEWE 2 0I5 LN TEE, EAEEFTLE LI EER 2T
MTEXLLEVHIHNRH D,

mass of graphite

- _ x100% )
mass of grahite and carbon

HAERZIE, SEEME (B+CB) TORMOEE R f 27 A =2 L LT, @A
RIRRE D LS U & AR T OB MW E o= ((Rfr+CB) OEE/ (Bin+CB
+7 = —BE) OBEE) 7wy b LIERRE Fig. 3-7 IR T,

¢ = Graphite/(Graphite+CB)
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Fig. 3-7 Specific electrical resistance of the composite resin for various mass fractions of fillers
(CFW-18AK and CB).

EEMEYE T ORI OFIE D 100%0O5E 0, i b IIRPUEA/NE <, CB OFIA B HEN
THIZHONT, TRTOFERTHEIUIRE 22D, CB 100%DEIZE DN TN Z &2
IND,

T I T, EBCEBAASWOREEE, & IR DICHEBEREY KFT O, R
ETIERL, OB b3 RbbLIENTOEBMIEME DS EHT 5R0ERTe b H Ao 721K
PUEONRT Y XL EZHND, 2 TFig. 3-8 (21X, 1KDATA KH T ADRIESHT 10
FEATICR T 2I|MPUEICE B L, o7 Y 3 OREZEERE (EHERFZEIELE) CHF
fili L7zfs R 2=,

-60 -



¢ = Graphite/(Graphite+CB)
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Fig. 3-8 Variation coefficient of electrical resistance for various mass fractions of fillers
(CFW-18AK and CB).
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ELTWD,

Z OFERICHE S T HIRT DG ER COEGBIEROIEARSZFIZBNT, BhoEE
1L 60% & LTz,

MR DESFHEICOWTIL Fumnas 1I2 X 5 &, KPR ORI RN+ REWVWE X, K
VBRI OREE (E8) 2D 60~80% TLME L F/MoT 5 10, 2o FEiiE
T 5T THD, AFZFED L IS, R ~—< U v 7 AR TOEBEEYE DO
BHERREIL, NY ~—BHEORE, RV ~—#EOMMES CB & Bk 7O (BiAKME)
R ELEET LY, L LR EERICE, BROBES LR, KFROKE 2 BEH
BT DMRFE 33T 50%LL EOEIE %2 Hd T, ZOF XMIT/RIT CB R R < e L T
MOTRREIZ o T D EEX BND, EEMEWE MG L OMAIER b E X 725803
SBORETH 5,

CFW-18AK L IZIFREDEEMNZ AT 5, RFROELD B2 VT, BEoki+£&
DE B RIERIE OB EMEC R IT T B A2 EERAJICTHRET LT,
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Fig. 3-9 Relationship between specific resistance of the composite resin and mass fraction of
the conducting substance.
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FEHEER 30 mass%ll P27 5 &, RiF£87.9, 229 mm OEE (BF-8AK, CFW-18AK) % H
WS AIEEESMERTW D RIRPUES/ NSV Z &R0 nD,
CFW-18AK % W= 354, Fig. 3-8 T/R L7 XL D ICEENDE B | )3 55, 66% D5 TH
A RIIR I DOHRBUE O ZE RN FEH R O JLWFEFH T/hSVMETLRE L T\, 22T, fitt
DEGFEIKI L TH ZOFMET (BIHOEESF f=66%) T, HEIUEOEIRIAHE L
Too T ZCEEMEME OFIESRIT 33 massh Lt Lz, i, Fig. 3-9 50005 k9Tt
LAY 10°~10"Wem A — & — & HLEH NS WS Th D, A TIREREZ ATREZR IR YD /)
S LTT7 =/ —VBHEDFRE, TRDLLAEROBEREZIROZ ENMNELRDTDT
Hb,

DT T, SRR TEZHWEATA R T AFEEZZENEN 5 BAERL, 1 #izo
10 EPTHIE LT, #EF 50 ROIPUEAERIE Lz, £ OEEREA R Lok % Fig.
3-10 IZ2" 7,

DR EUGP-CL100 (52.5 mm) OEBMREIIRKE <, K REN/NE L D250 T, A8k
B/ &L o> Tnbd, £72 CFW-18AK (22.9 mm), B L O ZF 1L F DRI BTl
BHUEOEEREITIZ E A EBL L TWRWnWZ ER gD,

ZOZ VL, BRI TORKI T OSHCOREBICERT 5 L E 2 6D, Bin0E &S
T ETHLOT, RFAEPDSWEEKIZHWZHEAIEE, T OB EEEEIT
m< D7, HEMEO BRI BIEREAN T IS h s Z ERHIfFcE 5, H
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32, Nagata HIFEEMEWE ORFEN/NS LS RDIZHONT, N—al— g VEENMEL
DLW LTND O,

— 5T, BITRDPEIRHCN S b LEEE LT Y, Lo T, N—alb—vay
DFEZ DT I LEEMOFNREWIC LY, IERFUEOEERIA 22.9 mm ORLF2 TIEX
— T2 EZ NS,
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o o o Ul
——————

o
ol
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Fig. 3-10 Influence of particle size on the variation coefficient of resistance. Number in
bracket denotes Laser diffraction diameter, Xgit, of the graphite particles.

RRBENF KO 4 e A pkdn VEMRFIBEHLERE D SEEL) 2V, 341 EFERD
ECTHERBINEEZ /ERR L7z, Fig. 3-1112, HEERIEELO FLHhuE & i E ki + o Fe ik
FLOMRERT, @)1 45em® Ry N OBMIAERMEAWESEATHY, KLY, TR
RIRBER DR A R D> © 72 2 BRI O HEARBUE I RORE R SR B e 2 W iR o 2 &
FIEFBROMENEN LD bEWZ ERbND, —J7, K-THF-GIC Z#&H L 7= i pkn >
ST, T—# 228 (20.0 & 29.0mass%) DA TH DN, JFEHE L OZ opiE
B 70> B 72 5 D HERHUE & iz U C 1/10 BL NSRBI EEIRPUEDS /N S < I o TV D, 72
BT =282 B LRV OIE, 45em® Ry IR O AR B 1.5 &7 T
DFERTIIEAE LR TE R oTe D Th D,

Fig.3-11(b)I=/"T X 912, 500 cm® 7R v ~ TOMER 2 O T=5E81E, B0 F
2 6.0~50.0mass% D FiH CHEATEDOIER 21TV, TOHEBIENE Lz, KLb, KK
BER ORI D> & 732 5 BRI O FLARFUE X 9~~~ T O FRIERE O Tl O KRR %
HWTZBIEIR O Z L S IZEREEN TR LD bEmnW 2 L 3bns, HIEANIZIE, 45em® K >
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106 3 | —O— NG feed —/x— NG ground for 4h with ¢1.0mmball
E —2x— NG ground for 4h with ¢1.0mm ball —/— NG ground for 4h with $3.0mmball
—/— NG ground for 4h with ¢3.0mm ball —a&— K-THF-GIC ground for 4h with ¢1.0mm ball
5 —aA— K-THF-GIC ground for 4h with ¢1.0mm ball 105 L —W— K-THF-GIC ground for 4h with ¢$3.0mmball
10° & —W— K-THF-GIC ground for 4h with ¢$3.0mm ball E
—_ 'g‘ a4l
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Fig. 3-11 Relationship between the specific resistance of a composite film and the weight
fraction of graphite particles.
(a) products ground for 4 h in a 45 cm® pot
(b) products ground for 4 h in a 500 cm? pot

N & W T2 D56 L [RRROFER TH 5,

Z 2T, Fig. 3-2 & Fig. 3-4 X° Fig. 3-6 ® SEM 06 b HEHI T 5 Xk o Ic#Ekixd
HIEEHEIT L T D720, BAEEOEEME I ET25 2 EB8MffENns, LrLENL L
IR LD, Bk T ORI ECRE S O 7T BN T 7 2L HEIT LTS T2, B
R DN B 72 DI T, RN 2 72 2 SIS K DT OB RS, Benki 70 E
PERFEE OZN LY IR T T2RADMEERELS 2D, ZNLDOMEPHEII, KR
B Al R R — L 2L CEMHIT I RLEL U 72 720 Tl E i & W -8 S RtIE IR o
BEAEE ESED LI TE ot EZLND,

— 7 K-THF-GIC A @ Ph BHEIEIZEI L TlE, 6.0~50.0mass% =T D FEIE =R
DA T THIRPUE DN RRBIABAEIEO Z N X 0 & 1M 6 2HEL /S, &0 bl
VR 6~12mass% D SR OMEIL T, JFEH & AW HIEIR L » HIREERDIC, 107~
10° 1% & BB NEN TS Z LR35,

F7o, HEPUESZRIC EH LD 58 (OS—a b —r g VEIfE) TOEEBEMERT O
BRI FURFREN 2 6 72 2 BHIE I Tl 30~40mass% T 5 D%t L, K-THF-GIC D ¥yt
P> B 72 HEA IR TIX 10~15mass% & KIFIZ/NS W2 230005, 1.0mm R —/L %
ORI & U 7B 2R 5l 2 F O CHUERL L 72 BRI DU T 3.0mm AR — /U R AE Rl i D 2
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MLV BIRFEE RO TR /N S R RIRPUEE2 A4 5, 20 Z L1, Fig. 3-5 @ 500cm®
Ry N TOMBERY) ORI ORERNDDND LI, Yva=7 Imm A—/L%Hv
T B B C IR HE (Kairsol Xstso) DI R L 0 R E W, T7ebbh, KV ER
WOBEERL 72 HWIZGAIL, KVRWERERETR—alL—ra VBRIV T kol
= EE LN,

35 WE

RKEOREEE DL ELTOWMY L7205,

(1) BénoEEEREED IR - 7o BénEfb &4, K-THF-GIC &AL, THF iR TRzl
it o 2 & CREMFBEZ IR L, HAREEMRLFOAERNA R E o Tz,

(2) AFA4 R T A EIERR LT EA BRI A PTG CHIET 5 Z LI2 kD, R
ﬁﬁﬁi<%£$%&ﬁﬂﬂ &ﬁoto

mbfwésﬁw%@%lﬂLbfméo

(4) DS, BERI T OEEMENFELS E R 28 T, EAEOBRIEO LR L
INSKINA DA DTZDITIE, BERLAY A XD/ NSOV HEREE L,

(5) & EinE AW T-EEBIEIREO LLHPUE & Z OB IR OFE R 5, CFW-18AK DEFE
PEREDEINL TV D

(miﬁ@%%bkGmmm@%mbt%ﬁéﬁ%%ﬁwt@Aﬁ%ﬁ?i JLBRRT D B
PRI F A HWEEA L b, EEMEN 10106 1025 Em B L, & bIHEFER T
10*~10° fi% & D EFEME AN ) L7z,

(7) RIVETYERR LI EA BRI TIE, EEENSMIC LS LD 5 /3—alb—T g VR
e Z DERO BENKL T O FEHRIME T Uiz, T OMEANITR IR L 0 R IR TH 51T U
HZETHHI EDNRBEINT,

IEDFRLY, AT7A4 NI T A& HOIZEEEOIPUEIC B4 % 58T, BEE
ROFEEFFEZHERT 2 A MR FETH D 2 ENRRENT,

Nomenclature

‘F : correction factor (-)
*R - electrical resistance (Q)
1 : thickness of the graphite/phenol resin layer (cm)
* Xifs0 : 50mass% laser diffraction diameter (mm)
* Xsts0 : 50mass% Stokes diameter (mm)
*p : specific electrical resistance (Qcm)
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41 S

Fexe N2 E TIERBRELE L2 REVERIL, BT L > TREVEEOZENKE L, HE
DOBRKENT ENFETH 72 7, RHFZETIE, BEEDPBANCE 5T —RBEE %
BAHZE, Tbb, 220BRVT6NH > THRATHIREPUEICEE 2 KIF S22 EE
PWEEREOERZARELE T2 L THDH, # 3 BEOHMD AT A NI T X% A7z Béh-
7 = ) — VRBIEE A OB 5, GIC {LALBE A H L 7= ¥y e pdn & R 7= A4t
JEMECIE, AUERTO BRI F 2 WA L0 &, EEMEN 100205 100520 ki kL, K
FEHR T 10°~ 105 b IO MEMENH L L7 L DHREZE TS, £, BHICFICA
N5ZENTE, BERAFEOEEEL AT D, NTFREORLRD 5 EAORKI LI,
CFW-18AK DEEMFENMEN TV D, BN DIRA (R (SREH+CB REN)IE, 55-66% D
A LTV D &EDMRAEE-, KETIE, ZhbOmMmREREIC, BEIZ CFW-18AK % f
V, BERDIRE A 60%, EEMEYE O FSEIRN 32 mass DIHEEAAREER L, T DFEEL
PERELHE 3 ETHELNTVDIATA RH T AEICL D EBEMFEICOWTHERIELZ, &
T, CFW-18AK & [FIZEDEEM L A3 H Mo 4 FIHO BT OWT S RIERIZHEEG
WEMER L, ZORBMEREL AT A KH T AIEIC L 28 EMERERGE LT,

42 BAASRORMELHE

4.2.1 FBBEAR O ERYE

IR 7 = 7 —VBHIRIC, BB EEIN60%E 0D K HICE e CBAEIRMLT, &
DEIETE, 3-4-3 THRARTEABIBROEEEN K HLET HHEPHO CB ORMETH 5,
AFE 300mL DOF 4 ARA v FIZEHERTOWRIKIKR 7 = /7 —/LHflE 100.0g ZH Y, Bér & CB
AITERRIN L2, ©OOWT, HEE 60mm O 7 a SR ERP 44E3% L7~ DC 75 v L %
ET—F— (B0W) ¥ A 7O ERHELHEZ HC, 1200rpm T 5 EHEEL7Z, &6
Tz~ =2 MREA S 2 300x300%0.8 mm DOEM (F /%) 12, BEFEMKRFEEZHANT
BATEN 25 g £/ed &9, 16em OGN 2 hm —F TH—IZ8AT L7, BAEROE
S DB E RS D T2 O DORGAT (PS-103, = H- ki) 28, 28cm g2 (4
U— R ZELLEZBWAER (77 A, 300x300x12 mm) & ~2—A MREAEHE 2 %
fi LTHR A ERE b, KV 7V A 135°C, EHFE 7] 9.8 MPa, [EHERERT 5 min
TT VA LRBEAGHRZER LT,

4.2.2 FHEBHABR
ERL L 7o Bt i 2 4x4 @ 16 FEPTIC 0T, EEN ORI IZEVE R 2 B0 51772,
TYUHNT AL — (3256-50, HIOKI ) ZHWCTHPIER ZH|EL, UL TFOXL Y BAE
JITWB—E (F40W) L7225 L5, EEV EZHINL T 600 FPREIFEEGER 21T 5 72,
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)
ZZTWIEHIWL, VIZEEV], RIEHMEQITH 5, Table 4-1 ICHIESMFE E &
HTRLT,
43 ERER
431 BREERBOEEM
REGE 10 EI LT, £RlBA OBRPUER 2HE Lz, #EBOE S, Slkns
90 KT >7 VX NVEMEE (DinoLite, =7 > F&) ZHWTHIEL, &EWROYELHEE
JZ Lave EIRVERZE Lep Z R M L7z, —MRICERBIEIZHV DD BRIE, REMEHR RO
LZAE TARY—EmEIRTh 5, ZDD, TOEAHEIIAEHALRLO LY, BEEE
RS2 EMCET S22 IR TH 7, LN ->T, AR TIIEREE IS EE L
LCHEZ, AWROBEEMEITIPUE CIM T2 2 & & Lz, Table4-2 (2% Bk 1% H\ -
WG OEERBIES L (B5H) LEPUE R IZOWT, TNENDO I Lae, Rave &
R EIEEL Rsp/Rave & 75T,

Table 4-1 Conditions for heating test. Applied voltage to the plywood was calculated

from the resistance using equation (3).

Resistance, R Voltage, V Power, W

[€] [V W]
GP-C100 14.7 24.0 39.2
UCHIDA G 1185 69.0 40.2
CFW-18AK 28.1 33.0 38.8
BF-8AK 163.6 80.7 39.8
BF-3AK 797.6 100 12.5

Table 4-2 Characteristics of the plywood.

Lave Rave Rso/Rave
[107%cm] [€] []
GP-C100 9.6 140 0.47
UCHIDA G 9.9 1503 0.51
CFW-18AK 11.4 315 0.24
BF-8AK 12.3 2024 0.39
BF-3AK 8.9 9927 0.40
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AMDOIEHE Rave (ICEH T 5 &, GP-C100 (Xgir=52.5 mm) & CFW-18AK (Xgir=22.9 mm)
LD BER & BT/ S, 230D O RIREEN IR TR IR A R & < SR PRI AL 7 ik
%%ﬁf%m98M%@Eﬁ?f%ﬁb?H%mﬁw%<@otk%z%Méo—ﬁﬁ
PUE DO Z R Rsp/Rave 1L, Fig. 3-4 T/RL7ZAT A NH T AJEO HKHUEIZ B3 2 £k
BRI FPARAFENE & FIRRIC, RFEE08 22.9 mm @ CFW-18AK TH b/h SV, L L, Fh
L 0N SRR RO B A WA, Fig. 3-4 O & 13RI > Tnb, T74bb, %
BRBUIREL o TV D,

432AW®%%ﬁﬁ

Fig. 4-1 (21%, FEERVINKRE 600 # oGk 16 EpTOMERE 2R, 2 2 Tid—
W&LT,m%é®m%k%ﬁenmm<&ﬁwsmm)&,umm&m(mﬁmgmm
%%mt%%%%btowfh®%é%,%EWM%%ﬁE<@é:ohfﬁﬁﬁiﬁb
TW5b, WEEZLKT D E, CFW-18AK 2 W =B D23, FEEVEEE ORI EEFTIC
NNTDEFRALNTNINZ ENTND,

IRBEFE IR B ~DFEM % B 2 -, Lﬁ@ﬁﬁﬁﬁ%&ﬁmVA@ﬁLﬁﬁ>io%
MR T O MR X B R RFT R & e D, ﬁﬁﬁ“ﬁmmmﬁﬁ ERERER AT, li

AERE DNEHIETH D (M) _RZ—Y U IRNEDTWS O iz ks &, REFC
ONWTIE, =877 7IZ X DRMmREDAMABRAL FhE L, Kk o &R & RIS

& DWERREZEN, 5S°CUNTHL Z BN ETH D,

——1

-2
1——4
]|——5

1|7
{|—m—8
1]1—e—9
i | —~— 10
B —v11
O | —~—13
1 | ——14
1| —T—15
1 |—o—16

surface temperature [°C]
surface temperature [C]

0 100 200 300 400 500 600 0 100 200 300 400 500 600
time[sec] time[sec]

Fig. 4-1 Surface temperature measured at 16 points in the plywood (30x30 cm)
prepared by (a) GP-C100 (52.5 pum) and (b) CFW-18AK (22.9 um).
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AR OFEGR T, REME L0 iR S DI TREWIEZ T 72720, ik
L7zikBr ik L1387 b, Lin L, — W72 KRB AIEE Th 5 25~30°C Z HIZ L Lz
Bt b7 BRRE 2R LT SBERkI T CFW-18AK T, 30°C (ZBIT DIEED/NT
Y ¥ 1L 5°C LINIZINE > T 5 (Fig. 4-1(b)) .

KA DR D Bz IO TR L 72 B i DR BVRFIE 4 £ & 75 R % Table 4-4 [20R
T, T 2T DTaweld, BWROBERHEZELHIIMCE LRV ER LZRENSFHMIT 572
HOHDOTHY, 10 43FE DOIEEGRERTE O SVIJIEFE Tave & FIHEHIEE To & D=
(DTave=Tave=To) ToH D, VR Taweld, B FEOEKE S /NS BF-3AK(3.3 mm) % R,
EDRMEHNTGETYH 385~41.7°C O#HIPFHICH Y, 1FF—EILRD X HITHETE T
W5, 728, BF-3AK Z WG Z S IZRENSE D 720121%, 100V ELE (176 V) @

X 0 BHIE T T o BEKRIA DN EAL L, Table 4-3 1278 L2 X 9 ICAROEHUE D & <
molilehEFEZx b, SEIOFERTIIEMMELEBELTI0V % ERE LIz, F
VJREE 25.9°C £ COREUTHE E -7,

FRPITR LT 16 EFT OGNS 2 BBV E OIEHERRZE Tsp & DTaw & DL,
Tso/DTave 1FHANIRE EFRIEH -V DEEDIXL DT ORELZRL TEBY, TOfEIT,
CFW-18AK (Xgi=22.9 um) 2 b/hE <, Z ORI FRFITE TV MEZ o Z L0355,

Z OEPNIIEITIR 72 Table 4-3 127 L 72 3 EVE R OIRFUEIZ BI ¥ 5 ZH1EREL Rsp/Rave P
BIFRBIRTEMEE b~ LD, Zhud 32 BiCih_7= X 518, k&N NEL2DI1To
T, N—al—rarPEIVRLT 8D ~HT, MUNITFOREENETZLICXD
EEZBND, TDX DT, Tep/DTave TR L 72 FEEVREIE ORI BAK AR 1T M 2 $ D
728, Fig. 4-4 TR LTZAT A KRBT A% AW EBR COIPUEOEEMRE N B BT
CFW-18AK D LU F CIRIIIE —ED/NS B & IR HRER & T, /NS RRFEOR
ENCIBWTIHEAN R D ES 5D, 20 LIRS OERN, Bk D58
1%, BEEBNEOBAMITIE, &2 WVIIAREMBIREOMIRN AT A N T ZADFEFRFM LT
HRpD70 B2 N0, FMeRFHIS%OMETH D,

Fig. 4-6 |Z Table 4-4 DF — Z s BRE F£& & 16 T DI BRI DI YR & ORR &
TN ELDELDOTH D, FEHEEN 25.9°C L+ TiEAe<, AT BEEOEYER -
MNS L 725 TNDHIZTERWV BF-3AK D RaxDZ < &, o 4 FFHO Bk DT
X, REEVEE OEUER AT OV T CFW-18AK  (Xgir=22.9 um) 23 /&<, GP-C100

(Xair=52.5 um) [ FIEHERFEDN 8.7°C L bR XV, T OFRENEE OIEAENR 2 DR 1 RAKST
MIX, Fig. 4-4 R LT AT A RH T A% W= HHUE O ZEMRE ok B FME & BT
h—HLTEBY, AT RHTTAEROTZEFEER» D AWOREFHEE TRITEX5 2 L
DREIND,

LEDZ e, RAMFFETITo T2 AT A R T AEO EHGUE R X OMEPUE O FLiE 525
1%, AROREEEESC, BIEH TOEEMEME O HOIRIE 2 5 rZ T3 - FHm3 2 FiE
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ELTAHRITHD Z ERmholz,

10

6
4
.

BF-3AK CFW-18AK GP-C100
BF-8AK UCHIDAG

(33) (7.9 (22.9) (31.1) (52.5)

oo
T T T T

Temperature variation coefficient
of plywood (SD) ['C ]

Fig. 4-6 Standard deviation of surface temperature measured at 16 points in the plywood
(30x30 cm). Number in bracket denotes Xgis of graphite particles.

44 WS

ATA KRBT AV REBEERICI VGO,

- BEhOE B (F=EE (BEH+CB)) 1%, HERNEROEIUE DL ERE ) 0.5 FREE &
ZE LT 5 55-66% D #EFHNE L TV 5,

- BEVRL T OB BN RIS & R A HIPH I, HABEORPUEOZ IR Z /NS <X
HE5T20OITX, BTN NSWHENREE LU,
EDFNFINZEESEAER LTz, HEAGRORERHEDOFMEORERZ LU TICE LD D,
(1) FEENVERME OB FEARAEMEE, SRR FEBR O LK PUE 2 B9 2 B BRI DR AR &
EE—F L7z, UL, DESRRFROEMCB W CUIEHm R R 250 b b o7z,
(2) FEBEMEE D357 T7e o 72 BF-3AK (Xgir=3.3 pm) & B < &, FEENEE OFE#E(R 7213 8.7°C
(GP-C100 ; Xgir=52.5 um) 75 4.2°C (CFW-18AK ; Xgir=22.9 um) &/hE< 720, FETe
OEWETET,
B) UEDHERKXY, AT74 FITZ A &AW EABEOEPUEICEE T 2 I FE5IT,
ERDOFEFEL IS 53R E L THZITH D,
(4) ERt2 RcHS%x, FKEAAGWERIEL, HMEFHEEZFHMI L& 2 A, FHEFRHEDORL T
PARTFMENL, IR ORPUE O ZEREL D VA A7 & —F L=,
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Nomenclature

-F - Resistivity correction factor =)
1 : Bonding layer thickness (cm)
‘R . Electrical resistance (W)
* SD : Standard deviation

* DTave : Difference between Tave and To (°C)
- Tave . Average surface temperature of plywood after 600 seconds (°C)

applied voltage

* To : Average of initial surface temperature of plywood (°C)
-V : Applied voltage V)
-W : Power (W)

« Xair - 50 mass% laser diffraction diameter (mm)

* Xst : 50 mass% Stokes diameter (mm)

- f : Mass fraction of graphite particles to the total mass of (%)

conductive particles (graphite and carbon black)
‘r : Specific electrical resistance (Wcm)
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