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Polyisoxazole and Their Applications.

_ Suck-Ju Hong
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Abstract

Highly crystalline polyisoxazolirie and polyisoxazole were synthesized via addition-condensation pclymerization
by the reactions of terebhthalohydrox_amoyl chloride (TPHC) with diolefins in a non-polar solvent. And the
physical properties of the produced polymers were clarified. The electrical properties of polyisoxazoline,
polyisoxazole, and their molding gompouﬁds with epoxy resin were investigated on the basis of physical
properties of the polymers. The following results were obtained:

(1) Polyisoxazoline (I-A) (papc=10°Q.cm), the reaction product of TPHC with m-phenylenedimaleimide,
and (I-A) (05c=10% 2. cm) from the reaction of TPHC with ethylenebisacrylamide have shown the semi-

conductive characters.
(2) Polyisoxazole (III-A), thelreaction product of TPHC with 1, 4-diethynylbenzene. has shown characteri-

stics of a positive thermistor.
(3) 1-A, II-A-, and III-A-Epon 828 molded compounds, cured with ethylenediamine at room temperature.

have shown small electrical energy losses.

(4) 109%-I-A- -II-A- and -1[I-A-Epan, 828 molded compounds were found to be very thermally sensitive
resistors in the temperature range of 25-90°C. These newly molded compounds from heterocyclic polymers,
such as polyisoxazoline and polyisoxazole, were found to have the characteristics of the thermistors.
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nylbenzene 9] ub-2-of] 23} polyisoxazole(I-A) S A Table 1, 2, 39 w4 &2 hfghol dldt £xox
52w BEKS AEagt 4% A% Fig. 19 2o Fig. 19 2 449
MAT BEAFES ALE A9Yoz 4UBT ALY Be (WA energy gap (UE)E T
AedA 140°C 71x19] 2= PHA Hifikez & AAE FEE Table 49 2o}
At 2 #FRE F3ebd Table 1, 2, 332 2o}
Table 1. Electric conductivity dependence of I-A on temperature.*
Temp(°C) 1(Amp) R() P(Q Cm) J(Q“ em™)
28 1.925X107% 1. 582108 3.80X lOn 2.630X1071¢
46 3.350 9. 104104 2.19 » 4.560
57 4.500 6.778 1.63 » 6.130 «
78 7.400 4.122 » 9.92X 108 1. 008107
140 2. 500107 1. 220 ” 2.94 » 3.407 »
K Sample ihlckness (l) 0 543mrn Surface area (S)=1.3067cm®. Applied valtage =3. 05 Volt
Table 2. Elecfnc conduchvny dependence of II-A on temperafure *
Temp(°C) 1/7 X10‘3(°k) 1(*\mp) R(Q) p(Q Cm) J(Q Lem™ )
29 3. 3096 2.500%X1077 1. 220X 107 3. 05X 108 2.281X107°
49 3.1041 8.000 ~ 3. 466 X 10° 8. 66107 1. 155X 1072
72 2.8973 3.600X107° 8.472X10° 2.12 » 4.726 »
96 2.7089 1.800 » 1. 694 X 10° 4.23X10° 2.363X1077
125 2.5116 4.200 ~ 7.262X10* 1.81 » 5.513 ~»
>k Somple !hlckness (l) =0. 523rnm Surface area (S)=1. 3067cm Applied voltage =3.05 Volf.
Tuble 3. Electric conducnvnty dependence of N-A on femperature *
Temp(°C) 1/T‘/10 3(°k) I(Amp) R(Q) o(ﬂ cm) «f(Q Lem™)
28 3. 3206 3.00<107° 5. 267X 10° 1. 15><1()u 8.688X 1()'12
48 3.1138 1.30 » 1. 257X 100 2.16 3.766 #
93 2.7311 7.00< 1070 2,257 4.93 » 2.028 «#
113 2. 5897 3.50 « 4.514 9.86 # 1.014 »
130 2. 4805 2.10 » 7.524 » 1. 64X 1012 6 083>(10'13
* Sample thckness (l) =0. 598mm. SurFace area (S) ==1.3067cm’. Applied voltage =15.8 Voh.
Table 4. Activation energies of I-A, II-A and IH-A. Table 1, 2 9@ Fig. 1A%} o] [-A 2 [-A

AE; (c \.)

Run N ' Femp range (°C)
A 8~140 0.486
I-A | 29~125 1.107
m-A ‘ 28~130 —0.510
0V == poedER T L (A)

0o 2 T—>coul] o] u] A&}

4E, : energy gap o] #|33tc}. Activation energy.
K : Boltzmann constant, 8.616X107% e.v/deg.

T : Temp(°K).
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Fig. 1. Resiviivity - _:_- relations for I-A, II-A and HI-A.
2= [-A>T-A>T-AY ¢4z ook &
Table 4 9] FA3}ol A (UEH)E 2 1-A>1-A7t
g3 0-AE pkol L= W3t Ee FEE 7t
22 £9] 4E, 3 vebiich

[-A 2 1-A: 4oz, L-AdAs AT
#ZZo| aliphatic chain & &3} ¢lA|gk @ ujz]
e Vel gt =k Y E isoxazoline i

% zgstz YA AP Fx NHCO- ATt o
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Ag & F At
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Table 5. Comparisons of resistivities of I-A and 1-A with
those of other polymers.

2(Q2. cm) R

polymer (room temp) 4E; (e.v)
Po]yphenylacetylene 10 106 0. 963
Polybenzimidazole ¢ 10t¢ 2.900
Polyrhodanine 2® 10" 1. 550
Polythiohydantoin 1012 1. 400
I—A 10° Q. 486

1—A 108 1. 107

§ vzed ASAE 2 JEBE AT Heh4
olE xnrE I-A I-A7F EEd =8 HEEEL
A & wedee AL ¢4 Ak 23y polyacry-
o} & & g} %< pyropolymer?® (p:lOB, AE,=

room temp
0. 3)9+ I-As e e 7

lonitrile

I-A: 4339

A7} ok} o] Fol = 8] activation energy JE, 3=
# e ez gl

wetA olabe] A A A FRFAAA
obid #Fgt&ol glo] A= Hirohashi %-2f 4=~ 3kel
wl Al 28] &) o] hetero atom 2} unpaired electron o] 4
7 Ao A F U Aol AAG}, zeiv
oA AR JE A

Polyisoxazole J[-A = Table 3 1 4 el Fig. 1
oiAet ol exsb ebiol weh uAge] A
47 Axs AsHQt, [-A 2 T-AsE g @
ol qlejxkrh, o] 9hgto] prb gx:el sl positive

dependence & 7 2o IES] KA Lm0 (positive
thermistor) ol A ¥4 9li= &A43 Fd3lch, Iy
M-A ¢}

o)A #ie] polyoxazole ™ ((p=1013 Q. cm)QJ,-

room temp
I-A% wastd B g7 397t p ghe] At 2
gy F71A 9 positive thermistor 9l BaTiO; A& 2
s wjzdm (R=103Q. 50°C el A)*™ ¥& AFYAE
e et

B-A 7} 258 Ao wit prt ARz AEEI 2
48t AL 2 AATz AAsE iz 44
o}, 9 1 ol Al A gupet ol L£EIF PolAFE
AR &Y A5 ALl ARG, zev =7t A
%%el whe ol2l ¥t AA S 7] 435 % (charge tran-
sfer 8 9] interation)& AR FHotAA st WE Kl
A olH & MBS HIEMEES QoA Aol
28z M-ASEA AL 44850 AXxz HEF
mobilitye Za#nz A7 AxE HoAA 2 Ao
o, 28z &% A 2R £X8 4% A7
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o APel Atz 4 2o} 2

HifEE o1 Felet,

o] A3} 7+ Ao A polyisoxazoline [-A, [-A
= o7t A BEEGHRS 7 Pl (semiconductor)
24 -NHCO- Z3% 2+ [-A7F w4 ge] 743 ¥
= gEAel
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Eotls

S
el

3 polyisoxazole [[-A = p 9]
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(I} Polyisoxazoline =£+= Polyisoxazole 1}
Epoxy +X|2] SHHYES| FESM

Polyisoxazoline [-A, I-A ¥ polyisoxazole -A
= BRo 2 FiEBUC] ATHESt e, whebA AkFggel
ME LB o s st AAFII} £ epoxy F
& HEE R 3o o 7)o A4S 2+ polyisoxazoline
[-A. @I-A 2] 3 polyisoxozole M-A & ¥FEhn KHis)
of 2 BEAVEES va FEIY

oAl (D)ol e —@hel 1-A, I-A, [M-A¥
epoxy 4| (Epon 828) 3 {#{}3lo]
0.2 AoA AAH Y5 B-FE52 H7) A capacitance
WEslz FEE, FHEE(an 0)F 22 3l
A, T-A. M-A Y BEBRE HERHsd o

ethylenediamine

{

Table 6. Electric capacitances, dielectric constants,

compounds at 24°C. ¥

‘Sample

and dissipation

Ci(PF)  Cyo(PF) 4C (o} Qe

Blank (Epon 828) | 90.40  86.05 4.35 242 192
1-A-1 (0.2%) 90. 30 84.60 5.70 no182
2 (0.5%) ” 82.17 8.13 » o172

3 (1%) ” 82.50 7.80 o 144

4 (2%) " 84.30  6.00 ” 179

5 (10%) 90. 47 88.38 2.09 237 209
1-A-1 (0.1%) I 90.30 83.75 6.55 242 166
2 (0.5%) [ 83.85 6.45 v 167

3 (1%) i 84.32 5.98 n 158

4 (10%) [ 90.47 88.31 216 237 187
-A-1 (0.1%) " 90.30 84.85 5.45 242 176
2 (0.5%) I 84.31 5.99 n o 157

3 (1%) | 82.45 1.85 n 152

4 (2%) Lo 83.70 6.60 162

5 (10%) 90. 47 88.28 2.19 237 209

I-A, T-A Y D-Ag #42 0.1~10% @&83:
Epon 828 +A19] E-gEo o3ty 24°C o A Q-meter

& Agstel Ao capacuance €% wiEste #
757 (dielectric constant, 35%1[:1%(]3) TEA
7% Z93)w Table 6 9} 7&";}.

Table 6 4] Epon 828 +x%9 [-A, I-A %

I-A 8 §He(%)sh Fa#o) A4S A5 Fig 2
o} 2o}

2.0
2
€ 1.5F
S
5 L.OF
E
,5
“ospk
1 -
6.0 7.0 . 80 20
_,_)K
Fig. 2. Dielectric constant (K’) plots against 1A, II-A

and lil-A content in Epon 828.

factors of I-A, H-A and lll-A-Epon 828 molded

4Q C

S(ecm?) l(cm)
50 3. 29896 0. 58572 0. 49869  8.7229 0.02236
60 3. 29896 0.35378 0.82564 6.9037 0.02158
70 ” 0.21098 1.38450 5.8720 0.01868
98 ” 0.23250 1.25630 6.2087 0.032557
63 ” .0.32044  0.91150 6.5826 0.02189
28 2. 68700 0.16960 1.40280 1.4899 0.02450
76 3. 29896 0.28629 1.02026 6.4199 0.02608
75 4 0.29634 0.98570 6.5436 0.02598
84 ” 0. 3240 0.90151 6.6333 0.03317
50 2. 31800 0. 1889 1.08650 1.9880 0.04730
66 3. 29896 0.36894 0.79176 6.8839 0.02567
85 ” 0.32672 (0.89400 6.7000 0.03373
90 " 0.21975 1.32919 5.9059 0.02815
80 " 0.28569 1.02240 6.4554 0.02792
28 2. 31400 0.1931 1.06100 2.0641 0.02340

ik C,, €, Capacitance of standard coil and sample.
IPF==10""? Farad.
= (Cz‘—

I=Thickness of sample.

4= (Q,—Q,).

K’ (dielectric constant) =

AC
C..

3123 H11A H 63 19731 128

D(dissipation factor) =

Q;, Q. Qudlity factor of standard coil and sample.
S=Surface area of electrode.
C,; Capacitance of sample when K'=1.

__€4Q
@Q4C
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Bl *© (K'=5.0~6.5) 20t 5§59 A8 =
o wHA BafedAd [-A, 1-A, D-A 9 ko)
2% LATelA o] &= Epon 827 2 ¢] %3t %0] phenol
FA9 A% Bk WRm Lapacuance 7t 2dE RAg
et 4 vt

5 Table 6 A o 4 & whep 7o) -A, [-4,
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A9 BEEIEE (D)elE E dAstrt gk

£ ol 59 g (D) % Ak webA o Ag &
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ol &9 A#AelA [-A, [-A A
o A7AE = Xd/}griﬂm_v‘é Ao E3EE
TSR Aot Al oA 9
7t glebe Aol Hdel = bl

(1) Polyisoxazoline tEi= Polyisoxazole 2}

Epoxy +712| S8Hg8e| Bltn
gg

HEA W FEE Lok d7E ARy ¥rze
,%Hi slol FEHIRIE A Al AEs A5
oFf AATYAsEA Fe) FUREA D Aok

FH HF FANEA okl ME o MRHERE N A
A AES} ) EH 3 QR g 2 FHm AL
A B XA ZEha vk 53] Wi A
2ol A EAS B el MBERFETEA
o] WEEM S 735'3‘]' A ok AL gl

wepA B (M)A 4 polyisoxazoline
! polylsoxazole 3} epoxy A 9] E-#A¥ Fo st
o 2 AZAF EREDitEAe) B4 2 $'4F
T3 FRA o] et QA Esgic),

[-A, I-A, M-AS Z7 10% {943 Epon 828
FA B Hete] 25~90°CH Yol A 2] AE®

4 Fa A Ag ¢ ¢ Uk ol9hBe ATl o ex KAEHES WEH A5E E%ehd Table 7,8,
4 Epon 828¢] [-A, I-A, M-AE AJSdxE o 9,10 3+ 7t}
v 9 £ WA 4 T3 Ake AL 4+ Table 7-& A %=q] Epon 828atS ALdA
st =3 phenol Bl R (D=0.06~0.10)*> &  ethylenediamine & ¥ A ANz A& B Fwprel
gl 297 B4 oA £el Aot 2 wAE depae
Table 7. Electric conducfivity dependence of base resin (Epon 828) on temperature.
Temp(°C) 171107 "(°K) I (Amp) R(Q) p(Q. cm) a(Q'l. em™)

25 ©3.30 6.20X10713 8. 065X 104 4. 069X 101 2.457X107%¢ o

52 3.00 4.90%10712 1. 020> 10 5.146X 10" 1. 94310718

YV 2.80 5.20x10"1 9. 6151012 4.851X101 2.061x 107

90- 2.70 1. 3510710 3,704 12'2 1. 869X 10" 5.350 1071

Base resin cured with ethylenedncmme at room femperaiure.

Applied vohoge-— 500 Volts/mln Surface area (S)

=2.9548 cm®. Sample thickness (I)=0.58572 cm.
Table 8. Electric conduchv:ty dependence of I-A-Epon 828 resin molded compound on iemperature
Temp(°C) 1/T>< 1073(°K) 1 (Amp) R(Q) p(Q cm) a(Q 7t em™)
25 3.30 9.10X1075 5. 495X 10° 8. 706>(101° 1. 148> 10712
52 3.00 1.0X1078 5.000X 108 7.922X10° 1. 262X 19710
7 2.80 4.1X107¢ 1. 220X 10% 1.933X10° 5.173X 10710
90 ) 2.70 5.2X107¢ 9. 615107 1. 523X 10° 6. 565X 10710

Applied voltage=500 Volts/min. Surface area (S)=2.687cm?’.

Sample thickness (1) =-0. 1696cm.

J. KIChE, Vol. 11, No. 6, Dec. 1973
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chle 9 Elecmc conduchvny dependence of 1I-A- Epon 828 resin molded compound on temperuture

T emp(°C) 1/T><10‘3(°h) I (Amp) R(ﬂ) p(n cm) a(n-l cm“‘)
25 3.30 2.90<107% 1. 724X 10" 2.116X 1M 4. 725\/10“”
52 3.00 1.20X107% 4. 167X 108 5. 113X 10° 1.955X 1071
77 2.80 4.10%107° 1. 220X10° 1. 497X 10° 6.680X1071°
90 2.70 5. 20107 9.615X107 1. 180X 10° 8. 474X 10710

Applied voltage=500 Volts/min. Surface area (§)=2.31 8cm®.

Sample thickness (I) =0. 1889cm.

Table ]O Electric conduchvny dependence of IH-A- Epon 828 resin molded compound on Iemperature

V I/T\< 10'3(°K)

'Iemp( C) I (Amp) R(Q) p(Q. cm) U(Q ! ch ) 7
25 3.30 4.10Xx10°1 1. 220X 108 1. 46210 '7”7(; 83910715 o
52 3.00 8.40X10°V 5. 952X 10 7.133X10%2 1.401X10° 18
77 2.80 9.30X107° 5. 37610 6. 442> 101 1.552x10712
90 2. 70 2.40X10°8 2. OSSXIO‘O 2. 496/ 1011 4.006X 1071
Apphed voltage = 500 Vol!s/rmn SurFace area (S) =2. 314cm Sample thnckness 1) =o. ]931 cm.
Table 7,8,9,10 o A&} 7o] Lx 7} zolA o] whif ol A1 2] thermistor constant (B)E t}£9] thermistor
w4} g (o) 2 stobA o 25 BEAA ™ oste] A ALE A Table 11
Epon 828 ¢ 7 ¥& ok & WA oL # e
7] = T ’0}'°3 [-A, I-A, I-A%E 10%5—‘1 7—]'74' wEe B T, Tz in & :77};47;?7,2. 303 log 14
2o wAdgde dAG Hobnrh 2 BHE L=Ti " a T-T P2
o] obd [-A. F-A, M-A9 A$(Table 1, 2, 3)Hu o 022 Toy TR A o] w] A 7,
thE WA o] AT olA& r]AE AMEE Epon Table 11. Thermistor constants(°K) (B) of 10% -I-A-
828 A}A 7} vl A de] & Ao 7]d" -II-A- and -Ill-A- Epon 828 molded compounds
G w43 M-A9 09 25 &L 9] HRE <. Sample] )
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°]9¥ v g £9] 2 &4 debiz geh oA 2552 13356 7398
o Epon 828 %o charge carrier o #7t ghobA|s= 2577 l 7638 -
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438l= Epon 828 B389 A gL
vheby 2 gk
Epon 828 -3-4-2] u]A &2} 4]+ Table 1, 2, 3
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&9 welZz gleh, webA Epon 828 o i S 2F
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N AA A S48 2A Hi 2RI A Y] 4
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sto) 249 54¢ AUz e A% o F sl
Table 7, 8, 9, 109 oo HEfESH T4 A4S =
Ae Fig. 33 2w,
log o2 kAteldl A4 A ARAE L= ¥
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rE

aHatTE HI11A X6 & 1973 123

Fig. 3 4 Table 100l A e} zbo] A 753&5-,,#1
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4 AR AN AFen 2 1-A, -A vo= A%
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fig. 3. Temperature dependence of log p of molded

compound.
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] A go] 27] wjEol thermistor 24 F-HFajct,
o] 9] A7 o)A polyisoxazoline [-A, [-A % poly-
isoxazole M-A & 10%% epoxy FXo] #H7lse 5
$Ee BED MAY] A L2 Azde AAH
emol et} WPe wEA AZE AT & Uk

25~52°C 8| A Lol A 7% prk L2l WS 1)
A A [-A BFges of LEydAe ther
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20-200°Coll 5} Rppee=10KQ)S] &% 2 A4L ther-
mistor} vl w3t Hd KETAAAE 2 A7+ A
7b AR &xol HEte omisiohE AL 44 gl
zelvt A o] & FUE 2o g4 Ao,

wrelaA 10%-1-A, -I-A, -I-A-Epon 828 2352
z+2} 27~77°C, 25~52°C, 25~90°C 7ol A thermistor
2A Aot #38 100°C LTS £%.(25~90°C)
Hel A= M-A 8 H3HEo] 7HF F83tc)

o1 ge ARARANA FAEAY 32 (1300~1500
°Cyoll A EERE *381A] s, [-A, 1-A 9 polyisoxazo-
line, M-A polyisoxazole 2- 10%*d Epon 8284 A7}
o] ethylenediamine o 2 7ilol Al 73t A3}
o vz A Fio Zxo 3] nizhE Azd K
BEHEE Az 5 Ao

] E ]

TPHC ¢} m-phenylenedimaleimide( ] -A) % ethy-
lenebisacrylamide( I -A) =2.8] i 1, 4-dietheynylbenzene
(H-A)F A4 EltEREAd A fn-EaEa 2
BPERE S 2 #hidhtkel %-2 polyisoxazoline ‘2 poly-
isoxazole & HKetx, o &9l Wkt Fzotel 2
HE WHERTTBN A EEeha, =g olE BEBE
5rFok epoxy A o HiGINEMel NE WK F
of Fated o] AL St 2 AFA e A vpeat 3
= A4S AUt

(1) AA Aol && polyisoxazoline [-A (pa¢==10°
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$ate A9 S gty sl o
(2) Polyisoxazole ([[-A)% u]Ago] L 5ol $s}o

£ FEE 7t positive thermistor o 4S8 7%
s et

3) 1-A, E-A % H-Ast Epon 828 45| #ifrik
Mo dielectric loss = vi $- & o},
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L owlaA g 2w g Ade olyldh EHERE of
FH, o]F AW Aol ethylendiamineo & i
LAA A BT 4 Ao

(5) 10%-1-A-, -I-A-, -H-A-Epon 828 H{&#H<
25~T7°C, 25~52°C, 25~90°C ¥ 9lofj Al =z H] A o}
5o wlste] e wlbEh EEESMES 2 e A
2 ®O TRkl o,
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a1 x§'§°| By

TH g HEA o = -3 2, TPHC 2. 33g
(0. Olmole)% ethylenebisacrylamide 1.68 g(O 01 mole)
% 30mi 9] toluene o Yol 27 A7t FFA A} w9k
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o) 2 3o} (Beilstein test). HFS3F
G% B A AH 2% 2
T 3.2g(F¢ 96.7%) % do] FALAE

(2) S22 | Mz 5F
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Fol b g7lel AdA e Az (110°C/aspirator
AA 10AH)EFAEE HEstd Wi IREHE
tablet 4% 7] 2 719} (200 kg/cm?) &3l &4 &4 8
2 A zelx oA S 7t AAsE 29 38
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FeEE 4LolA 140°C AR ol A 25 oA
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2 e

o
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(cm?).
BAH AEE FEES A F2 1A
B-A, W-Aojrt,

(3) BEED epoxy X242 FEEARBM I
= M

(3)-1. E&E1} epoxy F=X|2t2| EEHAM =H.

Epoxy %] (Epon 828, Shell Chemical Co. liquid

diglycidylether of bisphenol-A, epoxy equivalent
185~192) o} RifadJitko 2 A& ¥¢ F¥E polyiso-

xazoline - polyisoxazole & A &8 27 3 &l

polyethylene 4] 13 cap container o o} 3
Mol A 48 v}g 274 ke ethylenediamine 7 314 &
7bebe] EastEeh Aol Aok WA el g o
2 Ay agld. Az e e BAN st

2tat2E 1A He s 1973 123

2l 40g9 Epon 828¢ F%#E (1-A) 0.4g, 7
23 3g& 4gt o] A-%F base resin (Epon 828)
of Wt 1%2 Held Astdrh

7 3}4) &= Epon 828 &) epoxy equivalent 2 190 o 5
A 40 g el Epon 828 ¢ dlsle] A 4gE gro g™ F
#E e Fds BRI dE A sl o
o olo} B4 S stk

3)-2. EERBMS FBE U FEIRE

Ao Wy og FAG E2FHP T & FUIA

milling & ©}& trichloroethylene, =lelz9] £A=
AAsel 10°C A 2447 Azshe] FHEARE &
gt 28z A5 9349 108S FHste] micro-

2451 2 AEA

capacitance 3= Q-

meter (Toyoseiki Co.) & A&
£ Askgdek o Ase AsA
A A ASTM D257-61 ] 973te} 24°C, 1
FoHoE
ol =

meter &
JQ¥stel A Fig. 45k o] B3E 2ol
Fb 1IKHz o4 ZA 319 ek, duA 5.9
silver paint & RX2dbe] FEl3S A A
G NS Fudd dAsA g2 F
8 Ar] L3 C, 3} quality factor Q, % Q-meter
(Boonton Radio Co-260A)x 4 &A%t z#a
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ne

=
2%

7185 Co o Q. F 74 339 ol &4 A
FAE FRAAE A4 AESA
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O-ring Hg [Q-metdr
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Fig. 4. Measurement of electric capacitance.

(3)-3. Eﬂ@%%ﬂ HiXgnt 2= oA, ASTM
DO0257-6 ol 2] Aste] b3t ol FAegch HHA
HEAEA0%-1-A, -T-A, -T-AE A4 E2HEF
A48 TG 0o pHen ¥AE
A& 3] 70°C ol 4] 24 A 7k conditioning sFgi ), L
3 TS 2A8% 3L Fig. 59} 7ro] silver paint
= %m sxsel WRe 4AAAY. 29z AR
g (B)9] 4 el silver paint ¥ % %3}o] Cu-plate
ﬂ?ﬁ A7 BiEE Bl AedA A o9

} 2
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milling 3}z

]
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Aminco Co)o]] Yo Fig. 63 7o] dAde £
E(25°C, 52°C, 77°C, 90°C)ollA 30 &7+ A3 F
A 77 (Keithley-610) 24 AF% 474 334 %34
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b2 check 317 $3te] differential voltmeter(D. F.
Keithley-662) % 3] Zo] 97439
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Si ver P2 C

paint O f—— plfo te
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Fig. 5. Preparation of sample for resistivity measurement.
(A) Upper side of sample, (B) bottom side of
sample.

D.F

l l Sample
{+) Nl

) {- l]

500V [
Power , Electrometer
supply Subzerocabinet

oven.
Fig. 6. Measurement of electric current.
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