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Measuremnt of Thermophysical Properties of Bentonite by
a Point Heat Source Method
Toshiaki Kumadax
Abstract
The report concerns the thermal conductivity of highly compacted
bentonite by modifing partly the point heat source method, proposed
by the author at 1997. Bentonites and mixtures of bentonite and sand
has been suggested as buffer substance in the Japanese concept for
the disposition of highly radioactive nuclear waste. The thermal con-
ductivity of bentonite has been measured with a line heat source
method. In general, each method measuring thermal properties of buffer
substance has inherent error sources and its accuracy must be demon-
strated with other reliable methods. In addition to this, many data of
these substances are needed to predict the thermal behavior of stein-
less steel canisters in the repositry, which contains a large amount of
nuclear radioactive waste. |
In this report the point heat source i wused for measuring moist
bentonite. The measured results are in good agreement with the data

measured by line heat source methods.
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Infinite sample
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Spherical heat source
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Thermistor

Copper lead wire

Glass
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i
resistance
R. (k)

Thermistor
§ Rs=Ry ( 1+w T Sw:i_tch\
Q) .

Dry batteryV (v)
L

24 HIEEE
VP —I A FRIDEERZ V., EMER&ET2 LV —IRFOREREW, I,
V2
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Battery (36V)
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Resistance
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Personal computer
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FOEREHEL, —IRF OEHUE L BREE RO, £, F—IXFOBKIE
H—BEREIZONTIE, ZHEF @ Lo —I X 7HHER (2-12) Kook,
(2-12) RIZBVT, BEBEHKEVDh, EREA—BERMEIRT 3 EED 2R
EROREIZHTIEREHMORE SERDLTERTHY . RADBEERHB,
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Voltage(V)of Temperatiure
thermi stordEay of thermistofE]
& resistancdEy (°Cy*

[ from data logger]

R S

LA RN AR T e

1} 15016] 20.359] 12.1255] 21.84423| 0.018506 —
21 14.805] 20.4881 11.96008| 22.15785] 0.018575|| Heating Value (W)
3t 14.867 20.54] 11.89939| 22.32504| 0.018575|} of thermistor
4f 148431 20576] 11.7694( 22.41593] 0.0188>"- =BX C
5] 14.828] 20.602f 11.§ M6 22.47463| 0.0185821| / (Resistance at
6f 14817 20622) 11.8 F21] 22.51886| 0.018586 Osec)
7) 14809 2[Resistance(kR) [|41].0.018591
8] 14802] 2r thermistorfH 84] 0,018595
=BX (Resistance
----- - -, atoSec) /c
* (1/((1/BYEn (D10 (R,IH1/T,)))-2738 (2-12)

M2—6 ExcellXb7—FEHE

¥, F 21 ZSEAFEICER L-ZHRETF O HBO 09— X & PRT-43-52 @
ER—EEFEREZTT, SEOBIET, EXHEE T 210 K~20K0HEEBTHY .
B=3345. 636 ZFHEIZER L,

= 9—1 HY—3I XX DIEH— B )

Temperature of thermistor (C) resistance of thermistor(k Q)
—15 60. 129
—10 47, 344
—05 37. 554
—00 (30. 000)
o5 24,128
+10 19.531
-+15 ' 15. 907
+20 13. 033
-+ 25 10. 739
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3. 1 AfzEET

B 2-3 R L £ I, FR—T I — I R 5 OIEMCH—3 X ¥ I BAERD
DO Y — K, I RFRIDY — FRERET B EDOYT AHEREENS,
LY —IRZ zEL-EHEBEORTR 2 20 1 ZH 3-1 IORT L 5 CHEEERD
PREETNMIIVER L, P IRFBLUCEOIIEEENN A V2 LT, %
NEUADTRTITEANA v ¥z & Lie, P—IAFZBIUN T AFEOEERORHRILIZE
FEEEAETHY . ChEARRIRTEL L, ZOELIC X282, MBS ORE
 FIHAORRETHOHRTH D,

A5 AEENE Y — I A ERERHTRYVHETI EBE L P —I RAFOFHEE
B EZEEICBETDILPHEETH S, ORI TRAOERLEFEIC L - TER
ROBZZLITEELY, £ T, BEEBOEERESDONTEY ., FOERRY M
A FPOBMGEREOFH (BXE 0.5<1,<2.3) ZH—T3KkEkEBNTERLE
P—IREORE LHEER—ET D LI IHERRE L, —I R ZDBEITER
EROBEEAEFE L THRELTVSR, EECEy—IRAFROBERSHICL Y
EDRBOFMRHDID—RRETITRY, 2T, —IRFB+4/hEL BEE
RBHZARFEL LY 20~30 fFFREVOT, HETIRE 3-1 ITRTH— I RFEDE
BRRE L LTe,

f

Thermistor Copper lead wire
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RAEET I —IRF 7Fu -T2 HEEER TEN LTS, T2 TOANF—F
&, P—IRF L, VFROTHEESMI, £TIRETH B,

RK3—1 AAWT7—%

length radius thermal conductivity  demsity  heat capacity

m) __ (me) (W/a) (/) (KI/ka)
thermistor 0.30 0. 30 20.0 5000 250
lead wire — 0.01 7.0 21000 130
glass 1. 00 0.80 1.§ 2190 700
‘ sample infinite infinite ' $kA $£B

& 3—1 RSN TV IREOHA(BE) X, ZRICBWTHER TRRBOESEL 7
7 VNVEBOERNLENL, HEOBROAAT—Z 55, Fir, RBLOwB (Hrs)
X, XA LDRY S FOBBRROLERE L LI, SKEEEBELTEHL, AH
F—F e L, Ei, FHEEANTIE, REOGEEISITERR L Lix,

3. 2. 2 BVRERDOEH
—IRFDORELROERERK LK TERE L a— FicAA$3, € 3—2
R E DI, ET b S LOTRTE BREDREDIREEREL < SpRA LT,
BEEFEL. P—IRFORE LH L EAE & ORFER 0I1TR 5 A% Z OB ORE
OBRERL Uiz, BER 0.5 BEITRoT,



» Thermal conductivity
at time T

deviation

Temperature history
of thermistor (°C)

Yo

.
T »

Time (sec) Thermal conductivity
. calculated (W/K)

— measured

X 3—2 BMnEROREE




3.3 AIEEBEOBE

3.1 TRREMEEETNE, REERNFEHOK (BRATERE 2D 1.0 BEE
R=r FOEFFUTREELELD) LAKTERERTRoR, BB, EZF M
L DKOBBEBORMIZONWTIE, EFZFURMEE 1.0%, 2.0%, 3.0%EEZLT
WVEERPAE LN, B 3—2 ITRT LI, ESFUFMRICE-> T, AoFoy
— A F OEEEFICENE T L ERERB L, |

35 A
-ﬁﬁﬂﬂﬂﬂﬁﬂaﬂnﬁﬁﬂ
S 3 age "
=] ﬁaﬁ
B~ 2 o
29 > n " ® Gelatinous water
;Eg’ o O 1.0% .
5 .8 a A 2,0% |
§E 15 <& 3.0%
2 g
5
fomat
05
CB 5 10 15
Time(sec)

X 3—3 KOBEBAERR

EFADBETIE, ETERICIoTKREKOFOV—IRZIZEFRZH L., FOIE
B b F—IRFORELRPAE L, Z0%3. 1 CHHALLHES— Rz, &
3.2 ThDBMHEEDT — ¥ 2 AA L, KEKOEMEREEENE S k5 —3 2
F NS ABREOTHEZRE L, B 3—3, [ 3—4 1, KEXKERAWEF—IRSZ
OEEFROERELFHEEL OHEETRT, £ 3—3 I, BRECX>THRELY—
SRF EHGAFEOTELERO e —T8<A /0 A—F CRIE LU{EOKE:E 5
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#F3—2 JKEIKDOBWEE

water ice
thermal conductivity (W/mK) 0. 585 2. 200
density (Kg/m®) 1. 00 0.92
thermal capacity (KJ/KeK) 4,20 2. 00
power (W) 0.015 0. 009

F3—3 Tu—T7EHONE

glass thermistor
1.00X0.80(mm ¢) 0.30X0.30(mm ¢ ) calculated
0.99X0. 84 (mm ¢ ) —_ measurement




Temperature history
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4.1 BEOERE

ABEIAE REREHIEZ®2 L) THHELE 4—1 157, 7. —F0R
BE H4—1 077 IAELD, QRFNBR rmt TOEET S, 0%, +—I X
FTR—TERECLIE, WERATANANF 22377 2 UAEA (BdzLAsZEn
Tn3) O, @, @, QEERFNVFTHED S, 2B, ¥—IRFFE—FLTH Y
NELEDRIZABBALRNES I, $—IRF FR—TBERDZT 27 U AT
@, COEITIIV Y avBEREDIATND, TOL5ITLT., Ritokb e g
D70, M0 HEETZ IV AEREROPIZEDTEL,
Eie, REOTSBMENT, BENET Lk, REERVBL, BEXHELEHT 3,
FO%, REEEREEICN | EARTES, EELHEL CRBEEP RT3,

Acrylic cell Q.

— | 1©®
/ ® ) fo)
(D

-} [a)

Thermistor
probe /~——k 4— Sample

P /—\( o Filter
/@
o

Acrylic cell Silicone resin
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Wiz, B 4—5 THD LT, FRE2EMLAETINROBEOREEZIT RV X
21T, AEZEEM RUBMRE Lo TBVWVREBICANENE —EDRE & L,

Thermal insulation

Thermister
_ _ —Acrylic cell
Adiabatic
11
wa | — Lead wire
Bentnite Silicone
(KunigelVI) resin
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4,2 FER

FREHEZBONTER LRV FRA NI, 7=FA VI T, £ 41 IORT L D 2ek
RNEFREBEOR R -T2 /ER LAIE L,

R4—1 REOYHERE

sample number  temperature dry density saturation degree
# () (g/cu’) )
1 20 1.41 22.3
2 20 1.41 24.3
3 20 1.41 25.5
4 20 1.41 28.0
5 20 1. 60 22.1
6 20 1. 60 23.8
7 20 1. 60 24.8
8 20 1.73 50. 1
9 20 1.73 91.9
10 20 1.79 20.5
11 20 1.79 22.4

4—1~E 44 TRIERERETT, BB 8. 9ITBWTik, BIEREE 3 0BT,
RY ORI OWTIR 1 SBMBE L, RITRT X5, SRS, BIEEmsEs
FIEET/HAEL, 30 BIEC RS> TEFOREL RoTND, 2O ik, ABRET
HBIY—IRF AT AOBREAGRCEL T3 LIz X3 HBLEX bND, Eir,
RITERRSA 3 OBMETIE, RGEENDLE RoTWER, ZOFEE LTk, A8t
RICEN2HAE T2 Y — FROBGERIZ X U RO EBRER & L ToRERERSH
RNeHTHD, Thbb, EREETEREFICY — FEEA->TOBE ST 10m
THY ., SMIHTOBERIZT « VERBH D, ZHIZH LT, BFLTHoH s 28



BHEEATHY, RBRRELERIEHLRoTWEREDTHSD, BIEREIE,ID 55~ 2
5 WO THIVIRB OBREEORMSHE I Sh, AEER—ELRoTNS, Lo
T, ARORMEERT 1 0B~ 1 SBOBOEHE L Lit, ThPhoREOBEES=
ERA-21TRT,

Thermal conductivity(W/mK)

0.3 O sample 1
- < sample 2
0.2 | A sample 3
- QO sample 4
0.1
o & e S S T S S S W S S S S W S Y S RS
1.5 3.5 55 78 95 11.5 135

Time(sec)

X4—3 N MFA NOBBER GRE ] ~49)




Thermal conductivity(W/mK)

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

e e = i e 3 e - i - e - i e T S - WU T e - e - b
...........

3
- O sample 5
< sample 6
- A sample 7
1.5 35 5.5 15 895 115 135
Time(sec)

X4—4 N2 hFA ROBRER GBI 5~7 )




Thermal conductivity (W/mK )

2
1.8
1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

0

K4—5 X bhFA NOBYEEREES,9)

i <
C b )
i O sampk 8
: O sampk: 9
1.5 6.5 11.5 16.5 21.5 26.5
Time(sec)




0.76
0.74
0.72

0.68
0.66
0.64
0.62

Thermal conductivity(W/mK)
o
~J

- OOOcccccccoccccc¢ccl
- OA—A
- o
- o oo C-88588e-Dasa-OaaRg g
L o Unl:l
o7 O sample 10
- < sample 11
)
N | |
1.5 6.5 11.5
Time(sec)

B4—~6 NV kg koBvEiEs @GE10,11)




R4—2 N2 NFA NOEMEESBIFERZSE

sample number thermal conductivity

# W/mK)

0.434
0. 461
0. 492
0. 524
0. 619
0. 658
0. 666
1. 000
1. 450
0.711
0. 748

< = 0 0N O O b~ N =

= 0O




4. 3 BREREICI ZREMEE OBk W, @)
K4 —7 IZHRBREICE o TRIES 2 =0 VI 0BVERSE - AHIEEC & TFl
EENABEERELR L TR, HhORNEEL, $4—1. Rd—2i0E5<
BOTHD, B4—7 i2X3 L, FAFKIC X ZHEERT, SREECZIZ L0
AT, BHREF—FZ b H2BEO TR —EKLTWS, —RICRIERET. g
ERORERH Y ZOREIREEESEL LTINS LAV RETBERRH S,
Eie, BEORMHBYBERLEOMEINIS VXL L RBERICHY . AIEEOIEL &
DERL2D, ZOER, BREOERICENREHIETOZ24L U0 2T bhA
Ve ZOREEICLBERIMBOTEL —HL TV B O, HEIEEI &2 RIS
EPOLTEVEELTRY,

& 1.8 ,
g - | Dry Density !
= 1.6F] ‘ - yov
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line source point source
(recent method) (present)
1. size of sample 110 ¢ X 120mm 13 ¢ X 13mm
2. thermal resistance between large negligible
a semple and a probe
3. time of measurement 5~10min o~10sec
4, temperature rise about5C 1~2¢C
5. redistribution of damp not negligible - negligible
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