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Evaluation of Permeability and Swelling Pressure of
Compacted Bentonite Using a Calcium Hydroxide Solution

Takayoshi Aoyagi*, Munehiro Maeda**

Morihiro Mihara*** Masuhiro Tanaka®*%*
Abstract

Tests to determine the swelling pressure, permeability, compressive strength and
elastic modulus of Ca-Na exchanged bentonite, Na-bentonite and Ca-bentonite at the Power
Reactor and Nuclear Fuel Development Corporation have mainly used distilled water.

However, disposal faciliies for TRU waste will use cementateous material for
packaging, backfill as well as structural support. In this case, a large amount of calcium
will dissolve in groundwater flowing through the cementateous material. Therefore, it is
important to investigate the mechanical properties of bentonite in calcium-rich water as part of
the disposal research program for TRU waste.

In order to understand the effect of the chemical composition of water on the basic
mechanical properties of bentonite - part of evaluating the disposal concepts for TRU waste
disposal - we tested the permeability of compacted bentonite under saturated conditions using
a calcium hydroxide solution. The aqueous solution represents water dominated by the
calcium component. Na-bentonite, Ca-Na exchanged bentonite and Ca-bentonite were used
for swelling pressure measurement tests and permeability testing.

Measures of the maximum and equilibrium swelling pressure as well as permeability
were obtained. The dry density of bentonite was varied between tests. Results show that
swelling pressure and permeability are dependent on dry density. In separate tests using Ca-
bentonite, the bentonite-mixing rate was varied as an independent parameter. Results show
that there is little change in the swelling pressure and permeability between tests using
calcium hydroxide solution and distilled water for all bentonite types.

* . Kobori Research Complex INC.
** . Kobori Research Complex INC. At present Kajima Civil Engineering Division
*¥¥* [ Repository System Analysis Group Waste Isolation Research Division, Waste Management and Fuel

Cycle Research Center, Tokai Works
*=kx | KAJIMA Technical Research Institute

it




JNC TN8400 98-002

B X

5= o X oAU OO DO O OO oo O OO SO UV TE U OU U T USROS 1
2 AEFIBEEL o bR e 2
0 T S i (OO OOPOUOPRORPU R 2
22 T ATEE s et r e e e d £ a e n e ee b as 4
3 BAREBITERREE oo ettt en et e a st 5
3.0 BREETTEE oo se s ees s e et et st essa e b e et s b e s 5
3.1 TEMERTEIR oot et n st aa bbb s 5
3.1.2 BEHETITESRER oot sssstes st bes st ras s bt as s s sesr b se e 6

3.2 BRERGME oottt e et e et ebs 7
33 BRI oo et s e S 7
3 BE et re et et A e R s s et e 9
340 Z S VL et sttt ettt 9
3.42 AWTTARUET Z T IV ettt e 10
T R B e 1 OO SO 12
3.44 BNV P T A PDILEL e enes 13
3.4.5 EBKEFBOARBEREDEL s 16

A TBTKEREE oot et ea et e b e e sk e bt R s s et ne s et ne e e 18
8.1 FREETTIE  cooeoeeeeeeeeeeete et sss st es e e e s er bt etk bkttt s e p et s n bt sene 18
B.1.1  TEHEETEIE oottt e e et ae e s ettt se e e e m e bbb 18
A.1.2 TETKEREE oottt ee e et s e s et e es bbb bbb 18
4.2 BRERETE oottt et e e st bea bbbt e 19
83 BRERAETE oottt r e ar e et e e eme oS s bbb s 20
B4 ZBEE oottt e e et e et et bbb b ea st 23
B8]0 IV VL e tes st bs st st a et 23
442 FNYTLAEUET ZH I VL et srene e s easo s 24
A3 T IRV T oceseeeete ettt bbb 26
4448 FZRYRF A FDHEL ettt et nns 27
4.45 EHKEFRAOTREBERLODIEL et 29
iii




JNC TN8400 98-002

5

T ) e eeeeeeeeereeertera—eraraeeeaearoseieaeeebtasseanReeareSAeeaAeaaeneraeaaaE ey e bt e e be et e e n s e e nen 31
5.l A E oot reeertee e eeeateaeeataaes e neattaneshssS et eaAe et e aa e reraae st eeer e et s e e s e r e s e e bns 31
T A SV N a1 - - v~ OO U SO U TSR RURORROON 31
5.0, T A B B A N B A B o eeeeeeeee e et ee e eee st e b ae e e r e e erae s raa e ae et e 32
513 BNV b4 MEBREEIZLAEROEE 32
5.2 BIREREL e 33
52,0 XY R F A REAE oottt estestss e as s st et e e ne b e s e ers st sa e neenanes 33
522 T A TR AU DT A B oeeeeeeesee et e e s eesersessessssassessseass e tsasasssasessanenes 34
523 BN I FA MEREEICLBEREDEE e 34
B BB e oo e et e e eate e easeat e et et —ontaseat bt et et e ate e sa e snreara e s aabereer b eeneebarneasastan 35
B B e veeeeeeeeeteaeeeetessestesesteaseseeseaeseteateeseaneenseteatesteastese s sestesneasaserasaren 54
FRZE TR oo ettt ettt as et e a AR a bt A ek b et s s A At ere s s e anr s ar et s bt s 54

iv




JNC TN8460 98-002

1 LB

BEFTOHOLEIA, REMSEENORBLGIIBIIZBEMEL T, BBV M1 +F
YULRBEHMEEEZ OND, BFNICIL, EEERERT 00 EKERPNENRERE LY
o7 PyEE, B RMEEFERENDL, JhE TR A 7 VRAREBETE, HL AL
st EREEE R TRU BEYOLSTIEIZB VT, £ LTEIKEFHBEKE LTHAVWARA
DF FUT LRREHANSTABNY b FERKOF P )T AEINRY A FEATH
AN LB S S AN T ABR{ERY FF A PO, BRI O W THERER
AN T EHTNS DI 9 9

—%. TRU BEBEM OSSR BV Tld, BESIER TR, &5 RERISE A ¥ FRO
HE2ERETATREXD D, Z0BA, €AY FEFEEEBLABRTARICEEEOI LY
TLARSDERTHELDEELLND, LIzh > T, TRUREPYDUFHEIIBWTIE, AN
LY ABSESELELRIIHTERY b HA PO ENBLEND D,

KHEER TRU EENOLSBEORT O—RE LTHDRLE, XY M4 FOEREH
R A AR OBERIE L LT, BB N T AKEREHVAERRIZOWTIE LD
b DTHD, FBELENRY FFA M, SBIZRFF PY A ALYy AEMER U
Wy LNy b F A O 3HEETH D, $7 ERL2RRIL. WHEROBEEL 2T B THE
WA B L ER SN HENERBREKRBRTH S,

BEENERBTERARVEEEEEY . BARBRTEEKRRZRL, AR, &R
BEXNNT A—F ELTITY, TRICHTAIREEZH LML, 72, TRUBEEWLTH
ZEOFEREND—DTHAEHIN T T LBREARY b4 MR LTI XY P4 PRERZAS
FA=5 L LIzRBb T o7, 2 LT, SHAREILA V3 7 AR Z B RER L BEAF O
DA BCERBERYHET I EI2L Y, XY b A MHENIHET RO ZE B
LI LTwWa,

LB, REEIITHIT L BAKELS VY7 ARETEE AW EEERIE, TR FEICER
HEMOFENE L L THRERERXSHTITON [TRU BEPOLASHSORE (1) |
RBUWTERLZLOTH N, RPEBUEFORRIEDWTHRETLILDTH S,




JNC TN8400 98-002

2 fERMH
21 RVERFAEL
FRUTLABRBUAND T LIRS M FA4 MO, E-2.0L1 KRTEBY 7 =3 2 TR
DHERZTHE 7= IV VI RUZZR Y FRER Lz, £ AT 7 ZBENXY bF A
M, 72790 Vi REBIBICAN Y P ABIICEESEA I EIZE DERL, UTIZBWT
2. FRUGLEINRY R A ML T[22V VI | ATy ARERY A MK L
[GEMEZ =%V V1] . ALY IABRY b A MCHL [ =H® Y F) LRl 5,
CaBbZ =7V VI &, 7240 VI OREEYE TEBTELSERVE ST, LA
VY AKBEEERACTEY R OF A FOBMENIN VY ACBRLAODERAWZY Y,
FOH%. HB - KECETOTERRBIANY FFA MCAF LR A4 Y 2REL, 20
FEABICHBREREANML TEEFEBLRVIE2HALALLOTH L, T2, XiHE
AL D, Ca Bk 2 =70 VI OB, 7 =70 v ERBELTEEF RV E

ZZFNVL CaBE s =N VI RUTY =Ry FO{LEFEEZ R 212 II7T, BREEA
FrEOMEFE,S, CGEILZ =7 VI ZBWTIE, BEBA A Y DIEEEAENIN YT
LAFXYTHY), RROANY T LEINRY b F A P THEI =R FLIN AN T LAFLD
BHBAF Y ENRSVIEMNRERTREY S

I BNV R4 P OPEEEER-2.13 10, HENMBEREE 211 1277 Y,

Fz—2.1.1 fFHAXYMFFALb

Ny b A PETER OBERL
FRYGABRRY S A b 5= RTRUE, 7 =40V
F LAY b FA b s a IS BRI LD AR S b0
H ST BB R F AR = LATHME, 5wy kO

F—213 ~Nrh+A FOYEEE
BR&ERE TRHFEE  THERTRE YAYER 7~ TR

Ny hFAE w, (%) G, (g/em?) W, (%) W, (%) Ip (%)
A= Y 6.2 2.7 419.2 18.4 400.8
G 8y =7 vl 1.6 2.7 1210 23.9 97.1
JZERYF 8.6 2.64 144.5 63.9 80.6




JNC TN8400 98-002

£-212 ~N¥bFFA PO

B A S & % | L ALAY yoH R
pH 10.1 9.4 9.5
MYy R FE R (mmol/100g) 68 71 106
B4+ Y ERERE (meg/100g) 59.9 60.8 86.5
BHEA A+ & (meg/100g)
Na* 53.9 5.2 18.1
K* 1.4 1.4 2.4
Ca™ 48.5 102.8 74.2
Mg* 7.4 7.0 8.1
&5 111.2 116.4 102.8
LM (%)
Si0, 68.9 69.4 70.9
TiO, 0.24 0.17 0.22
ALO;, 13.7 13.2 14.9
Fe,0, 1.69 1.00 1.61
FeO 0.71 0.54 0.19
MnO 0.08 0.08 0.02
MgO 2.54 2.24 3.85
CaO 2.62 3.61 2.16
Na,O 272 0.88 0.37
K,0 0.36 0.30 0.21
P,0, 0.05 0.05 0.02
Ig loss 5.80 7.31 5.08
&8 99.41 98.78 99.53
S 0.50 0.06 0.06
Co, 2.80 2.23 0.03
Cl <0.01 <0.01 0.01
AR (%)
ErEYOFA b 50 — 80
R > 35 —i2 5
FNARMINTA B VU - —_—ik2 15
.E E‘ 8 —iIk2 ik
BBk 1 — k2 —dk
ﬁﬁﬁa 5 e JE2 e dEL
Zoih FowA k —ili2 —_—tl
EEHRSRT,

E2:CaBUby =40 VI I T AL WHARIZEFN A REL LTHESh T Lvnd, XEEHGH LD,

gLV ERBELTEEFLRwWI EeBEL TV,




JNC TN8400 98-002

100

-
Y
-

80 SN W

60

40

AP E 5 (%)

20 7 ENVLE, CaBlfbr =5 v

1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01

 ZF (mm)

M—2.1.1 ¥ FFA4 FOREIHEHES
22 T4

AW, BLAOVSHEEERL SO 2 KRD T EDICETAMELESYEY ., K-
221 IFET 2 BEN I ABAERESEK] | | CRELAENESF MB35 +55 (LRTF
BE27gem®) B#HEA LY. M—22.112, &7 1 BEARVRSROKEMREEY 27T,

=221 HERIA®
SCN BT, B
EHEFr (835 BREREEHE, EMEBERTETE
EHErA55 HEEREAEHE., SHRANEEHEERE
100 . T —
e BRESAH3T A i
g0 L : Y ro it
s —-—--EMETAWST BERE i
~— . N ' . i:‘
% 60 | BRES 4 BIF5% AR - i
R N L | I!:‘\: | | ; il;
g N ‘/"i\' | S
i=d 40 — — , =
= i}"i| | EEEEE i ,’ ‘E"t | 1 H | I E‘:
'F] il "l f ‘ ! 'I : / I‘II: | ! i il ' |h
=l 20 4 1 i N oy coa by -‘j
Rz ]
0 NENE i s _/ ii_‘.-'i: ! ; o
1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02
f £ (mm)

M—2.2.1

7 A B OR MR ERE Y




JNC TN8400 98-002

3 BEERERR

3.1 HABHE®

3.1.1 EmE{bE

MDY b4 PEBETH L7720, IECEBRTEEL AT A A ERT 220121
ERELT 2 LBV DL, RBO—HLIDEKEEZSH O, LOME LA LTHEEEEREIIL
EnEmZEEL. H-3.1.1 WRTERECGERERIRAT S, 0%, —MERRER
RET—ZORNZMR ., REDHRELIR (EF domXE 2 2em) 12423 & ) HHICE LS
7,

FE#IG/

VAR

4

%/////Z (XU RFAR)

H—3.1.1 E#HE{bEEREER




JNC TNB400 98-002

312 BHEEREEER
@—MJKW%EM%ﬁ%ﬁE%%TOCwﬁﬁﬁﬁﬁ\ﬁﬁﬁ%ﬁ—ﬁzﬂ§W%ﬁL
TR EN & ) R L. BT 0 8HAEEA VY AREREEB LT, EXPY
LEEROBICANBAEOT— FeVCEBRERZNET 5 b0 THD, ERELLLNY
b A ESAOBEENERRI, UTOFRETTo7

) EREltE. EREOHNIZVAHERAL T, AVt RBREEBICRET 5.

@ HREOETHLEZELRAICEDOTVE, UHHREHRTT 5.

® 20k, EHEEBAICKEEICE L TKEZES 100cm THERAKO ETER HBKEET,

BEEFEES 5.
@ BEEFFEREBICETAILERATEZEITUEEZST 20
® DEAR T, BREOBEEERUEREEYIEL., SRLRUBMELHET 5,

T
1
ad — @
® FE ok O .
i
® 8 'l ¢®
) © ,
??éé%/’ ® i
///////' ORI — NV
i ; @mE £
+ @LHMEA >
. BT SER
ﬁﬁxm;j====- 5 _ @R—-FAAS WL
! @y Fe—#—

M-3.1.2 BEENEHAREE



JNC TN8400 98-002

32 BREREMH
NN S i
- HEAEK | EE 4mXE & 2om
AR D BASKE (BL. A BidgEsikeg)
- HEBRIEE 20T
"R OBROK L SEDKEEEA VY AKIEE
CERTE () =4V VB 1.2+0.1, 1.8%0.1g/cm®
) Ca Bk 7 =)L v1 Bifk 1.24+0.1, 1.8*0.1gem®
@) YABREGQELZ =/ VW1 18+0.1, 2.0+0.1gem’
(XY b A FEEE0wWL)

4 7=Kr FEHk 1.0+0.1, 1.4%0.1g/em’

3.3 REBRER

BONLENY M4 POBBEEORRZE L., B ICH-33.1 15F7T LS5 ICHSAR
UBmﬁﬁTé:tﬁféto:@:tu\%iawaﬁ”t;or%ﬁéﬁfm%o%:T\
Bd—3.3.1 ICBWTHBA THR L2 L ) ICBKBEBEORWBRCEHHETE L ) BEWEH
ERLIBEOENERABHEEL LT, £72, BBBOL S COHO Y — & 1@\ T i
BREISELLEEE, RABNERUVEEHEE S L CRBRES+EET L L1007,
BHENERBRERER-33.1~F 333 10RT, ®—33.1~F—333 1. EHRED
BEREM ERARUVTFHEBHEELEREL TWa, 25610, £-33.1~%-333 121, okl
BEDORERE & FEREEECHELBREZEEL TV 3,

A | BABREE
=
! =B
L
t
frs A
~ !
f |
/) : !
/ | TEBEE ‘
/ | ’
RAEEE FERAL -
5 B iR

B4—33.1 BEEORBZI



INC TNB400 98-002

=131 SSHKEMbA VY Y AKIBTIC & B B ERERRER (2~ Z V1)

GHE R aTir A A oy o R ORFE "X L T T8
BE Ok B OBE A kis ki BAE Akt SAUE BB BEE DRE BHE BHE
'y e C G W, St, w Sr MM P. BEEM b, BiERE
(g/em’) (%) (%0 5 HE (@) (%) (%) (%) () (MPa) (M) (MPa) (B¥(H)
g HLVIEE
120 125 100 0O —_ - 623 135 4583 990 675 0.27 57 0.27 57
120 125 100 O _— - 623 135 4189 905 6.75 0.14 11 0.10 72
120 125 100 O _ — 623 135 4509 974 675 0.23 114 0.23 114
1.85 046 100 O —_— — 546 321 2281 1340 6.75 4.40 10 4.0 138
1.81 049 00 O — — 546 300 23.1%9 1273 675 3.21 15 3.1 99
185 0456 100 O — — 546 321 2285 1343 675 3.19 10 3.0 117

#F—332 %ﬂ*@kﬁwv@Am@ﬁui5%ﬁﬁwﬁﬁ%ﬁ%(aﬂﬂ?:fww)

e MB A T4 oE WE BRSO R BA BX T E
EE O B B B4t skl BEE kK BAE R BHE DHE DEE BHEE
ps € G C we S ow Sr HAR P AR P, HERM
{gfem’) (%) (%) 5 KE (@) (@ (%W (% (B) (MPa) (5 (MPm (R
CaBlfk 7 =¥ VViIEE

121 123 100 O _— — 155 34 4427 971 662 006 2.5 0.06 2.5
121 123 100 0O - _— 155 34 4473 981 662 010 2.5 0.10 2.5
1.18 129 100 O _ — 155 32 4635 972 662 006 1.5 0.06 1.5
1.80 0.50 100 O . — 155 B84 1939 1058 6.62 439 7 3.4 96
1.80 050 100 O - — 155 84 1979 1069 662  1.18 7 5.0 84
1.81 049 100 O — - — 155 8.3 2022 111.0 662 448 7 3.4 72

r A BHRECaE Ly = VI

187 0.44 30 70 HEEyE3sY 270 009 05 17.48 1063 662 0.1l 0.2 0.09 3
183 048 30 70 Smgrtbasy 270 009 05 1976 1122 662  0.07 0.3 0.06 33
179 051 30 70 Smgrgasy 270 009 05 1813 963 662 009 0.2 0.06 66
199 036 30 70 SEuEH#sy 270 047 3.6 1282 970 700 050 0.5 0.38 81
200 035 30 70 SmgrEasy 270 047 3.6 1298 1001 700 03] 0.7 0.24 63
200 035 30 70 gmgrigiest 270 0.47 36 13.04 1006 7.00 027 0.5 0.19 84

Fz—333 ﬁmm&mﬁwyﬁAm@ﬁti5%%Em%ﬁﬁﬁ%(7:£VF)

Gk MM oA T A Wy Mg R EE A "R 8 F
EE X B BE BHE &kt BE Skl MIE RE BEE THEE DEE BHE
P e ¢ C w, Sr, w Sr HAR P,  REEFH P FhERM
(gfem’) (%) (%) H3 HIE (%) () (%) (%) (H) (MPa) (Bl (MPay  (BER
o FREE
099 167 100 O e — 859 136 5730 908 577 045 2 043 515
099 167 100 O e — 859 136 5926 939 571 0.4 1.5 0.43 455
099 167 100 0 —_— — 859 136 6042 957 577 035 1.5 0.35 22
143 085 100 O — — 859 268 3932 1227 6.75 5.18 33 5.1 48
139 080 100 0 — — 8.59 252 3879 1139 6.75 4.12 33 4.0 81
i.43 085 100 O s —- 859 268 3736 1166 6.75 5.18 33 5.1 54




JNC TN8400 88-002

34 % %
341 Z=4LVl
() 7 =0 NV B
B—3.4.1 13,8331 IZFR L2 =70 Vi BEOBEERERBE R 28R TE & I
EDOBEGRTERBLA-LOTH 2,
HM-3.41 L0, BTIORTIENHEHS P ER 7,
O RARUVFEBEE L, ERTEFREVIEEAEZV, ZOERIL, BEAFHVAR
BRiERY LRETH B,
) %k&ﬁ?fﬁfﬁ?iﬁ&@ﬂiﬁtﬁiﬁ%%ﬁtcoiié{,%*’:%\ PFiemy@EEERIc L hERL
A
P WABAEE  log, P.=1945 p ,—3.021 (#HE94R%$20.99, 1.2g/em’S p ,<1.85g/cm’)
C FEBEE log, Pu=1976 p ,—3.107 (HBIEE0.98. 1.2gem’S p ,<1.85g/cm’)
III pyl VSRV OEBREE (som’) |

1.0E4+02 /——————— —_—
e TS T I e B =
- 7 =P VVIREEBR (FX) - — —— = | -
_ X TZNVIEEHEE () —
------- =7 IWVI1E Tmi (CPE
1.0E+01 | __7 4) v1$1$l§nm%_($f§r) _ _
g\_:,: _
2
* 10E+00 b=
_&:

1.0E-01

ERUKERE Vs kil | |
JLOB-02 b e e
0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

IR 04 (g/cm’)

X—3.41 FEZREE~BEEME (7 =70 VI BE, 8EHNKRELS VT AKETR)




JNC TN8400 98-002

3.42 AN LELT =7V
() AN LEES =71 V] B
M—3.42t. £—33212R L7 CaBlfby =7 )L VI BEOBEENERBFER ¢ R E
ErEEHEORFETEELZLDOTH LS,
M—342 &0, UTIRT ZEAALNER 7
D BARUEEREE . ERFENFSREVIEIEREV, ZoE[L, HEKERAVZR
Bt Ry LEETH B,
® BARUTHBEEOMHKEEREELOMFZRIL, LTICRTEEERRICE YRAL
7eh ,
CBKEE  log,, P =3.094 o ,—4.863  (HHRBI%E0.99. 12gem’s o ,=1.8gcm’)
. SEEEREE  log,, P,=2.880 o ,—4.606  (#HBI{R%70.99. 1.2g/cm’= p ,=1.8¢/cm’)
=g 0, CEILY =7V VI DEREE (gem’)

< ANEd

1.0E+02 —— =— = = —
e Caﬁ.ﬂi? 7’)1/\/1$ﬁ$‘i\’.%f (I'IE'i"'j'\') e
CaBl{b 7 = FIWVIEMKEBYRERE (R K) | - |
X CaBl{ky =4 LVIHMGRERE (Ffy) ——|——— | —
1.0E+01 "__--::__.t_-_c,a_g‘_:@f f)il/VlﬁﬁirE-”’ﬁar‘}?c (
E =i = =
S Al 44 O i
o

R O — —

I'OE_OI Ssiseno e | Ko e oy s g 2 St (W gy S s al] Bl T L S
et :_T:E :2:_':: & ;':'_:_:. TEE A | S S e W i:.':‘_ ==
'ﬁ_ﬂﬁﬁmw u?'/ Z A?kfeffi i e

1.0E-02 —

0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
BCBRERE pgy(g/em’)

M—3.42 EBREE~BEEEE (G =40 v ik, S8KEED V2T LKETH)



JNC TN8400 98-002

Q) FABBEEHI VY TLABEL =4V
M—3.43ik, E-332ICRLATABBEECafbs =7V VI OEEENERRE R
NYMHA PRERLBEEOHMRTER LA DTH S, 2T, LEFEIR, EL
T2 ETHEEA L CRE LR 1, |
M-3.43 X0, BFRRT I LB RE & o7,
O HREE18gem’ DFER LY, BARUFHMEEIX, N> b F 4 MEAEIAZ WIE
EREV, ZOMEMIZ, BEAKEAVRBRERY LAKTH 5,
@ BARUFHFHEER. ALY FF A4 MEARTHNUIERFENAZVIZERE W,
COBEMD, BEKERANLRBRERY LFEABETH S,
@ BB 18gem’ 1T B HAR CFHBHEON K L ERFE L OMKiL, UTFIOR
TRIBERRIC L D EH L 72,
IR RE 1.8g/em’
- BARBHEIE | log,p Powe=0.02605C,—1.888  (FBRAFR%K 1.00, 30wt.% <C,=<100wt.%)
- T | log, PWw=0.02612C,—2.024  (#HRM%% 1.00. 30wt.% =C,=<100wt.%)
T, G NYMFA MREE (wt%)

1.0E+02 —
i A ARBE (ViR L.2g/cm3)
© AMR{E (WolR2BEL.8g/cm3)
B GREE (FE/RWAEL.9g/cm3)
L.OE+01 H X EfE (FREE2.0g/cm3)
= i mJF#R (HolR %L 1.8g/cm3) s
& = . ST —-,.‘1'.,..| 5 /
% B RABEE. o LY ¢ % ]
[a )
1.0E+00 = 55;1
. % L /f/,
1.0E-01 § 4
8= 2
SIAKRERLH V¥ 7 BIKB TR
1.0E-02 ' 1 ' L
0 20 40 60 80 100

NY bFA MEEE  Cb(wt%)
B—3.43 AU MRER~EEERR (MRS Ca BLy=r WL, SIRIKERI LIV 7A K



JNC TN8400 98-002

3.43 ZoHKUF
(1) 7 =K FER
E—3.4.41%, £-333CRLAZ oKy FEGOWMERNESRERLEBRERE L HHE
EOBFRTERLZLOTH S,
f—344 59, LTICRTIEFBELRN LR T2,
O BARUFEBEEIL, ERTEIAEVIEERE Y, ZOEMME, BEKEHCLR
BERY LEKRTS 5,
@ BARUVEHBEEEONMEEREE L OBRIL. LTICRTHEBEERICLDERL
PASS
CBRABAEE  log,P..=2.502 o ,—2.864 (fHEB{REL1.00. 1.0g/cm’S p ;< 1.43g/cm’)
C FEFWEE  log,Pu=2.505 p ,—2.877 (FHMRE1.00, 1.0gem’s p (=1.43g/cm’)
ZTHI p gl PEEYFOGEEE (gom’)

® BAWEEE TEREEL. 2200, SO, 2EkERVRBEE LE

BThar,
1.0E+02 = . — ;
> @ o FEVFHAERE (BK) =
E 7Ry FEERBRE (B8R :
L 4 ZIEY FEAHRBRE (FH)
LOE+0] —= 7 =Ky FEAEERR (FH) _
] i R— A -
2 - / e
& 1.0E+00 < _
I == s;:f’/ ——
1.0E-0] |— S ==
TRIRIAKEHE S S Y LK -
1.0E-02 L e s

0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

H-344 ERFE~BEERE (28> ik, SRR VY7 AKER)



JNC TNB400 98-002

3.44 £V EFA OB
(1) N> b4 PEAIIBG ARBERRICE B HLE

I TIERKEEE

—3.4.5 i

F2 BATICRTERIE,

D <y bFAPOHEBIILLT., EREFEEFREVELEEE

. IR T

BonfFERY A MEEOERER

HERERHC-BBRERT LAKTS 5,

~ R R EER R 2
ﬁ%@%ﬁuiD?L#%WTb%o%k&ﬁ?ﬁ%ﬁﬁw\ﬁ@ﬁ&@@ﬁ%%?tb

EREV,

KB L7, M—345 &0, RFICRTIEFHELPL Lo &

@ s=7NV1 FEEEICANY Y ABESECaBEY =70 VI OBEER. ik
BEANSVEBICBWTZ 24U VI OFREL Y NSWERRTERICS 5. L2 L,
EREE 1.6~ T7gem BEMN LBV T GEYLY =7V VI OBHEEE. 7 =7V Vi
EEEL LLEERUEEEZEILNS,

@ ZoEr Rk, 2=/ 0 VIR CaBifby =4 Vi ERE L CREREE THERX
X ABEELRET b, Bl 21T, BRTE 4gem' ® 7 =K FEEBREE 1.8gem’ O
sV RS CaBYL Yy =4V VI OBEERR, BEOMEERT. Ik, £-2.1.2
WELEES 2Ry FICBYAEY R OFA FOEFENFOWLRE 7 =TV VI

L kanwIrioRBETALEEIONS,
1.0E+02 =
- 7 €wwa¢@mm =
T———-CaBMby =SV VIBEEES | T )
= 10E+01 |77 y =Ky FEEERR —
= - : = i —- A= .
g ] . _ __///”-
™ 1 0E+00 ‘ i P
= et e s Mgl 2t [ —
= —| — - .
< -
2 1.0E-0] = f;,’ S
CRIKEMEA VT akER T | | -
}.0E-02 L : - ,
0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
BIRERE ol (gemd)

M—3.45 SREE~RABHERROLE (BAKABRLH LY AKER)



JNC TNB400 98-002

Q) BNy bF A MEREEICL B e

N MFA PEEIZBWTIE, Bk LA L Y ICRBHESIZERY b4 Mo e
TIZENTEE, LDL, T ABZRAELABEIIBVTIE, Ry M4 MNEARRES
%E\é%uﬁﬁ%7%@ﬁ%&%bmot:&#B-%%&kﬁﬁﬁﬁfﬁéo%:?
FHRETIE, XHS) AR IBHSEZRVANY b F A4 b e BB TER SN S8
BREZEECEMNY M4 MEBREELER L TRBEREOEEY A, M—346 12, &
N A MEREEOMEETRT NV A MEKOBEAIL, ZOHBEEFELHN
VM MEREEE S,

T |
Wl rABES Y,
; —_ T
W, | X bFA RS |V, W, | XU T RES |V,
| ! ' +
ZERER v, ZERHPR v,
i} J
@ BEOEREE ) BBV b4 M EREE
. Wet+ W, W
p d_Vv+Vb+Vs p bc—Vv'i'Vb
o 4. WHOERERE 2w EWANY M A MERTE
W, N PRSOES W FABBsOERS
v, | ERH RO V, . XY b4 MBSO V, . 7 A Hka O ER

H—3.4.6 FBENYMHA VEBRBEORS

BEBIE, RRICLDFEHNY M F A PERBEZEEL .

dec%oo

p =
" 1_(1“C%00)XP°'
GS

S Pt BRI M A VEBREE (gom®)
pa- TAWRENY M1 FOEREE (gyom?)
C.NYhHAMESE ()

G, . TAHDIHFEE (gom®) =27




JNC TN8400 98-002

G ANy AB L =5Vl
M—3.471%, R—3321CR LA CaBlbs =7V VI OBEENERBRER T EICED
NY MM MERERELBEEOCRRETERL DD TH S, REEENI, F—3.47 i
BRLAETF—%25RT, '
M—347 L0, DTICRTZEFHL N E R o7,
O BARUTFEMBEEE, HHAY k4 EREEIAEVIEEKE v, 2O
i, BBEKEAVWRERERY LEBETH S,
@ JARCFEREEONHIE, BEAZAVARBRERY EABICEDHNY FF4
MNZBREELRBERICH D, Lo T, N FF 4 ML F A BIBENY M
A MPERRTTHIKT 5 Z EXFTRETH 5, RADEFEICE DES N BBERRERIL,
LUTIERTEBYTHAB,
RAWHEE 10810 P =2.472 p . —3.760 (BBI4REL 0.95.1.0g/cm’= p ,, <1.8g/cm”)
FHEE  logi Pu=2.413 p . —3.774 (HHBIFE£0.96, 1.0g/cm’< o ,, <1.8g/cm’)
2N pye - QEMEZ =N VI OFFIARY A VEREE (gom®)

1.0E+02 | —
| @ Callfty =7 LVIEMHREBME (BX)

O FABRACHEALY =7 AVIRRE (&K)
X Callbs =7 WV (F)

LOE+01 L X  TAWRACIE{LZ = WVIRERE (i)

W B EE R A 5
= |--- - STy T EE R A /5§
: ==
™ 1.OE+00 ,Jgﬁfb
e 5 =

1.0E-01 ,mf-'rw

cfet 1
| SAnkERIL D V77 LK
1.0E-02 e

0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
EMAY N A NERBE . (gomd)

B —3.47 AN /A MEIRERE ~ B RERR (Ca Bl =7 bV, SRRIRERILIVYY WKIETR)



JNC TN8400 98-002

3.45 HBEKERW-FHRERLOLE

BARY A MEIBHKBALA VY T AKEREAVRBER & BERE AV RE
AR T S EZHMIIH-3.48~10 2IERE L7, &R, YA BESEBOBERL D
BOLHBETREL T A5:DIFHNY V4 MEREBEE L EABEEOMBRTEEL:, 2
7o, BARUTEREER, BIZEHOEMZRT 2O, SITRERWEEICED L. %
B, BFIIZALLEBEREAVARBERICES CERERIE, XBs) 122230 THb,

LlEo#ER, SFKEBEA VY T akBET AV BEE L EEKEZHEV-BEER., &0
NRYMFAMIBOTLIRFOEZRL, HARKOZBIZIIEAL LW EFRAL P ER o1,

1.0B+02 =
- 0 7=7UVIRERE (RRRIKERLArLKETD)
- 7= LVIERG (84
= LB+ JESEEEEE 72 NVIERGE (BB kR B
a, L.LE+ = <
S ' S Wit — O/m
2 - < O
E - — '—7“
=9 .
1.0E+00
= =
3 SRR I
<
¢ 1.0E-01
1.0E-02

0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
BRI b FA FPEBREE  p.(g/om’)

M —3.4.8 HHYN /MAVEREBEE~BEERE (7 =711 V1)




JNC TNB400 98-002

1.0E+02 ¢ : . : : .
o CaElfby =4 VIRRERME (SRAIAER{EALIAKIET) -
CaEifty = # L VIERE (BYA) ‘
[ oo CaBlfb s = 7 L VIERE (BRRIKEE(bars9bKRiETE)
= 1.0E+01 ‘
B 9
g o
% — A
o I
£ i )
N 1.0E+00 _/,;;/
= BVF - ===
S Sl R P
K | 7
1% 1.0E-01 —o_ =
ST e :
1.0E-02

0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
BNy A VEREE 0. (gom’)
—3.49 FHINUMOMNEREE~BEERE QB V1)
LOE+02 = T . . . . —
I ¢ o HEYFEBRME (RAMABRLMIIKER) o
- y=HY FERS (2K [ S——
& LOE+01 —t———
a ST T
% RN
E ——
=9
1.0E+00 ———
]__ﬂ e
_? S -
EE(T 1.0E-01 ] B ] R = S
1.0E-02
0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

BNV b A VEBEEE o (g/em)

E—3.4.10 HIA VMOEREE~BEERR (72K F)




JNC TN8400 98-002

4 ERRE
41 FHEAE

4.1.1 EmELE

HIRONY M+ A MIBETH L0, FEOHBEELETAHAKLERT A LHILR
ERELT2LENH 5, REO—B LY akit2H 62 LHHIEL - L THREZEERIZL
EREEYHEL. B-3.1.1 R LAESEGERGRICEAT 5, TO&, —EMRS
B QRN EMA, FENHEETR (EE 4mX B S 2an) 127%5 &5 FOICEL
R AN

4.12 EKFER

FRRBERIL, M-3.12 KRLABHRENERBREE LR O AW, EHMELL
Foy b F 4 MEEREOEKSERL, JIS A 1218 (EOFEKFEFE) ITERL T, B@RAEE
kO LT OFECH o720 72, B—all CBARRKRERT.

O EmEE, #EFoE VAR L T, MR VERREEBISRET 5,

@ HREOCLTLILEZEELZELAILEDTVE, 4BHEZEFRKT 5,

@ #0HB.EH*HACKEECRLTHAKOLETE,» HRAKSETHBEEZNET 5,
BEEOEAEEIE LI THRENBMLEER D,

@ #0k, BHABLI VY 7 LKERIZEDEEH L. HkE0BHAELF—EIlZ2
ol & ERMERL CEMABMY ) OHFKEZET 5, HkEOlERE, HOlEREh
727 ) A= TEROKEENZ L > TMET B, 2B, 8RBTV T LKEHNDE
HEFIL, B8 (REFR) LOBEBPAETLIEDIIERTATRAVTIT 7

® RBHETH, tREOEHEERUCEREELHNE L. SKERURNEZEET 50

EK%&M\EﬁEmLtNyF+4b¢%ﬁnéﬁﬁmﬁme(ﬁw&—)@Emuﬁ

FERELT, KRUCLDEEL

__AQ
T A-i-At

T IS, Kk, L BARRE (mysec)
AQ: MIEEEA t»72 ) OHfkE (m)
A EREOWERE (m)
i: BhREE(—)
At FISEEER] (sec)

Kw



JNC TN8400 98-002

42  HERGM

K —4.1.1 FEARAERK

DR S e
- HEAER  BEE 4mXE E 2em
WA BEkEKE (BL. 7 A BIIHELIREE

- BRI
BBk
R

:20C

: RAFIKE L 1 VT WIKEE TR

() 7=7v V1 BEE 1.2+0.1, 1.8£0.1g/cm’
) G R L7 =4 )L V1 BYE 1.2+0.1, 1.8£0.1g/em’

3) FABRESEts =4Vl 1.8+01gem’
(R¥ b FA FEHE30WLS)

(4 7 =K FHE 1.0+0.1, 1.4%0.1g/cm’



JNC TN8400 98-002

43 HEBEE
2oL VE, CaBAbZ =NV BU =Ry FizdT28KkRBER TR —43.1~F—
433 IR, ®B—43.1~F—433 101t BHABORBRESFLEKRRzEEL TV,

F—431 MAFMKELAIN Y T AKBEHEIZLA2ERBEEE—H (7 =5 wV1)

AR Yy oWy B8R RE gk
ERTE MREE e = Bt SRl BARE SKk BUE EKE 98  #SkER
£a e C, C, W, S, w Sr i k,
(gfem) (Wt%) (wt.%) 3 BE @ (%) (%) (%) (MPa) (m/sec)
74 LVIEE
1.20 125 100 0 623 135 478 1032 059 3,000 1.38E-12
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