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Safety Assessment of the Radiocactive Waste-Cement Composites.

137

I. Leaching of Cs from Solidified Cement Blocks.

Satoru EMURA, Hideo MATSUZURU, Isamu HISA, and Susumu SEKI

Division of Health Physics and Safety, Tokai, JAERI

(Received June 28, 1974)

The leaching of 137C5’from a solidified waste into the

environmental water has been studied to evaluate the safety

for sea disposal of the radicactive waste-cement composites.
Leaching test was carried out following the method recommended
by IAEA. The samples tested were prepared by incorporating
simulated liquid wastes from BWR and/or PWR into the cement
(portland or portland blast-furnace slag cement) with or without
aggregates. The leaching ratio was measured as fﬁnctions of
Wa/C (the waste-cement ratio), concentration of salts (BWR;

137

B03) and Cs, content of aggregates, temper-

Na .80 PWR; Na

2¥747 3
ature of leachant, and setting time.

The results obtained can be summerized as follows;

(1) The leachability of 137Cs is lowered by using p.b. slag
cement for BWR's waste, and by portland cement for PWR's.

(2) The leaching ratio is lowered with decrease of both

Wa/C and salt concentration.

(3) At low temperature, the setting period of cement

affects significantly the leachability.

137

(4) The leachability of Cs is lowered remarkably by

addition of zeoclite to the composites.
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Table 1 Dimensions of specimen

Sise 459 %44 em
Volume 70 cm?
Surface area ' 94 em?

Leachant volume : 750 em?
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Table 2 Composition of Synthetic sea water

Component Concentration (%)
NaC/ | 27.213
MgCl, 3867
MgSO, 1.658
CaS0, 1.260
K; S0, 0.863
Ca003, 0.123
MgBr, 0.076
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Photo.1 Containsr, holder and leaching vessel

Photo.2 Water bath for leaching test
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Table3 Composition of specimens

Sample No. 10 14 6
Type of waste BWRSs BWRs PWR's
Salt concentration(s) 15 15 2"

Wa/C e 33 36 33
Cement Portiand, Slag Portland
Activity(uCiSample) 116 116 116

*# : 2% as H3803

0.5
e ;. Sample No. 6
e: » Nl
O4 0. o Nol4
N
°
Ek
O
£
£
U
o
L
-
0 1 | 1 1 1 1 1 i -l 1l . 1
o 1 2 3 4 5 6 7 8 9 10 M
TimeV t{day)
Fiq.2 Variation of the leaching ratio as a function
ot V1 (25°C)
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Vi

Fig- 3 Schematic diagram for the leaching process.

Table 4 Controlling coetficients of the leaching process

Sample

‘No. Diterd/day) Dicnfday)| @l mi(day"')| ml (day™)
10 |149x10°3 |2.06X107%| 0118  |523X 1077218 X107
14 691 x107%|595X10°® 0.0699 [3.44X% 107 3.33’X1o“‘
6 [217x10°|209%10% 0164 |693X107%[219 X107
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Table6 Effect of Waste/Cement ratio of cement paste
on diffusion coefficient. (25T, Cs:116 uCi/sample)

Sample| Type | Wa/C e Cement| D D1 al-
No. |ofwastel (*h) |waste (")
1 BWR | 33 10 Portland1 37 x10°|197%x10*| 0-105
2 36 : o 71 x16°2.38%x16°| 0141
3 : 39 : v R09X10°[2.8X 16" 0148
4 : 42 v + R83X10°(360%X10°| 0171
5 PWR| 30 | 2 © 1.86X10° 129X 10" 0139
6 ’ 33 ’ o R1TX10°1209%10°) 0164
7 . 36 » [B55x10°(234x 10| 0.203
8. : 39 ’ + lLesx10°273x10°] 0-221

Table 7 Effect of salt concentrations of wastes on the
s: 116 uCi sample )

teachabil ity (25°C,

137

Sample |Salt conc.of Wa/C
No. | waste (%) Cement (°lo/)_ Di DIl oLt
9 5 Portland 33 [223 x16°|2.28% 16" | 0.141
1 10 ’ v 1137 x16°1.97% 10° | 0.105
10 15 119 x16°1206% 10" | 0.118
11 20 . . 1975 x10" 12.09%x 10°| 0.127
12 5 Slag | 36 [1.05 x10° [3.56X 10°|0.0748
13 10 g + 1811 X10° |4.37 X 10°°| 0.0702
14 15 691 X10“ [5.95% 10°| 0:0699
20 6.82 x10" 624 X 10°] 0-0683

15
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Fig.4 Comparison of the leachability for various types
of specimens.(Wa/C:36%, Cs:116 uCi/sample,25°C)

Table 8 Components of cement .
c t Component
p _
men Clinker(®h) | Stag (*%) |Plaster (%)
Portland 96 0 4
Slag 26 70 4
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Table 9 Relationship between Wa/C and the diffusion
coefficient. (25°C, ' Cs:116uCi/sample)

Salt conc. of
S;:ple waste (o/o) Cement \(QIZSC Di D1 QA
13 10 Siag 36 | 811x10° | 4.37x10°] 0.0702
16 z s 39 | 841x 10" 7.45x10°| 0.0699
17 / v | 42 | 1.02¢ 10°] 1.04 x 107 0.0788
18 , ' 45 | 1.32x 107 1.15x 107 0.0834

Table 10 Effect of quantity of Cs added to cement
blocks on the leachig ratio( Wa,/C 1 33%, 25°C)

Samrple |Salt conc. | Quantity of*’Cs|lLeaching ratio
No. |of waste®b)| (pCi/sample) |at 50days
19 Na; S04 10 38 0268
20 . 77 0.262
1 ’ 116 0.259
21 " 156 0.263
22 HsBO3, 2 38 0.300
23 : 77 0.292
6 4 116 0.298
24 # 156 0.298
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Fig.5 Effect of the temperature of leachant solution
on the leaching ratio.
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Table 11 Effect of the temperature of leachant solution on
the diffusion coefficient {* Cs:116uCi/sample )

Sarr?g.le o?\?vgtstégsc Wa(qu Cement[TempC| Di D1 ol
1 INaSO0, 10| 33 |[Portland| 25 |137x10°197X107| 0.105
25 » 10| 33 " 2 |755% 10%[3.43x 107 0.07 21
13 Na,SO, 10| 36 [Slag | 25 B11x10°437X10° 0.0702
26 » 10| 36 " 2 1427x10%189%10°| 0.0705
6 HsB0; 2| 33 |Portland 25 [217X10°2.09X10"|0.164
27 21 33 % 2 [121x10°3:32X10 0-115
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Fig.6 Effect of type of leachant on the leachability .

Table 12 Effect of setting periods of specimens on the diffusion
coefficient ('Cs:1164 Ci/sample, Na,SC;:1 5°la,Wa/C:33'l-Portland cement)

Sar:mle Se.tting Te:np- D DI ol |

O period@day)| (C)
10 7 25 (119 x 10° | 2206 x 10*| 0118
28 28 25 | 115 x10° {207 x10%| 0117
29 50 25  [120 x10° | 211 x 10™| 0113
30 7 2 | 708 x107%| 252 x 10“| 00731
31 28 2 |553 x 1074|238 x 10| 00642
32 50 2 |545 x107°| 203 x 10| 00631
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Zrbtmb, ATEERO Vs 0OBEBIKE LETDRYH~NA. 37, WROZOCEEY,
AL UCBEEREERCEL >4 i T LA .

2391 BHOAFTHREE

ATERY ., ERY . ¥4 54 TDONWT, ¥ 0 a4 4 >TREBTRDOA T,
AV FEIFETAE ST, BHBFLBEYARZ LA (ENLTHWANT, 1+ XREET
METABEL. BHELTOT ERNL.

B, BHEH 2 ¢ % 250mf =7 5AICHAEL., 2ARK Cs TI<rL%0.2M
iir+ v & 2 EW 100md F oz, 2 4RMAEVESE, REFECNALLDK .. FEBRTE
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fr e
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W

E ( megs/100g )=

E: A4+ THEE

B : BE#OKHEETHE ( cpmml )

A BFEFEFHEE OBE OB HEESTEE ( cpm/ind )

W ABOEHME (g)

n: BWHOEY a0 75 a5 FH (meg)
BoNKA & Y ZREROMBEF Table 13 1C7 T,

Table 13 Jon exchange Capacities of River Sand,

Mesalite and Zeolite

Agpregates E{meq/100g)
River sand 139
Mesalite 138
Zeolite 148

*  BEMOIWANEINap S0, ThoAD, P 0sE NaCsSO0, & LTHEL Tna,
' - 26 —
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Fig.8 Effect of various types of aggregates added to
specimens on the leachability ( Slag cement)

Sample No, 0:36, e:37, o: 38.
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Fig.7 Effect of various types ot aggregates added to
specimens on the leachability ( Portland cement )

Sample No. ©0:33 , @:34, @ :35.
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Table14 Effect of aggregate content on the leachability

Saﬁf.'e 56(&;5) Cement D; Dy Ay Aggregate
34 50 | Portland 190 x10° | 116 x10°| 0200 |Mesalite
39 40 ‘ 202 x10° | 205 x10” | 0217 .
40 33 ; 249 x10° | 255107 | 0250 .

41 25 . 257 X10° | 444x10° | 0237 .
37 50 | Slag 416 X10° | 1.20 x10°| 09899 .
42 40 ’ 429x10° | 205%10° | 00852 .
43 33 . 466X10% | 243x10°| 0.0898 :
35 25 | Portlandl 114x10°| — — Zeolite
44 20 : 138100 | — — ’
45 10 : 140 X10° | 5.95x10°| 0.00632 .
38 25 | Slag 7.24 x10° — — /
46 20 ‘ 1.08 X107 — — ¢
47 10 2.03x107 — — ?
Table15 leachant dependance of leachability
Sample | | oachant Cement |Leching ratio
No. (at 30 days)
35 Deionized water | Portrand 114 X107
48 |Sea water v 1.09X 1072
38 |Deionized water| Slag 275X 107
49 | Sea water " 2.81x10°
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ELTIRET Dy #, MENETREAE-RLAE LZ Db OEELON A,

Eas A P EBRMLAZEETI, ¥4 54V OESEAEDTACLAZD T, HEEHAH
HROLTWE, T2Dhb, €454 FORMEPMLA LT ETCL 2T, BEINALY Y &
BB mMT ARDEELL N A,

¥4 74 EHNEt 2L PTCs PBBICE LT TR EROZER Table 1510+, T
OEHL, BEEEIBHEOBRECLOTFRERULBEELZ ~TWhT &l b, ¥4 74 b ICE
AN Vs, ATEBKTOAF Y E TRUBEL AN EDBELD LR ofc o TOK
B, ¥A454 +b— Ay BENGBBKCBEIATY., BALAEBECERANREET =T
EEBERLTWS .

2310 BUFRRT— 2 LXBIE & O LBk

2y b EME D b ORBEERTEOBHRRICONTIE, W DhORENH BB, BBl
ALOW, chEORETE, RBFE, 7 40BBHFEALBRE > Thbicdd . BEE
REFTOTE, KBTHT LETE R N,

CPE . FTRHE AN T N AR F ~ R BEHE (LY TH—L, KEERRFEDA. 7
I, H—Cht oTid ., PBOHUTHSEYT% o/ . Table 16 CBHE (L)TERL &
BRALUDKHBFECHEY % k.

Table 16
" Table 16 Comparison ot leaching data .
. Experimental conditions .
- - Leaching rate
Au‘thorr Cemenrt Waste Nuclide | Leachant %‘&2"" ons of
) Not” Actural sludge | Not Tap or Not - 5
Smith described  |{fromfloccuiation| described| sea water | described 107~10
. : Not '
Klicherko | Portland NaNOs g | described | 2.4PX1em | 107~ 167
. Tap or - -
Terashima | Portiand | NaNOs fcs  |seawater |3.4%X5cm | 10°~10°
a - i . .
NSRA Portland Na2 S0, Weg | sea water | 5.0®Xx75em | 10%~10°
. Deioriized or ) . -2 -3
Portland NazS0. Cs  |sea water |45 X44cm| 10 ~10
JAERI Deinnized
eionized or - -~
Slag NasSO: | ''CS  |gea water | 45¥Xéhem | 107 ~10"

a: Nuclear Safety Research Association,

Table 16CRGRB LI, Ka b 32 e s> BHELS D ¥ 0s 0 LU HH T+

Sy AP@HELHEENBRIETS > CLHMBETIA ~F 3 —BL T b, 107 ~107
g/em’ -day PfEF Af . CHIEHLT, EELORX S 722 ¥ P FBANABECH., 1 01E
BEMNREHEOB EPLILNT.

Smith OF — 21, MOREE RCE~NTHAEVBENRBEFRL TWAL, TOHBE,
—31 —

-~



JAERI-M 7779
TN RS EREFPERLEBAELARA Z v (U ¥Barvy o, ﬁ:&fk%ﬁﬂ))%kﬁ%ﬁ"
A A b TELED ORMHREE L T AIRD, BELEICEHT S 7 0s OB REHH
—BICEAWT ED L, TAra) HETR, BETE, ALETROREEEEL £, KERHOE
BHEMOLOHE(ETNR, IHLEINLOREEEES, 27 « 2ICTHEE, {8

AN, BHICHEL A% WHEL % - ﬁ%%T%%&ik%ﬂ%

Kulichenko GF— 2L AE, “OsnBWERMHMTIE 107 g/em?-day , BEIOE
éimﬂ@@M-My&ﬁ%urmaogk,ﬁxy»@w¢HMﬁ%ﬁ%@6brmac&m
b, BHICEET AEWAE. TAOLERNBEME A2 REETRSD , £ 0 KEHTHFAZ
WEEBOHNE000ETHAELTNA. C OENFEHTANWTREEFRD, 107 ~107
g/em?- day PEX LT - |

HBIE, BT — A RHEAETEEL ThANT, CAFBHECEIHEL A, LbIk
flid, BEELOE LBIERA—TH o7, LrL., TORBTH, 103 mol/f NIEL &+ ¥ &
Gk L LT TAmh, BV VEBCCOLY # SRORHEBESE TnNL L0, %
A bhftln, AT, Mﬁ%ﬁmﬁﬁmﬁinu,Mﬁ41ym%ﬁm%wvh%#,mﬁ4
d o OBET S, BEL, ROAF v BECEBEELANBECOHR, FURICHEEE
Tt 4 4 v CEBRIC—E EEL AT ENRTEA, LAD>T, 335 T~k LOTH+V
B B AL AL D AREREOBET O EEEEE VU Cs BECEEL NIV
BERioNANThA. COLY ZEAL L, RENBEEORYXRCBATANLC L T#
RO R b . BELOBE 7 — 5 EHBEOY 0N, + — KA THE, [2iZF—& &
REDBD, T ENATELRYE s TnAORMEOC LI ZHEBTCLAINEELLN L, F
B, BOHTICE, 7ZawTy{l=w LU~ %251 LAty Y 2OBEL
SNT DREBA INT VAR, 7oy 7oESME, €2 bR=—2 }FOL T T A

HUKETH, TBEHEAZDL, vV 2R BETLCLHHEHETEL V. —F, I X27 4}
B vy s DEECAERTHEELTED , BHLOEBRTS, ¥ 454 F ORIHERL
MESTT o LERABLA. A3 F2 T4 ¥ T4 VERBT AL, BIENBRRES
ChDLED, iy EEOREBHEEEFETIZAN, ¥4 54 bOBAE, COLI A
ﬁﬁﬁT%ﬁﬁ@ﬁmmT,ﬂ£#3§{bwm&ffﬁ54+mﬁﬁty?Am@%ﬁgb
T CRTWAE L 2o |

HEBOBSTH., BEkE &ﬁﬁgmﬁb7uybLT¥ﬁLTM%m? Bdp b ¥ e &

AR - TRERTHEL . BEEDNEER EFELORRE—EL TnoHD, & 1B 1
rREIBE TTHARD, REEEYEHOABEOE #MKaiﬁ@hkhmﬁx+ﬁ
THhha | :
Bk, ik £ SIC, nFAORS SRRFE, 7 — 4 OEBHES AE—THERD, B
BRkE B DR AN BT E T, BMEORRICL £F - . RHGEBRFMETR 5B
R, F—s OREREOE—HBETSHE . 1A BAOYEHEE, £TLTE
AYDEENEL RV, FRFH, BREOF - 2EBEOAL L E D HATTOBFITET S
TEDBETHE D .



JAERI-M 5779

3. = L o

3.1 BRHEBROWBE

YWing OB MRBHERS L, DECTERBLD LR of

@) BWR, PWREEEE b Wa O M HT 2 & BB IMEE ETT 5.

(20 BWREE G OMELEGET , BREREOCHEMCE 3% ~TRAT 2D . RIEF

CEpE( R AL OERLREL, HRESE (7 AHTDNTRALRBEMED BNT A,
C e e R, REOCRALHE, R GTEREOBNCE b % 2 TETT 5,

3 AEEBTH, BEECE LET V0 GIBOERERD ok . THbL.  Cs BE
BAHE L, v —F — e AGELBART S ALDT, —ROIC . Ev < VY
BAE D b O RSB ROBEICHL T, BECERIEZL L (LI INID a0
%o '

W @Ry F VY AGERATHLBWROEMILTEFCE A ¥ b, RYBOFF Y
Aﬁﬁ}ﬂ%@PWR%%KH%E£WF§7thy}%%mgc&ﬁggbmo&<
W, BiEES b)Y AKHT ABECH Y A 2 ORAE, THRESE LU -BEREEO
LA TSR —F, PWROBHCEFECH = 4 > » #HRAT 2 LB e, 2n
S Ve Ay b ThRVBBEIBLALLEAL V. TASH ORBHRLETH L.

() BEAMMT BOKRETI, MFRHBEORIE , BEKBEIENTEECH 2D
SRR EE T OERENRL, BREKEENMEAFER (R b LD 2T, R
RO RAE G AT NES, BHABESEL 2L CONHBHEN AT 5. —F, %L
WE AR LE AL RO L) ZBBARECRBIELALRBNT AR D, —K
i, BRI TEMCIAD € 2 v @D, ASE TORBIEALZIRVWIOS
ﬁﬁéﬂﬁiéﬁ%aﬁﬁmﬁ%m%%momfﬁ.&<m%@¢aﬂg#ﬁma

(63 mfﬁ&ﬁlﬁw.ﬁmﬁﬁﬁzmfﬂﬁmﬁmﬁ%aﬁﬁﬁmﬁﬁﬂﬁm%%ﬁﬁﬁ
Cdy s, 25°C OBAT . O LORTHRBRLALEOLNT .

M BWACHE A+ ¥ #RARBECE~NT . ALBKE N Ba ORI HETELR
5. _

(8) tvamﬁfagﬁ%4fyﬁﬁﬁﬁmxgmfia4r%ﬁmfag“%mmmﬁ
&ﬁﬁ%éb<ﬁifén—ﬁ,fﬁ94bﬁiU@TMCWlbﬁﬁ%ﬁ%%Mﬁ#a
s '

(@) TEHA AL 5> Ve Ay VEETH, BEKRE25°C OGS, BHHEBEI~10
H, 2°COBEL20~25 BAHICREERIELOT, TOEMEALD AT Y10 B
%%@ﬂ@mﬁﬁﬁﬁﬁf%ﬁ%ﬂ@ﬁﬁﬁﬂﬁLﬁﬁﬁ%ﬁ%ﬁb%ltﬁfg5nﬂ
. EFBCHE Ay b BUCETE, COFEATRAREORRERAIT, 3 ~4 B
BThD. vA A NVRREAETHECOL ) R ERAFREA ST DT RUEL LV
FOBRETIRIEESEE RS |

G BREIF MY U A A b3 Pk Ay R BEAEO DI B G 5 L2107 o ey,

33 —



JAERI-M 5779
B SEAEE 10 4 m?/ day DA —F T b BFECHEe A v OBREZLTLEN 10
em?/day L U510 % cm?/day THA . €454 P RRWMLAZEG, Fr 57y P A
¥ b BT 10" em? Sday, BEIFECHEE A PEHETIH 107 ~10"em? /day O
WHERI L BN _
() RVBFP UG a—A b TN A P EEODBREE T 100w /day, #
SR 8T 10 em? /day DA —FTh o4 .

3.2 | AE AERESHIDOOT

(" I AEACYERSTITORXIARLABERFREL THDHL, 2381 TH~ L DHIT,

£ A v EEED L0 PTCs BB, BECOBBRC LA HDET W, T Ok, EE
bit, BHBES DML BT DERES B L £, COBRECL-T, 0O
BHTF- 20 8BXNCRBETAZLATE, BHAROFRVITAT . 5o

20 TABEARTEHESTH, #iR4EL T45¢ e X 44 emNHARFRFPBEL TN EE, T
OLO AR BAFBHEPAZTERDT I EINTnA N, HDBETHNLN TWA 200
£ YS aEmTHEDTHEF5TdeamXx 84 enThHhY, F7L4mROEMECOV/SERLE
HEOCHK VT 106 THA. N LT, 1A AEAWERFHOEAEXN V8150745 T
B oT, MEOHICEZAGEEBEELEZNW. TOED, HRECERICOWTH, B
BT ALBLES L

(3 MEEOFELPHMET 7T BEEL TWaEH, BHABRESENBEK T, 0L 9 A EE
MTRAR+aTchb . HEAOHEEE B/ \FMETA2ERCA>TLE Y. LEDB-T
EETEHRRRFTIBAL . TBOREHBH T I WD, BB THEBRTT I IVWERE
HE% SR TH2LEN S5,

3.3 SHROHBRZEE

0 AR, EBRGEBEEOEN V0 # R ELTBBREY TR -2, 4% " Co,
9y BERDNT IHE T EDD,

(99 BWREBCOWTH, SECH 2 o LfFEr 4 OHEBIYL - THBESEO
ELLWHESBAZEDNTEAZDN, PWROBHK DWTI £ 2 » EULKE COFW
BRI 53 o7 DT . BAEME R T 5 Tinh .

(3 HREOHK I BHMEE OEEFTHAOC LT T AADORETTITA .

(1) BHF—-20ERBINAERTELNERT 2 NEFERTYES L -

HEOHEBEBLCOWT, INAEAHRETRNTHHTEDL TFETH A,




ey - ——

JAERI-M 5779

4. X fEk

(1) HAREN. x& -F - WSsg. ft: BEFDEEFASNEREREY O£ 4~ b EITET
AERMBRE (E1#H ), EHPRHFMEGET HfFPF#Ed, 70006, 19704 SH

(2 FHER, x8 F, H8X~—. fb: BETNREMEEHOV S amEHOHE A ¥ b
B OEKETFTO NYSHERCRT ARREHEE (B 18 ), SN HREFEHNE
FEETH4s . 71005, 197148 B

(3) THAIEES, & IF. MBEE, 1 PWREFNDREHR T ESRSO B/ ALEICE
4+ HEBRM I, BHPRMFE S ZE RS . 71006, 197148 A

) EERAKEWERF :  HANEEGEEORFLACHE Y BEEDESCET AHE . B
4 7FEE, THHEREE, B4 8435 A

5 EFHhE&eiFwes (BEREVLEBLSBMERAR) . REGEREDBERECH TAH
gt s L ORBEEEREOET L BETORBNTRIT A BRTR (B4 4EERT
NERFIHZEEEHE VHM 4 TES A

® BEFHELHFHL (BAEREDABNAAEMEES )  RHY REDEA K & ORcs
AR OB B T OBEICHE T AR P (BER 4 5 EE R T FRR BB )
FAFI4 74 5 A | |

(D REXIR, KEE#H, 4 HEMHREED 2 P EEN L O FERE O AT~
B BT AEBRAKRS (B1w), BT MFHENE - ®s, 70015,
19704 ‘

8 Kulichenko .V, : The fixation of radioactive wastes in cement “
I AEA, Vienna 340RB ( 1966 ) | |

(9 Smith, A.J., : Leaching of radieactive sludges incarporated in
cement and bitumen, AERE-M—2223 ( 1969 )

10 FE F: HEEERZBHE(ETORAEBEHEOBHCET AHAR — 2 A P I v7H
it A B St R O¥ET DWW T —, Wi, 6, 123 (1971 )

W HB T®. U R, EBHEA, HLEE: 2 BEkE Tos, 7
BHBBICONT, hRgainxnsse, (2010, 51 (1972 )

@ FH F: tAvFEAFED Cs OBBICKT ABEM O 2SS L UB AR
OEE . B gdsk, 15 (1) 52 (1973 )

@9 IAEA Technical report Series No.82 : Treatment of low-apnd inter-

Sro. Ceth

mediate-level radioactive waste concentrates, pp 101 { 1968 )
(4 Xespe., E.1), : Leach tesgtings of immobilized radioactive waste
solids-A Propo.sal for a standard method , At.Fnergy Rev. 9.1 195 (1871)
% LA E, EEEe . BAHEERD-REALBEIGNOBRERAR, RTNUTX. 20 O,
25 (1974)
(6 RS B ER NE AR & 0 RO E R EL B AOREEHRER (D),
— 35 —




i

S ORI

JAERI-M 5779

EEAWA (1972

¢? Brownell , L.E., Issacson. R.E. Orérﬂn.W-E : Durbility evalunation
of raidoactive wa,éte products, ARH-5A ~165 ( 1873 >

a9 OGrittner, B., Jander, G. Bertram, I.: Determination of diffusion
coefficients in solution, Z.anorg.Chem., 287, 186 ( 1956 )

@9 Czernin, W.: Zementchemie fiir Bauingenieure, p.58. Bauverlag (1964)

o) B, M. EAKE : BF A CHETARY, A2 b HRES, XV,
82 ( 1961 )

4l Bogﬁe,‘R'.H.: The Chemistry of portland cement, pp 715737, Reinhold
(1955)

W REES, HYRR : BEE b ORERIFZ IV —ORFEBE £ ¥ P OFE

Witk , € 4 ¥ PREHES, XTI, 150 ( 1957 )

03 FpEE—: =Z¥7 Y —tvy—Fr, 10, 28(1972)

@) AMBIEYE. B o WIEEAREL L B A 2 ¥ OKFIE CTKFIE 2 ¥ b
PHETERICRIE TR, 2> VEHESH, X1, 112 ( 1957 )

# Romberg.H.: Tonuid-Ztg. 85,105 (1971)

@ Eitel, W., Schwiete, H.E. : Die Naturwissenseh-aften, Heft.22.24
(1934 )

@ FEFE, BH TE: w2 b OEEKICETASCa (OH), OBEFER, B£B
£, 82, 333 (11974)

ey Fmak: EEAr=r. 65, HRIEEA (1967 )

09 JAH4ER . KIGHEE, 147, 3#3 (1957 )

) W|EBLE : BRI r F7 w2, WeA>+, 5 FEIEH. 1617, H8H/E
{ 1966 ) '

@) Glasstone, S.: Element of Physical Chemistry, 242, Van Nostrand
{ 1960 )

@ Jacob, A., Marrinsky., J.A.: Ion exchange, £ 3 The ion-exchange

" properties of zeolite, pp 89 - 133, Dekker ( 1969 )




