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Diffusion in Surface Layers on Nuclear Waste Glasses X 1)

Hideo Nakajima

Abstract

Nuclear waste glasses have been shown to react with water via a number of
reaction processes including molecular water diffusion, ion exchange, surface
reaction and secondary mineral formation. The interactions between the
processes are significantly affected by such reaction variables as glass composition,
solution composition, reaction temperature and reaction time so that separating
the competing effects of each process complicates the development of an
understanding of the reaction mechanism. The knowledge of diffusion of
various elements is important for the understanding and elucidating the long-
term dissolution of the nuclear waste glasses. _ |
The aim of the present work is to elucidate the diffusion processes which rule
the solution and hydration of the nuclear waste glasses. The diffusion in two
kinds of the glasses, PNC Reference Glass and synthetic volcanic glass, has been
investigated in hydration tests performed at 90°C for 1 to 28 days. The
concentration profiles of hydrogen and sodium in the outer layers on thses
glasses have been measured by Elastic Recoil Detection Analysis(ERDA) and
Nuclear Reaction Analysis(NRA), respectively. It is confirmed that sodium

analysis was carried out with NRA using 23Na(p,c:t)zoNe. The results are

discussed in comparison with the PNC Reference glass and the synthetic volcanic
glass.

2 Work performed by the Faculty of Engineering, Iwate University under contract with
Power Reactor and Nuclear Development Corporation.
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ARk Z Z(V000)
{wi%)
V000
Si0; 56.0
Al 15.5
Fe:0; 11.0
TiO: 1.5
MgO 4.5
Ca0 8.5
Na;O 2.5
K:0O 0.5
Total 100.0
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NPD-28-1 28 K BEBEZEY) A 5 R (P0798)
NPS-28-1 28 BERR K BEBREIED Y 5 X(P0798)
NVD-1-1 1 7Bk AKX S Z(V000)
NVD-1-2 1 7ERK ERCK LA S Z(V000)
VDL-1-1 1 7&K E kil A5 Z(V000)
VSL-1-1 1 EERRIK ARkl 5 Z(V000)
NVS-1-1 1 EERK ARk LA Z(V000)
NVS-1-2 1 BERIK Ak A Z Z(V000)
VDL-4-1 4 7K A RCKILA S Z(V000)
VSL-4-1 4 BRIk ARk Z Z(V000)
NVD-7-1 7 KBk Ak IliA Z Z(V000)
NVS-7-1 7 AR S kLA S Z(V000)
NVD-28-1 28 7K A RUK LA 5 Z(V000)
NVS-28-1 28 K ARk 5 Z(V000)
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£2—-3 FAGRNBLTROBRINFEREICH SHIHRIE

Nuclear Incident beam Energy of |Counting rate| Resolution | Sensitivity Method
reaction energy emitted particles | (Count/min) (Target) (at.ppm)
(MeV) {(MeV) (A)
H(t,n)*He ~5 ~4 5000(Ti) ~5%104 E-Ameth
H(!!B, a )3Be 1.6-2.5 I-4 600(Si) ~103 resonance
H(I5N, a v)12C 6.385 4.43 40(Si) ~103 resonance
H(19F, & vy Y160 16~18 6.1,6.9,7.1 400(Si02) ~103 resonance
1  H(Li, v )®Be 2.7~7.0 14.7,17.6 1000(Fe,Cd) ~1] resonance
___ D@,p)T ~2 ~4 800(Ni) ~2*]03 E-Ametn
D{d,n}*He ~1.5 ~4 5000(Ti) ~103 E-Ametn
D(He, o }'H ~0.7 ~3 20000 T00(ErD2) ~103 E-Ameth
T{p,n)’He ~25 ~1 2500(Ti) ~103 E-Ameth
3He(d, o )1H ~0.5 ~3 400(Nb) ~103 E-Ameth
3He(d,p)*He 0.4~3.0 "~]13 30000(Nb) ~10 resonance
4He(1°B,n)13N 3.5~5.0 ~3 600(Al) ~104 resonance
4He(7Li, v )!1B 1.6~3 ~5 300(Ni) ~5*%]103 resonance
6Li(d, o }*He 0.7 9.25 930 E-Ameth
7Li(p, e )*He 1.6 7.84 400 E-Ameth
1B(p, o )®Be 0.675 4.07 resonance
10B(n, a )7Li Neutron 1.47.1.78 E-Ameth
12C(d,p)!13C 1.00 3.0 20000 resonance
14N(d,p)12C 1.30 6.76 470 resonance
16Q(d,p)!70 0.96 1.52 1600 resonance
120(p, a )I5N 0.845 3.38 4600 resonance
23Na(p, @ v )*Ne | 0.592,1.01 v 1.632(y) resonance

XE-Ameth + + « TR/ R —AEHTIE

resonance - -
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K3—100583—1 8k, ZDXIILTH SN e (Cx/Cy ) Exizs
LT7oy bUERER U, FRKESHIZ O oy MIEAAESREEIC
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BROBNNC LB FEOEIAD SN - o, T, BREEWH S A TOKE
DOILRBUI BN 5 X TOKEOIHIEE LD b 1R EX T E0bh - 72,
BRDZ Y 5 KA T X DB BRI R 5k ROTBRECE L L T3,
W Sd. Inagaki & DHLECE FIVCIE LT REOHEBIES. 2x1 0 20m2%s14
AT 8BKIIAT S A TORFEOIESAEES. 2x10722 msT LG L,
W o ORERIE [HEBEREEYY 5 X TOKEOIEBAREUZ ST KLY 5 R TDKED
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U TSRS R T 5 &2 58T 5 L. ERHNTRS 30, SEOKED
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#3-1

BB AT 5 26 LUBBUKILA 5 X DB MK

(B - =V H o1tk B)

RESHAEER (pom)  : BEEUFEIIA S Z(POT98)
No. MR (B) Na Cs Al B Ca Fe Mo Si pH BB
PDL- 1-1 1 0.6 005 <0.2 03 <0.2 <02 <04 16 801 000035
2 1 L0 005 <0.2 03 <0.2 <0.2 <4 L7 832 000035
PDL- 4-1 4 23 021 08 15 06 <02 <0.4 69 869 000120
2 4 L1 010 <0.2 06 03 <02 <0.4 20 671 000038
PDL- 36-1 36 85 1L10 18 54 19 <02 L2 22 878  0.00200
2 36 86 098 L9 55 L9 <02 L2 21 879 000390
PDL-106-1 ~ 100 86 095 1.6 48 18 0.2 12 2 912 0 00409
2 100 88 08 L7 50 1.9 <0.2 12 21 918 0. 00403
PSL- 1-1 1 0.4 004 <0.2 03 <02 <02 <4 — 715 000008
2 1 0.5 004 <02 02 <0.2 0.2 <4 - T.21 0 00001
PSL- 4-1 4 0.8 007 <0.2 05 <0.2 <0.2 <0.4 — T7.46 000013
2 4 0.8 007 <02 04 <0.2 <2 <04 — T.45 000014
PSL- 36-1 36 25 016 <2 16 02 <.2 <4 — 155 000016
2 36 25 016 <02 L6 02 <02 <04 — 175 000014
PSL-100-1 100 30 020 <02 L7 03 <02 <4 — 7.8 000022
2 100 45 020 <0.2 15 04 <0.2 <04 - 737 000029
BRI R (opw) - SERKILA T 2
No. B (E) Na K Al Ca Fe Mg Ti Si pH EEsWE(QE
VOL- 1-1 ! 0.1 0.3 <0.2 <0.2° <0.2 <0.1 <02 0.2 564 000009
2 1 0.1 <0.3 <0.2 <0.2 <0.2 <0.1 <0.2  <0.2 538  0.00006
L~ 4-1 4 0.1 <0.3 <0.2 <0.2 <0.2 <0.1 <0.2 <0.2 519  0.00009
2 4 0.1 <0.3 <0.2 <0.2 <0.2 <0.1 <0.2 0.4  6.69  0.00008
VDL- 36-1 36 0.2 <0.3 <0.2 0.6 <0.2 02 <02 26 544  0.00035
2 36 0.4 -<0.3 0.7 L2 0.2 05 <0.2 47 T7.40 000071
VDL-100-1 100 0.6 05 1.3 19 <02 08 <0.2 8.4 7.64  0.00112
2 100 0.9 05 24 29 <0.2 L1 <02 1t 8.00  0.00155
VSl- 1-1 1 0.1 €0.3 <0.2 <0.2 <0.2 0.1 <0.2 - 6.38  0.00004
2 1 0.1 <0.3 <0.2 <0.2 <0.2 <0.1 <0.2 - 615  0.00003
VSL- 4-1 4 0.1 <0.3 <0.2 <0.2 <0.2 <0.1 <0.2 -  6.27  0.00002
2 4 0.1 <0.3 <0.2 0.2 <0.2 <0.1 <0.2 - 628  -0.00002
VSL- 36-1 36 0.1 <0.3 <0.2 <0.2 <0.2 <0.1 <0.2 — © 6.55  -0.00004
2 36 0.1 <0.3 <0.2 0.2 <0.2 <0.1 <0.2 —~  4.40 000009
VSL-100-1 100 0.1 06 <0.2 <0.1 <02 <0.1 <02 - 6.68  -0.00003
2 100 0.6 09 <0.2 <0.1 <02 01 <02 - 6.28  -0.00001
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K3—2 BRHREERDOSIRELIH T XPDOKEDILERE

REES Ao R0mE WK IKRKDTLBAFRH (ms™)
NPD-1-1  EEEEWHIX  &FK 1. 8x10-20
NPD—-7-1  BHEEEEMA SR  #EBEK 1. 7x10°20
PDL~-1-1  HE#EERPHSX  FEK 1. 5x10-20
PDL—-4-1 #SEBEHEYHHSZ  EHK 2. 5x10°20
PSL—-1-1  BEEBESEYHSX  HEk 3. 0x10°20
PSL-4-1 HEEEYHTSR  HEvk 1. 5x10720
NPS—-1-1  HB#EEREYWISRX  HEK 4. 7x10°29
NPS—-7—1  HHEBEEMASZX Bk 1. 4x10~20
PDL-4-1  #EEENTSR  ZEEK 2. 5x10720
NVD—-7-1  &BKUAS X FEEK 4, 7x10-21
NVD—-28—-1 &EKILAFX 7Bk 1. 9x10~21
NVS—-1-1 A&AmfkilHzsx 6217/ 8. 1x10-2!
NVS—-7-1 &BXUF35Z HERK 6. 1x10-2!
NVS—-28-1 &mXUAFR ek 9. 8x1072!
VDL—-4-1  &mlKlHFX K 3. 6x10°21
VSL—-4-1  AmRKUF5X Bk 2. 8x10°2]1
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