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Diffusivity of Sr, I and Pu in Granite With Through-Diffusion Experiment
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Abstract: The diffusion behavior of Sr, I and Pu in granite was investigated by through-
diffusion experiment. The effective diffusion coefficients of Sr, I and Pu in granite at 26 C
were determined to be (1.24+0.03) X10 " m?/s, (2.88+0.02) X10 " m?/s and (1. 33+
0.52) X 107" m?/s,

respectively. It is also observed that the speciation and species

distribution of element have significant effects on its diffusion behavior.
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Table 1 Chemical composition of the granite before and after diffusion experiment

10°w
Tl
(Chemical composition) SR 5 mm 5 LR 5 10 mm & R L85
(Original rock sample) (Sample after 5 mm test) (Sample after 10 mm test)
ALO; 1. 40X 10° 1.20X10° 1. 40X 10°
B 90 50 60
Ba 6.0X102% 1. 00X 10% 9.0Xx102
Ca0 1. 80X 104 1. 60X 101 1. 80X 101
Ce 90 80 90
Co 40 15 20
Cr 1. 20X 102 75 75
Cu 3. 60X 10 25 90
Fe, O 1. 00X 10° 4.50X10* 5. 50X 10*
Hf 15 10 10
K,O 2. 80X 10! 3.50X10* 3.50X10*
La 40 40 40
Li 15 10 10
MgO 2.30X 104 1.70X 104 2.00X 104
Mn 1. 00X 10° 1.00X10° 8. 8X10?
Nay O 3.00X 104 3.10X 104 3.20X 104
Nb 20 20 15
Ni 60 20 35
P 4. 80102 5.00X 102 6.00X102
Pb 1. 20X 10? 30 50
Rb 45 20 50
Se 15 10 10
Sr 1. 20X 10 1. 70X 10 1. 50X 10
Ta 5. 00 2. 00 2. 00
Th 60 60 60
Ti 5.50X10% 4.00X10° 4.50X10°
\ 1. 30X 102 60 70
Y 20 20 20
‘g‘ﬂ'ﬂ(Seiling gasket) 2 %%5iﬂ-i@
S SR 21 BRI RS RS 5
XRF 43 #1389 8O 50 /T S 0 0 4 A A2 1
AR R AR AT 3 & A5 60 %6 22 A7 4
¢ ¢ WRAHE A 2005 13% ~18% . B A 11 5 4y
N BN 6 Y0 REAR RN 4% . (HYGIE e s o T WL 5K
(Granite chip) B JEa A i K & &M Sro & & 08K
W@M (FE D, FEREBR PN K BMOEESO
[(lttltegitets |:::::::::_':[J S5k rh . Sronl 58 W B BRUTVE T AL b o 2 B AP s T
Fe.Ni.Pb.Rb.Ti.B.Co % m & & & W/, £
i Wi M0 3 2 S L M SR T4 )

Flg 1 Diagram of the diffusion cell ﬁ*ﬁ ,}Téﬁﬁ IEJ ’fj %&t:: % ﬁ% Dl-lu % T *_E'é IIIIZEI ':P E(J 1 ﬂ]
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Table 2 Chemical composition of solutions before and after contacting with granite sample

mol/L

2 BE K (Feed solution)

R 5 K (Downstream solution)

JLR /I H
Element e S F 5 S 5
(Before equilibrium) (Equilibrium with granite) (Before equilibrium) (Equilibrium with granite)
pH 7.0 10.9 7.0 10. 2
Eh/V 0. 24 —0.56 0. 24 —0.50
Sr 1.03X 102 1.26X10°° 2.07X10° 1.19X10°2
1 1.06X102 1.06 X102 2.06X107° 2.06X10°
Pu 1.10X107° 1.04X1012 1.76 X101 2.13X10° 18
Cl 2.06X10? 2.06X10 2 1. 08X 10! 1. 08X 10!
K 1.05X10°2 3.62X10°7 1.08X 107! 3.87X10°2
Ca 0 2.38X10? 0 2.38X1072
S 0 1.94 X102 0 6.98X10*
Si 0 1.75X103 0 4.35X10°1
%3 SR SraLPu B E TR A 4R
Table 3 Main chemical species of Sr, I and Pu in solutions
- B 4 20 1 W
TR (Feed solution as prepared) (Feed solution in equilibrium with granite) (Downstream solution)
(Elements)
Fh %5 (Species) gp/% Fh 75 (Species) gc/% Fl %5 (Species) 50/%
1 105 100 I~ 100 I~ 100
Pu Pu(OH);5 76 Pu(OH) 5 2100 Pu(OH)5 2100
Pu(OH), 19. 83 Pu(OH) ¢ 0. 039 Pu(OH) 0.026
Pu(OH) 4 3.82
Pu(OH);CO; 0.017
Sr Sr? 100 Sr? 99.7 Sr? 99.9
SrOH* 0.3 SrOH* 0.1
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(b) :A

Sr,y=(1.504£0.04) X 10 ¥ 2+ (1.30£0.20) X 10 *,r =0.997;

B 1.y=(3.4840.03) X 10 * 2+ (6. 4340, 14) X 10~ *.r= 0,999 9
B2 26 °CTF SrflLilid 5 mm BIER & 1§ BT U HCRE M R O TR E & (b) 1Yk 2 fk

Fig. 2 Radionuclide(a) and stable isotopes(b) concentrations of Sr and 1

in downstream cell diffusing through 5 mm granite chip at 26 ‘C
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Fig. 3 Concentration of Pu in downstream cell

diffusing through 5 mm granite chip at 26 C
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B —1.y=0(9.08£0.28) X101 2+(2.3440.08) X10°,r= 0.997
{4 26°C A 20 CCb)F el L HGRI 10 mom JE 461 # F 5 76 IS 25
Fig. 4 Concentrations of Sr and I in downstream cell

diffusing through 10 mm granite chip at 26 C (a) and 20 C (b)



XE

%13 RS JYid

AT Se. LA Pu 9 BLAT 59

# 4 Sr. 1M PuZF@Ea AP IA Y HURRK

Table 4 Effective diffusion coefficients of Sr, I and Pu in granite

JG % (Elements) £ SR (Sample thickness) /mm t/°C D./ (m? s 1)
Sr 5 26+0.5 (1.2440.03) X103
Sr 10 26+£0.5 (9.38£0.24) X107
Sr 10 20+0.5 (7.64+1.1) X106
1 5 26+0.5 (2.88+0.02) X101
1 10 26+0.5 (3.01£0.04) X101
I 10 20£0.5 (1.50£0.02) X101
Pu 5 2640.5 (1.33£0.52) X10~1®
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