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Abstract: In order to understand the migration behavior of "I in the host rock of China’s
key potential deep geological repository, and to provide basic data for the pre-safety assess-
ment of the site, the effect of different experimental conditions on the adsorption and diffu-
sion of iodine ion was investigated using a batch sorption method and a modified capillary in-
diffusion method. The results suggest that the adsorption of iodide onto Beishan granite is
almost negligible under solid/liquid ratio of as high as 20 g/L.. According to the capillary
experimental results, D, values of "1 are between 8.2X10 " and 1.4 X10 ? m*/s, which

suggests that the diffusion rate of iodide ion in compacted Beishan granite powder is very
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high. There is a positive correlation between the D, with temperature, isotopic carrier con-

centration and ionic strength, which can be explained by Brownian motion and electrical

double layer structure of granite surface. While D, value of '**1I" witness an overall decrease

with the increase of pH values due to the granite surface charge. As can be seen, the capil-

lary method is a fast and easy method which can be used to investigate the migration of radio-

nuclide in compacted mineral powders.

Key words: diffusion; Beishan granite; '*’I; capillary in-diffusion method
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1 JHTBHE LRI H T K5
Table 1 Composition of Beishan groundwater used

in capillary experiments

R o/ R o
(Composition) (mg e+« L1 (Composition) (mg-+ L™1)
Nat 608 F~ <1
K™ 7 Br— <1
CaZ*™ 74 SO~ 609
Mg? 55 PO? <1
NH/ <26 NO, <1
Cl 610 NOj <9

Mettler Toledo FE20K Y ®g B i1, it Ky
LLE438,Mettler Toledo 2\ 7l ; Toledo FE30 %l Hy
SZ AL, B M S LE740, Mettler Toledo 2 &l ;
DIONEX ICS 3000 %1 7 {4 3% (1C) . DIONEX 2
A]; JEOL JSM-5600LV A 49 i i + B 3 5%
(SEM) ,JEOL /A #] ;Bruker D8 ADVANCE # X
B2 By KA S (XRD) , Bruker 2\ &) ; Kratos
AXIS Ultra I X B4 H F gk (XPS) , Kratos
ATl Bruker S4-Explorer B X 5 £k 56 )6 O 1%
(XRF) ,Bruker 7 &) ; Perkin Elmer 2470 & [ 3}
v it B %% . Perkin Elmer 4\ &) ; PEEK F£ 41 &,
IDEX Health & Science 2 ],
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BEH] PEEK 45 (A SM2 235 4 1. 016, 1. 588 mm)

VERASEEG BT B A4 % HoE KOTHR 24 mm 1]
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Fig. 1 Photos of capillary gravity loading assembly

JRA Y LI Bk SO TR . 3 HGE R
PE IR RS FRAE FUK T B il B2 . ] B A A8 8 ) 2
R E 0 B T A BT S AU LA s A R
FI AR B AR LT e 52 9% B oy (1 800420) kg/m',
4 A — PR B A A O — 12 mL LR E 6 4 5
S AR AIA 2.0 el A RSV 3 A T W K A
AT PRI B — & B R B (LU NaClO,
VEWORAHO A pH {E (2L HCLO, 1 NaOH %5 815
G L T KR A 5 do KT B AR T —
i T 2.0 mL RGP PG PR
N A BUE B 79 B pH (R EE LK Nal 20K 9%
JER AL I KRS P A —E = 1) Na' 1
FSWAE s BRI T A4 FOR o] — il 1~2 d,
YA E KB UL B 2 mm g KT
HEMEDIR 12 K 2 mm K1 7 B I A B R}
RE, BEA A S v 5. F A CAPILL
PP BRI AT LA A5 S WY HU R £ D, Al
Ui SR L ¢ HL.
1.3 ERERNTHYELRITE

vl AE < 5 R iR AR AE LT ROK DL 7
A TTAE Pk 58 19 He 52 %5 B2 (== 1 800 kg/m’) T ]

F 5T FL B A B 9 o e L i B e R AT
MR —2HE T d ., E—dER R xR’
Al AR A E AR A GR
%‘[ -D 5;2 D
o FE P HUY AR 25 BRIV W B  mol /L
x N—HEARFR R LR B AR FR . m,
M AE — 42 TR K BBOE s A i YT EO

FE I EE g =X (2)
n(x,t) . x
2 = erfeo| —— (2)
n / <AZ/DA[>

Horpon (s o) W BAMEIT O 3 A« (m) 4
¢ Cs) I 2] FL B K Hp 7 B BT Y i, mols n J2 B A
T g 5 7 R A o T AL O TR R
mol; D2 R MY B RE - m* /s, erfe HpAPiRE
BREL HE (3D

erfe(z) = I}J:exp( Hde (3

T
BHRYERE D, (m*/s) VL T W B 49 i 22 %%
K,(mL/@) 7] = (4) (5153,
D.= D,(0+ Kup) (4)

K, = s ey, = Viiiear 0?‘14)/((0‘/511&1)

CL Cr

(5)

o0 R ALBR 3 p AL I K A A B iy T R 5
WRE. g/em’ s Vi 256 — R U 1 09 & By IR
mL;e, Z2Y BRI T Bk kmol/Lj e X
FEAAP T WK mol/gs o, B K E BT R 5
YA fi S TR Ak 1) BE R MR mol /L
1.4 WRHEL

YR AL AR B A R BRI AT
TEJRE T AL 8% R BIUAE AR 1<) 5 F b Ay Wi R 52
55 . AUl 7E 5 R A v Y [ L S 20 g/ L g%
R 5. A Nal &% (107° mol/L) K&
T OREER . ARG 4R 4 d 5. 2 0 B8 R
1.0 mLAEMME M 1.0 mL 8.0 8 J5 19 1 g W
DU TR S PR 0 B . Ky L [ A ¥R B2 ¢ (mmol/g)
AR (THRTG,

Kd — (Cl TCZ) . K (6)
C, m

=G -G GV (7
C, m

A Co T Co G 330 Dy W RS - 48 F A8 ok 98 A0 L 355
W TRV BE VR BE L kBa/ Lseo S IB0RH HH Y
PG BE ol /L5 VBRI AR s om iy (86 A 5 6



472 Ko 5 T sy

537 &

2 #ZR5iTiR

2.1 JtliEHEMEER
JEILfE R g SEM IR AR TR 2. &2 ]

S RIS 1) 46 B e g UKL R /N o A A2y, I 2
by a s, P AR 2Rt 1~5 pm B9 PRIH & TIL+
FHOR A I IBURE I, 3 0 40 2K G 114 /INORE LA AH G 55
KRB E TR RT3 A L A8 B R B W B A

(a)

FIFH X'Pert HighScore Plus K 4 X 2 #5 11
XRD Jf &% ® 41 background 1 K-Alpha 2 J5
) XRD i E7R T8 3. 7 ICDD PDF2 & {4477 5
PRUER Fr 2 RO ) AR AT A R EE T A5 AR
U b Ry 23 ) 2 A 3 (SIO, , ICCD
PDF-2 card No. [01-083-2465]) . 44 & A ((Na,
Ca) Al (Si, Al),;0O4., ICCD PDF-2 card No.
[00-041-1480 1) A K A7 ((Na. K) (Si; AD Oy,
ICCD PDF-2 card No. [00-009-0478]) . .4k = £
((KFe; AlS; Oy, F,) , ICCD PDF-2 card No. [00-
053-1188]) o bR+~ 7 13 O W) hy 4805 9F 43
SR )RR (0 ) R R i A N L AR S A i
JE LG (RIRO A . 8OAS BE B 5 5 0 B . 53k B3
k4> 713 (ICCD PDF-2 card No. [00-042-1437])

3000r $
£2 000}
3
g g
imoo- * : :
3| Fod 2
01% (UBNesSE ger 888 4 87 & o

10 20 30 40 50 60 70
260/ (%)
£ — 419 (Quartz, SiO;) »

$ —#1K f (Albite, (Na,Ca) Al(Si, AD 3 Og) ,
& —#i4Hu K A (Anorthoclase, (Na, K) (Sis ADOg)
4% 25 £} (Fluorannite, KFe; AlSi; O Fy)
&3 dbiliE = A R 0 XS 4ok R AT 5 I

Fig. 3 X-ray diffraction pattern

*

of Beishan granite powder

X500, (b)——X10 000
B2 deilife 58S B g SEM &
Fig. 2 SEM images of Beishan granite powder
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XL ILAE 5 A A B iE 4T T XPS fil XRF il
A RS T2 2. XPS A XRF 52t 43 91 45
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Table 2 XPS and XRF analysis results

of Beishan granite powder

B /R 43 % (Mole fraction) /%
62 (Elements) BE /R 4 81 (Mole fraction) /%

XPS XRF
O 48.1 44.7
Si 22.9 32.5
Al 8. 35 9.17
K 1. 54 4. 48
Ir 0.33
Ca 2.54
Na 0.92 2.46
Fe 0. 57 2. 04
C 14.3 0.90
Mg 2.68 0. 38
Ti 0. 08 0. 30




5 6 39

ARG P TR RS AL b 5 B B A N 473

B RBOLEARMEAE LN CLE, AKX
PR Fe Y& A E] 2. 04%,3% 5 XRD Ayl
IR 25 RAHW A UL BB ) 0 A7 7E A AS A] 220
Mk i HORES 4 A Bk
2.2 wirEdb T 5 A M RO R B

A 058 T AR pH A (2.4.8,10, 4
i SP-1, SP-2, SP-3, SP-4), R [a] & ¥ 3%
(0.025.0.1,0.3.0.6.,1.0 mol/L,# i SP-3.SI-
1,SI-2,SI-3,SI-4) D) Ko AN [ ik £ (25.35.,42,49,
55 °C k¢ i SP-3.ST-1,ST-2,ST-3,ST-4) F L fe
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Mg EIAZE 3. NE3ATUEH. AFEKMET
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AN BE S 29 0. 87 Fil 8.7 X107, SL Iy iR 2
SR> 2R B H DR 2 VG N HL
UEF 0. UEBAAS B IE 1 78 a2 A X B A W% e
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Table 3 Sorption percentage, K, and ¢ values of 1

on Beishan granite powder for batch experiments

U e e

FE b (Adsorption Ka/ a/
(Samples) (mLe+g™ 1) (mmol « g~ 1)
percentage) / %
SP-1 —1.77 —0. 87 —8.84X10°7
SP-2 4. 80 2.52 2.40X10°6
SP-3 0. 95 0.48 4.76 X107
SP-4 0. 37 0.19 1.86 X107
SI-1 0.09 0. 04 4.34X1078
SI-2 —0.23 —0.12 —1.15X10°7
SI-3 0.70 0. 35 3.48X10°7
SI-4 0. 14 0.07 7.12X10°8
ST-1 —0.97 —0.48 —4.84X10°7
ST-2 2.62 1. 34 1.31 X108
ST-3 —1.57 —0.77 —7.84X10°7
ST-4 —0.91 —0.45 —4.57X10°7
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F CAPILL B 7 it H AR B 8L 4& ih 4. H AR
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A 2R i 5 A R R T 0. 95, B T
HEBME PR BT — 4 BRI T AL AL
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0.8F

0.6

c/c,

0.4

0.2F

0.0 . . . =t v 3y,
0.000 0.004 0.008 0.012 0.016 0.020 0.024
x/m

o=1800 kg/m®,6 =0.3240. 02
B %I ,I=0.025 mol/L,
T=298 K,pH=8.0,c=1.0X10"% mol/L,
LA 2k 4k (Fitted with dash line) ;
@ I ,1=0.025 mol/L,
T=298 K,pH =10.0,c=1.0X10 % mol/L.
L4 Hh 28 2 522k (Fitted with solid line)
Bl 4 ARSI 440N B LY B mm
PO Bk BE 4y A KL
Fig. 4 Diffusion profiles of "1~

in compacted Beishan granite
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Fig.5 Apparent diffusion coefficients

of 1" as a function of temperatures
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Fig. 6 Apparent diffusion coefficients of T~

—_
(e}

as a function of ionic strength

of diffusion source solution
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Fig. 7 Apparent diffusion coefficients
of 17 as a function of ionic strength

of isotopic carrier concentrations
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Fig. 8 Apparent diffusion coefficients

of 1" as a function of pH
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