E33E 2
20154 B

WA SR T 254 J. Radiat. Res. Radiat. Process.
http://www.j.sinap.ac.cn/fushe/CN/volumn/home.shtml

Vol.33, No.2
April 2015

5 F i R XS AL 7K S TR 3 RE RY A R

R IDA

B

MR 2= R XM

A

IR AR 2B BE 2 S B P 22 . VL0 B TR B 22 SR P A B B SR i 5 215123)

BE 8T ERERED TIRRAEII Kb 8RBT

i GitdbK, HTO) R G@ELK. Kk

&) a
MBS TR — 8 8 R AR VD@ I 2 IR IR, R I AR IE I 3 0 PR AT S AR 1 AR
AR G307 R 5 S 1S (0 B EE AR Ak, ATT B 3 207 0 R FE I S PR IR B Hh OB iU R o S g R, ok
G F IR PRI A KR B BOR BT, 4 h 2 IR SRR AR FRTE 95% A b, I3 AR, AT G 1/3 Mok
9530 PR IEIUR PR BCRE s 3 h Z PO BB BOCRARRFLE 90% LA 1o L5455 RE fak FH 38 P AN 8 kR, 1/3 WRUK

FA 23T PR S 3 5 1 42 f S B B 47

XA RN, AR, AR, K, s

hESHES TL7S

EKHERZ FLSG R, PN R R o A G
I 40%25 AN, DRI, R K A% H e R G
B0 R SRR BUR R R 2 —, R AR B
W EZ AR . HRKHERZ G S BHE) 55 AR B
(R 32 B LSS A K (HTO)E S AFETE, AW AN
BRR P SR AR BEN TAR N AR, JF 774 4 U
A, FEANKRIKRIE 2-3 h 2]tk A 42
G, HHI R REY, RACHE N HTO M fE
2> S EA T B A R ) R A BT T
PERREE 23S P A A B R BEL LE AT A 7K ik N5 i
AR N G AR A 2 B U A AR B AR By 4 1 2
ARI7i%.

FA, %A B3 77 T 22l & 138 M
B SRR GBI RS, HARZE X R, K
DRl 52 I s 2 SRR A, AP AEAN Sy A8 Bh Rk s DK
SBTTI R AR AR T AT R BV 1), B AR
FBTIRVRL 4 DR AR R K R T A S /K B AL T v
1T 7w i s S 5% P U RS B 22
BB A e DRI A — R T N 88
IRV . B3P RCR 5 7 & FEAR R A B i 2 TR
WAV, Rk, TR R B A
BHOBTFT T TR S B AR 32 22

T RORAN TN R PR o Sl I TR R

BeRw: BEFE AR EEKI12805213)% )

DOI: 10.11889/j.1000-3436.2015.r1j.33.020602

59532 1 AN T P S R R AT D, R
AT LLR @ AR T AR BB 3, el ik
SO T L TR N EAR, B E A SR
BimFE. X T &0 T EHER R H ) — e
Wk, W, Sandia F L EPEI R T
— U7V, S RAUE X T VEAT 2B
FIAEN—F N EL, AT H,O. NHs.
H,S. CO, %5t T B IR MR A g, Rl
XFK, AR K (FEZE TR 133 Pa LLR) BUIGIK
FE. iR (HEEAE 100 CLLE) 2+ 08520 4
TN ATAR A AR e ROV R AT v R B o, gy
FORE N — R K PRI R g ELAN A A6
ERE] T T P 7 S I ¥ A B X A Sk 7/ P 3
FHE KR RESMIEPAE ZHINAH. fEE
IKHERZ GG, TE/KZEVRA HTO AR FEIIR
(IS TR HIEZ S 3 o N i [P S - N AL LTIV
U M s B B SR AARE, AE MR 18 N
i A AR PR 58 2 U A2 B 5 7 T . 0 5 B A
JR o B4 EE 7K HEAZ H st = Bk 431 0 FH B EE K
IR RGBS E . NHET BB R R Sk
EE . EETRAGS AT REES TEY,
AR B 5 T £ 2 s AR 3 U
Weds VKRt e AR . WA R0 T B A 3R o

HAEF: L T, 1989 4 3 AR, 2012 SRR T RO TORAE, BUNIRMIR S B 24 A UM B2 22 5 B4 2 e AR B £

WHFEA, WETETT o PR A 2

BREE: CHfE, W4, $FR R, E-mail: wxwen@suda.edu.cn

Weks B EA: BIFS 2014-10-30; f&[A] 2014-12-01



WA RS RS L2 %M 2015,33:020602(5)

IR, BT AR 3R] e i R AR A
FUASEN, R )2 R T g T A
B3 e SR A0SR 7 5 G B — 2 B KA PR AT U
Bt fd H0 437 B HTO 40 PR AMA
FPERE R, JFR R T RIE . A
BRI A FIREL TR 0 2 i L 56, PP
ANTF) A 735 PR A 7K AR (8 3 28 R A X T
TENGBAEIUS TAR R EFEREEE, Bttt sl 7
T B B R A B AKTE -

1 MR5E%
11 AFIEH

K (I RIETERARAR =), Wil
B (M REFITCEERATD, AR GF
WESIFR KRR K, B#D, 7FiE (MS-03,
@1.0-2.0 mm, HBEEERFMEEIRAFD, 2T
PRCH @ 30 mm x 30 mm 5> F 92 Ak, LY 15 g
B RPN TT BB RATD, s A (Tyne
Engineering Inc.), 73#71K°F (0.0001 g, ¥ 75 Fi X
BHMWATD, R (025-2.5m’h, FHHTRA
FRZA]D, DMT242P 8% nifX (hZZBIs T E A
FRAR =) 84, RNESR (BT,

12 SERFEE

TEFIREIET, BAmHlE-30 C, Ba&—x
SR B ) i GBI BT 1 TR B
D, IR EEGIES TN PP R — S0
8 L/min, #RJGHEKE 3 min & — K SAKRIE L 717
ZJEMIKREE . 3 FIm 2R84 5 (a) N-MS (TEK
5 FI), (b) 1/3-MS (WK BN E & 1/3 B4,
(c) F-MS (I FnIR K 1 7)o

<——=HTO gas

ﬂ Molecular sieve bed

Filtered gas ﬂ

1 IRBf sk B A A

Fig.1 The device of absorption experiments

121 AGRAE RN Z
EFRFEIET, HT MG R 8, &

SE4F 2-3 min WFKEAE , HUEERE 3min 12 FRIE BEAX

ISR EN 237 07 R U 5 B PRIR BE

1.2.2 41 5 k& K % (Water absorption, Ay, %)

Ay =500 100%

Horb, mo 73 T IRARE AT, my om0 1

PRI S5 5 &
1.2.3 &M & (Adsorption efficiency, Ex, %)

E,=L=Cx100%

Hrb, Co RRAUEFNG T Z B, C
RN 1 25 BRI JE
1.2.4 & &9 M2 (Total adsorption, A7)

A=Y 8%107° x3 X (Co—C)

Horb, Co NEAMRIEIL 7T IR Z BT FmIRE, C,
A B 2 S AR E oy O e A IR P

2 #R

2.1 AN[EIZEBY 5y F i R T IR B4 BE B S22

B2 BoR T E UM AN R R A 2y 1 R
Jei s AR B BB A I 8] AR AL P T 2 o

—&— g

. 120f e b
g —A—c
S 100f
=
5 sop
E
S 60f
=
]
g 40f
=
3
s 20f
2
E . .

0 100 200 300 400 500

Time / min

B2 AR ARSI 7370 PR 5 A A B I 1) 32 4 il 26
(a) N-MS, (b) 1/3-MS, (c) F-MS
Fig.2 Concentration of tritium vs. absorbed time of the gas
through different molecular sieves
(a) N-MS, (b) 1/3-MS, (c) F-MS
06 R N-MS Al 1/3-MS B 575t T A )
WY il 2R B A — B, AEMR PSRBT 300 min A
MR B 252 JLF- A 100%. 300 min 2 J5, MR PH 2B
AR I TR R T K. T F-MS A4y
TR A 2K AR R W R T S e T R 88 o e

020602-2



FOEEE: TR A K AR R RE T FC

I, BEARMR B L N-MS F1 1/3-MS 141 K
7, AR EAE — R RUR, X251 iiha
Tk 7K 43 (A B B R A4 TR A7 2% R SR SEE R 1)
W o DRI 43 7 SR R R0 0E T A 0 R P 3 24 5
AR s[RI 25 20 S R B B A L

22 TARBEEXS 5 O R IR BT I BE AU RZ AR

1/3-MS BU5r ¥R & — 2 &K 4, X1
BB ETIE B B A A RIRRZ . 1/3-MS 84531 Xf
AN FH TR AR B SR IR B e, P 3 B s TETT
100 min APy, WIUAHRE N 227 wCi/m® FIILG
SR PE A 110 nCi/m® 1 B i 2R R 5F— 3, (R Bt
N E] FIHERS , IRA TR N 110 pCi/m® 4K 4
-, BEAZ 300 min F5E W HERE, TAILGER
WE AN 227 pCifm® SR AF R, 7E 100 min J& 14
ASBELREF XS 1) 56 4= R Bt

250

—-—a
—e—h

583

=3

=3
T

&
=3
T

W
(=3
T

The concentration of tritium / pCi-m >
S
S

P f | . |
0 50 100 150 200 250 300 350 400 450 500

Time / min

3 A I Sy 0 AR FEE I I ) AR £ 2
(a) WIUAMIRE N 227 nCi/m’, (b) HILAIREHN 110 pCi/m’
Fig.3 Concentration of tritium vs. absorbed time of the gas
through 1/3-MS with initial tritium concentration of
227 uCi/m® (a) and 110 pCi/m* (b)

23 DT HESWNME

B 1.2.4 TR A I, BB 0707 R D e B
=K 4 fros. B EIR, N-MS 5 1/3-MS 44y
0 PR P9 i T B B A [, L AR U B
110 pCi/ m’ i, 1/3-MS Z4 47 o H AL SR 1)
MR BE, 1T F-MS A5 0 B R B AR 2> o
GES MK R (B 4), F-MS 8470 Rt B A+
o A2 e PR I B B, DRI AT DA HH TR A7 3852 A
TR it FE e B AR B AR . BRIk el
(19 53~ i PR H A — 58 2 B S FRTR Bf 7 %

1P 4 308 B, WIRRIRIRE N 227 pCilm® 15,
PR 110 pCi/ m® A A BA 5w (1 S R B B — 7
THI 2 R TR BE (AN ], A P B e R i 21 431 i

DL HES TS R 1 TS b7 e i 111 NS B
i AN i O i e T R e N D B S i 754
e, DIVa e /R F s b T LR, BB
KI5 RE A 73 GO B L B LI R K 0
BRI 2 7 Wi Bt A0, S AR IR 43 S R
Gy ¥ A LI R R A I, BT DU BRI 5
A T LS R

E =110 pCim>
mEm =227 pCim™

0.60

0.45

0.15

Total absorption of tritium / pCi-m‘3
[=1
)
(=]

0.00

a b C

Molecular sieve type

4 AN[FIZEIY Gy 7 R A AR B e B
(a) N-MS, (b) 1/3-MS, (c) F-MS
Fig.4 Total absorption of tritium with different molecular
sieve beds: (a) N-MS, (b) 1/3-MS, (c) F-MS

24 ARIRKRETSFiHREWKE

ANTRIZE B 30 PRAE W BRI A2 9 S K &
Bl 5 Fime =M & KEAFRI T, TEmKEA
FIREDL T, KA KK ZES . 1H N-MS
ROy T R I R K B B 1/3-MS B9 TR R £ 2-3
5o DRI A P AR PRI B B ARG 43— 07 S P e B
REA MR, AHJE XS 2> TR R K 2 LA
SUMI, 250 PR B B IR K B F 20 07 PR AR B TR
IKEE

251 B =110 pCim™
L B 227 uCim”
2.0
=0}
g
= 1.5
&
=}
2
S 10
L
&
z
0.5
0.0

Molecular sieve type

B 5 AT o7 iRk &
(a) N-MS, (b) 1/3-MS, (c) F-MS
Fig.5 Molecular sieve absorption capacity under different
concentrations of tritium: (a) N-MS, (b) 1/3-MS, (c) F-MS

020602-3



WA RS RS L2 %M 2015,33:020602(5)

3 i

SIGEN R —E R AT, AFETIREE S AN A
T IRRN AR B, LR R Gl & T 4310 PR
Xf HTO RIS ERAR, Seiirsl R okl 27
iR HTO g B S HMEM LR ()51
PRAR 5 1) 85 7K B A S A K S 0 e B B B (1]
M EER R, S/KEBK, IR
2% 3 i o T (1 S e kN o (2) 401 I R I Y
A 5P MR EA EER LR, Mk
FE4 110 pCi/min, f#H 1/3-MS 45 F it g,
AfLLE SR 300 min; 1 4 EMIKR E AN 227
uCi/min B, 4r ¥4z ity A8 H Z aw 58 110
uCi/min, CNFTE R 1/3. (3)7 T AT
Bt, FEEPANEER: [FALER I HAE FIFI LR
TER o N-MS 2455 RAT T A 7K st i 25 5
R, 4 h Z R IR R RRRLE 95% DA b, iRk
Hom, B, SR, HEAE GRS A
KB R S A A R A0S TR A A
FPEEK, TEHREATS S TR AR T, P
A K IR S HE S E R R, REAR
KB TIFRE R . 1/3 /KRR T KE
FLRT A H K s B HE I I AT (% &) i A
NRAEH 3 h, ALK ESCRAMET 90%.

Sk

1 Ry, Sokam, fibde, S5 22 Bt HE RO
B A R A L[], SRSB4, 2010, 30(10):
160-163.

Liang yanmei, Ma yongfu, Ni shiying, et al. Estimation of
internal exposure dose caused by H® releasted at QNPP
base[J]. Radiation Protection, 2010, 30(10): 160-163.

2 HIEM, EFLA R R =R A R R Y
Bidr [J]. FRA B, 27(4): 34-38.

TIAN Zhengkun, WANG Kongzhao, XU Kan. Radiation
protection on tritium internal exposure at Third Qinshan
Nuclear Power Plant [J]. Radiation Protection Bulletin,
2007, 27(4): 34-38.

30 RN, SIUINL, BTR, SF UK A R ST  Si i
WAL [J]. RSO O S AR A L 2R, 2009, 27(5):
317-320.

CUI Fengmei, HU Mingjiang, BAO Guangliang, et al.

The irradiation damage of mice induced by internal

10

11

12

020602-4

tritium oxide [J]. Journal of Radiation Research and
Radiation Processing, 2009, 27(5): 317-320.

RSN, BRANG, BRde, 5. il &4 A itk 2 gn
Moy RIS [J]. SR 0T S EE A T2,
1990, 8(1): 44-47.

GONG Manli, RAO Yongqing, CHEN Guanying, et al.
Effect of tritiated compounds on cycle in human
lymphocytes in vitro [J]. Journal of Radiation Research
and Radiation Processing, 1990, 8(1): 44-47

[k, ek, e, & w7 EHER T EM
B IR [J]. AL TETBURRL 2008, 36(2): 4-5.

FU Wanfa, ZHOU Yuanlin, YANG Wenbin, et a/. Study
and application of the polymer materials for technics and
protection about tritium [J]. New Chemical Materials,
2008, 36(2): 4-5.

AL, BT FE A S R 1] B Tk,
1990, 37(10): 610.

WU Keqian. Preparation and application of tritium
protective gloves [J]. Rubber Industry, 1990, 37(10): 610.
i, MR, BRIKIE, &5 AR — Lesu il ) f g
AR E R DE (1], T RERAROR, 1986:
227-230.

SHAN Changqi, LIN Shaofei, CHEN Qingwang, et al.
The measurement of tritium permeation in elastomeric
and polymeric materials [J]. Atomic Energy Science and
Technology, 1986: 227-230.

Doughty D H. The measurement of water vapor
permeability of glove materials using dilute tritiated water
[J]. Journal of Nuclear Materials, 1981, 104: 1595-1599.
Jai B L, Yassir T M. Adsorption of dimethyl ether (DME)
on zeolite molecular sieves [J]. Chemical Engineering
Journal, 2014, 256: 335-346.

Boss C R, Allsop P J. Radioactive eftfluents from CANDU
6 reactors Canada:
AECL-11506, 1995.

AR, 28RS0, ZR ) =T KA R L A T
HIELEM T [7]. F5F B4, 2009, 29(2): 80-85.

ZHANG lJing, LI Houwen. Analysis of effluence tritium

during normal operation [R].

release from QINSHAN phase III heavy water reactor
[J]. Radiation Protection, 2009, 29(2): 80-85.

Yang R T. WRFEESNAH [M]. SER#ERE. Jbat:
A AL, 2010: 148-172.

Yang R T. Adsorbents fundamentals and application [M].
Translated by Ma Liping. Beijing: Higher education press,

2010: 148-172.



FOEEE: TR A K AR R RE T FC

Study on filtration efficiency of tritiated water gas by molecular sieve

LI Wei JI Weixing YE Tiannan LI Dong LIU Hanzhou WEN Wanxin
(Jiangsu Provincial Key Laboratory of Radiation Medicine and Protection, School of Radiation Medicine and Protection,
Medical College of Soochow University, Suzhou 215123, China)

ABSTRACT In order to accurately grasp the actual protection effect of molecular sieve in the spot, it is necessary to
take the experiment of tritium air (HTO) penetration experiment. With the nitrogen with certain dew point and tritium
concentration passing through the molecular sieve with a steady flow and continuous measuring the changes of tritium
concentration before and after the molecular sieve as well as the quality changes before and after the penetration, the
tritium protection effect of molecular sieve in actual environment was determined. The experimental results show that
the tritiated water adsorption effect of anhydrous molecular sieve is the best: the filtration efficiency within 4 h stays
above 95% which has high efficiency and stays for a long time; the molecular sieve with 1/3 absorbed water shows a
good performance which has a filtration efficiency maintaining above 90% within 3 h. Considering the comfortable
degree and filtration efficiency, molecular sieve with 1/3 absorbed water is more suitable for practical tritium
protection field.

KEYWORDS Radiation protection, Molecular sieve bed, Adsorption efficiency, Tritiated water, Tritium activity
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