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Abstract Large volumes of water containing tritium are generated during the operation, decommissioning, and
incident-management of nuclear installations and related facilities, and are expected to increase with the ongoing
expansion of nuclear power generation. If released into the environment, this water could pose a substantial
environmental threat to living organisms. However, conventional isotope separation techniques, such as cryogenic
distillation and catalytic exchange, are inadequate for efficiently isolating significant quantities of low-level tritiated
water because of the complex machinery and excessive energy required, and the potential for hydrogen-gas
detonation. In contrast, water distillation (WD), as a traditional technology, has the unique advantages of simple
operation, no corrosive and toxic substances, and no hydrogen explosion risk, but problems of small separation
coefficient and low efficiency always exist in this technique. However, the separation effect of WD can be effectively
improved by improving the process variables in the process of WD, such as temperature, distillation column diameter,
and packing dimensions, so as to adapt WD to the separation of industrial tritiated water. This study provides a

thorough exposition of the basic principles and distinctive features of water distillation and examines the effect of
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various operational parameters on separation efficiency to adapt the process for the industrial separation of tritiated

water. The impact of various process variables on the separation efficiency of tritiated water via distillation was

investigated, and results show that optimizing these variables can markedly improve the separation efficiency of

water distillation. In particular, decreasing the dimensions of the packing material or altering its properties can lead to

higher separation factors and lower residual tritiated water concentration. These findings suggest that water

distillation can be used for the separation of tritiated water. By optimizing its operational parameters, water

distillation can become a viable method for the industrial separation of tritiated water and is expected to play a

significant role in this field in the future.
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PR B A% Do AE T 20 B AL AR L P A

AL b B FISEOR B o AR DART B Cak AR = o,
s 2 T B E MR 2 &, RS /N ik
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B 7 ), (BB i £F R SFOREBS S5 440 1) 5t A
Lo R e A OB T A, He BB o SRR 1 )
BIRETT RTINS SCOR B T L B /IR RS E S5 AL
DR e RS 32 B T R T 9 B R A
PR VR o8 FH OB, vl [ 2R SR e BB 2R 330k
SR IS AR AR AE T 2 B R v R B AR AT R
RN S R TR PN RO SFORE AT ARG -0 1A] £ 42 Ak
P IR AR AR

4  FMRIKFE IR SLLE S

BT AR TV o B AR R 14 B T o B0
(BEIE T 1, R, v DB I 42 s 40 85 B ORS 1A o
1 EE V8 P4 R 0 50k 3k 30 BT A SR (1) 73 B8 200K Xk R
En) RS 1R R AT 8 2 b Rk AR 1 )
il o SCAR KRS TRISE AR 1 5 2 S0 2% 2 il 2 S TS,
W2 AL L A2 . Rk, T TR MRS T 35 2 H0fn
RV RS B0 5 TR IR X S S I0 25 R R E A 1% 4
BRI RS
4.1 RBIBESH

4.1.1 SOV IR R

b SCRUGR I AR TR R EE v 40, 4 B R a2
2 S L T R o A R IR T R 2 )
IR a3 208N , [F B SR AL R A 2 18]
ZIREZE WS, 58000 B R B, Rk & B
W5 N ) A BRI 5 . Magomedbekov 555 7T 3K
BH, 428 11 ZORS 19 1) s Bt B 7 333~343 Kyt il 2 []
FE AR

FE TR B8 AR s 0] 29 R TR S R AR E .
JE ISR IS FE R AR K, R EARE = AT D
AR 20 53 [B) PRI AR O R RS < 24 Tk J1 i, 2HL 40 Ta) Y
FERTHE i FE 22 FEAIG, 43 B A R B 2 T B 5 2) 2 4
BEPAET 24 T m i WA A i = 2H gy b e BT
[F) B A ) Bt 2 388 0 5 3) s M 5 (R AR B AR 77 - M
JIFt S RIS b PR R R 2 K. BRikZ Ab,
JE 77 ) B8R 30 o A A5 TR G VRS (1) 76 R R R e e
F HL O A B I B A A A ARG, PR A T
AT ERR IR IR E E B OCE B,

EHNMERESE 2 A EEDN SR WA
T R TR N AR 2 Ok AR IIK  TE RS TR A
B — IO, L R 23 oK. filhn, He
o A U Y L1 P 2 18 338 K (64.8 °C) , #5 B {E 1%
I N AE H,O 18 23 51, 75 EAE K SR T 25 kPa,
WO TSR TR A N R i s e AR VRIS 3 R N
ELOFEMT A HERIIEMLRIE .
Magomedbekov %657 45 H 1) &% L & 7y 6 Hl M

20~30 kPa. fH2, thA5 S0 == K Ao B AE A RO R
77,1 Kaba %5 g /& 7E 100 kPa [& /7 F #E47 4= [8] i
KSR szas, DA, R B L A5GA BiZ I R H,0 )3
M373 KO A GBS 7] bW 289K A TSR o, i A
PR N o B 7 BB, S 80 B8R .
4.1.2 KEmsNg

FE TR EE 1 N A2 XS 2R I I E A=A R .
FE VBB A AEAE— A I I B E AR BR - 72 55, 24
B B I K 2 B RZ 5 82 P SR )
DAL R o R N 1R 2 it RS N () S AH I 4
K Az S o LL Bl 2 36K, S EUSR 2 191
Fefih i A2 52 B 5w 5 [, AR K2 {15 1
IR, SR TCVETEIRAR TR 3550 o3 A s AT S I 75
R RR . R, % A2 /N IRORS T s
TR

®3 HBREKR/SXHETP B
Table 3 Influence of tower diameter on HETP"'™*"

BURPRAI (R 15 mmx15 mm)  FFIHIE NG HETP
Type of packing Inside diameter /cm

(size: 15 mmx15 mm) of rectifying

column / mm
AN Dixon ¥4 120 16
Stainless steel Dixon ring 200 20

300 28
HA — MREHI AR Dixon 36 120 14
Stainless steel Dixon ring with 200 16
a ripple inside 300 20
HA 2 NS Dixon 7 120 12
Stainless steel Dixon ring with 200 13
multiple ripples inside 300 15

MRIFLIGVEIN, 72NN EEE , JLHETP K 4%
TN, Bk, @RS AT AL R 5 B
TE N AR 29N 40 mm 5 28 /N RO O A o E 4T, R 1
I A2 Y0 A 10~300 mm, 1H A 15 1R 4 5 2
K, B AT K E 4 N T 100 mm RS 1 A .
Magomedbekov 251 7E H & F| sp #JE T 7F 100 kPa
(1) 5 8L R A8 A A% 43 501 28 120 mm 200 mm A
300 mm [ERE RIS X A R R AT 4 5, 76 HoAth SE 58
ZUEATRIEOT, HHRERME S B UEN S
HETP JfE W3 4. o] LUE H, X T AE R SR, B &
P A TR 38 i, HETP 8t B8 2 36K, 4 85 %008 1% 8

] B, 7F 1% 52 56 55 (A 4R A S p e R e T
20 kPa ] JE 714644 F , £ 60 mm+ 120 mm F1 250 mm
BEARMRE AR FHIE 7 S N 1 m A5 A0
JiE 5 SO IR HDO FAR (R 67 25 1 3 8 28R (1]
3). JEIEE 3 AT LB EE X TR RS R A o
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W, BEE RS TS AR R BEn, HETP 18 #1 b 2 1
B, B 24EE4 8k 2 5, HETP{E 1 K4 1.1 %,

2Ir g noo 202
- 160 180 19.8
18.2

" 17.9
8 162 160
B
@15}
==

12+

60 120 250

Inside Diameter of Rectifying Column / cm

3 BRI HETP 5 0
Fig.3 Influence of tower diameter on HETP™”

BARBUNMA R 2R B R TR RCR  (HAS
TR AR AN BRI /N o Avili S5 A LA
/0N BERGSBROR , JX0 T ELAR/NT 50 mm RS RIS /2
AR R DR PA BTV A I
BN, B PR ERAL TR . XA R
il FH 3 R ERHETE 1 55 K P9 02 1), (R SO
A BT AL B . PR, A0 SR OK R AR A BE I
iU IR L ER A ONIEVES T TR RS 7Y 52
L 7 R ELAR HOORS TR B SR ORAIE 2 W H AL B
IR D) O IAIERS S G SR
42 HIBENSH

TR VHSEURLEE 7 B AR B e A% AE T 0
A B AR BURME 9 B I 1 i A A% i 4 57
T AR B TR TS A0, JE SR (SR B R M R iE i
BORHE 2Z 18] B 22 B3, A e v ey B BT R 5 Uk
FE SRR T PR R 5 A A 1) A% A% 24y, SEORL IS BT
LUSZEh= ONAET L AN BT/ 8- (X /W

1 R SR AT LR (A K S i T AR AT B
e PR A% T AR B Hoad B R VB B A R AT A
TR DB R R, RS SR Z IR RN, A
Gy RAEMZ 2 R AUR, HEFHIT I, AR E &
KBTI AR R 5 730 A1 3 30 2% 7K R TR i)
VERELF , A R0 BUHIAR K AT JE b, BA — € Bl
A E P

DA X SR AR 2R SR 3R R S B RS R
TKHAE T 7 B R IR R AT 1) A
4.2.1 HEH

R 2B $E0T SR AN TR AT URE SRORE 70 O FL B S0k
AT BE LR PR

L R ORI e SURL L 22 W 3 SUFORL AT

M AHERLEE , B AT Tk b N ) R SE R K 2 T
TUBUERL . BRI LA 35 S 0 LA 4544
TEVRIRZE 3 A N A7 ] 5 At i, AT DA e s vy A
BELIL G, [RIG F B A /N o R SRR 11 6 v g
b, PR E T ROKE BRI 8, AR R
R — e T HCR IR ER AR — R K
HAR R, A B &M & . Magomedbekov 251/ 7F
20 kPa 1 & 77N A8 S BN 1 m B AN 55 40 R g
£ H % 3k} (Rolled Ribbon-Screw Packing , RRSP)
TEBAZN 60 mm FIFE 1S s HDO #H 77 55, 3743
7162 cm [(JHETP & . Chen 25" & UCK KRS 18173
BEURAL N T AR, 3 8 778 7 kPa,
TE RS TR (55428 261 mm) WAEF B & A
12 m [ 8 & 8 X Z B8 OB X S E N
13.5 MBq kg™ () HTO #4773 85, 3815 T 16 cm [1)
HETP i . X 485256 () HETP 1l #8482 5 » 70 B %%
K.

BRI RN B A — @ R TR A RS Bk
PLEEALE 7 AR TR RS N . B WA B R
HA4FER DR, R 73 RN Fr s
L0 2D B R, a0 S $ A s 3D $ A T IR RL,
& JR IR s ) BRIZIRL, W1 TRIEK L e 53 IR BR P 41
Bho HCERE SRR AR FAE S BN, BA KBS B
WK TR AL AR, H L HEER . 5 223 F .
{H 2 Bk SRR B N 1 20 A A2 BE ML AR LI , 5 SR
HERD, b WIEER Z R A IR, %
SRR X, 38 Bl BE I RN YA I A R ) 43 B R
[ L

E S 2 FUASE R 7K T8 S50, HCR SEOR) ) £
FAAI R TR B £ . 1978 4F , Yamamoto %55
R H KRS s A R A R kAT o B A T
4.8 mmx4 mm [ 4 Dixon ¥ # 3% kB E W K T
(101 kPa) % it & & A 37~370 Bq-cm* ) HTO ##E47
T A RIS TR SL S, K19 T 5 em ¥ HETP 14 5 1988
SIS AR A A B 25 IO EAA A 1.5 mm A
54M Dixon A EEAT 79K, 3545 7 5.3 cm [ HETP
H"5 1998 4, M ATT LAEAH R I 46 F X E AR N
3 mm [ ANEE M Dixon P4 3H 470004, 3875 1 8~10 cm
(1) HETP {E" . W] LA tH, fdf F 0 s 3ER SR A3 11
HETP {5 % i /N T Fi B = RL ) HETP A -

4.2.2 R

FE VRS N SERL BB 08 N 42 ) P B A AR,
A ARSI R o3 B 0 o3 IR BV o Gl o Rk R
THI5K J755) S0 25 GRS W V1) S R IEFE 75 2L
TR BT o 0ot T — 58 J e () 43 B4, 8 ik
PRI Tl r) 4 8 CUTANER M) L Rl B B 3 4 3L
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X NI v 0 43 RS ) % B A R e I T
MR,

4 AT T v i J e P A A, mT AREF F—
Se AR AR 1 B . [ B TR AR
o PR BERFEE 5 ANANC T LA A 5 T TR A 2= (1 R
H O R ORI T LA I iy 22 G W 8 4 )R 42
TR Bl 22 W SE R}, 40 T 4 31 ) Magomedbekov
L2 ] ) RRSP A& B 0.27 mm FJ 12Kh18N10T
T 5 s AN 5 AN 22 2 21T 1 114 0.76 mim 8 SUAN 54N 19
BT R o 8 R ) 4 B AN B AN R0 5 4%
Trenin ZE“HF 78 7 A0 [F) 5236 2614 K (JE 17 25 kPa, i
TREEES 12 80 mm , B4 15 2 m) {5 AN [F) 420k 6 & R A2
FKKE 9> B AR B (G 4), AT LLE H HT AR
AN A KRS TR 4 B AR R R R R

T4 ERM RN BRI

Table 4 Effect of packing material on separation efficiency

BURM It FURLEAE  HETP

Material of packing Diameter of /cm
packing / mm

AN R fre e A TR 25 2.6

Stainless steel spiral prismatic packing

R e A SRR 25 2.1

Copper spiral prismatic packing

i Dixon LR} 40 33

Copper Dixon packing

Wi 25 TR} LA e P T S e e R T A S —
AT S SRR DA AN 1 F A - Rl E ML R AT ALER » H R
AT e B8 S B 7R R BB B R VR AT
ety FTH SR B AR . (B EIER SR, N EAE
e SR A, HL S SRR AR TN T M i
A%, R KEE &8 AR R R R R R, W e Rk 1)
IR FH 3260 5 R P2 3. Kaba 2550078 4 [A] 3 44 1
TR TP B IFUR AN AR 45 4N Dixon 24 1) 43 25 1 A
M E AN 1.2 mm [ B IR, 3R T 5N
HETP {5 (4.73 cm) , {H | F H K B 5K, To ik 2 5
KEIZER I, SRR S . AP EERAA
55 4M Dixon ¥4 B H 42 A8 N 3 mm B, 43 7 3k 15 T
12.5 cm A1 9 cm [ HETP AH , °] LLE H « ANEHAR IR}
()70 B A R B

SRHERL A R T ZEFE R M (PP) VR 406
(PE) RS LI (PVO) 4, H B BT (i AL 2
M RE , AT — B E LR BRI A WL S, 5T
0T, B B/ B3 ) RS pe o . (B
L SEURE (14 i A RN RS PR 22, A9 P R PR U i
N 75~260 °C, K MR £ 37 & SRR DR B2 FH 3 52

BEEEMIR S . BbAh, BRI b T A A i
B2 MR, S PR A R e S EUE R 2 A,
) HORE TR AR, Chuang 255Y7E EL4%2 4 300 mm f
FEURES X242 25 mm )58 PRI i R IR AT T 4
[ ARG TR S, R IIASE P S R SEUR PG T 5 ST i
B A5 K, Ao A 1 Ik 0k 3 2 B 3R 43 T (80£5) em
[V HETPAH , 70 B8R 2%

B 7 LA X =R # k], Fukada® i Al FH R /K 1
TR NI RL R A FAL R . TERAE 100 °CHY
WBE A B — 2 R K, 28 PRI A T B PRIk
2 Ta) R AR TR 25 A i S BT BB S 8 v 23 B % . R
g TS BLAR 3.4 mm R R IR IEURE IS ) 43 B85
A F oy N 1.42, KT 3 mmx4 mm [ A 55 49
Dixon PRI B 53 85 K 1.24, KT AME HAEATIH
BB 20 8 BT 111, 0] DL H 4R s 3R} A W K A
S KM BG OR ACRE TR I 40 B AR A — i R gk
EH

B T A R 48 40 B 1) iR s R, 3k T DR —
At it Ach 3 RS} D503 JHL SR TR ) S K, B e JEOR)
FTHOT VR P04 2 B8 77 5 AT 328 1) sl /) R 2 5
KAMH BHREHRTAREm T ERCEMEM. N
TAEAF AR T SR 2R TR I AT DL TS 43 M R TR
i ELE R SR I R 2 K, A H s SRR vk ) KT
TR PR TH 5K 77, 7T DL DR $85 b 3 K 4 JE SR
(PR RES s DEAEAMNIE A =R HE R A
3% A SRS 2D WA A Tl kK
JETE & BRI - — 22 L&A . 8
b DA bax s hh 3 7 v 4 R SRR H RE 8 T i — 2
G JEAL PSR KL R, 41 Chuang Z55 e B T i 5
R X o LA AT TR 5 BSR4 S KPR G K1)
&)@, MR T & a KA b, IR A e b
AR AN S IR BN > B R T, M FIA
FHN20 kg s m IR DL 45 8 : HETP,=80 cm.
HETP,=45 cm .HETP =52 cm, A] LAE ), A #C T JE 4R
BURL, 28 5 SR A TR R B S 1 Tl A SRR e 15 2
TRREIFET . (HREE 8 LA 5 R L 2E A e
P, F A0 27 DU S 2% K M SO Ve A R A R R
Gao 5552 03 A, A A BRI S AT SR e M R ) il
R A KRS 3 K T 28K . Al 1 R ST
2 mmx2 mm F) e 5 # AR Dixon FRE N IEEL, X i
T FE N 1.29x107 Bq-kg™ 19 HTO #E4T 4= [91 38 7K K 1
SEG , FHETP E HH 2 11 3.5~5.8 em PR3] 1.9~
2.4 cmo
423 HRIRF

R RSE I U T /KRS 1 S5t &2 OC B 2,
RERE oMV AR OR o /N RST I IEDRL LA ARG
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K LER TR S BEW 2 HEITIR 18] 5 A2 380 TR A% Jo DA
MG R I> B R . FESS AR E B OL T, 4 /)
SFORHRD AR B B2 SEORL 70 18 RO I — AN Rk
JtE™ e A Kaba 557750} g %2 A1 AN 45 4N Dixon 3 7K
R S a6 45 R op (GR 5T DUR B B Y, 2 30k
BRI KHE, HETP {E th B 2 38 K.

x5 REBERST N Dixon I 53 B RISEL

Table S Comparison of separation effect between ceramic
packing and stainless-steel Dixon ring"”

BBt BB EAR HETP
Material of packing Diameter of packing /cm
/ mm
P % 1.2 4.7
ceramic 3.0 12.5
5.0 13.0
A58 Dixon ¥+ L5 53
Stainless steel Dixon ring 3 ( 9.0
6.0 6.0

Magomedbekov %5 73 il T- 2016 47 1 2018
SRR AN TR) RUST 1R AN 45 4 08 e 4% A 3R (Spiral
Prismatic Packing, SPP) 4T 1Ml (% 6). tH7A] LA
B SRR EAS - ER, BRS8N HETP
EBN, 73 B R .

6 SPPIERIR T X5 BARAIF M
Table 6 Effect of SPP packing size on separation

efficiency™
KRER  HEEE FORIRAY HETP/cm
Year of Diameter of Size of packing
experiment packing/mm  /mm
2015 60 4x4%0.25 39
6x6x0.4 7.0
120 4x4%0.25 43
6x6x0.4 7.1
8x8x0.4 10.5
2018 120 2x2%0.2 1.9
3x3x0.2 2.8

B 7 R RS RN, He A 84 2407 st 2500
O3 B RUR A A B, Magomedbekov 25 i R <)
FHTA (15 mmx15 mm) {H A #5525 14 AS [7] 1) = Fl A 455
X Dixon M ERHE & e N AT 7SR (E 4 .
A LUE RIS — I, 2 B RCE N KN - ay
b, B 5 AT DA N Bl A SR L R T AR
BN, BAK T VRICS AR, 8 B A K.
4.3 N5

gk BRIk R I 2 ORI R S 20 & e i K
R R
Horb RS TIE S HOSR B AT IR RAE IS )

30 [ Inner Diameter of Tower: 100 mm
3 Inner Diameter of Tower: 200 mm
B Inner Diameter of Tower: 300 mm
20
g
<
A~
=
=
=
10
0

Different Ways of Weaving

B4 ARSI 258N Dixon PR HETP B X B
a: AN Dixon 3, b: A7 — MK LU A 5N Dixon ¥, ¢ iy
HZ A WEUI A A9 Dixon 2
Fig.4 Comparison of HETP values of Dixon rings made of
stainless steel with different braiding**"

a: Stainless steel Dixon ring, b: Stainless steel Dixon ring with
a ripple inside, c: Stainless steel Dixon ring with multiple
ripples inside

PARKE VRS E S I P4 : DB AT IR B sk 2 § 50
FERRCR N B, — ARAEFF (£ 333~343 KBl 2 8], 4%
PR B s 2 AR 5 70 SRS B AR e i
T P EOT B AR T R IR 4ERp A€ 19 0
AR 22 00 L B 3) UM B AR 2 FRAS B v RS 1
R AHH A AN RERL /DN, 75 0 2 38 B ™ )
RN o

OB Z A RSO R 3R05 20 M o PR R
1) HACRE SFURE (10 70CRs 1 20038 0 DE T 8 2R JRORE (0 2
R 520 JE A BT IERE G AR ARD FE BT SR
AN BESEORE, o0 B R R AT, (Rl R 46 < R SE0
HEAT DO T DA 53 7 1 23 5 3) /A R HL g 4R
FRISECRHAAT SR A BRI AR, 7 B AR BT

5 WRERE

20t 22 40 AR, Tk A T AP EHEK, AT
771 R ARG R R 0T S ) A 3R 1) 40 8 R v
IR AR RS TR RS A T 24 e b S 3RS iR P
fME— 71k R, 78 SE08 = MR, thRh ST & H
FEL A A B L VR A A A 400 55 o B Ak
KT E AT — 2 R R R, 1978 4 H
A4 )&= K 2% Yamamoto 2557 B YRR H R KRS TR
N F A 7K 43 55, At AT R B 4R Dixon 3454 Sy 3 K}
R T 5 cem W HETPH .. 7E8 F R\ 40 K4EF, 5
SERIF T AT IAE AN TR R S8 25 PF (5236 IR B VB TR
KIERRD N, 43 5K FH 42 J@ Dixon ¥ (M iE #% #: SPP.
Wi 5 LR Tl i ) AN ek B R SE JEORLEAT T KRS T A
[F) A7 25 53 B9 S 56, 333K 1% 7 AN [R] (1) HETP {E K PEAG
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K53 B8 1 3 TR R L4y B IR TN TR A 2 L
B IR IR ORI B A A Y, 58U
WA AR RRK CREFE R 2 r e 22 . RSP R Hh iR
JE 70 EURLR ST SR R R AR S e 3 B R . K
R VR B8 AR B 3 I A% O AE T A0k oA A 3
L MG TV RIS BT 7R S2 06 25 oK E L 4 Ja KA
TRRYEUR) A W1 K LU SR T R 98D T B R S R R
TR Ab BB e o 3 YR M RE 1 T R R . Rk
A, B ETC A IR 7T 45 535 K F S TR] b v 3k A7 1
R, TCVFAE 1) L RORE TR EEDRL ) 1 B - I 7E S0
PE b A A 5 T R B = LR, e
FITFURLAR B (1) 50 B RO S TR LG A A KRS 19 S 562 177
JEALAT A — A M RR A e 119 1) 8

B KA EELE ALK 2 B B 2 R i
FH AT 5, JU R K LR FH A% R il R K R TS B A
(193 85 o BIF F0 T 28 v 5 BEORL R ZRORS TR I A R
RIEES A HY R E TR,
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