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Abstract: In the development roadmap of magnetic confinement fusion energy of China, a fusion
engineering test reactor named China Fusion Engineering Test Reactor (CFETR) was proposed. CFETR
aims to bridge the gap between International Thermonuclear Experimental Reactor (ITER) and
demonstration reactor (DEMO). One of the main goals of CFETR is to achieve trititum fuel self-
sustaining, with tritium breeding ratio exceeding 1.0. In order to achieve tritium fuel self-sustaining and
safe tritium disposal, it is very important to establish a closed tritium fuel cycle. Therefore, a tritium
plant composed of various tritium treatment systems is a necessary condition for the successful
operation of CFETR. According to the overall group planning, in the CFETR engineering design stage,
it is necessary to give the detailed engineering conceptual design and engineering feasibility verification
of CFETR tritium plant system. In the middle of the ‘Thirteenth Five-Year Plan’, due to the engineering
design requirements of tritium plant of CFETR, three major key technical research projects related to
tritium plant were deployed in the ‘National Research Project on the Development of Magnetic
Confinement Nuclear Fusion Energy’. Tritium plant mainly consists of three loops: the inner cycling
loop, the outer cycling loop and the confinement and safety loop. The main task of the outer cycling

loop of tritium plant is to realize tritium breeding in the breeder blanket, and extract and separate the
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breeding trittum for continuous tritium supply. The outer cycling loop consists of several units,

including tritium production by breeder, tritium extraction, hydrogen isotope separation and tritium

measurement, which are interrelated and indispensable. Relying on the national key research and

development plan ‘Tritium Extraction and Measurement Engineering Technology for CFETR Breeding

Blanket’, new progress was made in the research of several tritium breeding technologies. It mainly

includes the following aspects. An in-pile tritium production and in-situ tritium extraction

demonstration experiment with a total activity level of approximately one hundred curies has been done

on CMRR. The 1 : 1 scale demonstration experimental of tritium extraction and hydrogen isotope

separation in breeding blanket has been carried out with dynamic extraction efficiency of 99.1%,

shutdown extraction efficiency of 99.95%, hydrogen isotope separation concentration multiple of 104

times and recovery efficiency of 99.26%. A pilot experiment of trittum-containing water treatment

based on water distillation has been carried out, with dilution exceeding 2 000 times and concentration

exceeding 20 times. Based on this, the design and construction of tritium plant of fusion reactor in the

future are prospected.
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Fig. 5 Tritium concentration distribution in scaled module under neutron irradiation of accelerator
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discharging of tritiated water separation pilot system
with three towers cascade of water rectification
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Fig. 13 Experimental results of deuterium abundance

0 500

at top and bottom of cryogenic distillation system

GBI RN CINVAES o R DF NP 3 N
WEFE, B TR TS AL 2R 0 B A s P RE R KL,
SEHE T RT IR AU, ST TR S e A i
AL <5 Jm A DUHE R, ] R 3 2 g 2 85 IR 7 0 g
FEVE W 5 5R B,

T T AR IR A5 3 7 PR BOAR S BB AL S R
AT 52138, A7 BEAE AR R B T IS 18 55 (i 4
AR, S BRI R AR AR L B B9 i A Ak, KR
R DR R ERCR . GRS 0 EECR I



292 BT RER A BR #558%:
= Hy u Hy
e D e D>
AR ek HR R
6.5 7.0 7.5 8.0 8.5 9.0 6 1.0 2.0 36 4(.)
[ /] /min [ /] /min
K14 @R RGN EMCR
Fig. 14 Separation effect of chromatographic system
14 B o

14 MUEEAR

BT LB = RO, i 152 2 U (HyYDY T/HTO/
CH,/He 55 ) M Ji [F) 850 R0 A PR oo 7 ] 500, > FH
44y R 22 A B B R AR R, R ] 98 4 2 BESS
P AR AL AN 0, DA A 2k e v B S e

e S% SR A M v o ) R S R M
JF S e 7 B[R] 488 ) A AR ME A, ST A A e
€ iR IR RNy S I e e e o 1 T DIV
PRI, WE 15 From o R a8 R SR Z) N
0.7 mL, 0l W BsF[E] /N 10 s,

P15 R o A 4%

Fig. 15 Fast response detector

H FEEG TR T B N U g (] 16)
1 A HEE LRI R Ge 4, S T 3 2 1 R BORE, i
THFE, R B FHF R M 78 HE, 76 10 min P52
BT A E N4y (Hy, HD, HT, D, DT Al T,)
K He Y85 73 EAEL M &

DO N i o = SN A 1| AN =R
BB A M, SR R AR 1 G B BT, SE R &2 (55
How, A BV E T AR B RAEL SR 20
TP AL 243 fn i 17 firoR, Hod, F O o8,
HWP 2B R, L SR, M B, PM IR
Tho 1 s B[] P o &[] 437 284G T B (3 3% 26 3005 5

Wikt (FEHN) R (FERIN)
Kl 16 FEH N TCAP R 451U 1]
AR & Je T BRI 5 i R 52
Fig. 16 Sampling valves and TCD in glovebox of TCAP
system and control system outside glove box

MAFE ) IKF 5.8 Pa, RGK T E /N T 0.5%,

BEXT AR R AR R AR R AR, S
THLE (PACr) A 4 R ) A R RN e i T —
Tl £l B 1 b B A% R 144, n 4] 18 T, A
SEBRI TR T AR,

2 RE

M CFETR it T.J “HMER” T RS g
VR TR &, TP T 165 0 J2 e 25 R 42 B
TR, A T B GR R HEFE 2 O
SRSV L TR IR 0 A 2 R Rt S
B 1 RHASE (7 1 A A )2 iR B BBOR &R 7 3% 4%
B ITRERRESE = KRERTF6, 55340
T 50 UE T 2R 748 M G 1 AR B R < I HE LA A S
0 S IR T IR AR M 3 A )2 S R ) R 4R
JIN 5 I g o R S I T A )
PR Y P2 AR AR 1 0 1 AR R A S SRR AL 5
IS UE T R AR ME UG A B ) TR AT, AR
T A2 PR AR LR R I R Ok
GBI . RS SR 07 28 40 8 B v 0 390 v I VR i
Ml 5 4 THOCHE TRHOR, 451 T CFETR 346 {1



BRI SR 3R SR M ST B PR B R BB U S 0 R 5 R B 293

M4 M.

B 17 OGRS R G0 S IR R R A

Fig. 17 Physical photo and schematic diagram of multiple-pass Raman spectroscopy setup

. Au
lUUlﬂﬂUI W N
Bt
AV &
L1 \ SizNy
W sio,
Si

€118 PACr 4 4 WK BELAZ J e /s 23 [ 1)
Fig. 18 Schematic diagrams of PdCr alloy
thin film resistive sensor!*!

J2 B B T R R T AN S BT B TR T A
TEAS, 0 CFETR G T.) AMEFS TR & T A 1548
BET HAR S HR T M B 1 I R K
e

1) TR AR ¥ ff o8 8 28T R I, &
[ 28 43 1 A5 TR 4 R 5 S8 A7 Fn ] SEPE IR 75
PEAL s KA (100 kg/h) 7K 25 Ak AR RIAR (4 /)
B8 T 37 5 K ) 0% 000 v e 288 A A AR
RIB T HUE; il T AME I RGBT AR sE 1
V5 B SR TG e A 5 AR I Ak
A FFRAMESE

2) S AR 250 G T AMIE IR AR
ARG B B . A T SURBRAE G T A5
PR R 2 R S AR RN | U P 1 Ak R
Wit IR 7 B & AR IR T T

3) LM T Ak, B R AR B VR FEL G, AR
A b A TR AR BITh#F7 % &8 fl
T, PR AR R B G B X A, DA A A 14
BAS; TR AR RIS T Ik Ak, (8 PR REFE A

3 HRIE

AR T B &, S R DAFR O L iR
[ PR AR AL, 521 A 008, (838 E el s
SR MG S AR A

BT # & T AR -6, — i

— AL 5 X SE AT & R D Re, AR 58 AL
RIAE T 2R M T M 25 A A G 36 iE 5 4
fo; Z R EEEX MGG E DR, sk 5
ITER [ PR 2155 [ SN S MR 1 L PR 5 1, &R
LR BR, B R ARAA . R IR T
B &AM SCRE ) s A, (IR E R H B &
ST R G TR R KB R & i 5 34
1 i 1 i

S % k-

[1] WAN Y, LI J, LIU Y, et al. Overview of the present
progress and activities on the CFETR[J]. Nuclear Fusion,
2017, 57(10): 102009.

[2] WANG X, RAN G, WANG H, et al. Current progress of
tritium fuel cycle technology for CFETR[J]. Journal of
Fusion Energy, 2019, 38(1): 125-137.

(3] BB, B, T4 s, 46, RASREIR T By ik 5

T2 W ik i T R R [T]. Ak 50 fh 2, 2019,
41(1): 40-59.
ZHAO Linjie, XIAO Chengjian, LONG Xinggui, et al.
Progress of tritium chemistry and technology in fusion
energy[J]. Journal of Nuclear and Radiochemistry, 2019,
41(1): 40-59(in Chinese).

[4] TESCH C, CARLSON R, MICHELOTTI R, et al. Tri-
tium systems test assembly (TSTA) stabilization[J]. Fu-
sion Science and Technology, 2005, 48(1): 258-261.

[5] NISHIM, YAMANISHI T, HAYASHI T, et al. Account-
ing and control of tritium at the tritium process laborato-
ry (TPL) of JAERI-results of 15-year operation and re-
search activity[J]. Journal of Plasma and Fusion Re-
search, 2003, 79(10): 1078-1084.

[6] PENZHORN R D, BEKRIS N, COAD P, et al. Status and
research progress at the Tritium Laboratory Karlsruhe[J].
Fusion Engineering and Design, 2000, 49/50: 753-767.

[7] ZHAO L, LONG X, CHEN X, et al. Design, synthesis

and characterization of the advanced tritium breeder:


https://doi.org/10.1088/1741-4326/aa686a
https://doi.org/10.1007/s10894-018-0158-1
https://doi.org/10.1007/s10894-018-0158-1
https://doi.org/10.13182/FST05-A923
https://doi.org/10.13182/FST05-A923
https://doi.org/10.1585/jspf.79.1078
https://doi.org/10.1585/jspf.79.1078
https://doi.org/10.1585/jspf.79.1078
https://doi.org/10.1016/S0920-3796(00)00344-6

294

FETREREHAR 58k

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Li,,Si,_,AlL,O4 ceramics[J]. Journal of Nuclear Materials,
2015, 467: 911-916.

ZHAO L, GUAN Q, LI J, et al. First-principles study on
the structural and electronic properties of Li,SiO, and Al-
doped Li,SiO4[J]. Fusion Engineering and Design, 2016,
113:331-335.

ZHAO L, LONG X, PENG S, et al. Tritium release in
Li,SiO, and Li,,SijgAly,0, ceramics[J]. Journal of Nu-
clear Materials, 2016, 482: 42-46.

W, BRRAS, 1, 5. LigTi,Si, O, A A F 3 1
o B PR REL). Bk SO AR2F, 2021, 43(3): 223-
230.

YANG Mao, ZHAO Linjie, XIAO Chengjian, et al. Fab-
rication and mechanical property of Li,Ti,Si,_ O, ceram-
ic tritium breeders[J]. Journal of Nuclear and Radiochem-
istry, 2021, 43(3): 223-230(in Chinese).

YANG M, ZHAO L, RAN G, et al. Tritium release be-
havior of Li,TiO; and 2Li,Ti05-Li,Si0, biphasic ceramic
pebbles fabricated by microwave sintering[J]. Fusion En-
gineering and Design, 2021, 168: 112390.

YANG M, ZHAO L, QIN Y, et al. Tritium release prop-
erty of Li,TiO;-Li,SiO, biphasic ceramics[J]. Journal of
Nuclear Materials, 2020, 538: 152268.

YANG M, ZHAO L, RAN G, et al. Grain growth mecha-
nism and thermal stability of Li,TiO; pebbles fabricated
by wet method[J]. Ceramics International, 2023, 49(23):
38995-39002.

RAN G, YANG M, ZHAO L, et al. Computer simulation
of tritium release behavior of Li,SiO, ceramic breeder
with an improved packed bed model[J]. Nuclear Analy-
sis, 2023, 2(3): 100081.

RAN G, YANG M, ZHAO L, et al. Modeling of tritium
release behavior of biphasic Li,TiO;-Li,SiO, ceramics[J].
Ceramics International, 2024, 50(13): 22421-22429.

LI R, YANG X, WANG G, et al. An in-pile experimen-
tal loop for the irradiation of tritium breeding ceramics in
China Mianyang research reactor (CMRR)[J]. Fusion En-
gineering and Design, 2021, 164: 112192.

ZHAO L, YANG M, XIAO C, et al. In-situ tritium re-
lease behavior and post-irradiation experiments of
Li,TiO; pebbles developed by freeze-drying method[J].
Fusion Engineering and Design, 2023, 195: 113956.
ZHAO L, YANG M, XIAO C, et al. In-pile tritium re-
lease behavior and the post-irradiation experiments of
Li,SiO, fabricated by melting process[J]. Nuclear Engi-
neering and Technology, 2024, 56(1): 106-113.

H O, AN, R, 4. RS B A

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

AU E Kok TP E, CN202110120112.0[P]. 2023-06-
09.

57, Ui, ER, 5. Wil S A0 B it — A
B HE, CN202110278127.X[P]. 2023-02-03.

RORAS, SIRW, 1 U, 45, —Fh SRR R G 7E
LRBERE, HURL AR vk ], CN202111410437.9[P]
2024-06-04.

IR, B, AR, S5 — P R N HETE L™ S AR
[\ i A [, CN202111473321.X[P]. 2024-06-04
ZHAO L, YUE L, LI J, et al. An in-pile demonstrated
platform for the evaluation of tritium extraction technolo-
gies in China Mianyang Research Reactor[J]. Fusion En-
gineering and Design, 2023, 194: 113732.

YUE L, CHEN C, ZHAO L, et al. Hydrogen separation
from hydrogen/helium mixtures under different pressures
by using U-shaped ZrCo getter beds[J]. Fusion Engineer-
ing and Design, 2021, 169: 112435.

ZENG Y, LI J, LI M, et al. Electrochemical hydrogen
pump based on proton exchange membrane for rapid sep-
aration of hydrogen and helium[J]. International Journal
of Hydrogen Energy, 2024, 63: 418-423.

CHEN C, HOU J, L1 J, et al. A water distillation detritia-
tion facility and its performance test[J]. Fusion Engineer-
ing and Design, 2020, 153: 111460.

Bt A, BB, LR, A5 —Fh &K Y £ AR A AL 21
B K )5k HE L CN201711095054.0[P]. 2023-06-16
EREDE, W, B, . BRI ERR 5
B A AR K SR AR S, SRIEOE SR, 2024,
36(1): 156-158.

WANG Junyan, CHEN Chao, LI Jiamao, et al. Pilot scale
experiment of three-column cascade water distillation fa-
cility for tritiated water separation[J]. High Power Laser
and Particle Beams, 2024, 36(1): 156-158(in Chinese).
VR, 25 (R0, IR, 55, —Fb A 3R -1 254
{14 7AORS 1R EURE BRG] 5 7 P, CN202110781730.
X[P]. 2022-07-05.

LU Z, FU X, LI J, et al. Superhydrophobic Pt@SBA-15
catalyst for tritium separation in liquid phase catalytic ex-
change[J]. International Journal of Hydrogen Energy,
2023, 48(5): 1979-1987.

FU X, HOU J, CHEN C, et al. Superhydrophobic and su-
peraerophilic hierarchical Pt@MIL-101/PVDF compos-
ite for hydrogen water isotope exchange reactions[J].
Journal of Hazardous Materials, 2019, 380: 120904.

LU Z, L1 J, FU X, et al. Superhydrophobic Pt@SBA-15
catalyst  for water exchange

hydrogen isotope

reactions[J]. International Journal of Hydrogen Energy,


https://doi.org/10.1016/j.jnucmat.2015.10.010
https://doi.org/10.1016/j.fusengdes.2016.03.069
https://doi.org/10.1016/j.jnucmat.2016.10.009
https://doi.org/10.1016/j.jnucmat.2016.10.009
https://doi.org/10.1016/j.jnucmat.2016.10.009
https://doi.org/10.1016/j.fusengdes.2021.112390
https://doi.org/10.1016/j.fusengdes.2021.112390
https://doi.org/10.1016/j.fusengdes.2021.112390
https://doi.org/10.1016/j.jnucmat.2020.152268
https://doi.org/10.1016/j.jnucmat.2020.152268
https://doi.org/10.1016/j.ceramint.2023.09.236
https://doi.org/10.1016/j.nucana.2023.100081
https://doi.org/10.1016/j.nucana.2023.100081
https://doi.org/10.1016/j.nucana.2023.100081
https://doi.org/10.1016/j.ceramint.2024.03.343
https://doi.org/10.1016/j.fusengdes.2020.112192
https://doi.org/10.1016/j.fusengdes.2020.112192
https://doi.org/10.1016/j.fusengdes.2020.112192
https://doi.org/10.1016/j.fusengdes.2023.113956
https://doi.org/10.1016/j.net.2023.09.014
https://doi.org/10.1016/j.net.2023.09.014
https://doi.org/10.1016/j.net.2023.09.014
https://doi.org/10.1016/j.fusengdes.2023.113732
https://doi.org/10.1016/j.fusengdes.2023.113732
https://doi.org/10.1016/j.fusengdes.2023.113732
https://doi.org/10.1016/j.fusengdes.2021.112435
https://doi.org/10.1016/j.fusengdes.2021.112435
https://doi.org/10.1016/j.fusengdes.2021.112435
https://doi.org/10.1016/j.ijhydene.2024.03.128
https://doi.org/10.1016/j.ijhydene.2024.03.128
https://doi.org/10.1016/j.fusengdes.2020.111460
https://doi.org/10.1016/j.fusengdes.2020.111460
https://doi.org/10.1016/j.fusengdes.2020.111460
https://doi.org/10.11884/HPLPB202436.230451
https://doi.org/10.11884/HPLPB202436.230451
https://doi.org/10.11884/HPLPB202436.230451
https://doi.org/10.1016/j.ijhydene.2022.09.287
https://doi.org/10.1016/j.jhazmat.2019.120904
https://doi.org/10.1016/j.ijhydene.2022.03.279

7

SR WY A R (] R A M S B A0 R B R e B kS A e S R

295

[33]

[34]

[35]

[36]

[37]

[38]

2022, 47(41): 18080-18087.

YUE L, ZHAO L, HOU J, et al. Efficient processing of
tritiated water by using a two-stage Pd membrane reactor
with Pt/TiO, catalyst[J]. International Journal of Hydro-
gen Energy, 2024, 50: 493-501.

WANG X, CHEN C, LI J, et al. Dynamic behavior and
control strategy of cryogenic distillation column for hy-
drogen isotope separation in CFETR[J]. Fusion Engineer-
ing and Design, 2020, 160: 112018.

CAO D, REN J, GONG Y, et al. Quantum sieving of
H,/D, in MOFs: A study on the correlation between the
separation performance, pore size and temperature[J].
Journal of Materials Chemistry A, 2020, 8(13): 6319-
6327.

FU X, GONG Y, LI J, et al. Highly effective quantum
sieving of hydrogen isotopes on flexible metal-organic
frameworks with mobile ligands[J]. Separation and Pu-
rification Technology, 2024, 334: 126025.

CAO D, HUANG H, LAN Y, et al. Ultrahigh effective
H,/D, separation in an ultramicroporous metal-organic
framework material through quantum sieving[J]. Journal
of Materials Chemistry A, 2018, 6(41): 19954-19959.

LI J, LIU S, WANG X, et al. Experimental activities in
view of hydrogen-deuterium equilibrium reaction in di-
electric barrier discharge reactor: Effects of plasma treat-

ment parameters and reactor design[J]. Fusion Engineer-

[39]

[40]

[41]

[42]

[43]

[44]

ing and Design, 2024, 202: 114294.

CHEN Z, PENG S, CHENG S, et al. CFD calculations of
response time for ionization chambers in tritium measure-
ments[J]. Fusion Engineering and Design, 2019, 143:
196-200.

CHEN Z, PENG S, CHEN P, et al. Improvement of ion-
ization chamber for tritium measurements in in-pile tri-
tium extraction experiments[J]. Fusion Engineering and
Design, 2019, 147: 111222.

WANG W, XIA L, MAO Y, et al. On-line micro GC test-
ing of protium analysis in DT fuels from TCAP
products[J]. Fusion Engineering and Design, 2021, 170:
112481.

WEN C, HUANG X, SHEN C. Multiple-pass enhanced
Raman spectroscopy for fast industrial trace gas detec-
tion and process control[J]. Journal of Raman Spec-
troscopy, 2020, 51(5): 781-787.

WEN C, HUANG X, WANG W, et al. Multiple-pass-
enhanced Raman spectroscopy for long-term monitoring
of hydrogen isotopologues[J]. Journal of Raman Spec-
troscopy, 2019, 50(10): 1555-1560.

LI M, XIAO C, RAN G, et al. Thermal-assisted resistive
sensor based on the PdCr alloy thin film for sensitive de-
tection of hydrogen isotopes in helium atmosphere[J]. In-
ternational Journal of Hydrogen Energy, 2024, 56: 102-
112.


https://doi.org/10.1016/j.ijhydene.2023.07.226
https://doi.org/10.1016/j.ijhydene.2023.07.226
https://doi.org/10.1016/j.ijhydene.2023.07.226
https://doi.org/10.1016/j.fusengdes.2020.112018
https://doi.org/10.1016/j.fusengdes.2020.112018
https://doi.org/10.1016/j.fusengdes.2020.112018
https://doi.org/10.1039/C9TA14254A
https://doi.org/10.1016/j.seppur.2023.126025
https://doi.org/10.1016/j.seppur.2023.126025
https://doi.org/10.1016/j.seppur.2023.126025
https://doi.org/10.1039/C8TA05707A
https://doi.org/10.1039/C8TA05707A
https://doi.org/10.1016/j.fusengdes.2024.114294
https://doi.org/10.1016/j.fusengdes.2024.114294
https://doi.org/10.1016/j.fusengdes.2024.114294
https://doi.org/10.1016/j.fusengdes.2019.03.138
https://doi.org/10.1016/j.fusengdes.2019.05.041
https://doi.org/10.1016/j.fusengdes.2019.05.041
https://doi.org/10.1016/j.fusengdes.2021.112481
https://doi.org/10.1002/jrs.5838
https://doi.org/10.1002/jrs.5838
https://doi.org/10.1002/jrs.5838
https://doi.org/10.1002/jrs.5649
https://doi.org/10.1002/jrs.5649
https://doi.org/10.1002/jrs.5649
https://doi.org/10.1016/j.ijhydene.2023.12.153
https://doi.org/10.1016/j.ijhydene.2023.12.153

	1 重要进展
	1.1 产氚技术
	1.2 提氚技术
	1.3 氢同位素分离技术
	1.4 氚测量技术

	2 展望
	3 结束语
	参考文献

