Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

TTITEKAF B IR AT

AL Kis Exh #E Ak AW ELH

Crystal nucleation behavior of deuterium tritium ice

Zhang Wei-Guang  Zhang Kai-Fen  Xia Li-Dong  Huang Xin  Zhou Xiao-Song  Peng Shu-Ming  Shi Li-
Qun

5] Fi{i5 &, Citation: Acta Physica Sinica, 71, 025203 (2022) DOI: 10.7498/aps.71.20211018

TELR T2 View online: https://doi.org/10.7498/aps.71.20211018
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

FT SR W - BRI 1 B STURIOL 55 25 1R SR AL SN R A AL
Numerical simulation of deuterium—tritium fusion reaction rate in laser plasma based on Monte Carlo—discrete ordinate method

PFEEEAR. 2019, 68(21): 215201 hitps:/doi.ore/10.7498/aps.68.20190440

AL-Ti-BHIAL Tl 447 5 [ 2H 23 A7 1 R B E AU

Numerical simulations of solidification microstructure evolution process for commercial—purity aluminum alloys inoculated by Al-Ti-

B refiner

PIFEAEAR. 2021, 70(8): 086402 https://doi.org/10.7498/aps.70.2020143 1

VK SRS 5E
Investigation of hydrogen bond vibrations of ice

WIBEAEAR. 2021, 70(14): 146301 https://doi.org/10.7498/aps.70.20210013

AE Ah Agdi AL B A [) 280 SR A% 25 4 R 0 5 R

Identification and tracking of different types of crystalline nucleiduring isothermal crystallization of amorphous Ag

Y24, 2019, 68(7): 076401 https://doi.org/10.7498/aps.68.20182188

E 111 5 11 B I AR BB ) 0 5 15 28
Orientation determination and manipulation of single ice crystal via unidirectional solidification

YIFR£4. 2018, 67(19): 196401  https://doi.org/10.7498/aps.67.20180700

AT BT ADGE B
Electronic and optical properties of two—dimensional ice |

PyFEEEAR. 2021, 70(13): 133101 https:/doi.ore/10.7498/aps.70.20210708



) 32 % 3R Acta Phys. Sin. Vol. 71, No. 2 (2022) 025203

UMK AT BRI LT

% k12
2 4

K LAY
2 9 1

EIKD K&
30 2 Vs

1) (REXR%, Y SEFRMHAEHE AN, B 200433)
2) ("PE TR T BAZ YL S AT, 48BH 621900)
(2021 4E 5 3 30 H%; 2021 4E 8 A 28 HUEMEEH)

h T EIBOCARZIRAE (ICF) 19 AR AR H AR, X 8058 P9 G K 0 00 42 11 7 AR 20 22K, k)2
PR R T 52 A9 [R] 0 B ZOR T 99.9%, VK2 N 32 114 77 HOBLRE B2 (RMIS) 0T 1 . R B A9 v R T A
SEAE RN R R SO K ZE B AT $ 2 b B R KR B B i 25, R0 58 N 3R TUR DIORF b 2 ik 26 1. R
SCIE 5 SR R e A T iR T R A 5 B R i, TT R T SR AU N IR B R R BT ST, B R T SRR IR ER
KRR HLEE, SCIR S5 R R, MU 88 1 Al R B ARE L B — R EAH R B v BE R, 2 TUURF i
c 7 155 TG B AT I AR R o B e T A i g I A S AR 2 12 AR, DA e

(R i AT i e Jo 2 9 ST vk AR 3t T 275 RS 4.

PACS: 52.57.Bc, 81.10.Fq, 52.57. %

1 5

A S LSRR BRI A% O AR, e Tl R
708 (1) FL 308 1) B TR 2 I R e AR OR SR R IR R A Y
HER IR Z —, BT 3R B U e R A
S, XPRRE  BORE TR R TR APk K.
TEA RN ZR W] LU AR SR AR OB & Fh e A v, BT
STUMER A S R T i K, 7EB0A DR Bl i BE 1 45
T, B T2 XL SRR AR (inertial
confinement fusion, ICF) 2k, T 7 Um
14 A S0 e 4 AUV RE R ORI, B, Y TR
IO 2 L e A VR TR 2 A IR B AR
IR TR R B AR5 N, AR5 N R TR
JIUEEFE ¥ 5] | 2 ALK BE AR A TR 2 . % TR
SUTEE I BFSE, ENAE I T8 HFERSE, 58

i

t iBIE1E#E . E-mail: pengshuming@caep.cn
i BIE1EE. E-mail: lgshi@fudan.edu.cn

©2022 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.71.20211018

] AR ARSI A% R AR, (HE B TR RITUR
M A RE T, T T TR AR I UK &y
TEA% AR FTURVK I S H AR Sy T SE83E
[ K 5 Kt (national ignition facility, NIF)
R AR S K, HE 5.0 WA VRGO I B R 3R
b A BSEM BTk TG0 45 B IR = (glow
discharge plasma, GDP) (=% £k (high density
carbon, HDC); #7¢ N LR 50:50, 7K )= 5
E 70100 pm Z 8], vKJZ N R IRAHETE R[]
SKKRT99.9%; VKIZMRIEHARRE (RMS) fLT 1 pm,
FTRE I 208078 N PO SR BE RS 2R 0.3 mg/mL
(& T = AH SR 1.3—1.5 K)0-81, @ i 7 it v
JE . W 8 S X B 5 N TR AR ok ST 1Y) 52
M ARAREAIF ST, RAF TR IR At TEAZ AL, 2Pk
AT, R B UM oK R T 4 AR 8 ¥440A%
ISP 2 A

http://wulixb.iphy.ac.cn

025203-1


http://doi.org/10.7498/aps.71.20211018
mailto:pengshuming@caep.cn
mailto:pengshuming@caep.cn
mailto:lqshi@fudan.edu.cn
mailto:lqshi@fudan.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 71, No. 2 (2022) 025203

2 SEET RGN

RRAR IR GRS FIT R, TR
TARDRERAR A 1 fras . F70E sUBR B (A AT 2 fr
) T X AR R BRI TEA A A R A 5
iRpUE =S 1E il

R —

T i

U

Bl 1 E AR AR RS R, 36 XEERR R X
Fig. 1. Schematic of micro-tube fill principle. Blue area in-
dicates the cryogenic zone.
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Fig. 2. Schematic of backlit imaging device.
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Fig. 3. Diagrammatic drawing of target assembly: (a) General

(a) S50 A bl 2 T 2 8], 20 (B 4

assembly drawing of experimental sample. The red tube is
the fill tube of D-T, and the green is the fill tube of He. (b) Pi-
cture of GDP target with fill tube.
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Table 1. Expansion rate of the seed plane and the

volume increase rate.

WiH 1 2 3 4 5 6

A BA% /um 28.8 24 18.9 13.8 12.3 11.1

A Ii] /s 0 35 65 90 95 100

Y R Vy/(ums?)  — 2.23 3.68 4.70 6.96 9.00
IEFHEMBEE V, /(um®s 1) — 4891 5342 3981 3726 3872

4 $E58 YU KRS Rl O BRI A2 (a) D-T BARHZ AR E 185 K; (b) I THREE =AIX, 19.621 K; (c) Bir#hZ1& THR
% 19.640 K, vKJ2 JLT- 2L ; (d) dRSERERARTHR R, 7645 B fi0/ IV S R RO 19.642 K

Fig. 4. Formation of melted residual seed crystal in the target: (a) Target with D-T rapid-cooling to 18.5 K; (b) temperature rised
slowly to the three-phase region, 19.621 K; (c) slowly rises in step to 19.640 K, almost all the ice has melted; (d) slow cooling untill
the ice is small enough in the target and maintain the temperature at 19.642 K.

- —

Pl 5 A OR R AT U A, SEBRIRE 19.405 K
Fig. 5. Formation of D-T ice melted residual seed crystal in the fill tube (T = 19.405 K).

Fl6  FEAEPRRR ST ARG R (19.405 K), 21608 3k 4 o - A
Fig. 6. Expansion of the seed grains in the tube (19.405 K), the red arrows show the solid-liquid interface.
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Fig. 7. Expansion rate of the seed plane and the volume in-

crease rate.
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BT RAE WA Y AR, 1s 2]
AT, SRV TRY R A 300—400 pm /s.

FEE R SR

8  FAREWH M HMIES (¢ MF1T7 < Hin)
Fig. 8. Expansion of seed retained in the tube (¢ axis is para-
llel to the axis of the tube).
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Fig. 9. Cylindrical hole model with a recessed surface. f,

metastable fluid; s, solid cluster; o, object carrier; r, radius
of hole; h, solid height; 0, angle of contact.
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Crystal nucleation behavior of deuterium tritium ice
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Abstract

In order to achieve the self-sustaining fusion goal of inertial confinement fusion (ICF), extremely strict
requirements for the quality of deuterium-tritium(D-T) ice in the target shell have been put forward. The
concentricity between the inner surface of the ice and the target shell is required to be greater than 99.9%, and
the root mean square (RMS) roughness of the inner surface of the ice is better than 1 pm. The high-quality ICF
target is based on the high-quality D-T ice in the target shell. Single crystal is the best form of D-T ice, and
seed crystal in target shell is the basic condition. In this paper, the step temperature control method of
gradually reducing the heating rate is used to study the retention of seed crystals in the fill tube, and the
nucleation mechanism of retention of seed crystals in the fill tube is revealed. The experimental results show
that the use of the fill tube defects can keep stable and single seed crystal, and under the same supercooling,
when deuterium tritium seed crystal c-axis and the fill tube are axially parallel, the growth rate is about 1-2
orders of magnitude slower than that when the c-axis is perpendicular to the axial direction of the gas filled
tube. The results provide a reference for obtaining high-quality seed crystals, and a basic support for developing
the D-T target in China.
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