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50 pm

B2 (U NalRER Y X AT (a) Re H#4, EHFE 3 pm; (b)Re-MgO & G348, HAR 6 um
Fig.2 XRD backgrounds from hydrogen DAC samples with Re gasket (a) and composite gasket with Re outskirt and
MgO insert (b), respectively(The diameters of hydrogen samples in (a) and (b) are 3 um and 6 um, respectively.)
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B4 300 nm RADEH . MCC KA X SHERATHEURZE R (a)MarCCD165 FRINIZR AR, (b) Pilatus I M HEIN 25 RAHE, (o)
NS 2 A FRAB M Z X L, (d)X SR AT SR L E R A 5 (e - —HEFAERAE AORE A X R AT FURE IR, IR R
SEPCBERT ST0E,  FRR B RORT S0, P DX IR S T D ALY XS RATT IR FLRE R, £ AR ST S e 55 )
Fig. 4 XRD data collected by using 300 nm X-ray beam and MCC: MarCCD165 and Pilatus 1M were used in (a) and (b),
respectively; Comparison of rocking curves in different experimental conditions (c); XRD contrast imaging(Two dimensional XRD
contrast imaging of a sample(left)and a crystal grain of hydrogen(right). Left: grey, orange, and white represent the XRD peak
intensity from MgO, Au, and hydrogen, respectively. Right: darker red color represents stronger XRD signal.)(d)
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W TR BT 5 B9 MCC A7 7 30 1177 1] X 548 B0t £ 3 /1N (10°) B BB, 20 A ) T B b A0 5 S e, 138

020101-6



934 % WA BB R T SRR RS T 52

H T VA B R 5 A S A R X o VRO S R X A 1) AR A A, B R
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Crystallographic Studies of Ultra-dense Solid Hydrogen
JI Cheng, LI Bing, YANG Wenge, MAO Ho-kwang
( Center for High Pressure Science and Technology Advanced Research, Beijing 100094, China)

Abstract: Under extreme compression, hydrogen goes through a series of phase transitions, and may
transform to an exotic metal predicted by theoretical calculations. The pursuit of metallic hydrogen by the
high pressure community is intense due to the predicted room temperature superconductivity and super-
fluidity. Unfortunately, significant technical obstacles present for such studies. On one hand, achieving the
pressure of metallic hydrogen is daunting, as a result, there has been no consensus on the success synthesis of
cold compressed metallic hydrogen yet. On the other hand, accurate characterizations of ultra-dense
hydrogen remain very difficult, especially for measuring crystal structure. The lack of crystal structural
information (the most fundamental information of a material) of hydrogen prevents understanding how does
hydrogen evolves structurally to achieve the predicted metal from an insulating solid. In order to measure the
crystal structure of hydrogen at ultrahigh pressures, we developed a series of advanced synchrotron X-ray
diffraction techniques, and extended the crystal structural data of hydrogen to 254 GPa, which doubled the
previous pressure record. In this paper, we will introduce our technical developments and discuss the related
issues, in order to provide guidance for measuring crystallographic data of solid hydrogen at higher
pressures.

Keywords: hydrogen; ultrahigh pressure; crystal structure; X-ray diffraction
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Fig. 1 (a)Panoramic diamond anvil cell for radial XRD experiments, (b) unrolled XRD image of 3 nm nickel at 38.5 GPa,

(c) inverse pole figure reflecting the deformation texture of 3 nm nickel at 38.5 GPa™
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Fig.2 (a) The position changes of WC Laue spots relative to the diamond (062) diffraction spot at different pressures/stresses,
indicating that the WC marker crystal rotates; (b)(c) the rotation angles of WC marker crystals in nickel media with different grain
sizes at two different shear stress conditions (The lattice parameter ratio c¢/a of WC is used to reflect the shear stress conditions
which WC marker crystals are exposed. At the same stress level, WC crystals in 70 nm nickel medium rotate the most.)!"*!
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Plastic Deformation and Size Strengthening of Nanometals
ZHOU Xiaoling, CHEN Bin
(Center for High Pressure Science and Technology Advanced Research, Shanghai 201203, China)

Abstract: High pressure techniques have been introduced to nanomaterials research for about three decades.
Most of the studies, especially in the earlier time, were mainly X-ray diffraction (XRD), Raman and infrared
spectroscopy investigations on the structural transition and equation of state. In recent years, we extended the
explorations for the plastic deformation of nanomaterials by employing radial diamond-anvil cell XRD and
transmission electron microscopy (TEM). We have successfully probed the dislocation activities in 3 nm
nanocrystals, but also seen that partial dislocations and deformation twinning dominate the plastic
deformation below 20 nm. We have observed the reversal in the grain size dependence of grain rotation in
nickel, and have found that the strengthening of nickel nanocrystals could be extended down to 3 nm.
Compared with the traditional techniques, high pressure techniques are more advantageous in applying
mechanical load to nanosized samples and characterizing the structural and mechanical properties in situ or
ex situ, which could help to unveil the mysteries of mechanics at the nanoscale and bridge the knowledge on
the material mechanics at the multiscale. With these knowledges, more advanced materials could be
fabricated for wider and specialized applications.

Keywords: nanometal; plastic deformation; dislocation; grain rotation; strength
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Fig.2 Optical image comparison before (a) and after (b) diamond particles treatment for 30 min by SPS
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(c) SEM of Ti-coated diamond, (d) the surface of Ti-coated diamond
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Table 1 Density and relative density of diamond/Al composites

Diamond type Density of composites/(g-cm ) Relative density of composites/%
Raw 3.06 98.40
Ti-coated 3.11 100.00
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Fig. 6 SEM images of fracture surfaces of the diamond/Al composites with diamond of un-coated (a), (b)and Ti-coated (c), (d)
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Fig. 7 SEM images of the interface between diamond particles and Al matrix in the diamond/Al composites
with Ti-coated on diamond particles: (a) interface area, (b) Al, (c) diamond, (d) Ti
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High Thermal Conductivity of Diamond/Al Composites via
High Pressure and High Temperature Sintering

HOU Ling, SHEN Weixia, FANG Chao , ZHANG Zhuangfei, ZHANG Yuewen,
WANG Qiangian, CHEN Liangchao, JIA Xiaopeng

(Key Laboratory of Material Physics of Ministry of Education, School of Physics and Microelectronics,
Zhengzhou University, Zhengzhou 450051, Henan, China)

Abstract: Diamond/aluminum composites with a high thermal conductivity of 529 W/(m-K) were prepared
using pure aluminum as the matrix and 50 vol.% Ti-coated 200 pm diamond as the filling material within
10 min by high temperature (700 °C) and high pressure (3 GPa) powder metallurgy method. The morphology
and properties of Ti-coated diamond were characterized by optical microscope and X-ray diffraction. The
properties of the prepared diamond/aluminum composite were tested by laser thermal diffusion instrument,
scanning electron microscope and thermal expansion instrument. It is found that the Ti-coating diamond
prepared by spark plasma sintering is mainly composed of titanium and a small amount of titanium carbide.
Compared with raw diamond under the same preparation conditions, the Ti-coated diamond could effectively
improve the thermal conductivity of diamond/aluminum composites. Meanwhile, the high temperature and
high pressure method can be used to prepare the full density of diamond/aluminum composites, which can
effectively improve the interface bonding between aluminum matrix and diamond particles, reduce the
interface spaces and effectively improve the thermal conductivity of composites. Compared with the
conventional methods such as vacuum hot pressing, spark plasma sintering and gas pressure infiltration, the
sample preparation period of high temperature and high pressure powder metallurgy is short (several
minutes). This research is helpful to expand the preparation method of high thermal conductivity composites,
expand the product types of domestic six-sided top press, and provide technical support for the preparation of
other metal matrix thermal conductive composites.

Keywords: high temperature and high pressure; powder metallurgy method; composites; diamond; Ti-

coated
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WP, EREN, LG H ML AR EEY MR X B OEERL, y M R
ESRRYHHTENEERT, pHNBCEESH LY HEREERT .

XHI: AT ZACRA TR A 5

FE S ES:0521.2 SCRKFRIRES: A

SR 4 A EARAER 1A WCSAE, HZ5 R0 T R0 R R w U B X B X S gl ) SR,
AATNSE B AT Jr R TR AW Y o B 5 IRH R T R 14, /amd Ff WK ST 7 1E 38 45 14
(BA), WEEAK T 287 K W55 48 hp 57 5 4 WA 2544 (o A ), 505 KBS 46 A AR AR )R & e 1 S 3
254 X WA i (XRD) %6 &2 &5 T & it 9.4 GPa Bf 8 25 & A= p—y AHARU 100 5 41 Ry
I4/mmm B RS 7 IE 3450, BUAHZE Sl — HAHAS, 235 AL 2y 2.6% A A B[] W 2172105 20 1 g il 4o
40 GPa i} » A% 25 K bee A, y AN bee HIAE 40~ 56 GPa JE 77 J Bl P AT AFEAT, 13X — AHAS th 2 — 24 A
A5 XN AR R AR AR 2 0.76%" Y . AE vl R 4G SL g, B 1Y B—y AHAS AT DL Hugoniot 4 2
ol R ) T OV ORI £, T y—boe AHAR BRA AR B[R] B /N TSI R . sl R, B A R i i
23 GPa B} & A I AL, 76 R J1 i 49 GPa B & A= s #5161, Vaboya %% Barnett %517, Liu 281 Fl1
Cavaleri %P i T8 19 pAHAN p AHAGAE IR E 454k . Rayne 5P, Kamioka™', Hu %5 fil Song 427 F
JE& T 0 v PR O AR B e s AL R RE gl T2 SR 102, Davis P BRI Z 36 E
TEJE T R 46 T 2 W 3h 12 S5 o, IR 185 09 p—y AHZZ, I H Hayes®™ Z2 AR S J7 72 X 52 56
S RRIEAT T EUEAL, TS R SR 45 KB & DR AR A K AR K22 5% . Anderson 551
FIH wha 526 1 B T8 W RE R A2 RIS, LI B T ARAR IR G, 5 i T WL K S (AR 4G
I AR

Xt T4 ) Z AR S 7 2, Anderson 5511 CoxP!| Buy 5502 23 5 #g #: T Griineisen JE 209 24 7 2,
Khishchenko™! #1537 T H H BB W 58 W8T FE, (HIFAR 45 th A S50, TR AE D 35 T A5 75 o g
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T BARF y AHEY A R RETE 2C 0 58 AW A 7 B, AR R T I R TR RN A5 I R 45 2 R LRI S 58 B A W)
4. Song ZEPT 4R L Z AR J5 BE £ A Steinberg Guinan A F4 45 BY % 45 (1) i oy 52 36 3047 T R(E LI,
Horp Z A & 22 7% 18 T 43 [R L0 (Bauschinger effect), R LA BT &M 4 3 v o 1 2800 72

124 2R 1k, B B AE AR B 0 2E R I 5 32 AR R AR v e RN s SRR, M R 41 S S0 BRTE A R
AR B 1 2R D T B — o IR, (R R 2 R T8 B A S B9 TARAR Do 53 4b, By
Z AR T B F B TE Grineisen IR FIE S, A BAEFR EZH TIHHEAHE, FIHET A H
RE 1Y 22 AR ZS J7 FE T Bl 7 27 52 95 4o A8 T R B A A AL TAE R WA TR o ASIF 50 2 T 14 9K 3l o 2826
B CQ-4PY I R ) (1 M R 4 3 ) 2 5L 5, BRI W ARAR Bl ) 25 R Pk s 455 Hayes 22 AR 77 R AL
SV Ay R A T AR X S Bl ) A 0 AR T R (A BT AL, I DAASE 4004 1Y A 0 M e 2R R R AR 4 ) 3

ﬁ%ﬁ%o
1 MESEEREMARKET

1.1 FOR=h R Nk SC G R 1

CQ-4 % B IR IR Rk 78 v 2L A B L[R2 25 | P-4 Ml A% i 17 S8 1 AU R Bl Jn 48028 8, > T4
iR A 85 kV I, 6748 X AT i Y F- THIT 400~ 600 ns., {2 4.0 MA BYE T bk ol e 2 0 7 9K 25 o 2507
S THT S 4725 5 1 o 2 B A0 P11 TR o IOk b A R A AL 8 P T S R T 1 P A T R E ST A B [ B
P AR =2 18] £ [ st v JRR A ok o s 3 ol 1B BRSO, ok o b, 7 T PR AR PN R TR B0, ik oh KR
Tt RLER A S % 3 A EAE T 7 A 0 AR %% T A A FE AR R P 3R TR, T S 4 16 3 ikl (i s ) 9 T rL AR
MR IR BE T Il A % , A FHAE B T Aol b RRE S o B AR G R ) S5 AL IR 2 I E R BT oy

1
= —kuj’ 1
p =Sk ©)

K p WIE S i B2 RE S35 T Z W 0 0 28 F i 28 35 kA R R TR 2R B, K (L 32 B S AR AR
KL BB IE] B R AR HCER P A R R A G
1.2 LWHEFEXIEKIT

SRy PR IE AR 258 S VE B I R] L 5 1] B P9 8 A S 0 AT — A N AR i 28, ELARIERE S A ORI B b
W, T TN R IR B0 ARk I A S £ 38 XA R R AT A i, BRSO s SRk [37]. AR SRR K
WX AR UE 1R, B R ST E 4 AN I A5, A S 3 AN TR R A A A A F T S EE R
1 AR AR [ F T TR, 4 N I S s 2 A R S AR O SIS R IR B i S B % 1
TR 3AVBIRESL B E AR R 8.0 mm, JEEE4S AR 1.278. 1.568 Fi1 1.871 mm; B AR 58 B K 8.0 mm, J5 B 43
51°A 1.006, 1.006, 0.998 F1 0.996 mm, F5 M A F H T 3 0 357 5 A Al Al S )3 SR 0.996 mm,

R1 OKBEH

Table 1 Experimental condition

Exp. No. Position Material Size/(mm * mm)
Plate_top left 1100A1 8.0 x 1.006
Sample_top left Sn 28.0 x 1.278
Plate_top right 1100A1 8.0 x 1.006
Shot 696 Sample_top right Sn @8.0 x 1.568
] Plate_bottom left 1100A1 8.0 x 0.998
BT BRI SR S 00 £ B XA i A [ Sample bottom left ~ Sn  @8.0 x 1.871
Fig. 1 Schematic diagram of magnetically driven ramp Plate_bottom right ~ 1100Al 8.0 X 0.996

wave loading and the samples
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2 SERERSH

SEHG NS 3 0 R EE A B e T 1.4
U 2 s i & 2 AT, 3 Fh RS B A i 1Y 12f
F H T R Y AR — B, HOR R AR AR 2 o} e Sls7
5o BN R S R0, B0 @ T R "; 0sl thry :-:snjlﬁsﬁs mm |
LT, ek B R A R A R R 2 Snlarsm,
] F 3 R R IR 2 2, i B 0T
U 453 253X O 9 6 B e 24949 40 /s, PR = 04p
Rk 381.2 MPa, X o7 9 JiE Il 5% & 4 197.0 MPa, 02}
3 R B B AR o AR AE (AR A A . py MR X N ]
T ) A T B 400 L BE A 40T, B 676.3 /s ik L6 18 20 22 24 26 28
/NE 636.8 m/s, XL A9 R 1 M 7.62 GPa FEAILF| Time/ps
7.11 GPa, X J2 B AH A8 I g 8t 8 A i i, 5 80A B2 Shot 714 KNI v L il T
PR 2k 1) p s S 56 55 SR AR Ak a3 AH 5] S Fig.2 Experimental free surface velocities of shot 714
3 BEENSSH £ REHHE LASIEE

T YR B M R RS 5 B S o R g Table 2 Characteristic values of the velocity profiles
Jr RSN, i T B A A AR 1 R A A AR 3h 1 2E O R Thickness of Sn/mm  #gp/(m's™)  upr/(m's™)  pyr/GPa
AR T o ASIF 5T 2R FH A 56 1 B S i A 1.278 40.0 676.3 7.62
55 1277 FE I Hayes Z2 AR 75 72 . 1.568 39.6 660.0 7.41

1.871 40.2 636.8 7.11

31 HEMAFERIE
AP 105 11 22 Bl 3 27 75 2R ] Hayest* BERY , HEH) B 53 Oy « AR AR T 3R 55 A AR 3K 3l g Km0 4 A
FAAZ AR R 23 ) BAE bE, BARTE AN

o 1 Gl—Gz 1_§ GI_G2>D12
é::H kT 5 H: 0 —D21<G1_G2<D12 (2)
el T ¢ Gi-G,<-Dy

o & AH AR U 0 B0, H R nl A B AR AR AS A= K iy 25 (8], G 4 Gibbs A H1RE, G,—G, NAHAZBR 5h /7,
r N BN AR FU R B I8, &y oM Boltzmann 80, T A7 iR, o A AHAS s R I R], D, A4 4 40 10 87 A0
AR RERE, D,y R AR a0 Gh AR L AR A RE R . 24 AH AR St 75 B (] 7 = 0 B, 5 A AR I SR U] R AR 1B )
5E R, 1 5l 2 - Al AH AD AR A
32 BB HRE

AR R 7 BT B R A M Gibbs A HRE, 1M Gibbs H H GE WL 7T LA i Helmholtz A i G5 5]
(GO, T)=F(w,)+pv) . BIELELE v FIIREE T WY Helmholtz [ 1 fERY Ny

F(Vs T) = ¢0(v)+Fion(v»T)+Fel(V’ T) (3)

o po() N BRI EE B BE, Fion(v, T) N A% BIIR 31 B BB, FoOv, T) N HFH) H HAE .

AR R 45 5 e R HE AR B sR L, SIREE TG, Bk ak =N

. B Bove  [/vg (5!
= @"(VRH(B_;{ 7 ) Vot BB -1 [(7) - 1} @

vy WS FH IR, &)(ve) WA G RETES 5 WA RIME, By 0 4 %) % JE I [ A TE 2 2% s Ak i) R
By, 09 By Xof e 58 (19 350, pe 9 %8 L 55
FEMEVE IR TR0 T, SR 1 PR 3 A dRETE XN
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Fionv,T) = Nk { g@(v) +3TIn[1 —e oW/ - TD(@)} 5)
b N Ry AR B TR R T, O(V) BRI E, D(z) MIEFERS .
BT e AR
Fa(v,T) = —1r<vR>(1) T2 (6)
2 VR

1% Helmholtz H HEESHULE 3.

%3 $H Helmholtz B FIRE I B £ %™

Table 3 Parameters for the Helmholtz free energy of tin"**!

Phase Vvg/(cm*-g™) T/K pe/GPa  O(1R)/K q, By/GPa By @/(Jkg™) 71(J-kg - K?) a
B 0.1372 298.15 0 180.91 1.60 58.0 2.8 0 0.015 1.0
4 0.1198 298.15 8.664 187.77 1.38 78.1 02 853x10° 0.015 1.0

33 ZHRSHFEMEMXR
Hayes"" §& t i) Z2 FHR S T7 B2 2 I H TR0t 8l 25 s 4 0 AR 8 i 7 A B (ELRE SDL0T 5, LT AL
i B AT E IR AN

p = Bs,f(év _ASV é:_a'{:T)
Cps

e &R 2 2 AH BT i 03 E, B NI 20 B SEAR A B, Aet Ry AHZR 5 RS A 1A N A (8] I8, ¢, h SE TR L
I, a WK K R 5
XF SRR 5 ( By ) AT Ao B o A vhils PR 4 AR ZZ 5250 b, B0OREBY B BECR ZS AT LA & A 16
A BEER B3, 76 7 - He 2511 6 0 A9 B A% J& P 2% Rayleigh 28, PR % 75 3806 B A9 J& 9 4% Rayleigh 2k
FIAREE, FTRLCH & 54, T R K = poCER 1, £5 AH B R AE i 0 AT 35 R #5870 M 4 AH AR
SEHGH AR P BRSO S ) AT DA A BN S, A R T - AT T X R A AR R SR Y ()
SRR, A P | R B S ) B R i SR ARy, O B AR R IR A5 iy ek gk, A
RE PRI AR B 8 . ASBIF 9T 2% 8 7 RS it 1) 52 e, B e 400 o 2 o 3 B iR AR /0N, AT LA 22 O
A2, 5 %585 FH T 25 5 1 2 19 Murnaghan (R 255 2, B SRR B 5 N
Bs = Bso + By,p (3)
K B SRR i, Byo 0 4R S R B, By o IR S X R I — B 8 p MR . AR
Bgo Hll By 55, By, M B HH5%
A 5 Z R FH Steinberg 5 711
Y= Y0[1+K(sp+8i)]"[1+Aprf”3—C(T—300)] 9
A Y, NI IR T IRGR EE , k1 n AL REL, &, W SFRHOB NS, & AR IR SR, A F1 C 5350 5T )
g X0 ) R B R B, =V Ve T80 AR o AHBR BERRAIR, 28 A/ 0N, XA AR LM 8/ N, A5
XoF TR A 2R FHAH ] B AL R 240, BARS B R 4.
= 4 B9 Steinberg fR AP 23

Table4 Parameters for the Steinberg model™ of tin

T/ns Ag¥ Y,/GPa K &i n A/GPa™ c/K™

6.0 —0.018 0.2 2 000.0 0.0 0.06 8.66 2.12x10°
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34 HEERMOH

AP BV 4 42 15 1 3 57 A0 A A P, UL 1 h VR 1 ol T 0 7 o 4 SRS R 24
. P 3 ) G TR HL R S B 75 . 3 L TR 290 550 ms, WL RUE (L5 2 MA, FE Ty
fE024 % 18 GPa. 3 FELIE 9 53 M LS00 A 70 25 K AL I3 AL, B 3b) S50 A0
HOSEUIRE L 1 300) AT, PSRRI A — B T4 R AR M LI R 1 R PR
L2 B SBPE 25 RURAS R LS80 5010 9000 3 A ARS8 15 50 0 26 R 4, IO T
ST TSR E A B

2.5 T T T T 25 1.4

@ —— Current 1ol (b)
20+ —= Pressure | pq ’
Lot
< T
S & ®
E 1.5 F 415 g g 0.8 F
S S =
E 2 2 0.6
£ ] R —o— Exp.,1.278 mm
= 1.0+ 410 & 2
© £ B —— Calc.,1.278 mm
= 04r —o— Exp.,1.568 mm |
0.5+ 45 02 —— Calc.,1.568 mm
l —o— Exp.,1.871 mm |
0d ¢ —— Calc.,1.871 mm |
0 . . . 0 a n A A . . .
0.5 0 0.5 1.0 1.5 2.0 04 06 08 10 12 14 16 18 20
Time/ps Time/ps

&3 Ssimd s g (a) UG 5 5280 U O (b)

Fig.3 The loading pressure(a) and the calculated and experimental velocities (b)

P 4 25 B AR 25 X (8) X Hayes 570 {5 1E 19 Aol {7 D00 ) 1350 445 SR 0 9 360 3 32 351 1T, R 5 & 18 IE.
f Hayes $5 %1 By, = 0.0, HAWZHOA A . iy K] 4 ATl RAG E AL B (Y TH 33 45 A0 A A s e A8 2
Ja /N TSR 2 SR AR A R Uy a5 X IO B AR S BE /N T S B (L 1B TS B9 Hayes A58 075 21 ) 3 5545 5 5 5
KA R W R, PRI D0 f 245 B i I (E B B JE A 25 BEIAORE , R BB IE R RT3 19 1T 5 45
RSB AR, X T ARE OO B SRR B R . 18] 5 Ol 0.7 s IFEERE Y 1.568 mm Y B34 iy
FR S T A A ) R 2 B TR B T 1) B A 2k, K TR H = 0 mm AbSE SO INER T, H = 1.568 mm
Ab5E SCh TR H DS AT, AR i w Al B s, 2978 18 GPa, BifJS U8 B 5 BE D5 [0 FEAI, 7 A i
T BAF ST TR 0 9 2 o R T A B A B B 2l g S R, AR B T Ak R e RS B AN TR s TR T

14 — — — ; 20
18 -4 100
1.2+ b ;
16 F Mass fraction
- 80
1.0 F b 14 -
7 5 3
£ 08} 1 R {60 £
=7 S 10t g
7] B
2 06f . 2 sl 1.5 GPa 2
= & 40 <
> 04} g 6r
—o0—Sn,1.568 mm 4l
02 —— Modified Hayes model - Pressure 120
—— Hayes model 2+ H o m,
04 = 1 1 1 1 1 71 0 L L n . n 0
04 06 08 10 12 14 16 18 20 0z 04 06 08 10 12 14
Time/ps Thickness/mm
P4 THERISES B E T R X L P55 0.7 ps BFFEITRT o AHBT o 4B RE a JEE B D ) 43 A7
Fig. 4 Comparison of measured free surface velocity Fig. 5 Pressure and mass fraction of y phase
with calculated values along the thickness of the sample at 0.7 ps
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FE B BE T 9] 3 A e 43k 4 AN K38 H T 2 H,(Hy = 1.26 mm) Ry & T3 BAR M 3 B By 2 H,(H, =
1.07 mm) A J& J3 FEAHH [] 0 g S8 PR 5% AR By, HL AR 712978 380 MPa; H, & H,(H, = 0.58mm) A J& 71 3%
T pAHEBVEBL; H) Z AN, p A0 BT BN T G B 100%, X — X BOMR G AHIX, H K149
7.5 GPa. M\ H, AbFF U6, 1) IR J5 ) R 7 b 0 A0SR I I RIS, 3K R R A AR 5 R ) A4 1N AR [R] T Ae i
B, BT A < 0, WA G AE SE A B b & AR AR T4 S AR A o 2 A — A T IB IE T A - €,
ZAE IE T 23 T BUE J7980/0N, AT DL ABL - DA A AH AR (9 [R) B 7 A — AN 0 002, 12 L I8 1) i 32 5 M L A AR
3| i A AR 7 72 ] bR RT3 — B 28] A A A R A O

3.5 HEE)S XTI K A B

SR R S TR ), FC B SO AR S S BRI IR o BEOS bR, R AR T A
AL, AH AR TR A DX S B 0 T g DX TRIBOARS, g A ) o AR T s e i B AR . e 2 P Bk
N, TR, AR AR YR A XX T f14 3 JRE X ] o 3B 3 o AN [ A 7 st BRI i) b 7 114 3k JEE R TR 6 B
i, Hfl gl 1 2 Z 8O, i3k 4 Bos, (5 B AT 40 R S e A 4 R AR . 200 &, WES R RETE S
% WA IYE, Q)2 Helmholtz [ i AEAY D46 {EL, PHIE 73 Hr ok B 500 4% AH ] B AR AEL, PRI — JBoRs 40 2 A
BB E, BARAE 3 )22 07 R (2) A, BiARY @, (H e mARAS iR ih i . R @, 11515 2
PILERANIEL 7 s, Hofl3h 1122 S80S, 15 B R TR S5 R 5 BNE TUAl B 5w &, (H2 B IR o AR

AAE

16 T T T 16 T T T

T L4 — @, =839x10
_ 12l —— @,=849x10*

o = — @,,=8.59x10*

; e g 1.0 +

< <

2 T 2

2 - 2

= =

0 1 1 1 ] 0 I I I ]
0.6 0.8 1.0 1.2 1.4 0.6 0.8 1.0 1.2 1.4
Time/ps Time/ps
K6 b RSB BT B 7 @, W RIS B P BRI
Fig. 6 Influence of 7 on velocity waveform Fig. 7 Influence of &, on velocity waveform

S8 By, N B ARBIRI IR RS RE, (AR P T C, = BT , BEAE VRS D/, P /N,
PR B IR, IR A X I ) B I o D A, TEAH IR B9 P AR EE T, Bl R R A
N, TE TN, ARAS R AR TSI FEAR . AT By, fELAGER BE T WLIAT 8, A B )~ S HOR AR, 345 3 1 ik
AR FNBLIE S BT A [R] . S50 B, B AR B RERS JR 7 B9 — B S 20, B0 R A S R AR
F 1A 5%, (BAEAR T BER BN W1, BB T 0 B8 38 o, 52 mapBie s i = o 181 9 MRS AN [) By B (ELTH A A%
BIBE R o di 9 AL, AE 100 m/s A, AR S B2 TP 304 52 B2 e 5 BEE 2 0 9 52 &, By,
R, 0 G R o JRE AR R ) B g, A A A 5 X O R 3 R T A

By, H By, 2350 A A B U P gk ARS8 ) T ) 89— B 5, 5 8 MBS BOML, BT B
M YR 5 AH L o A X IO B B Y o AN TR] By, F By (B 00 BE SR I 10 AL 11 TR o BEAE By, (51
By, ) (RN, AR S iy B2 BN AN, AR T4 i o T )3k AR R I i B vy, S IR (E ) 45
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1.6 T T T 1.6
1.4} — B, =48.0GPa 1.4
—— By, =58.0 GP.
12} & ‘ 1.2
~ —— By, = 68.0 GPa —~
n 1.0f % 1.0
g £
< 08 < 08
2 2
8 06+ 2 06
g o
04t ~ 04
02+ 0.2
0 X . . ] 0 . . . ]
0.6 0.8 1.0 1.2 1.4 0.6 0.8 1.0 1.2 1.4
Time/ps Time/us
[ 8 By, W AHASH BB AR K19 By, X ARAE R EIE A9 S
Fig. 8 Influence of By, on velocity waveform Fig. 9 Influence of Bpg on velocity waveform
1.6 T T T 1.6 T T T
14+ — B, =78.0GPa 14 — B, =02 ]
12l — By=T73.0GPa 12l —B=12 |
=~ — B, =68.0 GPa — B =18
w 10} Y 1.0 i ]
E E
< 08¢ = 038 E
> z
3 06} 3 06 .
2 2
0.4 0.4 R
0.2+ 0.2 R
0 \ . . ] 0 , . . 1
0.6 0.8 1.0 1.2 1.4 0.6 0.8 1.0 1.2 1.4
Time/us Time/ps
110 By, XTARAL R EEFIE Y500 Bl 11 By XS R EIE A5
Fig. 10 Influence of By, on velocity waveform Fig. 11 Influence of Bﬁy on velocity waveform
hJ
4 & 1

T 4R B R R AR SR 0, ESE T B WAR AR Bl ) S R, 45 G Hayes 22 RS Jr B2 A0 AR P AH
75 By 1 2 R RGT  RH R 4 S B R R EAT TR, AR B 458 .

(1) 38 3 A 45 52 50545 ) T AN [) B2 B2 0 B A o S 3 T 5 A B 0 e 2 20 ARUAH A8 5 201 e T o
FTHT 5 853 1) B—y FHAS X 07 1) 48 1 2 B35 Bl A6 A o JE2 32 R 38 0, A 676.3 m/s B1] 636.8 m/s WgAG /)N, X o 1)
JE 71 M 7.62 GPa [%{i£ % 7.11 GPa.

(2) BUMEL V53 05 SR 0T L3 g b 6 3R 880 6 o 28 9 B ) L 08 M A A R AR S B R . IR T MR
AT F it B i 8 2, THR 25 0 R, RHIE e 4 2o B8 5 2255 S R ) YR B (A& I . A AR
St TR (] AN 45 G R 32 BEEL TR A DR 40 BRE T, o A A MAASE i 2 B S AR R S 1 RS O T B AR
) A A i 2 002 5 i) B ARl B T

Bt B TAZD BT RIC ARG EZT LG IR, i, RN, TR LIRARRIE
A Y dp Fa il 3R T i R A 0G5 8) !
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Dynamic Characteristics of Phase Transition of Tin under Ramp Wave Loading
CHONG Tao, ZHAO Jianheng, TAN Fuli, WANG Guiji
(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: The dynamics of phase transition of tin under ramp wave loading was studied with experiment
and simulation. The ramp wave compression experiment of tin was carried out with photonic Doppler
velocimetry (PDV) and compact pulsed power generator CQ-4. The velocity wave profiles obtained
experimentally show that tin undergoes physical processes such as elastoplastic transition and phase
transition in the loading section, and the phase transition pressure is about 7.5 GPa. As the increase of
thickness of tin, the characteristic velocity corresponding to the onset of phase transition decreased slightly
from 676.3 m/s to 636.8 m/s, and the corresponding pressure was from 7.62 GPa to 7.11 GPa. The Hayes
multi-phase equation of state and non-equilibrium phase transition kinetic model were employed to simulate
the experimental process, and the numerical results can well describe the physical processes such as
elastoplastic transformation and phase transformation in the loading section. The calculated results revealed
that the correction of the bulk modulus with pressure needed to be considered under ramp wave compression.
The influence of typical physical parameters, such as phase transition relaxation time and bulk modulus, on
the velocity waveform was discussed. The results show that phase transition relaxation time and initial free
energy mainly affect the velocity waveform in the mixing zone, the bulk modulus of the two phases affect
the velocity waveform after phase transition and overall velocity waveform respectively.

Keywords: phase transition; multi-phase equation of state; ramp wave loading; tin
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Fig. 1 Schematic of high pressure assembly
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B2 RIFEAEE) 435 CPTi MG XRD 1
Fig.2 XRD patterns of CPTi samples after different treatments
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(a) As-received sample (b) Water quenched sample treated at 1 173 K
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Fig. 3 Metallographs of AR and WQ samples
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Fig.4 Metallographs of the samples treated at 1 173 K under different pressures in graphite capsule
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Fig. 5 Metallographs of the samples treated at 1 173 K under different pressures by self-heating
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Microhardness of CPTi after different treatments
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Table 1 Tensile properties of CPTi treated by self-heating at 1 173 K under different pressures

Condition UTS/MPa Yield stress/MPa Elongation/%
AR 3314 298.1 44.7
wQ 461.5 409.8 30.2
SH, 2 GPa, 1 173 K 470.2 425.4 42.3
SH, 3 GPa, 1 173 K 477.8 429.6 41.1
SH, 4 GPa, 1 173 K 480.2 446.4 40.2
SH, 5 GPa, 1 173 K 495.2 455.5 36.7
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Self-heating, 2 GPa

JELTL[29] 200 - Self-heating, 3 GPa
BT ﬁ H L , Self-heating, 4 GPa
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/;', ﬂ\ X ﬁ: 1= KTZ Eiﬂ: X‘T )M *’L %IJ L%: K =) s fm" Fig. 8 Engineering stress-engineering strain curves of
Qb PRAIF 5T A AR KR A Bl . samples treated by self-heating under different pressures
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Properties of Commercial Pure Titanium under Self-Heating
and High-Pressure Heating Treatment

REN Yuduo', ZHANG Yang', LUO Kun®

(1. School of Materials Science and Engineering, Jilin Jianzhu University, Changchun 132021, Jilin, China,
2. State Key Laboratory of Metastable Materials Science & Technology,
Yanshan University, Qinhuangdao 066004, Hebei, China)

Abstract: The effect of pressure on quenching process of commercial pure titanium (CPTi) has been studied.

Annealed, water quenched and high temperature and high pressure (HTHP) treated samples were prepared

for comparison. The phase composition and microstructure were analyzed, and the microhardness was

measured. Results showed that under high pressure quenching, specimens were all a-Ti martensite, and the

grain refinement and microhardness were increased with the increasing pressure. For the pressure treated

sample, there was no elevation on hardness compared with water quenched sample. Besides, the elongation

of water quenched specimen was quite lower than that of the as-received sample. Herein, to investigate the

ductility and tensile strength, tensile test was carried out by using samples treated by self-heating process

under high pressure. The data showed that the strength of the treated sample was substantially promoted and

the ductility was good, which was close to as-received sample.

Keywords: high pressure; pure titanium; tensile properties; grain refinement
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Fig. 1 Schematic of shock-ramp wave loading experiment
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Fig. 2 Experimental data of shock-ramp wave loading on RDX single crystals with different orientations
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Experimental Study on Shock-Ramp Wave Profiles
in RDX Single Crystal Explosive

CHONG Tao, MO Jianjun, CAI Jintao, WANG Guiji

(Institute of Fluid Physics, CAEP, Mianyang 621999, Sichuan, China)

Abstract: The shock-ramp wave loading experiment is fulfilled using pulsed power generator CQ-4. For

RDX single crystal samples with the orientations of (210) and (100), the interfacial velocity profiles between

the RDX sample and LiF window are obtained by photonic Doppler velocimetry (PDV). The experimental

results show that the interfacial velocity profile is divided into three parts: shock compression, ramp wave

compression and unloading waves. At the shock pressure of 4 GPa, an elastic-viscoplastic waveform is

observed. When the shock pressure is as high as 7 GPa, the characteristic waveform corresponding to the

elastic-plastic transition disappears in the measured wave profile.

Keywords: RDX crystal; shock-ramp loading; elastic-plastic transition; ramp wave compression
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