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Table 1 Main performance parameters of the materials

[14-15]

Material po/(g-em™) E/GPa Poisson’s ratio Failure strength/GPa
YGS8 14.6 508 0.22 6.2
45CrNiMoVA 7.83 210 0.29 1.6

HMNZESCHEIR R R AR L (F5 R IR AME 5 AR 04 LU AED) A5 BT 1 g 0 B, o He A HL 1) SR 245 H R
SPAnTEL 3 Bt SR 4 JE ORI H ST AT 1 B TR, AR SCHE A ] A e e R R e bR TS 1

FH O 2R A5, N 1) A0 119 45 )2 0 21 = 40 oA
0.246. 0.284. 0.390 1 0.535 mm, 4% )= ¥ [a] 3 i
LSO BE R AT R 126 BE, A T B IR AF R A 4 2%
B P BE 7 A e iR, B SE R A T 2R S R G 2,
RIS LA, M, VERER.

TE R A 2L B TAE R & v, T0UER AR 10142 3l e
AR I O AR R R TR ) A B AR R, 3L
PR RE FHE T 32 2 38 KW RN T o FETHEEHL
BRI R, O TR AR TR R R BT N
) P9 BE I 22 2 39 5] 0 A7 0 1K T py=6 GPa. HETH I
7 B A 1 A AR B IE TR T p(s) FEE 8 91 f(s), 4N
&l 4 frs, RN 5o T

(=
vy
N

013102-

4 ].RIO'O Unit: mm

| I |
I Cylinder Four-layer supporting ring =
; =
I I} Iir v ©

R60.0
R83.0
R114.8
R158.8 .
R220.0 .

3w RARE Y AR R

Fig.3 Geometric dimension of the high pressure die

2



933485 FAR A R 1 53R T THOEE g AR 51

p(s) = poe™™" e9) pEs)

F() = upoe™"" @) LG

s OB R BT B B BEREE (mm) , 705 =
B AR A AR K, s A MR 59 T ) R A R
GRS (mm) , pohy 5 588 -5 LA 58 T 2 (1] ) e

B4 BOEARALL A R L A0 R % 1
2 'H_ %éﬁ % 5 i.‘-,l- ie Fig. 4 Loading condition of the cylinder

in the numerical simulation

XFTAESE BE R, e 6T A9 FF 5 Ji 9 BE 32 15 R I
B 7= A B R JR IR g, 3 2 i 2 A8 L R R BE ) 0 R B R R L AR LAS B %) R AR S [ R %) JRD 1)
N T3 53 A Al 5 BrR, B EE R RPN 7, B RN FE N 77 o AR §E 3 6T P BE 32 31 (1 B KR ) h 0z
J174 2 393.6 MPa, $i7J¥ JJ W5 48 ] 328 W 9 /N, 8 KR 43 X 4832 #1600 ~—1 200 MPa B Jil [m] H ¥ 7o i
AP T A 32 7% O AT L, BT AR B4 J 1) R N 3 32 R R T S P I A B T AR i N R A S
) PN g 2 PN RE R TR A2 B 0 8 R AR . TR R AR BB B U/ N AR A SRR T A B 1 B R g, (ARG
AHBR o X T o MR n: Ly 83z 20 AR 5 R J8 8] He B T, e KAE -4 108.4 MPa; SMEBRHS 4 X 35,
ZF|-1200~-1 800 MPa [ i [a] F IV 7 o 43 =X FR AT 380 2xb AH 4B 51 43 ke 22 1) (%) AH BAE R AT 350 b i B 1
S i n g A7, I HL A AR R JE] 1) e g 7, 35K o e TR A Az i) 1) R N T 18 A2 00 bR A R 5 4 R
A, A A 4 HR T BB RS 7R 7 0 Y N BE R T

Max: 2 393.6 MPa Max: —556.4 MPa
Min: —1 641.4 MPa Min: —4 108.4 MPa

Stress/MPa
2 400

1 800
1200
600

0
-600
-1200
-1 800
-2 400
-3 000
-3 600
—4200

(a) Belt type (b) Split type
5 JRATAY 1 Rz o3 AR

Fig. 5 Circumferential stress of the cylinder

AHIF G R F e R A8 B BRAE A AR U, BV A TR 45T 52 3] A9 25 35007 g e TS B 75 A . 7 ol B
B ZE RN 150 A R 6 7, JEEL N BESZ 1 6 GPa B, 4F 58 28 5T 19 2558 1 1 e KA R 7 267.3 MPa, 43
HesQE G A 4 398.6 MPa, SAFR48 20 R GL AR b, 43 XKL 0 32 T3y 39.5%. 43 Bl fin 9 55 %4 by
T KAEAAE PUBE L, Wi AE 04010 Lo 5 YG8 A AR08 B A HE, 47 48 30 I A2 31 59 A8 8500 1 e KB K
FHPBHY R 308 B (6.2 GPa) , BT & MR R AL, B LAAFE 48 X IR 61 i 7 2K B8 1 /N T 6 GPay 1l 43 B2
FE AT 32 31 1) 25 508 1 /N F BB S 8505 B, B 20 He QR T T A2 4B 47, 8 RE AR 32 3 i A9 R

R T HE— 2 43 BT F AT N BE (9 32 74 O, DOEICIEL RS UL 45 SR v B P BE il 1) | 3 A SN 0 Y o A
M, GnE 7 BN o ARRS R 5 — RN H B (IEAE) L 38 RS = F2 0 R ) (), 55— F2 0
J1(#52.0 GPa) 55 = F W J1 (£)-6.0 GPa) B Z(HAR Ko 43P =R B 3 A F 0 1 ¥ R ey, i B2 —
FN 1 (25-4.0 GPa) 5% = E W /1 (£9-6.0 GPa) R Z(ER /N, 58 2 EHL AY P9 BEZ 28— 5 [ $7 77
PR ) R 1 BV, SRR AS R, 25 50 5 | RS i IR 2 365 1 43 e X BT A BE 32 381) = o) 1, 17 HL 221
BN, X2 PRSI T E HOR A, A A F R G R EE 1 14 = .

013102-3



¥ 1M

ERRE S [ F L7} L
Max: 7 267.3 MPa
Stress/MPa Min: 44.6 MPa
7500

6750
6 000
5250
4500
3750
3000
2250
1500
750
0

(a) Belt type
Bl 6 HfL 44000 /1

Max: 4 398.6 MPa
Min: 699.4 MPa

(b) Split type
i

Fig. 6 Equivalent stress of the cylinders

3 3
i & = =
2 (a) Belt type ._-'1‘1‘“"1‘- 2f
1r 1r
< .. <
& of —u—First ta 5 or
E | —=+— Second =z |
8! 4 Third g1
227 227
< <
% 3fleeeses s o % -3+
g 4 *a e £ 4
- - -
o~ ‘.' -9
-5 .., -5t
e _

I EeE———— S S

(b) Split type

—=— First
—=— Second
4— Third

o

M&-ﬂ—lﬂﬂﬂn—c“m

012345678 910111213
Along with path/mm

7012345678910111213

Along with path/mm

P 7 PO P BEAE Al ) L #3205 ) S0 A1

Fig. 7 Three principal stresses in the axial

R R R AE E BRI AR RN 1 BT R

direction of the cylinder

0-v:\/%[(0-1_0-2)2+(0.2_O-3)2+(0-3_0-1)2] 3)
Ao, HERNL ST, 0, W — TR ST, 0, W 8
ERIST, 0y HEE = FR ST, 7-%
F(3) 30T LA 5 75 3 e phg B il i) L 119 46 g 67
FO 3 50, ANFEL 8 B R B T 75t S
3 Bt R AL A BE 52 3 19 S5 2008 1 18 5/ TARRE Zar
JEGT, FE32 3 RAMU I A5 20 TR (T 4500 77 19 1/3 g3 eeeeees
Pl E 2feeceeseeeeeessts
L
3 SCIGIGE b o
01 2 3 456 7 8 910111213
B T BT LR BRI 5, T AUEER Along with path/mm
AR, X 9 2 AL ) R R 2 AT R ERRLLES ek Sl
T 9(a) 77 3 ok R A 25 it 420 39— 1 48 75 Fig. 8 Equivalent stress on the inner wall of the cylinder

FEAEEL, 4 9(b) R 9Ce) 7351 o e E i AF 48 U 70 BaCRE i & B TR BL . O 190 8 SEIR A, SE i P st

HA5F 0 g BRI AR 2 S 18] 3 s ROSF B9 172, BIVEEELRE il i >+ 4

24 5 mm, BEESS 4 2 SCHEIR SR

110 mm. SEEHT, SRATEAR N 10 mm., &5 FEh 16 mm (Y 28 2% 1 Sy i g A B i 7 i v, SR

013102-4



933485 FAR A R 1 53R T THOEE g AR 51

200 t {3 Hs LI Sl . P 3 1) T A 1] 328 A TR 4R Ak o AEASE L RSSO IR IR T Sie e AL g 3R 1) de
IR L, 308 e A5 PP o L ) e Tl s 4 W 2% 1 A BROR R BE 7 o S 4 SR s X TR S UL,
In#RE 57.6 ¢, JEELHIR, RS TE A AN 9(d) Fir s, T B il 1) W 2285 %of T o0 UL, s #] 91.2.¢
I, B HAEIR R %, RS BOIE SN 1E] 9 Ce) BTz, — A 2 Bl 8 2 &, FUAt #7352 -5 T LR Al
o SEHREE RS BAA RN S R AR — B, B> BB HL R BRE 7 35 3 TS AR U TR AL

P9 SEB0 Y i A B A A B TR BT 454 - () B i TR E () AR A8 UK AT ; (o) 23 XL
(d) B M AFFE R GL; (o) AR IR 19 7 SRR it

Fig. 9 High pressure die and different cylinders: (a) ultra-high pressure die; (b) belt type cylinder;
(c) split cylinder; (d) belt cylinder after breakup; (e) split cylinder after breakup

4 & i

0 e R AR DL RN AR IR S 56, X Bk o A B AN AL e A7 8 2 A L AT U, 13 B R 4542

(1) S A 7 He X (AT R T B 1 4 e s T 52 380 A 6 DR Jd 1) 202 g, O EL 308 e 1) 7 e ) 4
AR AT A 45 32 AR K 84 Jal 1) 1 7 5

(2) HAFFE R GLAR L, 73 B T 32 21 9 S5 300 1 e K AE I/ 39.5%;

(3) 4F-Fe U AL A BE 52 31 B 32 107 7 D — A7 H RN T g, i 23 B X G o9 BE A 3 A4S J2 0 1 108
F T3, HZEEB/N, HE T 2w HOR A, X BB G bRHIE 5 A R, 2 B (L ) BE A9 S5 2800 1 A0 4F
feURELY 173 22445

(4) Tl RS2 98 E W) 7 e e TR AE L RE A 7 52 B8 1 ) T AL 27 o

EEPEE

[1] BASSETT W A. Diamond anvil cell, 50th birthday [J]. High Pressure Research, 2009, 29(2): 163-186.

[2] BUNDY F P, HALL H T, STRONG H M, et al. Man-made diamonds [J]. Nature, 1955, 176(4471): 51-55.

[3] HALL H T. Ultra-high-pressure, high-temperature apparatus: the "Belt" [J]. Review of Scientific Instruments, 1960, 31(2):
125-131.

[4] KHVOSTANTSEV L G, VERESHCHAGIN L F, NOVIKOV A P. Device of toroid type for high pressure generation [J]. High
Temperatures High Pressures, 1977, 9(3): 637-640.

(5] WHERT, B, e, AW R flive 2 8 K 12 S 7 FRARAZ U ZE (1], B34, 1980, 29(10): 1351-1354.
HU J Z, TANG R M, XU J A. The high pressure device of diamond anvil and the observation of phase transition of iodine and
sulphur [J]. Acta Physica Sinica, 1980, 29(10): 1351-1354.

(6] e, s, MR T, 4. ST AMOTE M AR BRI & RUEAR S [J]. YA, 2010, 59(3): 1923-1927.
HAN Q G, MA H A, XIAO HY, et al. Finite element method study on the temperature distribution in the cell of large single
crystal diamond [J]. Acta Physica Sinica, 2010, 59(3): 1923-1927.

013102-5


http://dx.doi.org/10.1080/08957950802597239
http://dx.doi.org/10.1038/176051a0
http://dx.doi.org/10.1063/1.1716907
http://dx.doi.org/10.7498/aps.29.1351
http://dx.doi.org/10.7498/aps.29.1351
http://dx.doi.org/10.1080/08957950802597239
http://dx.doi.org/10.1038/176051a0
http://dx.doi.org/10.1063/1.1716907
http://dx.doi.org/10.7498/aps.29.1351
http://dx.doi.org/10.7498/aps.29.1351
http://dx.doi.org/10.1080/08957950802597239
http://dx.doi.org/10.1038/176051a0
http://dx.doi.org/10.1063/1.1716907
http://dx.doi.org/10.7498/aps.29.1351
http://dx.doi.org/10.7498/aps.29.1351
http://dx.doi.org/10.1080/08957950802597239
http://dx.doi.org/10.1038/176051a0
http://dx.doi.org/10.1063/1.1716907
http://dx.doi.org/10.7498/aps.29.1351
http://dx.doi.org/10.7498/aps.29.1351

33 % = JE Ll i 2% i 1

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

KAWAI N, ENDO S. The generation of ultrahigh hydrostatic pressures by a split sphere apparatus [J]. Review of Scientific
Instruments, 1970, 41(8): 1178-1181.

B, BHEUR, 95, 55 W ERaOS &/ Ul i I Se 0 e B R D IREERRAE [J]. #3241, 2009, 58(10): 6852-6857.
LUSJ, LUOJT,SUL,etal. A slide-type multianvil ultrahigh pressure apparatus and calibrations of its pressure and
temperature [J]. Acta Physica Sinica, 2009, 58(10): 6852—6857.

BUNDY F P. Pressure-temperature phase diagram of iron to 200 kbar, 900 °C [J]. Journal of Applied Physics, 1965, 36(2):
616-620.

LEGER J M, LORIERS-SUSSE C, VODAR B. Pressure effect on the Curie temperatures of transition metals and alloys [J].
Physical Review B, 1972, 6(11): 4250-4261.

M AT, BT, BER, . ER e E T B A RS R B AE R RIS (7). #7321, 2014, 63(19): 198101.
XIAOHY, LIS S, QIN Y K, et al. Studies on synthesis of boron-doped Gem-diamond single crystals under high temperature
and high pressure [J]. Acta Physica Sinica, 2014, 63(19): 198101.

EFIE, B, VR, S T P 2N T TR ALY R R A R EOR BT R (], i R B4R, 2013, 27(5):
633-661.

WANG H K, HE D W, XU C, et al. Development of large volume-high static pressure techniques based on the hinge-type cubic
presses [J]. Chinese Journal of High Pressure Physics, 2013, 27(5): 633-661.

LIU Z, LI M, YANG Y, et al. Study on pressure capacity of multilayer stagger-split die, using simulation-based optimization
[J]. High Pressure Research, 2013, 33(4): 787-794.

KLUNSNER T, WURSTER S, SUPANCIC P, et al. Effect of specimen size on the tensile strength of WC—Co hard metal [J].
Acta Materialia, 2011, 59(10): 4244-4252.

GETTING I C, CHEN G, BROWN J A. The strength and rheology of commercial tungsten carbide cermets used in high-
pressure apparatus [J]. Pure and Applied Geophysics, 1993, 141(2): 545-577.

WANG B, LI M, YANG Y, et al. Note: double-beveled multilayer stagger-split die for a large volume high-pressure apparatus
[J]. Review of Scientific Instruments, 2015, 86(8): 086106.

VRBKA J, KNESL Z. Proceedings of high pressure geoscience and material synthesis [C]. Berlin: Akademie-Verlag, 1988: 234.

A Novel Tangential Split-Belt Ultrahigh Pressure Apparatus
WANG Bolong', LI Mingzhe®, LIU Zhiwei’, HAN Xin'

(1. School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255049, China;
2. Dieless Forming Technology Center, Jilin University, Changchun 130025, China;
3. School of Mechanical Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: A novel tangential split apparatus was designed to improve the pressure bearing capacity of the

ultra-high pressure die. The tangential block structure can not only eliminate the circumferential tensile stress

of the inner wall of the cylinder through mutual friction and extrusion on the split surface, but also generate a

large circumferential compressive stress on the inner wall. This pressed state is very advantageous for the

cemented carbide material and can significantly increase the ultimate pressure capacity of the cylinder. The

numerical simulation results show that under the same load conditions, the equivalent stress of the segmented

cylinder is significantly less than that of the belt cylinder. The three principal stresses on the inner wall of the

block cylinder are compressive stress, and the difference is small. These stresses are close to the isostatic

pressure state, so the cylinder can withstand higher sample chamber pressure. The comparative experimental

results also prove that the tangential split-belt ultrahigh pressure apparatus has higher ultimate load carrying

capacity.

Keywords: ultrahigh pressure apparatus; tangential split; belt type die; pressure bearing capacity
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Fig.2 Assembly for observing the deformation of pressure transmitting medium before and after compression
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Table 1 Pressure calibration results for cell and gasket using Bi, Tl and Ba

Press load/MN
. Phase : : B
Calibrated Pressure/ Compression (Single) Re-compression
. change - - - -
material type GPa Compression Decompression Compression Decompression
Cell Gasket Cell Gasket Cell Gasket Cell Gasket
Bi -1 2.55  2.08+0.2 2.86+0.3 1.70+£0.5 3.19+0.5 1.73£0.2 2.77+0.2 1.52+0.4 2.77+0.6
Tl 1111 3.68 3.58+0.3 4.00+0.2 2.46+0.6 3.88+0.3 3.81+0.3 4.29+0.3 2.49+0.5 3.33+0.4
Ba I-1I 5.5 6.37£0.3 6.30+0.2 5.54+0.3 6.03+0.2 7.28+0.4 6.58+0.4

O P, re-compression : O P, re-compression ) : ;
6 F @ P, compression (SIB P compression (Smglle) RS
| _ & Wi,
> g . e <; ,'_», :
& e '\22%«% & & % ’ -
& g ity 2 ‘4) A%
- . 3 ‘a’vf-

Bi [-11 3.55 GPa

Pressure/GPa

1
£ Bi [-1I :2.55 GPa
1k [ !

Compression Decompression ) Compression | Decompression \
0 1.905 5.715 5.715 1.905 0 1.905 5.715 5.715 1.905
Press load/MN Press load/MN
(a) P, as a function of the press load (b) P, as a function of the press load
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Fig. 6 P, and P, as a function of the press load under the compressing process of compression and re-compression
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Fig. 7 Relation of AP vs. P, under the compressing process of compression and re-compression
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Effect of Re-Compression on the Pressure-Generation Efficiency and
Pressure-Seal Capability of Large Volume Cubic Press

ZHANG Jiawei'?, LI Qiang"?, WANG Junpu'?, HE Duanwei'*

(1. Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, China;
2. Key Laboratory of High Energy Density Physics and Technology of Ministry of Education,
Sichuan University, Chengdu 610065, China)

Abstract: With the rapid development of static high-pressure technology, the complex and variable
compression processes are used in high-pressure scientific research. However, the effect of compression
processes on the pressure-generation efficiency and pressure-seal capability has rarely been studied.
Measuring the pressure of a gasket and cell in situ is the key point to understanding the mechanism of
pressure-generation and pressure-seal. In the present work, we put a circuit into the cell or gasket of the large
volume cubic press, and then the pressure in the compression or re-compression process are independently
measured by in situ electric resistance measurements of bismuth, thallium, barium and manganin. It has been
found that when compression process was replaced by re-compression process, the pressure-generation
efficiency of cell and gasket was lowered; furthermore, the press load at the worst pressure-seal capability
was also lowered. The method detailed in this paper is helpful to optimize the high-pressure assembly and
compression process for the large volume cubic press.

Keywords: large volume cubic press; re-compression; cell pressure; gasket pressure; pressure calibration
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Fig.3 Photoluminescence spectra (a) and the corresponding in-situ second-order Raman spectra (b)
of diamonds with N3 defect centers at a random point
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Fig. 5 Photoluminescence spectra (a) and the corresponding in-situ second-order Raman spectra (b)
of diamonds with H3 defect centers at a random point

LW BRI 2R 5.5 eV(225 nm) , JCE5H SR 1 4 KA IR 12 B8 2 0 D6 A IR, Bl s Hhons 1Y)
IS B4 WA AR R BT B BB R, W A sk RE I — R RE R O, (A WL R AR B A . g
il I X 6] 50~4000 cm ™' % 7 B AE S JE EN 2.32~1.84 eV, fii T IR BRFE o0 5L 298 6Bk Tl
il (LI 7)), B i s TR 2 6 i I i e Y615 5 BB Ak, NV R H3 BB o0 5 | B9 26 i & i iy o 4%
U7 2 T ) R L, LT T 2 S R 3 ) 5 0 5 N3 Pl

N N3 defect center Conduction band 0
i ! o § 73 £
: i o 8 g 2 o 2 e
i 1 i E] g o . Q@ :
qé i ; z 'H3 defect center T £ 2 § £ 3 2 g
i “ 2 aoogr < 5
1l : 5ol §727 g2 o
gl i NV® defect cent i3 R e - 2
;[_-: | CICCl center .g g T S l E
""""" et =1 & ch L
5 = = B
1000 2000 3000 4000 = = =
Wavenumber/cn” Valence band [
I e N B =i b7 R A AT RS EA R By - 7 AR R L KO I B 5 S R S
Fig. 6 IR spectra of diamonds with different Fig. 7 A simplified model of the defect centers and their
types of defect centers corresponding fluorescence emission energy in diamonds

043101-4



9533 % X2 54 SR SR BT MR o TR 26 I A 2 S 55 4

N R A0 WA P R RO R R v, R T BRSO B R I PO 9 TR R R B D B WA T T
X et A 2 I 1 0 315 M LU A2 iy, DAL e IO 36 4 B OB B MO B O N A T 255 P

3 & #

BT R R | OGN I, T 5 4 WA TR B 56X T TR L2 B O A e LAY
SO, LA K dE TR 2 o Il A el 0 28 BB B R T 1 o KR Ta U4 ML TP AEAE Y N3 ORI HB ol
LA K CVD ¥4 8 Ta 2 4 W7 rp 59 NVO rpus S5 ] B98O i e s B 2 5 TR 2O A RUA o FHIG NI
ZBrhn = LA I 2664 cm ! AN Lk 5 FE LA T AR A A 4 NI OGRS EE, PR, 4 NI PO
55, X ey e P i I G A S S o WA R R] B0 I SR R0 9 R B AN S, 2 R
L M oOU S BAE R e G R rh L B

S22 3k

(1) ZREAR, ZR0%, 2R3, (W20 AR v PR AT SRR [7]. $3H244R, 2017, 66(3): 136-148.
[2] LIXD,LIH,LIPS. High pressure single-crystal synchrotron X-ray diffraction technique [J]. Acta Physica Sinica, 2017, 66(3):
136-148.
[3] MAO H K, CHEN X J, DING Y, et al. Solids, liquids, and gases under high pressure [J]. Reviews of Modern Physics, 2018,
90(1): 015007.
[4] DUBROVINSKY L, DUBROVINSKAIA N, PRAKAPENKA V B, et al. Implementation of micro-ball nanodiamond anvils for
high-pressure studies above 6 Mbar [J]. Nature Communications, 2012, 3: 1163.
[5] TATENO S, HIROSE K, OHISHI Y, et al. The structure of iron earth’s inner core [J]. Science, 2010, 330(6002): 359-361.
[6] WU X, LIN J F, KAERCHER P, et al. Seismic anisotropy of the D" layer induced by (001) deformation of post-perovskite [J].
Nature Communications, 2017, 8: 14669.
[7] OHTA K, KUWAYAMA Y, HIROSE K, et al. Experimental determination of the electrical resistivity iron at earth's core
conditions [J]. Nature, 2016, 534(7605): 95-98.
[8] KONOPKOVA Z, MCWILLIAM R S, GOMEZ-PEREZ N, et al. Direct measurement of thermal conductivity in solid iron at
planetary core conditions [J]. Nature, 2016, 534(7605): 99—-101.
[9] EATON-MAGANA S, BREEDING C M. An introduction to photoluminescence spectroscopy for diamond and its applications
in gemology [J]. Gems & Gemology, 2016, 52(1): 2—17.
[10] SHIGLEY J E, BREEDING C M. Optical defects in diamond a quick reference chart [J]. Gems & Gemology, 2013, 49(2):
107-111.
[11] ASAMS D M, PAYNE S J. Laser-stimulated fluorescence of diamond [J]. Journal of the Chemical Society Faraday
Transactions Molecular & Chemical Physics, 1974, 70(12): 1959—-1966.
[12] KUDRYAVTSEV O S, KHOMICH A A, SEDOV V S, et al. Fluorescence and Raman spectroscopy of doped nanodiamonds
[J]. Journal of Applied Spectroscopy, 2018, 85(2): 295-299.
[13] BREEDING C M, SHIGLEY J E. The “type” classification system of diamonds and its importance in gemology [J]. Gems &
Gemology, 2009, 45(2): 96-111.
[14] DIERKER S B, ARONSON M C. Reduction of Raman scattering and fluorescence from anvils in high pressure Raman
scattering [J]. Review of Scientific Instruments, 2018, 89(5): 053902.
[15] HIRSCH K R, HOLZAPFEL W B. Diamond anvil high-pressure cell for Raman spectroscopy [J]. Review of Scientific
Instruments, 1981, 52(1): 52-55.
[16] EESLEY G L, LEVESON M D. Coherent, nonlinear two-phonon Raman spectra of diamond [J]. Optics Letters, 1978, 3(5):
178-180.
[17] ENKOVICH P V, BRAZHKIN V V, LYAPIN S G, et al. Quantum effects in diamond isotopes at high pressures [J]. Physical
Review B, 2016, 93(1): 014308.
[18] SOLIN S A, RAMDAS A K. Raman spectrum of diamond [J]. Physical Review B, 1970, 1(4): 1687-1698.

043101-5


http://dx.doi.org/10.1103/RevModPhys.90.015007
http://dx.doi.org/10.1038/ncomms2160
http://dx.doi.org/10.1126/science.1194662
http://dx.doi.org/10.1038/ncomms14669
http://dx.doi.org/10.1038/nature17957
http://dx.doi.org/10.1038/nature18009
http://dx.doi.org/10.1007/s10812-018-0647-z
http://dx.doi.org/10.1063/1.5027722
http://dx.doi.org/10.1063/1.1136445
http://dx.doi.org/10.1063/1.1136445
http://dx.doi.org/10.1364/OL.3.000178
http://dx.doi.org/10.1103/PhysRevB.93.014308
http://dx.doi.org/10.1103/PhysRevB.93.014308
http://dx.doi.org/10.1103/PhysRevB.1.1687
http://dx.doi.org/10.1103/RevModPhys.90.015007
http://dx.doi.org/10.1038/ncomms2160
http://dx.doi.org/10.1126/science.1194662
http://dx.doi.org/10.1038/ncomms14669
http://dx.doi.org/10.1038/nature17957
http://dx.doi.org/10.1038/nature18009
http://dx.doi.org/10.1007/s10812-018-0647-z
http://dx.doi.org/10.1063/1.5027722
http://dx.doi.org/10.1063/1.1136445
http://dx.doi.org/10.1063/1.1136445
http://dx.doi.org/10.1364/OL.3.000178
http://dx.doi.org/10.1103/PhysRevB.93.014308
http://dx.doi.org/10.1103/PhysRevB.93.014308
http://dx.doi.org/10.1103/PhysRevB.1.1687
http://dx.doi.org/10.1103/RevModPhys.90.015007
http://dx.doi.org/10.1038/ncomms2160
http://dx.doi.org/10.1126/science.1194662
http://dx.doi.org/10.1038/ncomms14669
http://dx.doi.org/10.1038/nature17957
http://dx.doi.org/10.1038/nature18009
http://dx.doi.org/10.1007/s10812-018-0647-z
http://dx.doi.org/10.1063/1.5027722
http://dx.doi.org/10.1063/1.1136445
http://dx.doi.org/10.1063/1.1136445
http://dx.doi.org/10.1364/OL.3.000178
http://dx.doi.org/10.1103/PhysRevB.93.014308
http://dx.doi.org/10.1103/PhysRevB.93.014308
http://dx.doi.org/10.1103/PhysRevB.1.1687
http://dx.doi.org/10.1103/RevModPhys.90.015007
http://dx.doi.org/10.1038/ncomms2160
http://dx.doi.org/10.1126/science.1194662
http://dx.doi.org/10.1038/ncomms14669
http://dx.doi.org/10.1038/nature17957
http://dx.doi.org/10.1038/nature18009
http://dx.doi.org/10.1007/s10812-018-0647-z
http://dx.doi.org/10.1063/1.5027722
http://dx.doi.org/10.1063/1.1136445
http://dx.doi.org/10.1063/1.1136445
http://dx.doi.org/10.1364/OL.3.000178
http://dx.doi.org/10.1103/PhysRevB.93.014308
http://dx.doi.org/10.1103/PhysRevB.93.014308
http://dx.doi.org/10.1103/PhysRevB.1.1687

33 % = JE Ll i 2% i 541

[19] KLEIN C A, HARTNETT T M, ROBINSON C J. Critical-point phonon frequencies of diamond [J]. Physical Review B, 1992,
45(22): 12854.

[20] NISSUM M, SHABANOVA E, NIELSEN O F. The second-order Raman spectrum of 13C diamond: an introduction to
vibrational spectroscopy of the solid state [J]. Journal of Chemical Education, 2000, 77(5): 633-637.

[21] LUO Y, BREEDING C M. Fluorescence produced by optical defects in diamond: measurement, characterization, and
challenges [J]. Gems & Gemology, 2013, 49(2): 82-97.

[22] SOONTHORNTANTIKUL W, WANG W Y. Natural colorless type Ila diamond with bright red fluorescence [J]. Gems &
Gemology, 2016, 52(2): 189-190.

Fluorescence Mechanism of Diamond and the Significance
in High Pressure Raman Spectrometry

LIU Yungui'?, LU Zhengxing®, SONG Haipeng’, WU Xiang’

(1. College of Gems and Materials Technology, Hebei GEO University, Shijiazhuang 050031, China;
2. State Key Laboratory of Geological Processes and Mineral Resources,

China University of Geosciences, Wuhan 430074, China)

Abstract: High pressure Raman scattering spectrometry which based on the diamond anvil cell technology
plays an important role in the high pressure scientific research. The fluorescence of diamond anvil affects on
the signal-to-noise ratio of Raman spectral for the sample in cell. The defect centers of 202 gem-grade
diamonds have been confirmed by the photoluminescence spectra. The concentration of N3, H3 and NV°
defect centers controls the intensity of the zero-phonon line and the fluorescence emission spectrum, and it is
positively correlated to the fluorescence intensity. While, the ratio of background intensity on the two sides
of the diamond’s second-order Raman peak (about 2664 cm™) has a negative correlation with the
fluorescence intensity, thus it could be used to estimate the fluorescence intensity of diamond. In addition,
the inhomogeneous of the concentration of defect centers is common in diamond, and it will provide more
comprehensive information by multipoint analysis. The results will provide effective theoretical and practical
basis for the selection of diamond anvil in high pressure Raman spectra measurement.

Keywords: fluorescence of diamond; diamond anvil cell (DAC); second-order Raman spectra; optical
defect centers
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Progress in the Application of Finite Element Method in Synthetic Diamonds

WANG Jiankang, LI Shangsheng, SONG Yanling, LI Lu, YU Kunpeng,
HAN Fei, SU Taichao, HU Meihua, WU Yumin

(School of Materials Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, China)

Abstract: Diamonds with excellent performances were used widely in national defense construction,

mechanical processing, electronic science and technology, and so on. The demand for diamonds at home and

abroad is also increasing. Finite element method (FEM) is suitable for simulation analysis of complex

geometric structure and physical problems. FEM is applied to the optimization of synthetic technology and

corresponding device for diamond. In this paper, the application progress of FEM in the apparatus of high

pressure and the chamber of diamond synthesis are reviewed. Firstly, hinge beam and working cylinder are

simulated and analyzed by considering facts such as static forces, stress strength, stress distribution, and

deformation. Also, the mechanism of the action, the damage, and the new design for anvil were simulated

and

analyzed by FEM. Secondly, it is summarized that the application progress of diamond chamber with

temperature field, pressure field, and electrical field, etc. is simulated and analyzed using FEM. Finally, the

application prospect of FEM in diamond synthesis is forecasted.

Keywords: finite element method; high temperature and high pressure; diamond; anvil
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Table 1 Parameters of the inner metal tank in the filament wound pressure vessel

External Wall thickness Height Weight Volume  Work pressure ~ Top pressure
diameter/mm /mm /mm /kg /L /MPa /MPa

30CrMo steel 325 5 750 453 55 20 34

Material
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Fig. 1 Preparation of the filament wound pressure vessel with the embedded strain gauges: (a) the fiber winding processing;
(b) the strain gauges attached on the inner steel tank; (c) the pressure vessel with the embedded stain gauges
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Fig.2 Experimental setup for in-situ monitoring Fig. 3 Parameters of hydraulic fatigue cycling
the filament wound pressure vessel
R2 ARERENIRITEESTRESH
Table 2 Parameters of the hydraulic fatigue cycling
Media Cycling rate  Minimum pressure/MPa  Rising pressure time/s Minimum pressure holding time/s
Water 7.8 2 3.1 2
Temperature/C. Cycle times ~Maximum pressure/MPa Pressure drop time/s Maximum pressure holding time/s
11.2 5700 25 0.6 2

2 HER5VS
K] 4 25 T A FH A 2 7 725 A B8 7R 45 3000~ 3300 FBIE 25 i s 900 45 1] 27 4 4 28 T 7 75 58 1 o
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Fig. 4 Strain monitored by the embedded strain gauge during the 3000th—3300th cycles fatigue test (a) and the zoomed-in plot (b)
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Fig. 5 Strain monitored by the embedded strain gauge during the 5100th—5700th cycles fatigue test (a) and the zoomed-in plot (b)
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Fig. 6 Strain monitored by the embedded strain gauge during the bursting test:
(a) before the test and (b) after 5700 cycles fatigue test
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Fig. 8 Strain monitored by the embedded strain gauge during pressurization: (a) up to 5 MPa, and (b) up to 15 MPa

043401-5



33 % = JE Ll i 2% i 541

®3 TRIAUBERENETBZETRENTHEARE

Table 3 Maximum strain of the pressure vessel at various pressures

Maximum strain

Pressure/MPa
Without fatigue and groove ~ Without fatigue, with groove  Fatigue, without groove Fatigue, with groove

5 -120 -100 —400 —-1000

10 -160 -150 —-1200 —-1200

15 =300 =300 -1200 -1200

20 =500 —-500 —-1500 —-1500

25 —600 —650
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Structural Health Monitoring of Filament Wound Pressure Vessel
by Embedded Strain Gauges

XIAO Biao, YANG Bin, HU Chaojie, XIANG Yanxun, XUAN Fuzhen

(School of Mechanical and Power Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract: During the manufacturing process of a filament wound pressure vessel, we embed the strain

gauges between the metal tank and glass fiber reinforced epoxy composite layer to obtain the capability of

in-situ monitoring . Experiments with a full-scale composite pressure vessel during hydraulic fatigue cycling

and pressurization are performed. The maximum and minimum pressures in the fatigue test are set as 25 and

2 MPa, and the maximum cycle number is set as 5700 cycles, respectively. The pressurization speed is set as

2 MPa/s from 0 MPa to busting pressure. The strain of the pressure vessel in the two loading tests is

monitored by the embedded strain gauge. The relationship between the stain and the loading conditions of

the pressure vessel was thus built. Results show that, by embedding the strain gauges during the processing,

it is possible to monitor the health status of the vessel under hydraulic fatigue cycling and pressurization load

without hurting the sensors by the external load.

Keywords: filament wound pressure vessel; structural health monitoring; embedded strain gauge; fatigue;

bursting
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A Compensation Method of Photonic Doppler
Velocimeter Based on Two Laser Sources

ZHANG Min, YANG Jun, SHI Guokai, JIANG Wanchun, WANG Zhao, HUI Hailong
(Laboratory of Intense Dynamic Loading and Effect, Northwest Institute of Nuclear Technology, Xi’an 710024, China)

Abstract: In order to solve the problem of large range negative velocity measurement in dynamic response
measurement of structure, a photonic Doppler velocimetry (PDV) measurement system based on two laser
sources is designed. Compared with the single laser source PDV system based on acoustic optical modulator,
the range of negative velocity measurement is greatly improved. However, it is found in the explosion
experiment that the displacement baseline drift and oscillation are caused by the wavelength fluctuation of
the laser source. For this reason, one reference reflector is introduced to generate the background signal
which is used to compensate the displacement. Then, the data compensation algorithm is studied. The
experimental results show that the displacement baseline drift after compensation is in the order of micron.
PDV based on two laser sources and the compensation method are feasible and effective.

Keywords: photonic Doppler velocimetry; time-frequency transform; data compensation; velocity measurement
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Fig. 1 Schematic illustration of CPVP
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Fig.2 Detonation pressure measuring system with modified aquarium test using CPVP
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Fig. 4 Output voltage profiles of CPVPs by Fig. 5 Time history curves of detonation and shock wave
different test methods front by different test methods
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Table 1 Measuring results of detonation pressure by different methods

Test method Shot No. Iner.t Explosive component ~ Density/(g-cm™) De.tonation » Detonation y
material velocity/(km's™) pressure/GPa

Fig. 2(a) DP-1 Water ANFO 0.860 3.7187 3.600 2.304
DP-2 Water ANFO 0.860 3.6482 3.535 2.238

DP-3 PMMA ANFO 0.860 3.6540 3.524 2.258

) DP-4 PMMA ANFO 0.865 3.6336 3.539 2.227
Fig. 2(0) DP-5 PMMA  100%ANFO+0%RDX 0.880 2.8978 2.394 2.086
DP-6 PMMA  85%ANFO+15%RDX 0.832 4.2209 4.469 2317

DP-7 PMMA  50%ANFO+50%RDX 0.875 4.9798 6.446 2.366

Note: The ANFO of DP-1-DP-5 are powdery while those of DP-6 and DP-7 are granular.

(DP-3 il DP-4) (25 FeAH 2% 0.43%.  F1 DAL X LU 25 SR A, 35 T3 2 40 B 1 100 Bt 7K A 1ok 0 o e 2 0%
R (RS E PE RN AT B A MR R . 20K, HE— B AR PE | R R T AR PR G IE A B AT K R Y A
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2.2 ZFLAIIK ANFO 5 RDXEAMANELE R

g T ARAGA [ R A b e, A S TR HEG 49169 ANFO/RDX TR & KEZ4, LA WLIL IS A o, 3647 T
P22 W - vp i D 0 i S A, He P DP-5~DP-7 1 () ANFO S £ FLARIR A R £, 1 #ik RDX AR & b 1)
A3 R 0% 15% F1 50%, 3 Yl (1 f R A5 5 an &1 6 iR o
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R B AT AN B UG, 19 30 A& VR 2 B SR 430 R 2.8978 . 4.2209 F1 4.9798 km/s; H[A] Bt A HILBE
T R AL 1 b ik, A B RS 43 90 R 3.6554 ., 4.2006 FT 4.5999 km/s, SR 5 A (8) R A(9) 45 24 4
4w R S S B, 439K 0.6955., 1.0523 i1 1.3137 km/s, ¥4 C S HUC A (7) R U5, a] 3K &Rl
ANFO YEZG R B TE, 4390 2.394 . 4.469 F1 6.446 GPa, 45X 56 iy 1 180 . 45 T 4 R F8 Kt — W) 5] T
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A AR (AR v A K) B b IR AS 7 R, 1 2 AE LR AR 58 TR b B e .
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Fig. 6 Output voltage profiles for different Fig. 7 Time history curves of detonation and shock wave front
ANFO/RDX ratios for composite ANFO/RDX explosive
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A Modified Aquarium Test Using a Continuous Pressure-Conducted Velocity
Probe for Measurement of Detonation Pressure

LI Kebin', LI Xiaojie'?, WANG Xiaohong', YAN Honghao', CAO Jingxiang’

(1. Department of Engineering Mechanics, Dalian University of Technology, Dalian 116024, China,
2. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian 116024, China,
3. Dalian Shipbuilding Industry Explosive Processing Research Co., Ltd., Dalian 116311, China)

Abstract: In order to measure the detonation pressure of large mass explosive more convenient in the field
work, a modified aquarium test has been designed by using a self-developed continuous pressure-conducted
velocity probe (CPVP). The method can continuously record the trajectories of detonation and shock wave
fronts in a single test. In addition, a simplified aquarium test method based on the novel velocity probe was
designed to further simplify the experimental setup and operation process. By using the two type of devices,
detonation pressure measurements for the different ammonium-nitrate/fuel-oil (ANFO) ratio explosives were
performed and the time history curves of detonation-shock wave fronts were measured. The detonation
velocity of each shot was then obtained by fitting the detonation wave data, and the initial shock velocity was
determined based on the shock wave data of the medium adjacent to the explosive. Based on the shock
Hugoniot curves of water and Plexiglas, we calculated the CJ pressures and adiabatic exponents of each test
based on impedance matching principle. The experimental results show that the CPVP-based aquarium test
can measure the detonation velocity and detonation pressure accurately and efficiently. The CPVP-based
aquarium test method will be a significant supplement technique for explosive performance estimation.
Keywords: detonation pressure; aquarium test; continuous pressure-conducted velocity probe (CPVP);
impedance matching
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