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M — Mo BRAARAS (AR ZE R ARk ) | AR AR & — AN HERR 8 B i B2, B BUR A 0 ok R 59016
AR ffORL R ST T 2 SRR ZR 2 PRI, SR FH i F AR AR 36 T DLARAS /N 400 6 0 A Aok R ST 19 22 5 e 44 b1
#o Trifune 557 F 5 HEAHAE J5 %, B 22 fi A0 B E B85 AL SR RSE S 10~20 nm 9K 2 & NIlA
(Nano Polycrystalline Diamond, NPD) , %% - i 35 120~ 140 GPa. F IS LURR SF 10 pm A9 47
RN RERE, A R 34 R R SE R 20 nm i S R AR ME AL S B9 NPD. H I, LARISUR R & (K
B ERROK ) S e AR A A R R R A T A 1 A0 R 22 ik B S B AR LR G 1 A R 2
ARG E LAIOK fib AR ZeO, SR i ARk, ) v R 28 12 ] 4 4 ok DU O A 22 ZrO, S A1 Rt
T LR TR &0 G 4 L5 G e s A A8 1) 25 A8 R 22 d B 1) 5 1 5 | B e sl

ZrO, HAT s B | AR T | TS R AR WA AT SRR A, T N N R RER D AL
NT N EAG R S . ZrO, 765 I8 T T o FE 1Y B R (25 B BE P2 /c) , 765 T 2 A A
(2715 °C) Z [0 3 K A FPAEAS : 1170 °C B Az BRLARHAH 1) DU 7 40 (23 [R1BE P4,/nme) BIAEZZ, 2370 °C B i
BR1) 3775 H (Fm3m) GRS, 330 R AlORTAE BB 2 il 306 4 o 3l ad i AR E 71 (Y,05. CeO. CaO %) JE A [
AR 72, AT ARAS IR AR B I 7 A R ST 5 AR RS, b Y, 0, FRUE B U T A ZrO, 22 b B B A R
FEAEARAE GBI M 32 8] 32 kPS8, @ R 5 T ZeO, SRR 1) DU 5 AH B %% A8 0 A5 3 T HIE S .
Whitney™ " 8 i BIS T &I, 7E 3.6 GPa, = kA F T H B ZrO, BUEHH ] DU J5 40 i 4 A2, 38 43 5250
BAIE TiZ45 % . Vahldiek %55 7E 1.5~2 GPa, 1200~ 1700 °C £ F & 8 1 S48 A1 04 J7 IR & B ke
b o Kuleinski®?' fE#8 i 3.7 GPa., AT B2 PR A8 iV J5 41 . Alzyab P fF 58 1 46
Zr0, VA B T8 50800 3%, 4% Fl 5% Y,0, 821 ZrO, 1 FEAHZE 1T M, 3% F1 4% Y,0, 8241 ZrO, 52
LT HRHR 1] DU 5 AR B AN AT A AR L ZeO, 1 1R A AR BIFSY 2 4 WA R TR TR 1EA T, RS OR TR R
J1°F ZrO, WMy AHZE G, A 238 ik 85 AR 2 75 S 25 /N TR0 46 TR ok RS 1 ZrO, 28 4 P 8 b RE I
Sl KiE,

BRSBTS 2 pwm (AR ZrO, 5B IR 53800 3% 19 Y,0, R4, 7E 5.5 GPa, 800~ 1700 °C
Tk R 4 T A R R A BT o A AR 1 S AOK DU 5 AH 22 ZrO, BAR B B A4 RE, E— 2B R LUK
i R W e A Rk i A A T A AR OR 22 i R AR R T 1 o I YR R AR R DL A KR R R D B A
ARFISE AN R A 1 AT 3R L W L B I R ) R 3 BR85S M ) 7 2 M RBAS AR 1 ] 391,

=

1 £ I

1.1 SEWEBRURIEHNFMBEERRE
S G FH A 15 25 o0 TR P i 2 6x800 t /N T

TEHL . a2 p, DL MgO B %48 i KN i) Pyrophyllite
oF, A SR IR, W AR A BT, IR - | steel ring
£ 300 C FHEEE 12 b0, 21 RR IR LA 1. I\ Dolomite

M 4 )& Bi 7£ 2.55 GPa. T1 1£ 3.67 GPa, (/] Titanium disc
Ba 7F 5.5 GPa T AHAS T 85 vt BH R AX iU 45 4, SR %] Graphite heater
i i 7 P, BELIN S 7 =X, XoF s A e Ty R A T A B0, Magnesium oxide
Kl B AL (Pt6%Rh-Pt30%Rh) Xt il #1441 2% (] Sample
PEAT T iR R BR i P, . TREER 5 Y,
12 SWEMEIRE SR E0y

koK S BA R AE ZrO, i VA8 oK B 4L AH ZrO, 1 Fig. 1 Schematic diagram of assembly

L prrhF 1500 °C FARIR 12 h 45, B 2 R

K i SR RITROK 5 JFOBHI X TR AT 4 (XRD) B . 422007, 5 3 8HHE ZrO, 19 ICSD (ML i iR 45 14
B ) FRifE PDF & 37-1484 (UGN FISREEW) &, 15, 2 5 3 S 2 2rO, BARMHAY 3 N Ecimig, H
Hr: 1506 (260=28.2°) il 2 515 (20=31.5°) N HFAE U, 53 5 XF R ZrO, BB (T11) AT (111) & HiEY; 3 450
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7T 34.2°, XF T HLRAH (002) AT . AR 2 4 — Micro crystal
EI AT LA, OK & 5O T ik RO BOR, & — Submicron crystal E g =
H Rz . 18 3(a) A 3(b) 43 B R T ROK 2 _A i
il AVROK S BARAE ZrO, JRURE AR 431 41 H 5% ( SEM) . 1 g _JL N
MR MEI3(b) T LUE H, e R S 7E ROk f; 2, | -
G, TSR R ST R 2 wm, 22 BH 7R TR SR BRI £ 5 t 27282 23/(()0)31 323
RIS T K S R L

K Al SR ZrO, 5 3% (/K 73510 Y, 0,4 . W
E**(%TL@%E%E’(&%*&@ ISE/L\\EI , Elzﬂj ICSD standard PDF card 37-1484
Sk R SE R 50 nm, 46 R 99.99%) fill A — & 11 (RPN [N % B TN Y11 T | [T T RIINT WTTT IR AT

20 30 40 50 60 70 80

PRI A, HE S A3 3 h 5 76 HL 2 TR T 7850
T, IR A JFORHE 10 MPa B ) F il A B

20/)
B2 SEROKRER RIS 2O, #) XRD [

2 11 mm (9 BFE S A MgO P& . KR TE (4 8k ZrO, B ARHIFEAF I XRD 4135 )

5.5 GPa, 800~ 1700 °C I =45 T & ug, b 7& Fig. 2 XRD pattern of submicron and microcrystalline ZrO,
800~ 1400 C IR EJLHE N, ML IERF A% B M1 h; (Inset: XRD pattern of the characteristic diffraction
1600 11 1700 °C, (¥ 5-TELF ] 435134 52 30 1 20 min., peaks of monoclinic ZrO,)

3 WK A ZrO,(a) FIHOK & ZrO,(b) B9 SEM MR )t
Fig. 3 SEM images of submicron (a) and microcrystalline ZrO, (b)

1.3 MR FR

R AR R 2338 1ok 6 R S (R AR ZrO, BE S HEAT XRD AR 87 AR E , BE L R IO 05 A A S
i GSAS ARG 18 XRD B3 19 75 8 2, 5290 A% 4 ff =2 PANalytical 8852 591 X 2T AL, PR
HUR S Cu i, TAEHLE 40 kV, HLUEH 45 mA. FF 5 DU 75 A0 19 & 538 i XRD 1% G2 A e o 07 v (4
e ) AN RER T Y JCFE I AOK AR EE AT BE 1S (EDS) SRAFE MR o FE S E SR AR E
1S B[ Zeiss/Auriga FIB 4 L ¥ 2 1855 (SEM) WS, i i3 G211 SEM HE 5 rf 100 A 14 5 4 ik RS 15
FIFE S P U 7 A B SORL 43 A, SEM B TR EL JE A 30 kV, TAERL M 50 pA. KA H A JEM-2010 & %
I LB (TEM) WS FHOK SR SO 2544, TEML A9 N 38 fL 2R 200 kV o

2 BRI EE

2.1 XRD & #f

Kl 4(a) FIE 4(b) A 5.5 GPa, AS[RITELEE K AR TR R] 4508 & oRE d () XRD B3, Hoh MR e gt
AR AR I, T AC R VU5 MR ER AR . 7T LR Y, 76 800~ 1700 °C 315 Bl P Bt 25 3L FE (9 T v, DU 7+ i
SPF UG AR 2 VT 1 SR, LA (00 A S U AR R SR VT U 55, 2 SR 43 BRLARSHAR i Ak A DU 5 A L SR P XRD WA
AT TG H 5.5 GPa, 1700 °C %845 )5 MU Jr M ZrO, WY i & 4 5029k 50%. i 4(c) iR, 78
800~ 1000 °C iz [Fl P4 7] LA S22 2] 55 1) DU 5 AR R A 1 (26=30.3°) U0 S 1 DU 5 AH A9 (101) & 1T, € B
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HA /D E DT Zr0, A2 [ ZSAHAE (9K B J R IR T v B, i v il XS TR A% L AL R DL R A AR R
YAy E AR, TR OV R A A T ARSI AR BT, SR SR A A — B

(a) T M: Monoclinic phase (b) a g \

M 12/[ T: Tetragonal phase
II A 1700 °C/20 min ]
N\

(i

Y E
=
1600 °C/30 min Z
[}
E
||' " 1400 °C/1 h A A~
0 A
= ; ; ; ; ;
£ 1200 °C/1 h 27 28 29 30 31 32 33
é» %W 29/(0)
= © M — 1000 °C/1 h
M — 800°C/1h
—

l A \ ! 800°C/1h:

Intensity (a.u.) L7

1 Micro crystal ZrO,
h- " LA—“‘\M‘A—W—_‘

| Lo l i Yttrllum olxlde

-~

10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
20/(°) 20/(°)

Bl 4 5.5 GPa AIAIE £/ T KRS B9 XRD 3 (a) | BARLAR I Y 77 4R A4 45 E 06 0K T 3% (b)
LA K (a) T HEFRICAY 800 F1T 1000 °C 4542 F & iikE &4 Y XRD K3 (¢)

Fig. 4 (a) XRD pattern of samples sintered at 5.5 GPa and different temperatures; (b) magnified range of the characteristic diffraction peaks
of monoclinic and tetragonal phases from (a); (c) XRD patterns of samples sintered at 800 and 1000 °C marked with dotted line in (a)

LB 1Y U 7 AR AR R IR TR T R AR E 1Y, il B 2R R 1 (A0 Y?T) Rl DB E By I T A P4
W& 1 TR, 1400 °C F il & WA & b U A S50 a F1 e 43 312k 0.3607(6) nm AT 0.5219(8) nm,
1700 °C il £ A9 RE & 0 DU 5 A A SIS 80 a Al e 43908 0.3615(5) nm Al 0.5168(3) nm, LR B
ZrO, Y 5 M S50 B K, B 5B 22 DU 5 M Zr,0,Y 0 060, o7 FO MBS EC S AL, YIRS TR R KT
ZEE TR, YRR 2O B, TR R RN ER SRR, RS HEAE R, BTA
BN Y,0, B8 /D, WIT I S E o Fl e AR . & 5 FiR i EDS 255 %8, 1400 A1
1700 °C & BEE B OK SoR 2 2 LT Y JE K . EDS 45 ARG B 15 09 b ML S 80 RAIESE T
YRR Ze I R e A AR

#1 EERTHRENSHEELENRMRSY

Table 1 Unit-cell parameters of tetragonal zirconia stabilized at room temperature

Sample Processing temperature/°C a/nm ¢/nm Test method
Tetragonal zirconia 1400 0.3607(6) 0.5219(8) XRD
Tetragonal zirconia 1700 0.3615(5) 0.5168(3) XRD

ZrO,™ 0.3591(1) 0.5169(1) Neutron diffraction

Z155,Y 0060107 03610 0.5168 XRD

2.2 SEM #1 TEM 43
&l 6 K 5.5 GPa JE 1 F SRR E A ke 5 i SEM IR -, 81 7 M 5.5 GPa. A [al i B R A BURE &
K SRL ) SRR R ST 23 A . ANIEL 6 Rl IR B, 18 R be 4 I 15 21 1 54 5 00 5 A ZrO, be g Ik iy 2%
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< 12[b) 1636
(o]
F
S 8
=
z 6 L,
g2
£ 2 ‘
= 0 " s L L L L I 1y
2 4 6 § 10 12 14 16 18 20
Energy/keV
Element At.No. Lines. Netto Mass/% Massnorm./% Atom/%
Oxygen 8  K-Serie 4281  32.54 33.50 74.18
Zirconium 40  L-Serie 44253  64.27 66.17 25.69
200 nm Yittrium 39 L-Serie 215 0.32 0.32 0.13
S Sum  97.13 100.00 100.00
S 14 H(d) 1671
o L
212
g10}
T gt §
2 oM S
£
g4
= 2 l
= 0 i L L ' L L L L Ly
2 4 6 8§ 10 12 14 16 18 20
Energy/keV
Element At.No. Lines. Netto Mass/% Massnorm./% Atom/%
Oxygen 8 K-Serie 1605 29.26 2348 63.61
Zirconium 40 L-Serie 29354  91.60 73.50 34.92
Yttrium 39 L-Serie 1179 3.76 3.02 1.47
Sum_ 124.62 100.00 100.00

S () 1400 C R 40 FAE S O ROK SRR SEM BR -, (b) (2) H & 3k T 4R TEAMOK &Rz 1 EDS 8T,
(c) 1700 °C. {3 £ 44 B i v S BOK AR SEM B -, (d) () A Sk T 48 S GOk ffoRE Y EDS %
Fig. 5 (a) SEM images of submicron grains in the sample sintered at 1400 °C; (b) EDS spectra of the submicron grain directed by the arrow;
(c) SEM images of submicron grains in the sample sintered at 1700 °C; (d) EDS spectra of the submicron grain directed by the arrow

(b) 1200 °C (c) 1400 °C (d) 1400°C
/I

(e) 1600 °C ) 1600°C () 1700°C (h) 1700 °C

3 um 500 nm 500 nm

Kl 6 5.5 GPa, ARG T & MR i ) SEM 5
Fig. 6 SEM images of samples sintered at the condition of 5.5 GPa and different temperatures

s, e, WK 6(a) hal LULESE], 76 1200 °C 3 1 h £0F T 4 Bk b A — & B Mok 9
smbL, AT B2 R A S B R R TR R I 25 2R s DAL 6(b) AT UL 21 75 B ok S8 A7 78 K 40 K
AR AR, HE I R SOK A SRR A ZrO, AHZR J5 P45 A Y DU 7 AH 2 SR (TEM R AF - 3E B T3 40 o
22853, WACK SoRL S 2 5okL R SF R (145+62) nm, 28/ T 9] 18 B R BOK & 2r0, B9 ki RF, 4
Kl 7(a) BT

nE 6(h) frzR, 1700 °C £ 20 min 2504 A B FE b [R)RE AT LOULEE 21 0 fOK 20 i Rz, 3k 26 20
wm B T B R R AR (B ) «“Z2 B 1 1 A DU J5 A SRoRE . DAL 7Cd) T AR H 3200 b i I AROK ok 1 o
R RSE  (245£107) nm, A3 TR (1200 °C) A SRR &, dokia BT K. 6 R T 1400 °C R
1 h A1 1600 °C £ 30 min 58 F A UL A9 SEM BB H o L 6(d) FTE 6(£) T LA H, B & P 34 3
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ERRE S [ JE By L 2% i ER

TEARCK ok, & 7(b) AR 7(c) Bz, 1400 1 1600 °C 2T 4 ke S v S A8k (ks B S 24 ks )X <)
I3 59K (246+165) nm Fl (183£62) nm..

57

(%]
[=)}

1200 °C/1 h

1400 °C/1 h
Gaussian fitting curve

—— Gaussian fitting curve

%

W

Y

7 =TGR B s
e s

B 7 5.5 GPa AN[RELEE T 45 J0RE il A S GIOK R G ek RSE 20 A

Fig. 7 Grain size distribution of submicron grains in samples sintered at 5.5 GPa and different temperatures

T UE B 3 S AREOK R R ROK S R ZeO, AR S R4 S U 5 R AR B A T, Xt 5.5 GPa,
1700 °C 24T 145 B RE 5 rb 9 W SHCK SoRE 4T TEM R AFE . &1 8(a) FTEL 8(b) 43 1 J kL S b S AWK b
RARAE TEM B8 A HRTEM B8 o G &l 8(b) 47 B Bt s, A Af Rz (%) & 1T TE] #E Ok 2.9 A, 5 1CSD #
1E PDF K 70-4430 tF U5 4H (101) S 1B (2.9624 A) AT A, 5 Y,0, BRI (222) fif ] (3.0610 A) |
(400) i If (8] B (2.6509 A) | (440) S (A1 (1.8745 A) . (622) & 1 6] 1 (1.5986 A) AN4F A, UESE T WAk
K dmRL R U T AR SE A W AE AR, SHE T LR G T BURHETIOK & ZrO, A7 I P45 5 B B ORI
DU 5 A6 ZrO, iR A

sty o =, Sate

8 5.5GPa, 1700 °C & BUFE & 19 TEM R ((a) B 5 P M2 GOK R ORL I AIRFS TEM BE 5
(o) B & I AYOK Aok 9 HRTEM B J, 456 (81 h e 2 i 536 07 0 s R 1R
Fig. 8 TEM images of the sample sintered at 5.5 GPa and 1700 °C ((a) Low-magnification TEM image of submicron grains in the
sample; (b) HRTEM image of submicron grains in the sample. Inset: Magnified HRTEM image marked with the dotted ellipse in (b))

HRIE LTI RS TR . RS AT LS R A% R, (5] 40 ) oL A9 A R,
R B R RS S 00 46 BB R R D SRR &R o A WTSEH XRD., SEM #Il TEM R AESE R K], LU
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AR BIOK b ZeO, S WA A4 R 1 e AR S A P A R A 8 98 R NI RIOK DU 7 A ZrO, i
Ko T LR fi SR 200 B BRI AR 78 5 18R KT 520 4 22 o R A Bl e B oE, mT Ll 4 LA KB AR A
FI UG 4B TR AR (T 1 GPa) SR 45 it A2 b 9 K feR (R B9 [R) R, [R) IS Al 1 LKA B b R
TR AA A I A7 A 1 2 ThT IR R | 5 141 3R R MR

3 Fit5RE

DIBHCK S B HRE ZrO, S RTIEERL, 7E 5.5 GPa., 800~ 1700 °C 1 4% 14 T i gk v o AH A8 i S B 7
ARHAF 1] DU 5 AH (R 38 43 6 A8 R AS T /N T R AR RL R SH I S AIOK DU D5 A ZrO, AR 1 B Ak P s

FHOK A Rk P T 2 T RBALG LA B 2 T BUA% (57 o 55 20, PR AR S 580 19 1R e 2% 14 T oA Rl S B 40 AH 199 W2 ok
VU5 A ZrO, 2 SR B e (il 45 o 5 2E— A R A T8 0 HE 5 AT VC e 06 2R, AT S B s B0 1 | 1
S EMERE L Sl S SEOK DU 5 A ZrO, 22 i B A B e 1 il £, S EEDRE A E REE A ARk 488K SN FH 1) AR
TOURE AT i R BA Th ROK ) Ry 490 e b e 3 i P R 2 i 5% o5 M B A ok 22 S R 1) O ) B P
KR

S22 3
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Fabrication of Submicron Tetragonal Polycrystalline ZrO, by the
Transformation of Micro Monoclinic ZrO, under High Pressure

DONG Bingshun'?, WANG Haikuo?, TONG Feifei’, HOU Zhigiang®,
LI Zhen', LIU Tong', ZANG Jinhao', YANG Xigui'

(1. School of Physics and Engineering, Zhengzhou University, Zhengzhou 450001, China;
2. Institute of Materials Press-Treatment, School of Materials Science and Engineering,

Henan University of Technology, Zhengzhou 450001, China)

Abstract: The transformation-assisted consolidation under pressure has been demonstrated to be a promising
method to fabricate the nano or submicron polycrystalline ceramic materials. The high pressure suppresses
the long-range diffusion of the atoms and, consequently, restrains the grain coarsening. The new phases
produced at high pressure could show finer grains under the appropriate thermodynamic conditions, which
are not subject to the grain size of the raw materials. Ceramic materials exhibit the existence of the
transformations under certain thermodynamic conditions and the formation of new phases generally undergoes
the nucleation and growth. In the present work, monoclinic microcrystal ZrO, with average grain size of
2 um and Y,0, with average grain size of 50 nm were mixed in molar ratio of 97 : 3. The preparation of the
samples was carried out by sintering at 5.5 GPa and temperatures of 800—1700 °C using the high pressure
cubic cell, and the sample characterization was performed via the X-ray diffraction, scanning electron microscope
and transmission electron microscopy. It was found that the monoclinic and submicron tetragonal composite
polycrystalline ZrO, in bulk is obtained under high pressure and high temperature. The average grain size of
tetragonal ZrO, fabricated at 1200, 1400, 1600 and 1700 °C is (145+£62) nm, (246£165) nm, (183+£62) nm
and (245+107) nm, respectively. The synthesis of the fine-grained polycrystalline materials by the transfor-
mation under high pressure can solve the problems of agglomeration, adsorption and grain coarsening
caused by the nanopowders as the starting materials in the conventional approach, which would be an
alternative route to fabricate the fine-grained polycrystalline materials with the enhanced performances.
Keywords: high pressure; phase transformation; micro crystal; submicron crystal; ZrO,
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3. Seed crystal
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9. Graphite heating element
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Table 1 Synthesis experimental results of seed crystal with different morphologies

Sample No. Seed shape Seed size/mm Synthesis time/h Crystal size/mm
a Uncut 0.8/0.8 18 3.5/3.3
b Square 1.1/1.1 8 2.9/2.9
c Circle 1.0/1.0 7 2.3/2.1
d ET 1.1/0.9 12 3.1/3.0
e RT 22/1.4 11 3.5/2.9
f Rectangle 1.3/0.9 11 2.512.2
g Droplet 1.6/0.8 12 4.0/3.0
h LARR 2.6/0.8 11 4.9/3.6
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Fig. 3 The upper and lower surfaces of diamonds synthesized by seed crystals with different morphologies
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Effects of {100} Seed Crystal Surface with Different Shape on the
HPHT Synthetic Large Single Crystal Diamonds

WANG Yao, MA Hong’an, YANG Zhigiang, DING Luyao, WANG Zhanke, JIA Xiaopeng
(State Key Laboratory of Superhard Materials, School of Physics, Jilin University, Changchun 130012, China)

Abstract: A series of high-quality Ib diamonds was successfully synthesized by {100} seed crystals with
different shapes in NiMnCo-C system, using the temperature gradient method at pressure of 5.5 GPa and
temperature of 1260—-1300 °C. The morphology of the crystal was characterized by optical microscopy and
electron microscopy. It is found that cutting the {100} surface of synthetic seed crystal into different shapes
will only change the aspect ratio of the crystal, and the crystal will not deviate from the normal morphology
of {100} crystal due to the change of the shape of seed crystal. The quality of crystal synthesis is affected by
the aspect ratio of the seed. When the ratio of length to width of seed crystal is small, the quality of crystal
synthesis can be guaranteed and high quality crystal can be synthesized. However, there are many defects in
the lower surface of synthetic crystal when the ratio of seed length to width is too large. This study reveals
the relationship between seed shape and synthetic crystal morphology, which is conducive to a deeper
understanding of crystal growth process and epitaxial growth mechanism. This study will be useful for future
synthesis of diamond with different morphologies. At the same time, this research will help to expand the
scope of seed crystal selection, reduce the difficulty of seed crystal selection, improve the utilization rate of
industrial grade diamond, and provide technical support for the seed crystal selection of synthetic large single
crystal diamond.

Keywords: seed crystal morphology; diamond synthesis; high temperature and high pressure; temperature
gradient method
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Fe(CO,), ARG LRz i, Wiz RA R KB mBRYE . 2007 4 Komogortsev 45 38 3 1= i 77 fi#
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HHLY CH,(COO),Fe, 193] T 40 3 9 KBk 4 (1) Fe,C, SR & B AA ALY 0 Fa s PE A, S256 1 ] 5 42 1
25, BB By o, MELLRE ™ . 2010 4F Yang 56U ¥4 Fe N B & 7€ Si#e L, £ H, K40 F FHEE 700 C,
SRJG B A CH, S, 38 1 #5801 52 W i 1], 2 /8 T Fe,C, {H 2 H 2 7 7 ) A AL R B e 23 B . AR IS R
FH 7S T TR Jes fA AL, SR — 87 5 . e R0 L AR i 4l B2 5 1) FeyC il 48 775

1 S HE

SR T 7S T UK R LA T IR -G R AR5 o BEAN AT, SR FH < e s i o e A 14 1 1 00 ik 2
FIbRE o SEH OB IE TG P ¢ ORLAR 74 pm) | A7 88 CRIAR 1.3 um) | BA3 (3 B, R4S 20 50 4 149 pm
9 um, 30 nm) &%, Wy F BT T I A A o HEPEAT 5 BRAS S, S BB TR 1, Hoh dg, Fl d 300 A
Fe BiFl C ¥y BORAR, T BELSIIE, p ABEESIE ST, ¢ 9 BEah ]

#+z1 Fe,C BRI RERLESH

Table1 Fe,C raw material and sintering parameters

No. dr/um dc/pm 7/C #/min p/GPa Product Density/(g-cm ™)
1 149 74 (Acticarbon) 800 10 4 Fe,C 6.869
2 149 1.3 (Graphite) 800 10 4 Fe-C
3 9 1.3 (Graphite) 800 10 4 Fe-C
4 9 1.3 (Graphite) 1000 10 4 Fe,C 7.533
5 0.03 1.3 (Graphite) 1000 10 4 Fe,C 6.931

T ARE G ok TR 54 4140 51, 6 BN JEORRIEAT J0 A0 R . 8 SR T BRI K O
FEH 0.1 pg), 4 Fo Al CHEME 3 + 1 MOBE/R RS, A5 JBRES DLAE AT RS . o T B IR B 7 1 BR
o TP SR AL, BRI 2 A G K 2B BB I R O 05 TR PR T T 2 5 I
o BT R ACRE A TR B B 15~ 20 MPa 19 JE ) U R, 9853 A B .

9z W] 2 BT 6 R AT AL B R0 AR A IR, 1 BE R L T RO B8 s 04 i B PR )
FE B BT B P, I B TR HRUCHEA S F FTBE F 5 505 6 o 77 B oL 32 0 R S A 8 757 o, O
YA HC T WA R T R AL, 5 1 BT BB HORIE 3 IR 09 T 2 Ikt Hess . Mg i
ARG FE R P, K45 FE 7y 4 GPa, BS45IRIE R T 800 °C (R FEF Fe,C 1y MR LR 727 CU2) .
B4R T DORE R P20 12 mm, JEREZ) 3 mm.

___— Conductive steel shot —_ %ressure
=4 GPa emperature
—— Titanium sheet )
2
| NN N N N N N S - 8 e
| N N N N N I | \ Graphite tube 2 oé-
————— Pyrophyllite E T=1000 °C 8
— —— Sample
| S S I I I [~ Salt tablets
| I N
[ Magnesium sheet i
| Magnesium ring 0 200 400 600 800 1000
—— Pyrophyllite ring t/s
B2 FEadrER K3 keghi Tk
Fig. 2 Schematic of sample assembly Fig. 3 Sintering process curve

2 @S
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533 3%

B RE: K SliFe,CI S LR RS )

o5 4 10

TP, H X G245 (XRD) 185 (1437 59 s 5 4 o
1% PDF#35-0772 X W, ot BH 887 FH 908 2 A Ay ik 5

PDF#35-0772
¢ Fe,C v Fe

« FeO s C

B, bedh J5 1 RE SR B ALY FeyC; 38 2 HE /K 74 I
HEES R 6.87 g/em’, AL T i1 XRD 315
3 i BA G 5 B 7.68 g/em’ (PDF#35-0772) , 1t
BT VR A A RE S LB R A R (11%) o X
Al BESE M T IE M R B A R LB, S B A
FEm B B AR = A LR B . X Fh 2 £l Fe,C HE ML
AT DIE ARG (4 25 Wy 2844

BEG 2 R ATRIAR A 1.3 um B A7 BB R AR K . .
Bl , FEAhBE s S5 Ak S RE i 1 AR TR, 48 XRD A6 il
K IRE G 2 v FUA AN B 4 AT S 0 156 BH AR A
BV RAAFE RN . FES 1 RIRE 5y 2 X L
G5 R, FEAE R AT, 6 Mk 1Y BN R AR T
A8 BEREAR N BE, DN SR FVEOR B R BE R B AR YA . B TRE A 2 o SRR R 2 4 4%
IR RUBE, TR OB B, PR LR BRI N 9 um A 2R J5URE, 152 B 0e 245 T Sk 800 °C 1 1000 °C., 435Il 15
FIFE S 3 MRS 40 H XRD 35 WAL 4 FrR: B0 3 T RLA 888 & AR A2 O FE i 4 ThoRL A BB R
A Ak RN A B FeyC, ULEHTE 4 GPa J& 1 T 2 A 88 2 A Ak S 9 1 B2 B (B 7 800~ 1000 °C Z 1] .

FESD 4 8 R 7.53 g/em’, FLEBRRN 1.9%, JE5 S0 %0k S o O T oF— 25 $E B be 45 AR A 1 2%
BE, B S SRR B 30 nm A BB AT 1.3 um A7 A8, SR 1T 78 RS HLIRDRE R Fr AL il o R v % 30, T i
B R ACRE i B A, T BB i 40 K UKL I Bb R TR, S W B ) 1Bl 2 RS At A 5, 5 00k A
K. REAEMRBIEM 5 BB R 6.93 glem’, fLBRHA 9.8% XF ULl 4 FIAE i 5 W A1, SR FH 40 K k:
JOBEIE N e fit AR A R B . R S I XM ER AT S I LT S AR — — XTI, HLAT SR R A R, 1
Bk R B 0 R HEA T AR AR B Ao 48 o SR, FESL 5 B XRD 3% b 80 T /0 FeO AT 5T U6, 33 2 i T4 by I
RUR N (RSO s S NI BN VB I e R

% 18 %] D8 Advance & X SF AT AT HE i P OC R AR IS BE 29 R 5%, A T i — DB IARE AL 4
Fe Fl1 C Y& &, 5% 1 3% [ - P L s BR 9 B S 56 25 1Y JEOL 8530 373 2% B T IR &1 X K i vp A9 o0 Rtk AT
FEVERE T AT HR R SRR A SRR, B R A N2 KZ R T R A
L2 FERT ) K 2774 KARIE X G2 ARG KRR IE X5k i K (s g &) iR 17 o0 2 19 e v o
B, RS K RRAE X G2 Ao B HE AT 0 R e i o o1 EAR AT X SRR TG (EDS) 434 (LA 5)
KB 4 A MEoT R, Hamias). SR5, a4 39— 2R 2 100 nm BRI, #E17H 1
TREF W05 T, AR HEARE S RN FeyCo I HLFHREF RO H o0 12 KV, HL 34 30 nA, AR i SCRR [14],
I C 1Y K, AR AR I A I TS L e, OF B TUBRRRUE o Bl Zr T 45 21, BB JT 3R 19 KRR AR X SR 2008 32 il

Intensity (a.u.)

No.2 ﬂ

No.3 A J
L U

20 25 30 35 40 45 50 55 60
20/°)

4 BRASHEALIY XRD 1
Fig. 4 XRD patterns of sintered samples

[Grey] 13186 034 OBE——166
¥ B
* e 2 3 i 5
e £ % " Rer
= 2 e
« i
.'V
‘ 7
P 25 um CETE : 25 pm
P s Rl B BT L T PR RE 23 14

Fig. 5 Backscattered electron map and energy spectrum analysis of the sample
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g

ik S5 ek 73 B (we) SR AL TNTE] 6 Bz, Hrh ghae 60 000

bR N K ASAE X R MR T H0% (eps) , WK, HF so000l

i X S5 L, cps B, 9 EEBOR, X ER Sample__

9 A R o I A AR HERE AL Fe PR 1 B 40 0001 Fe,C standards
OO, BRUERE i Fe,C Bk I 0 i 43 250K 20000l

(6.67£0.01)%, S5 HIISAH 6.684% AR HHEIT . FEGh 4 1=5931.1wc + 6006.5

rFURE (14 B H 4 B0 h (6.58+0.01)%, BEBHKE & 4
AT TR AR (2 1.5%) R R A2 R
Sy A i P R S A LI B R B A !

20 000

Carbon K, count rate / (cps)

FIF 5072 PR 004 7 14 000 (50000 5 7 . o 2 3 4 s ¢ 7 3§ o
B 7 B (U K HL R , 248 i i — A Fa 5 45 wel%

5 1 Tk A5 2, OO EG e e A D S B L Y V6 BRI KW (F T RIOR BRI bk 5 R 22 1t
FME R T) o v LR Ry, #E il 3R o3 (R RE i Fe,C ARE R, 4t C 10 12 405K

235K (6.67£0.01)% FT (6.58+0.01)%)

Fig. 6 The K, peak count rate of carbon varies with carbon mass

o), WA B s FEN R E d=3.356 mm,
38 1 A 2 v=d/T v LATEE SRR b B9 A8 38 75

fraction (The mass fraction of C in the standard sample Fe,C and

N 4y 2.947 km/s FlT 5.285 km/s. Sample 4 are (6.67+0.01) % and (6.58+0.01)%, respectively.)
4 4 i
(a) —— Shear wave (b) —— Compressional wave
3 3
2 2
1 1
> 0 o 0
S 4.0053
> -1 = -1 2.7359 ps Hs
-2 2 1.4589 s
3 -3
10.979 ps
: 1.867 us 4.154 s 6.4!7 us 8.705 ps S 0.1951 ps
S0 1 2 3 4 5 6 7 8 9 10 11 12 0 05 1.0 15 20 25 30 35 40 45 50
T t/us

K7 Fe,C BRI B (a) FINIE S HE (b) A9 R 75 I 45

Fig. 7 (a) Shear wave and (b) compressional wave of Fe,C measured using ultrasonic equipment

HIHT S-3400N 37 % S 41 48 FE 458 ( SEMD) X A iy 4 89 8T I JB S5 47 0, AN 8 Jiv s o FETOR
500 A5 , LI BB 22 B IR, X2 Fe,C MY 4 (B Sl 1 U2, AT B A AL IR 2884 5 i 10° 4%
Je R B, BE AL AR B DL SEIR, SR 2 18] U R, AR R 290 5 um

8 BRZEFE MY SEM [E14
Fig. 8 SEM image of sintered sample
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R JHAE PR K 2% 1) PPMS-9T #4 4 #LURR 100F
WA, XF Fe,C (1) [ 28 B 47 170 &, Wil& 9
JroR, Horr B R N 5 B, M ORGSR B . AT
DL AL I R 5, FE SRR B w1, 2 W
FE 4 % — BB G PR AR FE A 0 W [B] AR

M/(emu-g™")

—3000 —1000, 1000 3000 5000

s BB RGBT, 7T DU ff SRR B R 5000 00
3 & :
I e ek i TR R, i i XRD, HL TR 5
SEM ., ji 75 A6 I 45 = B, SR 1 1 B IR RE L FE S 100+
HLHE | BESK IR HE | I 145 K 25 Fe,C 1O 49 Fe.C MBI
W, 45 Xl R 0 M R 1 SR B RS, B Fig. 9 Magnetic hysteresis loop diagram of Fe,C

JEOR G ORE R 2K (29100 pum ), AR B FeC, fHUZBE S5 BE i HAT BRI FLIRIE, 2 FL b KL 4l
FRAT SR AR BB IEINT , phy T B 10 2 7 il i T 07 5 0 52, 6 A0k /N S £ R Rt 4R v e 4 U
BE L OBFSE R B, Bk AT B BURL A B AT N ST R 9 pm, BEEE R 4 4 GPa. TR EESH 1000 °C B, o] 45 R
B, B0 | R4 Fe,C BE S

S22 3
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Synthesis of Pure Bulk Fe,C under High Temperature and High Pressure

YANG Jun, YANG Gang, CHEN Xing, ZHAO Bin,
LENG Chunwei, LIU Xun, HUANG Haijun

(School of Science, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Fe,C (cementite) is a widely used material with excellent mechanical and magnetic properties;
therefore the preparation method of Fe,C has been widely concerned. In this paper, dense and high-purity
bulk Fe,C samples were prepared based on the solid-phase reaction of iron and carbon under high
temperature and high pressure, and the influence of raw material type, particle size, sintering temperature,
pressure, and holding time are investigated for the sintered samples. It shows that the densest samples were
produced under the sintering pressure and temperature of 4 GPa and 1000 C when the Fe and graphite
particles were 9 pum and 1.3 pm respectively.

Keywords: Fe,C; cubic anvil press; high temperature and high pressure; sintering
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N, FEAE SR FH VA 25 0 R 5 R (300~400 °C) Be4hAHZS & 17715, S 800 & iR LB & L B R/ L
FEAR, RiE A s HR k. Wang %590 58 i3 (R IR (350 °C) He4h M4 T PTFE/AUNI, HEFH S M sh 2
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P 4 T Ze-W 424 J@ ESM, B4R B 1K 3 2 400 MPa( B 28 %4 300 ), {H HZE 30 0 W A G
P, RN AN 1.2%0 B AR 4 A0 il £ 42 42 T8 ESM I [R)RE A7 76 e 245 58 B 1K 1) ] 51

BRIER R B dh (R RS ) 2R F K 2 5 7 AR i R il o i B ME T & B sk &8 B ok, 75
BEAR (107 s) . mil (10° K) . 5 K (1~100 GPa) T8y AR K A B 45 TE BB AR RE, 2 A5 E I T 45038 1) 26
SARBIEIET G o R LE I AR v R AR RO A R 1] R T AR R A SR AR T I S e LR, SR [R]
PR 246 B4 455 T B ) 8 T e A D S e e O e e B A ) 19 B B (RO PG L =
TR A 8 S 1) OB N R B, A7 0 3 1T AT BR R, JI0RE P B AT PR R AR RS, R IR K e 4
A% 18 A 2 WAL S HERE, W4k &L JE A RSE . Farinha 2512 38 i B M BE 25 i 45 T 4% RE T BEE
E 99% B4k Cu Betd, 2 G0k R 24 nm, 5 AR A SR — 80, AR i R M pe 45 0 i 4
W-AL & AELE AR, 18 1 0 5 5 45 2 500 A fi %2 20 20 0% (0 A 2 8 45 21 1 SO KR 3T IR A 2R
fik, KH X HHEATH (XRD) | F16 #1485 (SEM) FIARETE AL (EDS) X R i A O TE 31 . 40 4F 2H 8 A oG 243
AT HEAT 50 AT, B0 5% e R 7 R0 3 XoF 58 285 ot 2k 119 R T LA

1 FERFRIE

1.1 RIEER

Eakins 2503160 20 511 % 7R [0 JE . 7[R9 50 10 Ni-ALBS IR & 9 HEAT wh o7 B2 B SEIR ST, 3% — 9T Ni-
AVIRE R W v SN AT M IEAT T 05 B ST, DA T A [RIAR0OU8 245 #4) FIAS [R] 2% 52 4544 T Ni-Al 3 e g+
MOBHEDT R B | 3 J12=2m N AT R J7 T R B0 B 22 M . A% Bakins Ji &, ARWFSE BEER 3 B [RDRL B Y
WS, ST JEURER AT W20l 98% 19 W RS ALK, T 1 o3t i SEM 3K A5 19 IR & 5 b A oW I 35
HE R, R T OB A 2828 10 R ORI 75 R R S A, HG b DR AL 9 T B AN, e R I 1 B
RLA AL BESERIOR A Wo A B B BURT C BUR S Ry R b ALEURLAR X Y5, kL BE R 20~30 pum: 16 #)
K ACE 1(a) il W IBURRLE J 10~20 pm; A KA BOE 1(b)) h W BURDKLE J 5~ 10 pm,
3 g /0 8 0 R R T B R 30 um BERTE A B A TRA KR CORL 1(e)) e W IBDRE R B0
% TR, ORI FER 1~ 5 um B9 WU 28 BHE BORE B2 A 10~ 60 pm B P B8 1A (40 (A HE T 7% )
X SR R TR R A /N B AR Uk B R Y b 3R T AR R R i SR T RE, 4k A A RAEM G, i bl G
AR RS A Y /N 0 i 44 e 71 R Ik SR FOUR T 55 S B A SR 4 A
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Fig. 1 SEM micrographs of the origin powders with various W particle size
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Fig. 2 V-blender (a) and sample tube (b)
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Fig. 3 Single tube explosive setup for the explosive shock consolidation of powder mixtures

1 HRER

Table 1 Results of compression experiments

No. W/Al particle type  (o/oD)/%  (oepr)/% Compressive strength/MPa  Fracture strain/%  Intermetallic

1 A:10-20 pm 61.0 99.4 207 15 None
2 A: 10-20 pm 69.7 100.0 193 15 None
3 A:10-20 pm 80.6 100.0 204 20 None
4 B: 5-10 um 50.0 96.5 288 8 None
5 B: 5-10 pm 61.4 98.7 261 10 None
6 C: 1-5 pm 62.1 95.7 241 7 None
7 C: 1-5 um 68.3 96.1 244 6 None
8 C: 1-5 pm 73.3 96.4 246 7 None

Note: g, pr and p; are initial, final and theoretical densities, respectively.

063401-3



33 % = JE LY} L 2 Eitd %6

Bk 0 K 0 28 B0 v R AR N 7, B AR P, X ISR i R AT AR B A B S O o R R AR
P W-AL I FHAS IR EE . i W-AL oA 0] 0, 7240 697 °C B, W-Al 2 &4 i A= 1 AL, W. (B2,
5 o D N AR AE A R PRI R 22 0 B A T A A L T D A S R R, BRI T A A
Qb BRI & B N, A B B PR 300 C . BR T 2008 A L 10 °C/min AR THE RN E 300 C,
PR 2 h )5, HP R B =R, B 4(b) AL B SR Th L DI RIS B 1Y W-AL B FE R 25 80% Lk,
R it % T A 2 €5 0 Ry £ U0 0o R A VA HV R SR AR, SEBR R SRR

10 mm

B4 R i i A (a) FIRRESHE T (b)
Fig. 4 The recovered sample tubes (a) and the sample (b)
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(c) Type C:1-5 um
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Fig. 8 Cross-sectional SEM micrographs of W-Al consolidated mixtures

S8 BUREIR SR By AL, W AR AR 25 K 0 .
H W-Al B 25640 B EAL, Harg e E T 250 F :Egi
W SR 5 ALK B, T H W OBURL7E R 4 £ v No4
Bk ORI, B R AL, SEoW- g o
ALK, B R T BN 7 1609 R A A8, 9T & % 150 N7
SO A B, T LB AR, BB W-AL B e Nos
HH R, 0 11(a) iR 1L WLk |

FAY B C U A RE S, IR0 AL JE B4 50l

W S 1 BT, T RO R B B9 U IR

I 11(b) Fior, ZL80A A7 7E KBTI W 0 01 02 03
RR P W R BRI S Iy 5 11 Strain

T AT B9 eSS RSN TR S AR -0 A8 28

Fig. 9 Stress-strain curve of quasi-static compression
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Fig. 10 The morphologies of the samples before and after quasi-static compression
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Fig. 11 SEM image of different fracture failure mode of samples under quasi-static loading
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Fabrication of W-Al Energetic Structural Materials by Explosive Consolidation

and Investigation of Its Quasi-Static Compression Properties

WANG Bi, AN Erfeng, CHEN Pengwan, ZHOU Qiang, GAO Xin

(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Nearly fully dense W-AI energetic structural material (ESM) was successfully prepared by

explosive sintering with W and Al powder with different particle sizes. It was found that shock wave

pressure is the dominant factor for powder densification and the particle size of powder has a significant

influence on the final density and microstructure of the compacted ESM. The smaller the W particle size is,

the more severely the W particle agglomerate, which hinders the densification, leading to the formation of

continuous W phase in the compacted ESM. The maximum compressive strength and failure strain of the

sample reach 288 MPa and 20%, respectively. The mechanical properties and fracture mode of the

consolidated material depend on the continuous phase, the ESM with continuous Al phase presents low

compressive strength and good ductility with anaxial split failure, while the one with continuous W phase

shows brittleness and high compressive strength with a shear failure, which is consistent with the properties

of Al and W, respectively.

Keywords: W-Al; energetic structural material; explosive sintering; microstructure
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