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Fig.1 Optical images of MgAlL O, samples-®*

2010 4F, Zou S5 R FH R A4 o FE B AR L BU) ) &t Mg AL O, 99K 25 44 35 W1 B %, 3 2o eicatt i
R BESE T2 7E 4 GPa 600 C4 M T35 T m B A R8RS K 2 s, AT, Y&+
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Fig. 2 Images of sintered MgAl, O, ceramics samples at various pressures and temperatures

[15]

1200 60 1 400 490
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2 40 g ] 200F 2 g
g 400f g S 150F ~i 1150 g
{55 = 100 ‘.-'\i\ {100 =
200F S0 - T P
. . . . . . . . . 30 T @ . . 5
0.5 1.5 2.5 3.5 4.5 5.5 200 400 600 300 1 000 1200
Pressure/GPa Temperature/°C
K3 TEREEIRE 600 CT MgAL O, MR & 4 TEREEET) 4 GPa T MgAL O, MEH: M1
tRL RS BBk A 7 3 5 B 4 T g 1 ok R/ AL RS BB AR B T 5 B4 TR BE I e R P
Fig.3 Residual stress and crystallite size vs. sintering Fig. 4 Residual stress and crystallite size vs. sintering
pressure at a desired temperature of 600 “C% temperature under a desired loading pressure of 4 GPal'™
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5 Ca) e FEAL B S A RE i RO GIA 180 Sl 3R 00 5 () U 9 DG 5 19 9 ot 7
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Fig.5 (a) Image of high pressure compacted spinel after recovery from high pressure cell (The inset shows the
green impact. ) ; (b) image of blue cross-hair visible below thinned and polished spinel using reflected light;

(¢) image of blue line below thinned and polished spinel using transmitted light'*?]
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) S0, U i RS 3N R RS L 2012 4R, Liv 2857 78 [ 77 b5 58 6 K8 MIN /X 1T T01 & AL L e 45 1y
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Fig. 6 Images of Nd: YAG sintered under different pressures/™’
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B 7 7.7 GPa AR 5% F T RE25 1 YAG R
Fig. 7 Images of YAG sintered at 7. 7 GPa and different temperatures!’*

(a) 5GPa, 330 C (b) 5 GPa, 350 °C
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Images of YAG sintered at 5 GPa and different temperatures

(c) 5 GPa, 450 'C
AT RREE I YAG JR 07

(d) 5 GPa, 500 °C

[57]

(a) 2 GPa, 450 C

Pl 9
Fig.9 Images of YAG sintered at 450 “C and different pressures-"

(b) 3 GPa, 450 °C  (c) 4 GPa, 450 °C
450 °C A J &4 F B YAG B 07

L XX

(c)l P

-.-""

Elastic deformation “Mlcrollocal” yield “Macro/bulk” yield

B 10 mEMERT SRR BE R 7 iy 2 At

Fig. 10 Transformation of grain shape under high pressures’*
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B R B K 78 5.5 GPa. 900 °C 444 il 45 325 B S0 Ak 55 Bl e e i, 8T 12 iR . A AR P s 2 i
B F AR AR AR B 0 W 7 R R A A, LS TR R RE 5 s & B MR AN L T SR AR SR Sk Ak oy A
P LA 4 T B AR W 4 S AR 25 55 5 A 32 3 Y e T BB L AR IR N R A A FORIR SR IE . R AR
PR s i T LT %A e, A R el 2, AR IR T A KBS, 1M Liu
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600 “C i, LA P % B 2 JF bR & A S pE T AR
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i A e A
(a)400°C,180min (b)600°C,60min (c) 700 ‘C, 60 min (d) 800 ‘C, 30 min (e)1000°C,10min
B 11 7.7 GPa A ] iR BE 414 F Ba &b i) AL 48 B i i A D08

Fig. 11 Images of alumina ceramic sintered at 7. 7 GPa and different temperatures

[58]

Bonding .

30 um
(a) 5.5 GPa, 600 °C (b) 5.5 GPa, 900 C

30 pm 30 pm

(d) 2.0 GPa, 800 C () 3.0 GPa, 800 C () 5.5 GPa, 800 C
P12 S [5) J E 0 Jg 2% P e 5 ) S8 A g e < A T4 ROk 2 LR

Fig. 12 Metallographic and corresponding optical images of alumina ceramic sintered at different pressures and temperaturest®
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AR TR A K i 2 A SRS RO UKL 2 5] ) L B L 58 i R ot B30 B2 5 O L B 4 15 1 19 4 K 4
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AOURE AR i 45 5 R R ) o SRl 20 B AU B T ALk ey e I AL LR ORE B S R RO W AR RS S AT
IR 5 A B R R o2 T R B R A RICR .l S OK-AOK AL R IR A R R BB A S L i — P i
TE T T BE A8 R O 10K 55 e i B T8 A ) B 2 3 T R oA 22 18] A B o DA T 5l 2 T i e e 2
FE AL HOPERE

Alumina

Alumina . {(e) 5.0 GPa, 900 C |

B 13 7E 5.0 GPa AR EE T Be s i AL 50 i 8 B i 4 A0 1 30 ARAR B0 2 IR CRE AR B 0.6 mm; (a) . (b) (o)A
A THOKR BB B PR L5 FE L (D L (o) (D IR B M IR LEHE 5 () B (D) Y BE 45 4541 5. 0 GPa. 700 °C;
(b) A1) I BE LS Z A 5.0 GPa,900 °C 5 () B (D Hbe4s & 14 5. 0 GPa 1100 C)HM”

Fig. 13 Metallographic and corresponding optical images of alumina ceramic sintered at 5. 0 GPa and various
temperatures (The sample thickness is 0. 6 mm;(a).(b) and (¢) are samples sintered with pure spherical powder,
and (d).(e) and (f) are samples sintered with mixed powder;(a) and (d) are samples sintered at 5. 0 GPa and 700 °C ,
(b) and (e) are samples sintered at 5. 0 GPa and 900 “C ;(¢) and (f) are samples sintered at 5.0 GPa and 1100 “C. )"
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Progress in Preparation of Transparent Ceramics under High Pressure
DENG Jirui, LIU Fangming, LIU Yinjuan, LIU Jin, HE Duanwei
(Institute of Atomic and Molecular Sichuan University ,Chengdu 610065 ,China)

Abstract: Transparent ceramics is a novel kind of inorganic non-metallic materials with a prospect of
broad applications. In the present paper we present a novel method—ultra-high pressure sintering— for
fabricating transparent ceramics,characterized by its low sintering temperature, short sintering time,
high density and inhibition of grain growth which,compared with the sintering methods traditionally
adopted, offers unique advantages in the preparation of nano-structured transparent ceramics. We
reviewed the latest progresses made in the ultra-high pressure sintering of transparent ceramics,inclu-
ding the ultra-high pressure sintering of YAG, spinel and alumina under low temperature, and the
ultra-high pressure synthesis of nano polycrystalline diamond (NPD),B-C-N, Si; N, under high tem-
perature,and analyzed and summarized the high pressure sintering mechanism of transparent ceramics.

Keywords: transparent ceramics;nanoceramic;ultra-high pressure;sintering
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Fig.4 SEM,SAED and TEM images of MoWC, sample

2.3 ERMHERBEESH

Ref S Ay 6 ok Y 4 Ak B W 0 2R B R AR U — A TR R R [ N AR TR S 3l N Y — b
i PR b v A AR 0 e AR A A TR A R D AT 5 AR I B HOCF S (R DL R R
IR RE DR 20 ity DAY i B B L S5 At DA 2000 4 PR B M B 45 R A R0 0 . 7 4. 9 N 6 45 2 R JR AN AT 5
JI 7 o AT RIS A A A A RE (R

f{V::1.8544:5; D)

A F ORI Sy, d I RIRM A E, H, AR B R (. i (D 333 4 MoWC, #Y Wi 84 i
JE{E 4 15. 3 GPa, bt MoC 19 12. 1 GPa #27% 13T 26. 5% . 1 HOWTE S50 B 45 R T A1, 5 3 MoWC,
sty B4 L RS SR BROR 20, 4R S A7 i ks 2% TE 25 IOUL 28 A, DRI AN 75 2825 PR AR PR 3R B 4 K R A

023301-4



% 32% T I 4 4 v R = TR A W Y v R v T A %2

AT A5 X R A B A S . W R TS Mo JEF 1 JE T AR AR B B R RO W R TRy 5d X
TG R d HUBEARXTY K. 5 C R F 22k, W—C % Mo—C $ 58 ; 55 — 7 i, MoWC, 5 MoC
R, B, 5 MoC A L, MoWC, HAT B 5 1Y B T #LiE 24k , I J) % 1 5t Lk MoC 4k 5 . ik B
T HL AR Ak S SO R A ) A AT

FAR MoWC, HLA TR & A M 50200 H 2 T MoWC, HAT &3 & R v, S 8OL 0y U1 4%
i, L s MoWC, 5k I A 5t b4 L A9 b i 18 A5 35 2 A8 0 41 RE 40 GPa B bR U L J& — o 8 %) 8 Jo 2o 3
EACEZIIE RS/ R
2.4 RAE-ZEROW

B o AR S U0 L ) T L R B pl T S A KR AL L 5 R R T R R RPN B
B e I AR TRLEE | W25 5 R A S Ak DR I s b A 5 A R e T SRR L SR AR - 25 B 3K 4 A
HE— 2 RAF A B H) MoWC, £ fAH R SEALIRE . MoWC, B AT HERERAY s-p-d ZALAY Mo—C 1l
W—C ##, f b vl DLHED MoWC, E &1 K /i #h ik BE .

&6 25 T #1000 °C YL B P RE S 9 22 B CTDA) FIVE (TG) #i 2k, i 18 6 b B il 28 v] 20
FE 450 “CLAT . B % I B2 00 T b1RH T i AR X R e . 22 I AR MR B R B MoWC, 7E 450 CLAF
DU FRRRE . DN 450 “CAAT TR 4R, B & 4 S5 1 0K s 88 1 1) B 5, 5 22 A, 22 il 46 7E 450 °C
o BT T AR G BB AR BT IR A . TE 550 °C IRy 22 Bl 28 H S Rk P | 5 32 1L BB T R
RAETRIZVEAL . BT MoO; 5 WO, 7 BEAR T8 SR T LUR A TS, MoO, FHE TR 2N
550 °C 0 I H A D S BT Mo Oy I #ATHAE if 3. 800 °C 2Z I » i 44 K 2 Uk 12 , I 7E 875 °C
U B 2RI A BB G . AE 800 “C LA L T WO, o JF b T il AR B ok s 18 Y S
HJE WO, FFia T, it it il 0 i Ji 2 LS S A i e 5 S A CO, Bk 812, MoWC,
FE 450 °C AR AT AR F5 M B R A2 s MoWC, YL IR BE KR 15 WC K& NIl 2 B3, 7T LA IE 7
KLZHON FATE BT AR EREAR SZ 500, H it n] WL Mo W C, & — il i 7o 38 | i 4801k A4 B I 7t

= = = 10 30
JY S— TG ~25
0 — DTA %0
2 ot 12
) £ =
% 4 o 22
2 Oxidation 5
g 21 temperature 10
5
| O et
e = 0 [ 1o
- R 100 300 500 700 900
| = E— Temperature/°C
5 4.9 NZEM T MoWC, HEfl IR BOL: B4 I8 Fr 6 MoWC, -2
Fig. 5 Optical micrograph of MoWC, sample’s indentation Fig.6 TG and DTA analysis of synthesized
under load of 4.9 N MoWC, sample

2.5 BEBMESMH

Tk 3 A S S R RN 5 b A R T A A e R A A L B A G L R e AT R AN S i T B
VaRiE g SR R o B S M NG Y V2 | U IS B T b [ I = S iR R R =R O
H AR 22 5k BB 0 4 WA 2 A S0 5 JF 8 T 6 U8 S s 69 e #2234 XA F il oo
RE LB 550 R0 TV BE B IG , PRI 5 2 A0 L 3 I, X DL IR AT KRR R . 3 U 4 IR 4%
TCER UG W 2 A T A 25 % R RN R A R L A e R R A R A G L DR R A — R AE Y
e ik e B B S A RE B IRz N T R

HTFdESRERETERAGYET AAEENEIZHETHA . S SRR TR R W S RN

023301-5



%2 = JiS ) il 2% Eihd o532 %

H & RO S5 0 4 3 Ak 2 T, 08 S |l T ) SR Quantum Design 23 6) 4 7% ) DynaCool TMVSM
W 5t 28 0 X A it AR A7 300 0 A R0 2 03K 3R BE Y L R 5~ 300 K, B9 BE R 10 Oe, K 7 251 T MoWC,
R AL R GO BEIR EE i 8t 2 . il 18 7 W1, SRR 6. 8 K I, MoWC, 1Y % 1k 46 58 78 o 17 {E, BI
RS R BUREYE AT DI E 6. 8 K LU N FEM A 2 . MoWC, & —Fh B A 2 i a4
JBRITEMAEGY . S, ZeB,, 19 5 5% 22 5 B

Wy 6. 4 KW BB S5 R EE W 4. 3 KL WC I A
SRS EE R 1,28 K7 . MoWC, [ 55 725 i T
FELL S H A R B e b 7 [ | Tee8K Magetefield=100c
I 05 X0 8 1 01— P <

MR R BT d BB TS mE S O |
THY p B T 20 AL 76 1 T 4R 5 5 T 2 I -8 |
BT R B AL 2 e, R b 2 e s B O A T L
B 0T L Mo W C, 11 T 3 {8 452 75 , 2 — ol 10 0 1 0 0 10 10 200250500

Temperature/K
K7 MoWC, M5B 5% 5 i £k

Fig. 7 Relationship of magnetic susceptibility of

AL 55— 5 T B A 22 B T 20 MoWC, #
sty (49 75 - ARUR B L AR T TR B Y HL R S AT
M AR S o [R] I 3ok 902 <5 Jes sk £ 9y 2% oK T ff
AT HL B S R R R A AT R R X e
HEEH ARBETE T MoWC, A ity HL B A A TN 45 2R 2. 34 X 107° Q « m, BT AY LB AR WL 36 W] MoWC,
B AT b 25 % BE v L DRI AT LA Mo W C, 198 5 % A8 il BE w258 1 T3k . Mo WG, ] I B AT
F14 ff 38 (L5 050 A 5 B AR TR BE A R T RO S A A i 2 A T B

3 4 &

K 0 e A O B AR R SR 5. 0 GPa ¥ 2000 K AR T E] 60 min 551 T B Sl 4 H s 80
JE MoWC, Skl T3 U 4 I8 5 8k S 1 22 18] 19 B0 T8 2 AW 1 T 45 i 1 2 5, o DA HC 4l 3 {1
A s TRV ESE 458 0 B 7 1 A1 3 R 9% oK T Ak 25 5 B MoWC, M) 26 B HH 4 5 108 PG AR iR %, IR,
MoWC, HL & 45 i A8 BE 555 (0 B S Ak vk RIDEE S e L 2 — 00 S 100 s 8 S e P M R

MoWC, sample and temperature

By B A AR AP F ARG AT BT R R R R AALA B R R R AT
A HE o) 9K _E AR Ak 69 5 B) )

S 3k

(1] 46, SIhe, IREL, 5. I &R R R W m i 2 D Re bRt it [T, B3 2% 4R, 2017,66(3) :036104.
BAO K,MA S L.XU C H,et al. Design of ultra-hard multifunctional transition metal compounds [J]. Acta Physica
Sinica,2017,66(3) :036104.

[2] B3R, MoB, Fl WB; Y i il &5 [ 5 L b FL45 M FRE B4 BTt 5% [ D, KA 3 MoK, 2015:27-40,61-63.

TAO Q. Exploring the structures and hardness of MoB, and WB; synthesized by high pressure and high tempera-
ture [D]. Changchun:Jilin University,2015:27-40,61-63.

[3] QI Q.LIU Y,WANG L J,et al. One new route to optimize the oxidation resistance of TiC/hastelloy (Ni-based alloy)
composites applied for intermediate temperature solid oxide fuel cell interconnect by increasing graphite particle size [J].
Journal of Power Sources,2017,362:57-63.

[4] MA T,LI H,ZHENG X,et al. Ultrastrong boron frameworks in ZrB, :a highway for electron conducting [ J]. Advanced
Materials,2017,29(3) : 1-6.

023301-6



% 32% T I 4 4 v R = TR A W Y v R v T A %2

[5]

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

ZHANG G T,GAO R,ZHAO Y R,et al. First-principles investigation on crystal structure and physical properties
of HIB,[]]. Journal of Alloys & Compounds,2017,723:802-810

KAYHAN M, HILDEBRT E,FROTSCHER M,et al. Neutron diffraction and observation of superconductivity for
tungsten borides, WB and W, B, [J]. Solid State Sciences,2012,14(11/12) :1656-1659.

GASPAROV V,SHEIKIN I, OTANI S. Electron transport and superconducting properties of ZrB,, sand YB,[]J].
Physica C:Superconductivity & Its Applications,2007,460:623-625.

KAVITHA M.PRIYANGA G S.RAJESWARAPALANICHAMY R.,et al. Structural stability, electronic, mechanical
and superconducting properties of CrC and MoC []J]. Materials Chemistry &. Physics,2016,169:71-81.

HWANG T J,KIM D H. Variation of superconducting transition temperature by proximity effect in NbN/FeN
bilayers []]. Physica C:Superconductivity & Its Applications,2017,540(15) :16-19.

BOI F S.GUO J,XIANG G.,et al. Cm-size {ree-standing self-organized buckypaper of bucky-onions filled with fer-
romagnetic Fe;C [J]. RSC Advances,2017,7(2) :845-850.

MA S L,BAO K, TAO Q,et al. Manganese mono-boride,an inexpensive room temperature ferromagnetic hard ma-
terial [J]. Scientific Reports,2017,7:43759.

ZHDANOVA O V,LYAKHOVA M B,PASTUSHENKOV Y G. Magnetic properties and domain structure of
FeB single crystals [J]. Metal Science & Heat Treatment,2013,55(1/2):68-72.

VAARMETS K, NERUT J,SEPP S, et al. Accelerated durability tests of molybdenum carbide derived carbon
based Pt catalysts for PEMFC [J]. Journal of the Electrochemical Society,2017,164(4) :338-346.

XU Y T.XIAO X,YE Z M,et al. Cage-confinement pyrolysis route to ultrasmall tungsten carbide nanoparticles for
efficient electrocatalytic hydrogen evolution [ J]. Journal of the American Chemical Society,2017,139(15) :5285.
MAKOTA O,WOLF J.TRACH Y.et al. Epoxidation of cyclooctene with hydroperoxy sultams catalyzed by molybdenum
boride [J]. Applied Catalysis A:General,2007,323(5):174-180.

SIMONENKO E P,IGNATOV N A,SIMONENKO N P, et al. Synthesis of highly dispersed super-refractory tantalum-
zirconium carbide Ta, ZrCs; sand tantalum-hafnium carbide Ta, HfC; ,via sol-gel technology [ J]. Russian Journal of
Inorganic Chemistry,2011,56(11):1681-1687.

SCANLON M D, BIAN X, VRUBEL H,et al. Low-cost industrially available molybdenum boride and carbide as
“platinum-like” catalysts for the hydrogen evolution reaction in biphasic liquid systems [ J]. Physical Chemistry
Chemical Physics,2013.15(8):2847-2857

HUNT S T.NIMMANWUDIPONG T.ROMAN-LESHKOV Y. Engineering non-sintered, metal-terminated tungsten
carbide nanoparticles for catalysis [J]. Angewandte Chemie,2014,53(20):5131-5136.

MOHAMMADI R, TURNER C L, XIE M, et al. Enhancing the hardness of superhard transition-metal borides:
molybdenum-doped tungsten tetraboride [J]. Chemistry of Materials,2016,28(2) :632-637.

YEUNG M T,LEI J,MOHAMMADI R, et al. Superhard monoborides: hardness enhancement through alloying in
W, Ta,B []J]. Advanced Materials,2016,28(32) :6993-6998.

EMAMIAN A, FARSHIDIANFAR M H, KHAJEPOUR A. Thermal monitoring of microstructure and carbide
morphology in direct metal deposition of Fe-Ti-C metal matrix composites [JJ. Journal of Alloys & Compounds,
2017,710:20-28.

HU Y F,JIA G,MA S L,et al. Hydrogen evolution reaction of 7-Mo, s W, ; C achieved by high pressure high temperature
synthesis [J]. Catalysts,2016,6(12) :208-215.

B /N S 2Rt 3 AL A Y R L R R 4% 7 B - CN 106517111A [P, 2017-03-22.

CUI T,FENG X K,ZHU P W,et al. Preparation of chromium nitride at high temperature and high pressure: CN
106517111A [PJ. 2017-03-22.

KURLOV A S,GUSEV A I Density and particle size of cubic niobium carbide NbCy,nanocrystalline powders [ J].
Physics of the Solid State,2017,59(1) :184-190.

MA S L.BAO K,TAO Q,et al. An ultra-incompressible ternary transition metal carbide [J]. RSC Advances,
2014,4(108) :63544-63548

KUMAR P,SINGH M,SHARMA R K,et al. Effect of plasma voltage on sulfurization of e~-MoQO; nanostructured

023301-7



%2 = JiS ) il 2% Eihd o532 %

thin films [CJ]//International Conference on Condensed Matter &. Applied Physics. AIP Publishing, 2016 2320-
2325.

[27] YANG Y A,MA Y,YAO J N,et al. Simulation of the sublimation process in the preparation of photochromic
WO, ,film by laser microprobe mass spectrometry []]. Journal of Non-Crystalline Solids,2000,272(1) :71-74.

[28] Z=uf. HAHEG BB S MR — & 0 Na #ER (1], Dhae M oRHME £ .2004,1(3) :61.
LI F. Japan developed a new superconducting materials-boron-containing diamond film [J]. Functional Materials
Information,2004,1(3) :61.

[29] SHAKHOV F M,ABYZOV A M,KIDALOV S V,et al. Boron-doped diamond synthesized at high-pressure and
high-temperature with metal catalyst [J]. Journal of Physics &. Chemistry of Solids,2016,103:224-237.

[30] GOU H,DUBROVINSKAIA N,BYKOVA E,et al. Discovery of a superhard iron tetraboride superconductor [J].
Physical Review Letters,2013,111(15):157002.

[31] WANG S,ANTONIO D, YU X,et al. The hardest superconducting metal nitride [ J]. Scientific Reports,2015,5:
13733.

[32] PADUANI C. Electronic structure and Fermi surfaces of transition metal carbides with rocksalt structure[ J]. Journal of

Physics: Condensed Matter,2008,20(22) :225014.

Synthesis of Hard Superconductive Ternary Transition Metal Carbide
under High Pressure and High Temperature

GAO Hao’an""* ,MA Shuailing' .BAO Kuo',ZHU Pinwen',CUI Tian'

(1. State Key Laboratory of Superhard Materials ,College of Physics ,
Jilin University ,Changchun 130012 ,China;
2. High School Attached to Northeast Normal University ,Changchun 130021,China)

Abstract ; In the present work MoWC, was successfully fabricated under 5. 0 GPa/2000 K with a holding time
of 60 min using.,as the synthetic raw material, molybdenum, tungsten and graphite powder (whose purity are
more than 99. 8%). Then the physical properties of the synthesized samples were characterized using X-ray
diffraction, scanning electron microscopy., transmission electron microscopy, micro-hardness test, physical
property measurement system and thermo gravimetric-differential thermal analyzer (TG-DTA ). The results
show that the MoWC, crystal thus synthesized has a hexagonal structure with a space group of P6-m2. It is
highly crystalline with an average grain size of 1-4 pm. Its convergence hardness value,oxidation temperature
and the superconducting temperature are 15. 3 GPa,450 ‘C and 6. 8 K, respectively. In addition, this MoWC,
has a high hardness and oxidation resistance owing to its strong orbital hybridization. Furthermore, it is a
superconducting material with a relatively high transition temperature since it has a higher density of states at
the Fermi surface and Debye temperature, thereby making it a versatile material that is superconductive, highly
heat-resistant,and superhard.

Keywords: high pressure and high temperature; transition metal carbide; superconductivity; Vickers

hardness;oxidation resistance
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Fig.3 (a) Raman spectra of nitrogen under various pressures and after LHDAC experiments;

(b) Optical photograph of nitrogen after the 1st LHDAC experiment (134. 3 GPa and about 1000 K);

(¢) Optical photograph of nitrogen after the 2nd LHDAC experiment (133. 9 GPa and about 2000 K);

(d) Comparison of the relation between Raman shift of A mode of cg-N and applied pressure
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Synthesis of Cubic Gauche Nitrogen (cg-N) under High Pressure
and High Temperature

LEI Li,PU Meifang,FENG Leihao,QI Lei,ZHANG Leilei
(Institute of Atomic and Molecular Physics s Sichuan University ,Chengdu 610065 ,China)

Abstract : Three-dimensional polymetric cubic gauche nitrogen (cg-N) combined with covalent N—N single
bonds is an ideal high energy density material (HEDM). A series of solid molecular state-to-solid molecular
state transitions ($-0-e-{-7) in nitrogen were observed in experiment upon pressurizing the molecular
nitrogen up to 135. 6 GPa in ambient condition. Under 133. 9 GPa and at 2000 K, the transparent cg-N
was successfully synthesized using the double-side laser heating diamond-anvil cell (LHDAC) without
any laser absorbing material. In addition, the pressure coefficient of the Raman A mode for cg-N is
1.56 cm '/GPa at about 134 GPa.

Keywords : polymeric nitrogen; high energy density material (HEDM) ; high pressure and high tempera-

ture; Raman scattering;laser heating diamond-anvil cell (LHDAC)
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Ok G PCD.LIF X & 1 PCD il #E 47T 28 48 B9 AR R0 Hr o DL A5 B BE Of UE & BORE i A S PR fiE L LR
i) E AR I RIOK 2 PCD B4 2 AF

1 TEREKEZ: PCD & AR EL0 T 72

1.1 a8 R E b 12

W06 4 WAy AR I S 1 3T 1 I e B R A PR D 32 R SR R S A O 2 2 OR B i
BE . 4 WA OR BOREEE 3 5o 0.5.10 pm, 4l 99, 99% . LR IEE WC-16 % Co(16 % M iR B 4350 .
G NI s 7 AR P R v AR EL e e ad T AR Al b B (H BIORY AS Tk 2 5 A AR ik L BRI Ok R 2 1 T
REIE 23 B 36 4 8 Ml I ol i S5 B . AR 1) X TR S e IR A NI OB I 5 R T A e AR v v S B
PR IR S = o] (e AR R ROk A R R AT S TR A 2 B, R X 4 A R JEORE AT v 4k
PR RAE R LB . SR AR IR (HF VHCD AR B, B 2518 A 4 WA S0k SRRk 1) &2 ik S H Ak
SRR T R B T K Ve U 2 v M AR ek A G RO ARG T, 1 A 4 WA R A 3 1T 23 I B R
A AU XS HA TR 1 SRR PCD 1Y & U AR K, AT RUR ] B il i ik (s i
4,0X10 * Pa, &% 4 800 °C,I-4E 800 'C P 1.5 h TR EF RO B EA EAIK,

Xif 22 i R R EL 25 Kb B 4 WA 0 A HEAT X4

AT (XRD) P 55 SEND 5. I R ~ 05
J7R DX2500 B X SFERTAHL. TAERE 40 kv, T OO — 10um
fiE 3 25 mA, Cu K, fR41G=0.15406 nm) ok B0

90,027, REEMF B R 3~5 s, AR ML N 10°~ g 6000

100°, [ 1 h 4 RIA B XRD L& 2 h4eR4G = 4000f |
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B AT O JE 7% 13 S 7 45 1 6 R0 A L FO AT 5 0 0 I )
5 PDF & H % 1957 )5 454 4RI A7 PDF # 06-0675 20 10 60 80100
(111, (2200 M3 AT W4 W) 5 AR&F . B0 46 A 260/°)

AR SEM BRRW  Brie /I A 82 B A BRI BIE 69 XRD
GRS 2 0 AT LB AT 35 R /N R LY Fig.1 XRD pattern of starting material

— B, BRI 0.5 110 pm,

2 WK AR SEM B ((a) 0.5 pm 4 WA # . (b) 10 pm 4 Kl 8D
Fig.2 SEM image of starting material ((a) 0.5 pm diamond powder, (b) 10 pm diamond powder)
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Fig. 3 Bi-layered assembly of experiment Fig.4 Temperature and pressure condition
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Table 1 Vickers hardness of PCD samples
£ H,/GPa
% T/C ¢t/ min - - -
§ »=5.0GPa »=5.5GPa
'g 5 15—22 15—22
= 1300
£ 15 15—22 15—22
-
.;—) 5 53.03 32. 14
1400
15 47.08 50. 33
10 5 19. 22 18. 36
L ‘l_ L I_ _I I— 1450
1300 1350 1400 1450 1500 1550 15 30. 84 52.56
Temperature/°C 5 21,922 42.97
S - T X 1500 . g
PS5 RTRNR T & i PCD R i i) 4 PG A 15 39.95 57.03
Fig.5 Vickers hardness of sintered PCD samples 5 23. 40 39. 14
1550
at different temperatures v 15 48. 40 43.97

2.2 XRD #1845 #

X SEE A LA PCD R b 2F 17 3 ik i G AL BR L SR 5 XA S 24T XRD 4387, &1 6 S & L PCD FE i 1y
XRD Eli&% ., m& 6 al %0, & L PCD FE & HPA7E 78 S 5 A A WA AL 85 8 3 Rl oy . AR s A &
H 5.5 GPa, iR 1500 C, RIRBT IR 15 min, B 7 HSLE A 8 PCD #F i 0 W7 &, 5 al DL i
WER 32 AR AEE X, MRS A X1 4 0.5 pm 4 NG ROk HIEE 28 0.8 mm; X1 2
A 10 pm S RA K R 1.4 mm; X3 3 5 WC-16 % Co LK, JE LN 2.9 mm,

1200
v
1000} = Co
v Diamond
800 * WC
2
‘%z 600F
g
S 400}
b on -
200 + . I Y s
o ofle o
O L
20 40 60 30 100 1 mm
20/(°)
B 6 5.5GPa.1500 CF A& PCD £ & 9 XRD i B 7 4k PCD RE S I i [
Fig. 6 XRD spectrum of sintered PCD at 5.5 GPa and 1500 ‘C Fig. 7 Fracture surface of the sintered PCD sample

2.3 SEM FSRFEFLE BT (EBSD) 47 #7
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K D—D A IEN .
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023302-4



532 % PSRBT A < PR 23R e WA B4 i R TR AR %2

KR RAEE —RAEN . X R R (LB 9(b)) kB, Co £ 76 T 4 WA UKL 22 1], I 58 79 4: NI
A1 URE 22 (8] HE B A4 B AL B

Kl 8 5.5GPa,1500 C F& MIHK PCD #: i Zid BRAL LS ) SEM [&]
Fig. 8 SEM image of sub-micron PCD sample sintered at 5.5 GPa and 1500 °C after acid treatment

K19 5.5 GPa,1500 ‘CF& MIEHAK PCD #E 4 19 EBSD &
Fig. 9 EBSD image of sub-micron PCD sample sintered at 5. 5 GPa and 1500 ‘C

2.4 BEIE(EDS) iR

T 3A% Co FEA B PCD A& b By & 1 XT & iy PCD FE i 54T EDS fgig4r#r. B 10 A Ak
PCD Hf i i 2 181 BB 15 A, b 21 1 @ R Y A R ISR MR R AR 5% . 3R 2 il i EDS 2 #1 15
F19 PCD A S R 2K 0 R W& i, Horh w Fll oy 43 51 8 i3 2 43 E50ORT4 o %) 1 43 85, fR 3R 2 mTAT, Co 1)

R 13.84%

Intensity

6 8 10 12 14 16 18
Energy/keV

Bl 10 5.5 GPa.1500 ‘C F& MK PCD H: 4 EDS
Fig. 10 EDS image of sub-micron PCD sample sintered at 5.5 GPa and 1500 C
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Table 2 Element content of sub-micron PCD sample at 5.5 GPa and 1500 'C
Element w/ % x/ % Element w/ % x/ % Element w/ % x/ %
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Sub-Micron Polycrystalline Diamond Synthesis under High Temperature
and High Pressure

LU Jingrui,KOU Zili,LIU Teng,ZHANG Leilei, DING Wei,ZHANG Qiang,
WANG Qiang, YANG Ming, GONG Hongxia, HE Duanwei

(Institute o f Atomic and Molecular Physics ,Sichuan University ,Chengdu 610065,China)

Abstract: Due to its wide range of applications as a superhard material, polycrystalline diamond (PCD)
has been used in oil- and gas-drilling, tool cutting, making of wear-resistant parts. At present, the
average size of industrial synthetic PCD is above the micron dimension,but synthesizing the PCD with
a size below the micron dimension remains a tough challenge. In this work,we succeeded synthesizing
sub-micron polycrystalline diamond under high temperature and high pressure using the infiltrating
technique. The samples were characterized by X-ray diffraction (XRD), scanning electron microscope
(SEM) ,electron backscatter diffraction (EBSD) ,energy dispersive spectrometer (EDS) and hardness
test. These results show that the hardness of the PCD thus synthesized is 57. 0 GPa under 5. 5 GPa and
1500 °C when the hold time of temperature is 15 min;that the Co can disperse uniformly in PCD as a
round hole used the bi-layered assembly so that the PCD demonstrates uniform and excellent performance;
and that it is found from its sintering process that the temperature and holding time play an important
role in its synthetic process.

Keywords: sub-micron; synthesis; Vickers hardness; high temperature and high pressure; binder; polycrystal-

line diamond
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4 PCBN BIEERETAS I ZME

MEM S BEE K B AR R IR
(1. R ET K2 AEED A T BB RPFFT T . LR 100083 ;
2. H E b K A (GO R MR & H G BT 100083
.AEMER FHEANMAB B A R A F W EE 454150)

WEXAREN10pum WA BN HBREFRNGEERE L LS B OREE ) R E o it
EDT#H & THARELF ANH(PCBND &K, FlAE#H B G N ET PCBN 54 oyt £
M, AR T H B A R B L BT AT T R LR A ke 4 B ] A 4 PCBN B 45 R M e
WEMAE, SREN . A4 PCBN REABRET IR AWHEREREE ) . H AR RE R
Al s E AR LI AT .Y E A A 9GPa B E K 1700 °CHn ke 4 it 18 h 240 s B, 8 & Be 4
132 ty 4 PCBN Je 25 (R A & P al o fh , B #E I F 10200, 50 38 E H 2. 52 GPa,

FEER . T AAH (cBN) ;4 PCBN 08 4 1K 5 & K 5 08 5 i B8 M 5 40 & 8 )%

RESES. 0521.2;0521.9;TG74 X EkARIZAD . A

B4 ST EALT (Polycrystalline Cubic Boron Nitride, PCBN) & 20 28 70 4E{CH) & Jé 3k 1 —
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Table 1 Design of the sintering experiment and measurement results of sintered pure PCBN samples

No. p/GPa T/°C t/s Q S/GPa No. p/GPa T/°C t/s Q S/GPa
1 9 1500 240 4560 1. 46 6 9 1700 270 9620 2.46
2 9 1600 240 5390 1.68 7 6 1700 240 1030 0.95
3 9 1800 240 8370 2.41 8 7 1700 240 4760 1.78
4 9 1700 180 5050 1. 55 9 8 1700 240 7570 2.36
5 9 1700 210 6390 1.68 10 9 1700 240 10200 2.52

2 XWHER5ITR

2.1 WREREXT4 PCBN K45 AR 45 40 5 4 88 40 %5 i

1N BNREN 10 pm W, 7N R B4 2545 T i #5 B9 26 PCBN R4S R PERE I 145 R . sk 1 T
WLAERREE R J10 9 GPa RE4h I A2 240 s AN R BE 45 W B2 A5 18 T, 2l PCBN B8 25 14 1 14 16 Bt & 1L B2 119
T e T m R REAR OB 1), MBesbiiE R 1700 CHEL10 5B 250 & i M B R £, JLES#E L ol 10 200,
PURGRE D 2,52 GPa, B #E— L TH R PCBN B4R A PERE ST T [ . IR EZ 8 1500 CHY L1 54
st P9 P BB 5 M1, B 6 LU T R 5 B 43 3011 4 560 1 1. 46 GPa, 5 10 S4F 5 AH LE , LI A LR BT s 5 2
Iy BIFEAR T 55. 3008 42, 106, X2 2 He 45 il B i AR I . o BN ok 280 A I A 843 - BN b KL [8] A
Gy 7 ARG BB EE A b U JORLTE SR AR FT UL L DT BE 25 PR M RE S 22 I 2 () B . A B IS
B bea iR AR I BN S KL AL R 28V Y 58 2 o o R 1 B4 T 66 b THD 22 18] cBN-cBN B 4%
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Fig.1 Wear ratio and compressive strength of sintered pure PCBN samples at different sintering temperatures
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Fig. 2 SEM images of the pure PCBN sintered bodies at different temperatures: (a) 1500 “C ,(b) 1700 C

2.2 JRESETE)XY 4L PCBN K58 45 4R i1 45 40 5 1 BE 0 S i

Bl 345 Th4E T8 9 GPa ka4 it
JEN 1700 C AN R b8 45 B 0] 4% 140 b 25 4l
PCBN ¥ i 1 i 5 1 b He o8 B2 i A8 4k . A
3 W] LAt BE A& Be 25 I [E) AN 180 s 3
F| 240 s, 4l PCBN BeZ5 & 1 B #E L iy 5 050
HEME] 10 200, #5249 102, 0% ; P HE 58 B M
1.55 GPa #6 % 2. 52 GPa, 425 T 4 62. 6%,
2 Ji Wil A e 45 e ] 1Y) SE 4K, 4l PCBN % 45 {&
A MERE BT T R . R IR 2 B A B 4 B ) Yy
FEAS , cBN bz 98 M3 36 58 3, BN R[]
BB 4SS 1 %2, fff PCBN b8 45 A i1 it J3 ok
FIHT R B8 B4 i, 40 P 4 Ca) L 4 (b)) FIF s 5
B B2 45 i [ 35k K I, cBN s 38 5o 8] 42 - 4%
Al Kl PCBN B8 25 (4 (1 Pk B8 T [

11 000 - 2.6
—=— Wear ratio
10 000 E —*— Compressive strength {24 £
<
2000 {22 &
] )
g 8000 8
= 12.0 v
= 7000 2
11.8 g
6000 | g
. 4116 ©
5000 =
. ) L ' L 1.4
180 200 220 240 260 280

Sintering time/s

&l 3 R[EIGEEE AT BT 453 41 PCBN K45 7k 1) J5 #E L
FbT He o B
Fig. 3 Wear ratio and compressive strength of sintered pure

PCBN samples at different sintering times
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Fig.4 SEM images of the pure PCBN sintered bodies at different sintering times: (a) 240 s, (b) 270 s
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Sintering Behavior and Technical Rule of Pure PCBN Synthesized
under High Pressure

DENG Wenli"**,DENG Fuming"*?*,ZHANG Peng"**,ZHOU Leilei""***,
XI Peiyao'**,MA Xiangdong'**

(1. Institute of Superhard Cutting Tool Materials ,China University of Mining
and Technology (Beijing) ,Beijing 100083 ,China;
2. Research Center of High Pressure Materials ,China University of Mining
and Technology (Beijing) , Beijing 100083 ,China;
3. Jiaozuo Tianbao Huanxiang Machinery Technology Co. Ltd. ,Jiaozuo 454150,China)

Abstract: In the present work, pure polycrystalline cubic boron nitride (PCBN) sintered bodies were
synthesized under different high pressure sintering conditions using 10 pm-sized ¢BN grains. The micro-
structure of the sintered pure PCBN bodies were investigated using the scanning electron microscope
(SEM) and X-ray diffractomer (XRD). The wear ratio and compressive strength of the sintered pure
PCBN bodies were tested,and the effects of the sintering pressure, temperature and holding time on
the microstructure and properties of sintered pure PCBN bodies were examined. The results show that
the factors exerting the most significant influence on the properties of the sintered samples are the
pressure,the sintering temperature and the holding time,in order of their degrees of influence. When
they are 9 GPa,1700 ‘C and 240 s,respectively,the optimal properties of the pure PCBN are achieved,
i. e. with the wear ratio as 10 200 and the compressive stress as 2. 52 GPa.

Keywords: cubic boron nitride (¢BN) ;sintered pure PCBN body; high pressure and high temperature;

wear ratio;compressive strength
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Table 1 Experiment results of the detonation velocity

No. L/mm d/mm w/%  D'/(mess ') No. L/mm d/mm w/ % D'/(m=+s )
1 200 20 0 3015 4 200 20 10.0 2158
2 200 20 5.0 2460 5 200 20 12.5 2016
3 200 20 7.5 2278 6 200 20 15.0 1832

V5 TC B T ) 24 0 D01 2 AR R 5 A 2 o el T AR AR B A 2 AT L T S R K 24 A 2
0.9 g/cm®  ARIAM & B R AKEZG BB 2R 400 g, 424 5 8 5 EAR YOI A 2 e M 1 2 B
P28 1 T g 4, WP 3 B AR D S e dp 2G AE A TR A R R A R A I A Bl e s e, i T
I 20 1 A A D B 22 U A% 1 o AR AR 02 B L R TR P 1 A% 9 1 L PRI bR 5 A A b e AR R H
SR Y M U AN 23 L AT U b AR B e S R

—10 pm——

B2 9K AR B 1 4 B 3 R ST
Fig. 2 SEM image of nano aluminum powders Fig. 3 Experiment field of explosive sintering

2 ZWHERDWH

P 4 Dhy 3 o gk K B 245 P A5 S ) A S e 45 MR O 0 B o Pl P 4 RO, S K20 D 3015 m/s i
K 24 ik 1 gk v o 0 B i DR 0 S A T S BB L B AN TR TR A B 2 B B A A 0 2 R AR
2460 m/s iF B A B R B R HEA SE AR A S A B D B A R T i A B A 1D 2 L R
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Fig.4 Initial aluminium bar of explosive sintering
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1 4 AR S S B 5 B . B S Ca) AT, R R 2 278 m/s B, BE 4G AR B RO AR AE B I Y TR
T G5 HE Sk g LA e D308 43 U 36 T ol RIS, 3R B I I 28 i R O s . ST 4 (b)Y 2460 m/s 5
T RREAS AR R AR L, AR O X BRI B PR R AT UL B AL A e Y S SR AR B Sk B L
o S S AS o X380 A T A ) B A S R B . YR 2SR R 2158 m/s B, B 5 () AT, HG X
119 24 50 55 5 R i B SE AT 2K B A 23 43 UKL & A AT SR I G A, FEAS R R T B 19 4 K IO 5 4
RN 2016 m/s B B 5Co) Ha] DUWLESE D 09 8 1k e, KB B T 2R e i R IC L SR N IR AE TR
i AR e A R S B AL L S BORRSE MY R R 2 S R ARG A 1 9 R A A AT
O] 4 TR A TORG 200 TR RO S A v AR BRI A BR A R AE 7P R HVS-000Z 7Y i f A
FETHI S AR AT R AR B B ARG B R (H,) . 2RS40 HV0.5/10, % & 4 A B s i
AWk 0.5 mm, FEIE 31 A4S A N 15 mom . 5 A5 21 05 KE Be 4 10 B0 A 1 B AR Ak il £k L n &) 6 BT
AN o AT LLFE H BB 45 AR A 4 [ R B SR 5] 1. 2 GPa, 29 045 88 T il & 2l 45 4 [CRE BE 1 4 175, 2 1
PR VR LE T 2007 LU 2 B SO0 R R 20 K 5 S8 0 o L 48 20 OKObE Rk v 16 85 9 RPAIE
£2 TRBETRERERENEENTLE

Table 2 Density and dense degree of sintered aluminum bar with different explosive velocities

w/% D'/(me+s ') p/(g+cm ®) Densedegree/% || w/% D'/(m=+s ') p/(g+cm ®) Dense degree/%
7.5 2278 2.671 98.9 12.5 2016 2.652 98.2
10.0 2158 2.692 99.7
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Fig. 6 Measurements of Vickers hardness
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Influence of Detonation Velocity on Sintering Performance of

Nano-Aluminum Powders

SANG Shengjun',GUO Haozhe',LI Bin', WANG Yongxu',
WANG Zhiping”, XIE Lifeng'

(1. School o f Chemical Engineering s Nanjing University of Science and Technology ,
Nanjing 210094 ,China;
2.Siping GaoSiDa Nanometer Materials Equipment Co. Ltd. ,Siping 136001 ,China)

Abstract ; An aluminum bar with a dense degree of over 98% was fabricated using nano-aluminum powders in
an improved sintering device capable of pressure relief to study the sintering molding of nanometer metal
powders, First, the performance of the sintering aluminum bar at different detonation velocities were obtained
by adjusting the ratio of the ammonium nitrate explosive to the wood powder. Then the microstructures of the
aluminum bars were observed using metallurgical microscopy,and such mechanical properties as the density
and hardness were measured. The results show that the Mach-hole can be reduced by reducing the detonation
velocity. However, the excessively low detonation velocity decreases the mechanical properties such as the
density and the hardness. Moreover, the sintering aluminum bar that is free from any Mach-hole, of higher
hardness, higher dense degree and finer grain size can be fabricated from nano-aluminum powers whose
detonation velocity reaches 2158 m/s.

Keywords: explosive sintering;nano-aluminum powers;detonation velocity; Mach-hole
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Fig. 3 Magnetic hysteresis loop of detonation products
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Detonation Synthesis of Ferrous Oxide Doped Silica Coated
Iron Nanoparticles

WANG Xiaohong, KONG Lingjie, YAN Honghao

(State Key Laboratory of Structural Analysis for Industrial Equipment ,
Dalian University of Technology ,Dalian 116024 ,China)

Abstract; In present experiments,nitrate salts,sodium silicate,anhydrous ethanol and RDX were mixed
with a certain proportion,and the detonation synthesis of FeO doped silica coating iron nano particles
was completed in a closed container with argon as the protection gas. The composition, morphology
and magnetic properties of the detonation products were tested by XRD (X-Ray Diffraction), TEM
(Transmission Electron Microscope) and VSM (Vibrating Sample Magnetometer), respectively.
Experimental results indicate that the metal particles are the core of the detonation products,and the
silicon dioxide is the coating of the shell/core structure with the particle size of about 60 nm. And the
analysis of the magnetic curve shows that the detonation products present weak ferromagnetism.high
remanence and coercivity at room temperature, which should be regarded as an excellent magnetic
storage material.

Keywords: detonation synthesis;silica coated;ferrous oxide doped; magnetic storage material

023402-5



%32% 456 M mOE ¥ O % i) Vol. 32, No. 6
2018 4F 12 H CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Dec. , 2018

DOI: 10. 11858/ gywlxb. 20180562

IHERSHEBREZARAKRGRE

EEHFRANEEE, TR A

(REMTR¥PLEN¥ER LT RE 116024

X4

MEXHAAHBZE. ULRAR AAREHEIS N ERRIHARTLETBRA
253.857 m’/g M IR R B A0 K AR, b RORL B BT B S I JU B R 4k o oo MR RO B B R R
WL, 60~140 CZ I , N E SR> BIEHREL T R E =%, XBREFWHATT
XRD.TEM #1 BET #/ % M 528 A R EXA. W XRD E &7 2B AR, "W E W EA A £
AR 1 B B R R R E AR A 2 PR 4tk B AR b 253,857 m® /g, FLAEAR 0. 940 em?®/ g,
FHIAEN 2,731 nm RM-BLH A EH R RA Y H3 AL &M EE N FAERT L RN
BREN;BREFPLHETRRA.EARBNRME S, IEET RAMHEXASKEE, Tk
FRMERREENERAGEAT . B TRELTTEEA TERRAKE.

KR AMBERG MRS RERSK LETR

FESES 0389 X EFARIZAD . A

BEE NN T S 5T A 1 — 2B TR B W TS R WLAE [l (30, B 1861 4R Ji Al “7 R Z AL T 4
WFFEN RIFIE 0 AR 1~100 nm PR 5 R HEATHESE , B 2R BI 0K B4R H A — B RS BAT B9
HROE R A BAL EVE BT, i TR AR B R B 22 0T L A TR B ROk 1 R T S A R
TR R G RLAR A8 /0N T R 3 R 5 L T BR R 3 1T RE 0 L B, ol 2 T R RO 2, R
Ji i) PRI e AR 4T 1 J - T BV 22 82 B DT 3R B A AR K i Ak 2 R AR TR . Bt R 2 AR
FAEM 5 N B M R EENITRZ —  BHA spsp” Mosp’ LM Z R0 FHERE, B sp® 1
S ) 1 A AR 1 5 ) S e R A HE ) 1) 4 ST L RGO 3R A M — A T 3R 1 B R AR
A 2% AR PR 5T, I ELT Bk 2% A T Bl 38 A0 RHE AN BT gl & BRI Tl . S5 b AR R R
WX FEAE R B — U R B R = e S WA ik A B R R 2R TR Bk 9 OK R L 4R S
TEEMILZ Z W S5H 5B 5E A AN R BT, FHI 8 2 R B2 28 180 24 i 45 QW 5 08 i i R
R Z2 AR BR AR A5 AATTHE— TR R N o B AR AR R A GE bR AN B Y R4 B9 4 AL 27 1
Bt AEAN R GURFIAT A B2 BN . AR BUTE & A K bR B 7 ik AR 207 (R A A ) A2 B
R ol L, L) A 0 R AN 2 7 W S B L B T R A IR AR LR S A AR A, — e R
BR A 1 2P AR B 5 Ji LA B 45 b AR oK B ) Tl A A 7 o T SO 8 S R a5 g T R R A R
PR BRIR 5 U AR 1 2 A R BORE S AR M i e 1 A5 G o 4 D 3k B9 R O o B 0 KRR AR B T — iR
SR TR AT Y T R R AR AR S s SRR A OB /N A S T A SO R A
] - L R 2 T B A R AR B8 1 9 ik

1 LG EE

BERE AR L B B A Sy KB 10 AR AL 0 o Pl T R R R R R R A R AR T i ) R A
BRAATEAT S T IR S Ry AR B9 TERE A JURR IS Bk 285 i BART A3 A 7 A TR B AR Sy i )

« WFRBHEA: 2018-05-14; & [E HHEH . 2018-06-08
EESTA: HEAKRP¥I4S (11272081,11672067,11672068)
EE® N ZEEH1992—) Lo ot d, FEMNFIHE LA B KM RS, E-mail: 348379150@qq. com
BISEE . ZEHEARA963) B W4, B8, T8N G E LS. E-mail: Lixg@mail. dlut. edu. cn

063401-1



% 6 1 = JiS ) il 2% i o532 %

B R T AT AR A R LRI kB AR AR R IR IR A AR BRIk
SRR SR M UK IE R AR VR A P 32 A i A R R AR S 9T A S ER SR AT N LR
BRAT W Rl i I8 2000 R T ST A AR LI P Uk Sk T Ak g v EL AR e R AR O 2K L b AT T LR 2
TR B BRSNS 5, I A S AR B 5 0 T S

S JFORE Ry s (1) JUBRHE Bk Al iE =95, T
HR—BMEEN KA RAF (2 @i LB Wk
=99.99% JHFEE J1 10 MPa, SRR 8 L, K%K
R BRA L (3) B W E=99. 99 % IR S
10 MPa, SRR 40 L, K% KEFSARA BRA A,

SLIGAE AR S T R AR P AT K
1 m R 7.9 LA SMA AR ORI 5 B, 55 i B
FE 150 'C, & mEanE 1 s,

S R ANR < PR R R R FE R SOV AR T 1. Heating systems 2. Explosion gass3. Oil inlet;4. Sealed flange;
ANSHBEE TRV B S BB R EMES 5 Filling ports6. Oil outlet;7. Vacuometer;8. Intake valve;

Z 5 kPa IR £ 400 K, &% 10 min id 5% 9. Vacuum valve;10. Main valve;11. Ignition plug;
SREEREL YRR ERDT G RA—ELH 2 12. Reactor of iron pentacarbonyl

N . . SHBE SN R ER
BRI L I SR A S s TR R 52 L TR R

B AT TR HES I L 96 AGE B 25 25 8 bl Ak s SRS L T IF Fig. 1 Schematic of gaseous detonation tube
55 A U 7= W, 459 3 5% TR SRR G R AR 7 0 Ak 2 S R ORI B A A AR BT AR . TR
&2 5y i PR ERIR LR 1,

x1 LTHENITESH

Table 1 Major experimental parameters

Experiment Initial Partial pressure of Partial pressure of Mass of
n(C, Hy) & n(O,)
No. temperature/ K acetylene/kPa oxygen/ kPa Fe, (CO)y /g
1 400 41 40 10 0.5
2 400 31 45 15 0.5
3 400 2+ 1 40 20 0.5
4 400 3: 1] 60 20 0.5

2 AmE_HSRHNRSHRN

HE SCHR[ 14 TR, JUBREE e T 28 A0 R S IR E 100~ 120 °C B 43 fife SRy B 4k L R — 4
et ;s TEA HLAERIAEAE T T 60 “C o fiff it B0 LR 1 B BE =4k BIAT 0T 5 gy iy =X
FE T2 AP (100~120 °C)
Fe, (CO)y =—=Fe(CO); + +4CO4 + Fe ¢))

TEAHLE I (60 C)H
3Fe, (CO)y == 3Fe(CO); A + Fe; (CO) 4, (2)
ML TE 125 °C TR R 4 41N [R] 5 e A9 U B 3 ik A0 A 0 il I 07 SI2 36 o ARG 502 LB 3 Ak 1) B A I
R, BRI G RN T < AE T I N S B — R U I T L2 2 —0. 97 MPas Ik
A JUBRIE TR R N RS E 125 C IR L BERE 10 min i0 R ELAS A0 EL . T M LE 3 W EOR A AL,
IR LRI B 2 24 SE HE 19 2 10 B % 2.
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Table 2 Various parameters in the experiment of nonacarbonyldiiron decomposition

Experiment No.  Mass of Fe, (CO),/g Initial reading/kPa Final reading/kPa Pressure change Ap,/kPa

1 2 2.00 4.11 2.11
2 4 2.00 6.29 4.29
3 8 2.00 10. 52 8.52
4 12 2.00 14. 44 12. 44

A 0] S G 4 R AT T LU B A LS LR TR AE 125 °C A i SO T 4% (2) AU
£ A 08 (O SR RIS R AR G I RS FT LA Sk T B o0 g U Bk BRI L BV (2) BEZ S T
BB (1) et o i B 268 S A U CRBILIA ) o L s R AR PR 500 U 3k — Bk 32 24 (2) s
P T R AR (AR TR ), 4R S AR 2 140 °C R BB, b R L = Bk Ak 252 53 i S Ak — Sl Ak
B (- BRIk = BRAEHE A5 140 “CAEIM i) o A AL SR I B OURR 5 8k L T B ROW AMRKAR S 1% (2) ik
A7 AR R =k T (D PR B S A A o AR R TR - (2) UL AE 100 °C RLUTR A2 sl i A — %1
AR HE M 5 IR A TR FE R O WS Gib 5 103 "C 2 A7) o WA TR HE Bk 2 W B 7+ Rk = R MBI A= i 4
KB PR BR T2 S0 AT AOR BRI AL . PG EE AR 100~ 120 °C R T FUBR IR b a7 I, 0B
R A B AR T 2R 28 SOT R SEAR R BRIF IO . bl 7 ORRE BRI SR R [ 2 R R B
R a0 2 3 O AR rP il BE T g R I S TR Ak A o AR R R O TR R O B R A
KR T AR B A0 K Bkt — 2B Bl AR ™ 2R T (DU, d AT WL, (2) SOUBREE — ko il o T
PRAEER R — S Y S 2 P AR B T BE AR T A R 2 SR AR I (FE AT AL R S AR A
kR L RIVE USRI — Bt (1) XA A A i) SRz BT A 19 48 K BRABURE AN 2 i S A R i DLAE 60~
140 °CZ a4 (2) A, v LIA K ESEIG BT 19 125 C ARSI T JLBIHE kA 4z (2) xR A= 43 il B

3 BESHMITERSYRIE

3.1 FHEBERSHNITE

FRRAR S ) -0 BB RF 4 1SS TT TR D RIS Q. RIRRIE py H9TFST 6 R I D 0 150
BEHR T 5 B4 I 3. Ho 46 1 SCI0 M R B0 . 5 PSR B4 2900 /s 3%
I R SR SRR A LA

R3I XHEBRESH

Table 3 Detonation parameters of experiments

Experiment No. Q./(kJ+g ') D/(m=+s ') p1/MPa T/K
1 10. 3 2751. 33 1.43 4295.47
2 10. 6 2799.19 1.79 4498. 55
3 11.2 2874. 60 1.92 4815.61
4 10. 6 2799.19 2.39 4498. 55

3.2 =4 XRD FR1E

X AT T XRD 754 5250, (8] 2 2500 1~ 3250 4 19 XRD B3, o s5286 1,508 2 3 H T Cu
L, Cu B A AR K A=0. 154 06 nm, M L5 3,555 4 T Co #1, Co HEAYHE I K A=0. 178 897 nm,
XN Cu #AES TH A CroMn.Fe,Co Fl Ni X5 KWt B b i 84 Mot 2k
M7 A SR EL R S X G4k, 500t XS 2R Y 0 B K =5 I AE AT S R R 75 5% b, 3 BUAR 98 9 5 5, S X IX 2B T
RN BT e B . TSI 1 RIS 2 A SR A Bk A, Cu S TR B AT S 0GR i -t
FLTLAFESCES 19056 2 (9 XRD B3 f L 78 44°BEE HBE LA 2 — AT 50 iR F T Co #5503,
STy 4 MG T DL R HLAE 43, 5°. 44, 1°HF IR WEEF] y-Fe Fl o-Fe MOAT 5104,
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Intensity

A SRR T T
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3 BT XRD 4347 0 60, 45 K 7 ) 1 35 260)

Sy B a-Fe.y-Fe B . B T 40K 1 kL 0 Fh 2% k3% B2 WU XRD

Z N FEEE T TEM H 202 HIE 50k 3t — 2P Fig. 2 XRD spectrums of detonation products
iff 2 T T 15 1) 2 IR Ao i 4 DK M B L 93 35 7= 0 1) TEM
EMRILE 3.,

K3 EM Y TEM BB
Fig. 3 TEM images of detonation products

TEREE YR TEM BUG T2 AF A — T 2 B Re S AR 1 itk 2 45480, T HL SR B IR L 5 Bk I
AH EE T BERE AN s BE A 7= Wik U2 1 43 W, AR X 4 ZH SIS TEM G b A B0RE W52 31 5] BRR 1 2 60 ik £
RN K URE L 3K S K R 3k 4 20 S v 4R T AR D a1 JUBREE Bk n(Fe, (COD o) /n(Co Hy) =17, 7EBK
TEIBURLA M ) Bk J2 AT SCERIESS 2 A7 88 . 7R JLAL 5230 rh s JUB I 00 i 7 A= I A K BRI 58 24 1 i fb
TR A0 TR R B 5 T2 A0 ST T 254 T A v T I 00 2 T 0 7 T 54, L (11D b AR 2R 1 3 AR T
HUG I B A = MAIEKH 0. 248 nm, Z1HE 54 BN TN E = MAIB K 0. 246 nm) 143
FEAT . M0 Rk AT TR L A AR R I 5 AR 2 R X R 1 B I X A AR o L I AR AT LA
WA A AL il . 7R & 3C2-1) A7 75 38 0 2B A DX, A7 4108 8 ] L R B3 4 Xk S A 2 A SR ik 2
BN L .
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% R AR E , RGOS AR IR UL T A THRE B 3000 m/s, £ Hedg #ha o f 34
R (B BE B AE 1773 m/s 245D EECHBR A b B ER T A L% AT
(i) P B 40 K A8 A K, BT DATE 3R AR B AT In A8 i AR B B0 R 5 AR R Al 5 4 R R R T AR 2
B BRI BER B AN SR AR GOK A . FE I 3(2-1) v, AT LU %8 31 itk 90 K A8 Y 4544, i LA ] DA
U0 ) 2 o AE IR O AU B AT AR S 2 o AR DT R AR R B, £ B R R I R VR R
WK R R AOKE .
3.4 =YK BET 547

FEWCEE 7= W 1)k e i e S JR] B 2 SR A B Sl 23 5 R 7 W A s T U, A 0 AR DU R T R A
/Nl TEM G RT DL ™= 47 () L 2 1 AR B R b 3R AR R 9 i B AT B4 i W Be g s 7 i B
A e T B R LB R AR LA R A 1 T 28 25 K DR R LA A T 1 A A TR AR
NMFRATR AT BET Hy B0 AU 7= 4 BEAT T R AE .
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Fig.4 Adsorption-desorption isotherms of product and their corresponding pore size distributions
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1 BTG R AT FF 5 19 bR T FRUBOR (IR 5 b B 8 A o S I L R TR R 600~1100 m* /@)

4 &5
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TR 0 K Al e B 4548, B XRD 1335 23 B 1T 60 7= 4 32 22 HAT A 85 0 A 1] 79 TG 78 T2 Alk .
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Synthesis of Nanocarbon Capsules by Vapor Detonation
of Pentacarbonyl Iron

LI Xueqi, LI Xiaojie, YAN Honghao,
WANG Xiaohong,PAN Xuncen

(Department of Engineering Mechanics s Dalian University
of Technology ,Dalian 116024 ,China)

Abstract ; In this study,the capsular carbon nanomaterials with large specific surface area are synthesized using
gas phase detonation method doped with acetylene gas,oxygen and pentacarbonyl iron. The pre-experimental
of the reaction for the thermal decomposition reaction of carbonyldiiron showed that the iron octacarbonyl
diketones were thermally decomposed according to nine carbonyldiiron decomposed into iron pentacarbonyl
and tricarbonyl dodecylcarbonyl between 60 and 140 ‘C. The morphology and components of the synthesized
nanoparticles were characterized through X-ray diffraction studies, transmission electron microscopy and
physical adsorption instrument analyses. Results showed that the graphite peaks can be clearly observed in
XRD pattern and the product is mainly with a structure that capsular amorphous carbon with thin layer which
has graphitization tendency. The experimental product has a specific surface area of 253. 857 m®/g,a pore
volume of 0. 940 ¢cm®/g and an average pore size of 2. 731 nm, type of the hysteresis loop of the adsorption &
desorption curve is H3. The pore structure is mainly formed by the accumulation of granules and has a large
specific surface area and a strong adsorption capacity. The article confirms that iron is also used as a catalyst.
Acetylene cannot be used to synthesize carbon nanotubes without adding an inert gas as a buffering agent due
to its high detonation velocity.

Keywords : gaseous detonation synthesis;nanomaterials;capsular carbon;specific surface area
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