EOVTE S W HBEERMRIEIRE \Vol.46, No.4
2017 4 4H RARE METAL MATERIALS AND ENGINEERING April 2017

ke 5h A% Mo.C iR EE C/IC E&
R EMIEH

B, BxH , 2 #, BWEFE , SRK

(FRIRY MARGEERXESARRE, WE Kb 410083)

8 ECRABEENNE B C/IC EA M EHEET MooC ittt 43 BT MooC TE UL IR DL B2 45 771 4 RSO e 7 il 58 X6 il & Mo2C
St CIC EAaM B, BT Mo,C titxt C/IC EE MMM AR MR . SRR MMHARES C kN4
B MoC R FE 1 el 3 AN B AL AP ERIRE 20 28 22 #9 MoOs, MoO3iZ i MoO2, MoO, 5 C ML Mo,C:

EHRMNZH ) : LL LICI-KCI AMEF, KBIRJE S 1000 C: Mo,C KLFE C AHRIMEAZ G & Je K At R B A1) Mo,C

IR, JEBESORIR B AR s B AT U TE ) Mo2C J2: Mo,C 55 C A& & RIF, A2p MooC i 72 AL A7 82 AL IR )

SAUAE A R AAOR A 7 B .
K : Mo,C; etk MaEhvk: AL
FEESHES: TB332 XEKARIRAS: A

XEHS: 1002-185X(2017)04-0961-05

W (CICu) B A MR B & 7 3R I B
REAE v S SRR, V2 N T AL
Ko W= 5w, (Hi2, Culs C R,
REFETIARAE B, S8 ES CICu HAH R
Cu s C ARG &2, BRI )2 S
Redii . U M TRESESH RGN, %
SRR A B A 5 RN I B DA ARAIE 13 4% 1 OB s
1T WRIREEMEH T BAMEE. &aEs LM
L f10 JBE 2 B 5 M i 1T Aok 32 B AT TR E AL, KA
EECIC EAMEIS 48 Cu BE, #4461 CIC-Cu B
G MRERTZRG R G PR B EW I B B R
W E S, SRR, RN HLZGAEIFERSESR
C/Cu E &M EHH t A KiE i B,

IbAbh,  #t% JAR I N HE R R E MR CF 28
IR A MR AR 1 55 5 1R, S HE 45
I TE 7 B T S RS Cu & e
EH. NI C 5 Cu sz s R 1 7 %2 X K
PERLR T AT IR 2 St b 2, B AEIR R Cu/C S
FEAL N CIOG I 2 F 5 IR K Culek i 2 A,

zZi LATiR, NTSEHl Cu 5 CIC EEMEIRNES
N 3 TR R, B THXT CIC B A& MR 3EAT IR bk .
Mo K HEMMiEZS Cufa K UFEE M, 35k R
RS S R TR T R SR R, W R S T A

YfsHER: 2016-04-20

S TR AL L WSRO AR R 2 T, R LA
EIREBGER TAE CIC RaMEIEREH &ERZ, A
RESEHL CIC H &M BRI otk

BRI, AWEFR A B, DU BHIR B o IR S
il % Mo,C BEUEMIRES B2 CIC EAHM KL, BT Mo,C (1
T2 AL DL B 6 770 SR R s 2 FEE 6 1) 4% MooC Bk
CIC E & BRI, LIS % CIC-Cu R&H#
KLEL K CIC 5 Cu (R HE32 St B 18 M S 36 L il

1 % W
DL AT AL R AR ES (% 0.45~05 glem®) A

WidlA, 23 CVI (chemical vapour infiltration) 1%
T2HI% %A 1.40 glem® ) CIC E&MEHRE. ¥
CIC AR\ F B J 3R A5 1k AR 5 A BH R B 4 R R L
8 10:1 WLk BIR A3 51 5, R NETZSCH STA409PC
[ A2 A3 A 43 e S Al A BH IR e AP AH R B /C TR &
W AKE I 25 P-4 (DSC-TG) HhiZk, WatiEE =
% 1100 °C, FHi#EZEA 5 Clmin, Ar SR .
43 HILL NaCl. KCI. NaCI-KCl (EE/REE 1:1).
LiCI-KCIl (FE/RKEL 41.2:58.8) RHEFIFF A 10% (i
BOED MERE, REHAES RSN 10 mmX 10
mm X 10 mm [) C/C H &KL (1.4 g/lem®) — [ & T
Wb, R R BL 5 °CImin (35 2 50 5 THE & 900+

EEWE: ExARFIHES (51004117); HEg RSP REREARRIN S %L 0% 4 (20132zts024); g K58 AR E £ 18 5K 8 p s

o S T IR JE <

1EHE B FoCH, £, 1988 4E4&, L, P AEMAKBEERE SRS, W Kb 410083, Hif: 0731-88877700, E-mail:

zhouwenyan4085@126.com



<062 » WA & REAMES T

46 %

1000. 1100 CH-{#i% 60 min # 4 Mo,C &tk C/IC &
SM B K RIGAKU-3014 X S £ A7 58X (XRD)
FAE Mo,C 2t CIC 5 &M KL AH 4514 - ) Quanta
FEG250 147 28 (SEM) WA [ 5 Al i
FIH & ) Mo,C et C/IC EAMEHHITH, M5
BNKEFE CIC A M B4 U Mo,C it 2 1)
TREE,  DLBCASCA [A) 05 1) 4k 22 F0 I B2 RS T 2ot CIC
HEMEHOR A, RS B0 R B %A

2 HFER5R

2.1 Mo,C R M IBFAZR
B 1 BT N R B R B A f AR BR 44 1IC TR B K oK 1)
DSC-TG %k, & 1la fPHER# K TG-DSC HiZkH,
133.4°C Kb (1 W #h e o S Tl BH 2 4 Ok 2 45 WK 1) R
Ri, TG HiZexf M kHEFN 6.64%, Hizil (1) it
HRAS S L R 5.83%4%1T . 233.2 C AL 4
WEXT R TG MR E N 4.87%, 53 (2) A
BHR e 7y 8 9 VU BH IR 2 5 A2 A NH Al HL0 3818 2k B
2R 5.26% 21T . 329.4 CAb IR # UG XS B TG il 26 1 2k
HAER 6.91%, 5 (3) FrnlUHIRE 7N MoO;
IR NH3 A HL0 (7 1 26 8 2 7.36%4%32 0, Bl E
3 RN B KEFN 18.42%, SR RN
MoO; [ IR H % 18.45% (/N A 5 T B BUA% 250
Gt — AR, i3k — 0 UF S EH R 2 43 AR 1K 7= 90 2 MoOs.
785.2 C AW HIE B2 MoOg [HA &5 (795°C) HLXF M
) TG HIZE L B R E, KN MoOs KA LT EL
977.9 CAEWL UGN R TG il £k 2R R B H Uk B
SEOR R E IR 90%LA b, BT MoO; 5 THE,
I e Ab U4 TT RE H Mo O I 2 78 Kk B .
(NH4)§M07024 4H,0 — (NH4)gM0702,+4H,0 (1)
4(NH,)sM070,,—7(NH,),M0,013+10NH;+5H,0 (2)
(NH4),M0,013— 4M00O3+2NHz+H,0 (3)
1b fhiHRRHZ/C VR &k A 1 DSC-TG i 2+, DSC
M2k 133.8 F1322.8 ‘CALAFAAE B B B ki, 7F 230 C
MHEAELE L AN E R i,  H 3 b #g s b TG i
LMREESN SR la AL D EAE R T SON 2
(1)~(3), Bl C MIAFAERS, FhEHmRE TN & 57 i~ MoOj3.
TG iz 335~692 CAETE—ANHERIIREEH, 1M
DSC HliZkrh 690 °C Pt r A7 75 — ok 55 R A, o i 52 4k
LT, 928.1 CALH AR B R g, TG Hhzk 28] W
S, HESCHER[TIRTAN, 690 °C MR Hg f 4> MosO
B C B JH N MoO, LA K MoOg3 #7348 K i 51 ke, 928.1 °C
AL A H 38 4% MoOs i C B 5N MoO, P K. MoO, 5
C RN Mo,C Frsle. mA ek, Aszig
il Mo,C [ SATLEE Ay BRI B i o I A 4020 o0 filk

AL MoOs (3 (1)~ (3)), BiJ5 MoO; # C I8 Jii 4 MoO,
(X (4), HJG Mo0, 5 C AR Mo,C (X (5)):
Mo0O3+C—Mo00,+CO (4)
Mo00O,+2C—Mo0,C+2CO (5)
2.2 IBEFIERRITHIE Mo,C &1 C/IC EAMRIEIR T
& 1 T8 R F A [R5 770 F0 57 i FE 1] 26 Mo,C el
PE CIC B A M EH SIS S5 . &m0, LA —[f NaCl
B KCI A&7, B S S FE T+ s N R BE I3,
HIEE 2 1100 CHEANEEMKRIA/NT 5 mm, BTG
L5 4BiE; L NaCl-KCI B & & IR, 1100 C
A58 B g, BIVIR A B LR R THRT 3R A5 58 RE Y
Mo,C JZ; 1fii LA LiCI-KCI VA& £ AIE RIS, RBRE A
900 CHf Mo,C =iyt 5 MRk e 1 (1) #E B B ik 3 mm,
1000 °CHf BRI AT 7ETRAAR P SR FLER R M SRAFIE L . SE 21
Mo,C Bttt 7o DA 45 BEmT MR 7 (1 mURDRY B2 DA K S
L) 53 < AE I 70 T R A RE A LA 7 TH R AT 40 A
LiCI-KCI (/K EL 41.2:58.8) . NaCI-KCI (BE/REE 1:1)
()4t IR EE 23 A 352, 657 “C, KCI il NaCl %
358 7704 801 “C, B LiCI-KCI B & 15 £k R (145
Ao KA [ SORERLE R LICI-KC 4 A (R R FE SR A
& YRR A BEER D3/, B FIT MoO, 4 FEMS A i
WAL, 8 MoO, 73145 C [ Mg 24 1. 4,
A5 Rl 8 (R RS BE A S 3 A R T ) CIC EA M BN
Hi5i%E, IR A LiCI-KCI AR 5 T7E CIC HA41

BN R IRIFIES:, 5220 Mo,C a2 .
100 4
L a
977.9°C .
8o} _J3 o
X -
5 12 2
8 60 r g
P 12
@ 40 bsc I
= 785.2°C 10 §
20t 233.2°C T
339.4°C
11
olzeasg ) ) ) \
200 400 600 800 1000
100 bli6
0 T — 11,
g 2 E
S w0 s 2
8 928.1 °C =
= 70 16 o
psc /3228°C 14 8
60 2300°C lp T
138°C . . . ~Jo
200 400 600 800 1000

Temperature/°C

Bl 1 AP EHER S AN f AH R 2 /C VR & K ¥ DSC-TG i 2%

Fig.1 DSC-TG curves of ammonium paramolybdate (a)

and ammonium paramolybdate/C mixture (b)
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Table 1 Depth of penetration of the Mo,C modified C/C
composite prepared with different flux at different
temperatures (mm)

Flux 900 C 1000 C 1100 C

NaCl ~0.5 ~1 ~1.5

KCI ~1 ~15 ~2.5
NaCl-KCl ~2 ~3.5 Complete penetration
LiCI-KClI  ~3.5 Complete penetration Complete penetration
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Fig.2 XRD patterns of cross section for Mo,C-modified C/C

composite prepared at different temperatures
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Fig.3 Surface morphologies of Mo,C layers prepared at different
temperatures: (a) 900 C and (b) 1000 C
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Fig.4 Cross-sectional morphologies of Mo,C layers prepared at
different temperatures: (a) 1000 ‘C and (b) 1100 C
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Pyrolytic carbon

K5 Mo,C itk CIC E&#EHY TEM K8 J SAED FEkt
Fig.5 TEM images and SAED patterns of the Mo,C-modified C/C composite: (a) low magnification image of the Mo,C/C interface,
(b) HRTEM image of the Mo,C/C interface, and (c) HRTEM image of square area in Fig.5a
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Fig.6 Raman spectra of the PyC in C/C composite before and

after modification with MoC interlayer
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Table 2 Fitting results of the Raman spectra of the PyC in

C/C composite before and after Mo,C modification

le/lp FWHMg/cm®  FWHMp/cm™
PyC-I 0.7361 27.33 78.76
PyC-A 0.5871 39.82 88.40
PyC-P 0.3774 83.03 110.23
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Fabrication of Mo,C Interlayer Modified Low-Density C/C Composite by a Molten Salt
Method and Its Mechanism

Zhou Wenyan, Yi Maozhong, Peng Ke, Ran Liping, Ge Yicheng
(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Low-density C/C composite was modified with Mo,C interlayers through a molten salt method. The formation mechanism of
Mo,C layers was analyzed; the effects of flux composition and reaction temperature on the fabrication of Mo,C interlayers were studied;
the influence of Mo,C-modification on the microstructure of C/C composite was also observed. Results show that the reaction between
ammonium paramolybdate and C for the formation of Mo,C layers mainly consists of three steps: decomposition from ammonium
paramolybdate to MoOs3, reduction of MoO3to MoO,, and carbonization of MoO, to Mo,C. The appropriate flux is LiCI-KCI and the
suitable reaction temperature is 1000 <C according to the experimental results. Flower-like Mo,C layers are formed and then continuous
Mo,C layer covers the surface of C phase with the increase of reaction time and temperature. The Mo,C/C interface shows good bonding
state. The pyrolytic carbon phase near the interface exhibits high order degree as a result of catalytic graphitization and stress
graphitization. Modification of Mo,C interlayer for the C/C composite can facilitate the infiltration of Cu and its joining with Cu.

Key words: Mo,C interlayers; modification; molten salt method; formation mechanism
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