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Abstract

As an important ultra-high temperature ceramics (UHTCs), HfC ceramics have been considered to
be one of the most promising materials for the application in aerospace. A precursor for HfC ce-
ramic was prepared by using hafnium tetrachloride, methanol, acetylacetone, and 1,4-butanediol
as raw materials. The composition, structure and pyrolysis process of the obtained precursor was
investigated by elemental analysis, Fourier transform infrared (FTIR), XPS and TG-MS. The results
show that, the precursor mainly contains Hf, C, O, Cl, with a linear structure of Hf-O-C. The compo-
sition, structure and properties of the pyrolysis products were analyzed by elemental analysis,
XRD and SEM. It is found that hafnia still remain in the products after being treated at 1600°C in
argon. In addition, the carbothermal reduction had started at 1200°C, and only HfC existed after
the heat treatment of 1600°C in vacuum.
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HEks EHEETAEERIT TRIE. ERRP: LREEESHFHL C. 0. CUTR, HEKUHF-0-C
BEERMEE. ELISEFRIBENN, AREN/NTFEE. BIRHATESH. XRD. SEM
SN B E R S S REET T RIE . &R TP : ArSE T 1600 °C A E G =Y FAEE AL A,
HEFEZMBT1200CHEABIERE, 1600°CHAHEF RARLBREM.
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1. 5I8

CIC & MAEMEM A R R, (AN ELPEREE %, CISIC S & MELEA %A, PrElk, P
PEREAR SR 5, (EL 2 ot v 1 FH IR B ANl 2000°C [1] [2]. BRIk AEAE 2000°C LA_F 87 F i s Aok 5|
T RGP, U TiB,. ZrB,. TaB,. HfB,. TiC. TaC. ZrC. NbC fll HfC %%, M., HfC#A5 N
3890°C, AA MM, mA SRR, mSHE, WKAKBEM LR, iR N IHEMMY HfO, A = R,
RE T LB RS 23] [4] [5], BB RIFMERPUAMIERE, Rt s AR 7t i — A B 27 [ .

HfC il & L2 FEZANFTARTINELS] A URBIE . 5 THHRE. BOH e IR A%
ARG IRAARVE R & HIC M & B LA . & RGRBEAC. &M, BT HfC FERAE/N, T HiZ
T AT @R SR SR AT 2Tt % T AL RORI 45 ) ) R B 2 A B R U I S S AR, A
MR MR S AR BT BT R P RE (7], BRI, Ja Rk AAydsie —Fibl EL I g i 4% 777 8] BN G T
SORAREE AL IR 4% HIC B B AR FRAE AR 8D . Michael 25 [9]% FH 2L Tk 74 i %ot 44 F I 6 144 AT 38 3 i o7
BAR, FEOONBRIE, 75— MR & PH (40 NS DU TRER 0 mT 357K, 1l 4% 1 VA HIC JLIRIA R4S
At o 1ZITIENT LATE 1500°C 58 Mk AOE S5, (H-A B IS iR Ho P &bk & B . Cai 5 [10]H %K S
R AES , Wyl R s, AR, SRk e 45 1 45 15 1) HIB/HFC/SIC/SE IR, 22 1500°C #fi# 5 51 HfB,/HFC/SIC/C
SHME, ZTET R OB AR SR AE T VR T MR AR IR . Lu [11155 K F O HT IR (A 5 4x
A B TR e S (PAS) S & 1 A BT B4R LS5 ¥y . Cheng S5[12]H HfCl, 5XUEE, —HE
HEkIZ, ST HEC(N) M B 5E Bk 1A, 248 1500°Cledtif3 3 HIC(N)B RS, FRRE™ % 44.6 wt%, (H 2%k
LKAEMLZRFZ], RAR . &5, MNTAEG T, SRR AR ST 7 SEAR R R R 45 15 BBk
BRWE RS o AH[R]IN AR AE S O AR SR RS, AN G ], A AR 5 e DA B B R P 1 B e A 1
R, b B AR TR iR A A T B

ACANEA S . CBEAEE . WEE. 1,4-T ZBENERIES R T HIC Pgiesiikik, s HAp. ikt
1717 RAE. BRI A e il & 7 HIC M &, WIFT BR84Sk S51kRE. e gk
HAGI& LEWER, EEHEE . RABIKMI A, ERGYRBTIG L 26 &8 mih g5 82 560
BE AR 4 0 B R 5

2. Rk
2.1, SCIGJER
SRS (HTCL,), 4 >98%, T RMALEIRAR . ZWEPINI(CsHsO,) (Hacac), ikl s micil 2
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RAVER AT, 4 >99.5%. FEE(CHOH), o#ral, E 25482 R_FERA R . 1,4-T - (C4Hg0,),
i > 98%, BEAE( LTI AIRAT . W (CgHw) 4 > 99.0%, [ 24 HE R4 R A
Fl. TUEMRM(CHgO) 4l E >99.0%, [ 255 RFH R A .

2.2. HfC IR RIS R

# 32 g (0.1 mol)f¥y HFCI, £ 12 g (0.24 mol) Z. Bt A BRI B, Z iR 1 he B 60 mL (i
B EEGAER), SONH/N S ER I 4.5 g (0.1 mol)f 1,4- 7 B, Hn#AE] 60°C Il 2 h 45 ) 2048 {0 i
A HFC SEIRARVEW, FEXT e BRI VRMGIEAT 70°C 20245 TR BIR 4 (0 HFC S5 IR{A & 44 PHCO.

2.3. HfC [ &RIHI&

H [ A S k4R PHCO 72 Ar U R, BL 10°C/min (#1385 FHiE 25 1000°C 15 2 #4 /% 5 1 i % PHCO-1000,
F¥% PHCO-1000 7E G/ SR B B 25 2644 R BL 10°C/min (138 24 H FHE % 1200°C, 1400°C, 1600°C,
RIR 1 h, 3 BIGR T A FR B B 3 B % =) . PHCO-1200, PHCO-1400 #1 PHCO-1600, LA
AT HRMHE P& =Y. PHCO-1200-V, PHCO-1400-V fll PHCO-1600-V.

2.4. PR SRAE

SEIRAR I LL A% K% FH PerkinElmer /A & f#) Spectrum Frontier £L 40 % iEAS3EAT I &, % H 1R 4k 4% (KBr)
JE A9, IV Bl 400~4000 cm™t. XPS & Thermo SCIENTIFIC ESCALAB 250Xi Jt; B T-AE Al
IFER I XPS BB, X HHZRIEN Al Ko £2(1361 eV), {X# 755N 0.6 eV. SLIRIRT) TG-MS B Hrh
TGA % i [ 2 5 337 i 88 /3 7] 42 72 ) SETARAM SETSYS Evolution 16/18 L[] 35 /0 Hr A 4T I & o
MARTE Ar SUGRY Fitk4r, IEEEVEHE N EIR~1500C, JHE#EZE N 10°C/min, TGA HI73#:% 4 0.03 pg.
S ORISR =4 (1) XRD 43 B K FH A2 [ Bruker AXS /A 7] D8Advance % X- 5 287 5 A I &, % FLE 40 KV,
Cu ¥E(A = 0.154 nm), WEIEHE 20 = 10°~90°. KH EMIA-320V2 BUER 7 (G & C R &8, KH
EMGA-820 BUEE 0 I & O JLR & & . ICP-AES e ikt HE TR & &, FEMR RS
F12%E FEI Quanta 200 B 414 Fo 7 AR 2E 47 R AL

3. B{R5WL
3.1. FERFREMRS I RS

SRR IEIR, HOMANYE HICL, RE G S FRAIRN, LM i B ki o &0, il
SEME. FIMANFE, PR SEECONRTFAR S5, BN T 8, WAOEREFEEUES
A, G EIJeIRA PHCO, ZBEENLAES G 7 N S5lCh, T Z MR EL T B2 il 5 AN A IE .

SIS TR, I TEE, PR EARIF . JeiRkgE Ml T C-C, C-O 4hEEE HF-0-C. M
7 1 22 HfC SRk PHCO F 2o & IS & i 250 205 il 21.58%, 12.16%, 40.3%. f£ 180°CHAbHE 5
(I IRAA ) XPS (& 1) Al LLE R Hf. C. O. Cl flg, WA RTS4A C. O, Hf. Cl
TR SIS Cl u Rl T T HICL, | Cl A e & B i, Sk H-Cl 7248,

KL AMEERAE T HIC JaiR ik K A R N #HUb B 5 g5 an i€ 2 Bior, 437108 PHCO Jeikik 5
S B AR 4 1% 180°C . 350°C. 600°C. 800°CAbHE /& HIAE M. PHCO AiT 3347 cm ALK YiI& 2 -OH )
I, 1580 cm™t. 1539 cm P IHJE T Z. Wk T ) C=0. C=C, i8] ZBEPIMR 545 5407 M. 7T
938 cm ™ [{li% Ay C-O-Hf () C-O &, 47T 655 cm ', 573 cm & T Hf-O #&. Wit ZLAhEIRE o] & SR i
R ZBER BRI, B S C-O-Hf 8. %45 A R TRAGE JF SN . BEE IR = %) 180°C
ZEE R BE— 5 SH A . 1) 350°CHT 1580 em ™ 247 1 LB C=0 W2k, A N—AN%E ) C=C I&, [{

DOI: 10.12677/ms.2017.78094 718 PR R


https://doi.org/10.12677/ms.2017.78094

FKANHE 45

Table 1. Chemical composition of the precursor PHCO
F* L HC AR AMTRERREE

Chemical composition (wt %)

Sample

C 0O Hf
Precursors PHCO 21.58 12.16 40.3
PHCO-180 Ols
Hf-l(l5 2 o
Hf4d, l Hf4f
512

3 \
E
e
é
&
= W
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B.E.(ev)

Figure 1. XPS pectrum of precursor PHCO

[& 1. PHCO HJ XPS i

PHCO-800
PHCO-600

Absorbance

n 1 " 1 n 1 " 1 n I " I " 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm™

Figure 2. FT-IR spectra of precursor PHCO treated at high

temperatures
2. AEIEEAIBER HC SLIRINEY FT-IR Hitt

i 47T 655 cm '\ 573 cm () Hf-O S IEAR S5 T, Ui B A HLo T 7E R E bR b B T B A % [13],
B R A T IR RRAL . Je IR gk R 43 800°C A HLZHT 54k N TEHLES o

P 3 & HIC Je kK[t TG-MS k. HFC SE3X{k 1500°C ()M %7 3 N 43.23 wt%. 30°C~300°C, £/
Iy FEMRK(MIZ = 18). HEA(mM/z = 61). PYERKIE(m/z = T1) &AL (miz = 36) U, 2k K% 33%. N
P 0T U SR g 43 ) o £ T R P AR TR T B R A o0 e, A fd sl an 1] 4 s 255 41 4ME h 350°C LTk
PR PR AR D AT SR AR B 2 0 B R P R A e A it R AR S A Bk . 300°C~700°C IX 1] Py EZEA /K
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Figure 3. TG-MS curves of precursor PHCO
[ 3. %cUE{k PHCO B TG-MS Hi%k

o) 61

.....

Figure 4. Structure of precursor PHCO and
of its related decomposition products

[& 4. 5%IR{k PHCO ZHaF1E DR~ 4)

(m/z=18). Hki(miz=16). A BK(M/z = 44)i&H, KEZ) 16%. 700°C LA FEEIH CO, i, KH
2] 8%, M TG-MS ] JsG iR it F2, 7€ 300°CZ R KE SN TR, &l TAE IR A4S
P BB A AR TR DL /N o TR R H

3.3. HfC iR &R =474

XA RN E A= IR SR RTE ST T 3RAE. & 5(a)8 Ar ST AN FELE A FE 5 P 1)
XRD K. MEHFTLAEH, Seikfdk 1000°C # =4 3= 28 PY 77 A A 55 (t-HTO,) ,  EAMNEAFAER D &= 1)
B A AR (M-HTOy) « MR B S 1200°C I, A =40 (¥ AH 4 BTG B A8 4k, 32 B2 t-HfO,, {H t-HfO,
(U A, oI AN 2 S B R n . ACFRIR T = E) 1400°CHY, P I HC AH, R R HfO,
TR I B R AR R, Bt T N R an A1) B« AbFRIREE A 1600°CHY, PR o # 46 HC,
ShEERE, A AED B m-HfO,.
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Figure 5. XRD patterns of the ceramics treated at high temperatures, (a) for argon atmosphere, (b) for vacuum condition
5. AEIBEREFRIMEE XRD &, (1) E555, b)) E=E&H

HfO, +3C = HfC +2CO (g) (1)

N T RIE S5 R SR 584, K 1000°C #AE S B PP IAE JUS A R IEAT A0, LA SR AN AR A
PALBE S P XRD 118 5(0)Fiw, EA%&ME T 1200°C HAbFE 5 1 M & TG B T HFC 4, 1400°C#4
AbFE IS XRD B AL B AR 25 0 B 2 A B 2R AT A R T B AL R A A T 1, 3R 32 B PR 9 i G i 7= A
1) CO SR S G T S B M A 3047, AR A e o B AL B . 1600°C FAKL IS 1) g e 7
Y HC AH 45 S B

6 ZMYE XRD ATHHE R, 454 Scherrer 243X L = KA/Dcos@ 75 H #A it g e P W AE AN 8] db B 7 0448
FEF HFC P bR~ MR, SEARGHE, B2 AR 1P 35 dokn RST B, mTRE 2
F T B0 25 26 AR B AT T R AL S s HLE S kL %2, (615 SRS S kAL, ATTAS 2 dh R~ %
/N,

X AN [ il B T P TG R A SGHEAT T A, a5 RNk 2 Fos . B4R, PHCO-1600-V, C. O.
Hf & &5 508 4.59%. 1.89%. 93.52%, g/~ iifrfe D&%, 456 XRD 1% & oA A 5 A0 H ik
Ak BA R AR 06 [ v A FE A /D B A% (5 b vt B3 PDF——658751 X 1R), RN =4 h il fE il 45 /b 5 7 S T iR
TEWAL SR g [ 14].

K] 7 RES R AK IR S MR & ) PHCO-1200, PHCO-1400, PHCO-1600 &5 4% 4644 T #Akb 7 [
Zr=4) PHCO-1200-V, PHCO-1400-V, PHCO-1600-V ffJ SEM K. P& PHCO-1200 i b 5). £
B, TR AR H I . PHCO-1400 A A 5 AL B W 2 B F020 5 fe 87 FH 480140 6 220 T ik A B0 TEOHS AR B
PHCO-1600 #fi /%55 PHCO-1400 Jo K KX f R R ~F 9 40 nm~200 nm. 75 55140 1 1 P %8
PHCO-1200-V K A%, FE/NRBR K HBOBRL, 455 XRD HIWriR T ikHAGE IR 2 HF 46,
WAES 58 AR A7 . PHCO-1400-V Ltk PHCO-1400 % 3%, S fL#i/b. PHCO-1600-V k4 5 1) HFC [
BERRA KT 58, K/ 20 nm~100 nm, % B K AR E— s i ad i, B & oM S5 MAFAE AL, {3
AT Ar SR RIR T B E D o b T &R T T — 8. 8RS E RIS, A5
B R R ) 2 e, AEFLRREC S, B KT, (X AR miR e A A T L, R T
B B
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Figure 6. The size of crystal of HfC ceramics treated at high

temperatures (a) for argon atmosphere, (b) for vacuum condition

E 6. MMALELR HICHERKRTER, (@ ESSR,

(b) E=&H

Figure 7. SEM micrographs of ceramics annealed at different temperatures:
(@), (c), (e) for ceramics PHCO-1200, PHCO-1400, PHCO-1600, and (b),
(d), () for ceramics PHCO-1200-V, PHCO-1400-V, PHCO-1600-V
& 7. F& SEM BFH (), (c), (e)4r%I% PHCO-1200, PHCO-1400,
PHCO-1600, (b), (d), ()% %lJ PHCO-1200-V, PHCO-1400-V,
PHCO-1600-V
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Table 2. Chemical composition of ceramics

2. MENWFEER

Chemical composition (wt %)

Samples
c o) Hf st
PHCO-1000 14.18 14.17 71.65 C2.902,Hf
PHCO-1200 11.15 10.68 78.17 C2104sHf
PHCO-1200-V 9.24 8.78 81.98 C170:Hf
PHCO-1400 3.35 3.82 92.83 Co500.4Hf
PHCO-1400-V 4.89 2.77 92.34 Co.003Hf
PHCO-1600 3.58 3.60 92.82 Co.600.4Hf
PHCO-1600-V 4.59 1.89 93.52 Co.7002Hf
4. &g

DAPUSACES . CBENER. FEE. 1,4-T ZEENERMS T HIC M ek PHCO, JLikiArE HRE,
IETEE, DU A IR P AvERE . JoIRR R ES HE. C. O CILFIH Jo&, $n&R FELL C-O-Hf
SERPEG, ARG R TGRSR N, SRR LS ) & IR EA P B . Se IR Ar S50 b EE S 1500°C
(IR BE 7= 2N 43.23 wit%.

1600°CHE/ S AP, IR R FA0 N HEC, TEED R m-HfO,. 1600°C B %5 44+ T #kk
HG, WP A, (B350 EIA REWALES S o HFC P8 R~ KARTE 20 nm~100 nm 1 ]
Mo X TEAART, BRI R RSB, BURMR . 12504 mT T 4% HfC By
B AEOEIS R YIR BAE L 2 H &SRS G MK
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