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Abstract: The Si-Zr-B doped coal-tar pitch was synthesized by co-pyrolysis of xylene soluble pitch, silicon car-
bide precursor, zirconium boride precursor, and zirconium carbide precursor. The pitch-based carbon materials
doped with Si-Zr-B were prepared through co-carbonization, cold moulding and followed by high temperature heat
treatment from the obtained Si-Zr-B doped coal-tar pitch. The phase composition and microstructure of the carbon
materials were characterized by XRD, SEM and EDS. The oxidation behavior of specimens was tested at 1500°C
in static air. The results show that weight loss of the doped carbon materials is increased firstly and then decreased
with the decrease of content of silicon carbide precursor in Si-Zr-B doped coal-tar pitch. The doped carbon materi-
als obtained from Si-Zr-B doped coal-tar pitch, with a mass ratio of the polycarbosilane, zirconium carbide precur-
sor and zirconium boride precursor at 1:2:1, shows an excellent oxidant resistance. After oxidation in air at 1500°C
for 4 h, its weight loss and oxidation depth is 27.5wt% and 0.7 mm, respectively. A dense Si0,-ZrO,-B,0; glassy
oxide layer which formed during oxidation in air can effectively reduce the rate of oxygen diffusion and thus im-

prove the oxidation resistance of the carbon materials derived from the doped coal-tar pitch.
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Table 1 Element contents of Si-Zr-B doped pitch-based
carbon materials

Sample C/wt% Si/wt% Zr/wt% B/wt%
SZBO 100 0 0 0
SZB411 66.3 25.2 7.6 0.9
SZB211 66.9 19.8 11.9 1.4
SZB121 63.5 9.9 23.9 2.7
SZB141 57.8 6.3 30.4 3.5
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Fig. 1 XRD patterns of the doped coal-pitch based carbon
materials after heat-treatment at different temperatures
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Fig. 2 XRD patterns of pitch-based carbon materials doped
with Si-Zr-B
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Fig. 3 Elemental analysis results of the specimen SZB211 after heat-treatment at 1600°C
(a) SEM image of SZB211; (b) Boron, (c) Carbon; (d) Sillion; (¢) Zirconium

DLWLSR 21K & SR Y, 456 EDS M nl 4,
SR B Sis C PR ICER R, T LA HERT
9 SiC @A, e AR AT RE 5 B B A e R SR O
BSI B0 SIC A2 A BL I A 3R i AN s )4 T2,
AR TSI R MBI )24 PERE . Ak, B4
TR B KRE, 454 XRD 1 EDS 1% &l 407 rl 41,
BT RN ZrCy ZrB, F SiC i REAH Rk .
BEE R PZC SR B HIE N, PCS &2 IME
b, v LA A 2RAFE SZB211. SZB121 1 SiC /4
WHCRBHT D, EIRFE SZB141 2 LT3 KL
SiC @i Z. BEAL, 3529000 1 R 3 TR RS FE 5 28 38 K,
TX ] B A H 145 4% 05 7 ik 3 THI B 8 A R J~ 126
BOKFTEL, 1E SZB411 524U 5 /R4 [ A H LR
A B B AR ISR, TTIAE SZB121 th Ca] LAE W &
(1) 1R (B B AR BRI URL . S5 4b, #-0FE (1) EDS
BT, BREM Siv Zr VAN SR ST Si U4 %
159, Zr W ETIE R S, X5 XRD fi7 i W AH X
o (AR O — BT
22 Si-Zr-B#ZhEERMBIERITAS

Bl 5 A 6 SR AR I e 2 T FA T 1) 27
Fr, AT, AR R T K R, P AR R
FME, IRFE SZB411 F1SZB141 Sk with, R ]
WHs, WA TG GE e, (HFE SZB411 Kb
A% AL, PRI B AL MR L. 1 SZB141
AR ECE, NEICIH B AL . A SZB211 Fl
SZB121 WJGHA W4, #HIL T B gk, HabE
At 58 HTAH R, EAFRKZE, SZB211 K EHA
th, BEEACPEE, MAFE SZB121 K IE 2K B A,
M YA HAFAE RS NLI . v, 452500 75 ik
B BEAFC Lot Hoe 4 A P R AT B R

Kl 7 4 Si-Zr-B 524 15 SR MEHE 1500°C (1)
TR AR E R . KRB 20 EH RFE SZBO 1)

Praa Pl Bl 22, AR A 2R T 20 o I ) 1Y) 8 R T
IR, A4k 3 h A, MFERERDIL 98%; 5
SZBO #HLL, 5 A% Fa & AHRE 75 AH [R) A4 I 1] 11 2%
FRI ER/D, HAAAL 10 min N, 54200 & AR R
BRI A IR IS . 1X2 i T-FE SZB411,
SZB141.SZB121 1 SZB211 7% T A[A] b4 (1) SiC.
ZrC F1 ZrB, P %, 1E 1500°C 12 PR AR 1
(I T e R e 2 e 2B LA AR A s
2C (s) + O2(g) —~ 2CO(g) (3)
2SiC (s) + 30,(g) — 2SiO, (s)+2CO(g) (4)
27rC (3) + 30, (g) — 2710, (s)+2CO(g) (5)
271B, (s) + 50, (g) — 2ZrO,(s)+ 2B,05(g) (6)
o [ B (3) o A R T, 1 R N (4)~(6) = F
ARG . BB EA AR 1500 CHAML
10 min i, f SiC. ZrC FI ZrB, P & AH A AL 5 1)
S Ny N R N e R AT Y S NS ETITREW S £2 0N
RIS R R RS LG . Bl AL ) I
AN [F] g 8 AH TG L PR TR 28 B AN [R] 7 A 2R F R,
44k 10 min LLJG, 3kE SZB411.SZB121 A1 SZB141
BT I 28 K E, T SZB211 WIAE4 AL 20 min J5
HILVRE . IbE, 1R 2R bl A A0 I ) (1) 2B K 2%
1R, %46 120 min J5, XHE SZB211 Hil SZB121
AR R TR LA YRR E 2, 704 23.05%A1
27.5%, @iHeEE A (B 5. B 6y AT N, lAf
SZB211 FI SZB121 JE % T Bt ik, B I A7 Al
T MBS L, 6O T R T A
PR, BRI, AR R R, Mk
SZB411 F1 SZB141 [F4Ak 2% B 2 I Bt 25 48 A I 1] 17
GEK LR PRSI, M AL )L F] 180 min JF,
ALK I YEFFAE 53.36%F1 47.61%, W& T
SZB211 F1 SZB121. &5i& 62 nr 4, A4k



gk, A R REHTIRARRC EEXT Si-Zr-B 45 AR5 75 AL B MRHU SR AL P RE 1 5 1

| 2 3
Encrgy [ keV

Kl 4 1600°CHANFRIF B Si-Zr-B B4 15 S5 R SEM HE
Fig. 4 Typical SEM images of pitch-based carbon materials doped with Si-Zr-B after heat-treatment at 1600°C
(a) SZBO; (b,c) SZB411; (d) SZB211; (e.f) SZB121; (g;h) SZB141
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Fig. 5 Optical pictures of pitch-based carbon materials doped

with Si-Zr-B after oxidation at 1500°C for 4 h in air
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Fig. 6 Optical pictures of the transverse section of pitch-
based carbon materials doped with Si-Zr-B after oxidation at

1500°C for 4 h in air
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Fig. 7 Oxidation weight loss curves of pitch-based carbon
materials doped with Si-Zr-B after oxidation at 1500°C in air
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Fig. 8 XRD patterns of pitch-based carbon materials doped
with Si-Zr-B after oxidation at 1500°C for 4 h in air
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Fig. 9 Typical SEM images of pitch-based carbon materials doped with Si-Zr-B after oxidation at 1500°C in air for 4 h
(a) SZB411; (b) SZB211; (c) SZB121; (d) SZB14
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Fig. 10  Cross section linear EDS analysis of pitch-based carbon materials doped with Si-Zr-B after oxidation at 1500°C for 4 h in air
(a) SZB411; (b) SZB211; (c) SZB121; (d) SZB141
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