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Ultra—High Ceramic Matrix Composites Made by Eutectic Method
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Abstract Ultra—high temperature ceramic matrix composites were firstly made by eutectic method. The compos-
ites were made from ZrB, and flake graphite, ZrB,, TaB,, SiC and flake graphite,or ZrB,, MoSi, and flake graphite,
respectively. Results shows that different phases distribute uniformly in these composites, and the graphite phases in
the composites were highly ordered. The d, values of the graphite in the composites were 0.335 4, 0.335 9 and 0.337
7 nm, and the L, values were 63.4, 51.5 and 68.7 nm, respectively. Boron had already doped into the carbon net, as
indicated by the Raman analysis, and some amount of pores existed in the composites. Also, thermal conductivity co-
efficient of the composites were not very high. Eutectic method could be a promising method for making ultra—high
temperature ceramic matrix composites.
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Tab.1 Properties of raw materials and their manufacturers

i

RiAR 4l .

Sk /pm /% (FREED) IE
A < 74 99.5 e mth o4 B AT 5T BB
ks < 74 99.5 Jemth (o4 B AT 5T S b

kst 1 99.0 LA G4 RIFI SR
ZrEfRAH 2 99.5 b T HEHEARA R
% A 2 <380 99.8 IR A A A

B A S R U IR R DI B AR A7)
H KGR R P DR A T 2 A B, PR T
FHRDARHT I | LA 22 BRER Y% 26 1 v (0 g i), ok iy
A PR i P U R PR TR S R AR K A T P T
Pk, HET 130 C MR PR T Ab
1.2 HRFRER

SKHT JISM—=7001F #4137 J 541 4 - 0. A o
MORHOIE ST 43 B, [ 2R FH B G X B4R g %
A (EDX ; Bruker) #47 A0 %8 € . R FH £ Microme-
_ 38 —

ritics 23 ) il i A AUTOPORE 9500 1V %Y J& 5k AX , %t
MR FF LR FLAR AR ST RAE

% Brucker D8 Advance %! iy X S £ K AT 5
X (CuK,,A=0.154 06 nm,40 KV ,40 mA) , 7ER7 5 £
k9 5° ~90° I 78 FEL N4, 7459 HH AT S A S 0 R 1 G
., AR (dy,) BRSBTS 2] . d,y, =
A/2sinf, X A S X STERITIEIS, 0 S A 55 (002)
TR BRSO R EE Lo R A AR L,
=KA/(Beos®) , 21 A R X B B R E T K
HC1EY 0 A7 5 (002) Wt 7 B AT 5 A, B SR AT i
X ) 2D T

PR $ 2 G TEFE Jobin — Yvon 23 ] 1) Labram
HR 800 BUGTEAL FHEATINE . 1 S HE O 7E 1 B
TR RETETH AL LR ARG R MR LK
4 532.25 nm, FOEIIR A 1 mW, HEETER 1 000~ 3
500 em ™, AR N B IR S A

PR Y TR E () 7F LFA447 NanoflashTM
TR (it B i v S 7 A ) OB IS R RE B
i RSEA 10 mmXx 10 mmx3 mm; Hﬁi&%?(cp)%ﬁﬁ DSC
200F3 ( Tt 5t A i il 325 23 ], 7 ] ) A
2 F#R5IHE
21 ERSWH

7B, 50 BN DUAE R PR R R
BT ZRB-1 FES I HORE S

Bl 1 ZRB-1 #Eah B RO S
Fig.1 SEM images of sample ZRB-1
B 1(a) (o) Rl T - J5 19 — U 7 ]
818 1(b) L (d) SRR E S UM B 7 S TR
L EUR I R 23 ZeB, B ZeCAR T8, X I
FHAMEITZ  htp://www.yhelgy.com 2018 4F 55 1 1



A, T UE H ZeB, M5 A SR A A S A
B oA . I 1(e) ((F) W8T Ak 47 25 J )2 i 1k
MBS, v LA Wi Ak £ S5 R et It BAF et
FHUIK R BORVCEC S [ A RE 4 0",

B2 45 T ZRB-1 Y4445 R, T LA B
Zr B 5 CHM, A1 Si JeE IR F] , 3 ] BE S
T AR S A AL AR ST 5 LR 4 44 5
A4S R RRE R A 7B,/ ZeC H -5 A7 BB RIS 51034

E/keV
K2 FEdh ZRB-1 B HIEIH R 1
Fig.2 EDX mapping of sample ZRB-1

B3 450 T ZRB-2 #Ea I OIE B 1, Hor,
3(a)  (e) AZRHFEUER, B 3(b)  (d) AHEFH
S EMR . U B BR T W SEE A 2B,
(TaB,) 3% ZrC ( TaC) , K AF 5 F ik fb ik, B8 58
A O H T () MR P BUR K fEIR
HEM K, OISR R R i A AR 2120 70 A T
ZrB,(TaB,) 8¢ ZrC.(TaC) AHH, Fr I8 Bl A VR A5 AH 3L
SASEMEAEL B 3 (e) () WA AL 17 25 1)
ROWIESR . A a] DLE i W7 2w Ab A 5 3R TG
W HA KEMRESIE R, 78 ZeB, 2 & Mkt h
B SIC 3 B2 L T 52 v A ORL b IR 0 S 1k RE
F1U, TaB, 5 ZeB, A5 25 A ) (4 i B 25 4, — 35 0T L)
TE A, A ARG T ) Ta, O 76 AH R JEE T H
7r0, A AR s
FHMH T Y hip.//www.yhelgy.com 2018 4E 45 1 1]

K3 ZRB-2 I ROME ALK
Fig.3 SEM images of sample ZRB-2
Kl 4 251 T ZRB-2 #ER T E 7, /T LR
t Zr Ta Si .C 45 B IWICR 0,

Jje zr 1)

2

1

= , d_y ..|||.
I R

E /keV

P4 FEdh ZRB-2 T A3
Fig.4 EDX mapping of sample ZRB-2
— 39 —



Ta JLE M5 Ze TCR 5340 X EAAR , B Ta
TLERLEAERE, XEH T 7B, 5 TaB, HA M [F Y
A T ZE L) FE I HRGE BE HIE BT A NEITRT L
i Bk iE 5 ZeB,(TaB,)/ZrC ( TaC) ¥ 51431, I
BUATR G AH X5 A SR AE Y 5 4RI, [RIRE 25 AR IR 23 80
ORI HE

K5 25 T RESE ZRB-3 OROMTE 5 %, Hoh
Kl 5(a) . (c) B W TFEIEE 5(b) . (d) FXF R
M HURT T EIR . (e) AWML A 8 R 2B
(£) J(e) Wik AT HELL R EE

ZRB-3 FES BRI AR AL ZiB,  MoSi, M 6 Fr A1
s, WP AT DUE Y SO 7 9 vh 4 T AS ) AH ] 3
515340, 1E LB B A MBI MoSi, A B T2
FAE R R A R RE T

5 FhH ZRB-3 BIBOULIE $i K 1%
Fig.5 SEM images of sample ZRB-3

[ 6 2510 T RES ZRB=3 M FI R K5 | K3
[ IEH Zr Mo Si 5 C o E o, Hd Mo 5
Si BITCER A0 IS — 2, R AR I AR Mo-
Si, FE NG A H A A RO

T LRSS R 3 BT AT LA i iR
sty 2 p R T P A S A SR A AR B SR, O LA
FAAE S A3 25 ARTEN Y 3450 43 80 R T AR R4t
AL/t peimiRE Y K AE

Bl 6 FEfh ZRB-3 RIS
Fig. 6 EDX mapping of sample ZRB-3

22 HmILEMSTH
AR O ZE A R (& 1 K 3 18 5) mT L)
F A AR b AL FLIR B EAEAR R T A
BB/ T B il vk e & 4, R R — 5 T LR A9 £
FERSIN TGN 8, 55— 7 LI P AR AR AR A5 <]
DL AR RN AR S A, e R ) FL A5
KRR AT T 504, B 7 25 1 TR S g LE5 4 7
Mgk, 3 2 410 TR B R ALBR A AE 28k, e
T 1 e Ui P R B A G AR — i LI
HALBRIE EZA LT ILA: (a) H TRERMERAIR
SR RS T AT R4S A — 3 AR 4 it
FE PEEEEURLZ 0] 5 (b) i AR S 20 10 h /Y
BRIE R, 18 B B B R AR RIS, G 2 5% R
A B2 RS B b R A 2R T AR R TR 3 0 1T K
F14) 2R THT AR 2 W DR i P AR 3k SR o ) AR [T 2
HCRFLISRIR . ZRB-1 #E 5 UL ZiB, 5 B4
B, AR SCAE S G R ZeB, By R Ay 88 % S5 R e B
Tl RZ I R I 2 A R o HE 7
R ZRB-1 F74F K LB, I H AL/ i
FHUAE T Y http://www.yhelgy.com 2018 4F 45 1 i



FER 98, X PRI EE R T 2B, 5
8% P A1 SR 22 i A I [ AIF B i, B IO 38 1k DR R 3 o, 7
feite T A e SO AR S BRI i A AL
(A i J8C T H o FLAA O B, G AR Y 32 B Bl
S, WEIT R A D BRAE AN TR IE LU Y ZeB, 5 885 1 A1
£ (ZeB, TR BN 8% ) I B, FAAE B IS A s B4 14
BRI, I HAT 0 L B A B, A R A SR
BT, S0 A SR e 8

10! 10° 10° 10* 10

2x 102

102

102+ -

lg differential intrusion /mlL - g”!

6x 107 F

4%10° |

2% 10 |

10 1 10° 104 10

pore diameter /um
7 KRR LA 2R

Fig.7 Pore size distribution for all samples
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Tab.2 Parameters of the pore structure of the composites

bulk density apparent density  porosity average pore
sample
/g-cm™ /g-cm™ /% diameter/nm
ZRB-1 4.34 4.70 7.6 69.2
ZRB-2 4.72 5.22 9.7 175.8
ZRB-3 4.48 5.08 11.8 118.1
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Fig.8 Microstructure of sample with content of 8 vol% ZrB,
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Fig.9 XRD spectra of ZrB, based ceramic composites
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Tab.3 Parameters of XRD of composites

Sample dy,/nm L./nm
ZRB-1 0.3354 63.4
ZRB-2 0.3359 51.5
ZRB-3 0.3377 68.7
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Fig.11  Raman spectra of ZrB, based ceramic composites
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Tab.4 Parameters of Raman spectra of composites

D band FWHM G band FWHM D’ band FWHM
Sample D band area G band area R (Iy/1)
/em™! /em™! /em™! /em™! /em™! /em”
ZRB-1 1362.3 42.4 1588.1 25.2 1615.9 7.0 328900 378400 0.87
7ZRB-2 1363.2 41.1 1588.6 23.2 1617.5 6.8 288800 354700 0.81
ZRB-3 1361.9 40.4 1587.8 21.1 1618.3 6.6 251300 326700 0.77
o x5 BREMESSMBBRMESE(25 C
25 HSEMR BEEEA B41(25 °C)
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Tab.5 Thermophysical parameters of ultra—high

ceramic composites (25 °C)

bulk density specific heat  thermal diffusion A
sample
/grem™ /T (g K)™ coefficient/mm? ™! /W+(m-K)™
ZRB-1 4.34 0.481 17.1 35.8
ZRB-2 4.72 0.428 17.1 34.6
ZRB-3 4.48 0.482 23.6 51.1
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