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8 B IS SiC./SiC E MM & P EAL A K SiC d AU A KR B AR, LA SiC E AR MG AW & M RE, 7E CFO
Bt 77 (SiC 69.31wt%, AIN 20.30wt%, Si 10.39wt%)HIFEAl_E 70 0.5wt%~2.0wt% Fe,05 1E L7 . W5 T Fe,05 Xt
mAUES . AR K SiC RAHM RS S TERE MM . WA IREE W], 51N Fe,05 Ja di ZUAE KAL) el <[5 L 2R
AR RS- WL . Fe,On UM IBIL AT C JCFRAE Fe-Si IBBRA IIEMAE, 5 hepuiih LR RAES. &
1500 ‘CRERLIT CF4(2.0wt% Fe,04)FE M PERE R AL, FANE4E 50~100 nm, KJF 1~6 pm, HARFAZEREE, Hifradz. bt
I A 2.19 glem’s 45.08 MPa. 0.95 J/(g'K) (25 C), #FEIL 18.15 W/(m'K) 25 C), #LLF RiF N Fe,05
FIRE RGN T 169%. -V LI A KA SiC MAUBREE D . EARK, A AR S-S L i 22, AA T
* $ i8): Fe,05; SiC M4 SiC,/SiC EHIME; KFHAEMIA

FEDES: TQI74  THAFRIRM: A

Fe,0; on In-situ Synthesized SiC,,/SiC Composite Ceramics
for Solar Thermal Energy Storage

XU Xiao-Hong, TTIAN Jiang-Zhou, WU Jian-Feng, ZHANG Qian-Kun, JIN Hao, DU Yi-Xin

(School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: In order to improve solar thermal storage properties of the SiC,/SiC composite ceramics, in-situ growth
and morphology of SiC whiskers (SiC,,) were controlled by adding catalyst Fe,O;(0.5wt%—2.0wt%) on the basis of
formula CFO (SiC 69.21wt%, AIN 20.30wt%, Si 10.39wt%). Effect of Fe,O; on morphology of SiC,, as well as growth
mechanism and properties of SiC composite ceramics were analyzed. Results indicated that SiC,, growth mechanism
changed from vapor—solid to vapor-liquid—solid after adding Fe,O; The addition of Fe,0; via adjusting solubility of C
element into Fe-Si droplets, as well as firing temperature jointly controlled morphology of SiC,,. The sample CF4
(Fe,0; 2.0wt%) fired at 1500 “C with whiskers diameter of 50-100 nm and 1-6 pm in length obtained optimal per-
formance, the bulk density, bending strength, heat capacity and thermal conductivity were 2.19 g/cm’, 45.08 MPa,
0.95 J/(g’K) (25 C), 18.15 W/(m'K) (25 °C), respectively. The value of thermal conductivity increased by 169%
compared to the sample without Fe,O;. The few defects and large-diameter of whisker grown by vapor-liquid—solid
mechanism could improve thermal properties by reducing the matrix-whisker thermal barrier.
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KRR KR HE AR Z T 30 ZEMR S KIE,
CLZ BN — P RETT 52 . AR R IO e B AR L,
Hrp KA soR Ci&m T e, R RFRmERNR
BEOR, 14T R A E M B i R B
B B IGRIL 2 S A A 2R, S B i R
A WS ST S B R, AT LA R G R R G
Ko WAEHM R, AT SR LKA
Il A5 il FAA AR B, BB R PR RR AR B, WA
H K G R B RN R T g e &1L,

SiC &R BA R TR 5 & )55t
e, M R BRI E TS5, Sic
i 2 (SICy) i B AR B s A R R O & R s . W&
LSRRI 1% RS ERE . W0 Karamian %5
I TR E-C EEMEH SN 6wt% Fe-Si &
&, JRALA R T BLAR N 50~90 nm ) 5L SiCy, f#i15
HLH YL TR R 5 P (CCS)E R 1 1 4 o Xu 2@ 5
B 0G0 T RN 2 BR AR R R Eh R AR R ST, AR T
ALOS/SIC & HH W & BE, FE a1 # 3 Al ik
13.73 W/(m'K), H#EE N 1.16 /(g K). Hidt—H 4
e R SR AE B, A R 5T 5 R A AL 7
TR A A K, TRl I 36 56 v 2 A 7R AR AL TR
B, N SIC, #il &t e pomE e U e A
HE AT 110 5 T 2 7 e A ) A ) 75 2 2L P SR i
W, XT SiCy M5, J¥E4)EFes Cov Ni)fH
H R i 2 R g

Zx ERTIR, AT G 9 IR A 1) £ SiCy/SiC i
IR S 5 REEMERE, LL Fe,Os AL
SiCy AE KK E ML . WF T FeOs KT INE LA
8 FIGIEL FEE R S AR ZEL R SR A SR DA M g S
FERDE T AL

1 SLIGAE

1.1 #HmE&E

AHEFERR SICR 58 B R it B A RHE IR 2 7],
i B S A U P R o ORL By SiC(104 pm)
SiC(43 um) : SiC(21 um)=25:40:35 (wWt%)), Si ¥
(EZ5E R, 75 um), AINZGE RS — W8
MEF R B RA A, 20~30 um) N JERL, LARTH CFO
Bic 7 AFEA(69.31wt% SiC, 20.30wt% AIN, 10.39wt%
Si), 43 WA 0.5wt%, 1.0wt%, 1.5wt%, 2.0wt%
Fe,O5([H 25 8 Wb =il R A R A 7)), #it 1 CFl~
CF4 L7 H

T HER AR RS, TEERES VR EL 30 min 15 3
Wk, H Swt% )R LIGEE(P VAR BAERIZ 7, &
FiJ5 28 45 MPa JE fill (i3 43 5044, 100 C T4 24 h )5,

VI A 43 J2 R (7 S AE RUBR IS0 4l — 2 0 B
W, i —EELEER, RERTREETHE, H
H— BRI, o2 Pl — 2 A S8 500)
(177 0B TR AR & e, TEREEH MR R BE AR,
FRHEZ 5 C/min, FERTEH 1475~1575 °C, 1E&
TR TR RIS 2 h, BEAP AR
1.2 MEESEERIE

H4 Archimedes i 2, i % EEMRAX(AUY 120,
Shimadzu, Japan)MHAFE 5t IR K . SALE . R
P, T T R SE 5 AL (RGM-4100, Shenzhen
Reger Instrument Co., China)il] 52 #£ /i K1 P17 58
PSRN 28 mm, MNEGEE N 0.5 mm/min; FH
LT 2 BE (JSM-5610LV, Jeol., Japan){ il k¥ & &
s, IS 20 kV; SKAEEEE X SFERAT MY
(D/max-IIIA, Riga-ku., Japan)J & #£ i B AHZE A%, Cu
L, P K 0.020 H K9 T B B (Nova
400 Nano SEM, FEI, USA)%5 & RE15{ (1e350 Penta-
FETX-3, Oxford, UK)iEATH X B53 73 #r; KA O
5 R B (LFA457, Netzsch, German)ll & 5 #
(#10 mmx2.5 mm) I F K,

2 HZR5HR

2.1 Fe;O; XTHMIE M RERI RN

Bl 1 JRE S BV R S R R FE 1Y O 2R ith 2k
B o B AT %N, CFO B b 38 B 8 AL o 1550 °Co
I\ Fe 03 J&, CF1~CF4 Ff 5 (P43 1 Re bl 75 o8 1k
I EE g s, R E R ICr B, £ 1500 C
IR B RKAH . ABERURE =T 1500 CHY, CF1~CF4
FE S 3R B R B B B R R St 75 08 I B v
T 1410 CHF, EWH UGS I AL S10 <44k, B
5 Joe Rl FBE PR B v L AR SN R R B, AR S
AFA% 53 B IR IR S A 2 i HE ER AR R T, o 75 il AR
KFE SALRMZ T E . AR TRk SicC &
R B R AR SR AR S YRR R B, CRELT 4
SRR e R 7 20, AERR R R R R R AR IR
M( 1):

Si3N4 +3C — 3SiC + 2N, (1)

2 IR 2 i i A B S 7Y g R B
T>1443 CRIA] H A HEAT o AT R0 7E 6 B Ui B 78
(1475~1575 C)WNZ M A] AR .

BE# Fe,O5 WNINE MG N, £ & )31 RE IR
W, SRR 2.0wt%I ik B Al . S2i6 & I,
21500 'C BRI CF4 FF mn I PERE S A, HARRA %
B BSR4 5M 2.19 g/em®. 45.08 MPa. Fe,0s
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XIAE B VE BRI s PR 3% E BRI T T — & AE
i T G AE Fe-Si &4, IRIEALTR, SCERERIT
VBRI RE; WS IR JFEAL A R SiCy 1704 f
TESUA 35 SO, 4K T S AR i R R
2.2 XRD 't

Kl 2 NZ 1500 CHEfL CF RAIFE ST XRD K
o HHE 2 AT, FERERGREAR RIS LT, FeO5
IS0 A AR AL R TE s e, %A R ] FeSis
Fe;Si S5 AN [F] [ 5 5 1) & G40 o 15 Fe, O3 iR N 2
TERCAR Fe-Si 2, 17 7838 7 <AL Bl
B Fe,O; VN IIEH N, FF & IV EEVEREE D 3,
s R —ELE 1),

= 6H-SiC » 3C-SiC *4H-SiC
J AIN +« a—Quartz ~ Mullite
CF4 * LI fom =2 t ) & I
=
& CF3 R |l L .}L Y
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K2 21500 Cheflilt CF RFFEM I XRD K%
Fig. 2 XRD patterns of the samples CF fired at 1500 C

Relationships between physical properties and firing temperatures of the samples CF

Kl 3 R AN EEEE e CF4 £ 1) XRD Ei
P 3 ], B R AR T 1550 CH, FESh A4
BTG AR MR AGR R IR B 1575 CHF, ok
FAHE R, HEL O-Sialon(Siy ,ALO LN, ) K NI F A,
X AT B8R PR HEOR) 2 TE i i R AR TR B (B e
JiF s SRR R AL, BE R E I B HAGE TR A RO
EISUE i 7=0.16 ] O’-Sialon. BT JCE M A 3
MIfEde, 1518 Z BRI, ALO; WA ikl N
O’-Sialon, R ANIEA. O-Sialon BIREA
e S5 () B SR A PR AN TR Tl v, (E R AR B i S IR,
FLAE e FR AR B A K ASAH I = 4R, R e i I
FEFH &, FES I ER I RE A H LR B 1)
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Fig. 3 XRD patterns of the sample CF4 fired at different
temperatures
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2.3 Fe 03 X B EEHIRIR M

Kl 4 & CFO Ryl SEM 8. & 4 v WAE
KBRL SiC K T AL A KA KE ) SiCy, HK
EILELN(10~20) RITFHRE, &b 205 FE AR T A AR
55, FEMMEREE 2Z . MAME KA KE S BRIR A
(K 4(b)), BEAPEERIE SiC,, — ML VS(Vapor—Solid)
HLE A KT T B BRS04 K AR R 2 B,
HAER— @A AU A Si0, Bk R 4E, B
e A i ) R DAL R Bk e . DR, D esag a2
KR, BIN Fe,05 1E A R ALK I A7) 2 b
B,

Fe,05 ¥R X s 2 TS an ] S Fis o 24
WINEN 0.5wt% i (K 5(a)), SR, HEA
50 nm, KJE 1~4 pm, 75555 db 2000 n] DL 5E 2|
Wi, 5 CFO XTHR I, FeOs BURLHI 5] AKX SiCy
M5 E KRS T EENMEMER. 4 Fe,0; ¥
IR G I, SRR A AR A, AR T
24 EL, BRI oA B A R AR, 5%
KIHIN, 1F Fe,Os UNINEIE 2.0wt% frIRE it op Al AN
KR BIELE 50~100 nm, KE 1~6 um, FHHB 5
X5 A K (B 5(d)). Cao 2N 44y X A K

Bl 4 2 1550 CRERIY CFO FF 5 T SEM 8
Fig. 4 SEM morphologies of fractured surface of the sample
CFO fired at 1550 C

oy

K5 21500 CRERLHT CF R B S Wil SEM IR
Fig. 5 SEM morphologies of fractured surface of the samples
CF fired at 1550 C

(a) CF1; (b) CF2; (c) CF3; (d) CF4

(1 JE PR A E TV FE SR I R T, VR Bl L AR
B AL, ARG eI A S B N0 Ak S AR K
Fe,O; TN INEIRZ, RGO k2, kY
i Ak B — 8 K AR LU R 4R R AR i S 1 R, ELAT
AR AR, B A A A A R R,

Bl 6 NASFIBE IR FE () CF4 FE i Wi SEM
FEF o AT L R T BRI SR AR — . o Hidd)
S KRR, MR T 1550 CJa, Mk
i LK R B B 4. & 6(c)h m W2 B A BRIk 5 2,
Bl 6(d)id AT L — 26 [ R B AR UKL, 2 R
ZUh D . BB T Fe,05 HIMA 551565 °C)I,
9y Fe,O5 AT REBLEEIAIL, A LK Fe-Si & 4. 1M
Fe 05 Xf FEAIK Si i S E A Fe-Si &4 03,
B rp ] =4 Si0 AR AR i iR/, DR 7 S I R AR
I S B EL D o RIS, 8 Rl A v B o 2
R TR A R B4R, BT 48 Vi -
YT A PRI AR TR A AR/, SRR B AR K,

Bl 7y CF4 FE 5 1 IR BT S HE 2 AN RE S
B 4 3 B 200 B A (Spot 1)-5 T st 38457 (Spot 2)
B E s M, SRR 1 . HE 1 o] WEA
AL C/Si T ELIEALAN 1, LA E A SiCy. 7E &
0 (1 T iy FH ELAF SBALEBAFAE Fe JuER, (H T EAL
Fe Ik A EE M C & &, MULTT A Fe JFEknT
WIS C RN MIEME, (RS E
K2 R [ VA RE I Fe-Si &4, %t C e R VAR
WA, SAEAE KT A . W, Fe & BN
FeSi ¥ i JE AL S 8L SiC 4K, 1 Fe &&=l &1
Fe;Si W LI RS ECAMNTH C MiFAEEA SiC 4
K, B Fe,0; A INEA BT £ 12724,

a
47

6 ZAFIBERGIR ) CF4 Kl Wi SEM JIE )7
Fig. 6 SEM morphologies of fractured surface of the sample
CF4 fired at different temperatures

(a) 1475 “C; (b) 1525 C;(c) 1550 °C;(d) 1575 C
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Fig. 7 Secondary electron image and EDS patterns of the sample CF4 fired at 1500 ‘C

B 5 B 7 oy, o 20 S A A CE R0, Rk
fm A KL N VLS(Vapor—Liquid—Solid). Fe,0;
VE AR S AUVE K IIHLER DN R (D)7EHER S
S, FeoOs B 2a b R R iE P Fe ik, 24
BRI E =T Fe-Si & &RILIE £5(1207 C)IF, Fe
Wik 54 )@ Si K Fe-Si "™, (2)Fe-Si Wt
Si FALTE R Si0 53K 2 A 5 R B AT CO
HA B (IR, W3 I i S S TN R
RAE RN R B WA fE SiC R (3)FEHE R ML
FEIIAWIEAT, SiO. CO AN Wik N, WiZiE—
7 R AE KO B —E KA SiCy, HAE Ml
Tt T ORIV -« IR 1 25 T 5N, db 20 2 A7
76 O JuE, JEPH B A K R 7E f AR T AL
T—2 sio, i,

2.4 Fe, O3 XA M BERI RN

FE AR 5 T R R G A R E PR BE TR AT
N T HEE FeyOy XTFE A MERERI B, B AR
FESRVERTEE, 33 SR B R A 45 R 2
Ne HEATHIL MR 2.0wt% Fe 05 J&, FE &K #
S AN 18.15 W/(m'K) (25 °C)<0.95 J/(gK)
(25 C), MIT CF0, #FHMHEM T 169%.

®1 BERBEEINER
Table 1 EDS analysis results of selected spots

Spot  C/at%  O/at% Al/at% Si/at% Fe/at%
1 44.54 7.12 2.54 44.74 1.06
2 50.40 9.29 1.51 38.43 0.37

F2 HEPARMIEMREMNKER
Table 2 Experimental results of thermal
physical properties of the samples
Sample Testing Thermal  Heat capac- Thermal
Nop tempera-  diffusivity/ ity/ conductivity/
" ture/C (mm?s")  Jg'K') (Wm'K")
25 3.87 0.81 6.74
CFO0
300 2.25 1.10 5.62
25 8.812 0.95 18.15
CF4
300 5.513 1.23 14.69

21500 ‘CRERH) CF4 il ) — i 75 5 15 € w7 BE TG 18

FH I 2 WT 5, Fe,Os 151 NS AR AR 4 5 TE 52
W, {HXT SiC, MR EE B &N WRIRE
Mr, PRI LR S AR I 0 7 i AR AV
A3, TR BB S e B AR s A SR,
TN FeyOs Ja I BIE Ebedh /R, {8 S A2
FEEF L, RES LRI I R ARE  ISFL
PR AR K, AR T TR . Rl
BAIHTATSN, SN Fe,O3 Ji SiCy, HIAEKMLEIH VS
AN VLS, SiCy WSR3 s, Shiaib .
KAiptbs k. HarseismPl, [k R AT VLS
FLEIAE K At S 2 m T VS HLil A K i & 2,
FLOR R B R S SR R 1 R R A 2 RS AU E
f&. CFO il dai e s> H ERRE, FeyOs
SINJG s AL K g5k AR AL, 18I KK AR R
SiCy B — AN AR I “ IS 7 BB K, 78I
57 (RN R S PGB TE, AP E B
K, FEMFEIE.

3 #Zig

AWFFARIT T Fe O3 TNINENT SiCy/SiC B AR
Ve oA i I BB AR U A K B, 19 451 T R

1) ¥ FeOs AIGERE ML ERE, & 1500 ChE
R CF4 FE S IPERERAL . FLARFRE BE . PUdir s
43518 2.19 glem®. 45.08 MPa, S | HL IS T
N 0.95 J/(g-K) (25 “C).18.15 W/(m'K) 25 C), #'F
FAHET CFO FEfFE 1 169%.

2) ¥ Fe,O5 18 SiCy, AEKHLHIM VS A H
VLS. i Fe-Si & &0 nl 38 &1 C TR VB RS, 12
HESICy A KK H, CF4 15 Ea 2 424 50~100 nm,
KN 1~6 um.

3) BERGR S Fe,Os Vs i v] LAV T fi AUE S0 .
TE HLRE IR FEVE LA 1475~1500 °C; Fe,O5 iR INE N
0.5wt%-~1.0wt%I, SiC,, B —, HA/DN, HZ;
Fe,05 IINEN 1.5wt%~2.0wt%Mt}, SiC, ELFAE K,
Iy AL, AN
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