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TiN coated SiC composite powders produced by
controlled hydrolysis
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Abstract: TiN coated SiC powders were prepared by the method of controlled hydrolysis and subsequent nitridation with
NH; gas. The effects of the type of TiO, precursor, the way of precipitation, the amount of water on particle size and the
dispersibility of hydrolysis product of TiO, were investigated. The structural evolution of the TiO, coated layer under
varied nitridation temperature was analyzed. The main focus was put on the mechanisms of controlled hydrolysis and
subsequent nitridation and the characterization of the morphology, phase constitution and thermal stability of the obtained
TiN coated SiC powders. The results indicate that hydrolysis of the uniform coating of TiO, layer can be easily achieved
by controlled hydrolysis than the precipitation method. The amount of the added water is the key factor to reduce the
aggregation of TiO,. TiO, film can be transformed completely to TiN after nitridation at the temperature of 1 000 C. The
obtained TiN film is uniform and continuous. The sizes of TiN particles covering SiC powder are 30—70 nm. When the
temperature is higher than 546 “C, TiN film is easily oxidized in air and lost its stability.
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PR DA S A IR R B D7 1k B 2 el S5 44 k)
{10 111 4 R HA) B T G 1 4 2 52 B4R K BRI T
SiC,/Cu EAMEME R —Fh BAG 1R 4 B H AT 500 4 )
VRS, REMEAE AR S AR SR SiC 1S 5EAH 11K
PP R E G Ak ke, 75 Sy it P SiC rIAER 23 4
R A T 2Rk SE A B B 3. H
I, SiCy/Cu EA MBI HIE 7% £ 2R BB AR R
e, ARAEM R EE SiC 5 Cu ANE, SESiC
WRLAR M) o0 B S T 5 65 22, AT A3 i R 2L
WREMEFEREO, TR B R BRI B 255 v
BE. AU, HORFIALAYE. Ha B R e — U e U v
7E SiC ki EYiR Cu sIE R )Z DL /D 3 s 1 4]
X, FmdpEes R0, YIH 1 CHUNGY M5y 7
2% Cu A7 SiC BRI T, Fifd Cu B
SiC Bk SiC 17 s B 54% (Ao 50, HAE T
AT 60 W/i(m'K). GAN ZUR FH Tt 1 2itbrre
SiC K W, W aEEREH %K. SUNDBERG
20N Sic ik R AL EYTRVELE TIN, A4
BB E IR E] 99%, MFHEIA 322.9 W/(m*K),
R R T2 AR o HAR KRR B 152 21 145 1T R
Hile WO, FRRBIAURHSCAN SIC M AR EE 124
i SiCy/Cu G AR B R ) 2R 11
AN R R K -2 R A SIC ik
KINEE TIN, ZEMAREN S ZRAML. TIN &
BN R B sd" . TIN A 2 M7EH £
FiAT: — R TIN 5 SiC #l Cu (b8 e t#E
PR AL, TIN R 2 R G S AR A PR I 78 2 5t
TH R A3 24 S i B s — 2RI TIN 46 s S vk
BB AE SiC R TIN feE R =4E T H L%, T
MBS R T R, IR DR K -
FRAEA % TIN A7 SiC E AR IR kiE .
AR K T AU 9 I S KA — R A SO AL
UL TiIN W Z IS WA RN E, I
SRR R R K8 PEIEAT VAT o

| N

S T R4Sk 25 pm [ SiC ¥R . B 4L
3R ) EKR T BE (Ti(0-1-C4Ho)g) « BK 182 DU 5 1A i
(Ti(0-i-C3Hy)y) HARFELRE. T/KFHNFEIPA). &K
LB 1K B SRk -2 TRk £ TIN B4 SiC
HHEMAR L ZRETE AW DE: F—0 R
P ER7Kf2AE SiC RIME TiO,; 28 ¥ Tio,

& SiC My REZI TR, N2 TIN 7% SiC
=Ry ip

1.1 EEEKEEE Tio,

Wi R 7K AL 78 TiO, 1 J5 # 2 LUK % 26 Ti(OR), (R
H—C3H; FI—CyHo) A HTHRAA, N BRI Eh T30
TE RIS A, BRI b R A 7K RN 40 58 s N 2 s 1
TiO, TORLAE SiC FURLR HEAZ A, AIfi45 2] TiO,
B, RIVUE:

IR Al S
Ti(OR)4+1nH,0—>Ti(OR),_,(OH),+nROH (1)

A TR N
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1) PLiEik

¥ 20 g SiC Fy A« 9.5 mL 4K T FE A1 95 mL Jo/K
LI SRR A 385, Horh TEK SREA R R BREE A I
SR JE TR ZE P N ARG Y A i b 8 N
75 mL ZES K, PEHIERER T IR 21K i) BE R L
n(Ti):n(H,0) A 1:150, FEZ i T RIS B IGTE, 4k
SERE 1 h Rr RONVES WG, RN R SR B OF
2B T KTK SRS VE MR, &5 T 80 CF
P

2) WE—/KEWIN L

9202 TiO, BUSKAAWSBECH . HoL SR 4.8
mL AL CREAT 4.5 mL KR DY S N BEN Bear
Forh P4 AL C R FVER IR DU S N BRI R R LG R 421, 4%
H I 160 mL R JC/K A2 NI . IS 82 “CHlil
3 h EEIAREM A, SiC BRI E Tio, 2
AR EE 1 TR,

5 DRI ARG AR TR WK A, SEEA
o ESEARI 3 g SiC MR 1 g,
A 160 mL JE/K 5 RIS & 25 B 1K, ka4
3. 15 F130 mL. il AL SiC Bk 7 7
T, ARG N TSGR 6 L (R TSR,
IRAARHSI T I 2330 9 55 mL Fi1 80 mL. i /b i
K pH AT B 7 Zihi . SR ZIR S WIRIE D
In#E] 80 “ClAL 2 h, AKAEA ] TiO, 75 SiC Fki
(TR ANIIR S I KR il N
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Fig. 1 Illustration of apparatus for coating of TiO, coated SiC

1.2 fS5RMKFE TIN G@EBE
$ B IR PRI 5 % 1 TiO, HU.78 SiC Z i AA
IR R (800~1 100 “C)#EAT %Ak, I Uik 5t
AL E] R 2~5 he
HEMAMESRT LEO1450 13t s Bk 1 70
22, PRSI 1K H Siemens D 5000 X S 2k A7t

(XRD)X (Cu #)o R X 52t s ¥ RE % 4% (PHI
Quantera SXM) 7 HTHE il & AL A AR AUCHEM S, fiE
RN 0.5eV, AT 1 mmX 1 mm.

2 GRS

2.1 EERKBEEE TIO,
2.1.1 YU EE TiO,

J54 SiC BUkiks Mo B, R, Wil 2(a)r
7N o B 2(b) & PUHE IS4 1Y) TiO, BL78 SiC BURLI LS,
KAl A B THO, MR 22 AL 43 AT 7 SiC BURLR I, 1 K
A RIMAIAPALTE . (E SiC Tk BT A 14 2 R
TiO, Bkr, H TiO, FURL PR, Wil 2(c) s
B 2(d)IRERG o AT G Y, SR ROk & Ti Al
0, UFSE T TiO, A K. Pk 4% TiO, [ 7 SiC i
R R, AT AT IRAR I B A R, SIC BRI
TR ERIR DY T R oy 1 P, i AOKI, BRIRIY T
Wi o3 F a8 KRR ALK A, AN N K B (R 7K A 7K fidf s R
AT BT ROV, Kk, KA TiO,
B KRN AT, DOEEARMEAE SiC Bk
[HTE G351 38 821 TiO, JZ2

Ti

JIA

2 4 6 8 10
Energy/keV

B2 Pl Tio, f SiC & Ak R IESN & FIZR A1) EDS 1%
Fig. 2 Morphologies of TiO, coated SiC particles prepared by precipitation method and EDS spectrum of aggregation: (a) Original

SiC; (b) Coated particle; (c) Aggregation; (d) EDS spectrum of aggregation
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2.1.2 FEKERUN#E A TiOo,

W — 7T YR TN AT R D B Y v T KA T 7K )
WRFEHSELAR, BRI DY S PO R 0 A e iz Kk
A2 R TiO, URIHT H I EAE SiC ok R iR » i 4
7K f PR AT TiO, I AN BUME AR Lf o 520 TiO, A
BAM FE R A Tio, iTRA IR s K&, K
FRIRLRE « L . BEREEARA pH fE, ks
XL S I A S

P 3 BTl K 56 TiO, 78 SiC Bk 30 1 5%
Wi o 247K B AR (3 mL), RIS — /KW AE 80 °C
TN 2 b, AN DU, BEIERIR Y = B R 7K
il S NAFA BN T AT K& 5 mL I, AL
JEANEESE, W 3@)FIb)ITR. L8RS EA e
PRERTR DU 53 PR BRI 78 70 7K A, B2 1 T 7K g S L PR o
KL I, KRGS RN, TR TiO,
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9 80 mL I, HIIW 1R Z270% 25 (1) TiO, BikL, 1t SiC Ml
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TiO, SR 1 Tk
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SR S N TR AT R A
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MR L3k B v, BALIN NH; 15620 ik N, Al Hy,
IMEFEAER H ¥ 4 R TSR 3 A, AR AR
W(Ti05)3 — 0 5 NH; RAEEAM RN, 24T 5
TiN. Je(5)F1(6)[] Gibbs H Hfig S E MR R AN
AGs=1255.8-0.987 5T (kJ/mol) (8)

AG¢=918.11-0.851 2T (kJ/mol) )

AT E AR AN T 0 IR AT U AE SO,
EH 20 ®) A () T TH 5. H s 8 (5) R SV (6) i A s 1) e
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B3 /K EST Tio, [ SiC Wk S A

Fig. 3 Effect of water amount on morphologies of TiO, coated SiC particle: (a), (b) 5 mL H,O; (c), (d) 30 mL H,0O
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Fig. 4 SEM images ((a), (b), (c)) and EDS spectrum (d) of TiO, coated SiC particles with adding 15 mL H,O
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[E] I} TiO, MIATEF IS . HE— D3R ALIEE (1 000
C)ff TN AT EERE K, TiO, 58 4% 4% 4 TiN.

Kl 6 firm 7E 1 000 ‘CEAk S h Frf3i TiN 78
SiC FrRMEMAL . HIE 6@ F i, BTN
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SiC BURL B Ur 4 (0. 758 2 P i v, B0 3R I AHLRS
Wik 6a)yf(byFTzr. B 6(d)r flt 78 ok % ) A 1
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Fig. 5 XRD patterns of TiN coated SiC particles nitrided at

different nitridation temperatures
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Fig. 6 SEM images ((a), (b), (c)) and EDS spectrum (d) of TiN coated SiC particle

B 7 AFENRETFEMN S h 5201 TiN L SiC POk JESR

Fig. 7 Morphologies of TiN coated SiC particle nitrided at different temperatures for 5 h: (a) 900 C; (b) 1 000 ‘C
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HIE 8(c)FTF th, N JCER IRHEIE HILAE 396.8 eV it

5 TiN o N E5 5 65(396.9 eVYIRIFHIVIA, IE

ST BALR N FIRfZE R T TiN. F 8(d)FTzn i Ti 2p I
FRAEUE, WEFARXIFR, Ti2p L AR LA 2
XU, 43RBT 455.24 eV F1 457.29 eV, X Eb TiO,
o T BIRRAESS £ AE(458.5~459.3 eV)AI TIiN H Ti [l
HELE 5 18(455.3~457.6 eV)IT LG, Ti fERER KK
T2 B TiN (T2, v WALEER AR R4 5 Bk
IR -

Pl 9 firzr o TiIN AL SiC Ry AR A2 P i #viase
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Fig. 8 XPS spectra of TiN coated SiC particles: (a) Full range XPS spectrum; (b) Peak of O 1s; (c) Peak of N 1s; (d) Peak of Ti 2p
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Fig. 9 TG(a) and DTA(b) curves of TiN-coated SiC particles
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E’] TiO, @.E}:’ j]l:] 7J(§ ﬁ k}ﬁﬁ//l‘ TiO, %ﬁ*ﬁlﬂ;ﬂé composites fabricated by hot pressing copper coated whiskers[J].
E’J REERZ . J Mater Sci, 1996, 31(2): 399-406.
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