R E BT 2
2018 4E 8 A

BEERMISIE
RARE METAL MATERIALS AND ENGINEERING

\Vol.47, Suppl.2
August 2018

S s BN RN ARS R
X B, BEFH,.E E

(EB R R B a4t LR e M E gsin s, Wi Kb 410073)

 E: #id CpoZr(CHCH=CH,), 5 RMERE (LPBSZ) fEid & — RAFEMIEM T &4 B BB, i
HTEGERT 10% JRENED M&8RMEER S (PZC-PBSZ). RS, BBILIR. 6 T A8 S )5 18T
JL Y PZC-PBSZ W45 T 45t G Nl . S REW], HERMERKE RIS, Cp2Zr(CH.CH=CH,), &k T B & K4 H H
HRA RIS, & 425 LPBSZ i Si-H R ARSI AT HUR R ML, A& Zr-C F1 Zr-Si. Jlit TG-MS 1 ®Si MAS NMR
SR BE, PZC-PBSZ JtllifArh Cp. (CHs)sSi M1(CHs),SiH %5 BE 110 B bk £ B A LEE 400~800 C. 43R T+ 2
800~1200 CJh, JCIRMRIEEATHIIL, FEERLE SiIHN,C F SiNsC 45K SiNg Z5 I AF . PZC-PBSZ 4 1000 CULL L
e LR IG TT DL Gy ZrC R BRI3 £1 43 A 7E SIBNC K4 1) ZrC/SIBNC Pk E MM 4. 4 1800 C it db ¥ )5,

ZrC/SIBNC i e 75 P F75 42 53 A0 A 401 B0 94 K i 6 44

KRR MEECIRMR: B RIIEEE ST 9UKEAMME: SIBNC

FTEES XS TQL74.75'8.2 SCERFRIRED: A

TEHS: 1002-185X(2018)S2-122-07

SeIRAR R Sk R fe il VR A R A A
ML GBI A B ARBR &, 2685 25 Dhpe— 1k
Ve B MR BB vk SR IRAR I P AL R R, B
A R T SRR N T2 s M, %07k s e
AM A v R M 1 ) 4% b L AR R A AT,
K FH 5 B AR 5 A W ) 4% 8 R PR B A A TR R By
B IR R EGYER SRR ECYIPER T H
e, nbedsiREMR. BENE S PLE R LT
&, AR SR P B AR R R T I

K B MENS 42 8 1) /N4 1 44K SIOC. SiC %5 Fi &
SeURAA RIS &)@ Tiv Zr A1 HE S5 IRE B a0
W —F 7. s [E 1 Ralf Reidal ¥R 8 41 75 i i
NGy T 2N T T ) A s R A T S S R AR T T T
WERZR. HHARKRE, SHEEERANAEIERS
P o R R U R R R S b T Sy
LU (B B TR PU (RO BRI AT A%
JSE o W F Ak St R A AT il AR IS BT DA 2% 6 )R (fk
G GKIURL TR B 9K B AH P

Z. Yu 21 AHPCS MHEJS, LL Cp,ZrCl, Ak,
BWEREGET 170 CRMAZRE, 6l 1 &84t
JeIRAR o K S IR AR 22 v il B S 1T LA & ZrCISICIC B
MV . %W FC /NIRRT 8 Ti 0 M 2 S R A0

WfSHER: 2017-08-15

Ji i Cp,TiCly 5 & H 5 = S e HEAT 846 IR R ML
Aitr, WG LiAIH, I8 R4 T 8 SO SRR RE bt .

A. Saha %5 \MU2R] 4 08 4 10 I £k ot SR R RUe
Pk, #1147 SICN/ZrO, B etk ik .l it 4k 2 11
T3 AT LUK Z e IR i i LA O 20 um 1] SICN/ZrO,
Ve B Lf 4, HamEE R LLIA ] 2.8 GPa. 5 SICN £F4EHH
tb, MBI T SICN/ZrO, £F4EfE 1350 C T K% 1k
2R AR D N R 1 314

iR I 4 /N o 2R A S IR A o %
MENE 42 8 ST IR AR ) 7 VAR AR TR B, RONE SR AR IR AT . 7
FRAR I A FE & & R /N o 1 R B A8 B
FEAFI SRR, Hik 2 &)@ N7 558
Se WRARAE & B B o FE AT, S M S BRAA (1) B 2
LA . 2T Bk BT B R IR YE,  eqb e sk 7 i
il 25 15 21 1 S 3% A b o s 4 4H A K Gl R AR T
5%, JFiESHD.

AR FTIE I Cp,Zr(CH,CH=CH,), 5 A B Wi %
fi (LPBSZ) fEL AN RN ARMA/ER T KA H M
HRRN, Gl THESERIE 13.1% (iEa%) 1
B o T AE b S IR AR . 2% 2 R [ B S LR B 1
WRE (RTEFHZE. ZH IR, TUERRIEEE) AR
ML (<140 CH. ZHEATHEHTEESE

EEWE: ExEARFIES (51203184); EFRmEBARM I LEITL (“863” 11D (2012AA03A210); RS & mR B Al Hr A S ¢

TR 5 R BOR 2 BB

e e 2, 55,1991 4, W, BRI ENIR R E S TSP CFC H AsSLIR =, Wi &) 410073, Hif: 0731-84573167,

E-mail: chwshao@126.com



2

b . S R R RV A RS R AE <123 -

ZrC/SiC. ZrC/SiCN &P % 55 BRAR ) 5 Bl o

2

1 £ 5§

WARWEEER K (LPBSZ), HRHL K% R H
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mol) )@ N &AL B M. 1£-20 CFRM. 4h )5,
AW R T 20 h BB YA
Cp,Zr(CH,CH=CH,), i) — H K ¥ W

)b 3R PR A R P IO\ — & LL Il ) LPBSZ, (R
AN 5% (FEa%, TR (BLEAFZR 100%it
B R E R E (DCP) 1B NS AR .. fEHS
P T 130 C M 20 h Jo B0l g 2k b AL B %
UUUE . FHLE 170 “CHUREE N AWM E RN, 5304048
i E AW S (PZC-PBSZ), %)y 50%~60%.

B —E RN PZC-PBSZ ¥ N\ f7 S8 1%, AT
AR, BEEE 10 Pa JHESMATEY:, M
FENERABBbRREG, fRIR 1h, BEFAE, BA
S 56 i R 45 SR P I B I S AR

SRR R Zr & EoR A ICP S vk AT I 5 « 41
A1 SE FH Nicolet Avator 360 78 21 4Rt i A i 47 il
€, KM KBr vk dilFe, 345k %GE v 4000~400
em™to AZHEILHR S B SR H AVA00 B A% i A4 3R 15 300t
SEIRARIEAT "H-NMR 43 #1, L CDCls NiE . 2°Si i
1 AL REIL R K Bruker AV300 7Y k% i HL R Uk it
1, B3N 5 kHz, #Si FIILIRAZE N 59.62 MHz, X
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(% . 244k 52380 Cp,ZrCl, FIFCR & LA 85 5 &
HE SR BAA I, 52 Cp,ZrCly, R BOETERIBR ), RA
Dy CpaZrCly & R AR N o KE AT H) Cp,oZrCly 245
JRORL I FR A A, T R M S R R TR I O &
Cp.ZrCl, NN 22133 LPBSZ A Ik, #4525 IR A 1)
LA RIS PERE R R MUk, R AHE SR O vk AR
g 1E PBSZ W Bl Zr JU R MR ESIN, I S8 BR AR ) 7]
T AT e Ak S AR
2.2 PZC-PBSZ HOLIHMNIE D HR

N RAESCIRAR ) 53 F 4589, B SR AS [T E L i) 2%
(K19 RAR AT FT-IR £040 041 (B 1. 2100 em™ MR
W )= & T Si-H, B & EHC L o Cp,Zr(CH,CH=CH,),
3, HaREAW AL, XU Si-H 25 7 A
Cp,Zr(CH,CH=CH,), ] [ ¥ o [FJI) Si-H R W Yz e £ B
Wt % JFORHEC L Cp,Zr(CH,CH=CHy), (148 i i A 14k
Ivi) 4 9% K R RS B, UGB B BN X Si-H B fk S IR 5
A E R . 3421 F1 1175 cm™ &b Wk g 4 g T
SRR N-H 5, 1410~1445 cm™ &b i) 55 06 6k B 56 Bk
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Table 1 Zr content of Zr-containing polyborosilazane by
different methods

LPBS/M  Zr content,

Sample Zr compound (wiw) wl%
PZC-PBSZ-1 Cp,Zr(CH,CH=CH,;),  50:50 13.1
PZC-PBSZ-2 Cp,Zr(CH,CH=CH,;),  67:33 11.6
PZC-PBSZ-4 Cp,Zr(CH,CH=CH,;),  80:20 10.1

PBSZ-Zr20 Cp,ZrCl, 80:20 4.1
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Fig.1 FTIR spectra of PZC-PBSZ-1, PZC-PBSZ-2 and
PZC-PBSZ-4
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Fig.2 'H-NMR spectra of PZC-PBSZ-1 (a) and PBSZ (b)
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Fig.3 Mechanism of formation of PZC-PBSZ precursors
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Fig.4 XPS analysis of B 1s (a), N 1s (b), Si 2p (c) and Zr 3d (d) of PZC-PBSZ-1
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5 Si iR Si-0 G772, 3 Si 1) 32 A7
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A EEAS 2r-C. Zr-Si fl Zr-Cp, M zr-C (&
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N TS ZrCISIBNC Je IR I T HLAE R, 1 5%t
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M2k, B IRAR I P 72 0 4 N EL .
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W5 Zr i R R T AR W R, R T e
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Al C-H ZIAHAEA B AR NA K. [FN PBSZ H ()
(CHa)sSi (m/z=73, K&l 5e) FI(CH3),SiH (m/z=59, K 5e)
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(W24 LR 4x Si-CH3 5 Si-H. N-H fil C-H 2 [a) kA
AN, 15 CH, FVREBCESG N . S gk A iy e B 7
ZIRE XA T — SR, B ) (miz=26, 27 1 28,
Sb) ASPRIIREG 1 PR K R DA o [ RE TR AR X AR
B B BT .

% 4 BBl 800~1200 °C, ZIREIX (AT TG ik
BEARRACE, SRR EEATHAL. N TG-MS iz
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I
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K 5l IR A 28 RS R L RE PR S ORE AT 2°Si MAS
NMR 31 CFE 6) o 75 A it e B AR (13 el v, 9=1.8%10°
Kb 0 L AR U ok 82 28 BRAA I SICN 258 1S), T o=
~18.1x10°~ —22.8x10° AU NI & T SiIHN,C 4%
UL, 400 "C HAARIR P Ak FE 5 S R AR AT HURE 45 # A8 b A
K, FERHE SICyN AR UEH XT38 K. &5
TG-MS il 2] m/z=73 & H)FsL, 7] LAHEN SiCaN
TEZIRIE T FELL(CHa)sSi MR KA T k. LR
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Fig.5 TG-MS curves of PZC-PBSZ-1
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Fig.6 2°Si MAS NMR spectra of PZC-PBSZ-1 treated at

different temperatures

IRETHEF] 800 ‘CJm, SiC3N Al SIHN,C 2 Flgh i i 3t
PRUESSTE R, VLSRR Si-CH; 7E 800 C R &
SEA LR B A . T 0= —45.3%107° &b B8 U4 1) HH B I 4
IRARFEARTONIA, ZILARIENT B SICNyy (x=0, 1, 2)
MR A, PRSI 1200 CR, ZEAETTH
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Fig.7 2°Si MAS NMR analysis of PZC-PBSZ-1 treated at
800 °C (a) and 1200 C (b)



T2

o A R IR R b A S R AE . 127 -

Ve B = I AFAE A WL 1, T SiN,O, I AE7E T BH 2 B
WAE A B R R SN T DR ME TR Mk
800 ‘CH#VA= WM gk I, 1200 CH =i
SiHN,C ZEiSEATE &, MR FEBEHE SiNC 451 FI IR
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800 C AL H# gL FE f, SIHN,C Al SiNaC &5 K4 B 45
BRI FE ) v B B AR SING 45 K
] o Sit Ji% A4 2 TR 55 1D V8 A A o o ORI R B R RE T
X5 TG-MS i £k 600~1000 “C # A B B H B 58 f
SR e U — B

H— Xt PZC-PBS A [A)i FE # i 5 1 P & 7= 4
AT T TEM 204 (& 8). M 1000 °CAbFE J5 Fa & A
il ¥ SAED M /R al UM 823 ZrC AR (111). (200

F (2200 ERIHEIATHER, 0B PR EFE S AE 1000 C kb
N AR AL ERLS. TEM IR F R &K b
514y i KEM ZrC M, HAN 2~5 nm. FER
FERI T w, ZrC IR AR KR, £ 1200 CAb B /5 1
ZrC s R~ 5~10 nm, 1600 °C U K #| 10~20
nm. TR SIER, 7€ 1800 CEik
Ak B 5 TF 46 LR A Y S K RBLE, S s R
SFRIDAK R E] 40 nm B L, T K384 0 1E KK,

BN 20~30 nm. B LR TEM 3 #rar BAUE B, Bl
%1 ZrCISIBNC P &AE il 72 1800 CAIRERS TR FFYNIK
AR B O 54, HA AR 9K AHAE 1800 C R
ElE N R E K KIS, NI O 45 4 B B i
e AR E MERE

8 PZC-PBSZ-1 &7 Al L #if )5 B WG 474 TEM A BZ¥) SAED 1%
Fig.8 TEM images and corresponding SAED patterns of ceramic samples derived from PZC-PBSZ-1 after pyrolyzing at 1000 C (a),
1200 °C (b), 1400 °C (c), and 1800 C (d)
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Synthesis and Characterization of High Zirconium Content Modified Polyborosilazane

Long Xin, Shao Changwei, Wang Jun
(Science and Technology on Advanced Ceramic Fibers and Composites Laboratory, National University
of Defense Technology, Changsha 410073, China)

Abstract: Zr-modified polyborosilazane (PZC-PBSZ) with a high zirconium content over 10wt% were synthesized via radical reaction
between Cp.Zr(CH,CH=CH), and liquid polyborosilazane under the existence of dicumyl peroxide. The structure and reaction mechanism
of PZC-PBSZ were studied by Fourier transforminfrared spectra, nuclear magnetic resonance and X-ray photoelectron spectroscopy. The
results show that besides the self-polymerization, Cp,Zr(CH,CH=CHy), can also react with Si-H in LPBSZ via hydrosilylation reaction and
substitution reaction to form Zr-C and Zr-Si, respectively. The thermogravimetric-mass spectrometry and 2°Si MAS NMR results show that
the escape of groups such as Cp, (CHz)sSi and (CH3),SiH occurs in the temperature range from 400 <C to 800 <C. As the temperature goes
up to 800~1200 T, the polymer PZC-PBSZ converts into inorganic mineral, and the evolution of SiHN,C and SiN3C structure to SiNg4
structure occurs at that temperature. After pyrolyzing above 1000 °C, PZC-PBSZ can convert into ZrC/SiBNC ceramic nanocomposites,
with ZrC nanoparticles finely dispersed in SIBNC matrix. The obtained ZrC/SiBNC ceramic nanocomposites can remain fine and
nanocrystalline microstructure after annealing at 1800 °C.
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