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Synthesis, Characterization and Performance Study of Borosilazane
as UV-Curable Borazine-Type Single Source Precursors for SIBNC
Ceramic

Zhang, Jianke Chen, Lixin* Zhang, Hongxiang He, Weiqi
(Department of Applied Chemistry, School of Science, Northwestern Polytechnical University, Xi'an 710129)

Abstract A novel borosilazane monomer terminated with Si-Cl groups: B,B',B"-tris[(trichlorosilyl)-
methyl] borazine (TSMB) was synthesized through one-step route by reacting boron trichloride (BCl;),
chloromethyl trichlorosilane (CH,CISiCl;) with hexamethyldisilazane (HMDZ) as the starting materials.
From functionalizing TSMB by 2-hydroxethyl acrylate and 2-hydroxyethyl vinyl ether, two UV-curable sin-
gle source precursors a-TSMB and e-TSMB were obtained, respectively. Then ceramic materials C1 and C2
can be prepared with a-TSMB and e-TSMB through UV-curing and cracking under 1400 ‘C for 2 h. The
chemical composition, structure, photo-curing performance and ceramic yield of the TSMB, a-TSMB and
e-TSMB were investigated using infrared spectroscopy (FT-IR), nuclear magnetic resonance spectroscopy
(NMR), differential photocalorimetry (DPC), real time infrared spectroscopy (RT-IR) and thermo gravimet-
ric analyzer (TGA). The content and high temperature performance of the ceramic C1 and C2 were studied
by element analysis, X-ray photoelectron spectroscopy analysis (XPS) and X-ray diffraction (XRD). Results
show that both the two ceramic precursors molecules, a-TSMB and e-TSMB, contain the B-N six-member
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ring structure, and are terminated with acrylate or vinyl ether functional groups, which matches well with the
theoretical design. The photo polymerization of the a-TSMB and e-TSMB can finish 82% and 67% in 25 s,
the final conversion of the double bond can reach 90.0% and 74.0%, and the corresponding ceramic yield at
1300 °C is 57.9% and 48.5%, respectively. There are five elements, Si, B, C, N, and O in the C1 and C2
ceramic materials, and the contents of B are 4.4% and 4.9%, respectively, which can achieve the requirement

for the high temperature ceramic material on the B element. Both the ceramic materials C1 and C2 can pre-

serve amorphous states at 1400 ‘C and have excellent high-temperature resistance properties.
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Figure 12 XPS spectra of ceramic C1 (a) and C2 (b)
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Figure 13 XRD Powder patterns of ceramic C1 (a) and C2 (b)
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Table 1 Measured elemental composition (w %) of ceramics C1 and C2 and the corresponding formulas
Ceramic derived Si B N C 0 > Empirical formula :
from Exactly Approximately
a-TSMB 14.2 4.4 5.6 46.4 29.3 99.9 Si; 24B1Ng.08C9.4904 49 Si4B3N;3;C5013
e-TSMB 17.3 4.9 6.9 43.6 27.3 100 Si; 36B1N1.00Cs.0103.76 Si,B3N;C,401,
3 &8 Bowman, C. N. J. Polym. Sci. Part A: Polym. Chem. 2004,

42,1752.

(1) I — Pk A B T — RS il &SI T 7 Li, Y.-H.; Li, X.-D.; Kim, D. P. J. Organomet. Chem. 2007,
Wt Z b i TSMB, £ 2-J2 5NN R L BE(HEAC) 692, 5303.
M2 A5 7 — el (HEVE) I I BE Ak B 1k 45 3] 75 Bb ] 8 Li, Y.-H.; Li, X.-D.; Kim, D. P. J. Electroceram. 2009, 23,
UV [# {k (s SIBCN i % #1555 9K 74 a-TSMB Fl e-TSMB, 133. . .
LRI R KBRS T B, N LOTRER 7 ihgg ;iA‘;plgOJgFmtXCfm e
CRES Hﬁﬁ%ﬁ"]ﬂiﬂl%m, Si, B UL C bk, A 10  Zhang, G-B.; Fan, X.-D.; Kong, J.; Liu, Y.-Y.; Wang, M.-C.;
Ji U\V\]}?ﬁﬂfzﬁﬁgﬂ LI B L . Qi, Z.-C. Macromol. Chem. Phys. 2007, 208, 541.
(2) a-TSMB fle-TSMB 1| % TER EIR P K2 A 11 Haberecht, J.; Krumeich, F.; Griitzmacher, H.; Nesper, R.
BUARIGE Cbe. & ke, ClkSE), Wil FEK. A Chem. Mater. 2004, 16, 418.
AT RREALE, AT BETERE. a-TSMB Fl 12 Gervais, C.; Maquet, J.; Babonneau, F.; Duriez, C.; Framery,
e-TSMB 6B E I NAE 25 s N A 58 ik 82.0% 1 65.2%, E.; Vaultier, M.; Florian, P.; Massiot, D. Chem. Mater. 2001,
SO L2 5 90% 1 4%, A PRI 13,1700,
1R, 13 Toury, B.; Micle, P. J. Mater. Chem. 2004, 14, 2609.
(3) a-TSMB H1 e-TSMB [{IFd A 7= 24551 57.9% 14  Miele, P; Toury, B.; Cornu, D.; Bernar, S. J. Org. Chem.
I b 2005, 690, 2809.
iﬂ 48'/3(;0" PABE, /E\fﬁ”%ﬂ/‘] B%ﬁi*i C_l At €2 EE B 15  Noth, H.; Vahrenkamp, H. Chem. Ber: 1966, 99, 1049.
TCER TR 4.4%H] 4.9%, AL T ik SIBCN B XS 16  Jiaschke, T.; Jansen, M. C. R. Chimie 2004, 7, 471.
B ILE S RINER, 15 1400 C FHI&EME C1 F1 C2 3 17 Jaschke, T.; Jansen, M. Z. Anorg. Allg. Chem. 2004, 630,
AIORFFAR RS, T mil e et . 239.
18  Jaschke, T.; Jansen, M. J. Eur. Ceram. Soc. 2005, 25, 211.
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