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Abstract: SiC/SiC composites have emerged as essential thermal structure materials for development of hypersonic
vehicles and high thrust-to-weight ratio aero-engines. Design and utilization of boron-containing ceramic precursors as
impregnation agents for precursor infiltration and pyrolysis (PIP) to introduce self-healing components into matrix
represent a key strategy for enhancing the antioxidant properties of SiC/SiC composites. Here, borane pyridine or
borane triethylamine were utilized as boron sources and subsequently mixed with a solid polycarbosilane (PCS)
xylene solution to prepare different boron-modified PCS solutions. These solutions were used as PIP impregnation
agents to fabricate various boron-modified SiC/PyC (pyrolytic carbon)/SiC composites. The physicochemical
properties of boron-modified PCS-derived ceramics, along with the physical and mechanical properties of

SiC/PyC/SiC composites before and after matrix boron modification, were investigated. Results demonstrated that
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addition of appropriate amounts of borane pyridine and borane triethylamine as boron sources in solid PCS solutions

effectively introduced boron as a heterogeneous element into the derived SiC ceramics. Compared to PCS, the

boron-modified PCS solutions (BP-1 and BP-2) exhibited increased ceramic yields. The derived ceramics exhibited a

semi-crystalline $-SiC structure, with boron element contents of 1.7% and 2.2% (in mass), respectively. In contrast to

unmodified composite, the boron-modified SiC/SiC composites exhibited negligible changes in density, apparent

porosity, and fracture toughness. However, the flexural modulus increased from 116 GPa to 132 GPa. Furthermore, the

flexural strength of the modified composite using borane pyridine alone as boron source was 658 MPa, comparable to

the unmodified composite's strength of 643 MPa, but with a reduced dispersion coefficient. All above data demonstrate

that borane pyridine can be used as boron source for preparation of boron-modified SiC/SiC composites, providing

valuable insights for developing high-performance SiC/SiC composite hot-end components.
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Table 1 SiC/SiC composite numbers and their
impregnating agent types

Entry Impregnating agent type Composite label

1 PCS 50% xylene solution Co
2 BP-1 solution Cl1
3 BP-2 solution C2

SiC fibres plain fabrics

lFabric stacking

SiC fiber preform
(100 mmx100 mmx3 mm)

lCVI

PyC interphase deposition

!

Vacuum impregnation
of precursors

i 12 cycles
Pyrolysis of precursors

(1200 °C/N,, 60 min)

SiC/SiC composites

K1 SiC/SiC R A& FHRH & Jife K
Fig. 1 Flow chart of SiC/SiC composite preparation
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Table 2 Types of ceramic precursor and their
tube furnace ceramic yields

Entry Precursor type Ceramic yield/%
1 PCS 50% xylene solution 68
2 BP-1 solution 79
3 BP-2 solution 81
4 Borane pyridine 49
5 Borane pyridine 10% xylene solution 18
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Fig. 2 Typical PCS molecular structure (a) and its possible
crosslinked network with borane pyridine and borane triethyl-
amine (b)

. * -SiC
#BCN
* . qe
3 Borane pyridine
< ¢+
g AN ¢ ¢ BP-1
é
= 04
M

10 2I0 3|0 4IO 5‘0 6l0 7|0 8|0 90
20/ ()
K3 BHkERERE . PCS. BP-1 F1 BP-2 fiTAE F & 1) XRD i &
Fig. 3 XRD patterns of borane pyridine, PCS, BP-1 and BP-2
derived ceramics
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Table 3 Types of ceramic precursor and element contents
(in mass) of derived ceramic

Entry Precursortype O/% C/% Si/% B/% N/%

1 PCS 1.1 39.9 59.0 0 0
2 BP-1 1.5 42.1 533 1.7 1.4
3 BP-2 1.2 32.8 61.0 2.2 2.8
110 PCS
100 - —e—BP-1

90 - ——BP-2

123 456 7 8 910111213
PIP cycle number

Kl 4 PCS. BP-1 fll BP-2 il SiC/SiC E&M KR+ 1)

TS

Fig. 4 Weight gain rates during the preparation of SiC/SiC

composites using PCS, BP-1 and BP-2
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Table 4 Apparent density and porosity of SiC/SiC

composites
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CO~C2 MI4F 4 HARIITE 11~12 um ST AN, PyC Ftifl
JZJEEEAE 0.26~0.32 pm JoFHE N, X T A5
SiC/SiC E& MRk # T2 250 — 8tk .
2.3 BT Sic/Sic EAMBIR N ZF s
AT BT b T AR MUY SiC/SiC BA
MORLE) 02 SR T . 2 Al B DL R W M 45
MR B 6 BN T CO~C2 M IS B - w28
BHZR, oM sk ik B i Ki, =RE AR
(1982 37 7% ith 2 257 2 BB BB O T B, o Dy
IRPERFIE. 5 CO I C1 EAAHEL, C2 =M 125 il B
1R il 4 BB IROK, 5 1R S i i R A B
ZUNAF I . REME CO EM TR dis A
643 MPa, M5 C1 SMETFIE R E N 658 MPa,
HAHIE, HEE SR NE 7). 245 REW,
BP-1 1 5432 353550 A T il & B A 1 Sic/sic &
AR RO BRI T Z@ERN M 1 C2 M

P25 9 B O 525 MPa, B RAR T CORICL, HIHLE
B ZHE 3] 19.3%(& 7(a)). %45 R fE L T BP-2
AT ORAA 51N (R e = 2 B ok A&, JTEvkAE & A
T ERBIERER AN, SESrERE s R AR,
XY AN B A, BRI &4
Bsivk, dEmse A R AR E . X — R R
B, BP-2 Hii JX4AAAR & 11 PIP T 253& M AN K PCS K
BP-1 HORAAA R

RS CO (132 sy 116 GPa, 1M
RIS E A C1 R C2 (RS i & Ny
132 GPa. XFR I FE R F B FE ARG v S g T
SiC/PyC/SiC EAM KIS i R AR AEMH, 5l
NW SR AR RE TATAE SiC MEMkess, $2m
Ly R R 242 00 g A xS AR B M AT R
SiC/SiIC E &M EHR W R PEAT T o, 4R E
7~ CO.C1 Je C2 H A MBI W =TIV 7 71 R 27.6.
27.2 F1 28.3 MPa-m®®, =M, Bi W0 7T 18 i
FEARTH S S Xt T SiC/PyC/SiC B & AR 1 )
MBAMR. Co. Cl K& C2 SAMENIN DS 8
Fiw, BERHERAMERBIE, (HiE C2 ZMiln
PR Z WA AR et B X 3, R C2 EM itk
REFI ST AN RE SE PRI T CO AT C1 B4 . B, (UK
FH B fe e e/ B i BP-1 2t PCS ¥ 5 3&
T i) & AR T i Sic/SiC B A ML

K5 SiC/SiC EAMEL Co~C2 Wi 44 BiA% ) PyC FEifi )2 5
Fig. 5 Fiber diameter and PyC interphase thickness of SiC/SiC composites CO-C2
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Fig. 6 Flexural stress—strain curves of SiC/SiC composites C0—C2 at room temperature
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