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T h-BN/ZrO, 5 & bR 6 Rl 89 %) B idoAIL il o
1 SKIHERSY
1.1 ZBREH

S8 TR A R 4 h-BN(99. 9% 4l i, i JE <5
pm, FWERRL T AEAE RARA R T E) . ZO,
(99.5% &l ki i <<3pum, LR T A b A H
BRI P E ) Si0,(99. 7% 4, R5F<<100 nm, E
TR Rr T AR AR A B A P E) (La,04(99. 9%
gl B <100 nm, b BT HE T AR A 4R A BR 2
A HED) CALOS(99. 99 % 4l ki <<100 nm, I
B hr T A A H R A R A R A )  MgO(99. 9% 41
& R <100 nm, i BT f7 T A 4k 3R A BR A A
FED BT 3R IR A9 h-BN/ZrO, & & 4
BHARE( 1),

®1 ERELE

Table 1 Raw material ratio table
HRw/ %
Sample
h-BN 7rO, SiO, La,0; AlLO; MgO
BZ 70.0 30.0 — — — —
BZ-AM 65.6 28.1 — — 5.8 0.5
BZ-SL 68.6 29.4 1.6 0.4 — —

BZ-AMSL  64.2 27.5 1.6 0.4 5.8 0.5

1.2 REH*E

h T AN LR AR RIREY BV
5 Z A ALOBRIR A (ALOSER 58 1Y & ik E
30 1), Hoh EREEIR A B 24 h R
300 remin "' BHIR A HRHAE 100 CF T4 10 h, B 5
BT AR R B T E b LAt — S . K
Wy AR A WA B RETE A7 S5 A8 H v, 5 e 40K By
REGHEFEIT, RHSPS ¥, 76 30 MPa i [E /1 T,
LA 100 “Cemin™"' FH i 3 22 7E 1 800 “CIl & F 445 5
min, I &R HE S o R AR B T A th ZZSM A R
8 E) I RSk SPS-300T40KA o FE 5 B Tt J 4okt
PEAE 1 800 “CHYA AW v AT I, F il ik i) & 4
304N, HFLE NI TR 2,

F2 304 REEWAR G
Table 2 304 stainless steel composition

Component C Cr Ni Si

Mn P S N Fe

w/ % 0.0320 18.1100  9.5600

0.2100

1.6300 0.0120 0.0018 0.003 5 REE
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HWE N4 (°)min ' CuKa K 58 5508, LA K BiC & fE &
@ 1 4y Br (EDS, QUANTAX200-3, BRUKER 72
H) L {8 E ) W0 A1 TEM(JEOM 2100,JEOL, H7A)
S ACBE X RE AT IO 45 A4 L 5% TR 43 BT

2 #HREIFR
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M At . AL 1(a) AT UL, BZ A v 2O, (1 8
UKL ) 35 5] Hidik A R AR S5 48 1) h-BN A 1% A B
WA ALET AR, X H T AER LS AR T h-BN Y kL
ST LU D d UK Sk 548 0, — S ok 2 W A i
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AU SR S5 B I #E 1 800 “CF gl it , B dh mf
DL RAG A X B8 B LA, ZrO, 23 BofE BN LA i
BZ-AM 5 N A VT 2 25 B H E 2L e
FAECILE 1(b)) o X 52 W MgO il ALO, 78

(a)—BZ;(b)—BZ-AM;(c)—BZ-SL;(d)—BZ-AMSL,
1 7A[E h-BN/ZrO, E & # #17 1 800 TR Y h-BN/
ZrO, M & K SEM E %
Figure 1 SEM images of h-BN/ZrO, ceramics sintered
at 1 800 T for different h-BN/ZrO, composites
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bR, DTG 0B v bR 9 %5 B

& 2 0 AR h-BN/ZrO, 5 4 R X 5 26 157 5
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i W 43 B 2k h-BN (JCPDS No. 73-2095) #il ZrO,
(JCPDS No. 83-0944) . iX#E SZ tH F7Ebe &b ik f2 h
AT il F be 4 Bl DR B0 A W AR B A AR . h-BN
A A W 5, 7 e 285 S A S A L R A S AT
AP — MG OLT A5 A A8 n] L3 B 1 AR
KHIWr . FE S BZ-SL th BN I ZrO, B A7 5 s 5 5 B
T H O R SRR A . X T BB R R B SIO, Al
La,O, 411 —JC R G0 5 T8 A, 80RH 1 47 7
AT SR R B AR Y 2, R R - A T A
186 7 SRy VS - UL D B AL PR T R L b o AR
fi BN fhobz Al ZrO, fib 0 58 42 A2 K, FH L 9 AT 559 068 5
FE A R GG T BZ-AM KR &L EURL 22 1] e LI
AR AR, MgO Al ALO. fy A 55 5 H it 32 88 J2: 76
FEAR R AR VRO O AR A B R R [
il R 8 AR PR O AT G 0 1 R R AR T A . W
4 Fhpe 25 Bl 77 19 BZ-AMSL (1) 77 5 06 10 5 B g K
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Figure 2 XRD patterns of different h-BN/ZrO,
composite materials (sintered at 1 800 C)
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S5 ] Lo AL e 4 T A BRI 2, 3F H ZrO, 43 HUTE
fm S AT DU BN A Afokz 9 2 4, PRI BN Y - 24
fnBE RUSE L #8O 19 HoAth h-BN/ZrO, BE /N . BZ FE
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bR 2 ) B R FLEBR A . R, R Rt B b 25 5
W b oRL ] W 2E BT 2, S BT R B AR . X T
BZ-SL#E & FERE 25 i R Hp % T AR , AR i 2 T
Jo A% Ak R A OE T R HE DR RE A P AR
PB4 % A W S S R & o 2 BT LA T 2
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Figure 3 Fracture microstructure of different h-BN/ZrO,

composites sintered at 1 800 C by SPS
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BN C 28 587 1 4 A — J7 [0 AL HE 57 e 22 i AN 3
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BT A WL CULIET 3(d) ), X AT BE I 45 Ff g 45 1 79
L E AR A S5 50 o WA R4 B AR 1 T R AR K
firoRL A T e 6 R B AR AE SR ), R R AR
P BZ-AMSL A by HAT 0 5 9 25345 PR BE o

2.2 WEEIEEE

Ny 1B B E R R ) el b SN N E o A
I b 25 T 5 169 3 B8 S g, DA o e Ak 2 s i) 5 2l
HEMBERE . 22 3 MLE 1800 ‘CF SPS A A [ B
(4 BRPERE o R 2% 3 RTEL, A AR I AT A 458 &5 B R Y
FE b BZ BT MgO Fl ALO, BE 45 Bl 577 /9 k¢ i
BZ-AM, - # fEbe 4 i 2 b R &8 OB 1% TR
JIRART LR, P AE 1 800 CBa 4k it iy 25 il 58 i 43 Ry
4 157.88 Fi1 155. 24 MPa., MmN T Si0,,L,0,
1 FE 5 BZ-SL Fl BZ-AMSL , 75 58 45 3o & v i &) %
YRR TR A, DT PR T e & e R R R L
A LA 25 iR . BZ-SL7E 1 800 ‘CHE4E 5 1l
iK#) 196. 8 MPa iy 25 3 i, 3% i T Hofth i B i o
FEA a4 Bh UG  AF i 10 L B 5 i 3 AT, e il 2
BZ-SL ) R WAL R IR 2] T 0. 42% , X LW A 3
e 4 By A RE B 0 R AR SR A Y A R R A
G A R T Ao 7 = O £ e wi ) | I -E2o 3 | B e 2B
FEAS B UE— 25 (R T, MR SR BE R . SR, BRI BE
45 Wl 390 %55 3 385 AR 1) A7 AE AT S0 TE S A, 5 BOMOREAY BB
ZUE 1k 3 R % . BZ-AMSL 4 W 248 A R 1. 89
MPa-m'?, X & # LT BZ 1Y 3. 22 MPa-m'?,

*3 1800 CTHEUMEERFHLE(SPS)ELENREME RN YEELE
Table 3 Physical properties of different samples sintered by spark plasma sintering (SPS) at 1 800 C

Sample  Flexural strength/MPa Fracture toughness/ Apparent porosity/ % Thermal ccinducfivity/ Hardness/
(MPa-m'"?) (Wem '-K™) GPa

BZ 157.88+12.55 3.22+0.56 1.83+0.18 13.8 0.84+0.11

BZ-AM 155.24+9.12 2.91+0.12 1.63+0.19 14.3 1.94+0.18

BZ-SL 196.31+£13.12 2.23+0.16 0.42+0.05 16.1 1.7240. 14

BZ-AMSL 178.114+11. 26 1.8940.09 0.7540.03 12.1 2.9340.24

2.3 [BrErEmyE

4 A A h-BN/ZrO, & 4 #8185 42 1 80 min
Jo B9 SEM & o DA B 4 BT UL« 2R S e 45 Bl 57 G RE
i, HEE T AR 40 S AR R ) ZeO, BRI B A I
Tia) BH i 4 A A A T S ok )2 Ak A SRR Y 2 ZrO,
KA, LG ik 2 A R B FLIR 5 in A Be 4 Bh 5
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R R B RS BN R 2 Ja] iy 432 2 )
SEA W ZS B FT I TE L o A AL B R AR AR A
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FAE D FAE TRAR R . Y X S8 S A Wy O K R B —
SE ST I XoF S5 TR #) R R AR, AR 5 B B A 34 ol
F5 T 7E S AL B R BRI 2 . T R B IR R AR
bt A v BOK A8 O R RS . B A (R T e ] 4
JNE] 80 min, {3 iy 5 1 14 6§ b 2 1) J52 AR 3K B 4
KAG, Fii 2= S8 REE— P R . B BN 4 1L, 5
17 DX 3B W15 2 AL K BB AR, BEE R
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(d)),JE 2 NI B AL, XA SR % = A
ﬁn_ﬁAu)ﬁN@o%ndﬂMﬁfiﬁt

(8)—BZ; (b)—BZ-AM; (c)—BZ-SL3 (d)BZ-AMSL.

E4 A[Eh-BN/ZrO, E & ##H (84 T 1800 C)#HE M
80 min R B &M KL BT B F SEME

Figure 4 Backscattered electron SEM images of the
microstructure  of  different  h-BN/ZrO,
composites (sintered at 1 800 C ) after
being etched for 80 min
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Figure 5 The variation of the corrosion layer
thickness in different h-BN/ZrO, composites
(sintered at 1 800 'C) with corrosion time
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1 800 °C, %245 JE 1o~ 30 MPa I} il £ (9 A [ A Sl ik
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B4 Wl .
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Study on the Preparation and Anti-Steel Liquid Erosion Mechanism of h-BN/
ZrO, Composite Materials

TANG Beibei', CHEN Mao', QIAN Fan*, CHEN Yongqiang"
(1. College of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China; 2. Sinosteel
Luoyang Institute of Refractories Research Co. , Ltd. , Luoyang 471039, China)

Abstract: The h-BN/ZrO, composite material, known for its excellent overall performance, is a promising high-temperature
material, especially as an excellent side-sealing material in the thin strip continuous casting and rolling process. However, the
BN-ZrO, composite ceramic often fails due to molten steel-induced erosion when used as a side-sealing plate. Therefore, it is
of significant practical importance to enhance the wear resistance, corrosion resistance, and thermal shock resistance of h-BN/
ZrO, composite materials. In conventional sintering processes, sintering additives primarily affect ceramic performance by
increasing ionic diffusion coefficients, activating surface energy, or forming liquid phases to improve mass transfer rates,
thereby promoting sintering densification. By adding different sintering additives and using the spark plasma sintering (SPS)
process, the erosion resistance of different BN/ZrO, composite materials against molten steel was compared. The study
investigated the effects of zirconia crystal form and content, as well as the types of additives, on the microstructure and
physical properties of the composite materials, along with analyzing the mechanisms of action of the sintering additives during

the SPS sintering process. Additionally, the corrosion resistance of different BN/ZrO, composite materials against molten steel
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was studied, with the expectation that the SPS process can produce BN composite ceramics with high mechanical properties
and corrosion resistance. The results indicate that zirconia exhibits significantly higher corrosion resistance than boron nitride.
For the BN/ZrO, composite material without additives, the thickness of the eroded layer significantly increased, reaching
about 40 pum after 80 min of erosion. There was no transition layer between the eroded layer and the substrate layer,
indicating that the erosion damage of the h-BN/ZrO, composite material is primarily caused by the high-temperature oxidation
and volatilization of h-BN. The distribution of B and N elements in the steel originates from BN oxidative decomposition, with
dissolved oxygen playing a key role. Specimens with BSiO, and 1.a,0; additives developed an obvious transition layer, and it
is easier for the steel to enter into the matrix. Specimens with ALO, and MgO additives exhibited obvious pores between the
erosion layer and the matrix. The erosion layer is a stronger obstacle to the steel. Reasonable regulation of additives can form
erosion layer, transition layer and matrix layer. This study clarified the molten steel erosion mechanisms of different BN-ZrO,
composite ceramics, providing theoretical guidance for the fabricating high-performance h-BN/ZrO, composites with excellent
erosion resistance.

Keywords: h-BN/ZrO, composites; thin strip continuous casting; side sealing plate; sintering additives; discharge plasma

sintering; zirconia crystalline form; corrosion resistance; densification



