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Effect of MgO : Li, O molar ratio and sintering temperature on properties of

vitrified bond and ¢cBN grinding wheel

ZHAT Haochong' ?, WAN Long*', WANG Junsha', WANG Zhiqi', HU Weida', SONG Dongdong'
(1. College of Materials Science and Engineering, Hunan University. Changsha 410082, China;
2. XJ Group Corporation of State Grid, Xuchang 461000, China)

Abstract; The vitrified bonds with different molar ratios about MgO : Li, O(M ) and ¢cBN wheels were prepared at
the base of ZnO - Na, O - SiO, - Al, O; - B, O; ceramic system. X-diffraction analysis, SEM and thermal expansion
coefficient tests were used to study the influence of M and sintering temperature on the properties of vitrified bonds
and ¢cBN wheels. The results show that with the M value increasing, the soften temperature, refractoriness and
chemical stability of the bond increase, while the thermal expansion coefficient increases and then decreases. When
the M value is 0. 67, the increasing of the temperature restrains the quartz crystal separating. Meanwhile, the
content of Mg(Zn) Al, O, crystalline phase increases, and the size decreases at first and then increases. Moreover,
when the temperature reaches 870 °C, the grain size is the minimum about 2 pm, and the most compact
microstructure is obtained. At the same time, the bending strength of the bond reaches the maximum value of 136.
28 MPa. As the sintering temperature increasing, the porosity and water absorption of ¢cBN wheel decrease at the
beginning and then increase. However, its bulk density, hardness, bending strength, abrasion and grinding
efficiency exhibit contrary trend. When the temperature is 890 °C, the abrasion and grinding efficiency reache the
maximum values of 98.72% and 1. 3675 g « min~ ' respectively.
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Table 1 Formula of the vitrified bonds

Mass fraction/ %

M SiO; Al O3 B,Os; Na,O ZnO Li,O  MgO
0.00 44 13 12 12 9 10 0
0.25 44 13 12 12 9 8 2
0.67 44 13 12 12 9 6 4
1.50 44 13 12 12 9 4 6
4.00 44 13 12 12 9 2 8

M - Molar roatio of MgO : Li, O

*x2 BNEARAH
Table 2 Formula of the ¢cBN grinding wheel

Vitrified  ¢cBN ) )
Dextrin powder Wetting agent
bond 150 pm

content

Mass

23 77 2
fraction/ %

Adequate

cBN g H 1 il & . I M Sy 0. 67 B FE & 45 A
A L 2 AT . R, R (22 MPa) ,
Tk 24 h J57E S 30 b b UK R Be gl iR, A 4R
WG 13 BN Fg&E B H (HiE XL X &
30 mm X6 mmX4 mm),
1.2 gl
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Fig.1 Linear thermal expansion curves of vitrified bonds for

ZnO - Na; O - SiO; — Al; O3 — B, O; with different M
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Fig. 2 Refractoriness curve of vitrified bonds for

ZnO - Na; O - SiO; — Al; O3 — B, O; with different M
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Table 3 pH value of vitrified bonds for
7Zn0O - Na, O - SiO, - Al, O; - B, O; with different M

M 0.00 0.25 0. 67 1. 50 4.00
pH 9.67 9.13 8. 86 8.73 8.17

VU pH (ELRE MR 58 0T 22 ) . X R R Ry 4
AP R (LM Na™ ) & 5K Em b H B
FE H, O #4785 F2cde, JLRnl B R X ERoR
R"—Bond+H" —Solution=

H" —Bond+ R"—Solution
R*—Bond+H,;0O" —Solution=

H,O"—Bond+ R —Solution
X A SN S B 2 2 R e A e R AR A R K i
FEo 2 M>0. 67 I, 255 K255 k. i
PR AT RE S 25 MK X 455 0 BT — e R AR T . il
TAWK M AEAE, 25557 i i 8 B 7 (Na |
Li™) AW &5 & 0 b iAKW Bl A= i ik
7+ Bl ORBOR . pH E 2R BT 45 ARl ke
FaE A 22, MgO Mgl AREWE B2 R ph FR B, X
JeHh Mg 2R RSB FETE Na ™ 1925 B h
L5101 1 oy O AR 1 B @ B E
455 b LiT v B o i@ Wi AR 7 HBORE i AE 77 9
59 FEART AW P LiT W B BEE M ARSI,



« 122 -

E e H 7 R

Mg®" 5&5& R P Zn® i bl 208 R LR &
ik = 207 11 1R 5 e S8 o — 2B
BT RN . A Ah. BIAK) Mg®" FEE 45 5 by B
T ARTE IR MgSiO, 5 . W0 1% J52 B2 Bl ML A 385 A
718 JE ok A IR RE A ] Na A1 L 1) 2K ¥ Wb
PG L. S5 R R R pH(ERE M {ERY 54
T 32 4 /N Al 2 R 0 8
2.4 JREGIRE XL G W8 H AR S E) # 0T
Bl 3 R 4 O M=0. 67 I B &8 25 5 50 A A i
JER B R LA S AU R

* Me(ZmALO,
* ® SiO,
890°C o ®

Intensity (a.u.)
o
=)
a
%\‘

IIO 2I0 3I0 4I0 5I0 6I0 7I0 SIO
26/(°)
K3 ARFHET ZnO - Nay O - Si0; - AL O3 - B, O
W e 45 4 70 (M= 0. 6T X 7 it 1l
Fig. 3 XRD patterns of vitrified bonds for
ZnO - Na; O - Si0O; - Al O; — B,O; (M=0. 67)at different temperatures
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Fig. 4 Microscopic structures of vitrified bonds for

ZnO - Na; O - SiO; — Al O3 — B, O3 (M=0. 67) at different temperatures
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Fig. 5 Bending strength of bonds for ZnO — Na; O - SiO; — Al, O3 — B, 05

(M=0.67) at different sintering temperatures
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Fig. 6 Microscopic structures of grinding tool samples

at different temperatures
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Table 4 Properties of vitrified tools at different sintering temperatures
Sintering Porosity/ % Water Volume ‘ HRB Bending Abrasivencss/ ¥ Efficiency/
temperature/ C absorption/ % density/(g + cm™?%) strength/MPa (g +min 1)
830 30. 25 20.12 2.06 60. 3 60. 37 44,13 0.9137
850 26. 34 18. 27 2.18 72.6 73.32 58.98 0.9924
870 20. 50 10.13 2.21 80. 2 91. 84 80. 57 1. 3473
890 19.92 9.97 2.22 86.7 100. 29 98.72 1. 3675
910 21.01 16. 00 2.19 71.5 89. 19 68. 41 0.9531
930 28.89 19.78 2.09 63.3 60. 65 46. 49 0.9426
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86. 7 F1 100. 29 MPa. F&FE Lt DL K B HI 0% 43 51 Ry
98.72% F1 1. 3675 g + min ',
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