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Abstract A low melting borosilicate glass frit was used as an adhesion promoter, which enables MnWQ, to
be sintered with in a reasonable sintering temperature range (800~1000°C). The glass was evaluated for glass
transition temperature (T,) and thermal expansion coefficient(). Mechanical property (Vickers hardness), grain
growth, the comparison of lattice parameter and pore distribution of sintered MnWO, with the frit were
methodically discussed. As sintering temperature increased, a typical liquid phase sintering showed the rapid
grain growth and high densification of MnWO, grain, improvement of hardness (until 920°C) and different pore
size distribution. Resistance of sintered MnWOQ, varied from 450k{2 to 8.8M{2 under the measuring humidity
ranging from 30 to 90%. Thus, the results will contribute to the application of glass frit containing sensor

materials and their future use.
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X8 YJeEpIRen 05um H=9 A
UeRliith, ZRo=2 AMESE ]9 2432 Table
2o BT 6~8 umE AMEIIATE MaWO,- 23
B3 = millel A 2441 7F E3F 3 CIP (cold isostatic
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Table 1. Composition of glass. (unit wt%)
SIOZ B203 NaZO A1203 F€203 Kzo CaO T102 ZnO
76.5 12.8 6.3 3.8 0.02 0.02 0.01 0.01

g, BAZHA (dilatometer) AFHETS At F
APA2FEE) 7 (SEM, HITACHI, Japan)yS $3F 22 A9
oA F2E HEAsg e, Ure 7|3 EE o2y

A g ol &3t A AT, ofgd V¥ BEE &
oln 7] 913t 23U (Ag porosimetry, Micromerits,
USAYE o83t F3€ 7FEX 2AS 7|3
E7F BEES Ao E Uehd &4 2TddA AAdE
AlHol A AlE FHe 2(Ag) AT = & F
gaagRoA dUEFE B9 30004 90RHAA, &4
L5 30, 40, 50°Col|lA &g LCR7IE (ED EDC-
1620)5 AH&-3te] 120 HzollAl A &e SA 83t

3. &dx ¢ s

MnWO0,9 279 24zAE A" Zelo] §84
o] (Tg)e 543°C, A ASA Y dsHd (Tdy2 613°C,
Littleton softening A (Ts)}& 780°C, 28] M AA S
4.8X106/K ©|th FEAEAZ MaWO,= 9F 1323°C
AA Gl vERtot Zylo] A7k EAle oRE W
£ 1297°CE 2A3ERoH, frit H7FEF2,6 wt%)d] wE
+49 wsle gAthFig. 2). =] F71E MaWO,
Ao ANFREE IHT o, IRk dEg
W MaWO, TdAte] Ao Had HXLEE 32Tm

l oF 880°C7F v, H@k Zlof HAREE he &
=2 FHAT Ts o]l oF 800°C AEE o 2"t} o}
24 MaWO,¢ ZHE FHU1E 4AFAe] A2FerE

850°C o]e] oA & =T

Fig. 391419} 7Fo], MnWO, 9] E3Hl= 850°C ©]4fol
AMe dxe Wit glolen g ee ke A%
Holtlrt 900°C o) deliMe dAdskAl Ykt MnwO, 2

Tg-543C
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Fig. 1. Result of thermal expansion curve of a glass (frit
composition).
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2 Helth
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2% 900°C7HA] EEstas o A8 E 4L ey
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el wEA ojd 32 AAYY Frte &F
Ao 71ARH &4l FEgS WA Aoz AlgsH) vt
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AL f=dhe 23 (Fig 68 YEM. 53] & 2H
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Fig. 2. Thermal analysis of glass, glass(2 and 6wt%)/MnWO,.
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Fig. 3. Density and open porosity of sintered MaWQ,/2wt%
frit as a function of sintering temperature.
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Fig. 4. SEM microstructure of sintered MnWOQO, only at
different sintering temperature for 1 h at (a) 800°C (b) 900°C
and (c) 950°C.
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Fig. 5. SEM microstructure of sintered MnWO,/6wt% frit at
different sintering temperature for 1 h at (a) 850°C and (b)
950°C.

A 7IAE ZA=E A W vAS
st Fig. 8ol Uepth. o] Adolx & 5 ]
AA 9 AEghe 257t 7 wEt Sriske AW
wo|thrb 920°CelA Szt (3.3 GPayg yehd F
233

Zygg o] 43 MaWO, 2Z4A (1000°C, 1 h)ye] AA
&2 24" MawO,2t HIZsE o (Fig. 9a) MoWO,
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Fig. 6. SEM microstructure of sintered MnWO,/2wt% frit at different sintering temperature for 1 h at (a) 800°C (b) 900°C (c)

950°C, and (d) 1000°C.
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Fig. 7. Grain size of sintered samples as a function of
temperature (MnWos/2wt% glass frit).
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Fig. 8. Hardness of sintered MnWO, under the load of 500 gf.
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Fig. 9. XRD result of (a) raw material, MnWOQ,. and (b)
sintered MnWOQj,.
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Fig. 10. Pore size distribution of sintered MnWO, for the different sintering temperature, at (a) 850°C (b) 870°C (c¢) 920°C and

(d) 950°C.

Table 2. Properties of sintered samples.

(sintering time: 1 h).

Sintering Apparent Apparent Mean pore Pore size b
temperature density(g/cm®)* porosity(%)* diameter(/,tm)b distribution(tm)® Pore type
800°C 5.02 27 - - -
850°C 6.6 12 16 10~90 -
870°C - - 11 7~90 Bimodal
920°C 6.5 39 i1 7~90 Sngle mode
950°C 6.5 4 0.05 0.03~0.05 Single mode
1000°C - - 0.06 - -

“ by Archimedes technique

? by Mercury porosimetry
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Fig. 11. Resistance vs. relative humidity of sintered MnWO, at
920C for 30 and 60 min (experimental condition: at 40°C in
atmosphere).
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Fig. 12. Resistance vs. relative humidity of sintered samples (at
920°C for 30 min) for different experimental temperatures (30-
50°C).
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