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ABSTRACT

The effects of shp composition and processing conditions on the fabrication of ceramic heat exchanger cores
by doctor hlade process were investigated. Since the effects of those two vanables were inler-dependent, the
effects of binder system, binder plus plasticizer, were extensively studied for a limuted range of processing
conditions and a pre-determined ceramic composition. The content of binder system and the ratio of hinder
1o plasticizer were identificd as main variables to affect densities and mechanical properties of green sheets,
compressive properlies and bond strengths of lammates, and shrinkages and their anisotropy ol sintered lamina-
tes. However, sinlered densities and water absorptions of laminates were nol influenced by etther the canlent
of binder syslem or the ratiwo of binder to plasticizer, when Lhe debinded laminates had a relatively high
density (relative density of >55% in this study).
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Fig. 1. Flow diagram lor heal exchanger cores by doc-
tor blade process.
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Material l Function Source (Grade)
Cordierite Ceramic powder A4 Frjeete]B(F) (#50)
Aluminum titanate Ceramic powder A Az
Celsian Ceramic powder A A=

Polyvinyl butyral (PVE) Binder Monsante Co.,, US.A. (B 79)

Dibutyl phthalate Plasticizer BREE{LER(EE), Japan (EP)
(DBP)

¥ihy! alcohol (EtO) Solvent ZokalEH ) (EP)

Methyl isobutyl ketone (MIBK) Solvent Kanto, Japan (EP)

Fish ou | Dispersant

Stetson and Gyurk
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Table 2. Batch Compositions of Slips before Deairing {(wt5a)
Ratch Component Powder Binder Plaslicizer Dispersant Solvent
1* 54.46 6.40 3.20 1.09 34.85
2* 54.45 7.18 2.39 1.09 34.89
3* 54.41 7.91 1358 1.09 35.01
4 54.36 85.19 1.17 1.9 35,19
o 72.33 2.71 69l 145 22.60
G** 65.66 5,17 1.72 1.31 26.14
7 54.45 7.18 239 1.09 34.89
g 45.14 9,18 3.06 0.90 41.72

*The ratios of binder Lo plasticizer are
The content of hinder -+ plasticizer is 30 vol%.

2:1, 3:1, 5:1 and 7:1 by weighl for batches 1, 2, 3, and 4, respectively.

**The ratio of binder to plasticizer is 3:1 by weight. The contents of binder+ plasticizer are 10. 20, 30 and

40 vol% for balches 5, 6, 7, and 8, respectively.
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Table 3. Densities of Binder Systems
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Batch Compusition (wt%) Density (g/cm®)
PVB DBP
1 66.6 33.3 1.018
2 75 25 1.015
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Table 4. Densities, Mechamcal Properties and Surface Defect of Green Sheets

Property | Green density Relative green | Tensile strength | Elengation (%) Surface defect
Batch (g/cm’) density (%) (z/mm?)
1 1.64 75.7 95+ 3 15.0 O
2 1.69 77.8 200+ 16 11.0 O
3 1.57 725 230+ 31 5.7 @)
4 148 68,1 366+ 32 14 X
5 179 715 1057 6.4 A
) 132 777 176+ 9 a9 O
7 1.65 77.8 200+ 16 11.0 9]
3 172 85.6 252+ 4 19.2 O
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Table 5. Physical Properties of Dehinded and Sintered Laminates*

Propeties Relative lamnate Relative sintered Water Shrinkage (%)**
Batch aft%ernst’ilt%mdmg density (%) absorption (%) X ¥y z
1 57.% 98.7 0.06 136 14.7
2 574 978 0.07 13.6 14.4
3 bh.7 96.0 0.08 136 14.5
4 54.8 96.4 0.08 14.1 155
5 64.8 986 0.056 11.7 126
6 62.1 a3.2 0.07 11.9 13.0
7 57.4 57.3 067 13.6 144
8 59.6 924 0.05 15.7 16.1

*Sintered al 1275C for 6 h

**y, v and z are directions parallel and perpendicular. respectively, to the sheet plane.
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(a) ()] (c)
Fig. 9. Microstructural changes of haich 2 (Table 2) at each fabrication siep: (a) green sheel, (b) laminale, and
{c) sintered laminate, Square regons in the left side of {a), (b) and (c) are enlarged 5 times al the rnight

side.
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