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Carbon Coating of Ceramics
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Abstract : Carbon coating of ceramic particles were successfully performed by a simple process, ie.,
heat treatment of powder mixture of thermoplastic carbon precursor (such as poly(vinyl alcohol), PVA)
and ceramic s (such as MgO, TiO,, etc.). The experimental results obtained since 1985 were summa-
rized. Preparation conditions of mesoporous carbons from carbon-coated MgO through the dissolution
of MgO by diluted acid were established. Mesopore size could be controlled by MgO precursor.
Carbon-coated TiO, was found to give various merits for photocatalyst, hybridization of adsorptivity
with photoactivity, suppression of phase transformation from anatase to rutile, fixation by using organic
binder. From the mixture of SnO,, MgO and carbon precursor, the dispersion of metallic Sn nanopar-
ticles in porous carbon was successfully performed. In these carbons, some space neighboring Sn par-
ticle was always formed after the dissolution of MgO particle, which was advantageous to absorb some
expansion and shrinkage due to alloying of Li into Sn. From the mixture of K, WO, and K,MoO, with
carbon precursor, carbon-coated WC and Mo,C were synthesized, which gave a high volumetric high
capacitance in electrochemical capacitor. From the mixture of (NH,),0W 1,04 with PVA, on the other
hand, carbon-coated W;3049 could be prepared, which had a photocatalytic activity in visible light.
The mixtures of Fe,O; and NiO with carbon precursors gave either carbon-coated Fe or Ni, in which
graphite crystals formed even at 900 °C.  Carbon coating of ceramic tiles gave a possibility to produce
Japanese roof tile with a new process, which was completely different from conventional one.
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Fig. 1 Development and application possibility of carbon-coated ceramics studied.

B TR TG RLFRE )



48

A TEERTFH A BRI

2. I—RUFETukR

I IvIAHERHLINI Ty I BT —R
BT LT RIEDOOTHET, h—FR i
Rk T I v AEMEREG L, NEEFHEK
T 1000 °C Bt DIBEE CTNEAT S Lick -
TiThhb. TOERTEER%E Fig. 2 £ L TR
L7=.

MgO Ceramics Poly(vinyl chloride) (PVC)
tase-typeTiO, PrECUISOL | b1y (vinyl alcohol) (PVA)

Sn0,, Fe,0;, etc. Polyethylene terephthalate (PET)

K,WO,, (NH,),,W,,0,, etc. Hydroxyl propyl cellulose (HPC)

Ceramic tile in powder Pitch

Aluminum plate in solution

Heat treatment

Carboni: in inert

4—.4—

Carbon-coated ceramics | Carbon-coated MgO, Carbon-coated TiO,,
Carbon-coated Sn, Carbon-coated WC,
Carbon-coated W18049,
Carbon-coated ceramic tile

Dissolution of
ceramic substrates

| I

Porous carbon

Fig. 2 Procedure for carbon coating of ceramics.
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Fig. 3 Porous carbons prepared from MgO with 100 nm size and different carbon precursors.
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Fig. 4 Effect of mxing method on pore structure.
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Fig. 5 Mg citrate and PVA systems

Table 1 Particle size of MgO and mesopore size (nm)

MgO precursor MgO particle size Average
Lxray Ltem mesopore size
MgO 100 100 101
Mg acetate 30 30 28
(Powder mixing)
Mg acetate 17 15 13
(Solution mixing)
Mg citrate 9 6 5
Mg gluconate 4 — 2
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Table 2 Recycle of MgO
Cycle Using acetic acid Using citric acid
No. Mg acetate/PVA=5/5 Mg citrate/PVA=5/5
SgET Carbon yield Sger Carbon yield
(m*/g) (mass%o) (m%/g) (mass%)
1 1210 9.8 1402 26.8
2 1185 9.6 1468 25.2
3 1262 9.3 1423 254
4 1203 10.1 1415 26.1
5 1249 9.1 1481 254
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Table 3 Electric double layer (EDLC) capacitance of carbons

prepared.
Mixing .. . EDLC capacitance (F/
method Mixing ratio SomAle 1000 mAg/)g
MgO/PVA=T/3 103 34
MgO/PVA=5/5 88 39
MgO/PVA=2/8 65 28
Mg acetate/PVA=7/3 184 96
Powder Mg citrate/PVA=5/5 296 144
mixing Mg citrate/PVA=10/0 208 151
Mg gluconate/PVA=5/5 191 138
Mg gluconate/PVA=10/0 250 174
Mg gluconate/
Mg citrate=5/5 248 198
Mg citrate/PVA=7/3 320 154
Solution Mg acetate/PVA=7/3 338 198
mixing Mg acetate/PVA=5/5 238 210
Mg acetate/PVA=2/8 89 68
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Table 4 Carbon-coated TiO, samples prepared.

Sample Mix- HTT Phase Carbon Ap-

code ing (°C) content parent
ratio (mass%o) SgET

(m’/g)

ST-01 100/0 --- A 0 300
ST-01-500 | 100/0 | 500 A 0 60
ST-01-700 | 100/0 | 700 A+R 0 31
ST-01-900 | 100/0 900 R 0 2
SP50-700 50/50 700 A 16 130
SP50-800 | 50/50 | 800 A 14 164
SP50-900 50/50 900 A+Rt 10 170
SP50-1000 | 50/50 | 1000 A+Rt 12 166
SP50-1100 | 50/50 | 1100 A+Rt 9 145
SP70-700 | 70/30 | 700 A 9 120
SP90-700 | 90/10 | 700 A 5 60
SP95-700 95/5 700 A 2 40
SP60-900 60/40 900 A+Rt 10 196
SP70-900 70/30 900 A+Rt 8 130
SP80-900 | 80/20 | 900 A+Rt 5 100
SP90-900 90/10 900 A+Rt+ 2 50

TinZn-l

* A: anatase phase, R: rutile phase, Rt: trace amount of rutile phase
and Ti,O,,.1: reduced phase of TiO,.
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