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As the particle size decreases, the particle should be essentially exhibit unusual properties.
These prorerties of ultrafine particles (UFP} attract the attention of investigator. There are many
methods for the preparation of UFP. In conventional methods, the aggregations of particles occur
easily. To remove this drawback, it seems preferable to perform the formation and processing of
UFP in one step. Here, the preparation of UFP was tried by using gel film. The size of UFP is
controlied by gei network.

The procedure of cellulose acetate gel membrane was similar to that previously reported. The
casting solution was prepared by varying the proportion of solvents. Higher content of forma-
mide yields higher water content of membrane and more porous membrane. The water content
is crucial parameter for the determination of gel network. The particles were impregnated into
the gel membrane by precipitation process using the mutual diffusions of reacting solutions
through the membrane. e.g. The hydrous metal oxide particles were impregnated into the
membrane by contacting each side of membrane with aqueous metal ion solution and alkali
solution. Alumina gel was prepared by sol-gel process using fine hydrous alumina oxide sol
derived from inorganic saft. The highly dispered metal/Al,0; catalysts were prepared by thermal
decomposition of precursor gel containing metal jon solution. Highly dispersed metal/C catalyst
and magnetic particles were prepared by thermal decomposition of impregnated celtulose acetate
precursor gel. Gas permeability was determined by low pressure method. Hydrogenation rate
measurements were made every definite period by following the consumption of H; at 256°C under
atmospheric pressure. Magnetic properties were measured by using a vibrating magnetometer.
The alumina sol can be mixed with organic dye which is then fixed into alumina gel nextwork by
gellation. The fluorescence was made on a Hitachi 650 fuorescence spectrometer. Absorption
spectra were recorded on a Hitachi 3200 spectrometer.
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Cellulose Gel Membrane: The gel membrane impregnated with UFP is homogeneous transpar-
ent. It looks like a solid solution., X-ray diffraction pattern indicates none of the presence of cry-
staliine phase but something like an amorphous character, Hydrous metal oxide composite
membrane shows RO rejection for electrolyte. Magnetic Fey0,(5~10nm) were dispersed into gel
membrane with Fe**/Fe®" and NaOH solutions. Ferromagnetic particles {20-80nm) were ob-
tained from directly from thermal decomposition of hydrous ¥e oxide composite gel membrane. It
is likely that the particles are coated with carbon. Barrium ferrite particles (20-80nm) were
obtained from thermal decomposition of composife membrane of hydrous Ba and Fe oxides.
Hydrogen at 400°C reduces the hydrous metal oxide composite membrane and leads to the
formation of highly dispersed metal/C catalysts. These have metal loading ranging from 30-80
wt% {surface area 150-250 m/g). The Ni/C catalyst shows higher selectivity for the reaction of
cyclooctadiene to cyclooctene, compared to Raney Ni,

Alumina Gel Membrane: Alumina gel was selected as a typical inorganic gel. The alkoxide
route to the ceramic material has been explained in several areas. However, the route by agueous
sol solution is not as well described as alkoxides. Transparent alumina film was prepared by
dehydration from ultrafine alumina sol. The filn is transparen{ up to annealing at 900°C. It shows
high transmittance for light ranging from UV to near IR. A variety of organic dyes are embeded
in the films at iow temperaiure with good homogeneity. The dye molecules are not leached out by
water. The properties of absorption and emission spectra, and enhanced photostability are
represented in terms of molecules—gel matrix isolation. The undesirable dye aggregation usually
observed in aqueous solution is, largely reduced in the film, even at concentration as high as 1072
M. The film thus doped acts as a dye laser emission thin film or a device of photochemical hole
burning which is applicable to high density optical data storage.

The dyes active in PHB were embedded in matrices of transparent alumina films. The dyes
doped were sodium resorufine, 5,8-dihydroxy-14-naphthoquinone (DNQ} and 1,2,3-tetrakis (4
-sulphophenyl) norphine (TPPS). Spectra shifts were observed in the film similar to those in polar
matrix. The spectrum of TPPS doped corresponds to that in aqueous solution at pH 2.5. It seems
thus that the protonation in the film occurs for resorfin and TPPS. Reflecting this fact, DNQ in the
film reveals the band active in PHB but resorufin and TPPS do not. The latter dyes reveal active
bands on exposure to NH; gas because of deprotonation. The changes of hole profiles with
temperature were measured by two methods, Some discussion are given on the profiles compared
to those in polystyrene (PS) and polymethy! methacrylate (PMMA).

A highly dispersed nickel-alumina catalyst has been prepared by the sol-gel process using
hydrous alumina sol described above. The size of the nickel particles is controlled by the
dimensions of the network of the homogeneous precursor alumina gel, This new catalyst shows
higher selectivity in the liquid phase hydrogenation of 1,8 and 15-cyclooctadiene and methyl
linolenate than either Raney nickel or impregnated nickel-alumina catalysts, However, it shows
lower activity than Raney nickel. This may be due to the tendency of the nickel particles to be
encapsuiated within the alumina particles,

Transparent alumina membrane was prepared from the hydrolysis of aluminum isopropoxide
by the sol-gel method. The membrane heat-treated at 400°C showed high specific surface area,
680 m*/g. However, the film treated at 1300°C showed little N, adsorption. The pore size was
distributed from 2 to 10am. The permeability coefficient of permanent gas decreased as the
molecular weight increased. On the other hand, the permeability coefficient of aliphatic hydrocar-
bon increased with an increase of molecular weight. A formation of polyvinyl alcohol (PVA)/
alumina gel composite was investigated with a view of homogeneous composite at colloidal level.
The composite were transparent up to alumina content of 60 wt%. The effects of dispersed
alumina on the mechanical properties of composite were examined. The composites containing
PVA 40-50% are flexible. They are folded in various form and can be drawn 5 times of initial
tength. The residue obtained by subjecting them to combustion at 800°C keeps its original form
and transparence.
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Photo. 1. Electron micrograph of Ni/C catalyst.
Right: obtained from thermal decomposition of composite gel membrane at 400°C in H,
Left: obtained from thermal decomposition of impregnated cellulose powder at 400°C in H,
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Photo. 2. Eleciron micrograph of Ba ferrite particle obtained from thermal decomposition of composite

gel membrane at 800°C.
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Table 1. Apparent permeabilities of gases through alumina films at 20°C. {Films were annealed at
various temperatures)

P*(Permeability)

Penetrant Mg;eic;r%l?r Viscosity Annealing temperature

Non 200°C 400°C 600°C 800°C 1306°C

1 Hydrogen 2 8.73 4.88 10.22 29.10 56.30 80.84 178.62
{ 000) ( 009 ( 005 (023 ( 038 [ 1.42)

Helium 4 19.42 342 7.30 18.84 38.17 44,81 127.83
( 000) ( 002 ¢( 009 0.25) ( 018 ( 0.74)

Nitrogen 28 17.40 1.85 3.83 9.78 16.70 18.88 52,52
( 000 ( 000} ¢ 0.00) ( 007y ( 0.04) { 0.36)

Oxygen 32 20.11 1.81 343 879 1568  17.80 46.06
{ 000y ( 0O1) ( 0.02 ( 005) ( 002y ( 039

CO, 44 14.53 2.21 4,10 10.28 16.05 16.69 41.98
{( 000) ( 003 ( 000y ¢ 0.06) (—-o00n) ¢ 017

i Methane 16.04 10.87 3.06 5.66 15.38 22.45 25.7% 125.50
{ 000y ( 003 (—-003 [ 0.14) (001 ( 127

Ethane 30.07 9.15 3.14 6.84 16.94 24.64 22.85 4727
(002) (¢ 002) ( 0.0 ( 008 ( 0.068) ( 013

Propane 44.1 7.99 4,89 9.30 22.62 31.93 26.55 39.88
{ 000y ( 0Ol ( 0.01) (=001 ¢ 006y ( 021

n-Butane 58.12 7.36 7.17 13.38 36.16 46,75 4576 37.46
¢ 004y ( 12y {-001) (—001) (—0.03) { 0.18)

{-Butane 58.12 7.36 6.28 11.20 26.68 39.17 33.02 34.91
( 003) ( 003) ( 000) (—007 ¢ 004) { 0.19)

n-Pentane 7215 6.81 13.4¢9 18.39 54.39 69.18 63.42 16.73
( 026) ( 064) ( 048) ( 009 ( 016 ( 0.086)

i-Pentane 70.15 2.23 10.06 17.04 44,92 56.27 53.07 31.66
( 001) { 025 ( 025 { 016 (—003) ( 018

n-Hexane 86.18 6,46 19.35 24.25 53.96 52.80 80.26 33.24
( 218) ( 344) ( 443) ( 783 ( 503 ( -~ 0.45)

n-Heptane 100.2 4.10 18.80 6.83 22.50 23.21 58.95 25.72
(10.86) ( 587 (2280) ( — } (15BT) ( 08B

n-Octane 114.23 538 470 0.40 13.18 47.76 20.73 23.92
( 931) ( 487y {-523) (1279 (1874 { 4.60)

I Benzene 78.11 6.52 175 5.12 17.29 27.13 46.73 35.58
( 240) (14.87) ( 615 ( 4.86) ( 888 ( - 1.18)

Toluene 90.14 5.86 1.98 4.62 9.55 11.17 29.88 3227
( 0.0L) (-014) ( 338 { 246) (1558 ( —2.83)

Xvylene 101.17 6.10 (.46 3.82 9.61 10.78 17.37 21.56
{ 0.02) (—-082) (—1.28) ( 3200 (2736 ( 1687

¥V  Water 18 16.0 0.06 2.98 8.85 9.88 2,75 32.59
{ 078 ( 051) (—248) (-252) { 585 { 947

Methanol 32.04 6.1 2.00 3.37 £6.057 25.18 14777 38.86
( 048) ( 046y ( 1.73) ( 1LY ( 077 1.44)

Ethanol 46.07 11.9 1.2¢ 3.63 4.90 7.18 9.14 33.09
( @16) ( 049 ( 197) ( 205 ( 2100 ¢ 1.50)

s#-Propanol 60.10 22.0 1.18 4,46 2.39 4.687 9,497 32.81
(—0.19 (—~110y ( 782y { 3585 ( 571) ( 000

i-Proganol 60.10 22.0 1.02 3.25 6.23 7.10 12.95 3292
( 070y ( 025 ( 182 ( 2200 ( 177 ( 237

n-Beutanaol 74.12 29.5 0.60 292 5.28 5.29?7 5.61 418.98
{ 0BO) ( 288 (—2100 ( 338 ( 959 (—-2844)
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Table 1. Continue
PP(Permeability)

Penetrant M\gfi;%lflr Viscosity Annealing temperature
Non 200°C 400°C 600°C 800°C 1300°C
V  Acetone 58.08 3.22 3.30 6.05 10.97 13.32 28.89 34.05
( 038y ( L30y ( Q92 ( 078 ( 1270 ( 0.00
MEK 72.11 6.78 0.92 271 4.46 7.49 17.62 31.22
( 229 { 424y ( 485 ( 3586 ( 2.21) ( 000
CCl, 153.84 9.70 2.09 4,59 9.05 8,25 11.36 2249
( 0588y { 104y ( 179 ( 1.85) ( 2.09 ( —0.22)

P% mi-cm/cm®-s-cmHg; Feed pressure; 5-756 cmHg; MEK: methyl ethyl-ketone; Viscosity; uPa

(I, I:value at 290 K; H-V: value at 20°C).

The effect of feed pressure on permeabiity is represented by eq. (1), where P, is the feed pressure and a is

the proportionality constant.

P° is obtained from the extrapolation of P vs. the P; plot to the intercept. The a values are given in

parentheses.
P=pP%+qP, 43
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Table 2. Mechanical properties of composite membrane.

Component Maximum stress Maximum strain Young's modulus
PVA: Alumina (kg/mm? ) (kg/mm?)
100: 0 9.9 102.6 440
9¢:10 10.7 116 490
80:20 10.8 4.5 590
70:30 12.0 35 590
60:40 106 1.3 760
50:50 105 1.2 860
40:60 10.6 1.0 1256

A2, FERLAETLRVWb D LEbh A, B
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