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Table 1 Crystalline sizes of ZnO-Fe,O, cata-
lyst in several preparations

Crystalline sizes (A )

symbol Calii%zjtion
(Zn-Fe) . ZnFe,0,  Zn0 Fe,0,
500 367 547 249
5
00 600 40 684 467
700 544 628 -
800 609 684 -
500 - 243 346
600 398 261 539
CO,-0
: 700 462 305 619
800 820 627 -
500 155 596 -
0-0H 600 424 627 -
700 557 644 -
800 661 684 -
500 340 954 -
600 358 313 -
C0,-0H
) 700 634 393 -
800 735 547 -
500 169 208 -
OH-OH 600 347 255 -
700 702 460 -
800 772 562 -

STHET7 274 FHEERLZDOT, ZoFEI2:
FrlCHERLES 7254 b LI BR R })
e ERNICOBILESEZENOKEZI 2 4o
pAR

K A ZRBERIBED FRICON T hE
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B Tb#Es L EBREEICE S (0-0) %
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B, ZHdE U RERESS 2 FRHC 72 (CO,
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Table 2 Pore structure of ZnO-Fe,O, cata-
lyst in several preparations

Catalyst Calcina- Total pore Surface Pore

symbol tion volume area radius
(Zn-Fe) (C) m/g) (/g (&)
500 0.265 9.4 610
600 0.294 7.5 710

0_
0 700 0.276 5.8 960
800 0.192 5.3 1300
500 0.442 35.0 150
600 0.418 18.8 250

-0

05 700 0.373 15.0 290
800 0.308 5.5 700
500 0.190 40.4 80
600 0.190 14.4 270
0-OH 00 0.170 8.2 380
800 0.110 5.6 390
500 0.189 21.2 135
600 0.203 19.6 140
(0:-OH 700 0.152 5.3 380
800 0.100 2.3 700
500 0.134 36.6 85
600 0.126 12.6 175
OH-OH 00 0.088 3.3 915
800 0.013 - -

i b LRERY F Lo, TORICRLAHEL
P21 BJH B0 & 5 HILES M2 b RD2 b D
ThHbo

BEREE D Rz o TeMILER L KEHE
WL 2. 2 ORI IR R L T ke
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PR T 5 BRORFEIVRS UL, #FORTF
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Table2i3 2 DM ER (FEL T3,

RWT, ERFOMILESE I 2N THENZ,
Fig. iz i3 (0—0) R #EF 2R L 7z, Table 1iz

0.6}

(mlg™'/A)
[y
(2]

0.4t

0.3r

0.2

A Vi4rx10®

0.1t
50 500
Pore radius (A)

Fig. 1 Pore distribution of catalyst (A)
(-O-) at 500°C, (-A-) at 600C,
(-[J-) at 700C, (-x-) at 800C.
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54 F oMl REBOE LSRR FA Tz, €D
813, 500°C BN RE T23wt. 2%, 600°C Ber D
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Sk ¥ DEMRTIGI645°C TR D Z & FRERST
ok - THEDTH 72,7

Zn0+Fe, 0, =ZnFe,O, (N),
A Hepo = —2.67kcal./mole”

(N) ; IEAE AN

TR LTS Y, T00°C B THORIIGE
(L&D L EMARGHRET LicZ £ 2K T 5
LDTH Do WILESAIL, 500°C R OER T
BRIz, 6L0A & TAlc RELHMIETH -2z,
FOROBEEHRICE - THHT N RE CEL
T hr iz, FOBAIIZ, TOROHFBREHIIK,
AR ERRRPET LB TH 22, H
HEGLR)Er o2 L, ERLHESET =74
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1.6
141
1.2:
1.0:
0.8;

0.6¢

AV/4rX10° (mlg'/A)

0.4r1

0.2p »

o "'

N AT .
500 1000

0T 50 10
Pore radius (A)
Fig. 5 Pore distribution of catalyst (B)
(-O-) at 500T, (-A-) at 600C,
(-00-) at 700°C, (-x-) at 800C.

20 ZOFRDBERRIIFEICKERTHI -2, T4b
L, BT = T 4 i, 500°C BEpk v akkhiz iz 4 ¢
FENT, 600CEHORBIZ B W TLIwt.% L2
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28 & 2 THRAN R L ARG RSB T E X
NTws, 20, W7 274 5 REROR
B CIZIER O SRS RS RERIR T, B b
ZEL Tk, Zoize, 3 7o#IL(158)0
HEREIFFFEEICKRE, v 7oMilEL b TNk
E{ > T, 2L L T, 800°C B 2R,
B TREDOEF IS LB 7 254 2
s T, BEMEGEERCEREL, ST ORE
LIGE > T2 72®, =7 oiflo®E | vwiikss
o Twd, ZOMOEE E % 5600°C & 700°C £
WO BRI RO R & B RGO #ATIC & 2
HIE7 274 F DERE SRR - T 245
TERLILDEEZLZDPRLTHL, D1
HI7OMILDEERIZHFNEL { T,

Fig3ici3 (O—OH) RO MILEF A % 77 L
2o ZDRTIFS00°C BRI L - THS 7 = 5 4

AV/arx10® (mlg=/A)
o
o o]

o 50 10 500
Pore radius (A)
Fig.3 Pore distribution of catalyst (C)

(-O-) at 500°C, (-A-) at 600°C,
(-00-) at 700°C, (-Xx-) at 800C.

FEERTAIEMARGAIRTLTLE > Tnd,

CDERPLETLE, ZORMBEBIIES LD
KB BT, L D EiES 2 E 5 s,
HILETAMEEZ A5 &, 500CERORBTY
22% 0 7o fIL(4A) W EL 72, Ebiz,
7oz, SHORXNOPTEL DI WE
BOA)ERL 72 2 LN TH D, ZDZ kit
REETCDBAKIZ & - TERT 2 B{bir i L /)

= Lot
’—\ -
o 0.8}
~ 0.6
= L
< 0.4]
5
o~

> 0.2)

F '-_
500 1000

10 500 100
Pore radius (A)
Fig. 4 Pore distribution of catalyst (D)

(-O-) at 500C, (-A-) at 600C,
(-00-) at 700°C, (-%-) at 800C.
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BVWHER2BODIEEZTRETEILNTH 5.
Table LizR L 72 X MEHF ST ORKRTH, Hk
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Table 3 Pore dimensions of aluminas from various preparation

ALO, SgET Pore vol. P.articlea Crystal C.I‘YSt'c}Hiteb Amount of
/m? g7! /em® gt size/um stmucture  size/ A impurity/wt%

S0,-U — — 1.7 amor. - S:8.0
Ci-U 158.4 0.669 15.5 ¥ 69 Ci: 2.5
Br-U 260.1 2.092 1.0 v 65 Br:0.4
NO,-U 158.4 1.739 19.6 y 65 -
.C{-NH, 229.6 0.434 14.5 v 40 Cl:0.6
NO;-NH; 295.1 0.955 8.7 v 72 —
SO,-NH, 254 0.901 31.6 ¥y 71 S:0.9
isoPr-P 264.3 0.674 12.4 0% 55 -
NOs-P 134.0 0.188 30.6 amor. — -
Cl-p 66.1 1.266 12.3 X - Cl:2.5
Na-A/-CO, 239.9 0.651 2.4 r 65 Na: 1.8

a; by scanning election microscopy
b: by X-ray diffraction on D,

Photo. 1 Scanning electron micrographs of aluminas having a single pore-size system
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Photo. 2 Scanning electron micrographs of aluminas having a double pore-size system
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Fig. 6 Pore-size distrbutions of a single
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Fig. 12 Scheme on a relationship between the preparation and the pore structure of aluminas.
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Table 4 Characteristics of Foreign Oxide Powders in Hematite Compact

Specific
Composition (Pct) Density (g/cm?) Surface  Average
Sample ALO, Si0, HCI Fe,0, TiO, True  Apparent Area(m?/g) Size(gm)
Amorphous Si0; < 0.05 >99.8 <0.025  <0.003 0.03 (2.2) 0.13 198 0.012
y-ALO, >97 <01 <0.5 <0.2 <0.1. (3.5) 0.16 111 0.020
a-AL0, 99.9 3.9 0.70 15 2.0
Table 5 Porous Properties of Compacts
Specific Surface  Total Pore Density (g/cm’)
Sample Area{m?/g)  Volume(cm?/g) True Apparent
Green Pure Fe,0, 6.05 0.137 5.21 3.04
+ 5wt pct a-AL0; 6.53 0.148 5.15 2.92
+ 5wt pct y-ALGs 10.5 0.143 5.19 2.98
Indurated Pure Fe,O, - 0.001 5.25 5.24
+ 5wt pet y-AL0, - - 5.11 5.16
+ 5 wt pco amorphous Si0, — - 4.79 4.93
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Fig. 13 Reduction degree of green and indu-
rated hematite compacts containing

foreign oxides.
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Fig. 14 Change in total pore volume of green
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Fig. 15 Change in specific surface area of
green and indurated hematite con-
taining foreign oxides during reduc-
tion in H,.
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Fig. 16 Change in pore size distribution of
green hematite compact the compact
containing g-alumina or y-alumina
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Fig. 17 A model of pore-variation by reduc-
tion of green hematite compact: (a)
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Table 6 Effect of vamious treatment on surface and on the distribution of total pore volume

Pore volume (cc/g)

Sample Seer V1 . \E \E Vs
symbol Treatment (m*/g) 3 >150A 6/150 A <6 A
I Fresh 234 0.422 | 0.112 0.268 0.042
A.270°C, He 178 0.678 0.250 0.342 0.086
B.270°C, CO 37 0.557 0.288 0.255 0.014
C.270Cc, CO, H, 10 0.507 0.255 0.240 0.012
D.270°C, CO, H,, CO/H, 18 0.602 0.310 0.260 0.032
II Fresh 227 (.468 0.128 0.185 0.155
A.270°C, He 175 0.718 0.274 0.227 0.217
B.270°C, CO 43 0.586 (+.042 0.162 0.380
C.270¢c, CO, H, 12 (}.496 0.036 (.160 0.300
1II Fresh 85 0.773 0.052 0.432 0.289
A.270C, He 80 0.957 0.399 0.370 0.187
B.270°C, CO 24 0.810 0.040 0.310 0.460
C.270C, CO, H, 19 0.730 0.040 0.280 0.410
D.z270c, CO, H, CO/H,0 20 0.864 0.040 0.324 0.500
IV Fresh 198 0.731 : 0.048 0.500 0.183
A.270C, He 153 0.880 0.268 0.494 0.117
B.270°C, CO 14 0.937 0.032 0.422 0.483

D) CHEIZ5[%v>T, CO/H,0(3/1)ig&» 2
%250°C, 6.2kg/cm? D J7 T T 243
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Fig. 19 Pore size distribution of A0, modified with H;BO,
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A Study on Pore Structures of Porous Materials

by Mitsuyoshi YAMAMOTO, Sat PARKASH*
Yoshikazu Suzuki, and Takeshi KOTANIGAWA

* Research Council of Alberta

Porous materials such as zeolites, solid catalysts, ceramics, and other adsorptives
are industrially important substances. It is, therefore, essential to determine the pore
structures such as surface areas, pore volumes, pore size distributions, and shape of
pores. However, it seems that their pore structures except for some zeolites have not
been sufficiently investigated. There could be possible reasons that as pores are voids
between particles, particle sizes and shape of particles must be controlled to form
intentional pore structures. But this field is not so advanced, despite facts that
industry requires more than the three methods available at present-mechanical crush,
pH swing, and skeletonized methods.

We have studied various reactions on solid catalysts and tried to analyze pore
structures and sintering processes of the catalysts, Accordingly, we believe that
changes of the pore structures must be followed under various conditions before the
formation of intentional pore structures are attempted. Here, we describe the
sintering process of ZnO-Fe,O; complex oxides prepared by 5methods, the pore
structures and the shape of pores of aluminas prepared by 11 methods, the sintering
process of metallic iron during reduction with hydrogen and carbon monoxide, and
finally, application of the skeletonized method to form the alumina with intentional
pores of 9 A in diameter.
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Low-Pollution Spike Tires Utilizing Shape Memory Alloy
(Some Durability Test Results Using Drum Type Running Test Machine)

by Eizo HIroKI, Yoshikazu Suzuxi, Hiroshi Kusota and Totaro GoTo

In snowy and cold areas such as the Hokkaido and Tohoku (northeast) districts,
spiked tires are used in order to ensure traffic safety during winter. However they
wear pavement surface, causing serious damage to roads and resulting in dust polltion.
To solve this problem we are developing a new type spike tire utilizing a shape
memory alloy. Temperature of tires of a car changes depending on the road condition
whether the road is snow-free or snow-covered. The new tire can automatically
control extrusion and retraction of the spike pins responding to its temperature by the
temperature sensitive action of the shape memory alloy mechanism. As the results of
indoor tests it is confirmed that the spikes extruded properly under in low temperature
condition (i. e., on snow covered road surface), and retracted under high temperature
condition (i. e., on sonw-free road surface). It was also ascertained that the durability
of the tires was sufficient while the spikes were in the retraced position.
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Adhesion Test ot Asphalt Containing SBR
by Eizo HIROKI

The adhesion of asphalt containing SBR was investigated using the following
method : first, asphalt containing SBR was applied to bearing balls ; then adhesion, at
various temperatures in a wet environment, was measured with a rotary-type
friction & abrasion tester as well as with a drop-type impact-adhesion tester.

The results indicated that the addition of SBR latex to straight asphalt greatey
improved the adhesion under friction and abrasion; however, the impact adhesion
decreased.
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