J. Jpn. Soc. Powder Powder Metallurgy, 67 (2020) 629-640
https://doi.org/10.2497/jjspm.67.629
©2020 Japan Society of Powder and Powder Metallurgy

WREX

629

HERBRE~OWRERBICHES BEH LR Z AN L7 B0 Bh kR EERORBRE
—H R i I R E AR OB 8 —

F BB XF X &k W, EBER KL, # K

"Bk EARI SRS AER, T 184-8584 N FETIRERHT 3-7-2.
RS KERE T 2R ALEEE, T 184-8584 /M FHHitREFAT 3-7-2,
BB AEAFRTEMARMLETEER, T 671-2280 HEEETHE 2167.
‘2B U SEETRIEEs, T 460-0008 & ETH X % 2-10-19.

Development of a Powder Wettability Evaluation Technique by Analyzing the Increase
in Internal Pressure due to Capillary Suction of Closed Powder Bed
-Effect of Powder-bed-preparation Method and Powder Surface Area Estimation Method-

Takamasa MORI'*, Keita OHNO?, Takumi SUZUKT?, Hiroshi SATONE® and JunIchiro TSUBAKI*

‘Dept. Chemical Science and Technology, Hosei University, 3-7-2 Kajino-cho, Koganei 184-8584, Japan.
*Major in Applied Chemistry, Graduate School of Hosei University, 3-7-2 Kajino-cho, Koganei 184-8584, Japan.
3Dept. Chemical Engineering and Material Science, Graduate School of Engineering, University of Hyogo, 2167 Shosha, Himeji 671-2280, Japan.
*Nagoya Industrial Science Research Institute, 2-10-19 Sakae, Nagoya 460-0008, Japan.

Received July 7, 2020; Revised August 21, 2020; Accepted August 26, 2020

ABSTRACT

Evaluation of powder wettability is important to prepare well dispersed slurries. Therefore, in this study, a technique
for evaluating powder wettability was developed to analyze the increase in the internal pressure of a closed powder
bed due to capillary suction to determine the contact angle of the powder. The effect of the powder-bed-preparation
method and powder surface area estimation method on the determined value of the contact angle was discussed.
We demonstrated that the improved air permeation test proposed in this research can accurately determine the
powder surface area, resulting in a faithful determination of the contact angle of the powder. It was also shown
that compression under the shearing method could result in a denser and more homogeneous powder bed when
compared to the conventional tapping method, indicating high reproducibility for estimating the contact angle.
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Fig. 7 Time changes of the contact angle determined by eq.(16) for Al,O; powder. Samples are tapping (a) » = 100, (b) n = 300, and compression under
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Table 1  Contact angles and packing fractions of Al,O;.
contact angle (°) packing fraction (-)
average SD CV (%) average SD CV (%)
— n=100 579 1.9 34 0.462 0.0076 1.6
n
P0G =300 59.6 24 40 0494 0.0080 1.6
compression  02MPa 683 1.6 24 0618 0.0032 05
under shearing (4 MPa 69.5 14 2.0 0.634 0.0044 0.7
Table 2 Contact angles and packing fractions of CaCO,.

contact angle (°)

packing fraction (-)

average SD CV (%) average SD CV (%)
n=100 40.2 4.0 10 0.256 0.0078 3.0
tapping
n=300 47.7 0.8 1.7 0.284 0.0077 2.7
compression 0.2 MPa 574 20 34 0.467 0.0049 Il
under shearing 0.4 MPa 60.9 1.1 1.8 0.507 0.0099 1.9
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Fig. 10  Relationship between contact angle and packing fraction of powder bed
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Fig. 11 Results of air permeability test for glass beads.
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Fig. 12 Relationship between contact angle and particle size for Al,O;.

Table 3 Specific surface areas for glass beads.

specific surface area x10” (m?/m’)

icle si i ion adient

Sample Pa"'(':f_ﬁ)s'ze Pa"k‘"%_?'acm gr(s.l) experiment calculation

GBL-40 40 0574+ 0.009  0.104 £0.006 1.52+0.04 1.50

GBM-20 20 0.577+0.001 0.033+0.001 291%0.06 3.00

GBM-40 40 0.595 £ 0.008 0.086 = 0.007 1.54 £0.03 1.50
T, Z5EBECROLEEZARIINFEIOEL MR Table 4 Specific surface areas for Al,0,.
EREIZRZ—-BTH2LFHEENS. Zhob2B I, ¥ )

specific surface area .
HPNFENER2oTH, ERCHALALLZTONFAE— particle size x10” (m*/m’) _calculation )
ATRER C HREBRPROLA T B LEX 6B, (hm) experiment calculation experiment
6, Fig. 1212k, NFEORLRBT7TVIFNTFICH 80 927 750 081

L TARNOBIE %57 L RO - FHROERMMERL T 9.5 7.90 632 0.80
5. ZORTLEMAZHAHT S L JICERERETROL 17 5.38 3.53 0.66
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Fig. 13 SEM images of Al,O;, (a) 8.0, (b) 9.5, (¢) 17, and (d) 25 um

0.90 : :
0.85 :

0.80 | ®

T
1

0.75

Circularity (-)

0.70 - ]

O

0.65 . :
0 10 20 30
Particle size (um)

Fig. 14 Relationship between circularity and particle size for Al,O;.

M LR e B, X518, Y5774 PRTFEKICA
Nk EOMRTF2RY. BIAEEAA R OHMA IZKOREC
PEIENBAZRO) ICESVTHEITLRDZZDDT, D
R, JLREDOM % 25 ERHE: TRD 7l & AFRFEN S
R L0280 T L. R2rba05 L9, 2%
RFEH 5RO HEEH 7.50 < 10°m” 2 HHE, F
R DM A 13 35.2° L o TWADITH LT, 22408 RH:
TRD7-HFERMAL2.10 x 107 m™ ZHWEEIET73.9° ko
THBY, KELRZ-TWES., ZDFI537 74 MRFZEKIC
AN ZORTFEBET S L, KBFTORNTFIZKEISED
O, — RSB ICIE MR LEERICHERE L7z, 2ok, FHREET
575774 PNFRAPICBEL A7) —-RKiZko

7. —HT, HBEOLDITEROT VI FHEAICOWTH
FRICAKICEA L7oRS 28, #AAAEB X £ 50° 07 v I i
AL, RPELTHDLEBEAKPICHBL, 797714 b
FEDHRIZAELART VI LAbhol. Lo TIOD
75774 MRFIEKISHT 2ENERT VI FFERIL D
LEND, L KICEHENRZVWDIT TR WS L2 5,
FZESAEAE TG L ERBRZHA L EICB oL
T DHEBBLTWAEHDEEbS.

UED, #5AE—-X, 75774 bRUTIVI FHEA
DEBFERD? S, BALHEMT 5L &1, EBRICHERMERT
filiV AR § 2 B8 TRESEREIC X D ARt £S5
LW, MOTHEHETHLHELEFXA.

5 & -

MERNOBREEI)EN LA EZRE - B THL
T, RiAEREALA R OCHE A 2 ST B R - R L
7o, RADHBLERTIZ, FHTABRMAERZ 1L.0em’ R
BEICHZ B ENTE, FHHEIGET ST TORMDEND
DTH 1500 s BEICBEDB I LHFTEL.
BEROERFEL LT, R0y v ¥y 7R EH I
PR L2300 - EHTCH 2 B L /-45 R, BYlT - EHFTHT
PEREER LA R EMAZ A TE AT LM
RENT.
HRAOHMICH o T, BEROZEREARRBRICLY
RN 2 LT A LT, HEREMAEHANTELZ
EERPLMIL.

(Bhs LUBRGE] He7BHE 115



B RN OWEE S N R A 2 R L 7oBA 0/ h A aFli i o B 7

639

40 . :
(a)
~ 30+ 1
3
a
&
£ 20+ -
7
g
= 10} ]
04 , .
0 100 200 300
Time (s)
(c)
graphite
alumina

N

90 :
air permeability test
T 60+ .
L) .
[ . U alumina.
®
< calculation
s ¢
= 30+ 4
S
O
(b)
0 L L
0 100 200 300
Time (s)

stirring

Fig. 15 Results of graphite powder, (a) time change of pressure, (b) time change of contact angle, and (c) appearance when soaked in deionized water.
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Nomenclatures

n [mol] : ZROYAE

t{s): SNV T R TH o DORFH
plPal: > 7HEH

po[Pal: ¥ » 72 NEIMIESD

P [Pa] : K&UE

r, [Pa s+ mol'] : BB OHERED
re[Pas s mol'] : B4R DO HBIIEST
Vim']: & ¥ 7 AER

T[K] : 2K OREX R
R[Pasm’+ mol'« K" : KB
gm’]: ¥ 2 ICHA L 25 R
¢ [-1: NFROF HER

ul-]: M

Lm]: BAERR S

S, [m™]: B LR TR

A [m’] : RHERB BT EAT

r(m] : B

plkgem’]: FEE

hm]: WER S

Ames']: B LAHEE

y [N+ m™]: @RS

o[°]: Efhsy

Hm]: Y¥—N—DPR S
pPass']: EH LR

Cm]: RFOEROFUE

A [m’]: RFOERO TR

(BEBIUREREE] B61BHBNT



