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Density Measurement of Porous Small
Particle by Mercury Porosimeter

Ken-ichi Mukaida

Abstract

Densities of several different sized and porous particles ranging from 5.0 to 0.06 mm in
diameter were measured by a mercury porosimeter (AMINCO-60,000 P.S.1).
The results obtained were as follows:

1) By this method the author could measure the density of such small particles as were
unmeasurable using several conventional methods.

2) The particle density of porous material possessing relatively large pores in the external
surface was changed with a mercury intrusion pressure.
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Washburn® iz £ v (1) X TR I hoic,
7P =—2¢ cos 0 (1)
0 5 LV ¢ DEZOWTIEE S ORI I e, & & Tk 0 % 130 &, ¢ % 485(dyne/
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7P =6.33 (3)
ChOOBERIC LY, PR richBT 52 0 N/
TEHDTC, ¥ PR T IR THRELRD S

(a) (b) (c)

Fig. 1. Difference between a true density (°;) and an Fig. 2. Mercury intrusion into inner

apparent particle density (©p). (a) gives a 07 and (b) part of a porous matter, rp =90

or (c) gives £p, where £, in (b) is larger than in (c). where » is a curvature radius in

Solid line and dotted one, respectively, show a micron and p is an intrusion pres-
surface of a particle and that of mercury. sure in Lb/in2

AT

(a)

Fig. 3. Schematic diagrams of mercury porosimeter measuring for
a hypobaric pressure (a) and for a hyperbaric pressure (b).

H: penetrometer holder, C: cock, M: mercury, V: valve, G, Gy,
G, : pressure gauge, PV : pressure vessel, OR: oil reservoir, RP:
reciprocal pump, P: penetrometer
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Table 1. Reproducibility of the data

— Particle density of glass bead Particle Diameter (p)

11.2 mm¢ — Fig. 5. Variation of particle density for silica gel
(Silbead N) with its diameter at constant intru-

25022 25321 2.5082 sion pressure.
2.5238 2.5250 2.4999
mean value M. 25185 1.5 eF 0664 J’
standard deviation S.D. 0.0110 | P=0.086
error (100X S.D./M.) 0.435% -
§ |
o
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- 1/ Q: -
CEZX3% i °
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> ~ RS 0.5 I
FAF (CFREKRIETE () T SR

B, vAE—FNBIOPFFE—F Particle Diameter (p)

C)BXIUXIS v Y H7Ls Fhlt (3 Fig. 6. Variation of particle density for alumina gel
- (Neobead C) with its diameter at constant intrusion

EhM R R 3@y Huvi, pressure.
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Fig. 7. Variation of particle density for silica

ROBEFEN B3 & 5 KR, alumina catalyst (XIS) with its diameter
TR b MIETIRBATEE, 5t at constant intrusion pressure.
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Table 2. Particle density and bulk density in the finer particle

true particle ., linnerparticle] total intraparticle
Samples density |. density bUIkpdffs“y porosity porosity porosity
0y op b e* et gtk
Silica (Silbead-N) 2.20 1.50 0.90 0.318 0.590 0.399
Alumina (Neobead-C) 3.30 1.58 0.80 0.521 0.758 0.495

* Elzl‘pp/pz, 6221'—pb/p1
#* 0 meassured in the lower pressure of the intrusion
B g=(eg—er)(1—er)
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. . Fig. 9. Variations of particle densities against
FEb5mm, AEBMIPAEIVELNTD mercury intrusion pressure —in rough

surface particles —
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o BB E RN~ O KR AR Ol AP HFLEREE LYY (4]
v: RERTEEmE Hch o P=0rB s TFL2EH BR [em?]

v REIREE (P>0) ki) 5 v(=v—4v) [em?]
do: METHZEC LT, ABAPTEHOMD E [em’]
Vp: REZbrX—ZONER [em?]

0: KEFLREIEREE OEMA [deg]
om: KEBOEEE [g/cm?®]
op: B FEE [g/em?®]
o KEEOERWET [dyne/cm]

(AN 4945 5 20 H %)

5 B X &

1) LILsE (B, 1973).
HZE #: BEIEWRSE 5 (3), 1167 (1968).

2) Skl BH TR 4, 6 (2), 115 (1969).

3) E. W. Washburn: Proc. Natl. Acad. Sci., 7, 115 (1921).

4) N. M. Winslow and J. J. Shapiro: ASTM Bul, 236-39-44 (Feb. 1959).
H. L. Ritter and L. C. Drake: I. E. C, Anal. Ed, 17, 782 (1945).

(286)



