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Studies on Pore Characteristics of Several Adsorbents

Kwang Soo Rhim, Yong Soon Chung*, Young Tack Lee
Div. of product development, KGTRI
Dept. of. chem., Chung Buk National Univ.*

ABSTRACT : Various active carbons were made from plant sources of coconut shell,
pine tree, oak tree and lignite coal. Pore characteristics of these adsorbents were investiga-
ted. )

1. With increasing activation time, specific surface area and pore volume increased,
but the development of micropores was limited at a certain level. The average pore diame-
ter, by BET, of coconut active carbon was 15.5 - 21.8 A and that of lignite carbon was
15.6 - 31.3 A, The pore diameters of silica - gel, sepiolite and zeolite was 30.9 A, 586 A
and 55.7 A, respectively.

2. The Horvath — Kawazoe micropore diameter of coconut shell active carbon was under
10.5 A and that of the other active carbon was under 20.9 A but silica - gel 33 A, sepiolite
103 A and zeolite was unexpectedly large to be 175 A. From the difference between BET
micropore diameter and Horvath - Kawazoe diameter, it could be said that silica — gel
has comparatively uniform pore diameter but sepiolite and zeolite have very uneven
diameter.

3. Total pore volume of coconut shell active carbon was 0.27 - 1.04 /g but that of
the other active carbon, 0.23 - 0.62 cmi/g, was much lower than that of coconut shell
active carbon. Hydrophilic adsorbent silica—gel and sepiolite showed big difference in
specific surface area, but pore volumes of these were 0.47 and 0.56 ci/9 showing similar
value and micropore volumes of these were, respectively, 0.06 c/g and 0.04 cti/g. Total
pore volume of zeolite was 0.1 ¢ii/g and that of micropore was only 0.02 cni/g, -
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Table 1. Surface area and pore volume of adsorbents analyzed by ASAP .2000

S SSA (m'/g) Pore volume(cnt/g)
ample -

BET Micro Langmuir Total Micro
Char 458 397 491 0.21 0.15 (71)
Co-05 791 749 847 0.31 0.29 (93)
Co-1 958 903 1025 0.38 0.35 (92)
Co-2 1089 1008 1168 0.44 0.39 (88)
Co-3 1170 1064 1256 0.48 0.41 (85)
Co-4 1290 1150 1389 0.60 044 (73)
Co-5 1510 1202 1618 0.74 0.48 (65)
Co-6 1836 1124 1972 0.98 048 (46)
Co-7 1905 1041 2035 1.04 046 (44)
Char 469 401 501 0.20 0.16 (80)
Pi-1 550 511 589 0.22 0.20 (91)
Pi-2 620 516 664 0.30 0.20 (67)
Pi-3 796 585 854 0.62 0.23 (37)
Char 376 313 403 0.17 0.12 (71)
Oa-1 555 502 594 0.23 0.19 (83)
Qa-2 625 474 670 0.36 0.19 (53)
0Oa-3 818 587 876 0.52 023 (44)
Char 374 323 400 0.17 0.12 (71
Li-1 574 432 615 0.28 0.17 (61)
Li-2 699 515 748 0.54 0.20 (37)
Li-3 735 540 787 0.55 0.21 (58)
Silica - gel 722 92 1016 0.56 0.04 (7.1
Sepiolite 319 150 363 0.47 0.06 (13)
Zeolite 74 49 80 0.10 0.02 (20)

% Values in parenthesis represent the ratio(%) of micropore volume to the total pore volume and the number in

sample column means the activation timeChr).
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Table 2. Average pore diameter of adsorbents analyzed by ASAP 2000

Samples BET BJH
< 20A 20 - 500 A > 500A

Char 181 136 304 613
Co-05 155 135 425 904
Co-1 156 134 22.7
Co-2 16.1 136 29.0
Co-3 163 136 285
Co-4 17.0 13.7 304
Co-5 195 14.0 36.0 569
Co-6 212 150 334 613
Co-7 21.8 15.3 34.6 615
Char 169 14.0 218
Pi-1 15.6 13.2 1027
Pi-2 19.0 13.7 38.3
Pi-3 313 136 42.7 769
Char 17.7 134
Oa-1 164 137 26,5
Qa2 22.7 138 421
Oa-3 25.2 137 475 613
Char 186 125 402 578
Li-1 25.1 134 91.8 598
Li-2 312 13.8 66.7 656
Li-3 30.1 13.7 62.0 630
Silica - gel 30.9 174 336 668
Sepiolite 58.6 16.0 85.0 593
Zeolite 55.7 12.1 775 712
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Table 3. Surface area and pore diameter of adsorbents analyzed by ASAP 2000M

3 SSA (m'/g) Diameter(A)
ample :

BET Micro Pore MP Median MP
Char 392 217 249 6.1 6.0
Co—-05 788 781 947 6.2 6.4
Co—-1 872 854 1012 6.5 6.8
Co—-2 1014 1000 1150 6.7 7.0
Co-3 1095 1081 1196 7.0 74
Co-4 1394 1372 1504 6.9 74
Co-5 1470 1395 1510 83 8.6
Co-6 1725 1629 1750 10.0 9.8
Co-7 1656 1551 1683 10.5 10.0
Char 274 184 351 5.6 6.0
Pi-1 540 476 623 7.6 8.8
Pi-2 773 628 866 9.2 94
Pi-3 812 600 860 134 114
Char 391 201 500 6.3 6.0
Oa-1 489 467 596 6.4 7.2
Oa-2 644 376 748 ‘ 7.1 8.0
Oa-3 781 496 785 20.9 126
Char 405 289 510 6.5 6.2
Li-1 613 375 633 121 84
Li-2 610 509 554 174 6.6
Li-3 ) 666 53 629 13.8 7.0
Silica — gel 575 115 545 332 20.2
Sepiolite | 258 95 215 102.8 24.6
Zeolite 69 40 24 1749 - 64
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Fig. 5 Plots of differential pore volume versus pore diameter of active carbons made from plant source.
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Fig. 6 Plots of differential pore volume versus pore diameter of mineral adsorbents.
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Table 4. Pore volume of adsorbents analyzed by ASAP 2000M

(unit : cmi/g )
t - Plot H~-K
Samples D Maxi - < 20A < 8A < 20A < 8A
mum (%) (%)

Char ND* 0.06 0.06 0.05 0.10 0.08
(1000 (83.8)

Co-05 0.29 0.30 0.29 022 0.30 0.25
(96.7) (73.3)

Co-1 0.33 0.37 0.35 0.18 0.36 0.28
(94.6) (48.7)

Co-2 . 0.38 0.40 037 0.27 0.39 0.31
(92.5) (67.5)

Co-3 0.42 0.44 0.41 0.28 044 0.30
(93.2) (63.6)

Co-4 0.55 0.57 0.54 0.36 0.57 0.42
(94.7) (63.2)

Co-5 0.58 0.70 0.58 0.34 0.60 0.31
(82.9) (48.6)

Co-6 0.77 0.93 0.73 0.37 0.80 0.11
(78.5) (40.0)

Co-7 0.75 0.93 0.71 0.35 0.77 0.06
(76.3) (37.6)

Char 0.06 0.11 0.10 0.08 0.10 0.08
(90.9) (72.7)

Pi-1 0.20 0.28 0.21 0.15 021 0.13
‘ (75.0) (53.6)

Pi-2 0.26 0.46 0.30 0.21 0.29 0.18
_ (65.2) (45.7)

Pi-3 0.26 0.56 0.32 0.21 0.29 0.16
‘ . (57.1) (37.5)

Char 0.15 0.14 0.14 0.12 0.15 0.13
g (100 (85.7)

Qa-1 0.10 0.21 0.18 0.14 0.20 0.14
(85.7) (66.7)

Qa-2 0.23 0.32 0.24 0.18 0.24 0.17
(75.0) (56.3)

Oa-3 0.19 0.61 0.30 0.20 0.19 0.16
(49.2) (32.8)

Char 0.10 0.16 0.15 0.12 0.16 0.13
(93.8) (75.0)

Li-1 0.10 041 0.23 0.16 0.18 0.15
(56.1) (39.0)

Li-2 0.20 0.45 0.23 0.17 0.19 0.15
(51.7) (37.8)

Li-3 0.21 0.46 0.25 0.18 0.22 0.16
U (54.4) (39.1)

Silica - gel 018 057 0.19 0.05 0.27

: (33.3) ( 88)

Sepiolite 0.04 0.35 0.11 0.06 0.03 0.02
(314 (17.

Zeolite 0.02 0.10 0.03 0.02 0.01 0.01
(30.0) (20.0)

% ‘ND : Not detected
# Values in parenthesis represent the ratio of micro and submicropore volume to the maximum pore volume.
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