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Liquid-Phase Adsorption of Charcoal for Acetic
Acid and Copper Sulphate

By

Seiichi SAToNakA and Masaichi HASEGaAwa
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Charcoals used for the adsorption velocity test for acetic acid.

B R & M) B R (& M) = R (LmE)

Shirozumi charcoal (Honshi) Kurozumi charcoal (Honsha) Kurozumi charcoal (Hokkaido)

ERE -
Table 1.

k44

B (R« %FF) H i & =4 K W e B B = B ® B o 3 -+ 73
District (Prefecture, Region) Yamagata Hyogo Wakayama Gifu Gifu Mie Rumoi Rumoi Tokachi
4 £ % v 2 7 b4 4 Y oY % vy oa o ~YFY IRFT YFHE
Wood species Acer sp. Carpinus sp. Quercus sp. Castanea  Zelkova Ilex Kalopanax Que{;uﬂ mong- | Frazinus
crenata serrata  pedunculosa septemlobus gﬁosﬁé'smdm vart japarmcca
oW .
B E R | E M P ¥ P F ms A E P5
¥ £ (cm
%Sh # ) Radius 2.8 1.2 1.5 1.8 1.8 14 49 3.1 5.0
ape S
Number g annual ring 0 14 15 12 16 9 42 32 28
bW
Annual ring density 54 11.7 10.0 6.7 8.9 6.4 8.5 10.3 56
[ i3
I%ardness 9 n 12 6 9 4 9 10 6
hAE
Degree of refining 0 0 1 2 5 9 1 4 8
=5 OB
Specific gravity 0.61 0.63 0.90 041 0.62 0.52 0.44 0.58 0.58
K o
Moisture 10.85 10.08 8.82 9.36 7.18 5.59 9.67 7.59 5.55
I*?ﬁ fsh 142 1.62 2.44 113 3.79 1.70 1.52 1.18 1.02
Industrial Y #& & 4
analysis Volatile matter 3.61 3.15 5.69 5.22 7.91 17.09 3.73 5.68 11.71
B E K #
Fixed carbon 84.12 85.15 83.05 84.29 81.12 75.62 85.08 85.55 81.72
( lpfsh Z) 159 1.80 2.68 1.25 4.08 1.80 1.68 1.28 1.08
EERAT R o on 9455 94.16 92.72 91.94 86.83 88.08 92.56 91.37 87.59
Ultimate ) & #
analysis | Hydrogen 1.18 1.02 1.26 1.87 3.00 3.10 1.65 2.38 351
%xygen # 2.68 3.02 3.34 494 6.09 7.02 411 4.97 7.82
8B (EB-A
cal p {Moist base 6950 7020 7190 7300 7410 7720 7130 7600 7740
Calorific | K<~ =
value Dry base 7790 7800 7880 8050 7990 8180 7890 8230 8190
a v REH g/e 0.045 0.056 0.092 0.362 0.168 0.157 0.210 0.200 0.151

Iodine adsorbed
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2% HAERRCILZEBOBREEE (mg/g)

Table 2. Adsorption velocity for acetic acid by Japanese charcoals.

B R (AN B R AN E R dma)
Shirozumi charcoal Kurozumi charcoal Kurozumi charcoal
B2 i B R (Honsh) (Honsha) (Hokkaido)
Contact 2% ~ F R4 V) y¥¥ vag ~YF) IAFIFT YFEE
time Acer Carpinus Quercus Castanea Zelkova  Ilex XKulovanex  Quercus = Frazinus
sp. sp. sp. crenata  serrata pedun- PO bus oy s ricd Var.
culosa seserrata  japanica
30 % (sec) 2.7 104 124 41.0 429 18.2 11.1 28.6 19.3
1 4 (min) 44 12.1 15.1 435 445 19.0 21.8 30.5 20.2
2 7.6 13.2 14.8 45.8 46.1 19.7 23.9 339 215
3 11.2 13.8 15.4 494 46.6 24.3 25.8 374 21.8
5 11.2 14.2 20.3 51.2 50.8 26,5 29.7 42.6 21.8
7 124 14.3 24.8 58.0 57.0 28.1 30.0 512 - 25.1
10 13.6 149 25.9 60.6 58.0 319 33.0 58.9 29.4
30 14.1 18.3 45.3 69.8 71.0 44.3 425 61.6 374
6 B (hr) 16.2 195 71.9 713 85.9 49.0 63.1 62.1 47.2
24 B¢ 18.1 36.0 78.4 73.5 85.2 544 704 70.7 49.7

7 B (day) 173 40.9 76.3 80.1 86.0 62.5 89.0 70.8 66.8
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Fig. 1. Adsorption velocity of Shirozumi charcoal for acetic acid.
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Fig. 2. Adsorption velocity of kurozumi charcoal (Honshi) for acetic acid.
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Fig. 3. Adsorpton velocity of kurozumi charcoals (Hokkaido) for acetic acid.
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Fig. 4. Acetic acid adsorbed on charcoals and the moisture contents.
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Fig. 5. Acetic acid adsorbed on charcoals and the hardness.
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Fig. 6. Acetic acid adsorbed on charcoals and the specific gravity.
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Table 3. Charcoals tested on the effects of the size of charcoal
particles on the adsorption of acetic acid.

BE HREE B B

Kind of Wood species Technical term District Annual ring Hardness
charcoal density
” P2 3 1 1 Ei @
Shirozumi charcoal VR RAH Quercus phillyraeoides Kochi 48 13
® - = I
Shirozumi charcoal » 4 Quercus sp. Miyazaki 74 13
2 5 =
Kurozumi charcoal = 77 Quercus serrata ] Tochigi 48 7
%urozun;i charcoal SR T eer Remure 66 0

var. grosseserrata Nemuro
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WO cc i3 3T, MHE Sce % 0.101N Bed Y — FEECHE LT A KRB B S h il
MOBEHEM U, WEDHERECELT =/ —17 204 vEBui,
2.3 RREER
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Table 4. Effects of the size of charcoal on the
adsorption ability for acetic acid.

Kﬁ(*}??f? g Shirozumi charcoal Kurozumi charcoal
. . VS S » P2 2 .F 5 3 A F T
Size of c}g\;eco}z:)l particles Q. phillyraeoides Q. sp. Q. serrata Q. mongolica
S var. grosseserrata
20~ 40 19 13.9 19.6 31.7
40~ 60 19 20.2 21.6 524
60~ 80 20 259 29.9 60.7
80~120 20 309 376 63.9
120~140 59 35.3 425 69.2
160~200 99 37.0 47.0 76.2
200~ 104 39.1 62.6 78.5

S
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X BR Shirozumi charcoal
=TS Quercus mongolica var. grasseserta

o
=
T

JF3 Quercus serrata

o

X
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T
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X

X — 1 1 1
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RREFORES  Size of charcoal particles
BH ARKTOREINEMREECSIETYE

Fig. 8. Effects of the size of charcoal particles
on the adsorption of acetic acid.
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Table 5. Charcoals used for the adsorption tests for acetic acid and copper sulphate.
B R AN - E - L) = R A - A - L) = R el

Shirozumi charcoal
(Honsha, Shikoku, Kyusha)

Kurozumi charcoal

(Honsh@, Shikoku, Kyasha)

Kurozumi charcoal (Hokkaido)

(R - ) b5 5 ®m B B K RE ES = pill 3 | ¥ OB B 1
District (Prefecture. Region) Gunma Niigata Miyazaki Kumamoto Kochi Gifu Kamikawa  Oshima  Hiyama
7> Z N &7 7 F Fa 7 Y= i¥x TT73FvY £ 2 Hh=F T e 4 &2 ¥
Wood species Quercus  Ouercus Machilus Quercus sp. Diospyros Kaki Parabenzoin Acer Mono  Fagus Acer sp.
sp. serrata  Thunbergii var. Sylvestris praecox crenata
B I TR OO T 9 w
at traverse ) M 5! ! ] M ! E=i¥i7 8! *H
3 £ (cm
% 1) Padius 1.2 14 17 17 21 1.8 (5.2) 2.6 30
Shape ) £ . 16 8 16 10 21 20 48 28 32
Number of annual ring
FiREE
Annual ring density 13.3 5.7 94 59 10.0 11.1 9.2 10.8 10.7
) o
Hardness 11 11 3 11 9 5 10 8 6
Fhilk
Degree of refining 0 1 1 2 5 e 2 5 9
OB y
Specific gravity 0.72 0.69 0.50 0.67 0.64 0.50 0.52 0.52 0.46
17\1} - 11.11 10.08 847 942 7.20 5.64 10.43 7.55 5.63
TESH E{Ols ure
% Ash % 1.54 1.64 2.03 351 1.82 0.96 0.74 1.77 0.74
In-
dustrial i i 3.63 4.60 6.10 6.30 7.28 14.78 4.04 6.99 11.51
lvsi Volatile matter
analysis | oo o
H N 83.72 83.68 83.40 80.77 83.70 78.62 84.79 83.69 82.12
Fixed carbon
Z{sh Z) 1.73 1.82 222 3.88 1.96 1.02 0.83 191 0.78
TERIHT | B # 9531 93.08 9217 89.13 89.05 82.81 92.77 89.11 8718
l o Carbon
Ultimate) & #
analysis | Hydrogen 0.81 0.84 1.36 201 258 3.29 1.64 2.55 299
fi% 3
Oxygen 2.15 4.26 4.25 498 6.41 12.88 4.76 6.43 9.05
BB E(EBIX-XA
cal Moist base 6940 7000 7180 6990 7420 7500 7130 7450 7750
Calorific] &K~~~ 2
value Dry base 7810 7780 7840 7720 8000 7950 7960 8060 8210
a v RRE g/g 0.056 0.082 0.138 0.197 0.189 0.139 0.407 0.230 " 0.214

Iodine adsorbed

2494
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HO6ER EBIMEBAORE (mg/g
Table 6. Adsorption of acetic acid and copper sulphate.

R ] ] o W M W M
Kind of charcoal Wood species Acetic acid  Copper
sulphate
+ 5 Quercus sp. 16.6 107.7
Shirozumi charcoal l:x + 3 Quercus serrata 9.2 160.6
z2 7 7 * Machilus Thunbergii 20.7 193.7
B (RMUE- L) > 5 Quercus sp. 51.9 2449
Kurozumi charcoal ¥ = # % Diospyros Kaki var. Sylsvestris 42.9 165.6
(Honsha, Shikoku, Kyushu)l 7 7 3%+ v Parabenzoin praecox 41.7 186.9
= B (e [ 4 2% h=F Acer Mono 68.7 291.0
Kurozumi qharcoal 7 + Fagus crenata 56.0 153.5
(Hokkaido) 14 x % Acersp. 42.1 127.7
400} A2
-
Ve
7
s
s
O &R Kurozumi charcoal ///
X B® Shirozumi charcoal e
7
s
s
’
300+ //
o
=
2
X
£
QS
§ 2001
8
S
S
L
=
23
1001~
CH,COOH o} 5 ~x
o)
poe CH,COOH x
1 ! 1 1 X 1
5 6 7 8 9 /0 17 %

X B Moisture contents
LI AROKFTERBINIWHEHBE - 2vH BEEOELOBK

Fig. 9. Relation between moisture contents of charcoals and weights
adsorbed of copper sulphate, iodine and acetic acid.
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A,O B3R Kurozumi charcool
400 X BIR Shirozumi chorcoal

300

2001

WER Weights adsorbed  mg/y

100 ox
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o CHCOH ... """ \{\““
.......... xe-.CH4000H

80 1 L0000 XTtmmeema e
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REEBE Corbon contents
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Fig. 10. Relation between carbon contents of charcoals and weights
adsorbed of copper sulphate, iodine and acetic acid.
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BTER BREVEOSTELREEOMFR (mg/g)

Table 7. Relation between the molecular weights of substances
adsorbed and the weights of the substances adsorbed.

% ' = n - B (75

Weights of the substances adsorbed (Av.)
1 = =] R 2 " 2 R
merHmE 5 T B Mm%

Substance adsorbed Molecular weight Shirozumi charcoal Kurozumi charcoal Kurozumi charcoal

(Honsh, Shikoku, (Hokkaido)

Kyasha)
i 3 R
Copper sulphate 160 154 199 191
a 7 #
Iodine 127 92 175 284
60 16 46 56

Acetic acid
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3 #
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Summary

Several charcoals collected from all over Japan were tested on the liquid-phase
adsorption using acetic acid and copper sulphate.

1. As for the adsorption velocity for acetic acid, kurozumi charcoal is larger than
shirozumi charcoal. But, in the occasion of long contact time, a part of shirozumi
charcoal becomes larger.

2. With the increment of hardness of charcoals, acetic acid adsorbed increases, and
the velocity of shirozumi charcoal is larger than that of kurozumi charcoal.

3. The effects of the size of charcoal on the adsorption ability were tested. Com-
paring the larger size (about 30 mesh) charcoal and smaller size one (passed 200 mesh),
the ability of the latter was 2.5~5 times larger than that of the former.

4. Comparing larger size (about 30 mesh) particles of a shirozumi charcoal (Ubame
oak-Quercus phillyraeoides) and smaller size (passed 200 mesh) particles of a kurozumi
charcoal (Mizunara oak—Quercus mongolica var. grosseserrata), the ability of the latter
was over 40 times larger than that of the former.

5. With the increment of moisture content and carbon content in charcoals, the
weights of acetic acid, copper sulphate and iodine adsorbed on kurozumi charcoals increase,
but that on shirozumi charcoals decrease reversely.

6. There was a inclination that the molecular weights of substance adsorbed were
proportionate with the weights of substance adsorbed.



