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Studies on the Adsorption of Heavy Metal on Bark.
Part 1. Adsorption Properties of Various Barks.
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Table 1. Phenolic components and pH of bark.*

- H;SO4 | Pyrogallol
Species -lignin tannin pH
(%) (%)
Akamatsu s 3.9 4.3
Kuromatsu _%2(3)) 2.8 4.7
Oshuakamatsu %}Lg) 2.5 4.2
outer %gé) 3.1 4.2
Benimatsu 43'0 -
inner (4:6) 7.0 4.1
Ezomatsu ‘?g% 5.9 4.9
Karamatsu %Z % 2.2 5.9
51.7
Dafurika outer (5.0) 3.4 4.7
karamatsu inner %81%) 73 4.2
Keyaki %g:é) 0.6 5.7
Sawagurumi %g?) 0.5 5.8
.. 24.0
Shioji R 0.6 5.8

( ) ; Phenolic lignin
* : Bark powder 10~20 mesh
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Fig. 1 Pore size distribution of Kuromatsu bark.
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Table 2. Adsorption capacity of heavy metal

on bark,
) Amount of adsorption
Speci (mg/g)
pecies T
Cd2+ | Cu2* | Cr3+
)
Akamatsu 7.2 9.8 6.1
Kuromatsu 7.6 9.6 4.8
Oshuakamatsu 7.4 10.0 7.4
outer 9.2 9.2 6.6
Benimatsu
inner 9.6 10.6 6.8
Ezomatsu 9.3 11.6 7.2
Karamatsu 4.8 2.0 2.8
Dafurika outer 8.0 7.4 5.6
karamatsu ;00 | 86 | 115 | 7.6
Keyaki 4.2 1.0 2.4
Sawagurumi 2.4 1.4 2.0
Shioji 3.4 ; 1.2 2.0
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Fig. 2 Adsorption isotherm of heavy metal.
O ; Cd2* @ ; Cu2t @ ; Cr3+
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m=kcl/n

T, m: KEFERE (mg/g), c: FHEE (mg/l),
EBXO n:ER

UL, =< I, vaov I, #7914h3
< VAR, =< vR SO Crdt BEDEA,
TERER 20mg/g BE, 7 v 3EK, »I < VB
eV Tt Cr3* OEHERER 0mg/g 2E, Cd2* 0
AR 20meg/g 2, Cu2t OLHEREE 10mg/g
BE, 3asikcz /v YEED Cut 5 & 8 Cd2* OF
wERE 15mg/g BE FTRINTNERTDH O,
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Table 3. Constant of Freundlich-type adsorption
isotherm for heavy metal.

Species _Cder Cu2r | Crs*

l B | | |,,**| B | e

Akamatsu 3.3 4.7/ 5.3/ 5.8 2.0/ 4.2
Kuromatsu 3.1/ 4.3 3.1 4.3 0.6 1.4
Oshuakamatsu 3.7/ 5.1 3.7 4.6 2.6{ 4.2
Benimatsu outer | 3.5 3.9/ 3.7 4.6/ 0.8 1.4
inner |4.6{4.5/5.1/4.8 0.8 1.4

Ezomatsu 5.4/ 5.9/ 5.6/ 5.5 0.2/ 0.8
Karamatsu 0.2 0__8_0_1_0_@1_1_?_1__2
Dafurica outer | 3.0 4.4 2.3/ 2.7 3.0 2.7
karamatsu jnner | 6.9 5.9 6.3 5.0, 0.8 1.6
Keyaki 0.6/1.20.3 1.4 1.6/ 1.1

* k; Intercept
** 7 ; Reciprocal of slope

Table 4. Apparent adsorption rate constant for
adsorption of heavy metal on bark.

Species Rate constant

Cd2+ | Cu2t | Crs+

Akamatsu 0.97 1.33 0.79
Kuromatsu 0.98 0.82 0.90
Oshuakamatsu 1.05 1.11 1.71

Benimatsu outer 0.28 0.44 0.71

inner | 0.45 0.73 0.91

Ezomatsu | 0.81 0.72 0.93

Karamatsu | 1.83 | 0.63 | 1.16

Dafurika outer 0.38 0.12 0.53
karamatsu  jpner | 0.59 | 0.34 | 1.21

Keyaki 0.85 0.50 1.06

16

~Ezomtsu Bark-

Amount of adsorption (mg/g)

i 1 I

00 5 10 15 24 48

Adsorption time (hr.)

Fig 3. Relation between amount of adsorption
and time.

O ; Cd2* @ ; Cu2t @ ; Cr3+
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Fig. 4 Relation between amount of adsorption
and square root of time.
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Fig. 5 Effect of initial pH of heavy metal
aqueous solution.

O ; Cd2t @ ; Cu2* @ ; Cr3+

BLEMBETHSS. TUT, BROWEEEZED
BITIX LIRS s MFL 2 IR PIC § 2B AL ER B B
EELA.

3.6 pH OFE

ELBWEICK X IZT WED KEK © pH O
% pH 7~3 OEHIC >N THH~z. —fle LT Fig. 5
IRz < VBED X 5T, ERBNRKBED pH 13
TRTCOBFOELBRERICHEL, WThOESE
t pH 5~6 A TRAREEME LNz, TabE,
W#ErsD pH 135~6 BRETHHEELS. LT
BIROBEDE2ZELT, ELBERECBOWTESRE
KIGHED pH 125~ 6ICHET 2 LEBHS. TR
EHHEEEOKBE pH I3EE~ZE § 131F pH 3.8 BE
Thotz, TOTEIZEKZD pH BL X EEERLZE
LT, MHIKREVICEGBO—EWHEHRD 7 » /
— VKRR L (LERE R EL, TO)Ic HY 2R
u@gwa%iemémﬁmuwam?@m.&E,E
H 5 idiEERIc X b Hg2t 5 pH 1~4 TELLmEF SN
BTERRELTNAS.,

3.7 BEDEE

HEOELSEREE L WERE L ORI &KL
FAUEATH - 12D T, —flE LTV < Y EHFITDON
TO#HR% Fig. 6 1TmLiz.

“EE D Car DILFICHB N THEREEREEIZIZ &
AEBDH BN Tz, Cut DRBFITIIDTHTIID
BH5, WAIREH ERT 3 L WERHHOT 2 EEHR
»ohtz, TOBEAE—RNTMBREDHELFRLT
HbH, Cut OWFHIIFLHIMTED WA EHEESNS.
—7#, Cr3* olBETIIWEREDO LA L &R ER

16

12} "-~.\\\‘\\\‘s

__o_____o_———o———o—‘

Amount of adsorption(mg/g)

8 -
4
—-Ezomatsu Bark—
0 I ' 1 (1
0 10 20 30 40

Temperature (°C)

Fig. 6 Effect of temperature on
adsorption of heavy metal.
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In order to elucidate the fundamental information on the removal of heavy
metals from polluted water by the use of bark, the characteristics of adsorption of

heavy metals on bark was investigated.

The bark powders (10~20 mesh) of Akamatsu (Pinus densiflora SIEB. et ZUcc.),
Kuromatsu (Pinus thunbergii PARL.), Oshuakamatsu (Pinus sylvestris LINN.), Beni-

matsu (Pinus koraiensis SIEB,

et Zucc.),

Karamatsu (Lariz leptolepis GORDON.),

Dafurika karamatsu (Larix dahurica TUrcz.), Ezomatsu (Picea jezoensis CARR.),
Keyaki (Zelkova serrata MARINO), Shioji (Fraxinus spaethiana LINGELSH.) and
Sawagurumi (Pterocarya rhoifolia SiEB, et Zucc.) and copper (II), cadmium (II) and
chromium (III) as heavy metal were used in this experiment.

The results obtained are as follows :
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Heavy metals were generally more adsorbed on the barks of softwood than that
of hardwood, and especially the amount of adsorbed heavy metal on the bark of
Ezomatsu and inner barks of Benimatsu and Dafurika karamatsu was larger than
that of the others. When 1g of bark was shaken with 100ml of heavy metal
aqueous solution ranging in concentration from 50 to 1000ppm at 30°C for 24 hours,
the amount of adsorption in equilibrium on each heavy metal was as follows :

Benimatsu (Inner bark) ; 19.3mg Cd2**/g
Dafurika karamatsu (Inner bark); 20 .6mg Cu?t/g
Ezomatsu ; 23.0mg Cr3t/g

It was found that a part of adsorption capacity is dependent on the content of
tannin,

The saturated amount of adsorption and equilibrium concentration obeyed
Freundlich-type adsorption isotherm.

Since the amount of adsorbed heavy metal on the bark was directly proportional
to the square root of soaking time, the rate-determining step was the rate of
diffusion of heavy metal ion in intramicropores of bark. This shows that the
adsorption is affected by the pore size distribution and specific surface area of
bark.

The amount of adsorbed chromium (III) increased with the rise of temperature
and that of cadmium (II) is little affected by temperature. However, the amount of
adsorbed copper (II) showed a tendency to decrease with the rise in temperature.

In the adsorption of heavy metals on barks, the optimum pH of the initial
aqueous solution was the pH range 5,0—6.0.



