KM T A - = F
J. of KSEE Vol. 22, No. 7, pp. 1319~1330. 2000.
Journal of Korean Society of Environmental Enginecrs

AEY sy EEHAFTERE
‘JeFd e @Az

(20001d 39 149 A4, 20009 4% 28 A9)

Pore Structure and Adsorption Characteristics of Metals
and Nutrient Salt of Activated Carbon Produced from
Different Chemical Treatment

Young-Dong Lee - Hwa-Young Kang*

Faculty of Civil and Environmental Eng., Chonbuk National University
*Department of Environment, Yosu Technical College

ABSTRACT

Activated carbons prepared by chemical activation of organic waste sludges with
7ZnClz and K2S have been studied in terms of their pore development and adsorptivity.
Pore development of the carbons prepared from organic waste sludges was charac-
terized by the nitrogen adsorption at 77K. The ZnClz-activated carbon produced by
chemical activation with zinc chloride exhibited type [ isotherm characteristics
according to the BDDT classification, suggesting the presence of micropores formed by
activation process. The isotherms of the commercial powdered activated carbon and
KoS-activated carbon reveal a hysteresis similar to that of type IV in BDDT clas~
sification, indicating the formation of mesopores. This result implies that the major
pores of KsS-activated carbon are composed of meso and micropores, and a macro-
pores are minor.

The adsorptive capacities of metal on the K2S-activated carbon prepared from
organic waste sludges were found to be superior to those on a commercial granular
activated carbon. The Langmuir and Freundlich isotherms yield a fairly good fit to
the adsorption data, indicating a monolayer adsorption of metals onto KzS-activated
carbon. The adsorptive capacity of the KoS-activated carbon was superior to
ZnClz-activated carbon for POs+-P, and vice versa for NOs-N,



1320

°lg% - A

From the results of the studies reported here, it can be concluded that activated
carbons with adsorptivity superior to commercial granular activated carbons can be
produced from organic waste sludge using a two-step carbonization/activation
procedure with zinc chloride or potassium sulfide as the activating agents.
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A: constant temperature dewar vessel, B: D.C.
power supply. C: electronic manometer sensor, D:
electronic manometer, E: dewater apparatus, F:
vacuum gauge, G: vacuum apparatus, H: He gas,
I: Ny gas, J: gas storage vessel, K: sample

Fig. 1. Schematic diagram of gravimetric
adsorption apparatus.
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Fig. 2. Adsorption-desorption isotherm of
nitrogen at 77K on ZnClz-activated
carbon produced by chemical acti-
vation of organic waste sludge at
500°C for 90 min,
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Fig. 3. Cumulative pore volume and pore
size distribution curve at 77K on
ZnClz-activated carbon produced by
chemical activation of organic
waste sludge at B00C for 80 min.
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Fig. 4. Adsorption-desorption isotherm of
nitrogen at 77K on K:S-activated
carbon produced by chemical acti-
vation of organic waste sludge at
700°C for 120 min.
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Fig. 5. Adsorption-desorption isotherm of
nitrogen at 77K on commercial-
powdered activated carbon(J cor-
poration).
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(b) Commercial-powdered activated carbon

Fig. 6. Pore size distribution curve at 77K on commercial-powdered activated carbon(J
corporation) and K:S-activated carbon produced by chemical activation of organic waste

sludge at 700C for 120 min.
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Fig. 7. Effect of agitation time on Cu, Cd
and T-Cr removal efficiency of acti-
vated carbon(A.C : activated carbon,
Co-G.A.C{J corp.) : commercial gran-
ular activated carbon).
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Fig. B. Adsorption affinity of metals on
K2S-A.C produced by chemical ac-
tivation of organic waste siudge at
700C for 120 min.
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Fig. 9. Freundlich adsorption isotherms of
Cu, Cd and T-Cr ion on K:S-acti-
vated carbon produced by chemical
activation of organic waste sludge
at 700°C for 120 min.
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Fig. 10. Effect of agitation time on PO4-P
and NOs-N removal efficiency of
activated carbon{A.C : activated car-
bon, Co-G.A.C(J corp.) : commercial
granular activated carbon).
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g $ Ut

Z; EHAS} whe ¥ B pHE W, A& ¢
AEdes] 7% pH 6.1~7.4, KoS-BAEE pH
6.1~7.12 $4 F=& Jehd i, ZnCl-84
B Erel 4HAd7)el F712 pH 4.0~5.52 A4
&g vetdEsd, o8 79 Fo FEHe
2 A4 AAEE I/ Aoz gdudgd F
InCl-8A €9 A% AZTH F, BN 24
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3 214 & Z8)A EHo carboxylic group(-COOH)
2 carbony group(-C=0) 18]3 phenol group
(-C-OH)# Z& E2g A4y F8717 4R &
Acz 2gHed, 3 §7¢ 9AE 143 A
23 VL A4 AHA) F FHFE AH3
e AxE 3L AR A B9 B carbo-
xylic group ¥ carbony group, 123 phenol
group®] AAEE A& #AlEHAT. a2n oY
Arg Z8719 Aol Aa AAEE T
= gd9lo] "t RE AT, §H Moreno-
Castilla $'¥¢ B Fd& A4 A8 4+
B carboxylic group$ nitre, 212/ X nitrate
group'¥o] AA=EE H, g4E9 H.0:%
(NH4)28208 #H&lE carboxyl® keton(>C=0),
2231 ether group(-0-)& A8k A& &
k=

3.4.2. POsP% NOsNel SEgsiol mg
Basy

InClr-$R B KS- BB olgse] 3§24
(POsP. NO&-N)8| 5% #ifje] e F254 4
de dT. Table 1& Zzte) e o
PO-PS} F#5¢ BoFe A2 45 InClr
gHBETE KS-84T o $5¢ Ao et
st 53 ZnCl-@dwel 4% FUE POP
57t W ASE AAG BANAL ¥ 3
eSS FH AAEE SN & £ Aok 0
KeS-BA® A% FUBEel Bl A9 2
@ AAEE HAZD o], ¥ WHE BT IEH
A ¥E7h $e W BorE Be A9l O g I
Jde FHUTE AL QAT

Bgez ZnCL-¥4€d KS-¥4ee 0¥
NOsNel E348¢ @ 23 KS-g8we ZE
FEEeA A AAE s e dge
g, ZnCl-BA®e 428 B F45 BelF
REd, ZnCl-g4we) Be A2 AAEL ¥
HE d9sisel 428 298 FHATE 2oy
% 28717t FRe7] Wgog Yzdd

ZInCl-BATel A2 FHUY ARE lg 3y &
Y2 10gCE X&2Z 8t Freundlich#ol 2 8-4]
2 AL Y=0.65953X+0.51273(n=1.516231, b

Table 1. Adsorption characteristics accord-
ing to PO4-P concentration varia-
tion on ZnCl>-A.C and K:S-A.C
prepared from organic waste

siudge

Spike ZnCl-A.C KeS-A.C
Conc. R.C {R.R R.C |R.R
(me/D| PH | gy | 90 | P | med) | )
1 [ 47] 08597 [ 140 6.0 | 0.5304 | 47.0
o a1 17285 | 136 6.1 | 1.0975 | 45.1
3 |42 25425 | 153 | 6.4 | 1.8749 | 37.5
4 140133199 |17.0| 66| 2.3871 | 403
5 |40 41085 | 17.9| 6.7 | 3.0639 | 38.7
6 | 40| 42345 | 294 | 7.0 | 4.3260 | 27.9
7 |40 51126 | 27.0| 6.9 | 44083 | 37.0
8 |40/ 58808 | 265 7.0 | 5.2040 | 35.0
9 |40/ 6.0546 | 32.7{ 6.9 | 54327 | 39.6
10 | 4.1 65485 | 34.5 | 6.8 | 5.8351 | 41.7

R.C: Residual Concentration, R.R: Removal Rate,
A.C: Activated Carbon

10000
y = 0.65953 x + 0.51273
_ n=1.516231
@ k = 3.256342
o
= 1000+
£
£
[=,]
8
1004
.
100 1000 10000 100000

log Clug/ ¢)

Fig. 11. Freundlich adsorption isotherms of
NOs-N on ZnClz-activated carbon
produced by chemical activation of
organic waste sludge at 500C for
80 min.

=3.256342)8] S&F34] 0 %EQ“‘ o] A
zo=2 &% Langmuirdd) HE&AH AS Y=
237.76X +3115.6(a=0.004206, b=0.007641)
o] Ze4& A& F At



NE OE FEAHE ol g3l Az e MFTE L FI4T JUAR FH8Y 1329

4. 8 B

Fr1d AR AT KeS-84€3 ZnCle-
gAEe A4 F%F - 93 o4 ¥HE B9,
KoS-#4€2 BDDT £#/9 type Vo] F2YEE,
28] ZnCle- 82 Langmuir el type I
o FA454E Jdehllen, & @49 L% nA T
Bt ol FAHTE 423 BEHA e ¢
T AJY. 28T F g4 AT £XE B9
ZnCl- &2 AFutAE 20A £29 A7l AE
Hog it v KS-AEe A3 20A
53 ®o ol 1 o]t NFE A ddsdt
o s fE3lA ol 8E ¢ UL A= W
gl 3

KeS-84 3 ZnCl-8Awe $34&3 J99
F EA4YE 49, 33459 U9 #3452 KS-¥
ete] Hold Aoz velgton, ZnCl-84d€e
Aol A8 423 & F¥5L BAFQUY. 2
21 KS-8A4Ee 8% F4547 ZnCl-84
gho] A4 FAEAL Langmuir® Freundlich &
3} T4 & o)f3td vEld 4 sljler, ol &
Aere vl 49¢ A3 ALY 484 BAEE
o o Hold Fa & Byl

ol du 2 AT AE FH £ 0, /71439
£AE AAF A3 zhoN FEBA 3
e AzYE A5 deeXE /83 F4A2
AEY £ dg Aot

AL At

£ d7E ARd%n 54 ¥ $AATAE e
A7) A gl &3] Sy on, ojo] ZAEY
Y,

7 | =z f?'_' %‘
P . equilibrium pressure(mmHg)
P, : saturated vapor pressure of an adsor-

bate(mmHg)

rp : pore radius(A)

drp : difference between sucessive values in
rp(A)

{rp> : mean radius between sucessive values
in rp(A)

4Vy  actural volume of liquid filling the pore
corresponding to a volume 4V, con-
tained by cylindrical capillaries(cm®/g)
4V =4V, x1.558%107°

4V, * volume decrement corresponding to the
complete pore radius for a hypothetical
cylindrical capillary(cm®/g)
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