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ABSTRACT

The purpose of this study is to promote utilization of paper mill sludge as an adsorbent for stabilizing heavy metals in
contaminated water by measuring the adsorption capacity of paper mill sludge for cadmium and arsenic. To measure
adsorption capacity of paper mill sludge, sorption isotherm experiments were analyzed by Langmuir and Freundlich
isotherm models. Also, two methods of chemical modifications were applied to improve the adsorption capacities of
paper-mill-sludge: the first method used sodium hydroxide (NaOH), called PMS-1, and the second method used the
NaOH and tartaric acid (C4H¢Og) together, called PMS-2. For Cd adsorption, PMS-1 presented the increase of reactivity
while PMS-2 presented the decline of reactivity compared to that of untreated paper-mill-sludge. In case of As adsorption,
both PMS-1 and PMS-2 showed the decrease of adsorption capacities. This is because zeta-potential of paper mill sludge
was changed to more negative values during chemical modification process due to the hydroxyl group in NaOH and the
carboxyl group in C4H¢Os respectively. Therefore, we may conclude that the chemical treatment process increases
adsorption capacity of paper mill sludge for cation heavy metals such as Cd but not for As.
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Table 1. Chemical composition of paper mill sludge

Element (0] CaO A1203 8102 MgO SO} P205 F6203 KzO T102 SrO ZI'02 MnO CuO
Concentration (%) 82.6 9.73 336 217 085 075 032 0.11 0.05 002 0.01 0.01  0.004 0.003
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298 A5 ) Asp7l= PRB(Permeable Table 2. Basic properties of paper mill sludge
Reactive Barriers) 34 S22 2] A8 71aAdS -

_ Contents Value Unit

7Rt 94, Sdiellx] ARkEE AREH AL Eoko =
H 8.01 -
L ke AR GRE Bk S8 g N .

o o o ool ; CEC (Cation exchange capacity) 17.86 cmol/kg
}’\jli- T3 O}M—Q-Eq, FTEEHEOE 299 A °}‘T ko= Salinity 0.29 %
st FERAZ ARG Al Aol ojxted Y AR Organic content 9.07 %
gotslr] S8l 84388 FU12 Z3skuTE AREY Total Nitroten (T-N) 0.747 %

Ao} Fa4e) WA Wlel) SIsjl SR Ase
Fetdlem, 1 Ay Langmuir == Freundlich 232
g olgaled BAelgle). AXEeiAe] 3 548 %
okl il Yole @ gole FEEeR 2t can
As(V)S A3t

53} o]9} tlEol, AREHAE 519 W_E MR
NEE AREA i As(V)e] Fs TS Bt
slazt siddek. FEAIE setEos 711“‘ sl F3s =
s A7k ARE, Lee et al(2009), Memona et al.
(2007), Sciban et al.(2006), Wong et al.(2003) &<
Fiolu A o Al NaOH(—rJ\B'iP/}E%)O]‘/‘r
Ee CHO(EREELNE 71et] dshd, 234 &
W] EEo] AAEL EE vEg7I7F AE T
& Fsdo] ¢ "ok EJ—OPiE‘r AAEe A BE=g
WS o83 AREAGoM vhee Fike] v, F4
SOl A-gsle] At ASHE 3k JfES o83l 1
ARE Rt

AREHA] R A CdE As(V)e] &=
o] Wsh=
ey

2 HAYE
EZA|Y] Zeta-potential HE SHsI] U

21 A8 M=

B AFoM= cdd As(V)E Q952 E AAFaL A

AseAE FHARE HAs
AREHAE F5 Al X3 SAR T ZHE
TR 283 £ vhgEAe] SRR 8- A
2e% FrAe x| fE AREEAE 12270
5 st #e Rellar1o] A=(Sieve #8 ~#20)= A
TElate] ARSIt XA B3EA17)(X-ray fluorescence
spectrometer, XRF-1700, Shimadzu)E ©]-83F A& 4]

L

AFE Table 19, AFE-E AA|
< Table 2] YERNAT
SR T Ca0, MgO, K,09] &o] =255 pH
7} Eolitkar B uEo] tHWeng and Huang., 1994).
AREHA} pH 89 oF IS He olfie= AAE
A9 A AR F Ca0, MgO, K09 gH-30] 11%

Selle) Belaere B4

O

71 AXSL Q7] wEow duEch YEoR pHrt
S7F Saoleae] A aapt EolEal HheEHe]

Fol S3kE we F3te] STk Het, ol sl
el am VhEge] Aage] S7RiTal Halsel
ATHKim et al, 2011). A|X|&eA|2] Cation exchange
capacity(CEC)= 17.86 cmolkg®. 2, ©]= Kim et al.
(2()11)0]] g]-st E__T_T_E] Z:L/\J}A H]-_/Ho] 0/‘-6]- b‘z]—
A= <>47:1/‘<1—E 17%31114 CEC%(13.3 cmol/kg) Xt}
Y 7, $5% ¥ 7ol w5 2o Addn.

2.1.1. 3=

Aol A AMSE AREHAF EGLA
71%0111 ARE welr] 8l EGLATAHAITHEH

A A 2012-1198 00 we} Hgke 249
%%—’5 e fEA% Zek=v S
ES, Varian)E AR8-33tt.

Table 39] AEF #A A}, AAEHA W] F T5
&3] B 8 VEX(EYTHEREY A,
2018 =9k 2dEdo] g%, ol& B3l Al
A ARE ARSI ESLES fEshes HivlEe]

ohd o7 AAH}

ﬂl

H—i ﬁ-llo
N

3

T

N

o)

<)

22 4F 4y
22.1. AAEH R 348k 7hE
AREH A2 T5% F45ES ¢ 717 Y8l

J. Soil Groundw. Environ. Vol. 19(1), p. 46~53, 2014



48 0 - e - -

oJ&7] - vkE

Table 3. Total concentration of heavy metals extracted from
paper mill sludge

Concentration Worrisome level of soil

Compound (mg/kg) contamination (mg/kg)
Cd 0.46 4
Cu 31.66 150
Pb 14.34 200
As 7.08 25
Zn 41.76 300
Ni 5.86 100
Hg ND 4
cr ND 5

*ND: Not Detect
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Fig. 1. Leaching result of paper mill sludge from solutions with final pH 2 to 11.
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Fig. 3. Sorption isotherm for Cd on untreated & treated paper mill
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Table 4. Constants of langmuir and freundlich sorption isotherm for Cd

Langmuir isotherm

Freundlich isotherm

p a R? n Kf R?
Paper mill sludge 112.52 0.018 0.996 0.516 6.262 0.939
PMS-1 (NaOH) 185.52 0.018 0.995 1.044 2.786 0.93
PMS-2 (NaOH&C4HO) 16.29 0.024 0.994 0.303 2.551 0.99
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Fig. 4. Sorption isotherm for As[V] on untreated & treated paper
mill sludge; (a) pH =4, (b) pH=38.
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Table 5. Constants of Langmuir and Freundlich Sorption Isotherm for As[V]; (a) pH =4, (b) pH=28

(2) pH 4
Langmuir isotherm Freundlich isotherm
B o R? n Kf R?
Paper mill sludge 5.98 0.028 0.983 0.644 0.268 0.958
PMS-1 (NaOH) 2.18 0.027 0.989 0.669 0.088 0.919
PMS-2 (NaOH&C4HOp) 1.10 0.013 0.955 0.709 0.024 0.956
(b) pH 8
Langmuir isotherm Freundlich isotherm
B o R? n Kf R?
Paper mill sludge 4.82 0.043 0.999 0.51 0.408 0.965
PMS-1 (NaOH) 1.00 0.044 0.994 0.42 0.122 0.926
PMS-2 (NaOH&C4HgOp) 1.71 0.015 0.985 0.608 0.058 0.919
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