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A study on the removal of heavy metals in groundwater by
Alginate-cellulose beads

*

0|47 - Btoly

Sujeong Lee -« lhnsup Han’

MEAlEisiu etEgstnt

Department of Environmental Engineering, University of Seoul

ABSTRACT

To raise the physical strength of alginate beads, this study manufactured alginate-cellulose bead by adding cellulose
to alginate, and wanted to identify whether falginate-cellulose beads were sufficiently efficient in removing heavy metals.
To find out optimal amounts of alginate and cellulose injection, this study conducted a pilot study, and repeated experiments
proved that alginate 2 w/v% + cellulose 1 w/v% were the optimal amounts in manufacturing beads. Using micro materials
tester, this study compared strengths of alginate beads and alginate-cellulose beads. Choosing Cd**, Pb**, and Ni** as
materials to be removed, this study analyzed concentrations of them before and after the treatment.

Experiments showed that, compared with alginate beads, the strength of alginate-cellulose beads was 2.26 times stronger,
and that the latter could remove 98.22%, 99.99%, and 92.57% of Cd?*, Pb?*, Ni**, respectively. While addition of
cellulose to alginate made the absorption rate drop by about 1%, the beads were still highly efficient in removing heavy
metals. Accordingly, it seems that alginate-cellulose beads can be used in removing heavy metals.
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W Aotre T2 FADA, G534, ARa
Al B SR w4 7= Sl oSk
242 ol540] 17 uhRel] Bl MatR fU
717k AA FSA =L olo] whE Ao /7t
Mol kS u|x|A| =t (Rafatullaha et al., 2009).

WA FNE AR R WAEE A
AH4~(AMD, Acid Mine Drainage)ol &Jsf 3, 4z

NER, 8 5T 2L FTE0] A At B
oz o fdEo] FAAA edder HEEIL
Qltt.(Lee et al., 2019) E3F 2005 -FFo| uf=w
ware] 2R fRed, A% AT 34 o
&J(Park and Lee, 2017), ®AF u|£7] 2] 9] G457 9 #|7]
= 24 5 5o FH(0h, 2013) #9t ofyel A=
of AHE EF W@ANA FEEE FE50l oI
Aoks LABA} AL LT WAH T Yok

Aot W a4 Hel7leRt ke ¥ (flation),
o] 2% H(on exchange), SZFH(adsorption), 27
(precipitation) 5-©] Tt} (Choi, 2014). S2Ho| A&
e F2 44 FolH F24 T2 e mvbHel
WA, T\ EA 28 EA SR 18R ) 2
17h el s At FbAR 9l ol

T QJt} (Kim and Kang, 2021). t}ql, 714} ZHe-
LR HEE S5 AATE wou =7t W
ofef o2 melg wol WAl

o mgsl] 8] % ATolNE AEReAS
olg ol MER AL Age] AEY FR 74
AEH o7 B-D-glucose”} 1-4 glucopyranoside 2 -4 %l
A MY AR WL So|EAY|E shAw

N

lﬂ_d

St} (Kwon et al., 2016). MEZ A= 118 LX)
ofaf ket AEE e Qo] BelH st 17

| vj=o] Axrt e AeR AR,

2 dFde a5 2l 2 285 UEy
= G HIEE o] g3glen, 7|E FIEANG &3]
AP HIES] e EAE Bgstr] 9l AEReAE

+E AFs7] {8 ARE oFES

PbCly(Lead(II) chloride > 98 %), CdCly(Cadmium
chloride, hemipentahydrate, > 98%), Ni(NO3),.
6H,O(Nickel( II) nitrate hexahydrate > 97%) ©]t}. H|=
£ A|x37] 9%t I7IARS Sigma Aldrich Korea2]
Alginate acid sodium salt®} Microcrystalline Cellulose S

A3t giet

2.2 HIE M= 4

2.2.1 YZILHAG) HIE MIZ 2

A7 I E(AG): SwA%R Al ZEHAT) Ao oﬂ
5 g9] sodium alginateE Y11 FH4Z 100 mLE
Zth 180 rpm& &L E 24A7F HoF wREAZ]
0.05 N CaCl, &Mo) "ojmg] A7} EoF A7
o} o] FH,RE oF 33] At 60TolA 244]7F
=0l Azsgh

v -

r\U -10‘, >.1El

Ot A=A

21—

MEZQA(AGC) HIE MIE HiH

LU E R 2 (AGC) H| Ex= AloFol 5 g9 &
44 Y1 28252 100 mLE 2l 180 rpmo)
£ 2 24A17F B9 WHHAZL & 0.5 g9 celluloseE
do] 180 rpme]l 1A]7F F<F WG TE o] % 0.05 N
CaCl, -§Hof Hojmg] 1A7HESE AN 7|2 F74
2 oF 33] A Hatqtt AlHE H == 60TollA] 244]
7b EoF A3}t (Vijayalakshmi et al., 2014).

23 BH 3 2k 24

AG, AGC H|=9] w3l
S-3400M< o] 85150 ct] v =
Instron A}2] Micro Material TesterS ©]-8 6}“1:} Al
£ | mm/minl 2 fo] s =A39ch

2.4 FT-IR analysis

v = Y] 287] 218 93} Fourier reansfer infrared
spectroscopy(FT-IR) AAEFF S5 Thermo
scientific Inc., USA Al9] Nlcolet iS5 7]7]& ©]&3}%
t}. =4 wavenumber 9] 400~4000 cm’ o]t}
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Tv:&lLET

=
2 A9 $iste] Cd™, Pb*, NP & 212} 10 mg/L
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Fig. 1. SEM image of AG bead. Fig. 2. SEM image of AGC bead.

7} HES aE ARG 50 mLe] T4o] 05 g Ewo] Wl A HFOR TAHEIYSS Y

o] MlEg Zh7h #QIsh ¥ 4ToA 180 pme2 W 4 Ugich
skelEA 24 b & A ASS AAkeksch AGC M= Az A] 2% Z7lE shelstr] 98] =
A7 g AL kgt 2. A% A7 ofe) Table 13} Zo] Lhehd 4 gk 2
NzRE AERAE F71RE AGC H|IE9] 3¢ AG

n=[Co-CeJ/Co > 100 HEHT H o5 b5, A 45 stsolAe 4=
Cy, : initial concentration, C. . final concentration 2ol AGC H|= AR A] oF 2264 Z7}81%0H,
olF Bl HAERLAE Y4t FYste HEES

26 52 B2t 43 Azshs 49 SHA ) Bed 4EE F/HIL 5

e R8e o 4 9tk
52 F4 ARL A O A A omglok IR U T e e
% 50 mLe| #4=ef 0.1~ N

927} FUSHA HY & A A FER HAND
o, MEZQAS Q3A7]A] &Il powder FE|R
A kgl ool A= Sl e AI7E Q)
4 o olo] Wk FEE AR 2N 4 Y 29
Wl sl 57k 37 B,

iy
2.0 2] AG, AGC H|=2 2915131 24ColA] 180 rpm.S.
2 mHsHEA 24 b F 52 B3 A4S mEskrt

50 mLef = 32 FTR
C

FT-IRE o]-§3}o] AG, AGC B|=2] 2-87]5 H4
3t A¥}= Fig. 3, Fig. 49} Zth 1029, 3391 cm™ o] 4]
Slo| =2 A17|(-0H) 9] O-HAE, Al=A%, 1600, 1420

3.2 1t
Table 1. Average strength of AG, AGC beads
3.1 A 2 Z&: M ZAnt
Maximum Compressive stress at
AG ]Eg} AGC H|E9] FHE SEME ©]&35l Compressive load Maximum
J35}T) Fig 1S AG H|=9] EHS 2ost Ao (N) Compressive load(Mpa)
E9o] u]-]o wjzek Abglole BRolsh 2 9lrh AG 125.369 868.202
Flg. 22HE AGC HEE MEZ QA0 H7la 913 AGC 487.567 3376.503
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Fig. 3. Spectra of AG beads.
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Fig. 4. Spectra of AGC beads.

em'of 4] 2R A7]|(-COOH)S] C=0 237 H|tj% °
A AEEe] ElEon, AEreies W -

OH Xl-_g_7] E ]‘_1_ o] oumg 339] cm'l?—7]-0] Ego_]
R =(broad) 7S sHoldk 4= Qlelch.

3.3 £ M &2t N3 2}
a5 AA Aol 7 & S A= A=
A o2 pH7} T} (Kim and Yim, 2012). ©]¢]] pH
of e FAES AFE Tl Flstart stk
Fig. 5~F1g T25E AG, AGC H|[=EE ZE pH HY
A e Fa% AARS UEIT 8S Helg

4= 9lth AG H|EE Cd, Pb, Ni*'S ZH3F 99.99%,
99.99%, 93.52% A|AsAoH, pH 504 Cd*, Pb™,
Ni*'Z 99.99%, 99.99, 93.45%= 7} wo] AA3}HY
t}. AGC H|EX Cd, Pb*', Ni¥'E W 98.22%,
99.90%, 92.18% A|AstH o, pH 594 Cd*, Pb*,
NiZ'E 99.03%, 99.99, 92.57%= 7} wro] AA 31
t}.
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Fig. 5. Removal of Cd** by pH.
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Fig. 6. Removal of Pb?* by pH.
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Fig. 7. Removal of Ni** by pH.
olg} ol 2 FuH AAEL g7l4b &8t
= SO|EFA7|(-OH)et 7FE2 541 7](-COOH), &=
©.220] EAfsHe S| =2 A17I(OH) % 7h22417]7}
Fa4 ol Fa] e AUAS AT ] o
o] Zlog #etE) (Jeon and Choi, 2007)
3.4 &2 &% Ad Znt
52 52 43S %3] Rangmuir, Freundlich &2}+5

92

Aol Ete|R| A 37 H A 2& 2023E 4¥



=)

>

&

rol

ro

x
o—

Langmuir]-& oo} o] Lrehd 4 9lrk. o}7]4]
FaA wolded F2E 20 Hmee),

1 1 1 1

qe B QOKLFe ?ﬂ

Langmuir isothermof| 4 R;-& H2|Al4 = FF A

SR FEL BU4solth WMok 0<Ri<lol FE

Helggol At A ofulgch

:10
=
s
M
=
3

1>~
=
m
pl=)
fr

ok 71 qe., = 2
=49 HmggolH, ki AR 12} 1t

(1/hyo] k.
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& SEALS ofdfel o] tpehy

. 2h7h HRATEe} A7k A
F2kEl B0 Wmgpolw, ks FAF 23} SR
A

03} 1Afolo] EAjete] iA}, BEA-MZR QA ]
c= g3 THAHTAo] AT & & Qi) Rhs S AAEARTE S vetuE g
Freundlich 4] of#je} Zro] Ljehdl 4= Qrk Celz &= AR Az Table 33p .
T HYmmgl), e XA BYFHY SEAe] it 44 AEE vl Rghe v
(mg/g)o] 3! Freundlich A/42¢) Kee FAA|S F2bg  OHRE W 40 1A ’ES S 4(0.763~0.977) > 5
% e FAAES et AF27F WHS SEA0.690~0968)% AL 13} B
w40 AFwrl ot B B AL BRI 4 Uit
1 FAE 13 S Smale FAA Qe WA glo]
logg, = log Kp+ 7 logC, B2 B WSFE A5 8, AU B W
W WgE msln, §AF 23 v SEAe H3
Freundlich 4]o]4 F2zzte] 84S Bae 4 A9 T4 v=s wE ngh Asase gi
Q= BAR(IM7E 0<1m<19l A4S Fxtzol 4 Ho| FHo| fAb 1A WS SEA B B HPw
Fobul 0.1<1n<059] 29 Fo] wS EIpHolk & yeho] 9 B S-S FHA Y wERTH FF
(Lee, 2014). Aol FErt FHo AFL vAE AL & 5 9
Table 2. Result of adsorption isotherm
Freundlich Langmuir
Items Type of beads p 5
1/n R R. R
AG 6.3216 0.8659 -0.0012 0.9262
Pb2+
AGC 1.3552 0.9013 -0.0160 0.9223
AG 1.9503 0.9967 -0.0360 0.9647
Cd2+
AGC 1.6085 0.9517 0.0082 0.9838
NiZ* AG 1.6741 0.9708 -0.3338 0.9268
1
AGC 1.4417 0.9994 -0.7278 0.9668
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Table 3. Result of Kinetic sorption

Pseudo first kinetic Pseudo second kinetic
Type of
Items beads Qe.cal R Qe,cal R
(mg/g) (mg/g)
AG 7.876 0.886 4.666 0.984
PbZ+
AGC 4.442 0.994 4.900 0.922
AG 13.470 0.870 6.365 0.756
Cd2+
AGC 9.368 0.871 6.341 0.838
5 AG 6.245 0.877 5.467 0.874
Ni%*
AGC 1.155 0.977 1.022 0.829
44 =2 2 FQljo] o] RRH FAA HEnth F2A
=7 G 9 vAL BAAT 5 A9t
BTl 7120 G wEA s Bela B ATE BA AEReAE Wlsel 72 ¢
= BEAE BY35] 95t AEZ e AE o] 83l9 0 4 vEl] EEd g BaE 4 e, eu
o, Fr 2o 2 9= AA a&S gt & AANE 2 &2 21T 4= U owk, A
A shgiek 2045 G5 kil powder AHR FYstol

o .
U EE @ A(AGOH| =8} A7IAF HIE(AG) 9
ZeE ST 2y AERAE FUIRE

AGC H|E9] Hoj| ¢F5shao] 2268 F71skdla<
RIS o|2HE A xTA A HEZA 9
Al e BAAEE 21T 4= Sk

AGH|E9} AGC H|E9] FT-IR £4] A3 A2 9
2> Y) OH7]ol|l &I} 3391em™ FZFo] tha Yojx|&=
(broad) &S g5ttt

AG, AGC H| =4 77} 5E Ph 9ol A &2 S
& AAESE et 7 w2 S35 AAES
Ueld 772 pH 5920, oju, AG H|EE Cd¥,
Pb*, Ni*'Z 93.45~99.99%% A5+l AGC H|E
L Cd¥, Pb*, NiZ' 8 92.57%~99.99%2 A Ast43-S
It olete =2 A AEL ATlAbY
Stz Slo|EEA7|eL 72 EAI7| o] Qg Ao =
=, a5 AA Ay or 32 duds 7
Slo|EEA7|E v st AEEAVE B}
AGC B|E= AG H|Eof H|3| ArjAor o 7|7
&2 UeERAIRE 2 ZfolE YEfA] gtk ofof u}
g a5 AlAd &5 kAl Aow wetEh

=5

rEL TN

N
o 2

oN M

Azt vEel e nithd, geiE AERes
& A7kstel M= Az Al B8 Zwrt BE HE
o] Az7} 7t Aoz wetEc)

Ab AL

2 A7 A A LATE(SGEC) 70
e deter sy glon, Ao gAEHY .
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