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Summary

In this research, based on the fact that the particular Functional group such as -COO,

phenolic OH, alcoholic OH form very strong Chelate complexes with the highly oxidized
heavy metal ion which makes it effective in removal of minor heavy metal that exist in
the water, comparisonanalysis was made on the absorption property(characteristics) of
conventional powdered scrap tire with the removal rate of heavy metal ion caused by
the powdered scrap tire that transfigured in aqueous solutionby producing the mixed
heavy metal solution that contains various heavy metal ion using the pre-treatment
method that applies these Functional Group to the surface of the conventional scrap tire.
Hydrocyl(OH ) and Carboxyl(COO ) were used as Functional group. Existence and
non-existence was verified and particle’s structural Chemical banding characteristics
were examined through FT-IR. Medium property was understood through XRD, XRF,
SEM. Moreover, its eruptingproperty was understood through eruption experiment.
Hereafter, through Isotherm - Kinetics Test and Column Test, individual specific
invariable number and maximum absorption amount were found by respectively applying
to Ho’s model and Thomas model. Based on this, it was possible to explain that the
transfiguring characteristics of heavy metal removal caused by transfigured powered
scrap tire as surface-binding response and forecast removal mechanism by using the ion
exchange balancing system. In conclusion,

1) Both normal scrap tire used in this experiment and chemically transfigured scrap tire
through Functional group were below of the specified waste standard and its erupting
property showed the erupting tendency in the order of Zn>Cu>F>Pb>Cd>Mn,Ni,Cr.

2) According to the result of FT-IR analysis when removing heavy metal ion using
Functional group, the transfiguring characteristics of Functional group can be
explained as Complexation reaction. As a result, negative electric charge is created
at the surface of the scrap tire and easily bonds with metal ion with positive
electric charge to form Chelate complexes which is believed to affect the removal.

3) In the results of Kinetics & Sorption isotherm, the absorption rate by type of heavy
metal exhibited a tendency to be consistent in the order of Pb* >Cu” >Cd* and the
absorption balance reached its absorption density within the first 5 min. This result
is determined to be the fact that DAT-Functional group of metal ion rapidly spreads
over the surface of scrap tire with high absorption, and all the removal rate of
metal ion showed to be increased following the increase of ph, and in case of higher
than pHS8, the removal rate showed to be over 80%. Based on the mentioned test
result, we could verify that the removal efficiency rate raised by 15 to 20 times
compared to the conventional efficiency rate of scrap tire.

4) The Breakthrough curve was emerged to at about 5 pore point, in case of DAT-OH
it was 400 to 600 pore, and DAT-COO was observed to be 700~1000pore. This
result proved that there is a large difference between each absorption capability, and
the absorption continuity was ranked in a order of DAT-COO >DAT-OH >DAT. This

indicates the removal rate also drops in same order.

50  When the max1mum absorption amount was acqu1red through Tomas Plot, it
showed to be Pb*" 160~230mg/ ¢ Cu® 100~180mg/#¢ Cd*" 50~60mg/ ¢, under the
maximum absorption rate, the powdered scrap tire implemented by Functional group
is concluded to be competitive to the popular active coal, and in aspect of price wise
or convenience of use.
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Table 1.1 Standards of heavy metals for drinking water (mg/ ¢)
Element Korea EPA WHO Japan
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Copper <1 <1.3 <2 <1

Lead <0.05 <0.015 <0.01 <0.01
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3.1.1 detoloj &

AP AlgE HERO]O = 7)AR FAMHOeR Imm 27 E 34 @ FElolo] B2S F o)
ANLE FAY (T)Gyﬂﬂﬂoﬂ*ﬂ A& E":%P‘E’% 10meshA & E3 8}l 20meshA|ol] P& SizeZ}
dgst FEefolo] 2L & ek AFESETE A AMSE HEolo BT A A EddFR 33 o)
AH sk, BeE T S A7 AR v 106TA 24A3F Ax § GALe A Aol E o B3k sto] A}
&3ttt

(1) XRF #4]

X-Ray Fluorescence Spectrometer(XRF, SHIMADZU, XRF-1700)% 3}stA& 24 ZA3l= Table
313 Fig. 3.1.3 2t} Glass bead AL 100C9 L=oA #HEA|Z A& 05g 2 A (LisB507,
lithium tetraborate) Hg& &3tslo] A zbatgl o A ZFAS 24 &to] A et

L.OI(Loss of Ignition)2 950TC 2] 2%A] AIRE HE 2 FAE SAH3Y 950TC %A H
F71 Ao FAdA drph A EAd dE FAHAER ofefje] A& ARE-ste] AT

LOI=[(E7F + A 8)L.0.T8 — (27FY + A 2)L.0.13 )]/ A &5 A X 100

AT &A(C) 7F AAl A of 83%E AA ki dow 1 &e FA(H) 7.0%, A4 (0) 25%
w gk

7b 24 8t o Ash FES w2 B4 A ofd(Zn) o] 474%, A4 (CD) 33.74% % R
< AA st glen, T 9ol 2H(S) 58%, H(Fe) 4. A, 5 (Ca) 48%= AAstal glth. o] ok
HAND, &FrEAD, 78(Cuw), ZEE(Co) & oFF SARE dEpolo] TR 4 =HAUG.

(2) XRD &4

Heloloj o] A4 FxEZ dolR 7] 98 X-Ray Diffractometer(XRD, PHILIPS, X'pert-MPD
System)& &3dte] dolEdth AlRES HA O JEot dAAAS FaA HAATES o] &8t
AHE #8 sal, B4e F2 X-4d FE(CuKa)E AME st 7hE dh2 40kv, 7SR FE
30mAZ stk AFEE WAEElS Imm, —*ﬂ}’gﬁo 08mm°]U%, AA AFHAAL 0.01° oYL
FAF WL 2°9/mine] SRR AL FA

a 733}‘“ Fig. 3.2.9} 2t} HEelojt e F+2 ZlI’lC Oxide(ZnO) ¢} Tron(Fe)o. 2 FAHE F+x9&
& 4 om, vAag e Q1 Aex B ¢ T

(3) SEM &4

HEfolo] o] YA By FHE ATy 95te] AlEFA A AR A ( ield Emission Scanning
Electron Microscope. SEM JSM-6700F JEOL Co. Ltd) AldS %3 #z3
A BHE A o] HElolo] THE g Btz sk EdE 7]Fo] 1
2 #FE HAh

Table 3.1 Total concentration of Discarded Automotive Tires(DAT)

element /n Cl S Ca Fe Si Br K Ti Co Ni Al Cu

Ratio(%) 47.36 33.74 5.81 4.76 4.48 1.35 0.49 0.44 0.44 0.31 0.28 0.27 0.24
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Consistent Elements in the ground Tire

83.0%

OocC
mH
oo
ON
HmS
O Ash

6.0% 0. 3%

OZnEClOCadFeMSIiOBr MKOTiMCo ENiOJOA @Cu

50.3%

Fig. 3.1. Consistent Elements in the Discarded Automotive tries.
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Fig. 3.2. X-ray diffractogram of Discarded automotive tires(DAT).
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SEI 4.0kY  X11.000 Tum WD 7. 1Tmm

Fig. 3.3. SEM photogram of Discarded automotive tires(x11,000).
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3.1.2 Aok

HElolo] o] ¥W Functional group =YL 3 AFEH Ao 2R CH3COONa, NaOH (Oriental
CO. Ltd)& Al atder, F448L8 9 T35 A5 §H2=2+ Cu, Cd, Pb, 1000mg/ 2 &1 AAR
218 FF89(Kanto chemical CO. Ltd)< 0]%0}04 dAHFsE=Z FAste] ALE 9tk 28la pH %
g o2 IN-HNO; ¢ IN-NaOHZ 27 A%k AbE &t

3.2 A& Hr

= =2 O

e

3.2.1 dElolo] x ol Functional group =% # A g

B 30g & IN-CH3COONa ¢+ IN-NaOH &9 12 9l
% 105C HAX71E ol & 4AL Ax AHY. g Az
4TS gETE o8 33 AFH et pHF 6~8& &<l g

o] gk Al Ao o] B &-9lvk. Fig. 340 A&l
EP=

v A BAY AAEEL g HE oo
Yy 32y E o]& 25T ug A7l
< dEto]o] qHA Hof e FE Al Bt
oS ThA] 105C AZx7]E o] & 24X7F Ax
AREE FElolo] Bde] HWbAQd HAAZ WHE A

o Ol

il

‘ 1mm below of the discared tire ‘

v

‘ #10 mesh with #20 mesh with body classification }

b

‘ 24 hour drying after washing ‘ —> DAT

N

1N-NaOH

4

257, 24hour reaction

!

105°C 24hour drying

v

Washing and pH 6-8

'

DAT-OH-

1N-CHZ;COONa

4

257, 24hour reaction

!

105°C 24hour drying

v

Washing and pH 6-8

'

DAT-COO-

e
— - -/ e . e

Fig. 3.4. Diagram of pre-treatment.
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3.22 €% 23 (Dissolution test)

4& Ay oAM= HEoloE YREHAZ 3 FZA o] &S 93 VE Aoz gul ),
A 71eet dAE 9 dHEolo] slEhd A4S ZASIAL HERolo] AAY FEH FHEHE B4
(ICP, Inductively coupled plasma spectrophotometer, IRIS.Advantage) st o™ ¥ 7| & 2412 ¥ E}lo]
o9} ol AAEE ALET AF F&AY JF A nHHe FABANE S AT 15 =4
A7 E FAANIEH 1E §£EAF(KSLP) 7 ol®t}t dZ43 HSWA(Hazardous and Solid Wastes
Amendment)el] 93 A Hr|Ee Fad dd E HUVE AYrEY AFAAS Ay S
AL83 1 9+ TCLP(Toxicity Characteristic Procedure : EPA Method 1311)9}e] HluE E3le] ¥
Eloloj o] AP S AESY] 98 sk th(Fig. 35.)

KSLP TCLP
Moisture content determination Moisture content determination
‘ 5Smm below ‘ 9.5mm below
‘ Take a optimal sample(g) (100g) ‘ ‘ Take a optimal sample(g) (100g) ‘

| Distilling Water +HCI (pll 5.8~6.3)

| Distilling Water + Acetic acid(pH 2.88+0.05) |

1:10(W:V) Ratio and blending | 1:20(W:V) Ratio and blending

Using a shaker in ambient
18hr gyratory shaker

temperature and
. (30rpm)
atomospheric—pressure

6hr shaking Filteration (GF/C 0.1gm)

‘ Filteration (GF/C 0.1um) ‘ ‘ Sampling(filtrate)

‘ Sampling(filtrate) ‘ ‘ ICP analysis

ICP analysis

Fig. 3.5. Diagram by the KSLP and TCLP dissolution method.
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3.2.3 FT-IR(Fourier transform infrared spectroscopy)4]

olo

AAE g FAepolol R 3 FHNkEo] #k HErolo] @] Functional group -+ &l 2 4zt
o] F%4 Chemical Banding® EAS HAESH] 93te] FT-IR(Germany IFS-66/S. Bruker optik
CO. Ltd)wA AdS 9 st AdS AgH AME 559 KBr 1g ¥ 7 A5 100mg < ==
Apabo] A 7+ v ¢4#(6.0%10"Pa)S 7Fslel KBr pelletS $HE thg FAFE S 300~4000cm !, Scan
3= 1003 HoaHE 60% Ao B4 st

3.2.4 773 23 (Precipitation test)

Blank Test® &3t =l
A8 FAHEAeH, A dx
o FEE 27EE7F 20mg/ 4
pHE 3~12 71#x =4 3 o
AA-6701 Japan)® 2249 %

Fi =559 I (volatile) B Vialel thgh F3F A4S dotwr
1=

< fo
2 o

=2 = = 5
55 &5 54 ok

3.25 312 &= (Batch Test)

22 o
olgas WA F /4 dAeole] BRE o de] FAY AFL AN A ¥F 9 49
L FRuIE o] &35te] 25T dA SEAA Fasgon Fdg xow FAALL SAE W
WAL F AAE AR BAS T4 el el Qe FF5] vEE 34 o9
AP FHA 05g & v =AW Zze] FF% (Cu¥, CdY, PbY) 271557 20mg/2 3 £ &
24 &9 50m o H7F A7, pHE A3 A1Z1 F IN-HNO; ¢ IN-NaOHE o] ¢ pHE %4 3}
(3, 4, 6, 8 10) 8ORPMell Al wwk sl Al 53 10%, 30%, 603, 120529 Azt7tA oz BAe g
Ag BB ANXE Agated FAA AAE AN F FFE HF FEE AAS(Shimadzu
AA-6701 Japan)=® =783t th(Fig. 36.) T2E(%) 2 &2 (ng/g) AL o 2 & ALE 3FSth
(C,_ f)
% Remowval = el = 100
V(O,:_ Cf)
L m

q : adsorption amount of the DAT(mg/g)

V : the volume of the solution (/)

m : weight of the reactive meter(g)

Ci and Cs : the initial and final concentrations (mg/# ), respectively

3.25.2 52& 249 (Sorption isotherm Test)

2 H¥2 pH 4, 6 oA Fstd o, 2479 54 27|55 bng/ 4, 10mg/ ¢, 20mg/ ¢, 40mg/ 2,
60mg/ ¢, 80mg/ ¢, 100mg/ ¢ 52 o8 T=2 We T3 T55EN 50mlo FFHA FAHFS 0.2¢,
04g, 05g, 0.8g, 1g 22 T7F AlA 71 F2A/F5S5 % ¥&S 95 § 25T 80RPM 304#3F 1
ekl S B & BFHE dgAS 5B A E o FAA JAE AN F FES
9 AH HEE AAS(Shimadzu AA-6701 Japan)® =33}t
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F\F
w

=i S ZHe W7 0.8cm, 4ol 30cme FE ZH & Al&sForn, FEA
5~45g<& TAsIAT) o wWl ZHe W3 A wWoES WA &) A - shEel 5em =0
_g‘_

U
B
o
Y
>,
Q.
[o
do
o

ZA 1A % channeling 48 WA 1, F2A 3 =ol= 20cm= AT F
A F9 By 48~56mk o™, ¥ Z2 o] 1 pore volumePV)el s]d3tt} =5 &l AREE=
Cu”, Cd”, Pb* 27t %7] % 5mg/ 4, pH : 4 o] A543 Z(peristaltic pump, KMC-1303P2)&
o] &3}l 0.8+0.05m¢/min® YA FEoZ DATEH Ao A3F & TFA OUL Zge dde
Teflon tubeE ©]& 3tAT ZAHE T4 =7 © 44 AMEHL=Z AH & F, 5BE O]% 3}
=
[e)

ol st om ofee] EAst= T

& ol ¥EE AASYIE ol& st 24 stk Ee v
AdPe 2] AEs B3 AN AGAHE TIe] fekd #da vl fEe] TEE v R

(C/Cp7F 0.8017421 A5 742 A At T
3.2.7 &2 43 (Desorption Test)
Column Test—“* F2 %o A= oz 43 & —?7%@ FEZAAE 105T ol A

‘6 7 O ol
AZAZ 5 3087 Ao Wy A7l &&A| 5g I IN-HCI 50ml & 1:10(W:V)H| &2 &
skod 25°C 200RPM 1*1/& A% $F 5B oA & o] & ofslo] P ofdS AASi =4 3t

Heavy Metal (Cu, Cd, Pb)

!

Working solution 50m#

I

pH control at 3,4,6,8,10

b

Domestic DATs
§ 0.2. 0.4 .0.5. 0.8. 1mg )

|

Stirring(80rmom , 25C)

!

Fiteration(5B)

v

AAS

Fig. 3.6 Diagram of adsorption experiment.
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S

V. 23 -

b

M
1%

41 AA2d HAerolo] £Ee] ¥ SEM

Fig. 41. & IN-CHsCOONa ¢ IN-NaOH & o|& 3¢ xAeld

A depoloje} MAIIAE HAAE Fo HElolo] BEF 1 HW A pFAo

dtol mEwWH e S7F Arkar B 5 ol

IN-NaOH(L)E °]-§ A &d 2§ muded 34 Heol ld 7lese] 33 Hof Aozl a4

= 5 den, 2 A3 mxdde] S7F A& A AR "rk IN-CHCOONa(R)E 8 WS 74
% 4

F2Alel SEM Abzleltt, A A g
Jol Bt s} s Az 9

O o o

AN mFol 44 EWel Aze AGdel Y AL HA F  AATh o EF wEw=
Z7h e Aek AR H, F AR BE QARG 24 gt 44U FA @ 5 Aok

i ¢ |

SEl 40kY  X11,000 1gm  WD7.1mm SEl 40kY  X11,000 1ym  WD7.1mm

Fig. 4.1. SEM photograph of DAT after treatment with NaOH(L) and CH3COONa(R)(x11,000).
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4.2 &% A & (Dissolution test)

Hetoloj £ T R A A3 AgolojE T &4 A3 o 4 w9 AAAVIE §EAE VES
Table 4.1, Table 4.2 ©] e WAL

Table 4.1 Criteria of hazardous material according to the solid waste leaching test (unit : mg/ 2 )

Cd Pb Cr As Cu Se Zn Mn Ni Ba F
Korea 0.3 3.0 1.5 1.5 3.0 - - - - - -

Japan 0.3 3.0 1.5 1.5 - 0.3 - - - - -
U.S.A 1.0 5.0 5.0 5.0 - 1.0 - - - 100 -
Table 4.2 Analytical result of leachate from DAT and DAT-treatment (unit : pg/#)

Cd Pb CR As Cu Se Zn Mn Ni Ba F

DAT 0.75 0.023 0.18 0.14 2.03 0.33 4,156 11.73 0.79 26.33 0.79
KSLP DAT-OH 7.88 17.3 3.14 5.36 128.0 1.54 171.0 0.95 7.49 7.45 3538
DAT-COO 0.55 4.0 248 1.52 41.2 073 384 0.95 693 9.29 26.1

DAT 0.79 7245 1.79 0.49 231.1 1.25 19,524 39.38 5.65 28.79 457.2
TCLP DAT-OH 36.90 206.0 1.33 4.13 169.0 17.9 189 33.6 21.9 48.0 299.0
DAT-COO™ 2.36 450.0 3.76 2.71 60.30 10.7 297 22.9 154 299 147.0

BE AgolA HAE kA & ok HEoloe] A Zn o] KSLP 4 4,156p8/ ¢, TCLPlA
= 19524ug/ ¢ o7 7 =e FRE yehiglen tgow KSLPe ZH$ Mn, Ba o2 Z+7)
11.73ug/ ¢, 26.33ug/ ¢ 2% eSO TCLPS ZA$eE F, Mn 2= 77} 457.2u8/ ¢, 39.38ug/ ¢
el o A7 B Ao XA EE FEdE A ® F5 olArth(Table 4.1). 7L & X
A7 E7FE FEE< Cu Cd, Pb, Ase= KSLPolM 2.03ue/ ¢, 0.75ug/ ¢, 0.023ue/ ¢ TCLP oA
231.1pg/ ¢, 0.79ug/ ¢, T72.45pug/ ¢, 0.49ug/ ¢ 0.2 FZE37A ot 7S Uelllo] AAHYEE & F
A gkl mEd NaOH 2 CH:COONa = AAz 3 A9 o A= o2 A3gS 2yt ¢4
NaOH= g & A$ KSLP ol Zn) Cu) F) Pb) Cd) Mn, Ni £0%2 £E%LE HYoOH,
TCLPY 7 <%ol= F> Pb) Zn) Cu) Cd> Mn Ni =02 KSLPS= M2 b2 AdE gy, v
CHsCOONaz HAF 3 A4S F A48 474 Cw Zn> F> Cr, Cd, Ni(KSLP), Pb) Zn) F> Cu)> Mn,

Ni(TCLP)®] o= 1 §F 43S dZsdth i &5olA KSLPHol vl 27] 40]2]
TEH)E YA 2dste] d3shs TCLPH o= ]té stole Wel §&F =7 oF 5~10W) VM =

A vERSE T

gk 7b7be] AgolA EE5A0] AR &
e T A g MR e setES FA49
ANZE FA4 =4 T wet F2470 S S
2 Aol A *}% AXE A -5 #HEro AR 7 & 1 olgtsiem™, 1% Zn # F
o R E7} R HAdoA =4 JeytEd], o]E XRDFig3.2) 243 % XRF(Table 3.1) A%
VH A}el o] »=ﬂE‘r 1ol 47 Zn® Fol a5 01 =9k7] WEolgt B, 1 £e Cu, Pb, Cd

5ol £EHE §EH IS Btk

P

 Rorle

=
=
=

M
mi
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43 FT-IR

Fig. 42,914 Ao T A~HEHFET-IR)S &3l dxg d - 39 Heolo] 229 35 7]( Functional
group)?] EXA¥E HojFh ¢4 Az Ao HElo]JRLDAT)Y 4$ ofFd 383 #5771
v o= A HAo thg dA-E g FAEolojREY FT-IR ¥4 A3%E 2H ¢4 NaOH= A
A & ZAS(DAT-OH) 3450cm "ol Al OH group < #< 4 9om, 71 ¢ 1470-1440cm ' -CH
bending®} CH: bending, 1080cm-1¢]4 alcohol group(-OH)E 2+S 4 ¢, 1 2o Functional
groupe #< 9SS oA HoFEth CH,COONaz AAa 3 29 (DAT-COO) 2920cm ‘o
A alkyl chain band, 1700-1510cm ¢l 4 carbonyl groups < 5= 2129 879cm 'olA S-O banding
S ol B £ 99dom 7+ Functional groupE A2l stH Table 433 %3, Fig. 43.& 7+
Functional group spectra® R &t} t}h$ Fig. 4.4.9 Fig. 455 FZH 3N Po] & T F A
2 ggoZ FT-IR ¥4& 3 Zo|d, Fig. 44. oA R0 DAT-OH ¢ 7<% OH group (3450cm ')
9 alcohol group (1080cm ') ©] Atglx #Eo] s = AL B 4 9lth F3 Fig. 45949 2]
DAT-COO ¢ Ao Carbonyl group(1633-1450cm ') ¥ S-O banding ©] 223 & Agtd A
S #FF & £ ded, o= 2 A9 4] Functional group(Hydroxyl ¥

Aol AR o] 3 Aow <l & = 9}

FT-IR 34 A¥E Ed= T55% AA ¥s 542 o534 2

A

} Carboxyl)el =55 A

w253 Rkg-(Complexation
2 o]2n% ukgol o3& &
4olLo] w3 Hw FH Ao o3 BHLEL uwj$ vl welA Functional groupl® AA#H
DATE o] &3 T34 AA FTA4NAE ol2ud HFP2 & ol§ st o= st A gk sitia

R}

AN R

DAT= OH— Na* < DAT= OH + Na*
DAT= OH +M?**<DAT= OM?**+H"
DAT= COO— Na*eDAT= COO + Na*

2DAT= COO +M?**<(DAT= COO™),M>*"

W

42 & Functional groupell ©]3] | Elolo] xHel o] spxde]l wA ¥ 9] whg2Ad uwhe}
Fel shde 7 FEol2 A AF(DAT matter — metal complex)dle] TH 4 o]&o] A|A
= Roz Atz o

Table 4.3 Some Functional groups present on DAT-Treatment

Functional group Wave length number(cm %)
Hydroxyl group 3400-3500
CH and methylester CHs 1470-1440
Carboxylic(-COOH) 1600-1700
Carboxylate(-COO") 1635-1580
Lignin 1510-1450
amide 1690
alkyl band 2920
alcohol group(-OH) 1080
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1.0
S ATttty G SRS g Yr

09 /2920 11442 1080
3450 i |
o 087 1633; | i
c 1 AT . 879
= o074 | DAT-COO
= DAT-OH
n
c
S 064
|_
05-
04 I
1450;
0.3 Ll I I I Ll I Ll I I I Ll I Ll I
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers

Fig. 4.2. FT-IR spectra of DAT, DAT-OH and DAT-COO .
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Wavenumbers Wavenumbers

1.00 o

Transmittance
Transmittance

0.94 o

T T T
T T T
1200 1100 1000 300 1800 1600 1400

Wavenumbers Wavenumbers

Fig. 43. FT-IR spectra of Functional group (1)Hydroxyl group, (2)alkyl band, (3)alcohol
group(-OH), (4)Carboxylate(-COO).
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—— before adsorption
fffffff after adsoption
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Fig. 44. FT-IR spectra of change after heavy metal removing on Hydroxyl group.
:
=
£
17}
&
|_
i — before adsorption
ffffffff after adsorption
0.4 —
0.3 -—
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers

Fig. 45. FT-IR spectra of change after heavy metal removing on carbonyl group.
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4.4 272 3 (Precipitation test)

o]-g3le] pHE 2-10 7HA

o
=

IN-HNO; ¢} IN-NaOH
A7) Fig. 46.91 e WA 2

Sl FwE o]0l pHel wa} of

[e]
K

o

sl

s

w2 pH 4.8, 7}

NI

6ol
9
o5

L
fu

A
& 74 ol A
¥ pH 10 &=l A

5}
HAA vE

el
=y
=

5
(<3}

¢
o

B

A

U
™
]
® R E
KR RE RO

iR

A1 ZF, Shaking
eN

5

o] do} Wow, pH 6 °%

0
v

o uje}

3
¥ 5 gen, o

U o)
4
g
olo
jost
LSEEN
KA

oy

o] Zt=% oo pH 7} 7}

= e !
0 HT

G
o] A
o -

|

Q]
=

&
tH7F pH 8 o3&

el
or
w
7FAIZ pH 10 °]¢

3
B o]
iz

1 517
WgS
o] &3} v}

E
d

) =
B
E]{x
A
1=Sha]

o B N

— - — Copper
—a— Cadmium

—B— Lead

© o 5
o o o
(1/6w) 09/0

0.2

12

10

pH

Fig. 4.6. Precipitation of heavy metals of 20mg/ # at various pH.
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45 3)&2 (Betch test)

451 &23 829 (Kinetics Test)

Fig. 4.7.~ Fig, 4.12. & @A g Fo] HEfoloj @yt EgFFFE(Cu’, PbY, Cd)Fe] ubg A]
7t Wgte] e &3 EMAE yekd Aotk BE A TEE TRHA e F3eS 9
o] B PbY > Cu” > Cd oz 7 A3 A3 vt A2 49X s 4§ Bl ol &
3} o] 9] WHA o] ol & A9 AR dA o, dntH oz F3lo] o] Wi o] ol o] up
2} o] & FaEko] AA W Fslo] o] WhAo] Aol upgl 3 FERUR Eo7tA Reta gH T
F3o] dojtog A FaAFL vrol A= oz Az AP Fig 48 ~Fig. 49.5 AHe] A9
Hefolo] EEE olf T HES AATE TEE FHAL 27] 58 olvd THAEY TR =2
&S & F Jdx, wF FRFIL0 F 20% AR g AL BF T 5 YAk 53 Cd o FS A
A &80l 10% wwkel Aoz 3¢l 3t} Functional groupl.E A7 HElo]o] ETo] thal &3+
HYAF A= Fig. 49. ~ 41194 RoZEh F 7}A ¢ Functional groups o] €3 A3 A2 1)
=% A welow DATS wizt7bA & %7] 5% ould] wl$ w24 F2te] e =Y, <F30%E
o]F A 3 FH HYPo =EHS & 5 ddr}. o= DAT-Functional group & S &%o=o o
3k 733k Qe o2 Qg FEro] o) DAT*Functlonal group % Wo| w27 b HS 7] wiEolE AR
gt FHE & P 9l A 9F0~80%, Cu” 50~60%, 18] Cd*9 A-$30% mwre FEE S
Hao A#fAHo= Functlonal group &2 A HEre]o]e] FA-Fo] F7F e AL ¢ F
9l t}.(Fig. 4.13)
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80 r * Copper
m | ead
70 A Cadmium

50

40 r

Metal removal(%)

10 I o . . .

O!AA ! 4 ! A ! ! A ]

20 40 60 80 100 120 140
Time(min)

Fig. 4.7. Remove rate of heavy metals for DAT by reaction time at pH4.

* Copper
80 r
m | ead
70 + A Cadmium

60

30

Metal removal(%)
~
o
T

20

10 | .

paa | 4 )

| | + |

0 20 40 60 80 100 120 140
Time(min)

Fig. 4.8. Remove rate of heavy metals for DAT by reaction time at pH6.
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* Copper
100 r
= | ead
90 A Cadmium

80 |
70 t m
60 |
50 | = . . .

40 | "

Metal removal(%)

30 r
20 A A
10 r

O l | | | | | | |

0 20 40 60 80 100 120 140
Time(min)

Fig. 49. Remove rate of heavy metals for DAT-OH by reaction time at pH4.

* Copper
100 r
® | ead
90 A Cadmium

o n

70 b = . ’
60 r
50 Fm «
40 ¢
30 r A A
20 a4 a
10

Metal removal(%)

20 40 60 80 100 120 140
Time(min)

o
O mE-e—

Fig. 4.10. Remove rate of heavy metals for DAT-OH by reaction time at pH6.
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* Copper
100 r
m | ead
90 r A Cadmium
80
. 70 B ] - u
S
\—é 60
% 50 b " . . .
S 40 "™
= R
30 |
20 ¢
A A A A
10  a
O . 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140
Time(min)
Fig. 4.11. Remove rate of heavy metals for DAT-COO by reaction time at pH4.
+ Copper
100 r
m | ead
90 r . A Cadmium
80 | - =
| ]
70
0 : ’ ¢
S 60 |
3
e 50 F H e
o
g 40 t
=
30 | ¢
20 [ 4 a A A A
10 |
O ! 1 1 1 1 1 1 ]
0 20 40 60 80 100 120 140
Time(min)

Fig. 4.12. Remove rate of heavy metals for DAT-COO by reaction time at pHS.
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452 55243 (Sorption isotherm Test)
4521 pH 43 The effect of the initial pH )

pHol W& F34 A7 TS Lotrnr] s FF45Cu” Ph* CdY) 27] 5% 22 20mg/ ¢, Aetolo] F
A% 05g, Reaction time 30min, 25ColA pH & 2~107}A W3}l A|A 7}‘11*1 AAE A - Z9 HElo]o]o
et F54 A4 54 4 9 ®otth(Fig. 414. ~ Fig. 4.16.).

JgA B g ARl BE 5 o9 AAEe] pHY It E4E HAAH Tt e AEE & 5 Atk
DAT®] 7A-$(Fig. 4.14.) pH 8o]’del A Cu®™ 9 Ph* o] <F 70% o4 AA =L, Cd e 4
A ok 40% A& AA HE AL #F & S 9tk DAT-0H 1 4% ol pH 60144 Cu*, Pb™ o 27
69%, 5% © AAZES B om(Fig. 415), pH 8 o] Ael A 90% o4 AL & mach Cd'e %ol

+ pH 8 FellA Aol T&(90%)s EAom 1 ol oM 23|8] AA E&o] 74 3= TS BT
ol Cde Ae FEA FEoR A ol ZuzE] G &3 HE Aol 9l7] WEolg AR o)
DAT-COO™ oA+ =(Fig. 416) DAT-OH e} =3t AgS molx 9o}, Cd'e A9 pH 10 5ol Al
A §&S YEF W, Cu”, Pb™e] A$ol= pH 6~8014 Hdl E&(FN0%)S HAT AT BE 23
A ZREH & F %] pH 2 olgte] At FolA = AAEC] EF 10%v] Rl At ofell A AL b El
AL B 5tk o]gA v pH oA FHE9] AAGe] A sk AL £ ] o EAshs v ¢
ol wEol Fud FHA A &S dog|n, ke A FEdol FA - AA T F e 4”71
(Functional group)7} =}2| =AY, #Efo]o] qo] GHsts =of, w749l HP‘:‘E‘EM o g Fgdo

FAFF] AA aste A Yl AR Alsyn 3 e pH g4 & pH = 245 F3E o
S7Vee AL 714l ] OH o] o] Tl Hl9l o] MOH) AH= HHOV] el FEE
AT a4 Ho] FHAEZ AA HH, pH 7t S7F el wel 80 FeA Y FEE Folee JIrE
a7b Ha, gk pH 7F 571 el whel A el F4 % hydroxyl groupe] F3% Faol
Agko]l A A7) o] FAANE 248 5 dE o AAAHD g Az 9
ZeltE-S gAgsith 271 Fudel disk dutstE JheEEl A 2 ther 2

of,
o
i
o,
oo o
%
2,
ol
el

dp e

M?**(ag) + nH,0 & M(OH)>" + nH"

JH

ol 7hrEdle TS FE=e HAd JOHH 4 HH, oA T el FEEe
= s} Ao} dﬂr 2ot dubg oz 413 e E(eg, MOH)| AHras &l
sz 2ol -OH 717k A7kgel u ]r T 3k A Ay ?HHHOC’ = <l
= AHrldAE "17 7] ol g FHAlel oJs) §4F FFE AES AA @
stEo] FAEE Ay FHYE 9Ed] AMZ 2 mechanism 0.2 Ewer & & gloy F& A
o] 9= &9 pH7} ¢ A= pHE Al 7S] Aes FF - A7 2 Ao
7hleH, & 047101]"1 e Bnh wEb w5aAkst %94 G F4 - AA o
2 o A0l & = 9 A ozE FEFtE IS

of B F&o] vt &

Jok

s
b _114
>4
>.
i
ﬂ

¢
m{u
O,

i—ﬂ
o3
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Fig. 4.14. Removal of heavy metals onto DAT at varying

pH.
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Fig. 4.15. Removal of heavy metals onto DAT-OH at varying pH.
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Fig. 4.16. Removal of heavy metals onto DAT-COO at varying pH.
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4522 27|55 o]9] ko] wE g3k (Effect of initial heavy metal ion concentration)

Fig. 417.~Fig. 4192 27154 o9 &= ©& dxz A - F9 dAetoloje] g T5& AAZFSE 1
AZE B @ Ao FFHEFENC P CANY 27 TR e FF sl el PAT 53
A Hlfﬂl@i"i F7h & 4 5 Ak A A Hetolole] A FAFE P, Cu”, CdF o ol
Aes A & 5 d3aL ofe %31‘%‘: 7—1‘7‘ L7mg/g , 0.9mg/g, 0.225mz/g l%‘\‘:‘r Zﬁ%ﬂ -] Fetolofel A
© FEEe] wE FAYe] Wl P Cuf, CdF o 2 A%s B 5 e, FHE 27 688,
497ng/g 7123 159mg/g .2 A2 -r«l -ﬂlE‘rOM B HS B S BT
x7] TEE o9 FE7F wobd o'?‘oﬂ FHA &9 FAY TEE ol FHAF] TVt = Ade &
MY T o]0l S7t Foll wet B Ao EH(driving force)o] HE FEAZF AR Emopd
e A3 2 nol AW 3 SAEE W Aeolo R W FHetE W FEE ol FEI S
of wiel it o]FF] FAZ) SholAaL 4 FHE o] 5L s EE(Mobile layer, Helmholtz double layer)
F9 7Pkl At shel AEihe] AAVNA flEe] Frkste] FHol 83 s Hu, ol wetA TEE T
b B BEE FAY 94 F7F A0 He Qe ad ag”

4523 HE}olo] T o] wpE o gk(Effect of adsorbent dosage)

44

we JFS AR st FREETENCE P CEIEES ng/ 0 2 LA
slaA, A 9] S 02g~1.0g 74 wHAA oz W3l Al7|HA 3 A ASS Fig. 4.20.~Fig. 4.22.9 et
Wdch F3A Sl A glel *ﬂ 7HA AR R ussd A4S BAs, 27]15E 05g 7Y Al A=
94 A AAEC] woF A= A S A & 5 7 Yoy, T F BHE AVEe] 319 A s FEFS

gt} olx Gadd®t de Rome(1988)0] &2k ]94 oFo] wWol AFE AHR7|A olelo] ZolA] FFE o] &9
13 Zo] FaEva 3 /M He g2 ARk ol dEelolrt Sujel oste] &3 = HAHA H
718 A skl7] wiitelet A7 sb 1 g2 vhaat

m

= C=+mH,0 & C—(0OH), +mH"

ul o] Aoz Hepolo] Folefo] wWol Agm H'o AFL Z7 o =i §238 & old w fa
s Ao Alg Hrh ol A 473 H o T5&5 B9 A4l 9ste] AALe] 74 doe Ady o
A s Aoz wel Ak meb A4 detelol2 olgdtel FFEL T A Huxt F A, S ol
FAAS SR UR B S e FRELS Dojwd A0w o gulo), 45028 27] B34 R
Halol| 4] dojxl Z:i#ﬁﬂr AP0 AHERE & F o EAlghe Tud oY sRE ¥ Agole dst
© SR D49 SAelolo] F2AY FUFE 24 e o) A5 @ A0 oA ATk
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1.8 +
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1.6 1
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1.2 1
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[ |
0.2 - - ), & ‘4
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Fig. 4.17. The effect of the initial metal ion concentration on DAT at pH4.
8 =
* Copper ® | ead A Cadmium
7 n
6 -
| |
5 1 *
o
O
3 -
n *
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i A
| |
1 . N s
. A
A
O ! A T T T T T 1
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Fig. 4.18. The effect of the initial metal ion concentration on DAT-OH at pH4.
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8 7 ¢ Copper ®lead 4 Cadmium
7 | [ |
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= .
g 4 " .
T
*
3 1 ™
2 * a
[ A A
1 ] *
- A
S 4
O T T T T T 1
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Initial metal concentration(mg/L)
Fig. 4.19. The effect of the initial metal ion concentration on DAT-COO at pH4.
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100 H | ead
9 A A Cadmium
80
70 1
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g
3 907
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& 401
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20 1 =
10 1 . ¢ d .
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O T T T T f 1
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Fig. 4.20. The effect of the dosage concentration on DAT at pH4.

_35_




100

90

80

60

50

Removal(%)

40

30

20 A

* >

+ Copper
m Lead
A Cadmium

0.2

0.4

0.6 0.8
Dosage(g)

1.2

Fig. 4.21. The effect of the dosage concentration on DAT-OH at pH4.
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Fig. 4.22. The effect of the dosage concentration on DAT-COO at pH4.
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4524 F35-22](Adsorption isotherms)

G Fol] flete] FE59 27 RS dng/ ¢ ~ 100mg/ £ 7HA] W3 A7), FElo]o] El Sk
05g & ¥ & A¥AH}Y Langmuir isotherm < Fig. 4.23. ~ Fig 4.25. o] &=A 391, S>F&AS A}

<) T #HES Table 44 o Ye Uik HdF2FES @A 284 F2AAY wAAE
AARsE 83 AAFY dvfo|H, Langmuir isotherm < @A) Zo] A& 1 g 52 FZ2oltl, 494
7} Langmuir 524 2 =2 A% IAE dE Uity Eg oo Hul &2 DATY A -$
Cu®' Ph* Cd 7t7b 8.08mg/g, 1056mg/g 2.79mg/g o2 e wow DAT-OH oM Cu® 140.84mg/g, Pb*
161.22ng/g Cd”" 11.92mg/g, DAT-COO ¢ A% Cu” 61.34mg/g, Pb* 100.8mg/g Cd* 11.%2mg/g o= 7tz o
STk 41986) 5o AT Aol mEw DATY 4% At F48g, )& pH 7 oA Cd* 9.12ng/g , Cd*
10.49mg/g, Ag” 10.80mg/g ©.2 W 1} 9l 0w Hohammad H.(2005)2 Ultrasound waveE o] &31¢] #E}o]
o] ¥ /A W AA 28 A7 Cd 109ng/g, Cu”699mg/g o Aol 2 & monl 9 ojzje A
T Ao} vlal st B A A Functional groupl.2 AAz]E HEelo]e] &2 5(sorption capacity)S -5
3 Ao 7 B 4= 9t}

Table 4.4. Parameters of Langmuir equation for removal of heavy metals on adsorbents

Langmuir
Metal ions Qo b

dir ; 8.08 4.07x10"

DAT Pb* 10.55 6.7x10°
cd” 2.79 9.7x10*

% 140.84 71x107*

DAT-OH Pb* 161.22 6.5x10"
cd” 11.92 1.4x107°

Cu” 61.34 1.6x10°

DAT-COO Pb* 100.8 0.3x10™
ca” 11.92 1.4x107°
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Fig. 4.23. Langmuir isotherm plots for the adsorption of metal ions on DAT.
16 - :
o Copper ® Lead a Cadmium
14 ~
12 +
10 A
)
2 g1
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4 - °*
2 1 I8
O I T T T T T T 1
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Fig. 4.24. Langmuir isotherm plots for the adsorption of metal ions on DAT-OH .
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Fig. 4.25. Langmuir isotherm plots for the adsorption of metal ions on DAT-COO .
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46 94828 (Column Test)

A% sEolN DATER 29 $3% AASY B/t S A4E RS S4(Cd, G, P')&
Aoz g A8L AA 4 1 2ysE Ao 7k 34 o)L wulEAB reakthrough curves)«l ks
£ Fig. 426. ~ Fig. 428.9 A agel. 2-lA 9 Ipore= oF 7ml W o] oF 8min o i@t HAAg

ig.

29l DATE %7 3 239 A (Fig. 426.) 20pore WA 37t AL et ugdsd, &3 Cd9 A% oF
. = Spore ol @it AS e Utk 1§ olE Ae AlA Hx @SS B 3 5 e Cu”'e
Pl A Ae A AF 3 F2438) AAS o F7t st 15pore ol FolE A AAT obE = AL B
Atk ol 3 AY uw o §F HYe| Tt Alzke] #v] wlFolgh mel At md mypdS o
ﬂ AR AE A T ok 150 ¥ oldnh A AAE Fo F dElolojE AgE Ay Ay AdE w
DAT OH (Fig. 427)9] 7% Cd"& Q@ oA F F3% o]29] ghab L ok 400pore o]4el HollA o
3 5 gglon, Ph e AA go] Cu™ o Cdell Wl a w& A2 etk o] A% T4 AAE
%710 §A3] 57 a7t (Co/C=0), 7T~10pore F5-E ¢9ts] A ALo] Wo] = AL & 5 gled, 1
oF 40%4 =9 A&AQ AALS Btk DATS} vl o}‘ﬂ e & QE} W= Alzte] DAT Ht} <F 5ul
b AQem o Al HE FEE 4w 2SS & 4 olth w3 Ph 9l 4 217 &) DAT Ht} 108
ARl Aoz 39l HAY DAT-COO 9 7 $-(Fig. 4.28)°= v}x7}A]2 DAT _H_I:} 2 AAES BYEd
7ro] FEdzo] sk 9y d & 2w PhYel A ok 1000pore ool A, Cut' el A T00pore o]dollA u}a}
S #F T 5 = o) DATS vl & w oF 500, DAT-OH ¢} #lar & @ oF 2u) o]Ad<] A|A A
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A4 35 A9 A¥= Thomasel 28] #1okH &938 =@ (Thomas
model) & AFE 3lo] A 2 AIE Table 45 o Wl WAtk & Tomas Plote Fig. 429. ~ Fig 4.31.
oA el & 4 7} ¢lt}y. Thomas modelS A5 (Biomass) Z2HS 23 dAL5 249 F3E 53 A7 EA
]

A0 el Agein 200 ol ek Bilel Al % AL Sl E6 AHEEE Thomase 149 2
9 42 483 stol EAF Aow vhgd Lol TAAW, 2y AU Fol AL F350) FE-A BHE

2RH A AU FREAN FAEEASE 4F S 5 AP,

e

Thomas model

a) quM kC’oV
In(—-)=
C, Q Q
q71A Cee FEF7Y FEmy/ 2)olH, Coe FUTY FE(my/ ¢), k& Thomas &% “&(ml/min - mg), qo&
FAA @9 A% G FHE Al FHEY Fmgg), M FHAY #He), Ve AYFZFEmD,QE T4 (nl/min)
ojt},

Tomas Plot ZFE HdUl (@)@ &= FFKE AE e 1 ZAzxsE BY DATY 4%
Pb* (56.8)>Cu® (26.8)>Cd* (252)42.2 R om DAT-OH O‘uﬂ ' Py O Aol BETS 1003mg/g,
160.3ng/g, 637ng/g Ao, DAT-COO 2l Ao Ph”, Cu”, Cd" +22 232.7ng/g, 1829mg/g, 53Png/g =
Uepdth 53] Cu™'e] 4% DAT-COO oA thE &4 oo Hlg) ez =4 e ”E} T3 AL 5

5 Z7 FolA dojzl Hepolojo] Hul TE4 TR H(mg/g)S 8 A Aol 2o ¥ FE Bt
ol A&HzFWAAE &4 U 8§47 F3E &4 F& 7HE FUSFoRA FHA FATHS H
o F8 Q7] wiZoln, &2 o vE A% 3F WA oF 158 AR =& FTEE A £88
S F USE AN £33 B AFE Edto] EEd AXYE deolole FE4 5 APANE £33
AXE € E2A e 23 APATY v)al dto] Table 4.9 AA] a9tk 34 Tomas % A<k, mé/mg - min)
o] A, AUl FHE() B B 75 AWHoR v 2 g8 vE e, o FAET &5 e i)
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g9 #AE 71tk Thomas modelol 93 &3 Axto] dubA 9 s dntel U k= Aoz & & e
o PhY 29x10% ~ 14x107% Cu® 38x107% ~14x107 o]got} Cd® "ol A$ 31x10° o2 714 =& Aoz

LEF Wk I

AntH o8 FF&e] thak DAT-Functional group 2419 534 AAS S P >Cu’ >Cd o2 44 A&
g 9dem, I olf= 3k o] whAo Av|d wE o] ool uj$|EHCoordination chemistry)elA] <]
Hard-soft, Acid-base 70'd(Irving-Williams series : Hard acid© Hard base¢} , Soft acidi Soft base ¢} ¥&
G AL S e ol & el AT AN A5 Aol 49 F b Aa” O o e
FT-IR®] A#tz Qojzl S5 AAd Fa m7hvs o2 szl Functional group < Hard base® 7 ¥
™ Hard acidell 7H7}s- Ph*' 7 Cu®™ ¥H8-4d0] Soft acid ol 717hs- Cd*'ell Hlgte] & seS 74x]7] wjio
2} A & 4 Q) o]efg AR WlERHO-COOH)¥ Fa4ol239 MdE FF(og K at 25T, o] 4=
=0.IM)#e] HE Fatole #eld 4271 9tk (eg, log K =Pb”'(20), Cu™'(16), Cd”'(1.4))

Table 4.5 Thomas model parameters for removal of metal ions on DAT, DAT-OH , and DAT-COO

K a,
Heavy metal
(mé/mg-min) (mg/g)
QIR 6x107" 26.8
DAT Pb** 4.5x107" 56.8
Cd* 2.3x107° 25.2
L7 3.8x10™" 100.3
DAT-OH" Pb** 2.9x10™ 160.3
Ca* 1.4x107° 63.7
Cu** 1.4x107 232.7
DAT-COO" Pb** 1.4x10™ 182.9
Cd** 3.1x107° 53.9

Table 4.6 Comparison of adsorbent capacity of DAT and DAT-treatment with other adsorbents

Adsorbent capacity (mg/g)

Adsorbent e o o Reference

DAT-OH" 160.3 100.3 63.7 This study

DAT-COO" 182.9 232.7 53.99 This study
P-Humin 138.8 44.7 41.6 [33]
Peat 3.6 2.9 10.1 [34]
Reed 85.9 49.5 51.2 [35]
Seaweed 280 - 67 [36]
Bentonite - - 20 [371]
Saw dust - 17.9 - [38]
Cotton boll - 22.8 - [39]
Zeolite Coal fly ash 140.2 100.8 120.1 [12]
Waste slurry 55.7 80.97 - [40]
Lemma minor - 69 83 [69]
Caulerpa lentillifera 104.4 168.7 8.8 [70]

PAC, GAC - 441.8 66.02 [73,74]
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Fig.4.27. Breakthrough curve for metal ions on DAT-OH at pH 4.
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Fig. 4.29. Thomas model plots for the adsorption of metal ions on DAT.
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Fig. 4.32. Leachate concentration of Cu”>, Pb” and Cd” after removal experiment.
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