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A Study on the Removal of Heavy Metals Using Functional Group on the
Surface of Discarded Automotive Tires

Yong-Doo Lee' - Deuk-Young Ko

Major of civil and Environmental Engineering, Cheju National University

ABSTRACT : This research is to set a direction on the recycle of Discarded Automotive tires reforming them into heavy metal adsor-
bents by developing a particular functional group inducing formation of Chelate complexes with heavy metal ion in the water, on the sur-
face of the used tire conventionally turned into powdered form. For this purpose, through FT-IR, XRD, XRF, SEM, elution test we con-
firmed and analyzed the property of newly reformed scrapped tires, and functional group. Also, by Kinetics Study we produced an inva-
riable value applying to absorption models. Conclusively the absorption preference of heavy metal is determined to be Pb” > Cu* > Cd*,
and it reached absorption balance within first 30 minutes, also the absorption reaction time increased from 0.27 to 1.78 ~3.15(g/mg - min),
and showed more than 80% of removal efficiency. This result proved that the efficiency increased by 10 times compared with the con-
ventional powdered Discarded Automotive tires, and the Discarded Automotive tire which implemented the Functional group can exhibit a
great efficiency as heavy metal adsorbent.
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Table 1. Total metals concentration of Discarded Automotive
Tires

A3

element Zn CI S Ca Fe Si Br K Ti Co Ni Al Cu

Ratio(%) 47.36 33.74 5.81 4.76 4.48 135 0.49 0.44 0.44 0.31 0.28 0.27 0.24
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counts
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Fig. 2. SEM photograph of DAT(a), DAT after treatment with NaOH(b) and CH3COONa(c).
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Table 2, Analytical result of leachate from DAT and DAT- treatment(unit : pg/L)

Cd Pb Cr As Cu Se Zn Mn Ni Ba F

DAT 075 0023 018 004 203 033 4156 1L73 079 2633 0.79

KSLP  DAT-OH 78 173 314 536 1280 154 1700 095 749 745 358
DAT-COO"  0.55 4.0 248 152 412 073 384 095 693 929 26

DAT 079 7245 179 049 2311 125 19,524 3938 565 2879 4572

TCLP  DAT-OH 3690 2060 133 413 1690 179 189 336 219 480 2990
DAT-COO" 236 450.0 376 271 6030 107 297 229 154 299 1470
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Table 3. Some Functional groups present on DAT-Treatment

Functional group Wave length number(cm’l)

Hydroxyl group 3400-3500
CH and methylester CH; 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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Fig. 3. FT-IR spectra of DAT and DAT-Treatment.
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Fig. 4. FT-IR spectra of change after heavy metal removing
on Hydroxyl group.
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Fig. 6. Remove rate of heavy metals for DAT by reaction
time at pH 4.
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Fig. 7. Remove rate of heavy metals for DAT-OH by reac-
tion time at pH 4.
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Fig. 8. Remove rate of heavy metals for DAT-COO™ by reac-
tion time at pH 4.

250 -

*DAT ®WDAT-OH A DAT-COO
¥ = 1.75x + 0.822

R® = 0.9996

200 -

150 -

t/at

100 -

y = 0.3373x + 0.7519
R? = 0.9987
50 -

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

Fig. 9. Pseudo second-order adsorption kinetics at DAT,
DAT-OH, DAT-COO" and pH 4.

Table 4. The pseudo-second order mode constants and R-

squares
Adsorbent qge k £
DAT 0.62 0.27 0.9996
DAT-OH 3.02 3.15 0.9987
DAT-COO’ 2.73 1.78 0.9986
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+ e ol DATS HsL & o < 508, DAT-OH 9}
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9 Z¢ DATS 22 AFS Ry A 48 2% 234
AALo] 2719 WA A5t F 50%9) AALE B
ol AAE AYEA FIAF(C/Cr=098)0] ©|E wW7tx] ¢
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2 Ed % AYst oln THHJLAE EFIHT 49
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Hog g4 HuA 234 $E25F2EH AAHL QL
grigity. ¢ AR2RE §HAL5S DAT-COO > DAT-OH
>DAT £202 Uehd 4 glem, o= AA AT £ 2
2 £o2 Yopde gnFch 2PL ALF A58 A
e Ed 9& ABE Thomasdl &) A¢td S98 =
(Thomas model)lz)% ALgate] A8l al, 1 AFE Table
59 Vel Thomas model2 A& (Biomass) ZHE
538 94438449 £3% &3 AA S49s) da 3§
£33 9lon oleud ZHY AAYE ALHL Y} &
3 A} E Thomasd2 Ao 2d A HAssle ¥
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Az g F ok

Thomas model
C, kM  kCV

In(—=2) = -

C. @ @

@

714 Cex #&FY FEmgL)olv, Cox $YFY %
(mg/L), k= Thomas &% 4(mL/min - mg), qo= FZ A
o 4% 9 539 Ju 52329 Ymgy), M FIAY
He), VE AYFHmL), Q& F4(mL/min)oc}.

Thomas modelZ %8 HtY] EFZL &3 Az DATY
B9 Pb” 56.8 mg/g, Cu™* 26.8 mg/g, Cd* 25.2 mg/go]
o, DAT-OH 9] Pb”, Cu™*, Cd*" Z}zte) Ao E3e 1603
mg/g, 100.3 mg/g, 63.7 mg/goiLm, DAT-COOQl A
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Table 5. Thomas model parameters for removal of metal
ions on DAT, DAT-OH, and DAT-COO

Heavy metal K . by
(mL/mg - min) (mg/g)
Cu?* 610" 26.8
DAT Pb** 45x10™ 56.8
cd* 23x10” 252
cu 3.8x10" 100.3
DAT-OH Pb** 2.9x10™ 160.3
cd* 1.4x10° 63.7
v 1.4x10" 2327
DAT-COO Pb** 1.4x10* 1829
cd* 3.1x107 53.9
sl vl
os | T

* Copper ®Lead a Cadmium

0 100 200 300 400 500
Pore volume

Fig. 10. Breakthrough curve for metals ions on DAT at pH 4.
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Fig. 11. Breakthrough curve for metals ions on DAT-OH at
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Fig. 12. Breakthrough curve for metals ions on DAT-COO
at pH 4.
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