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Summary

This research thesis has made the research on the removal of heavy metal
of elasticity pavement through waste tire chips. To do it, this thesis has
analyzed the removal effect of heavy metal iron(Cu, Pb, Cd, Cr)with the
mixture of Scoria 4 Powdered Basalt Sludge 1 with elasticity pavement, in
an effort to have the removal effect of heavy metal pollution source to arise
from raindrop-runoff of elasticity pavement.

This result reveals that heavy metal iron have had the tendency of being
removed in order of Pb>Cd>Cu>Cr. Additives have been analyzed of having
the removal rate in order of yellowish brown scoria > dark gray scoria>black
scoria>reddish brown scoria> powdered basalt sludge.

And, adsorption rate has suffered from the changes, which gradually
increased up to Dwt% with the rising input of adsorbent, and remained point
of reflection, with slant decreasing at 5~20 wt%.

It is deemed that the optimum mixing ratio would accounts for 5~10wt%,
if factors, such as elasticity, strength and color that the existing elasticity
pavement has, are kept at right scope.

With respect to additive scoria, yellowish brown, black and dark gray
scoria 1s difficult to use, owing to a few of reserves. And, it would be
effective to use reddish brown scoria containing the most reserves. Also,
the recycling of powdered basalt sludge would contribute to using
adsorbents to simultaneously reduce materials and cost involving

environment preservation and waste disposal.
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Table 1.1 A mount of production and recycling of the waste tires(KTMA)

Section ‘04 '05 '06 '07
waste tires(ton)| 260,266 275,072 282,990 294,200
recycling(ton) 246,101 267,351 272,066 299,546

Ratio(%) 94.5 97.2 @ & 101.8
ol g A)a
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Table 1.2 The present situation of recycling of the waste tires(KTMA)

2004 2005 2006 2007
TR T2 |0 == | A0 T | 7Y | S 2 | A
(ton) (%) (ton) (%) (ton) (%) (ton) (%)
IE A 20629 7.9 |25008| 9.1 |33,092| 11.7 |46,835| 15.9
7}
v 2= =1 1,156 0.5 1,396 0.5 2,538 0.9 3,201 1.1
o] &
27A 21,785 | 84 |26,404| 9.6 |35630| 12.6 |50,036| 17.0
A E
152,392 58.6 [170,521| 62.0 |173,299| 61.2 [188,161| 64.0
3 e
3| & AF
8,625 3.3 5,425 2.0 5,922 2.1 3,744 1.3
A | ol& | &7
Rl
A [161,017| 61.9 |175,946| 64.0 [179,221] 63.3 [191,905| 65.3
A ol &2 | 5,275 2.0 7,939 2.9 7,075 2.5 6,553 2.2
Zs -
B! A&
olg | TF= 2,414 0.9 2,862 1.0 1,762 0.6 2,993 1.0
2 A 7,689 2.9 |10,801| 3.9 8,837 3n 9,546 3.2
SHA 190,491| 73.2 |213,151| 77.5 |223,688| 79.0 [251,487| 85.5
| A A EFolo] | 24,054 | 9.2 |26,445| 9.6 |23,759| 84 |23,693| 8.0
7
a Z3x54E=42 31,656 | 12.1 | 27,755 | 10.1 | 24,619 | 8.7 |24,366| 8.3
A 55,610 | 21.3 |54,200| 19.7 | 48,378 | 17.1 |48,059| 16.3
=882k 246,101 94.5 |267,351| 97.2 [272,066| 96.1 [299,546| 101.8
n] g-ol = 14,165 | 5.5 7,721 2.8 110,924 | 3.9 - -
dk Ay 2 260,266| 100 |275,072| 100 [282,990| 100 [294,200| 100.0
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Table 1.3 The application with the sizes of rubber chip
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Fig. 2.2 XRD(X-ray Diffractometer)
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5.0£0.1
old 4353 21 19 15.0£0.5 - 40£2.0
ol# 53| 115 16 25 | 33%2 | 6.0£0.4 | 25%1.0 25+2.0 | 14.0%1.0
old 65| 75 12.5 | 12.5 | 2541 | 4.0+£0.1 | 12.5+1.0 | 12.5+1.0 | 8.0%£0.5
old 78| 35 7.0 4.5 [12+0.5| 2.0+0.1 | 6.0£0.5 | 3.0%0.1 3.0+.1
o A5 =4 S
G H [
1y 139 52.6 44.6 4.0+0.2
g 2358 10.0 8.0 1.0£0.1
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Table. 3.1 Composition ratio according to the use purpose

(U<, 2000)

. Composition(wt%)
Tire type B
Synthetic rubber Natural rubber
Passenger vehicle 55 45
Light truck 50 50
Race car 65 35
Heavy-duty truck 20 80
Aircraft 0 100
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Fig. 3.2 Structure of carbon black

1) A2 3 (Ambient Process)

1.1.2 #HEfe]o] & Al x
(30mesh)e]al, =& 50~65%% TFE 1A o] H]

ﬂﬂ mﬁfﬂ%ﬂ@reﬁc
A XA L L0 gy =X
ﬂo % oE o =3 We X
LN B o L o o =
pl of & o o &
W I R
- T S Gl W
6N | o)
Y W o= B oE g
Foom SO G A
el ol b ﬁ X T = <
T © ET o F ST ™
Ny o3 T o X oo
it ~o o} ZT Gl 7C ‘Ur
. < T o (ﬂ i
. oz 2w N "
-y of = X o W H
T w i
- R = 57 X o
= o o Gai! R
< W2 e vy
Bz T o8 o
! < ) HT B 0 ol _glorﬂ
—_ T
T A T VI SO T
Iy 9 = mos S
T o g N oy 5 ' OO
o o5% A omoy ¥ g ECl
o o Ao T oo oo M
9 S N g O E oo gx M
- %R g B X
A g W 5 N o
W o P o o My !
Moo S Lo N
a0 o A
3K e SEEEE N X"
N % = = o b W M amﬂ w_m
N T = du ) BT
J
T Eoiz,mwﬂwo Y
ERS o W - ~ EM uro R wr
—_— r . A 70 U
= My S F g X0
o) ® o GR o R E R T X



3) &2 4

AAjotell A W 7lEEA A el s e TR Ed

T Axz7Ee 3 TR FEe]olE -60~ -90T/HA WAA F HEpo]o] o]
838t st Tzt HEfelolE WAV S8 T4 BN

B7b7] TXM1-25P¢} &7bs W24dS ol &shs 7] s Agshe

ARt oyAugo] 2~3uf Aitdrh A V)ed dAs AP FEE 9A

e o AEHNAL A7k Basht)

4) LNG WJ<golg &4
KAAA 7ast 7|2 INGY FaoduA S HElojoje TAaddom o

1.2 Aetelol Aol sebd 4

2 Ao A8H dHElololE 7[AA o ® 1~2mm, 2~5mmIA7| =
g4 @ F ElY 9 HElolo] EIS AAALE o|gs A H4 FH AR HA
0.3mme]3s}¢] HEfo]o] FdS ARE-EFSl T

1.2.1 XRF 4]
| e}o]o] EFo] X-Ray Fluorescence Spectrometer(XRF, SHIMADZU,
XRF-1700)2 3}etgd 8 24 Ax= Table.3.29 2t} Glass bead A|H&
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Table. 3.2 Total concentration of discarded automotive tires

Element| Zn | C1 | D |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

A} &a(C)7F AAl AR oF 83%F A sta Qo I Lo FA(H)
7.0%, 2F2(0) 2.5%7F AHASFaL th e AshFiS Wz A e Ay} ol

1 &lof 2KS)
5.8%, H(Fe) 4.5%, Z#(Ca) 4.8%5 A staL drt. o] Qo= YAND, &4F
mE(AD, FE(Cw), ZHE(Co)E oFF SARE FElolo] FHFT R FAH
th(31 5, 2007)

(Zn)ol 47.4%, AA(CD 33.74%= dlFS A8kl o,

1.2.2 XRD & 4]

HEeloloj g o] ZAA FRE LolHr] 9d X-Ray Diffractometer(XRD,
PHILIPS X'pert-MPD System)< ‘&3fo] &olHokth AlsE59] HA J=9
AL S8A AALLRE ol fste] RLEHZ FY] s, ¥4 Fg X-
A FH(CuKa)E AFEs o 7k A9k 40Kv, 7HAF FAF WS 2°/min
o] £ ® A& FAPTHSE ARE sl

I A3} Fig.3.33 ) HEpolojge F2 Zine Oxide(Zno) ¢} Iron(Fe)2

2 AR 72Y9e ¢ Jon uAdgd 4P Aow B 5 9
1.2.3 SEM £4

dletolo] o] A B AEHE AFHETY] fgte] AEFAEARAR A
(Field Emission Scanning Electron Microscope, SEM JSM-6700F JEOL
Co.Ltd M-S &3 #as Ay Fig.3.49 2o adoA BE A7 o] o
Elojo] AL v EafH st 3 7ol AF ER¥EA] @2 Ao wHEy

At
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Fig. 3.3 X-ray diffractogram of Discarded automotive tires
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Fig. 3.4 SEM photogram of Discarded automotive tires



1.2.4 HEtolol o] Tu & &=

Z1AA S o R 1~2mm, 2~5mmA7]| 2 IHH HERelH S AA AL
& ol&std eAAZ F A 4 sk olgAl EE 0.3mmelste] H e
ojof -k 1gell Ph5~6%1 SFF 26mLE 7hete] 2A13F wwk §& Z54(Cu, Pb,

[e)

Cr, Cd) =S 24 (AAS: Atomic Absorption Spectrometer) &+$lom, —1

A¥+= Table.3.3 3} -t}

Table. 3.3 The result according to leaching test of the waste tire chips

Element Cu Pb Cr Cd 7n

Concentration

0.1690 0.2060 0.0013 0.0369 4.1560
(mg/L)

=
AL XRDEA A A F FAAAES] ol RARo=w #HAzH A A=A I
Aol o]9d Cu, Pb, Cr, Cd< 690mg/L, 0.2060mg/L, 0.0013mg/L,
0.0369mg/Le] =% o|o] AEHAT.

(@)
—



2. ¢t5

2.1 F=9] A9

= (Pigments) ¥t & X 1 whe] &ujjo] =X & AR o] Fojx EA=
=g getH oz oty F2 Ax EdE A8dv. 424 (anticorrosion)
°|t} magnetic pigments & SH3I 54 98] AEH7E ) s A,
stebatx, dH, 8% & tde 7l weh v =, S8kt weba =

F7]¢k& (inorganic pigments)®t f7]¢tS (organic pigments)® YWs ¢ o

N

1 7] (origin)ol W} HAAerE (natural pigments)et $HA 98 (synthetic
pigments)® s ¢ Qth(o]7]%F 1995: Volz, 1995). &% weg =88 =
H28E, s1FEL, 8498, AAE, T8, 158 dAEL, Ve, gAESF

AZHE F)Z2 YHZ
2.1.1 F7]¢t=
F-7]¢t & (inorganic pigments)®= 3}gt8 o2 F-7]4(inorganic matter)] <t=

iz, B oS 7hE

4l
ko] wt== A ofd, HE, W, 4, 7, du 5o #53dEs 9E8=

i

fr71¢t & (organic pigments)ell H|&] dnkH o7 L e BEpan
oA HEAd ol YSslar 7] 8- A(organic solvent)d] =X =t} & 7}
Aol MEsta AEHE Bl oy 7HA Y FR/R7F lom A=z i, 9l
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X-Ray Fluorescence Spectrometer(XRF, SHIMADZU, XRF-1700)2 3}3+4
B2X A= Table.3.49F 2l Glass bead AJHE 100TC 9 &%oA Ax
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Table. 3.4 Chemical composition of mordant dyes

Constituent| SiO, | AL, O,| TiO, |Fe, 05 MyO | CuO | Na,O | K,O |MhO | P,O, | LOI

Coptents |~ 10.37/0.08|0.66(0.50|0.68|1.70| - | - [0.01| -




T AT dukd s digt JA AEFT AL0,0.37%) , Ti0,(0.08%), Fe,0,
(0.66%), Myo (0.50%), Ca0O (0.68%), Na,0(1.720%), P,0,(0.01%)E =}A|s}aL

glov, o] Ae A JR 4% AAFAL Y O ofF Re Fre T4

otg ol AA FRE dolHr] § 3] X-Ray Diffractometer(XRD, PHILIPS
X'pert-MPD System)& &350l Lol Ut AR5 FHA2 drot #AANS
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(CuKa)E AHg39 a1 718 Are 40Ky, 7FEdA 7 FAF HHH S 2°/ming &%
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Fig. 3.5 X-ray diffractogram of mordant dyes
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3. HA7HA

3.1 %°](Scoria)

3.1.1 &ol9] g9

EEE T thedely SAM(HA, AAA, I ) dHCHEIE A

g} gt wiamprh b7 S WEH ol I £ I Aol WUt B
7GRSVl A Aow FAGRM)EY F4aL, 9714 e 4 vhantd
A FAE s 2ae]ok(scoria)g) gtk olE g A E AlFEWA R “Fol”
gh gho ghept sibAle] S R-A ]l AP 5L 4] Sike] Eso] A
T I FHY 55 ol&ste] w5 AAE 3609709 7S 212 o] 9l
. AlFEolls 71Askte]l 9 o] jlom FHI A= WIFow
=

Hog wdEo] i AFEgME oF “QE7olt k. ol 7St
dF- ¢+ (Basalt cone)®t 41 7+(Cinder cone)®]
Row, A= Ak B oskes A7 4" s (Volcanic cone) A4
109470 EFstal ot 7] sfikgdE Fo 49 7470tk

shrbel srERE EEEE dHI sESE S5k stk dEolgta st
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Aol A ARRE Folo AFFAE MAFES Table.3.69F 2L, B4l Y
7o) Ay Az (Redish-Brown), SH2-2(Yellow-Brown), 74 (Black) =1
23 98 4(Dark-Grey)S @ 7H4 4 AHshel Agagon FigdTe AT
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Table 3.6 The sampling location and each colors of scoria

No. Color Place
@ Dark gray A&
@ Black 4de (A
©) Reddish brown AZE (B)
@ Yellowish brown HAFE (O

Fig. 3.7 The sampling location of scorias



3.1.3 &ole] 3psha JA

w Aol AREE Fol= ZIAA dHoR 0.3mmeolst 7= v =

3.1.3.1 XRF &4

XA &332 7] (X-Ray Fluorescence, XRF)E o] &3] 3}etEAS 2A)3 2
Table.3.7¢} 2t} o714 ©@9+= FA9 H](Ratio of Weight)e]™, LOI(Loss of
Ignition)+= 950%¢] =LA AlEE H& $9 FAE 5435t 95059 259

A B2 o] A9 vojt

Table. 3.7 Chemical composition of scorias

Si0z | AlO3| TiOz [Fe203| MgO | CaO | NazO | K20 | MnO | P20s | LOI | Total

Constituent| '+ g0y [wi(%)| wt(9) | wt(%)| wt(9) | w9 |wt(%) | wt(@) |wt (%) | wt(9) | wi@) | wt(e)

Reddish
48.60|14.28| 2.38 |12.30| 7.46 | 8.21 | 3.02 | 1.63 | 0.15 | 0.52 | 0.83 | 99.37
brown

Black |48.99|14.53| 2.42 |12.27| 7.93 | 8.73 | 2.67 | 1.33 | 0.15 | 0.45 | 0.14 | 99.62

Yellowish
43.45|15.63| 2.79 [14.62| 8.25 | 6.99 | 1.42 | 0.58 | 0.18 | 0.49 | 5.82 |100.22
brown

Dark gray|43.51|20.82| 2.87 |12.61| 4.06 | 5.32 | 2.12 | 1.68 | 0.19 | 0.48 | 6.24 | 99.90

TS Si02+ Al203+ Fe203% §HaFo] of 75%0l 2o, Miol| wE 4bst
o] 2AHE BH Si02« AZMI AN Folrt w2 TS HolH, Al203
= 43, Fe203+ 44, CaO= AR A 44, MgO+= 44, Na20+= 4
2 K202 43, TiO2e o3 Fol7t 247; 2 &S Bl Si02e &
ZHA 2 Al203,Fe203MgOE  SHAZ &8 4 Qo A =
Al203+Fe203+MgO2] =AHS ®HwW HzZMEol7l 34.04%, #HAME|7}
34.73%, FMEol7t 38.5%, U3 MEo|7t 37.49%= FAAFo) >3] M Fo]>

AAAFH RS> AT AN LAY 02 FFS nalth



3.1.3.2 SEM &4
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w9 AR Bt e, dREelA 0.25~0.33um 7)) ofF W V]FS TH
e Ao BAAUY. )Fe] BEE FAAF>AH AEo>AL %

o>A A Fole] wow WA FAF o gt Aow Ve

Fig. 3.8 SEM results of each colors of scoria
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SEI 50kV  X10,000 50kvV  X10,000

Yellowish brown Dark gray
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Fig. 3.9 The Flow chart of the Powdered Basalt Sludge Production
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Table. 3.8 The current status of the stone sludge production amount

and treatment expenses (#1713, 2007)

Section ‘97 ‘99 ‘00 ‘01 ‘02 ‘03 Note

Stone Sludge

(ton) 987,200(983,800(780,000{733,500{790,300|787,800

Cost of
Disposal
(one hundred
million won)

15,000
148 147.6 117 110 118.5 | 118.2 |won/ton

AFHoZ WASHE A ZeiAe] WA v AFEAA BYHE AR
sHAFe AA 4D 97 o2 A7RS AGss AANA QA
NBY G2 BAR FAse] HEFHAL. AFEY AA 1T FgAAe By

ZFe FA3PH Table.3.99F Table.3.103} 7t}



Table. 3.9 The present status of the scrapped stone material disposal

(#7143, 2007)

Section ‘03 ‘04 ‘05 ‘06. 9 Note
Amount of
Construction Wastes 169 4,380 06,524 2,493 D
(ton)

Amount of Basalt

Stone Sludge 63 1752 | 2.610 997 | About 40% of D
Wastes(ton)

(two plants)

Amount of

Production per 34 876 1,305 499
Industry (ton)

Amount of Estimated

Production (ton) 44z 11,388 | 16,965 | 6,481 13 Plants

Table. 3.10 The production amount of the Powdered basalt sludge

(714, 2007)

Section L3 ‘04 ‘05 ‘06. 9 Note
Basalt Stone
Sludge(ton) 442 11,388 16,965 6,481
Cost of Disposal 15,000

6.6 170 254 97

(one million won)

won/ton

MRS A B FHE 03d=FH AL HQou, ‘03dEe] FARE
Agge] glon, ‘04dxe}l ‘05dEe] HAFS HoA He A 2o 50%7%
w7F Eolwth. AAl #Hr|EAE dAE S8 AgEe HEEHAE 1de oF
15,000 0.2 FAFAR, 20059% TFAANL} AFFAA AYAFS VFoR
AFESTPE AAEF 45,5309 40%E =2 oF 18,000% ool wAE = A

2 2ol 7th(0 719, 2007)



it

XA #FE A 7] (X-Ray Fluorescence, XRF)ZS o]&3) 3}stiAS Ak
3} Table.3.113} 2t} FAELE 5i0,+ Al,O, + Fe,0,7} 78.39% % FF& o|FiL
JE Aoz yelgt die AR Eex 9 pHE of 8.67% vEh} ofdIte]A
S wa gt pH A5E4e o ¢ MgO, K,0, Na,0 7} ©F 18%S 2} &}l

Qo] o5 FHEa] Zgo] 93] AAE 2 mole o o ol 93] LA A

My O+ Hyo—>M(OH)y—M,, +20H 7]A M: Ca, Mg, K, Na
Table.4.112 XRFE o A5 Aol st £ &5
stebd 24 S2424¥%E dEhiid. ste 24ds BY AYTHEEd Ssiod
greko]l 52.66%% U M Be HeS Uehiden @o o dHEe
8.31%= AlL,O,7} 14.67%, Fe,0,7} 11.06%= e}

Table. 3.11 Chemical composition of Powdered basalt

: NP Contents(%)
constituent

SiO, 52.66
Al, O, 14.67
TiO, 1.93
Fe, O, 11.06
MgO 6.33
CaO 8.31
Na,O 2.84
K,0 0.98
MnO 0.14
P,O, 0.34
LOI -

total 99.26

¥ LO.I : Loss of Ignition



3.2.2.2 SEM &4
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7d(Field Emission Scanning Electron Microscope, SEM JSM-6700F JEOL
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|
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A e B S R

”‘3\ .

WD 7.3mm
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Fig. 3.10 SEM results of Powdered basalt sludge
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Table. 4.1 The result according to leaching test of elastic pavement materials

(Unit : mg/L)

Cu
0.2012

Pb
5.8460

Or
0.0843

Cd
0.0945

Constituent

KSLP

Table. 4.2 Criteria of hazardous material with the solid waste leaching test (Unit : mg/L)

Cu
3

Pb
3
3
)

Cr
il &
B5
B

Cd
0.3
0.3
1

As
iy 5
1.5
5

Constituent Se /n Ba

Korea

0.3
1

Japan
U.S.A

100

dEslon, oA

Pbe] 7

O‘I

846Omg/Li AHANE §571F o] doz
JRore g Abeas] oE

FARE S 710w T ugos
Cu, Cr, Cdx KSLPeA

A7 FEHEQ
0.0843mg/L, 0.0954mg/L.2o. olste] o= HEHS
|

Cu, Pb, Cr, Cdell of

HN

™
g =
=

ol
=
e
- =

0.2012mg/L,

a0

ol =4 A
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Fig. 4.5 Remove rate of Cu(copper) with mixed samples
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Fig. 4.8 Remove rate of Cr(chrom) with mixed samples
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