Journal of Environmental Impact Assessment, Vol. 22, No. 5(2013) pp.427~437
http://dx.doi.org/10.14249/eia.2013.22.5.427

AT

Mo

L CELIRS S
I 9 534 4554 Wt

A|_|E_I-|I_J'\_* . %&E** . JI.I'_I-E-'E#***
U1 7T, PFoehn St St 3

[6}
(20134 8¢ 5 A<= 2013 3¢ 28% 421)

Assessment of Leaching Characteristics of Alkaline and Heavy Metal Ions from
Recycled Concrete Aggregate

Taek-Soo Shin* - Sang-Pyo Hong** - Kwang-Yul Kim***

Technical Development Institute, DONGLIM Construction & Engineering Co., Ltd.*
Department of Environmental Engineering, Cheongju University**
Department of Environmental Engineering, Chungbuk National University***

(Manuscript received 5 August 2013; accepted 28 August 2013)

Abstract

Generation rate of construction wastes in Korea has occupied preponderantly in recent years.
To understand chemical properties of recycled concrete aggregate (RCA), RCA samples were
tested for their leaching characteristics. Leaching tests were conducted according to Korean
Standard Leaching Test (KLT) and Toxicity Characteristics Leaching Procedure (TCLP)
respectively. The RCA samples were characterized using X-ray fluorescence (XRF). Alkalinity of
the leachate was determined using a pH meter titration method. The XRF analysis result shows
that the calcium oxide (CaO) content in the RCA sample is 25.3~50.4 %. When the RCA sample
was mixed with water in a batch reactor, pH in the solution was rapidly increased, and 70% of the
total pH change was found in 1 hour. The TCLP showed slightly higher efficiency for leaching
heavy metals than the KLT. The leaching efficiency was also higher as the particle size of RCA
sample was smaller. The leaching test results suggest that RCA can be generally classified as non-
hazardous waste.
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Table 1. Comparison between KS standard and sample analysis of recycled concrete aggregate for road base layer material

Classification Plgsticity Modify Abrasion Sand Liquid Organic impurity Inorganic foreign
index CBR(%) loss(%) equivalent limit(%) (%, Volume) materials(%, Mass)
KS standards 6below | morethan30 | 50 below | more than25 | 25 below 1.0 below 5.0 below
Sample analysis | nonplastic 66.5 349 71.0 nonplastic 0.14 0.38
Particle size distribution Distribution Ratio through passage(%)
standards 75mm 50mm 40mm 20mm Smm 25mm | 04mm | 0.08mm
KS RSB-1 100 - 70~100 50~90 30~65 20~55 5~25 2~10
standards | RSB-2 - 100 80~100 | 55~100 30~70 20~55 5~30 2~10
Sample analysis 100 100 100 97 56 39 13 2
5417 (single jaw crusher) — 13 4=AEY] - 1 AR G AHOR R RS 1T 5
AE23 - $37] - AHAE7] - 27} 2haf7] AL, ol= &5 DA FH 23 ute} &
(double jaw crusher) — 22} A4 7] — 37} 1} ol AA 22 o qlof o]ef A o] of
#7](cone crusher) — 22} MsAA9] 3742 7 #& o] ok
A 25mm oJstE Akt A ARG ofeh & T vz Hhy o 8 Bl gEsle] WAsks A}
o] Akt <=3HE A= Table 10 A|Alg vie} Zho] 7|(OH") =5 pH meter2 Z743}0] 424:0].2(H)
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A ARl BAS PSR 20 QYR S 230 deE SURAY SES ZA5H Py
ol wap 20|} A AT JFS B glon  om optelwE ZAste] ANFoEO o
2 449715 YA A A b 5 R (ANC: Acid Neutralization Capacity)2 188=
T HEo] NE NEE ez AleAfF A HHoR, pH S Hg W2 e &
2 5A7F 47} o 9 glate] 2012 8€ 1 & AMEo] 7HsekA Hlis X ey Q] ge E(PA:
A} 29 e Fof IAZHESE BATE AR E 83 H)7] Phenolphthalein Alkalinity)2} W2 9.2 &2+z]
B3NN L Qe B2 E 13 = (MA: Methylorange Alkalinity)s& & 23
B A& A, 2011b)e] &sto] 2+t SR Y s ok ol 2o Rt dS F
100kg¥& A Z2 Z2F AFsHdTh, AFRE A % (Vernon 5, 1980)8 4= Sict. wHd, <ghzz)2}
= AN SA A7EE AR71E Sl dedE = AEAA e i FEAAF 8= A
#R3t0] G5 ATl AgaHAct ol ezre] ARG §Eol AT AZte] 20 B
Tt opy et eehEAfof ZetEof e e i

N

(o]
nd
m
olo
1]

4 n
[l
o

Am

0x
%
P
0F
IE

B SEHe ¢ge 5549 &=
& RARE Sl ofe] W A E o gl A A
PHoR 3t 24 #4E T A PHeE, &
Ao 230 e v F Ca0 5 =3 Rbs
stof 7w J&(0H )& 8&A7le Aoz doil

BE g53) olele wyel 9l
olef3t Al E 2ol BEE HasH] 93
Ul A o SRl

BOE Qlsto] AE3H: B pHY

o,

ol wjujc}
F0hgE AT



30 oo
oy
=2
%P
ko
m
rir
>
)
o
o
Ay
P,_‘L
£l
2

rl

= ofy
A ok
s

ey
>
Z,
Q
tlo
N
in}
oL
J i
3 i
o

o

o I rir
oz
it
o
ST
s
o ofr

v e
o
.
o =

ok ofo rir
e @

ot

il

=

fru

Hz

vl

2

=

G

ofo

>

E
M gl ol
s
-
>
oo
o

IEI riot _94
>
2 et
g

30 |

a L
ox
o
o
_—E.)—Li
o)~
N
et
{0 _1
q = fr ox

5

°
ox
1o
£
N
3
>
oA

(

i
Ui
=
1o

NS

o 2
pacs
rir
Q
QO

P O e
oXx

e Ao
=2

o
:Oé’
Jo
e —

Hr
Ik
=
)

&
L |m
ox
[*]

)
fu

»

X

Q

Q

@)

H
=
St
2
-
o,
ol
ol
=
32
rr
ok
L2
oX,
S

i

flo ox oot LN
Mr

XRF(X—Ray Fluorescence Spectrometry: EDX
—720, Shimadzu, Japan)E o]-&s}o] EA 54T}
E3 mehEA o Y S AEe -‘?—]1 AE%
A& 384 ¥H3-7](Batch type)2t A4 H-E-
(Column type)& AME3ISATE, WA 2,0L 27]9] H]
7 G o] a4 kg7l A e AEE 9
2Z(200g &2 500g)9 £3ZAE =74 500mL
423 7|A4 wR7|E o]-&sto] 250+ 10rpme] Y
e £ ' wWHkstHEA SEATES Jaskglon,
8% W& Altel| whet 947 A7 7HA © 2 pH meter
H-270L, iSTEK, Korea)= pHE 243}1, A%
5 Foto] dLY s FAst] 39 Eq. (D=2
17 etzhe) e

a7
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B2 uke 7|0 A Zkzhe] I7]¥ 200g2] 48k A o
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7ol ek pHE S745to] pH 7~8 o]4fo] & ¢
FHHHS00)S FY5H] pHE 7~89 H9JE o4
Ao & 2AotHA AFE stk

5 =
3.2 500g)S 43 & ARl o8 Btk 100mL

o] SFHTE AEH E(MasterFleX LS, Cole Parmer,

of 7] 4, M| Ako] 3l (mL), N: AF9] 52
(eq/L), V: A|29] KmL)

EH

o od
SRBAY F34 §EUL 2BBY Yy
1713 AN B @A, 2010 013

S (TCLP)(USEPA,
1986)°l] what ARSI, 2AF Y FES2 <=8
TA O] £3HE O AAY §E0] AdEe TEEHLS
2 A(Fe)2t H(Pb), 7-2](Cu), °t(Zn), &
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g Aj=o] i3 3314
c}.

(1) KLT(Korean Leaching Test Method, #7] 8%
ANEH) FH
1g97)E §E4E Y Table 2004 2% 7
45 pH 5.8~6.30] H=& @4to 2 245t §&
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o= wof qlr}, & AFollAE ojef T2 HRleR

ol

x2,

A3t 8580 1Lol| 100g9] =#==A) Alws ¥
A7]0ll A A=223]E stoll 200rpm ©.2 6417F &4t
AEA A L2 AT 24T 0] Ty g2000

oja}ste] o hL- ICP(Inductively Coupled Plasma
Atomic Emission Spectroscopy: OPTIMA 7300DV,
Perkin Elmer, USA)2 E43}3ic},

(2) TCLP(Toxicity Characteristic Leaching Procedure)
Pl

A okt askA| Al=of ©fgt 8 % o] pH
W3S 5517 98 AR Sg& 4 100mLe]l
$o] Smin 7F w4 aykste] pHE éxéé}l pHE
2.28% 243}7| S5t AFe] & Attt ALRE
oM E4ks TCLPR ol whe} pH 2,280] & =5 v]g]
THIEE SRl Wi 284 AR 1002 858
w2} 87} 1:20(w/w. )7} Hii 3t} 20°C ol A1 30rpm
02 18A)7 £9t FL A2 §2A7) T, ofole
ICPE ZAI5k3i



Table 2. Comparison of leaching methods

Leaching factors KLT TCLP
Solid Weight 50g 100g
Maximum particle size Smm 9.5mm
Leaching medium HCl solution Acetate buffered solution
pH of leaching Solution 5863 gﬁig z;;‘géiggg
Solid discarded/Leaching solution ratio(kg/L) 1:10(w.v) 1:20
Leaching temperature Room temperature 2243°C
Leaching time 6hr 18hrs
Reciprocal shaker .
Leaching apparatus & condition Speer()i :200rpm ggﬁgg:ggnd flashing
Stroke : 4~5cm

Table 3. Chemical composition analysis results of the recycled concrete aggregate

Classification CaO SiOs Fex03 ALO; K>0 etc
20mm over 253 35.6 183 8.7 8.3 38
20~5.0mm 36.8 289 159 6.7 8.2 34
recycled 5.0~2.5mm 40.1 282 134 74 76 33
aggregates
2.5~0.4mm 442 26.1 125 70 6.7 35
below 0.4mm 50.4 216 13.0 59 55 35
20mm over 92 375 275 113 10.4 42
natural 5-2.5mm 126 34.0 23.6 125 127 46
aggregates
below 2.5mm 13.4 337 213 137 13.8 4.1
Lee etc(2002)* 83 67.0 9.8 22 3.0 9.7
other research
An etc(20035)* 13.8 67.4 22 938 28 40

* Source : 0]- 84 %, 2002 ; P 5, 2005

. A3 9 @ £ 2329 27]9 fet 2717 44
| asimxie| otzte| SEEH T ) Ca0 7g+o] &4 UrE}_Uf, A2 4719 egEA7)
B UEE RS $EE AR gHE. 18
(1) XRF 2.4 Az} U A E3e] REGA] 2EU AN 5 =9 54, 2
Aol AHgY 2BENE A8 pejg I AFRA T AT 54, $a2d. WS
XRF A4S B4 slsbd 24 A5 Baet Ante ARE A4 Soll whet Ca0 A& 5 iHshs &
Table3oll AIA5HIT), Table 3014 88415 74 o] Aol7h 2Ae Aol 22 XRF #4& S P
Sl AEE TjHio] CaO} Si0s, AbOs HEAS  CaO AEo] kit ahze] AEo] 85 ok AHH0
oF 4 i}, A7) 8% EAT B 2 a0 AR = AWA|o] Aol ofele Ao AT,
2 A2 25,3~50,4%2) & BFS VeI o] wetd, siehay BAARE <3R4 B}
= AABAE FHT A b2 FHATOI8T = obgra) HE9] RS 7HHA 0 R oS3k k]
5, 2002; QP+t 5 2005)0l 4 LeRd Aol B)s) T A2 Be3to] ujkast 2o 2 sirhEglth
s w2 wEde & 7 e, ol eE=A
Qlmol AN 7|20 A Ato| Aol A 7]l (2) 3|EA whg7]0A pH ¥ e = 24 A3}
3h o2 A7k, SR B AET 0 B SAlstole
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Figure 1. Variation of leaching medium pH according to reaction time in batch reactor of (a) 200g and (b) 500g recycled

aggregate
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Table 4. Variation of pH and alkalinity for recycled aggregates in batch reactor

Aggregate | wt. of aggregate H OH OH' Concentration OH’ Concentration M-
size(mm) (g/500mL) p p (mol/L) (mg/L) Alkalinity(mg/L)
200 10.26 3.74 1.82E-04 3.09 157.4
20 over
500 10.42 3.58 2.63E-04 447 1924
20-5.0 200 10.36 3.64 2.29E-04 3.89 180.6
' 500 10.94 3.06 2.29E-04 14.81 280.6
50-25 200 1141 2.59 2.57E-03 43.70 540.4
o 500 11.82 2.18 6.61E-03 112.32 630.2
2504 200 11.98 2.02 9.55E-03 162.35 1008.4
o 500 12.30 1.70 2.00E-02 339.19 12245
200 12.21 1.79 1.62E-02 275.71 1208.6
below 0.4
500 12.42 1.58 2.63E-02 447.15 1360.4
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Table 5. Alkalinity composition of recycled aggregates according to particle size

i @ alkalinity alkalinity ions alkalinity contribution
Size(mm) aggregate M-alk. ‘ P-alk. OH ‘ COs* OH ‘ COs*
(¢/1.5L) (mg/L as CaCOs) (mg/L as CaCOs) (%)
200 1574 108.6 59.8 97.6 38.0 62.0
more than 20

500 192.4 150.8 109.2 83.2 56.8 432
20-5.0 200 180.6 138.2 95.8 84.8 53.1 469
' 500 280.6 226.7 172.8 107.8 61.6 384
05 200 540.4 4512 362.0 178.4 67.0 33.0
o 500 630.2 546.2 4622 168.0 733 26.7
2504 200 1008.4 904.8 801.2 207.2 79.5 20.5
o 500 1224.5 1128.3 1032.1 192.4 84.3 15.7
200 1208.6 1098.6 988.6 220.0 81.8 182

0.4 or less
500 1360.4 1266.3 1172.0 188.2 86.2 13.8

Absto] &(OH )9 =2 3Hksh 749
o7k A F& & 4 Ut
d& E°l, pH Ac%a g gdee
(MA)7} 71 27 Yehd <824 271 2.5~ 0.4mm
o] -, 500mL 5ol «T24E 200g U9
792t 500g FAYE 73 pHY Aol 2+t
11,983+ 12,3002 2}o|7} 2, 6% E2FalA|9t, p
2 A4S 15.8%7} HH, Aeto] 2(0H )-°4
sy HEedn] ddEe(MA)L 2712 YERd
7$-oll= 18% 0|42 afol7h yebdg & 4= 9lt,
75-0} gro] pAtslol 29 H &
% $- pAtsto] 29 et pH 7He] @
A7E AR 4= U ARketH AA| B vl
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mlo
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g el x] Gz = (MA)Q 50%E T £ e
(P>1/2 M)l U & 4= Slet, whebs dge=

Fehs 24%F SARHS(OH )l Q3 gzl

2P-MO 2, ¥RAHA(COs™ )0l o3t &zte] = 2(M~
P)& A4S 4= glon, FEAIE(HCO: )2 Y3
A9 FAE 4= dck(Howard 5, 1998). o]ef 22
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Table 6. Cumulative alkalinity and total alkalinity per unit wt. of recycled aggregates

Size(mm) wt. of aggregate(g/column) Cumulative alkalinity(mg/L as CaCOs) | Total alkalinity(mg/L as CaCO;/ g)
200 5,198 26.0
5.0~2.5
500 10,846 21.7
200 7,946 39.7
2.5~04
500 18,338 36.7
w0 ) 0 (b)
E - g:su
5. fio
i i
g e B w0
1. i.

24 48 72 9% 120 144 168 192 216 240 264 288 312 336 360 384 408 432 456 480
Reaction time ()

(a) 200g packed with 2.5~5.0mm recycled aggregate

g
=

e § B

Abalinity productiom (mg)

&

0
24 48 72 9% 120 144 168 192 216 240 264 288 312 336 360 384 408 432 456 480
Reaction time (hr)

(c) 200g packed with 0.4~2.5mm recycled aggregate

Alkalinity production (mg)

50

]

Reaction time (hr)

(b) 500g packed with 2.5~5.0mm recycled aggregate

24 48 72 9% 120 144 168 192 216 240 264 288 312 336 360 384 408 432 456 480

Reaction time (hr)

(d) 500g packed with 0.4~2.5mm recycled aggregate

Figure 2. Amount of leached alkalinity in column reactor
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Table 7. Total alkalinity generation by acid neutralization and unit wt. of recycled concrete aggregate
. Total alkalinity generation by acid Alkalinity generation by recycled
M) D e neutralization(mg as CaCO3) aggregates(mg as CaCOs / g)
more than 20 mm 200 3,345 16.73
20~5.0 mm 200 5,485 2743
5.0~2.5 mm 200 9,305 46.53
2.5~0.4 mm 200 12,440 62.20
0.4 mm or less 200 18,165 90.83
a) (b)
0 00 10 L 800
o (etd 4 g 22 t 2 o 1 ' ) Yiwla [ 1 el 2t e t o ) r Il
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(m)mHH 1w ] H || | 0
AT, o R
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Figure 3. pH variation according to neutralization with acid during batch leaching of recycled concrete aggregates
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Table 8. Comparison of heavy metal concentrations by KLT and TCLP method for recycled concrete aggregate

Classification Methods Aggregate size Analyzed heavy metals(mg/L)

Fe Pb Cu Zn Cr Mn
0.4mm below BDL BDL BDL 0.011 0.022 BDL
KIT 2.5~0.4mm BDL BDL BDL 0.017 0.021 BDL
5~2.5mm BDL 0.011 BDL 0.012 0.016 BDL
Experimental 20~5mm BDL 0.017 BDL 0.014 0.010 BDL
results 0.4mm below 0.594 BDL 0.044 0.763 0.018 0.497
TCLP 2.5~0.4mm 0421 BDL 0.029 0.335 0.016 0.291
5~2.5mm 0.402 0.012 0.080 0.351 0.020 0.635
20~5mm 0.169 0.018 0.067 0.446 0.014 0.361

Fnvironmental | Hazardous substances standards of waste - 3 3 - 1.5 -
standards standards of drinking water 0.3 0.01 1.0 3.0 0.05 0.3

* BDL: below detection limit
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