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1.1 EFRELMR

A LT R IR B LA T AR T SRR AR R
uio TSGR BERAKMBE, BB H A PR S R AR,
B 5 72 PH T B SR KT, P A S s AT 1 e Ve
T A NERL, W 1 R, BiJE. RIS ERE
T R 75 4 VR o L ORI AT 07 20, TG L TR A R R 2 1 VR
W BRIREAR (B4% d<0.08. 0.08 < d<0.15. 0.15 <
d<l1.1 < d<5mm) , W& 2 Fimr.

B1 EHFREL
Fig.1 Waste concrete

¢.0.08~ <0.15 mm d. <0.08 mm
B2 TREEEFREL
Fig.2 Waste concrete with different grain diameter

1.2 EERBRBETFABR

KM i 25 CuSO4-5H,0 1 Pb (NOy) , Hil#%
AN IR PR YRS TR I AREL 3.929 g 1
CuSO,-5H,0 H1 1.599 g ] Pb (NO;) , AP,
/D RZEK VR, FRBIRAEE=RE, H1LEK
REMECE R EWKE N 1000 mg/L (IARAEER, E&
PO o TEFRAS IR PRS8BTSR FH B AN [ o B
& JE TR 3R B AR AE TR R R 1T R
1.3 REWHESAHR

D R

RE R EE R T WA KB SAKBRET R,
FE RN CaO Al Si0,, RN IEEE /& MgO,
ALO;, Fe,0, E MM &R A 5) . (HIEFERMEE
REELB AR AR R R, FRRE LR E S
JEE TR, SEEAWIE IS

2 R T TR AT R SR ok b B S e R AE
WIGHEE PR H 2. DA IR, JREE -k R
B E M MERAE, AR EF P ARSI ES R
BFHIL%R. HESEGEN TIWEKSZ 2@ E
(3<pH<6) , AR T mmMEILEE (pH=3) R
P05 G E R AR 2, DASKLAS 2 48 i R B R .

RIGR A R0 PO AR AR S
AR T BN HETE R, FRE IR pH (N (3 +
0.1) MIEEFRVAW, FIWEE A 11 10, EERANGEE 745,
¥ By woE i g A P8, SRS A RS R
TR e BE T S A R R R, AR E 3
AT, BOLPIME.

BB ARRAE FRELNESBRHE S
15 K HEBORR M P R BRI AT B2, VA A D is ek 4
WP TR AR RTAT 1, TR B A4 L S iR I O, R I
N B 5 EERLAR

2) FRAIR PR

AN W P A 3 AR FOAS [F) S A T R T TR A LI
T HP B I TR PR R B AR R I ) FH
WIS e s 1) AR 95 9 P ) 2 B 4 R A P R 3 56 R B AR
HIseme, BARREE T R WK 1.

F= 1 E£REFEMBHIRMIRIES R
Table 1 Batch test scheme for Cu and Pb

& 4 )& Heavy metal copper

# 484t Heavy metal lead

iR N N . N N [N N
g W5 BB WU AR % B 51 P A W% BB ) B AR % B 571 Y A
No. Adsorption time/  Initial mass concentration/ Adsorbent dosage/ Adsorption time/ Initial mass concentration/  Adsorbent dosage/
min (mg-L™") AgL™ min (mg-L™) (g'L™h
1 30~330 200 2 30~330 200 2
2 200 50~500 2 200 50~500 2
3 200 200 1~9 200 200 1~9

Hodr, K50 gR5 1 WETT T RB S ) OR B M R PR
Wi, I B A TE) % 5 A 30~330 min, A4 30 min; 5
YT 2 WA T EH A RS G I0E o R B BRI
PEREIIRZMN, W46 R IR B W 8 N 50~500 mg/L, Ff
FE 50 mg/L; 5045 3 WFFT 1 IR BRI FH 0o R B e
e, BERFEHEREN1~9g, BEN1 g

R, 5k 100 mL ARG R EIRE KR4
B EN 250 mL FIHEZHE S, FfRE— e 2R AR
e ORI NHE T, 7R TR 25 T ONIR G %A
120 r/min FIFEPR PR —2 a5, B2 Bk
WBNESOHL, L3000 r/min H# B0 15 min, B HIE
VPR 5 R AL 2 S s B I R T R . Fo,
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Co

K, g NP, mg/es O NEBRE, % co NPFHRT
B E S BYIG R EIRE, mg/L; ¢ AWMEERHE
SREIEIRE: mg/L; v NEBRIAR, mLs m RN
FIRE, g.

2 IRMIERILARE

2.1 IRMiEh I FEAEE

W Bt B g 2 A5 A 32 R 5 O Bt o R o R B B
(PRI DG 2R, 225 FH K 47 3R W B 2 AN B 2 25 1487 1 O
TR AT DL Sk 8 MR B 7Sk VR B R VR B LR
AR T TR FE IR B ) 4 A R R B L
gy KR HE—Wrsh AL e i sh g e B A K&
Weber-Morris $URE P 97 HIURBE 88 X6T P 57 VR 4 1 I P 4
B HATIE .

Horb, WE—Brah 7y A AL S T R WG B B
(R BRI, BB TR B IR 2 5 N 2 PR B 2 B DA BT

TR i 7 B ) 25 R HE Y . HRk R T piow
In(qg, —q,)=Ingq, —kt (3)

o, g AR 2, mg/gs g, 8 ¢ B0V F &, mg/g;
t RIS, ming k AHE—P R SEEFE L mins
HE M sh J) e A g TR B AR, IR
T [3] FF R B 2% o 1 B4 3t Ry, L B AR A
A2 AL ER, ik R
.1 > L (4)
g, kaq. q.
A, ke HHEZ I RSER T, g/ (mgrmin) .
Weber-Morris HIUR A 47 HICKS 2L 308 o F538  B Jo 7 P f
FUNEBIS BV, ] DL T e S B R N B
HRFE SNSRI FEER R, HRER TR
g =k +C (5)
X, ky ANT BEEFESH, mg/(min'?-g); LL g Xt 7
TEE, B MRPRIN &, #EE C HE5IURZEE
HRI)FE R A ELEIT R A IR B A9 ads i,
WAE R A, #PE C BRI B S R s | P R
SR AVRIER N
2.2 FRINMHEE
W o S5 Ui o 4 = BRI AU P AR E B, 7 I B B
717 T W R ) 4D R A e AR o o R RO B N R R
IR R AN T B 90 70 TR e 0 3 45 R 1 S5 R IR
FHAFAE, 203K T Langmiur 25 AR . Freundlich
SR T AR AR DL K D-R SR I AR AL
Langmiur &5 % fHEIAE S AE AR b, R
W% B 751 2 T 2% 1) [) 2 5 LV B B 2 I B, e R N
B O T B IR R RE D ERAR T, HFEE T2
EBEAER 770 AR e A B R 30 A7 AR B A A, it

TR mi 2 e, B I () R0 46 57 Sk R PR 384
MR B B AN TN, & T RGN AT Hk
BN R

c 1 c

<= +— (6)
qe qum qm
1
R =— 7
1+k,c,

KH, g, FEBKBIE, me/g: o, WP o ik,
mg/L; k; N Langmuir B84 ip (1P 475 40, Limgs R, N5

Freundlich 55 33 W BRHA%E {1 e IO B 5751 28 T 4% 1) S 1
H LR B R 22 JE R, 3 T 5 e A A e B2
HRIE W FoR:

q, =k.c" (8
EiRFRIR AR
lnqezlnkF+llnce 9
n

K, kr W Freundlich B8 -4, Limgs n &
) S R AL

D-R S5 W P ASE AR 15 L H 4D B B AL L B
78, MARELEFLEREE FOF BT G, EEH 08 &
JaEAE TR I R 4P HRik A T iR

Ing, =lng, —ké&’ (100

&= RTIn(1+-0) (an

F-——L (12)
2k

X, kg D-R B I BETG E R4, mol’/kJ?; & 4 Polanyi
#he, kI/mol; R NHARSAAHEEL, J/mol-K: T NI
TR, K E AW H B #E, kI/mol.

3 WIELER

3.1 RHRAE

ANFEPRASREE AR pH EA (3+0.1) VEHRPE S
JBRNRHEWR 2 Fn. NRPEH, ERAREE LR
PRI B A It 5 M ESJE, 438 Cuy Zn. Cr.
Cd. Pb. [AIINATLLRIL, JEFHIRE LRSI R, BRIkR
WP ESER NS YRR RS R T
0.08 mm W GVER M2 ESJE Pb & & SRR T
1 mm B IR E) Zn A Cd (IFFE4E; RA Cu F Cr 1
JR FEIREE A FRAR I By aT A I — e & . A
KE, EREFMET 5 MESBMRBEHNARNT (H
KGR GEAHEBbRAE) IHERBOR R (BT EE RN,
HEJE Cd R E SR EERE . B, #E
TR EE L RURLAE A5 K AL BRI BRI, R 7 B R 7K A4
IREE AT AR I A k5 g, FRIEEL 0.15~1 mm R £
FEVREE T RURLEEAT i 4k W B AR R
3.2 BEFREBTBRRI

B R H5% (Scanning electron microscope,
SEMD 3% 0.15~1 mm KA iR FiiR kLR R S5 e
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Table 2 Heavy metal leaching content of waste concrete with

different particle sizes (mg-L™")
sy
g Cu  Zn Cr cd Pb
Particle size/mm
<0.08 0.065 044 0.065 0.100 0.021
0.08 ~<0.15 0.059 0.25 0.059 0.090 A
0.15~ <1 0.035 A&t 0.039 0.060 ARA
1~ <5 0.025 KKrth  0.033 RA RA
e vt ok [30]
PRt FME ) 15 0.1 |

Standard threshold™”! 05

a. 160 X

b. 10 000 X
A3 RERKAZET EFREL SEM B

Fig.3 SEM of waste concrete at different magnification

3.3 MRMHAILLER
3.3.1 MR ER R BRI 0B

B 4 SRy EE 4 R RVER 4 T AR B 56 2 o R R R Bt
HARCM . RO, BEE WU T R AN B
PR B R 11 2 R R IR PR . RN, PR S TR
FRES BRI E SR EETREMESR. H
W, R 3 TR X T R R W B AR D A R R N T
150 mg/L B 2IEASE, X T4 (0 IR B S AE R 46 i ik P
/N 200 mg/L B 2 IEAHSS, BEAE W46 B B L
RIS PR BSR40 B ZE R 3] 38 AT 68 mg/g B T-Ha €
T A2 T BRI T W B S B R — v, TEVIAR E 4
JE R E RN, BN RRREL YYIGES
JaB BRI AR KN, R 0 VI ek - R T R B AT R T e
G, BEEIEREARE, 2R MR TR R TR
REBE R MBI M, W EEHE T RERS.

3.3.2 KMERATRME 6 R0R

Bl 5 W B s 1) 5o PR 3 i e 1 W% B B 052 Fl
Bl S mr UL, R 5 Rk 0] P Bl 4 iR I B A AR S
PUE R N5 & T AR E, EFT 100 min 2 P, K5 IR EE
TR Y E 4R, B9k 100 min i, N ER AL
PRV AE, BE S B AR AN TR I o 32 RN A0 46 I B B
B R ) 2 T PR B AR 2 W R R LR, B E
WG Rt i 1) (0 38, ] DAV B PR S 8 T 92> WO R 3R
KA BE 2 B, B3R 5 1R G 0 I Bk B AR 2

T A E .
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Fig.4 Effect of initial mass concentration of heavy metal on the
removal rate and adsorption capacity
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Fig.5 Effect of adsorption time on adsorption capacity of waste concrete
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100
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E£FRZE Removal rate/%

20

> s 6 § 10
W 751 FH &t Adsorbent dosage/(g-L™")
B6 EWAMAETHELEERENY A

Fig.6 Effect of adsorbent dosage on removal rate of heavy metal
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Pseudo-first-order kinetic model 7
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Pseudo-second-order kinetic model
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Intraparticle diffusion model
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g =
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Fig.7 Adsorption kinetic curve of waste concrete
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Table 3 Kinetic fitting parameters for adsorption of two heavy metals by waste concrete

IR AE S RItE S i3 HEZ BB ) H IS 3 FURL Y37 R 2 8
5 [t 4 Pseudo-first-order kinetic model parameters Pseudo-second-order kinetic model parameters Intraparticle diffusion model parameters
Adsorbate pggug s b POERM PR = PERM OWE ATHGERSN RERM
e SR B R e SR ko R c b R
Cu 37.94 0.0182 0.911 42.39 0.006 0.979 13.987 1.494 0.648
Pb 76.219 0.0195 0.928 67.41 0.0003 0.972 25.462 2.647 0.579

BE—IBAE g%t 0 AhR T, K Weber-Morris FUHL A
B BB AL P 7 VR A A A R A K e s 0 AT
&, WK 8 Frn. ATLLEH, HEUREHE 2 H B
PE, B RDE R AN AT E R TR e A RO N T B AR 4
HNEANHEL. 21 T BONSMRIY BB 56 2 BTER
FLIEZAET B B, thsh, ME 8 Wit v LUEH, KA
Weber-Morris FIURL P 47 IR 28 % 8 FH 0019 21 1 ith 28
I AL AR BRI 5 A, X AT B £ T ROV R
M BRI, R 7 TR 0 R0 1 B AN IR B it 72 52 3]
FURL P 7 B ] B2
4.2 FRMWPL

9 PR AR R A SRR 1 3 AR
AL 2R, MRS HWER 4 s, NEFATLIEH,
Langmiur 257 W5 B 78 300475 20 (1 R 320 75 T oAt i o 25

TR B, X 5 B Langmiur 2595 W JHASE TR G 5 47
R FE R T R R SR AT R, R E 4
JE IR B T B JE IR PR T, EL T E A R R A
FUA 15 2P P10 I B 5250 531)oA 40.75 i1 86.73 mg/g. 435S
FH R, T LRI 7R Langmiur 2535 W AR 1) 2 S 5
TEFIMR PR e 7 Ri>1, R B FRARMEEA T, WPt
ORI 0<Ri<1 KA RIF, Ry = 0 KR
MR, S5, PRI RE T R E SN
Ry 397 0~1 2 18], Ud B IR 77 TR 4 L0 93 b 2 4 8 11 VR A
RR R U7 . Freundlich &5 I FAS Y A 11 4% ) S PEFEHL
T TR A S FERE, H1<n<10, RS T
WeB. ZiHE, IRFFRE T TR ESER 0 25N
4.283 Fl 2.150, 31X 15 B & 7 VR Bk 0T AR P b B 4
JE IR B I R 2 S kAT
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Fig.8 Intraparticle diffusion model for the adsorption kinetic data g D-R isotherm modelR
onto waste concrete oL~ L . . I )
100 200 300 400 500
N I <P 46 i 94 S5
4.3 ﬂ& I}ﬁll‘i ﬁg tt Eﬁ Adsorption equilibrium mass concentration ce/(mg-L")
R 5 ONIRFEREE LS HARE W R CRIR b. R
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M 7 i y 4 i) L ! JR=0 > RO K s N
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FL3dE . Fig.9 Adsorption isotherm fitting curve of waste concrete
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Table 4 Adsorption isotherm fitting parameters of waste concrete for two heavy metals

Langmiur 2535 W% B A7 24 Freundlich 257 W fHAETL 2440 D-R 5% AR 7Y 244
UAEy) I R :
Adsorbate Langmiur isotherm model parameters Freundlich isotherm model parameters D-R isotherm model parameters
gwl(mg-g") kt R R ke n R gwl(mg-g’") k R
Cu 40.75 0.032 0.059~0.385  0.992 9.722 4.283 0.701 38.208 0.00027  0.972
Pb 86.73 0.009 0.182~0.690  0.970 4.460 2.150 0.871 66.22 0.00047  0.887

Ti: qm AN ko B ke 5334 Langmuir BB Freundlich BIALFATH % RN BEREG n AFFFIEIRSG & 9 D-R WA MG RS BN
PE R HL

Note: gmis the maximum adsorption capacities; &, and kr are the Langmuir and Freundlich adsorption constant respectively; Ry is the separation coefficient; n is the
anisotropy index; k is the activity coefficient related to mean adsorption energy; R” is coefficient of determination.
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Adsorption characteristics of waste concrete on the heavy metals copper
and lead in water
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(1. Institute of Geotechnical Engineering, Northeast Electric Power University; Jilin 132012, China; 2. Key Lab of Electric Power
Infrastructure Safety Assessment and Disaster Prevention of Jilin Province, Northeast Electric Power University, Jilin 132012, China)

Abstract: The direct or indirect discharge of industrial wastewater leads to the high degree of pollution of heavy metals in
Chinese natural water resources. The removal of heavy metals sewage is a problem that is exigent to be solved. However,
existing heavy metal removal methods are generally found to be too complicated or expensive. Because the waste concrete
particles contain cement hydration products and unhydrated cement particles, which have a certain activity and a high specific
surface area. This paper tries to use the waste concrete particles as the adsorption material of water polluted by heavy metals.
Through the heavy metals leaching test, it is found that the heavy metal leaching capacity is related to the particle size of the
waste concrete. The larger the particle size is, the smaller the heavy metal leaching capacity is. Based on the test data and the
discharge threshold requirements of the National Comprehensive Sewage Discharge Standard, the optimal selected particle
size of the waste concrete particle material is finally determined. Then, by the static adsorption test, the effect of the adsorption
time, the adsorbent dosage and the initial mass concentration of heavy metal on the adsorption of heavy metals copper and lead
in waste concrete are mainly investigated. The result shows that the adsorption time, waste concrete dosage and initial
concentration of heavy metal copper and lead will affect the adsorption properties of waste concrete. With the increase of
adsorption time, the adsorption of two heavy metals copper and lead shows a trend of increasing first and then stabilizing. In
the first 100 min, the adsorption of copper and lead quickly reached the equilibrium. With the increase of the initial mass
concentration of copper and lead, the removal rate of the two heavy metal gradually decreases, and the adsorption capacity
gradually increases and then stabilizes. When the initial mass concentration is less than 150 mg/L, the adsorption capacity for
heavy metal copper is positively correlated, while heavy metal lead is positively correlated at the initial mass concentration of
200 mg/L. However, with the increase of waste concrete dosage, the removal rate of the two heavy metals copper and lead
increases first and then stabilized. The adsorption of heavy metals copper and lead on waste concrete conforms to the
Langmiur isothermal adsorption model, and the maximum adsorption capacity obtains 40.75 and 86.73 mg/g respectively; the
pseudo-second-order kinetic model is more suitable for describing the adsorption process of heavy metals copper and lead on
waste concrete, which indicating that the adsorption rate is controlled by chemisorption. Compared with other common
adsorbent materials, the maximum adsorption capacity of heavy metals lead and copper on the waste concrete is much higher
than natural zeolite and palygorskite, while the maximum adsorption capacity of heavy metal copper is lower than activated
carbon. However, based on the price, the recycling price of waste concrete is still far lower than the market price of activated
carbon even if the processing cost caused by crushing. This also reflects that the waste concrete has good adsorption capacity
for the heavy metals copper and lead, which can be used as an adsorption material to treat the wastewater containing heavy
metals copper and lead.

Keywords: heavy metal; waste concrete; Cu; Pb; adsorption characteristics
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