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Study on the adsorption mechanism of Cu®* by steel
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Abstract: Steel slag-manganese slag composite ceramsite were prepared to study the adsorption characteristics of
Cu’ containing aqueous solution. The effects of material ratio, experimental temperature, adsorption time, stirring speed
and initial mass concentration of Cu’* on the adsorption rate of steel slag-manganese slag composite ceramsite were
investigated, and the isothermal and kinetic models of Cu* adsorption by steel slag-manganese slag composite ceramsite
were studied. The composite ceramsite were also characterized by XRD, XRF, SEM and BET, and the adsorption
mechanism of Cu™ on steel slag-manganese slag composite ceramsite was discussed. The results showed that the composite
ceramsite contained a large number of silicate compounds and basic oxides, and also had a large surface area. After
hydrolysis, the ceramsite had a strong adsorption capacity for Cu*. The optimal mass ratio of steel slag and manganese
slag was 5:5. The temperature has less influence on the adsorption process of Cu’*. During the adsorption process, the
removal rate increased significantly with the increase of stirring speed when the stirring speed was in the range of
100-300 r/min. The equilibrium adsorption time was 30 minutes, and the initial mass concentration of Cu* with the best
adsorption effect was 500 mg/L. After the initial mass concentration exceeded 500 mg/L, the removal rate of Cu** de-
creased significantly with the increase of the initial mass concentration. The adsorption process of Cu® by steel slag-
manganese slag composite ceramics was monolayer adsorption, and its adsorption process was in accordance with
Langmuir isothermal adsorption model. The theoretical maximum saturated adsorption amount was 83.3 mg/g and the
actual maximum saturated adsorption amount was 80.69 mg/g during the adsorption process. The adsorption of Cu** by

steel slag-manganese slag composite ceramsite was in accordance with the quasi-secondary kinetic model, and its

[EE£TE ] Xk H 4 R - E R0 8 BT a3 A D7) /R85 H (202107d0605)

—113—



KR

Tl KA F 2022-08,42(8)

adsorption process was mainly chemisorption.
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Table 1 Main components and mass fraction of steel
slag and manganese slag %

WiH Ca0  Si0, Fe,0, ALO, MgO MnO PO, TiO,
fi 4259 17.05 1633 1078 5.83 255 181 176
GRit 0.829 33.63 19.98 3338 116 591 120 1.84

DHG-9425A LS X AR HL, 1 i —fE B} 27X
A B T FA2004 BT 4y 2 — ML T ROF, LSk
T B AR AT PR 2 7] 5 pHS-3E B pH i1, B4
HL R 22 A Iy A BR 22 Wl 5 TDIA-40 B 8] 3 385 R0 B
WiVTIE 28 W 28 A BR A ] 5 SM-500 TEST MILL %I Bk &
Bl , DBS-300 #4 o if; =X i 0 I 0 AL , JC 85 2t (AL
BLBK 5 B13-3 U8 ] I 5 I ) S0 b 2 L 11 W 2R
AR A BR 2> w5 X2 AT A, 8 A 65 e 0
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Fig. 1 XRD of steel slag(a) , manganese slag(b) and steel

slag-manganese slag composite ceramsite ()
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Table 2 Sample BET data
i H it il v 5 4 bk BS
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Fig. 2 Adsorption-desorption curve of steel slag-manganese
slag composite ceramsite

2.1.3 SEM % #1
W52 B WRE BS A 500 me/L AR % R 30 min,
B3 FTm o

i B I i A2 PR F) SEML R R4
Y s
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Fig. 3 SEM of ceramsite before adsorption (a)
and after adsorption (b)
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Table 3 The effect of steel slag-manganese slag composite ce-
ramsite with different proportions on the adsorption of Cu®*

F4 WP EE XM E-SRE S A BEA IR Cu™ R B R
Table 4 The effect of adsorption time on the adsorption of Cu*
by steel slag-manganese slag composite ceramsite

m (B ) :m (B ) RIA R 5t e/ (mg - L) LBRR/% W BEE T () fmin AR 0 A W /(g L) FBRRI%
10:0 77.03 84.59 1 356.55 29
9:1 15.7 96.86 3 314.46 37
8:2 76.14 84.77 6 238.14 52
7:3 53.91 89.22 10 135.28 73
6:4 32.68 93.46 15 70.1 86
5:5 14.75 97.05 20 36.4 93
4:6 53.49 89.30 25 24.86 95
3:7 106.49 78.70 30 0.11 100
2:8 178.2 64.36 35 0.02 100
1:9 318.27 36.35
0:10 470 6

3 a0, m (A ) m (5 ) =5: 5 1), 89 7# -
i 15 52 A W R Cu 1 R R AR e A L A
— T R TT LB v A Y R R i -
e 75 O A WA I R R RCSR o T  EE E 3G  ad
o ET ] 2 B R AR /N, m (A ) s m (B ) M 5
5 B W B R G B e A 0 S gk S B AR A i, K
A A W R Cu 11 5 B A5 SR A B 0 5 s A, 4
e 5 W R Cu™ I R BRRAR /N . AR W, 2 G B
B Cu™ 1 W B 3 2K 5 19 15 K AR T8 B0 v
EE RS Co® B B Cu(OH), UL VE , 5
R A M PR R RN, in  C-S-H B i (K Ak
Tl 2 5 058 11 ) ek TR 5 A5 K AR 19 7 A K Ak 0 o 4
HEAT W B 5 T 458 R ) L 3 T R of B R AT B 22 Y O R
A7 5, 4R T 6 Cu® 1l W [ BE
2.3 WR BB B X Cu™ 25 BRRUR B9 &2

FE8 £ 100 mL Cu™ ¥ W (Cu™ W) 4 i3 2 vk oy
500 mg/L) 143 5N A 1.0 g 4K i -4 i B A R
(m U ) m (AR )=5:5, )5 L2 LB ¥R FZ L6l ),
T BB B BE R 300 t/min W B R EE S 25 °C L, #EAT
W B S5 . BUORE I 0.45 pm 7K R B AR, I ICP ) 5E €
W G, 25 B B S 1] X6 Cu™ 25 BR A3 I 5
ZERIMFE 4R

R 4 0] UL, A9 i - i 2 A B R Cu™ 9 T B
Gy R 3AB B, WIIR B B, B - T R A B R
Cu™ Y W B 12t W] b B84, X2 il TE v 2 6
R 2 T A7 AE Kt W B AN, R i B Cut T B
AH - AH BT, 5 R R R T A IR B RS A SE R R AT
ME O ERY A R, BEE K, (AR
AR 22 W R A Cu i b B R T I A AR
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A Ca™ W B 9E 42 IR B OR S . Ak
AR AL S R 114 B i A A B R K B — 3
24 BEXCEBRMEMNEM

T Cu> ) B o 96 B 4 500 mg/L, Cu® ¥ AR
100 mL 3K i~ i A2 B RN R 1.0 g di
B EE R 300 r/min 1Y 55T, 7EAS[R] SR i BEE R 1 T
B FE, B 30 min, BORE #% & 5 42 0.45 pm K &R €
JIEE 000 DR R Cu™, 28 8 B X Cu™ 5 B R 1 52
Wiy, 45 SR AN EE 5 FT R .
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Table 5 The effect of reaction temperature on the adsorption of
Cu™ by steel slag-manganese slag composite ceramsite

WEEIC T8 A5 4 A v B /(mg - L71) LB I%
25 4.773 99.04
35 0.588 99.88
45 0.422 99.91
50 0.364 99.93
60 0.112 99.98
65 0.149 99.97

2% S AT AT, R R T AR i - T A G B R T
Cu™ M RCSR HE A B A 5E ), 2 B R BE AR AR R 7E 99%
PLE o DA A 4 o dk vk B 1) AR R I SR L T IR B
BERI Ay Co A — 2 A8 Ak HA] ZE R T ) A i -
i 1 52 Bl R I B Cu™ 118 5 T I B AT A8 R 1) 38
P, HLR B A5 R A
2.5 EEEEN CERBRBEZM

ot Pl B R ) A2 G BRI K L DA B Cu” S 2
A R 2 i, 2 B S G R 2 — . fE 8
B3 9] 1 o 4k B R 500 mg/L 4 100 mL Cu® ¥ ¥
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A3 AN 1.0 ¢ B9 -4 i 2 A PR, =T LUK [E
i o HEAT W F L 30 min J5 BURE 3 0.45 wm K B
UL, 5 VR Y Cu SR LK 6,
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Table 6 The effect of stirring speed on the adsorption of Cu®* by
steel slag-manganese slag composite ceramsite

BEHEA R/ (romin™) BRI PR (mg- L) ZBRR/%
100 193.2 61.36
150 101.81 79.64
200 53.65 89.27
250 2591 94.82
300 0.21 99.96
350 0.10 99.98
400 0.01 100
450 0.005 100

H 2 6 AT A, Bii $F 3 B R 100~300 r/min A, 4
T8 — 5 i 52 G Bl R 1 R T 20 SR I o e B2 %) 15 fm g
P K B TR Tk o B e oK Cu™ 5 &
G B R 42 il T AR AR R MR Cu MR R VB A
Pk R A 2855 00 S 5. RIS PR
P T RE T 0 A A W Y K, AR K i C-S-H
AT OH™™ $ g %t Cu g L bR, M Fp i i &
300 r/min LA [ B, 3 W P BY Cu® & A4S 9 W B 52 4 .
S 5 Fme A AR P H S 300 r/min.
26 WMBREREN COERIENZME

RN L FE 743 100 mL ) 4R BT i R EE AN [ A Cu™
VW 3 RN 1.0 g 4K 4 s 52 G B R, 300 1/min
Pt P T B 30 min, BORERT 0.45 wm 7K R JEHE, 1)
FEPET P Cu® SR R T
®7 VMEREBREMNNE-EEESSMEERN C R EM

Table 7 The effect of initial mass concentration on the adsorp-
tion of Cu® by steel slag-manganese slag composite ceramsite

WG B W /(mg - L71) RIS BRI (mg- L) EERF/%
200 0.23 100
300 0.24 100
400 2.21 99
500 2.51 99
600 29.82 95
700 55.28 92
800 80.96 90

W 7 FroR B Cu™ W0 46 i i vk B A9 30, 4K
M-ARE R A AL LB R E T REEE . X EHT
Co TEM BIR WP ISR R, B RS, ME
Co™ Jo 5 9 B2 1 90, W kL % W B T AR R, Cu™ 25

BROREEAC . nl UL, 78 90 -4 v B2 A W R 4% i o
1.0 g 258, Cu™ W) 4 BT 1 ¥ J& 2y 500 mg/L I} Py
L T W B FR S
2.7 WME-FHEEGERLXT Cu™ B R B 41

(1) S5 R W B o A5 IR 25 1T W B 3 3] F Ay
W B it 5 Cu™ o ot Wk B 22 (8] 4 i £ B P R 5 Cu™
(18 45 U0 A O ot o A IR WA B 2 T s e W A R Y
BiF BB L T A 1A R S R W B B
WO N K 1.0 g B9 - 2 A B R CA 100 mL
AN TR 490 R 5 R EE (200,300,400, 500, 600, 700
800,900 .1 000 mg/L) ) Cu™ ¥ W H , 158 B 3 P
J& 54 300 r/min, W BB TR] 1 b, 75 2 40 7 -4 0 2 A
Wi R 1) 45 Yl W BRF e 2 181 4 s
90
80 "
70 -
60
50

40

PR B/ (mg- g )

30r

20 -

2I00 4I00 6I00 8I00 1 OIOO
SRR Y (mg- L)
B4 Cu™H%IE TR i

Fig. 4 Cu®™ adsorption isotherm curve

K4, Cu™ W) 46 J5t &k Z 9 200~700 mg/L 1,
BE & Cu (3G i, P kL i ~F- 5 0% B 5 1, 530 4R
JOT b e B R AR SRR DG R o B B 1 A % 1 R
fL A FE AL, RE 6% 58 4 W BIHAS W P 1) Cu™ 5 Cu™ ) 4 J5
R E K 3 800 me/L JiT , W 1Y) ~F- £y W B £ 32 T
TRE W T AR S

FH Langmuir A8 98 I [ A BV Freundlich 45
Tk W R A TRk i o ok B AT A A . B G A B
Cu™ 1Y Langmuir %5 Ji& W B A5 AL Fl Freundlich 55 if
BRI  an S TR o A S8R 8.

HZ#E8nl L, Langmuir ZE R FE A F Freundlich
A5 R ALY S B A OC ZR KR 43 0.99,0.46 ,
- A A B R Cu®t Y W B 4T A Langmuir
W B AL Y, B A A B R X Cu™ 1 T B JE T T
JE WL o TE BB )G BT B R BEYE N R A T
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Fig. 5 Langmuir isotherm adsorption equation (a)and Freundlich isotherm adsorption equation ()

xS HFERWMMAERPHSH

Table 8 Parameters in isothermal adsorption equation

S5l 0% B A ZH i

K /(L-mg™) 2.80

Langmuiri‘f‘]‘ﬁfjﬁﬂﬁ o A5 7Y qnm/( mg* g’l ) 83.3
R 0.99

Kl,/[mg-g’l'(L-mg’])%] 50.07

Freundlich 45 i W B 455 70 n 9.44
R 0.46

O~1, 1t 2 AR 28 X 4 PR BF A7 o A AR EAE T . #h
Langmuir 55 I W BF 452 8 3 350 1 B ok %) Cu™ 9 BHL 38
ThL AN B i g, R 83.3 mglg, 5 S bR AR R G B o
80.69 mg/g FAT 13, 3 W HY I - 5l 15 2 A Big i X K

NI
2L
1k
G
< of
E
=
2L
3L
0 5 10 15 20 25 30
t/min
&6

R Cu® A W B i B2 5 Langmuir 55 5 5 R A 2AZ 1
B — 2.

(2) W% Bt 2h 3 2% 05 B o 38 3k X W B B g 2 A AR
{4 400 A T H T I B S R ML B O A5 3 A 56 Bl 2
S,

LT W) 847 500 me/L & Cu™ ¥ W 4 i A
1.0 g 438 — 46 1 52 4 W okr , 8 212 5 4 300 t/min, i
A7 W BAF 52 56, Wz B B TR B 1.3.6.10. 15,20, 25,
30 min, i 0.45 wm 7K F U8B, M0 5 B8 Y Cu™
SR 43 I E — G R B g 2R R RN R
N By T 2 B Bl ) 2E R AT LG LG i
W 6, G312 S H L3 9,
1.0-(b)
0.8

0.6
g

0.4

02

0 5 10 15 20 25 30
t/min

HE—REHNFEER (o) FE R N ZEE (b)) BLE B2

Fig. 6 Fitting curves of quasi-first-order kinetic model (a) and quasi-second-order kinetic model (b)

H1 2 O TR, 2 R R A A G AR BGERAR v, HL A
H RSP R B AR 25 AN K T Bl g SRR T A
LU, #E 20 a g A R AR OC A B L A Y i £
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FTR,F RE-FER S AT Co™ 8 R M AHLE 5%
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Table 9 Parameters in the kinetic model

i H g2 Bl

k /min™" 0.21

THE— R B Iy 2R q/(mg-g™") 33.93
R 0.97

kz/(g'mg_l-min_l) 0.01

HE 2 8l ) 2 g Al q/(mg-g™") 33.78
R’ 0.99

2.8 WHEFZHEERAR

Sk 56 UE B T8 -4 v A2 G B R AR SRy K Ak 38 R )
(AT AT 1 38 3 TCLP ik X P o A7 4G T . 0 501 Ak
B2 g A BL.B2 B RiFE A, BT 500 mL 25 /i,
A 40 mL & @I R, W B IR E N 30 CA A L TE
B SR AL 22 PR 9% 18 by il AT T 2 I 2
i 8 UE AL B A 0.45 pm, FH VR A IR V5 TR ORT YT 8 T
pHAE2 VAR ,4 CRARAE, H 1CP K I 38 W 19 5 4
JRE T frit R ER 10 R

®10 BHMFEHELELE

Table 10 Heavy metal content by TCLP method  mg/L

i H Cr Hg Cu Zn Pb

A nd nd nd nd nd

Bl 0.008 3 nd 0.000 20 nd nd

B2 0.020 nd nd nd nd

b 10 {8 10 0.05 50 50 3

T nd AR ARG E]

H1 2 10 7T UL, B0 i — i i 2 5 Pl KL IR Y AY R
Jig 5 5 4% 0 G A T v B L, TR A R R R R A K
T Cu™s

3 &g

(1) mCEIHE ) = m (5 ) oA S+ 5 IR 2 19 4 18 -
524 BRI B Cu SR SR AR o 52 6 PRI B Cu™ XoF
TR R A I M 5 20 254 T IR 30 min, 525 F
7 BB K B W2 B 5 38 FF B S 300 r/min W B AT 35 2]
I FRIRAS s Cu WD 4R 03 Wk 5 2l 500 mg/L B, 52 & Bk
W B Cu () 25 B R BRIE L REIA E 99% LA I .

()Wt - B A PR M Co E R T &
G B R AR A T K AR A 8 KA 7 A RN i K
fiff T TR O HL TR L 17 2 i 1k A 5%

(3) 4 - 7 O 5 Wl BT B o™ Ay BRLJ2 TR R, 4%
.- Langmuir%ﬁww*ﬁﬁ! ,FRAE b e AR AN B
83.3 mg/g, I FripL FI I B £k 80.69 mg/g s N~ i 52
G B R X Co™ 14 W B 3 R A 5 M g gy g 2
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