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Table 1 The chemical indicators of FMT

SiO2 AlO3 Ca0 Fex0s MgO
46.54 3.47 17.82 7.03 11.34

SRV EE RN 2.603 gem’, pHE N 8.54.
R FT AR K ER CuSO-2H0 R E . HCl &
NaOH ¥ 4 tréti. RI K AHEEN 180
MQ-cm FI#B4EK.

12 ((HR58&

BT R, BEFRIE2EEET (AAS);
pH fHit; EREK, BAKRE.
1.3 pH (R R ¥R IR M I AR 00

pH {EXIIR M EAIRM: FREX 1.5 g BARTE 0250 ~
0.450 mm KIBEBT B ETF 150 mL #EMEP, WA
pH ETEE7E 1 ~ 8 £ 100 mL ¥4 100 pg/mL A
Cu* M EK, BT 25C, 180 r/min B 24 h,
BT 0.22 pm K RRE, AR FRES
KEHRE Cu® KE.

R BRI FRER LS g WAETE 0250 ~
0450 mm KB HE T 150 mL M+,
A\ 100 mL 3R FE A 100 pg/ml B9 Cu** HERURK, BF
25C, ¥%3% 0~ 250 v/min /& 30 min /FELHIE 022 pm
KRR, ERAEFRESEE TR Cu®™ RE.
14 WREEMRAIRR S

WH pH . B Cu® VIHIKE U L Rk
EFpRmE 2P {EREZE, BY% 9%6h. XA
Design-Expert 9 Box-Behnken &, & id ' 5 [ 4

R R B %M. RGBT RR 2.

® 2 WEENEERKFADE
Table 2 Factor levels and coded value of the responding

surface design
o E& =KF
A pH & 3 4 5
B BE/C 15 25 35
C  WMEWEE (mgL') 100 150 200
D £k /(gLh 15 20 25

BUKE4% Y5 FEIAE 0.250 ~ 0.450 mm BT 7Y,
ET 150 mL Z/ARA, HBREAZRSHGHT
AL E 100 mL BMUE K, %A HCY/NaOH A5 pH
BRI, HETFHRIERE 96 h 5 0.22 pm
KRB ®EER?AAETUE C™ RE.
Cu* MEREFHEALA:

E =°%°‘x 100% (1)

RF: ERNCu™ ZBE (%); Co ARMATE
B Cu® MIANIRIRE (mg/L); C. NRMTPEHEE

WP AL Co™ FIIRE (mg/l) -
2 R
2.1 pH ARFEZMRENER

M1mWA, EpHE< 2K, REFUXMHE
PEAKPE Cu* ZRERAME, WAERIKpH
ETTRSBKRT B EFTHHIAELILL
Cu** MFERMTH, TSR KA B Z KI5 3.
pH { =2 HHER—NMRIFRAL R, EWpHET
H' 5 Co* ¥R MAIREHRMELIFESL TS
SPERE, SBUKMEPH Cu® EHREEIE 0;
pHEN3~60, HBEEpHERT, R FH
ERERRETVDRARKUAZNEE, Rt
CuOH' 5 Cu** % ik Cu(OH). i — B F&{K T H* K
P U8 s i £ 19 25 R T LML R R E
ZH G, EMRBERE; EHZ pHEN 7 1
BIBK P Cu FFEE AT FE AT il Bk, &
SRR ES% pH HE 3~ 5 BFFT.
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Fig.1 Effect of different pH on Cu?* removal rate of FMT

HENEREEWMNEK 3, LRV P C
HEZREEENAREMER, E2RRARE
(50 ~ 250 /min) (LSD,P > 0.05) , UEAREK
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NI IR L R R M A K {2 180 r/min. 250 r/min
5 0 /min MLt EREE (LSD,P<0.05) , WM
NTHERK, SEBHTURERTERE.
P 250 r/min £FRFEIFEKT 180 /min, FEHE
MEXENRE, SRVD AR REELES
x, BOTHRETVEEBRBMNEMER, FHT
WA R BERTR TR, &2 L, ¥#ER 180 r/min
NEBET WRM KT Cu® MBEREE, NRIE
BERARERFEREEE.
%3 TREERKEN X Cu* ZREHKN

Table 3 Effect of different rotational speeds on Cu?* removal

rate on FMT
B# /r(min) BLWRE/ (mgL!) EBRE %
0 93.48 +0.59° 6.62 £0.59°
50 89.30 £0.88 10.70 £ 0.88%
100 87.4410.76" 12.56 +0.76"
180 85.81+0.26® 14.19+0.31%
250 86.31 +2.30%® 13.69+2.30®

RAFRRAISFRRTARARREE (P<0.05)
22 WNEGERACRET B Cu™ BIIRFE L
BREF X Cu™ i) R 3w ML AR Bt &
HGRNE 4.
x4 BEHR. SRE|BMNE

Table 4 Design result and model predicted value of test

R EBE %

¥ A B Cc D RO masE
1 4 25 150 20 99.976 99,98
2 4 35 150 15 99.999 103.19
305 25 150 15 9997  97.62
4 3 15 150 20 86.323 87.35
5 4 35 200 20 99.982 102.70
6 4 15 150 25 98.036 95.21
7 5 25 100 20 99.964 101.68
8 4 25 150 20 99.952 99,98
9 4 25 150 20 99.999 99.98
10 4 25 150 20 99.976 99.98
11 3 35 150 20 99.929 100.19
12 4 25 100 15 99.999 99.74
13 3 25 150 25 99.999 101.30
14 5 25 200 20 99.964 98.93
15 4 15 100 20 97.274 93.51
16 5 35 150 20 99.952 99.61
17 4 25 200 25 99.999 100.95
18 4 25 150 20 99.976 99.98
19 4 35 100 20 99.999 98.04
20 4 15 150 15 75.959 80.19
21 5 15 150 20 88.101 88.53
22 4 25 200 15 98.288 96.11

2020 &
23 3 25 200 20  99.964  98.61
24 4 35 150 25 99.999  96.13
25 5 25 150 25 99.999  101.57
26 4 15 200 20 82404 8331
27 3 25 100 20 99.999  101.40
28 4 25 100 25 99.999  102.87

29 3 25 150 15 99.905 97.28

22,1 ERFESR

SHAR R ITEZ = REFF, HKE
R2AG) HITEBHRTEARFHAEED, B3
MERRIAXTHTE:

E=99.39+4.47 X 10°A+6.43B-0.22C+0.23D-
0.44AB+3.71BC-5.52BD+0.43CD-5.6B*+0.61C*+0.45AB2-
3.5B’C+5.29B’D-1.36BC*

A EARERYT WEAEKF Cu™ B XK
#, A B. C. D#HApHE. BE. ¥IHEKE.
Bing. 7REHTE, 4 MEENEREME W
FREBMEHRR, MTREHXE. ARIEE
M ARERETHRANR S EMBEE, WE
MUEH_REVAFBRITHEMT, ERAEKS.

* 5 WEEERESEDNR
Table 5 Analysis of variance (ANONA) of RSM model

HE
%gE AW HEE % F&

BA 102523 19 53.96 360.39
A 1.60x10* 1.60X10* 1.07X10° 09747 F2E

Prob>F BEH

<0.0001 % * *

1

B 331.03 1 331.03 2210.85 <0.0001 * ok &
C  3.06X10* 1 3.06Xx10% 205%10° 09649 T RE
D 344X10° 1 3.44X10° 230X10% 08828 FEE
AB 7.69x10" 1 7.69x10% 514 00496 ABE
BC 55.16 1 55.16 36838  <0.0001 * * *
BD 121.85 1 121.85  813.83  <0.0001 * * *
CD 733%x10% 1 733%x10' 489 0.0543 FEF
A2 823x10' 1 823Xx107 549 0.0437 * %
B? 157.22 1 15722 105006 <0.0001 AEE
C? 413X107 1 413X102 2.76X10" 06120 ARE
D*  155x107 1 1.55X107 104 03354 AEBE
AB? 530x107 1 530%x100 354 00927 ABE
B’C 27.57 1 27.57 184.17  <0.0001 * * ¥
B’D 60.28 1 60.28 402.60  <0.0001 * * *
BC? 491 1 491 3278  0.0003 * ok
Cp 3a8x10t 1 318x10t 212 01791 AREFE
cD? 3s51x100 1 351%x100 235 0.1600 B
B*C? 3.20 1 3.20 2140 0.0012 * %

BRE 11694 14 8.35
RiME 421 10 0.42 14 0391 A BE
4R 120 4 0.3
BEE 102658 28

* P<0.05, BE, * * P<0.0l, REE, * * * P<0.000],
BREE

BRI F (828 360.39, i@ KT 1, WHHTEKY
BEME; P<0.0001, REMVEM - RIEBRKE







0144.

A HNA

2020

BIMKEHISgLERE2S gL, EREH
75.96% REE 98.04%, ARERT. EEEHMHE
EURRTDERR, BHRMAABEVERS,
TEEUKA P Cu* MBREARE, NTISB T £
%REAEH. BEENBRMEZATNREEBENT
HRWER (P<0.05) « ZEE2~5T4, 48
TEEAEEREN, " K5 SR R
B, WHEKRET X Cu ZRENEENRER
B, FEEREEEEARTAR, EER
B Cu®* MM R —MRAM L ETRE,
BENRSERNTRAEBNMRMIE, ATTRE
TERE,

2.2.3 AR IHE

{# A Design Expert 10.0.3 54174, R
EBRER, BEREY BRI Co BEXGRE
FER20C, %1%k pH {ER 4, WIEEWREN 250 mg/L,
BEVTRRINE 15 gL, AR AT S,
ERBEXEHITTZRPTRR. B3F9E
BRE KN 88.80%, HEAITRMME N 88.87%, RKMAES
U EEE B, WA ZEREERTFHUES
F&GTHRET DM Cu* ZREME M. Eik,
XA N E RS ET X Cu® IR M BB T S
BHTHME.

3 04 #®

(1) AEEREZMHT (25C) HARER Co™*
KAHTEE R T, pHERN 3~5 EETHRET DK
Bt Cu*, pHEMKT 2 BIEET B H Cu™ HriH,
BERAKE KGR SR UREERTHS
W B, #ELE 180 r/min B, BBV X Cu®* R
EBK.

(2) UApH{E. BE. VIHKE. BMEHN
FmEE, RAWMEAGE (RSM) # £ Box-
Behnken F.0H &R HHT T R4, BBITHE
DEEZFHALMEMNFE. P, BES%KEY
w5 cu dREEEYW, EARENEE SR
FR: BE> e > YIERE > pH .

(3) NRIFEAIHERTE, FRAEE N 20C.

¥tk pH BN 4. WIEEWRE N 250 mg/L FMBINETE
15¢g/L. BHEREN88.80%, 5TN(E 88.87%
1RE 0.08%, RFENEFBIMBERTREBE R
RIBA F &4 TSR X Cu®* MERE.

5% XHh
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Optimization of Adsorption Conditions of Copper (II) on Ferrous Mill

Tailings by Response Surface Methodology
Fang Nan'?, Wu Jian'?, He Qiang', Cheng Huicai', Zhang Liping', Wang Hongwei’
(1. Biology Institute, Hebei Academy of Science, Shijiazhuang, Hebei, China; 2.College of Life Science, Hebei
University, Baoding, Hebei, China)

Abstract: The ferrous mail tailings (FMT) were applied in an in-situ restoration for copper (II) in water, the
pH and rotation rate were investigated which effected removal rate. The result showed that removal rate was
promoted apparently in pH 3 to 5 and also rotation rate in 180 r/min. The factors such as pH, temperature,
initial copper(II) concentration, and adsorbent dosage were investigated by Box-Behnken in response surface
methodology, mathematical models were established, and also the effectiveness of the model was verified.
Evaluation of the effects of different factors on the removal rate showed that the effects followed the trend:
temperature, adsorbent dosage, initial copper (II) concentration, and pH in descending order. The optional
conditions for absorption progress involved a temperature of 20 C , initial pH of 4, and initial copper (II)
concentration of 250 mg/L, and adsorbent dosage of 15 g/L. Under the aforementioned conditions, the
removal rate is 88.80%, which is closed to the predicated removal rate of 88.87%. Therefore, the model
established can truly reflect of those main factors.

Keywords: Ferrous mill tailings; Copper (II); Removal rate; Absorption; Optional design by respond surface
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