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Optimization of Biocatchers Based on Response Surface Methodology for the Flotation of Copper lons
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Abstract: A novel biodegradable surfactant of sodium N-lauroyl sarcosinate (I.S) was used for copper ion flotation. The effects
of mass concentration ratio of LS to CuCIl) (o ¢:p.. ., PH value of solution and flotation time on the flotation effect of
copper ion were explored by single factor condition tests, and the flotation conditions were optimized by Box-Behnken response
surface method. Finally, the verification test was carried out based on the optimization results. The results of single factor test
show that at the best condition with o, :0.,, of 2.5, pH value of 8, and flotation time of 5 min, the removal rate of CuCI[)
reaches 97.97%. The verification test results show that the average removal rate of Cu( Il ) in the three verification tests
reaches 99.71% at the condition with o :p.,,, of 2.5, pH of 9, and flotation time of 4 min, which is basically consistent with
the prediction results obtained by software fitting. It indicates that the model has a good fitting degree and reliability. The
morphology and elemental analysis show that the structure of LS-Cu complex is loose and stable. Compared with LS, the mass
concentration of Cu( Il ) in the complex increases from 0.00 to 5.15%, indicating that LS has a good adsorption capacity
for CuCll).

Key words: Ion flotation, Copper ion, Sodium N-lauroyl sarcosinate, Biosurfactant, Response surface method
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Table 1 Distribution of copper fractions under different pH conditions
. . _ Cu(OH)i/ Cu(OH) 2 (ag)/ Cuz (OHD 3T/ Cus (OHD§T/
24 ;
pH Cu™ /(mol/L)  Cu(ORDF /(mol/L) (mol/L) (mol/1) (mol/L) (mol/L)
1 3.93E-04 4.73E-28 7.28E-40 9.69E-19 2.11E-16 6.59E-11
2 3.93E-04 6.96E-25 7.26E-36 1.65E-16 3.53E-14 9.72E-10
3 3.93E-04 7.97E-22 7.32E-32 1.97E-14 4.22E-12 1.11E-08
4 3.93E-04 8.16E-19 7.32E-28 2.03E-12 4.35E-10 1.13E-07
5 3.92E-04 8.16E-16 7.30E-24 2.03E-10 4.34E-08 1.13E-06
6 3.74E-04 7.81E-13 6.97E-20 1.94E-08 3.96E-06 1.09E-05
7 1.38E-04 2.93E-10 2.56E-16 7.33E-07 5.50E-05 4.07E-05
8 8.99E-06 1.94E-08 1.67E-13 4.90E-06 2.40E-05 2.70E-05
9 4.34E-07 9.40E-07 8.07E-11 2.37E-05 5.60E-06 1.31E-05
10 1.80E-08 3.91E-05 3.36E-08 9.88E-05 9.70E-07 5.44E-06
11 1.49E-10 3.11E-04 2.77E-06 7.77E-05 6.28E-09 4.33E-07
12 1.94E-13 3.49E-04 3.61E-05 8.27E-06 8.74E-13 4.85E-09
13 1.28E-16 1.55E-04 2.39E-04 3.16E-07 2.24E-17 2.15E-11
14 2.03E-20 1.92E-05 3.74E-04 3.16E-09 4.07E-23 2.68E-14
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removal rate of copper ions

2.3 FiERE

HeT BRI IRSE T IR E XS CaCHD) 22 B
R A5 LA 5 R, W B S AL BEE
TE e B RIS 0, S CuClD M LB R TH R 5
FL2, S BERE R 5 min B ER B CaC DB
L BRFTOH] A, o] W AR IR T 5 min B,
CuC ) BREIEF] 96.83% .

100

—n
W e
»

-/
80

60

Cu (Il ) KBREM

23 4 5
3 & Bt 1] /min
Bs5 FEMENEEFERENZID
Fig.5 Effect of floation time on

the removal rate of copper ions

3 W N %R I

3.1 Box-Behnken M i H &R R ER
TR AR WA B B o oy, (A) I

W pHB) . FHEmE (CH3 AN EAME N H AR, L
i B 2 BR A S e W # 4T T Box-Behnken 1
o7 TAT i 3, 7 e 7 il TS 7Y . SR A Design-Expert
8.0.6 BAF BT, £85I 3 DR X B 1 &
B (RO By 52w, o 7 i TR 8 B R 5 KF W
2,0 B MR WK 3,

K2 MEEEZRSKF

Table 2 Factors and levels of response surface
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Table 3 Experimental program and

results of response surface

F4 A B C R/%
1 0 1 —1 99.67
2 0 1 1 94.17
3 0 0 0 90.93
4 0 0 0 98.80
5 1 —1 0 97.27
6 1 1 0 70.07
7 1 0 —1 96.53
8 —1 —1 0 75.80
9 0 0 0 97.67
10 0 0 0 94.93
11 0 —1 —1 93.60
12 —1 0 —1 98.10
13 1 0 1 97.80
14 —1 0 1 86.33
15 0 —1 1 96.97
16 0 0 0 98.67
17 —1 1 0 93.20
3 1.1 i 7 pHy TR A Y N K [0S Ty e 3 1

fii FH Design-Expert {443 Hr 32 3 v 9120 56 %1
i, gy Zon AR A8 A B FIC Z
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i 4 Al AL iZ R F=8.63, P =0.004 8<
0.05, RIFIZMBAIZ T B, Yo RER® 7 0.917 3,
Wk BHZ RT3 R 5 68 IO 1 Wi o7 (B W) 45 i 2 B % 3 )
91.73 % %A% T B R B 91.73 Y0 Wi 1o () 28 1k , A
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Table 4 Variance analysis of response

surface quadratic model

P ForM O HEE ¥ F i P A
(e 1012.25 9 112.47 8.63  0.004 8
8.49 1 8.49 0.65  0.446 2
5.33 1 5.33 0.41  0.542 8
19.94 1 19.94 1.53  0.256 0
AB 497.29 1 497.29 38.16  0.000 5
AC 42.51 1 42.51 3.26 0.113 9
BC 19.67 1 19.67 1.51  0.2589
Az 192.62 1 192.62 14.78  0.006 3
B? 120.57 1 120.57 9.25  0.018 8
C? 116.22 1 116.22 8.92  0.020 3
T 2% 91.22 7 13.03
AU 46.81 3 15.60 1.41 0.363 9
ali iR 22 44.41 4 11.10
R 2E 1103.47 16

. P<0.05, 273 8% ; P<<0.01, 25 B %,
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Fig.6 Response surface chart and contour line chart of the influence of various factors on the removal rate of copper ions
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Fig.7 Comparison between model prediction values and

experimental values of removal rate of copper ions
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Table S Results of verification experiments

Ja a2 A B C/min R/% RE¥HEY
1 2.5 9 4 99.77
2 2.5 9 4 99.63 99.71
3 2.5 9 4 99.72
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Fig.8 SEM, EDS and EDX pictures
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Table 6 Mass concentration of each element in LS and
LS-Cu( I ) obtained by EDX analysis %
B it 2 B C 0 Na Cu
LS 73.67 20.63 5.70 0.00
LS-CuCID 67.55 27.30 0.00 5.15

i R R SR AR B8 T LS IR A
M tE LS 5 CuCllD) My Bk e VI pH L
0 IR ), 36 5w 7 T R R A R AT AL
LB FEAT T 1R o3 A A 4 1R 2 T Y A2
HAEW M, iR R R EA S BB UT

45k

(1) 383k 5 PR R S5, B o I 3R B A 4
PR LS 5 CuClD M B LA 2.5, %K pH
K8 IFHERE] A 5 min, AT CuCll)EBEXR
A3k 97.97%.,

(2) R FH e 7 #h Ik X 3 A Sk R AT R k. A
#3ANKME CuCll) & B3 Z [a] 1 185 7 5 153 21 400
G, BUEFJT 25 4 B 3R W, P A5 B A AL L6 72
JERMATREMEAY . R EAEM AR LN . LS 5§
CuC Il Ay Jot 5 v B2 LE 53 W pH Z 0] 19 28 B.AE
i, BRI A0 25 R R, 3 R Y B T
EKERZBFVIE A 99.71 %, HE LA 45 R B A —
i, 3R WY R FH e 07 T UG Ak A% 1R Y RT E E S AT AT

(3) X LS5 LS-CuC I % &Witir TSR
TEEHT AR EI L LS Cul D% S HL BN
B KA WRRE. S LSHEL.LS 5 CuCIDHEME
KA CaClD B R HEE M 0.00 EF+-ZE5.15%,
FH LS X CuC D) HA BAr 0 W B RE 7
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