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Response Surface Analysis on Influence Factors
of Hg(II) Ions Removal by Quartz Sand
Loaded Cerium-Based Materials
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Abstract : The effects of various factors in the removal of Hg(II)ions by quartz-supported cerium-
based materials were studied, and the removal conditions of Hg (II) ions were optimized. The
removal test was designed by the Central Composite Design ( CCD ) of response surface (RSM)
test. Adsorption time, Hg (II) ion mass concentration and pH were used as test factors to be
established a 3-factor 3-level response surface regression model. The Hg(II) ion removal rate was
used as a response value for comprehensive analysis,and the accuracy of the model was verified.
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SFQ adsorption modelof Hg (II) ionsestablished by curved CCD has a high fitting degree ,and R* =
0.982 2. The optimal conditions for model as follow; Hg (1I) concentration is 0. 96 mg/L, pH is
3.78,the treatment time is 102. 94 min. Under this condition, the removal rate of Hg (II) is
92.05% , which indicates the SFQ can be applied to the treatment of mercury-containing

wastewater. The experimental results are in agreement with the predicted values of the model. The

relative error between the theoretical value and the measured value is less than 2% . The order of

influence factors on the removal rate of Hg (II) ions by SFQ materials was as follows:pH > Hg

(II) ion mass concentration > adsorption time.
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Table 2 Test materials
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(1) F53 HHobiA2 2 0.85 ~ 0.71 mm ()
A9 B RO OB 200 g, 7E 4l K o
60 min, ¥ X5 HAKIE T4, IR AT
PEAH 105 CHET 12 h.

(2) Frab PR 5 A Db 1 mol/L By ER
MR 24 h (LR 4K S pH =7.
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(3) ¥RV J5 1A R E A 150 mL
95% LWV W, WG 1 B FEAR 120 r/min B84
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Pk, BT 35C G A 0t 75 .

(4) B35 A b SR | L
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B EOf D % AR RS T 2L 90 C
fHIR N 8 h P72,

(5) TR A RS H) 2 = 5 B,
FRAlK e 2 b, s B2 TR AR 1 30 °C
M £ ) SFQ.

1.3.2 SFQ kAR

K A B 2140 5k 3% 4 TENSOR27, 7
20 CAA, FAHRE 100 WK, 9% 4 em ™',
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(AT, 43 BTG D A Ak 2 T B BB AT ARG 45
R 1 prR.
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Fig. 1 Fourier infrared spectrum of natural quartz sand and SFQ
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Table 3 Response surface design factors and levels

SN
KF
A/min B/(g-L™1") Cc
-1 60 0.5 3
0 120 1 4
1 180 1.5 5

*4 CCDHEWIT LR

Table 4 CCD combination design and its results

8 B He( 1) :F
JF'%  A/min B/(mg-L-") c R/%
1 -1 -1 1 78.218 5
2 -1 0 0 87.971
3 0 0 0 90.897 1
4 0 0 1 84.425 6
5 -1 -1 -1 83.204 4
6 0 0 0 93.639 9
7 1 1 1 73.159 3
8 -1 1 -1 81.814 2
9 0 -1 0 84.498 6
10 0 0 0 92.708 1
1 0 0 0 91.513 6
12 0 0 -1 86.346 1
13 0 0 0 91.774 6
14 0 1 0 83.734 5
15 1 -1 -1 73.576 4
16 -1 1 1 69. 508 8
17 ! 1 -1 77.4779
18 1 -1 1 77.613 9
19 1 0 0 87.595 9
20 0 0 0 92.638 9
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Fig.2 Effect of adsorption time and Hg(II)ion mass concentration on removal rate
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Almin
(a) “#HFHEH

60 ~ 145 min I Hg (I1) &5 7R ERARE &, KT
90% . 255 iy 4R L 2 A0 [ [0, 10 BH W B s
6] 5 pH 22 HAE X He (1) B 71 224 %R 5
M) i 2. 24 BF A ] 47 118 min, pH =3. 8 i,
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Fig.3 Effect of adsorption time and pH on removal rate

2.1.3 pH 5 Hg( IT) & 75 & e B X 25 %
S

P 4 S W BB 1] & 120 min 5 3R pH

5 Hg (1) 85 pa vk i KX H A2 BARE I &

I 585 M 1) — 24 25 vy 2 LR — 4 g i ot v

K. I 4 rT LI He (1) & 1 P e

$}0.73 ~1.22 mg/L .pH 4 3.28 ~4.31 I}
Hg( 1) 851 2B Em, KT 90% , — 455
2R AR DY, BB pH 5 Heg (1) &7
JR e B 1 22 AR T Hg (1) B 14 25 %
RN 2 pH =3.9 if  Hg( 1) Fiftuk
JEH1.0 mg/LI KFRFR ik 90.7% .



750 bR R OK E AR (AR

%36 %

RRT 30 g

R sl

V40t <

\

' \

- & a5} \ J

3.0 1 1 1 1
05 07 09 11 13 15
Blmg L")
() ZHERRE

2.2 SFQ Wt Hg( 11 ) 55 F e M g ik 58
BERBEESN
HRAE CCD Zr#r B, 17 Z oIl &
T 25507, 3 W& /D ZFELE Y K
EZ M EiE: V|
Y=X,+XA+X,B+X,C+X,AB +
X,AC +X,,BC +X,,A> +X5,B+X,,C. (1)
A X, ZNEEI X, X, , X, 285 B
X123 X3, X0y WX INZEG X, Xy, Xy W
W4 i R () BE T
BAPRR AL, - et He (1) 857 £ Bk
R, AG2 T Hg (1) BF £k
R 2T IR LW
Y=91.62-1.13xA -1.14 x B -1.95 x
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Fig. 5 Residual probability distribution

Hg(I)&T
P
m=

(b) =2 )7 g 7T
B4 pH Hg( 1) & T Bk B 5t B2 m

Fig. 4 Effect of pH and Hg(II)ion mass concentration on removal rate

WS af LA 5 He (1) B F 2%
Brfr) He (1) B i e B pH W B Aisf ]
3 AR 5R 22 o i AR AU
M, $30r LA BL2R ALY R R 0.925 KT
0.9, 1 B 1A B AL B B v T 3 A R 2 X
He( 1) &1 bR m A8 (bR A

TR 1 5 255040 I [ml ) 2R 00 0 2 P A
ZERNFR 5 iR,
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Table 5 Variance analysis of regression equation

FEKIE CFOTR AME ¥ Ff PE
KR 982.78 9 109.2  61.2  <0.000 1
A 12.75 1 12.75  7.15  0.0233
B 13.04 1 13.04  7.31  0.0222

c 38 1 38 21.3 0. 001

AB 11.39 1 11.39  6.39  0.03
AC 36. 17 1 36.17 20.27  0.0011

BC 30.72 1 30.72 17.22 0.002
A? 24. 49 1 24.49 13.73  0.004 1
B> 121.65 1 121.6  68.18 <0.000 1
c 79. 65 1 79.65 44.64 <0.000 1

Z  17.84 10 1.78 — —
KW 12.97 5 2,59 2.66 0.1533

g 4.87 5 0.97 — —

AT 1.000. 62

X R AR R AT 2 PR AT
A7 C XF Hg ( I1) B 5 R BR 2 m AR * i
F AR A B M Hg( I ) BT £ERF T
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TEA - AT YR U BUHIE R L 22 BR Hg (1) B 7 52 0l DR1 3% 14 W 1 iy i 3 A 751

#;AB AC BC 1y P {EHAIK, Ui W BB ] 5
Hg (I1) 257 e e J Witk fa] 5 pH Hg (1)
BT IR E S pH A5 2 A AR 1
WA —EZBAEM, B .CC X He (1) B F bk
R TR FEIN R S 3 Ay 22 ]
1L F A 61,2, P {H <0. 0001 , PRl AR 7Y 35
BB E /K. 3 AMHEX He () 31 LB
e R/ NI AR Y H < pHL, Hg (1) 85 5 o ik
JEE W B s [R). AR 2 T A R R B R =
0.9822, 48 3 KN 1.59% < 10% , 3% W A5t
RIS S PRIG LA A RAT 106 vT {5 B S B AR
. KEE BN 23,565, KT 4. 0 A A HLA I,
REAY AT IR G LG5 He (1) 31 L BR R
TR,

2.3 CCD RERBEMRIUERRIIE

I H Design-Expert A A7 1 06
Ak, A s B R AESHCh  Hg (1) 5
TRRHE 0.96 mg/L, ¥Ith pH 3. 78, LI
Af1E] 102. 94 min. BEES SFQ X 7K H Hg( 1)
BRI 92.05% .

TR MLAAE T ST B R B IR 50, T
FESCBRARAE BRI S B IE A He (1) 5
FIREWE 1.0 mg/L, ¥I4h pH 3. 8, S i
] 103 min, 7ERLAS 1 N #E4T 3 WOPATIASR,
BRI 45 R n2 6 s, Hg (11 ) & F
AR 91, 57% , B (E 5 S0 I AR 15
24 0.35% < 2% , AT DUBR R W 7 i T
CCD 4k SFQ £ bk Hg ( 1) Fefl 454 /2
AT, TN AR AR 0]

Fz 6 BIHEIEAT

Table 6 Test for simulation verification

IR RE BE L BRA /% SR BB/ % FIMIRZE/ %

1 92. 05 91.61 0. 48
2 92.05 91. 62 0.47
3 92. 05 91.48 0.62
I 92.05 91.57 0.52
:l-: N
3 ém 1/|’:

(1)Hg (I) B JF e S5 | W B ek 1] pH

3 R B SFQ X He (1) & 1 K%K, I
HAMAPRR Z A B s BAEH. 4 H
FF He (1) 57 2 B 3R 52 W K /INIUF AR
. pH Hg (I1) 255 e B W B st ).

(2) 3 S5gm R Y & AFEHUE R,
He( 1) & F Rk E 1.0 mg/L, ¥ 4h pH
3.8, J WA E] 103 min, Hg( 1) B8 T £ %
92.05% . fF ML 5514 F #E47 3 WRFAT Bk ik
5 Hg( 1) B F V¥ LBR%EHR 91.57% , M
XRZE R 0.35% < 2% , WE R RIAL Ak 15 3]
) AES B 5.

(3)SFQ *#y5 Kk Hg( I ) B F LB %
B, H SFQ il % 77 ik 1 5 5 47, Al LUK
SFQ I FH T & AR 2K i b 2.
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