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3128 LA 4 mL/min (13 25 N — € A8
W (BHy 5 FeX BE/RLLZ1IN 3 0 1) & = LB .
SRS TR
Fe2*+6H,0 +2BHj; — Fe? L +2B(OH); + 7H, T

SN R A6 2 N B SR G A B, T
0 5e Y 5 4k St £E 15 min DU AR B E 584
Het o mma, FE A 8 288 1 4 U5 i NZVI-
CDtBURLHEAT g, 28 7K L EEH B3
R, EBREPTET.
2.2.3 NZVI-CDt*f Cr(VI)H) 2

B 100 mL ¥ &F 4 2 g/L [ NZVI-CDt £ i
BN 100 mL ] 469 B2 4 20 mg/L 1Y) 8% B2 A I
WT =AM, &% Dm%E, JFHBEOEEE.
FEARRE R 1 1. 2: 1. 3: 1), REIRE
(20, 30, 40 °C). A [A Jx WA (105 35,
60 min) LS ASE pHAE (4. 6. 8) & T HIEK
IR 2% B, BRI 38 Ja B R A o ek B
THESI KR Cr(VI) R
2.2.4 WA N [ANESEEE T Rt

AL J7 W 32 H 12 R H BBD % it
P4l NZVI-CDt & & A kL2 B Cr(VI) 19 5% i K]
F.o LB (4) & (B). RNEE (C) Fl
pHE (D) fE N A&, Cr(VI) BB RN
ARG E T, O 5 SN 5 IR AT S
5, EAKPFHwmIGERNE L. JfFid 44 EERE
9 BBDARAG LA 564 B 58 HLXT Cr(VI) 25 B%
RSN (1) SR AS BAE R, S ST IR
Z A AR S (1)
Y=Xy+ XA+ XoB+X;C+X,D+XsAB+ X, AC+X,AD+
XgBC+XyBD+X,,CD+X,,A2+X,,B>*+X,;C*+X,,D?

(1)
3 Z#R5{TR

3.1 EEFRBESH

FIFH BBD Wit g7 1 VY PR 3 =K SEE Ty
%, LLCr(VD) W EBRZE N TabR, W50 % B R H
AHEAEH T Cr(VD) B EBRZE. R 2 PR, S5
U5 RIE29 4 (Hrb 24 4N MT R S5, 54 N
ORI, MER2FTLIEH, Cr(VI) ZFRFM L

S STV SE 6 ) R 2 KT 4 i
Table 1 Levels of variables chosen for RSM

Level
Variable Factors  Low Middle  High
(-1 (0) (+1)
gk b A 1:1 2:1 3:1
R (°C) B 20 30 40
S SIS [H] (min) C 10 35 60
pHH D 4 6 8

KRS WMMEE A A, FHLEXREN
0.84. IbAh, b fUSEE (0, 0, 0, 0) HE T
S, HEBRFLEEMIT, RSLEMHIREL R
VRGP

X2 B EE AT 2 oc | AL G, 159
Cr(VD) B2 BRFEX AL (4) BE (B). RN
i [8] (C) A pH {E (D) 11 — YK £ T [=] )= 455 784 oy
X (2):
Y=93.81-1.104+0.57B+1.08C-16.34D+0.043AB+
0.364C-2.014D-0.58 BC+0.52BD+0.85CD+
1.534%-0.48B%-0.67C?-14.78 D> )

Bl 1 vIESME R, WER AT LA
Bl o RIES DA HIEA RGP, X RPH
MGG IESRW, Rl s 780, E2h
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32 FHESH

2 3 R LI (1) 5 25 o AT A S, ARSI
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I BB K, BRI Fh S8 2 TR .
MFE3IFER LA H: pHIE (D) H PHENT
0.0001, 28] pH1E (D) XF Cr(VI) 2B Z 5200
AR ZF, X5 Yirsaw £ 4518 2 — 50,
4 A TR Z 10 52 08 IS A pH AE (D) > = B B[R]
(C) >R L (4) >TEE (B). [N, S LAl pH
A HAER (AD) LA K pHE 7 (D?),
R RMNEGEKENRE. B RE R R=
0.9657, MIE W E ZH R?=0.9865, i A& 7L 1)
FHORPEALT, W] F T SR8 24 r AL .
33 XEERASH
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Table 2 Actual and predicted values of Cr(VI) removal
Run A B (°C) C (min) D Actual (%) Predicted (%)  Absolute error (%)
1 2:1 30 60 8 62.88 63.95 1.07
2 2:1 30 10 4 94.44 94.46 0.02
3 3:1 20 35 6 93.21 93.14 0.07
4 1:1 20 35 6 94.92 95.42 0.50
5 2:1 40 60 6 94.79 93.73 1.06
6 2:1 30 35 6 92.99 93.81 0.79
7 2:1 40 35 8 62.66 63.30 0.64
8 1:1 30 10 6 95.20 95.03 0.17
9 2:1 30 35 6 93.02 93.81 0.79
10 3:1 30 35 8 62.43 61.12 1.31
11 2:1 20 35 4 95.57 94.83 0.74
12 2:1 40 10 6 94.34 92.73 0.61
13 3:1 30 35 4 95.89 97.81 1.92
14 1:1 30 35 8 70.24 67.33 291
15 2:1 20 60 6 94.12 93.74 0.38
16 3:1 30 10 6 93.33 92.13 1.20
17 2:1 20 35 8 60.50 61.12 0.62
18 3:1 40 35 6 93.78 94.37 0.59
19 2:1 30 35 6 95.03 93.81 1.22
20 1:1 40 35 6 95.32 96.48 1.16
21 1:1 30 60 6 95.38 96.48 1.10
22 2:1 40 35 4 95.66 94.94 0.72
23 2:1 30 10 8 58.21 60.10 1.89
24 2:1 30 35 6 92.87 93.81 0.94
25 2:1 30 60 4 95.73 94.93 0.80
26 2:1 30 35 6 95.12 93.81 0.82
27 1:1 30 35 4 95.66 95.98 0.32
28 3:1 30 60 6 94.94 95.01 0.07
29 2:1 20 10 6 90.34 90.41 0.07
Average of error 0.84
Normal Plot of Residuals Predicted vs. Actual
— 100.00 -|
Ei? .////° 90.00 -
£ 90 - o7
£ 50 A ?g 80.00 -
e §§ f’ < 2 7000-
T 10 & a )
£54 =~ 60.00 -
Z 13-
50.00 H
—24I00 -1 .IOO (I) 1 .(I)O 2.;)0 3.I00 SO.IOO 6O.IOO 70fOO 80{00 9OI.OO 106.00

Figure 1 Normal plot of studentized residual verses

Intensity Studentized Residuals

1 IESHARA.

percent probality.

Actual

2 A 5 SRR E RIS

and actual value.

Figure 2 The relationship of predicted
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®I TTEIE
Table 3 Variance analysis
Source Sum of squares dr Mean square F-value P-value
Model 4827.03 14 344.79 146.83 <0.0001
A 14.39 1 14.39 6.13 0.0267
B 3.96 1 3.96 1.68 0.2153
C 14.04 1 14.04 5.98 0.0283
D 3202.31 1 3202.1 1363.72 <0.0001
AB 7.225%107 1 7.225%1073 3.077x1073 0.9565
AC 0.51 1 0.51 0.22 0.6480
AD 16.16 1 16.16 6.88 0.0200
BC 1.36 1 1.36 0.58 0.4597
BD 1.07 1 1.07 0.46 0.5104
CD 2.86 1 2.86 1.22 0.2883
A? 15.16 1 15.16 6.46 0.0235
B? 1.51 1 1.51 0.64 0.4359
? 2.92 1 2.92 1.24 0.2833
D? 1416.02 1 1416.02 603.2 <0.0001
Residual 32.88 14 2.35
Lack of Fit 27.49 10 2.75 2.04 0.0348
Pure Error 5.38 4 1.35
Cor Total 4859.91 28

LS pHAE . IR E 5 RN (] iR 5 pH
B~ 87 B[R] AT pH B (1) 3D Wi 37 ] o it b S
(77 Z2 70 W &5 SR AT, pHAE AN S BE I [) 22 T F)
TEHAFHEZE. WE3 (0. (e) M () FTLAEH,
b5 pHAE R/, Cr(VI) B ERBREEIE M, X2
HNAEFRMERE B R, Cr(VI) PA Cr,0.4 . HCrO, -
Cr;0,0 Cr0 > 5 W AAFEAE, T pH {E 3 iy
OH- WK E 1K, 5 Cr(VI) % NZVI-CDt 2 [fi 1 "%
Bt AL s B G E L AT BRI T Cr(VI) B 2%
FRARE,
34 HEERMRASEIE

R4 RSM W 2 [71 43 #7, 7 b Al b 5% s o
A — LA, 193] T mAE R A
tbm3 1, |E30°C, NEFE A 35 min, &
W pH E N 4, HFIM Cr(VI) 12 B 3 7] ik 31
97.81%. AR¥E FIA KBS, it 3 4H 47585
X RSM A5 A [ FR0 0 &5 SR b AT Uk . S5 SRR,
SEE I AF Cr(VI) 135 £ B 2%8 95.88%. Jd it
THE 5 S50 R A6 AT DU B, RSM ALY 1)
TRIE = T 926 AH H 465 15% 228 1.93%, 1568 7l

{8 5 23608 F 90 & RE SR
4 ZEig

(1) 383 XF 29 H 2 B Sk 56 1 45 3 >R A Design-
Expert 8.0.5 J A 3047 W BT 40 7, 15 20—
R Z TR N -

Y=93.81-1.104+0.57B+1.08C-16.34D+0.043 4B+
0.364C-2.014D-0.58 BC+0.52BD+0.85CD+
1.5342-0.48B2-0.67C*-14.78D?

() BIE XS E L (4). IWE (B). KA (C)
A pHAE (D)4 A~ F 2= 1 47 BBD Wi )3 [ 73 #7
GERRE, AR R EN, B LT,
i T 75 NZVI-CDt % [ Cr(VI) ) 52 5

(3) AN 87 1T (1 = 2k i T P mT DA BT pHELX
Cr(VD) ERFMEmR N EE, 4NHEERD
S IR N pH AR (D) >3k b (4) > S B B
6] (C) >WJE (B)o XA FHXT PR T8k 22
B Cr(VD) $&4ft 7 B ZHMHE.

(4) I BN AT B S (R PR SR AL
3:1, #E30°C, JSii[A] 35 min, pH{A



96

2024 4F

25.00
3.0020.00 .

(e}

KON

[\

2
-
B
P
2
Z
Z
-
O

©° \o\o\o\o\o\O\o@

S—=

%,

cr(vh &

8.00 40.00

B3 ik bt iR (). Tk 5 N TE] (b). fiEk bt 5 pHAE (¢) 55 SN TR] (d) IR S pHAE (o) S M [A]
5 pHAH (f) 113D M v

Figure 3 The 3D plots showing effect of (a) load ratio and temperature, (b) load ratio and contact time, (c) load ratio and pH,
(d) temperature and contact time, (e¢) temperature and pH, (f) contact time and pH on the removal of Cr(VI).
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Research paper

Optimization of Cr(VI) Removal by Nanoscale Zero-Valent Iron on
Modified Diatomite via Response Surface Methodology

LIU Xia-guo'*, ZHOU An-yi%, WU Shi-dian!, LI Jia-cheng', LI Kai!
(!Jiangsu Environmental Protection Group Suzhou Co., Ltd.,Suzhou, Suzhou 215004, China; *Jiangsu Fenhu High
tech Industrial Development Zone Safety Production Supervision and Management and Environmental Protection
Bureau, Suzhou 215214, China)

Abstract In recent years, nanoscale zero valent iron (NZVI) has been widely used in research on the removal of
Cr(VI) from water due to its high reducibility and high specific surface area. This article uses chitosan modified
diatomaceous earth (CDt) to load NZVI and prepare diatomaceous earth supported nano zero valent iron (NZVIA
CDt), and optimizes its conditions for removing Cr(VI) from water using response surface methodology. A
response surface design (Box-Behnken Design, BBD) was conducted with four response factors: load ratio (mass
ratio of CDt to NZVI), temperature, reaction time, and pH value of the reaction solution. The removal rate of
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Cr(VI) in water was used as the response value, and a response surface model was established. The analysis
results show that the model has a good fit throughout the regression region, and the four factors have a significant
impact on the Cr(VI) removal rate (F value is 146.83). The order of influence is solution pH value>load ratio>
reaction time>temperature. The optimal removal conditions obtained through model optimization are: load ratio
of 3 : 1, temperature of 30 °C, reaction time of 35 minutes, pH=4, and the predicted maximum removal rate of
Cr(VI) is 97.81%. The prediction results of the model were validated through three parallel experiments, and the
predicted values were higher than the actual values with an absolute error of 1.93%, indicating a good fit between
the predicted values and the actual values. This study optimized the reaction conditions for removing Cr(VI) from
water using NZVI CDt, providing data support and theoretical basis for the practical application of NZVI CDt.
Keywords Nanoscale zero-valent iron, Cr(VI), Diatomite, Response surface methodology
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