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Optimizing Preparation of Modified Granular
Activated Carbon Based on Orthogonal Design
and BP Neural Network
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Abstract: Granular activated carbon(GAC) was modified with
FeCl, « 4H, O and KMnO,. The scheme was optimized by
orthogonal design in a combination with BP neural network to
get effective removal efficiency of arsenite. The four factors

five levels orthogonal design table was established with overall
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« 4H, O and

KMnO, , water bath temperature and drying temperature as

mole concentration, the mole ratio of FeCl,

factors and arsenite removal rate as the goal factor. The
optimal modified scheme was found via predicting and
selecting the BP network model with four factors as inputs and
arsenite removal rate as output on the basis of the effective
fitting function. The overall mole concentration and the mole
ratio of FeCl, « 4H, O and KMnO, were 0.12 mol « L™! and
3 : 1, water bath temperature and drying temperature were 45
C and 190 C, respectively. The arsenite removal rate was
0.765,s0 there was 3.00% error discrepancy compared with
the model value 0. 788. X-Ray diffraction(XRD) and scanning
electron microscope(SEM) were applied to gaining the optimal
modified GAC surface property. At the same time, the iron and
manganese amount was measured, which provides fundamental

information for a further research.

Key words: modified granular activated carbon; arsenite;

orthogonal design; BP neural network
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3 0.10 3 70 160
4 0.15 4 90 200
5 0.20 5 100 220

1.2.4 RS R S5

& 250 mL KA I = A oA 25 85 - 2K T 1
1) 1 mg .« L™y AsCID W 100 mL., 5355 A i 45
(YRR 3 M e 50 mg. ¥ = A1 Ik A 1E TR 2 R
(180 r « min~ DR, — & B 0] 5 O _FIE R 40
0.45 pm AFAFLIERE LT U8, D AsCID B3R A7 T
AT =AY 2B

R = (¢cy —¢)/cy D
Hrb: R =M i) 2 Br%5 e o AsCID W46
BBl e =1 mg . L™'5c AWt 24 h J5 AsCHD Ay 5%
fiie.
1.2.5 BP W5t

BP it 25 ) 4% d5 58 K 1) D) g 2 — & 1T R U
B BIEEAS t % o %o A T BRI HE 2R M L5 BP
W 2 EL A 3 T B 05 . I 2R 58k TR PR A L TR
AN AT SR A 12 o IR B I R 2% 11
Az —.

(D) F A2 S e ZEhl a8 LR = M sl
PR TE MR e 2 % SR 4 T2 24k B,
R A5 e M i 30 P i M R 1) 2 2 R 40 FeCl,
4H,0 F1 KMnO, i B /R & ik i, FeCl, « 4H, O Al
KMnO, ¥ Bt it Fb 7K Y T BE DL K 458k B 25 22
PRIZR SR BB E R A 8. 53X 4 SR AE N
ERABUL TN

(2) fi 21 O E 2 S BOE AR
o LTI 1 e S BOR A  FE I 2% v LR S R
B =N 22 BR R R HPEM 5.

(3) BT R B o B2 a5 B i e
TRA AR 7 NS TR RO B 2 — e
T AR B Z M T N B E L B

J=Vn+m+a a=1~10 (2
Horpre J R BRUZAT B 0 S AJZ T SEG m R
T RUB ARG BRI R B O 3~ 12,9



706 % k2 3 G R B2 D

% 38 %

2~20 ST SR

(4) 1% 33 R B0 I B0 R 2 AL 3o bR BN
Sigmoid FI Tansig p&i %4, i ) J2 1% 128 b8 £ £ 14 2R
%% Purelin. %228 1% Jf] Levenberg— Marquardt &
B A S A U AR B R B RE R AL 5
ANIAA T A B YN SRR BOERE . 24 A AR/ AE Sy
A 2 A BRI S R B RS . ELA Y
AR NIE 1 FR.

2 GREFMH
2.1 EX4H
HERUESE B3 Los (5O IEAC B T 5
LI T 2 M 2 AT AT AT
L3k 3.

R2 L (5°)EXRITR

TN = K2 B Tab.2 L;(5°) orthogonal design
WA AsClID
S A B c D Ilﬁﬁﬁ
1 1 1 1 1 0.178
2 1 2 2 2 0.158
3 1 3 3 3 0.139
4 1 1 4 4 0.319
1 BP W& &EHE 5 1 5 5 5 0.275
Fig.1 Diagram of BP network 6 2 1 2 3 0.396
7 2 2 3 4 0.346
1.2.6 PRI PEAR T REIFIT 8 2 3 4 5 0.270
(D WGP R AL R E 5 R R 9 2 4 5 1 0.359
T A W B X 5T 2R AT 5 (XRD) 52K 58 AR 10 2 5 1 2 0.176
XRD 5 1) 125 1 4 T - ot o 7 ) » ; ) ; Co
GIVFNZER A A B FH I 7 2 mT LA 2 W Bt U2 1 13 3 3 5 ) 0:362
FA AN 5. H Rigaku D/max 2550 %1 X 5 £¢ 14 3 4 1 3 0.320
AT SHASCIN 2 W2 B A4 et 1 2 T 54 DU A5 10 - e 15 3 5 2 4 0.394
U5 Cu/Kes T F 20 157 ~75; 4K K 0. 0205 16 4 1 4 2 0-?7?
3 5 0 A
(2) WM EEIES S R HILS-570 19 4 4 2 5 0.121
1 L 500 R B UL e P i M e 1 SR TR 0. I A 20 4 5 3 1 0.373
ke e 25KV, i B Hs EL 25 o 107° Pa. 2l 5 1 5 4 0.314
(3) HESERIUHE  H0.1 g FMGAC 5 HCL . i . ) Co
W (HCL 57K AT N T - D AR IR R 24 5 4 3 9 0.277
2 h(150 r « min *.25 C). ZJ57E 90 C /K44 25 5 5 4 3 0.268
20 min, WAL FIEW 3 U8 ATk VL =3 mESF
Tab.3 Poalar difference analysis
AsCID EREZR AsCID ERFETH

- 1 . <]]1>£3F?$Z$u : 5 1 . (]]1)%‘[?‘$¥ ’1154 - bz R,

A 1.069  1.520  1.813  1.860  1.754  0.2138 0.3040 0.3626 0.3720 0.3508  0.158 2

B 1.636  1.508  1.990  1.396  1.486  0.3272 0.3016 0.3980 0.2792 0.2972  0.118 8

C 1.814  1.520  1.638  1.363  1.672  0.3628 0.3058 0.3276 0.2726 0.3344  0.090 2

D 1.631  1.245  1.458  2.105  1.577  0.3262 0.2490 0.2916 0.4210 0.3154  0.1720

MRIER2E Ry 1A > TR KU T 3 >
Py ot 1) S JBE =) Jo 4 Y LA > K TR . dd g
XFIEAZ LI EE 3 o A vl UG i, 24 FeCl, « 4H, 0 #I

KMnO, f# B /R B3 A 0. 15 mol « L7, FeCl, -«
4H, OF1 KMnO, ¥ 5t i) 2 bt A 3. KR 40 C L, T
IR 200 C B, 75 2 A SIS PR e 2R =40 )



255 1) XUHR 45 W FIE A5 BP A A il a5 el 36 P 2k 707
BOR R B FIEAC TS X LA L5 M 2 ®5 HEFERNSERIESHER=NM

[F] (R S 45 3 OF WA IS 52 538 25 1 X 14T %5
J8 i LA 2R R AR i 2 W 5ok R BT
[ AR LR
2.2 BP MZEMRL1ER
2.2.1 BP MRk

PUEAS BTS2 50 45 A i BP W 45. LA FeCl, »
4H,0 F1 KMnO, /9 #. % & , FeCl, « 4H,0 5 KMnO,
W 1) S L KV TR R T A A A A2 i Y
APZTT A=) KBRS i s 2 el 2 e.
PALA R 25 b o RS PRI AR, 35 T IR
o AT (1 25 K R R Sk A )1 2.

T RIS SR AR B A 25 4
Bl e 23 4 MRS 6 4UFN5E 16 4D 1E Jy b
L O 5 6 2 HEA T 25 423 8 000 Ik
22 05 N ZRR AL ARV N, FRE R 2 255 1Y
P2 P8 RTER 6 NS 16 20K HEAT TR RS 25 (90 2%
IAMIEVERE, 45 R L3 4. Hh: A, B, C, D 245 1EAC
W F 4 AR TR 1,2,3,4 535148 4 H~KF-

R4 XTRSRBFHELER

Tab.4 Experiment and model caculation result

— B
I L%ﬁ JR y N=1
SN AR FLE M AHXTRZE %
AyB1C3 D3 0.396 0.374 3.2
AyB1Cy Dy 0.272 0.280 2.9

LGTH oA » S 56 I AR ) 45 T 1 F) TR 2
BUN B RAHXRZEA T 4% 455 25K A
Zeidh b aAReE o B 2 I A5 SRAADLIE T e ) B e T
SR =B L BRFR Z [ R R
2.2.2 FEIRE Sk

T AP 5 P 5 A i £ TSR T AR
T DR 1 F) IBU{EL S RIS A 7R 45 IR 3% 0] T 8 0 4 4
PN BARAEAE BT PO AR AS . A R AE T T
TREAS 1 4 i 1 A RE 2 e R IC 5 1 T2 2
B TR AR R 2 WA i B 5 AR
Z PRI FHLN 4 A PRERARKEUE I A 3131 BRA
B BRI - R B TN AR AR L AT
AT T RV RT A 2 FUIMAEA =050 Y 25 R R AR Y
G 308 Ao WA TN H 2B 1 25 B 2R e i O B 0%
1 BN IO RSO 33 P 5 ) 1 A SR 5. R
LSRR ST A B =N R R R
G5 0765, 0. 788, L5 A5 T T (L Fr) A XS 1% 22 O
3.00 %.

EREXLBEHELER
Tab.5 Optimal preparation parameter of modified GAC
and the experiment and model calculation
result of arsenite removal rate
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