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RO JRORL, 20K D 15 A 18 R R
JE ZUK B oy BORNS BT O B AR, e U
Jié L2 T AR Al R R AL 44 g 0 B2 AL, 32 JH Box-
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TZHEATIeAL , DI BRAT K A i ] 4 7 25 5
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1.1 ##R5NEE

TR S A T (R T ORI
FEEN) =K (NHy - H,0) (it EhIR A (AR IR
B AR R B AT R T A 38 R B Al
W F E 254 b 223850 A FR 2 7] 5 KSL-1200X 7Y
Z BRI (G IR ) 5 B ARE TR SR
THRAR ( RWERE 2 ) s BSA224S oL 43 T KT (3§
ZFIr) ; Z I 6eK 5 73 B4 (HACH ) 5 Autosorb-
1Q3 A4 [ 2h b R BT (EEFEE) .
1.2 ZHHE
12,1 ZUKIEIE G 2B iE

KRR A T IR 2 Ak ) 28 0K BT P 35 A
Yioko Bk S 00=5 H E R KW e T4 5 B 2R
T2 d, 8855 T 80 CHEAR v T i 7%, M b
Je ik 40 Hijfii o BRI AL BT 1 725 35 R S5 AN
[Fi) ottt 43 B B K 3 — 2 R EL T 250 mL T
R A, %E, 25 BT ERR A (25 °C,200
r/min) #7275 12 h J5 FKEH 0 10 min, #0050
UE IR TE 105 °CTN T4, 45 20l ™ =5 Ikt

FREX 20 g R A5 R AP RS2 B T 5
g s AR TG A, THEE R 10 C/min, 5
MORFE 2 b J5 B SRR, = iR AR 5 1R 11 0. 5
mol/L HCl {F R R UL , 281 /K EEYE IR 2 h, fifi
pH 235 7 SR 5408, 81 80 C LT, WFES i 100
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i il B B RERRE T A RN
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M AER A EE S 77 K 26 0F R E , 22 05
BET {515 LR AL
1.2.3 PP SRR 1 A IR BT

IR e 25 ) Jo e W B PR RE R 3 A R
RAT RN R LL, TN ZIS AP, DLt
MRZ RRFEL A MR B4 RE E A i A , 52 38 IR 230K P i
PUEI N

x1 BREREXWRITEERKTF

Tab.1 Single factors and levels

¥ No K12 Factor IKFE Level
A ISR I 2 300,400,500,
Pyrolysis temperature/°C 600,700
B UK B 5% 10% 15% |
Ammonia mass fraction 17% 20%
C BB 1:1.1:3.1:5,
Impregnation ratio 1:7.1:9

AR B PR 3R S g 45 2R PR IR AL IR EE (A) VR
KR (B) iRt (C) gy B A1,
AP R R (Y, ) AL BHE (Y, ) S B bR eR
B (e R AR ), i T o L T v i — 2R AL T2 2
B BARERER3 KE, R =ZHER =K
) Box-Benhnken ¥ 3175 12 #EA 7 e 1 11 035 150
W2 ~3,

FH Design-Expert 8. 06 45X {4} i i/ 18 32 56 %%
e dAT IR Z W G T 22 00 b R 2 A
S R AT 22 A RS R R R
NEE R BEMED P ERKK, P <0.05 &R
HATWEMEZESR P <0.001 FoR 20 35,

2 AR50

2.1 BEERXE
2.1 1 ARFEIRLRE X M AR B PERE A 2 A 7R
FERB 101, ZUK TR 508 10% 1) 4%
P, $E I BE R 300,400,500 ,600 #1700 °C , i
SN A W) 5 T R A 7= SR kg i, & 1 T
L, 7 R E B A TR B T A A 3R TR A
TEARIR BT B ) 2 £ 4 3 0 2F 4 22 45 W) Joa o A
3 fifk , Wit T E AN U T R, A 0 OB R Ak 43 i BN
TR, AR R A3 i i B R, RIS A g e e
SR B R, R BB R R, X 5
SV FS GE R — B, B PR IR S B T R
AR (AL B R AR T R 3 0, 2R )k
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Iz Lt il =2 346 i, 213k 600 °C i 3k 31 fiz 8 {HL
WEJG AT B 3, X 32 202 DN PR 3 B8 T
AP S I AT A B 2, T R Sk A )
AN S B BE 2% S, 88 0 Bl AL R
FLORAL 3 LB O, T 7 A A IR R 1 75 5

R TRAL W B, TR L s o8 45 T A R M e A
AR 45 S UK B M 1 W B 2 R,
TR AHRIASIE , Bl T BE A 45 w55 , 185 11 25 Al %
(HEBE TG MR 3. TR I, 1 % B4 Ak otk 2
500 °C 600 °C 700 °C ey i T s 46 K R 7K F-

®2 WWRITERSKE
Tab.2 Analytical factors and levels

% Factor

e A SR B UK TS C B
Pyrolysis temperature/°C Ammonia mass fraction/% Impregnation ratio
-1 500 5 1:3
0 600 10 1:5
700 15 1:7
#*& 3 Box-Benhnken . HEEITIRIEF R
Tab.3 Box-Benhnken Center Combination Design Test Plan
K £ Factor
I 5 No. A AR IR Z B 2K R 0 CEBiL
Pyrolysis temperature/ C Ammonia mass fraction/% Impregnation ratio
1 500 5 1:5
2 500 10 1:3
3 500 10 1:7
4 500 15 1:5
5 600 5 1:3
6 600 5 1:7
7 600 10 1:5
8 600 10 1:5
9 600 10 1:5
10 600 10 1:5
11 600 10 1:5
12 600 15 1:3
13 600 15 1:7
14 700 5 1:5
15 700 10 1:3
16 700 10 1:7
17 700 15 1:5
70 650 2 5 1]
o O SEFRELELC 15 1 ARIRIE 500 °C K
E zg 500 s URESPECHS% 10% 15% 17% 20% BITEUK
Z 180 S5 FRLAMOCHE I BB Al 0 S
£ 20 wo °E 2 AL UK ST RO PRI 57 5 1 3
10} -w-Pek ield . s0 5 WABN, TR SRR TR SRR, U A 5
——URE Todine adsorption value .g . A s
. 300 400 500 600 700 250 E %ﬁ%ﬁ?%ﬂ@%%aﬁ%7kﬁiﬁﬁjﬂ 10 %

Pyrolysis temperature/C
1 AERESEWFRERMEN=RHX R
Fig.1 Relationship between pyrolysis temperature

and iodine adsorption value and yield of biochar

2.1.2 SR ERr BO I 1 2% W B RE AR R

B B J K, D 507. 13 me/g, S B RN
20% 1) 363. 56 mg/ g, X TRl A 2K L
(i, I A S B A 8 5 3 A ) e 3
TET fole At 45 4 52 JE b T A WIS AR ] e 2 9y e
T FL B A5t 25 52451 5 I, TR FL ] A FLBE 1 O
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TR B R ) LT, 3 00 1P A O S 1 RE R A1
B THAED PR e 8. Hil, v
BEUK TR R 5% 10% 15% i i T s 56

B 2K

550 B
50 Eo
40 02

=
~ 450 —
< 30 0 e
S 100 £ §
% 2 e
ol 350 & £
10} —=-p=% vield 300 ®
—— T B Todine adsorption value g
0 250 B
5 10 15 17 20 S

KRR

Ammonia mass fraction/%

2 SKRESHSEMRRBRMMEFR~RHXR
Fig.2 Relationship between ammonia mass fraction

and iodine adsorption value and yield of biochar

21,3 IRT U A ¢ IR B R A SR A

BEFEIR SRR 5 O 500 °C, 2K 5 & o Bk
10% BHREE N 131,153,155 157 139 BFgid it
FUR G A ¢ W B 4 RE L™ R i P 3 ]
I BT LR I 15 R e AR A R R S T
B BRHE 2 B O ok s PR AR A R 3, X 22
DU R R AR T LA A A ) A A A
Je A SR M A R LR 25 4 T2
11T 328 22 18 3 A 700 0 2 i A4 0 Joie 45 A 2 A R L
e R R AL R FLER AL 32
WL 125 I T A TG A % 1 AL 0% A 1
G, PP 125 OB TT HLATE o o o7 1T S 3 o

50 575 &
o
c
40 525 3
g e
= 30 475 >
o) E S
= =
e 20 425%5
% 375 g
101 g j2 yield 5
——HUR B {E Iodine adsorption valud 5
0 325 g
1:1 1:3 1:5 1:7 1:9 =

B

Impregnation ratio

3 RIRILSEMRRBRMEN=EZHXR
Fig.3 Relationship between ratio impregnation and

iodine adsorption value and yield of biochar
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EPEIG PR LE AR (Y, ) FIRIL IR (R (Y, ) Ry
YR =i e v b ) O | DIVATETIRZ T = WA
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Y, =575. 74 +41. 984 — 12. 49B +2. 38C +
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22 o 1n )3 Jy R I 2R K24 W R, W R 2
XoJ Wi 07 TELT 55 M A R B R o H R DT AR AT, R
I A* B C* ZRE R A, B IZ (] UE 5 R
B NN N {0 N[ D =Sy 1 0 8 s
PR, Y, ALY, B 225 B8 R WA S F 6,

FH 2% 5 AT DAL SRTE R Y, Sk i L AL A S 75
MEZE R =0. 998 4, 5 B [5] 5 1% 760 RE fift BR
99. 84 % i 3 {1 A AE Ak s B PR BE AR O R B R, =
0. 996 3 ; #iIf%) F &y 480. 67 ,P <0.000 1,350
BB R4 1) K P, SRR S P R
0.743 4, AR B3 (P >0.05) , RUIZEIL 5 B
ASFERELCV N 2.15% A8 AR /N 5 M L7
N TII M B B 5 I 256 22 18] 1Y) 22 5, Oy 63.
703, R LA BT S ( >4) . @y
FE— IR B LA S 3R 5 h— IR Wiy F (BN P A,
AT DA 2% PR 28 0 A W i L 3 1T BRI 5 i) ik 5
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R4 WMEESHTHAREREER
Tab.4 Design and experimental results of RSM

A SR B UK ik 515 . HAR T Y, WU HHE Y, -
5 No Pyrolysis Ammonia mass ¢ &{ﬁ ke . Specific surface Iodine adsorption P:$
temperature/ “C fraction/ % Impregnation ratio area/ (m>/g) value/(mg/g) Yield/%
1 500 5 1:5 131.692 447.242 33.26
2 500 10 1:3 77.563 395.189 35.46
3 500 10 1:7 128.934 439.154 32.63
4 500 15 1:5 112.641 407.925 32.84
5 600 5 1:3 261.935 539.986 31.37
6 600 5 1:7 289.897 545. 408 30. 46
7 600 10 1:5 335.633 582.350 29.89
8 600 10 1:5 328.788 569.570 29.94
9 600 10 1:5 327.327 578.530 30.48
10 600 10 1:5 319.788 567.940 29.86
11 600 10 1:5 324.511 581.330 30.11
12 600 15 1:3 254.478 525.489 31.3
13 600 15 1:7 239.538 511.955 30.55
14 700 5 1:5 245.929 514.634 23.46
15 700 10 1:3 217.184 512.814 25.97
16 700 10 1:7 197.525 495.980 26.82
17 700 15 1:5 207. 168 501.959 25.12
RS RERA(Y,) BEAKRETEST
Tab.5 Analysis of variance of specific surface area (Y,) regression model
Ti AW S5 A FI ¥175 FH P{H B
Source of variance Seq SS Degree of freedom Mean square F value P value Significance
57 Model 110 905.59%4 3 9 12 322.84 480.67 <0.000 1 *r
A 21 733.62 1 21 733.62 847.75 <0.000 1 o
B 1671.29 1 1671.29 65.19 <0.000 1 o
C 250. 12 1 250. 12 9.76 0.016 8 *
AB 97.12 1 97.12 3.79 0.092 7
AC 1261.32 1 1261.32 49.20 0. 000 2 *
BC 460. 19 1 460. 19 17.95 0.003 9 *
A? 70 619. 59 1 70 619. 59 2 754.61 <0.000 1 o
B? 2295.15 1 2295.15 89.53 <0.000 1 o
c? 7 570.71 1 7 570.71 295.31 <0.000 1 -
% 7% Residual 179.48 7 25.64
ST Lack of fit 43.71 3 14.57 0.43 0.743 4
#fi1% 7% Pure error 135.75 4 33.94
KR 2 Total error 111 085.052 2 16
R*=0.9984 R}, =0.9963 R}, ,=0.99138

" R ZER W RE (P <0.01), " FR2ER B (P <0.05)

Notes; * * indicates that the difference is extremely significant (P <0.01), and

H1¢ 6 FIAT: LARI BRI Y, Shy i [0 (L A AR
F{HH116.75,P <0.000 1,5 B Z M8 A BT
A J KA s BRI S 30T P = 0. 416 4 >0.05, K
AN 2 U S 0 R ST PR R A2 S B 5 R T
BN R — I F (B 0l 2 P iR B (A) Oy
262. 02, /K o1 8 (B) 2 23. 20, iz Bi b ()
R 0. 84, & B4 PR 2% XoF AL TP 14D 5% 1) A /N

* indicates a significant difference (P <0.05)

HRUCH PRI (A) > ZUK BRI () > 735
H(C)
2.2.2 ) i P oA

WS T TR R e R A A TS AR S
SEAES R IR R 4% PR A8 0 1 i AKOT
AR Ul U 7 A8 S T 3 S AT
R UK TR o BRI R 5T R 78 ¢ 2 1T FX
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28 %

MM o P 4 2o R ET AR A0 oKF I 4R
i B2 AN K SR o B R AR X A= o bk
TR R R R, B3R T R A A i B 46 o 52 B |
THE BTy % s th 1 4 25 w2 BT n]
FAWT RS 1L 0 B K TR 2 BN A AR AR
5 ELANSRL B RT3 11 BR BRI R T K
SRR . IS nT L - AR EUK BT 0 4
W52 0 10% [ AAF T, 2Rkt BE AN 30T EE 3L R
FAHELRE I , HOX HE 3 1 B A S 0 S 25 P 22 5

PRI R TR T L, LG 3R T AR B A P IR 1Y
This M ANBE R 5 S T 22 5 h 25 = R 1P
PR PR AR B AL AR R . 6
ATLATS H BRI (4] %€ S 600 °C i, £ 28 K S
RO BT AR ELAE B 2 e 2 i AR
Rt LG RN £ B 18 T X TP 2, HL
BT HEXT B 3R 10 B 5 0 EE K 5 B Y
Wi A 5 P 458 i 2 S [T U 2 7 92 3t BG4 /K i i
DR EAERA R

R6 WRHME(Y,) EERE T E S50

Tab.6 Analysis of variance of iodine adsorption value (Y,) regression model

J5 28R 7 A B i ¥J5 F P BEE
Source of variance Quadratic sum Degree of freedom Mean square F P Significance
T Model 56551.74 9 6283.53 116.75 <0.0001 **
A 14101. 67 1 14101. 67 262. 02 <0. 0001 o
B 1248. 55 1 1248. 55 23.20 0.0019 *
c 45.22 1 45.22 0.84 0.3898
AB 177. 45 1 177. 45 3.30 0.1123
AC 924.13 1 924.13 17.17 0. 0043 *
BC 89.83 1 89.83 1. 67 0.2374
A? 33250. 20 1 33250. 20 617. 80 <0.0001 o
B 1510. 32 1 1510. 32 28. 06 0.0011 *
c? 2867.18 1 2867.18 53.27 0.0002 *
5% 7 Residual 376.74 7 53.82
JT0 Lack of fit 178.51 3 59.50 1.2 0.4164
4li{5% 2% Pure error 198.23 4 49.56
HiR# Total error 56928.48 16

R*=0.993 4 R}, =0.984 9 R}, =0.944 8

e FR R (P <0.01), " FIR 2257 3 (P <0.05)

Notes: ™"

R1

B:B
R1

5.0ex
500.0 550.0 600.0 650.0 700.0

A:A

indicates that the difference is extremely significant (P <0.01), and * indicates a significant difference (P <0.05)

B4 HERESSKRES B E RS0 AL E

Fig.4 Contour line and response surface plots of pyrolysis temperature and ammonia mass fraction
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R1

[ ] —
S L5 =
148
1.3 >
500.0 550.0 600.0 650.0  700.0

A:A

1.3°500.0

B S #AREESRREZEEREEZLFNER H HE

Fig.5 Contour line and response surface plots of pyrolysis temperature and impregnation ratio

1.375.0

B 6 SKRESESRELZE(ERES LA H HE

Fig. 6 Contour line and response surface plots of ammonia water mass fraction and impregnation ratio

2.3 REIZSHMRUERIE

A 3 ] AR T, A5 R 2K T A A
AW R W AL 28 L2 S 80N - IR
620.29 °C Z /KR E08.3% =Btk 1:5. 1,
WG, = e A W i L 3R D AR B R T B
335.2 m*/g, WL FFHE K 587. 56 mg/g, FEIIERE
b BB SR SR R A W AT B A A
Py BPE R B R T2 A5 VIR B 620 °C V2
IK BT 8% R 155,

Shy B EARE AR R W 7 TRT B 6 Rk 1 o
PEFIAT SR 4% BRI E S T e, Hh i i 3
VAT R ST RE , [R5 R 2 e M

ek Zs AR IRAL, SEEe s % 6 Fin, Bl 15
W B TR 3N 31 % , e F AT N
334. 59 m2/g,bﬁﬂﬁl}ﬁﬁ5|zi’8ﬁj§ 585.52 mg/g, 5
AT T (6L 54 K O 2 249 /N T 5% , B S B
TR A A , SR WM BA LB ]
S, WS 44 B TR RO AT

FATHY 25 #F 55 i H] 50% H,PO, & 335
b, T 450 °C F $f# 2 B A% T 2 1 BN 318
m®/g BB AR S AT L 8% EKik 105
PEATICME DL 600 °C BAAFRAS 5] i 5 25 L Wy 5 L 56
TR LA/ A T 5 2 W 650 o 1 A 1L o A
T A=W 5 b 3 T FLBR S5 4 AT 185 o A
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AIRE 2 i T 20K EAT 55 B s 3 B v, 7 el
T R AR % 1R EE FE ) FLBR B AT T, FLEELE
S BGPTSR B LB A BE S L R0 Y
AT AW B, FLAR 38 K5 A ) F il = 5 1)
TALZES H , T Ll 28 T AU . 25 135 T LU
CO, FEABEFIAE 700 °C X2 =5 JFORHEA T 1015
BT AR LR TR BUR 330,84 m’/g H 73R
BARHA 10.05% K FASLIOMF 45 5, 1M 24
BETHZE 900 C HFikF] 1 038. 19 m*/g [ k32 1hi
L REER 7. 25% , U BIE ] CO, #EAT B i
REARTFH = 1 e R AR (A 1 TR 3 s

WS BB FE R L T R AE B . GONG
45OV E ST L) MgCl, - 6H,0 S TG 4L 7], 7E 600 C
TRORE 2 AT ol A5 ) i AR R T 3 T RS
170.20 m*/g, flX FABFFE 45 K. X AT RE& il T
MgCl, 1 h—FhEh 2 b 2 35 10 71, B AR 7 w25 TR 4
AT R 5 EL A R K A A i LA
FIST BRI 23 16 A 1 5 2 TR IR MO 50k 3%
FEMRAY OB IR AL , 1 0 L T B T e, 45
b KB 1 2 e A W % e — T A B 1 3 2
BEF30), T A5 A ) T 45 M R ) W A2 o

RT FEEAYRIMERMAIZEIELEER

Tab.7 Verification of test results for the extraction process of Fucoidan

o N T B ok
Specific surface area/(m”/g) Todine adsorption value/( mg/g) Yield/%
332.89 580.34 31.95
333.42 593.47 30.77
337.16 582.75 29.83
SEA4{E Average 334.49 +2.33 585.52 +6.99 30.85 £1.06
RPALFE S Unactivated sample 45.21 109. 11 28.68

3 4k

DA A JEORE , SR R 0K I A AT B
U H 2 AR B P 4 SR 45 B, 76 20D 22
S LB SERE |- 30 3o R T 43 2 ) 7 25
BRI A ) 4 T2 A PREAT T 1AL,
BRI T2 2500 BRIR T 620 C 50K T it
IV 8% B 135 FEVL SR T 75 9 2R
W T BUAT 5 334. 49 m®/g, WU (E 3k 5
585.52 mg/g, /R K 30.85% , B A A Ak
T R SRR T 45 5 B B
(335.2 m*/g.582. 29 mg/g) 5 UF 52 5 1 92 B
(AR , ELARXH R 2 BN 5% 5014 4 FE
S B AE 5 S bR SR A,
1 SR PRI 7 08 B 7K B 125 25 A ) 0 4 36
AT R B T 4 LA R T4

SE 3k
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Optimization of reed-based biochar activation process by response surface
methodology

ZHOU Lili, GUAN Weibing, PENG Ziran, HE Wenhui, SHEN Luyao, ZHUO Shuai
(College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China)

Abstract; In order to optimize preparation process of reed-based biochar, base on the single factor test to
examine the effects of three parameters, i. e. pyrolysis temperature, ammonia mass fraction and impregnation
ratio (ratio of biomass feedstock to ammonia mass) on the adsorption performance of reed-based biochar, by
the Box-Benhnken Center combination design experiment and the response surface method, the activation
process parameters were optimized. The results showed that all three factors had an effect on the specific
surface area of biochar, and the significant effects are: pyrolysis temperature > ammonia mass fraction >
impregnation ratio. The optimum activation process parameters were the pyrolysis temperature 620 °C, the
ammonia mass fraction 8% , and the impregnation ratio 1:5. The surface area and iodine value of prepared
activated carbon under this condition was 334.49 m’/g and 585. 52 mg/g, respectively, which were better
than the samples which were not optimized. The experimental and theoretical values(335.2 m’/g.582.288
mg/g) were basically consistent. The response surface model fits well with the actual situation, and the
effective feasibility of the model was verified.

Key words: reed; biochar; Box-Benhnken design; adsorption performance; process optimization
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