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Preparation and Properties of Micro- and Mesoporous
Ulva-based Activated Carbon
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Abstract: Activated carbon was prepared by pyrolysis semi-coke of marine algae waste (ulva) and KOH
activation. The effect of activation process on the adsorption performance of activated carbon was
investigated by means of iodine adsorption and methylene blue adsorption. The results indicated that under the
optimal conditions of mass ratio of KOH to semi-coke of ulva 3.0 : 1.0, activated time 45 min and activated
temperature 800 °C, the iodine adsorption value and methylene blue adsorption value of activated carbon
could be up to 1824.19 mg/g and 914.98 mg/g. The FTIR result showed that there were a large number of
hydroxyl groups on the surface of activated carbon. The SEM showed that the surface of activated carbon
was very rough and had plenty of pore structure. BET surface area and Langmuir surface area were up to
2616.3 m*/g and 4883.5 m?/g, respectively. Activated carbon showed micro- and mesoporous structure with
a pore size of 2.73 nm. It has the potential as energy storage and environmental protection material.

Key words: ulva; activated carbon; adsorption property; specific surface area; porous structure; functional
materials
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Table 1 Elemental analysis and proximate analysis of samples
TLR M (ad) Tolk 73 #r (ad)
W(C)/% W(H)/% W(0)/% W(N)/% W(S)/% M/% Al% V% FC/%
HZ 6.60 5.92 31.91 3.52 1.96 6.59 14.34 70.01 9.06
BJ 40.29 2.67 6.82 1.36 0.35 2.37 37.16 37.53 22.94
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Table 2 Metal content of pyrolysis char
i 55 %
K Na Ca Mg Al Fe Ba Si
BJ 3.84 0.015 2.17 0.21 0.01 233 0.12 0.06
1.2 #&

1.2.1 G2EFL 2

AZARHL 12 h JEidUE, FAE 60 CCHER T 1EFE
R 24 h, SR FHEREE VLR 6E 3 min, EHAAEH .
122 BHEFAEA

ToUR AL S 9625 B o0 i, R R AR
500 °C, FHEEZF N 10 °C/min, AL} E A
30 min, S 4E RS RE A H R S TR S B A 2
£, B
123 Gih¥EER

TEA S g e B oA U, TSR KOH, 2 4il
KOH 5/ i e Lo (R FRAR % kL )25k 1.0 :
1.0, 1.5:1.0,2.0: 1.0, 25: 1.0, 3.0: 1.0, 3.5 :
1.0; FERARIT P ISR, IR S (LB ] 43
Wk 30, 45, 60, 75, 90, 105 min; P& E NG LR EE
4350k 600, 650, 700, 750, 800, 850 °C; IHiL

N 58 R BUH G FR R, BRSBTS R E
TR RNEMER (AC), AFEFMFT &5 2 0%
P 2R I BT SO 10%~20%
1.3 RAE

MBI R AE AR L FEL 2wl 477 1Y
Nova 400 Bl HL T WU BE iEAT 20 B o 16 PR AR 3R THI
‘B HE MR 72 [ Bruker 24 7] 4277 ) Bruker VERTEX
70 HY R B AR LT ST T 40T, LA KBr A
T S A TR o 7 P A 1 LU 3R T RN FLAR 43 A >R FH 56
[ Micro Meritics 23 F) 4 72 1) ASAP2020HDS8S A Hr. 3%
TASGHEAT 20 BT, MRIR (=196 °C ) UM B - B2
K, % GBT12496.10—1999 F1 GBT12496.8—
1999 1 5 375 4 1k Fr) IV P 35 i N7 A 0 AL PR A, DA
TP 1 1 o W B B o

2 HR5H®
21 FEHRHHEIZMAE
2,11 BRR VLR R B P AR 09 % v

[ 2 G AL I RE R 800 °C, % 4LETIE] A 60 min,
SEEG TR 1.2 4, DA P A 116 AR R IV HE 35
W B E R PR TR A5, 588 T Bl BT 1 R Bf



5 2 1 X dE, S A ZERER P L S ST R e B ) A KB 227+

PERERYSEZI, S5 RN 1 PR

1700 | - PR
a B AR 1900
o0
g 1600 | 850 E
& 1500 800 g
§ 1400 | 750 ﬁ
700
1300 | B
650

1 1 1 1 1 1
1.0:1.0 1.5:1.0 2.0:1.0 2.5:1.0 3.0:1.0 3.5:1.0
B

BT e X P e TR - R 1) 32 Tl
Effect of mass ratio of KOH to semi-coke on the
adsorption property of AC

Fig. 1

R T AT, Bl A e e B3 T, 6Pk B4
FH 356 YA O 5P R ALK R 2 385 KR S8/, FE B R
ok 3.0 0 1.0 B, “#FRFERKME, FHFEZE, KOH
5 C it fL, SOV A EEHLE A (1)~(3)
Ji7m o KOH ¥ in 8k £ [ I 6 78 4, W of 1k e 74 31
PLEn . MR HIAE] 3.0 - 1.0 B, KOH 54 24
BB AR T S R NI 58 42 RN 5 4 KOH % i
2, LA BB AR R T S 5 RO, SRR
Lt — L 2o A FLEE B RAL, R AT Bk
1717 S0 B B R AR

6KOH+2C—2K+3H,T+2K,CO; (1)
K,CO;—K,0+CO,T ()
K,0+C—2K+COT (3)

FEAC BT 1) A P R R TR AR 49 v

[ BTG AL IR E A 800 °C, Bkl 3.0 - 1.0,
SERTERE 1.2 T, BT I AR )X 3 4 e 0 B
PERERYZ N, S5 2 Fros. mE 2 AT, 5k
B B, AR N AT AN e 4, FLESHI AR XA
Kk, WPEAR AW RE R SS o BE A I AR ] AN
Wk n , A 250 a8 R 2096k 5 KOH i, fL
EREIMES, HER WM. Y AT

2.1.2

-m- TR B

1800 |- -a- WHRERHHE 900
)
5 &
= 1600 | 800 E
g il
& 00l &
& 1400 1700 %

1200 |

600 ¥
=~

1000 C 1 1 1 1 1 1 1 1 ] 500

30 40 50 60 70 80 90 100 110

&4k AT [B]/min
P12 T AR DX 42 e W 4 B 4 5 i

Effect of activated time on the adsorption property
of AC

Fig. 2

B35 %] 45 min B, KOH 5584800 5 b AR 2
NLFISHFESE 4, U 2Z (8] AL IR AS BB g T I,
Wi BAE I B A B B AP0 TR AR L, AR
HRE SR R R R N AR, BN T 2 B AL
GhFA (R B R IV R S 1 R (R AR ARG
2.1.3  EACIBE 2 E MR R AR 69 % v

[ 5 1 AL I 6] & 45 min, B8 LK 3.0 1 1.0,
SEYRTTEIE] 1.2 1, FBEE T TE AR R XTI 2 W B
PERERY M, S5 3 iR, — Bkl , KOH i
b T 2 - [ S, KOHL Fifi 25 i B 1Y) T v
ML (KOH %558 380 °C ), [H8 5 N i #ERSR £
ﬁi K2CO3; i"l{u‘%ﬁéﬁéﬁﬂ%ﬁﬂ K2C03 qyf%ﬁﬁﬁgﬁi
K,O. CO, 5%, K,O #—L 50y ; ik 5|
800 °CLEA R, # CibJFM4:)E K (et 762 °C) LU
AT, #EA RGBS Z W — 2Tk (R
PRI, o BIR BRI AL, 5 E IR AL
BRESFREIR, s AL TR R 800 °CH, T4k 1)
L W2 A R TV Y 5 30 W8 BB 34 38 B e K, 0 oA
1824.19 . 914.98 mg/g, LA 16 P J 1) W B RE e

1800 -m- WU FAHE 4900
-a- 7 PR LS IR FHE 1enn B
501500 | 800 5
E {700 E
E e
i 1200 . 600%

=

= 900 | —4500 @
= 4400 ﬁ
600 |- 1300 5

300 4200

600 650 700 750 800 850
TEAGIRBE/ C
P 3 {5 A TR T T 1 1 T R 1P FE 1) 2 T
Effect of activated temperature on the adsorption
property of AC

Fig. 3

2.2 LERERAALEHSHT

iR 800 °C . MR Ll 3.0 0 1.0, T
AR E] R 45 min S50 T il 4 06 P i 17-196 °C
R I 0 B - FE BT S 56, A0 L 3 v AR RN FL AR
G, el TR AEIR S, SR BET . Langmuir
PATRE A, H-K E00rfLes 1, BIH E04T
Lo At
22,1 FAEM-BLIE IR LK

Pl 4 SRy 3P ) 0O - BB S 2 . Fh A 4
T, W45 IR 2R 8 T TUPAC-IV I 25 R 26 23 AR
EANFLEER S - Kelvin 7R, AB B 3
BN YT R, BC BEWEI EE £ TR
fff, CD Bt& A EAFLEER IS , DE BHAL L9,
WM BRI, CD BRI RE LU B82S oLy



<228 - # 4m it T FINE CHEMICALS

36 4

AT LB TE, AB Bet-rBE, d I IRE 6 2 T XS 4 A2 A 73
FAERIIHE8, KT R Z [ e

1200 - —=— Adsorption

—e— Desorption

1000
800 -
600 |-
400
200 -

Quantity adsorbed /(cm*/g )

0r A

0 0.2 0.4 0.6 0.8 1.0
P/po

P4 A it AP 20 A - T A 55 i 2k
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Fig. 5 Pore size distribution curves of AC
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Table 3  Specific surface area parameters of AC
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T 5 1 1 2687.0 — 1.470 —
—RFTC I

H2% 3 WAL, A 238G ) BET R A
2616.3 m?/g, Langmuir b1k F] 4883.5 m¥/g,
MALZIEE] 1.785 em¥/g, FIFLAEHN 2.73 nm, 351
e ELA W ) e i RRURIFL Y, FLESH M LS
4 MR 5E 06 PE B¢ () BET HL & 11 AL AT 34 2687.0 m¥/g,
A LG e LR T ARG AIG , (E A 263 6 1 1)
LA K, MR B iG MEa fL AR E B P E
1~2 nm, f12E3EEMEAA/NT 1 om 9FLI2 . A2
FEVEVE R 1Y BET be 2 i AR T 6 0% P e e T AR

(2483.0 m*/g), WARTRINYRE (YR ) HtE
WM FR(1368.7 mP/g ) P02 oy 2 v M R 6
18 a7 b 2R T ARURI G/ v FL 235 ) AT AE i R B e
WAF AR -

2.3 O KIEHH

PR S IR AT FTIR A&, RS
bR E R AL, 45 RE 6 iR,

HE 6 AT, &Mk 5 A g fE i 20 A kg
WA A B, (HIESRISA T R, UL AL ) 16 1
BB REAI R SRS/ . A AR AE 3450.1 em ™!
Ab WS X R TS L s . BRIE O—H 4

AC

28509  2079.8
1740.5

2920.7

2925'3 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

K6 AR RLLANERE
Fig. 6 FTIR spectra of samples

Wedh, AZPEE 17299, 1265.1, 1106.2 cm™ Ab
(W2 I SR [ T RS2 1 C=0 Mgk sh #l C—0—C
B4R 3, 1450~1600 co™" PN Y W Wic U ok 1 5 3R
) C=C ‘B, SaZiPEML, AZEREH
TRAE 3445.8 . 1558.7 F11030.2 ecm ™' b A5 W Wi, X
N FEEZE O—H., C—O0 MIMiZiiRsh; 2079.8 cm™ 4k
ST C=C M2 C=C WM%EIEsh, 17405,

1558. 7 cm™ 439y C=0. C=C #1845 4% ) 51



5 2 1 XowE, A AAERERY P AL S AR I T B ] A S e 229 -

R O AL S IR P/ SS e ] Fr 2 SN e
IREBEM, XEHREM R —E Kk, TR A
S PSR AL TR IR B P A8 21K

24 HWBESN
TR FILA A R R R R SR SEM #E1 7
FAE, SERWME 7 PR

a. b—A[AHCRAEEY AC; c—BJ
Bl 7 AFFARE SEM E
Fig. 7 SEM images of different samples

M E 7a 0T VAt WMo HURE AT
A, e S 20 B IR 4 . R B 7b T L R b
WA WA REWFLGEWAAE . B Tc NaZEEER
SEM [, n[LIFE i BI RLFAFEAEFLESH
2.5 X SHE&ATE S

8 N ZEHLTE SR 1) XRD &3

1200 v —C,6H;4,N50;5 ¢ —KSiH; +-K,SO,
v

5 900 - v .
<
2
2 | .
E 600 . e
K

300 -

0 1 1 1 1 1 1

26/(°)

K8 ArZESLE A XRD 5]
Fig. 8 XRD pattern of the prepared AC

H & 8 FIAl, A zi G MR e 20=24.7°4b 4 —
A TE R AT AT (e 8 20 R 26.0°), XFR T A
BRI (002) b ThT , W 7 A 8 AR 3 V% M i 285 ) A7 7 Tl
B, 3 X LA Sy W o sl At ) i B A RS A I 1 5
TE 26=43.4°40 H P4 55 BY(100) 5 T8 A7 06, 1560 3%
PE IR B J2 1) 28540 5 0 BB AL, TP R A TG 2 T
ghF201 E M XRD B B T R 2R —
PR S 0G , firht i X F & K. S, Si L E
B 2R AR S5 A 2 AR AR By o B AR
HE1, 24585,

3 it

(1) i P 7 AL BEATZE, il 15 20 1 f P

215 AR £ BB A T P ok, SEBL T IR A 2 2
TH T O RIOFI T 5 3 P 2% T o RLRE ELAR TR L 254
Uil KOH A R s fL/EH .

(2) fERA LN 3 2 1, IGAkIE A 45 min,
AR R 800 CCHYZAET , 1M P BBILIRZ SF (RN I
L MBI A B Bk (1824.19., 914.98 mg/g ),
FEI AR R %) W B4 B

(3) ihtE# BET LR ALY 2616.3 m¥/g,
LA N 1.785 cm’/g, SEHFLFE N 2.73 nm; 36 P
LA AL EE, PR A4 .

(4) FTIR. SEM #l XRD MiXFEH, 1EMEARS
IR E A, EATHURE AOFLIBR 2 1 M TG ETE
550

(5) KOH {Gfbilg i ifg ik 2 A 26, T il 4%
o L 2R T AR S 8 18 3 M e o O D A e A
W BRE S R R S g R R B S, AT — 2R
5% HAE Tl K i Ak 2= 75 4 i ( COD ) 1Y fig
o mp % HL e — 25 e, R T A Rt ) H R B
BE, H s N A

SE

[11  Ren Nangi (fERFEL), Zhou Xianjiao (Ji f.107), GuoWangian (GRU
75), et al. A review on treatment methods of dye wastewater[J].
CIESC Journal (ft. T-2%4{%), 2013, 64(1): 84-94.

[21  Zuo Weiyuan (/£ T1Jt), Tong Haijuan (2¥48), Shi Bingfang (% f&
J7). Cr(VI) adsorption from aqueous solutions using activated carbon
modified with Fe [J]. Chinese Journal of Environmental Engineering
(FREE TAE2EAR), 2015, 9(1): 45-50.

[3] Tian X, Ma H, Li Z, et al. Flute type micropores activated carbon
from cotton stalk for high performance supercapacitors[J]. Journal of
Power Sources, 2017, 359: 88-96

[4] LuQ,XuYY,MuS]J, etal The effect of nitrogen and /or boron
doping on the electrochemicalperformance of non-caking coal-

derived activated carbonsfor use as supercapacitor electrodes[J]. New



° 230

# @m 1k T FINE CHEMICALS

36 4

(3]

(6]

(8]

(9]

(10]

(1]

[12]

[13]

[14]

[15]

Carbon Materials, 2017, 32(5): 442-450.

Wang Xiaojing (FB%#), Liu Chao (XIi##), Dong Yue (#1it), et al.
Modification of activated carbon with tetrafluoroboric acid and its
performance in adsorption desulfurization of dibenzothiophene[J].
Journal of Fuel Chemistry and Technology (JAkHb2#:224K), 2015,
43(5): 607-613.

Gao X, Wei X, Zhou J, et al. Superior capacitive performance of
active  carbons derived from  Enteromorpha
Electrochimica Acta, 2014, 133(7): 459-466.

Hesas R H, Arami-Niya A, Wan M A W D, et al. Microwave-assisted

prolifera[J].

production of activated carbons from oil palm shell in the presence of
CO,, or N,, for CO,, adsorption[J]. Journal of Industrial &
Engineering Chemistry, 2015, 24(3): 196-205.

Jiang Jianchun (&%), Sun Kang (F)EE). Review on preparation
technology of activated carbon and its application[J]. Chemistry and
Industry of Forest Products (#f/=fk2:5 Tlk), 2017, 37(1): 1-13.
Hu Lijuan (#337.f%), Wu Feng (%20%), Peng Shanzhi (334%), et al.
Progress in preparation and utilization of biomass-based activated
carbons[J], Chemistry (fk2%i#1lt), 2016, 79(3): 205-212.

Sun Longmei (FMEAHF), Zhang Liping (FKill>F), Xue Jianhua (FEZ!
1£), et al. Research progress on preparation methods and applications
of activated carbon[J]. Chemistry & Bioengineering (fb2# 544 T
), 2016, 33(3): 5-8.

Zhang Huiping (7k£>°F), Xiao Xinyan (¥ #2), Yang Lichun (157,
#). Preparation of activated carbon from carbonized coconut shell
by K»,CO; chemical activation[J]. Journal of South China University
of Technology (Natural Science Edition) (FER§HE T. R2f2i4k: H SR
BEEIR), 2006, 34(3): 63-66.

WangYuxin (‘EEH), Su Wei (7545), Shi Zhiqiang (F758), et al.
Preparation and application of activated aarbons with high specific
surface area from coconut shell[J]. Journal of Tianjing University (X
HR244R), 2008, 41(6): 703-708.

Huang Shanshan ((3#), Zhao Xiaoyan (#%/]\#E), Xie Fengmei
(I XU4#), et al. Preparation of hyper coal-based activated carbons for
electric double layer capacitor[J]. Journal of Fuel Chemistry and
Technology (JARMEZEZ£AR), 2014, 42(5): 539-544.

Liu Pengpeng (XIMEM5), Zhou Sukun (J&ZHit), Wang Chao (FiB),
et al. Preparation and properties of mesoporous activated carbons
from NaOH-pretreated corncob residues[J]. Journal of Beijing
Forestry University (AU gt ol R2-244R), 2018, 40(3): 128-134.
Zhao Zhonghua (X H4E), Shi Lei (f17), Liu Shanshan (XIHHH.

Biomass energy development and marine biomass energy prospects[J].

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Science and Management (B}2# 545 1), 2008, 15(4): 13-15.
Chavez-Sanchez T, Pifon-Gimate A, Serviere-Zaragoza E, et al. Ulva
blooms in the southwestern Gulf of California: Reproduction and
biomass[J]. Estuarine Coastal & Shelf Science, 2018, 200: 202-211.
Guo Wei (38fF5), Zhao Liang (#42%), Li Xiumei (Z=FAF). The
interannual variation of Green Tide in the Yellow Se[J]. Acta
Oceanologica Sinica (fF7£44R), 2016, 38(12): 36-45.

Yi Shuang (%#5), He Xuanming (fi[#E£/]), Cheng Xiaohan (F2f%
), et al. Low temperature copyrolysis products of lignite and
ulva[J]. Chemical Engineering (k2% T#2), 2016, 44(7): 64-68.
Ferrera-Lorenzo N, Fuente E, Suérez-Ruiz I, et al. KOH activated
carbon from conventional and microwave heating system of a
macroalgae waste from the Agar—Agar industry[J]. Fuel Processing
Technology, 2014, 121(1): 25-31.

Zhang Jian (7K#), Hou Yingfei ({5 &), Zhou Hongyang (J&I3EVE),
et al. Study on oil removal from oilfield wastewater using activated
semicoke[J]. Chinese Journal of Environmental Engineering (F/5% T.
AR, 2010, 4(2): 355-359.

Li Haihong (ZEIfFLL), Yang Pei (#fil), Xue Hui (B%E), et al.
Preparation and characterization of activated carbon from cotton
woven waste with potassium hydroxide[J]. Fine Chemicals (}&4i{k
1), 2018, 35(1): 174-180.

Yu Junfeng (430R1%), Chen Peirong (4:45¢), Yu Zhimin (A7),
et al. Preparation and characteristic of activated carbon from sawdust
bio-char by chemical activation with KOH[J]. Chinese Journal of
Applied Chemistry (B FH{k2%), 2013, 30(9): 1017-1022

Xin Baolin (85 #K), Chen Lunjian (if{{£#), Zhang Chuanxiang
(5k4%##), et al. Study on preparation of coal-based activated carbons
by NaOH activation[J]. Coal Conversion (K&5c#44k), 2010, 33(1):
69-73.

Guo Hui (¥8H%), Zhang Jisheng (7KicFt), Zhu Tianxing (K 2), et
al. Preparation of high specific surface area activated carbon
electrode materials from walnut shell[J]. Materials Review (31%}5
), 2016, 30(2): 24-27.

Wang Gege (TA%4%), Li Gang (ZEHI), Lu Jiangyin (FliiT4R), et al.
Effect of pyrolysis process on physical structure of biochar[J].
Chinese Journal of Environmental Engineering (¥5% T.#22%4k),
2016, 10(12): 7289-7293.

Isahak W N R W, Hamzah N, Nordin N A M, et al. Dehydration
studies of biomass resources for activated carbon production using
BET and XRD techniques[J]. Advanced Materials Research, 2013,
620: 491-495.



