PG VEYI 4R 2024, 45(6): 1235-1243
Chinese Journal of Tropical Crops

ETHEAUEGEMF TAERNSI &7 EWR

ErR, RAF, FEE, RAEE, & B, Bak, szl

1. HEBGE R BB 2 N TG, TR 524001; 2. ZRgRN I EHGVEY2Eb:, ZREE 665000

& E: DARVEFYRBATENER, L KOH RiE k], 575 b BEAH S & H 2 16 M oe, 8 18 5% il 45 b B 4% 14 X
TR R ST TR, IR AR k. SRAMEE M BAL0sh . B . TR0, RESTEFE,
WFFE TG PE R BB FEAL v, BRI RE J1, I EL BB s 1AL 5 S 8 5 TOUAL B0 A 16 Mk R AR o I 9 1 s e
BN TR 1 1, S PEAIREIAY 60 min, JEALE A1 60 min, JEALIRIE N 700 °C o AR HAL B A I M s
(UAC) BV FPEL 15 W FFHE S 400 me/g. MU FHE S 1340.2 mg/g. 83k 25.9%, MILA N 0.9511 em’/g, HERMMH
4 1034.5009 m?¥/g; ARZHHFAL A TEMES (NAC ) B 3L 5 W FHE R 300 me/g, BLIZFFHE A 894.0 mg/g, 3% N
20.8%, HLEMFHN 690.2461 mY/g, RALEN 0.6830 cm’/g, T H WIS | BRI | WIEERER, BIBRHFRT R K
KAWL T AL, KOH iE1bJ5 BTG Mk R AFA KR EFLEH, UAC TR EH 5, FiF2 £ 5 M FL
254, T NAC IR BRIk (C) S8FEE, Lt KOH iEfb/5, UAC f1 NAC 1) C & & HFR 56.81%,
4R E E] 75.97% . 64.89%. KOH & {L/5 MYRE M AR AT e TE AN 2, UAC Al NAC #f 5 B EE 4 IR 62%F1
68%Z G TRE o L5 LTIk, P A B 25 (0 M R MR AR TR A, U IR ik i s A A A TR P e e i R,
Hagwy Ak, dFmstm R ERe . R m S,

KR BT TS BURRHAE ; P L EE W A

hESES: TQ424.1 MRRPRAERD: A

Preparation of Activated Carbon Based on Ultrasonically Modified
Rubber Seed Shells

PAN Xiaowei', ZHAO Zhifangz, ZHAN Guoyanl, LIANG Yaohui', PAN Zhengl, CHEN Shuxian',
YE Jianzhi"

1. Agricultural Product Processing Research Institute, Chinese Academy of Tropical Agricultural Sciences, Zhanjiang, Guangdong
524001, China; 2. College of Tropical Crop, Yunnan Agricultural University, Pu’er, Yunnan, 665000, China

Abstract: KOH was used as the activator combined with ultrasonic treatment to treat rubber seed shell to prepare acti-
vated carbon, and the best preparation conditions were optimized. The surface structure of the chemical carbon was
regulated by controlling the preparation and processing conditions. The physical and chemical properties of the active
carbon were characterized by specific surface area voidness analyzer, FT-IR, SEM, element analyzer, and TGA. The
adsorption capacity of methylene blue and iodine was investigated. The optimal preparation conditions were reagent :

material ratio 1 : 1, ultrasonic action for 60 minutes, activation time for 60 minutes, and activation temperature of
700 C. Activation temperature had the greatest impact on the adsorption capacity of activated carbon, followed by the
reagent to material ratio and ultrasonic time, with the activation time having the smallest impact. The absorption of me-

thylene blue was 400 mg/g, and iodine was 1340.2 mg/g, respectively. The yield was 25.9%, the specific surface area
was 1034.5009 m2/g, and the total pore volume was 0.9511 cm3/g with ultrasonic pretreatment (UAC). The adsorption
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value of methylene blue was 300 mg/g, iodine adsorption value was 894.0 mg/g, yield was 20.8%, specific surface area
was 690.2461 m*/g, total pore volume was 0.6830 cm®/g without ultrasoni pretreatment (NAC). Both contained hydroxyl,
alcohol hydroxyl and carbonyl functional groups. This is conducive to the enhancement of adsorption performance, and
the characteristics of cellulose, hemicellulose and lignin were obvious. The nitrogen adsorption isotherm of the rubber
seed shell activated carbon was type [ . Activated carbon contained a large number of microporous structures with
uniform distribution. There was no pore structure on the surface of the rubber seed shell, and there were a large number
of pore structures on the activated carbon surface after KOH activation. The surface of UAC activated carbon was
smooth and flat, with many rich and regular pore structures. In contrast, the pore surface of NAC had many small pores,
and the surface was rough. The carbon (C) content in the rubber seed shells was rich. After KOH activation, the C con-
tent of the activated carbon prepared by ultrasonic treatment and activated carbon prepared without ultrasonic treatment
increased from 56.81% to 75.97% and 64.89%, respectively. However, the content of hydrogen (H) and nitrogen (N)
decreased, making it an excellent raw material for activated carbon. The TGA results indicate that the sample activated
by KOH was more stable than the rubber seed shell, and the total weight of UAC and NAC samples tended to stabilize
after losing 62% and 68%, respectively. In conclusion, the better performance of the samples prepared by ultrasonic
pretreatment indicates that the cavitation effect of ultrasonic wave acts on the structural surface of the activated carbon,
causing it to undergo structural changes, thus, the adsorption capability of the active carbon, the specific surface area,

etc. are enhanced.
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Fig. 1 Process flow chart of activated carbon preparation
by ultrasonic method
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Tab. 1 Yield, methylene blue adsorption value and iodine adsorption value of activated carbon
under different preparation conditions
g A Mk B 7 I 1] C AL 1a] D i Ak ifit B g PP 5 i TALIRZ B e
Material Ultrasound Activation Activation Methylene blue ad- Iodine adsorption N
No. . . . . . . . o O Yield/%
ratio time/min time/min temperature/ C sorption value/(mg-g ) value/(mg-g )
1 1(1: 1) 1(30) 1(30) 1(700) 450 844.4 18.1
2 1(1: 1) 2(60) 2(60) 2(800) 300 1239.7 20.4
3 1(1:1) 3(90) 3(90) 3(900) 60 265.5 10.5
4 22: 1) 1(30) 2(60) 3(900) 30 345.0 12.6
5 202: 1) 2(60) 3(90) 1(700) 225 1229.4 25.6
6 22: 1) 3(90) 1(30) 2(800) 105 685.5 24.5
7 33: 1) 1(30) 3(90) 2(800) 315 1310.3 18.6
8 33: 1) 2(60) 1(30) 3(900) 15 560.5 15.5
9 33: 1) 3(90) 2(60) 1(700) 275 1089.2 28.7
R2 FAREHEFHTEEREGER., TREERHMERBEKMEN K E
Tab. 2 K-value of activated carbon yield, methylene blue adsorption value and iodine adsorption
value under different preparation conditions
. PP % B LA B GES
K  Methylene blue adsorption value/(mg-g™") Todine adsorption value/(mg-g™) Yield/%
A B C D A B C D A B C D
Ki 780 765 540 920 2350.1 2548.1 2090.5 3163.1 49.1 49.4 58.2 72.5
K, 360 540 605 720 2219.0 3029.7 2632.9 32355 62.8 61.6 61.8 63.3
Ks 605 440 600 105 2556.4 2013.2 2261.3 1130.0 62.9 63.8 54.8 38.7
ki 260 255 180 307 783.4 819.6 696.8 1054.1 16.3 16.4 19.4 24.1
ko 120 180 202 240 739.7 1009.9 877.6 1078.5 20.9 20.5 20.6 21.2
ks 202 146 200 35 852.1 678.0 753.7 376.7 20.9 21.2 18.2 12.9
R 140 110.3 21.7 271.6 112.4 331.8 180.7 701.8 4.60 4.82 2.31 11.2
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Tab. 3 Comparison of effects of various preparation conditions on yield of activated carbon, methylene
blue value and iodine adsorption value

it A FEHE B 75 i [i] C ¥ ALl D Tk i B2
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Tab. 4 Specific surface area and pore size
of activated carbon

v o e i SALA Lz
#HE ope
Sample Specific surface Total pore vol- Average
area/(m*-g™") ume/(cm’-g ") pore size/nm
CK 3.3995 0.0025
UAC 1034.5009 0.9511 2.2438
NAC 690.2461 0.6830 2.8380
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23 BEMOMEE (FT-IR) 5747

CK. UAC #1 NAC # FT-IR K& 3 PR

AEX}E 7 Relative pressure
2 EERERNESKMERE

Fig. 2 Nitrogen adsorption isotherms of
activated carbon samples
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Fig. 3 Fourier transform infrared spectra of
activated carbon samples
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Fig. 4 Scanning electron micrograph of activated carbon
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Tab. 5 Element mass fraction of activated carbon %

FE i Sample C H N
CK 56.81 5.814 0.95
UAC 75.97 5.046 0.69
NAC 64.89 4.665 0.74
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FE b B BB I O 62% 1 68% 5, RE i AR
il TRE.
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Fig. 5 TGA curve of activated carbon
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