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Adsorption and sustained release properties of f-phenylethanol

using tobacco straw activated carbon

XU Kejing!, LIU Xiangzhen!, LIU Yuxuan?, MA Yigiong', HAO Hui!, ZHANG Zhixuan',
FANG Zhihui?, LIANG Miao?, CHEN Xiaolong'*, ZHANG Junsong?

(1.China Tobacco Henan Industrial Limited Company, Zhengzhou, Henan 450003, China; 2.College of Tobacco
Science and Engineering, Zhengzhou University of Light Industry, Zhengzhou, Henan 450002, China)

Abstract: Tobacco straw activated carbons(TSAC60, TSAC75, TSAC90) were prepared at three activation times(60,
75, 90 min) by pyrolysis activation method. The adsorption and release behaviors of S-phenylethanol on the three
prepared activated carbons(TSAC) were studied, and the influence of pore structure on the adsorption and release
behavior of f-phenylethanol was analyzed using a kinetic model. The results showed that the pore structure varied with
activation time: microporosity decreased from 66.39%(TSAC60) to 24.81%(TSAC90). Adsorption of S-phenylethanol
on TSAC was primarily physical, best fitted by the pseudo-first-order kinetic model, with TSAC60 showing the highest
equilibrium adsorption(101.49%) but the lowest rate constant. Non-isothermal heat release analysis indicated enhanced
thermal stability, with TSAC60 exhibiting the strongest sustained release, well-described by the Page model. Isothermal
release followed the Korsmeyer-Peppas model, dominated by Fickian diffusion; TSAC60 released 27.34% of
f-phenylethanol after 35 days. The microporosity of TSAC was the key factor governing adsorption and sustained

release performance.

IS BEA: 2024-03-27 &EIHEA: 2024-05-20
BEE&WHE: WA BRITEL wl BHF H (AW2022024)

{E&H BT

Me/Ne, A, RZ00, WFHEMEREARDIFY, cxlongl19@163.com

VPoEER(1988—), B, L@akErA, WL, DIENRR, EENFMAFREPIRS5ITA, kixu_hnzy@163.com; *EfE1EH,



55185 2 W)

VFVCHEE SR LA M F R AT P e ) MR R e 2 R 123

Keywords: tobacco straw; activated carbon; S-phenylethanol; adsorption; sustained release; thermal stability; dynamics

22 AL AR R 0 2 — 8 6 A 2080 1) b 2
ik, BOT A Z AL B A LR 25 R VR it
Fraslal, @ 55 HH BAE R 7R A AR T
I T 3 Ao A S U AR SR A R ) O 1 2%
B2, LSRR i . 2Kk S RA
HURE R 14 L 5 35 0] FH 1 #5208 M 7 ) 1) W 5 22
FRO-S1, il e R G b e T BRI LR 2 4 42
K IS ARBR AN 2 s S0 R U AR 2R 3 0
e RO JCaN

TSI A 12010 2 ] 25 22 LI P e A i
Z—, VFZWIIE IS T o (A R B BT 2
TWFFE . FIIBESENINE TR LA EXFRNG M e
HAthaFh ZAUb0 R E RS AL RE , & BEXFRIE MR
MR OBERA B RN ES G ). REhAERIL )
MR, P A T FedB e A s il
ZALAEYRATRIFe/Z-ASE, FF/3Mr T4 L BERH 7
BETEIL b AR B AZE RS 124 T . 2R 4 BILA
AL TIXTSY 1 RUR U , BT AR X T
PERFESFLBRZE M . FRM:SBE A 5 i KoK 2 B B
REAYSZIN , R I RS AR AL N R B
BEAATERE . X EERFFERIT, IS PR 1R
PR DACITEAERI AR . SEREIEREA

H AR A 0 T AR KR B R SR RS A A
WoJot, AR FoAE W 0 e — 2 T A T e o P e
P ABgEr, RIS A A R R A
PEwc, B TS BRI T fLBR S, IF
PR A R X 4 6 1 A ek B L e ) R o A 2
PERERYSZNR, LU MR 22 550 IR A (B A A T FD
FER VBRI e B 5 1o PR

1 MRF7EE

1.1 S AR E Zi 5
PUXIHRERSATR A mR %, YRRy 12

JRJEAE H O T 20 di 0. ERaGRanh

FEAH(KOH), e, FH Rt sl

Phah fRCHE, @Gl T RERHARA E

ay RETOK, EERIE SRR BRA /7 5
1.2 BFLEMRAEIE

F L T RF(EL204 %), Mettler—ToledofY %5
(A PRAEDFRELS g =5 FH R 510 ¢ KOH
SIECTS0 mLE B Tk, 7ES0 °CRREIMHE, il
WAL FE o iR SRR AR AR IR A 35), 1235
12 W DR R S R, B 17105 °CHLHVE
TR T IRA (BC2-140%Y , HBMN R A1 &4 B
TEA TN T BT E PR B =0 aiR e
454 (OTF-1200X 2, & JIERFdf A BHE ARG R A
Al), WANABRZE A, KLY LI10 °C/minHi
£800 °Cififk, FOiFE—EmfmEl(60. 75, 90 min)
JERAM, R IRERE RS, BUREE
HRFEAL, T2 /KHhiE e % (SHZ-DID) B K
KEZREZRE, HBINFIDHER A R THEA A,
ik, THE R RS AR IS PR (TSAC), Ttk
BFEISA60. 75, 90 minfiFE i 43 7lic M TSACG60
TSAC75. TSAC90,

1.3 ZFLIEMRAIRIE
FFHIBET/M T (ASAP 2460 3.00%! F 2% i F1
NALBRE 53 H14, Micromeritics) X TSACHJFLBRZE
M TRAE, USSR NN BT, 7E-195.8 °CT
D1 TS AC )W B R B it 2 il 2, il ik BETHREAY |
t-plotBE R 1% B 72 K 312 (DFT) 43 513153 TSACHY)

FeaRm A FLARFLAS A1
1.4 JEMRX - BRI N FMR
141 AWK

SR FE 25 WO 328 P 5 35 A e X - 2 s )
BT M o FETHRIL(E 42210 mm) ISR A 150 mL
BRI W e e T T %25 mm
PEEEFREDE N, s B TR R )Z s BT gm
BB 60 CCHUR HIRIRIT , 7£30.60.90. 120,
180, 240, 360, 480, 720, 960. 1 200, 1 440 min
AN B PR SRR, 33 B SR8 22 Tl R o



124 W R Al K22 4 (A SR B % R)  http://xb.hunau.edu.cn

20254 4 H

Rl IR AL 2R . AN TE TR R RS B 3K
1.4.2 BW3hHFAER A

ZHESCHR[14-15], FIFHME—Sshfi ., 9%
B 12 AR N B 7 (Weber—Morries TR 7 )X
T PR W B K R BRI T3 12 E .
1.5 JEMRAFNL-FRZENBERINEMRR
BB EEAGR IS S A

KR IHTIL(SDT Q600%! , TAZ ) )X 4 ik
P W SR IS B AR BRG44SR p—R
LR AE SRR B M » 8 TSAC60 , TSACT5 .
TSACO0 W [t i p— 7K £ B 43 W) i N - 7K 2 T
@TSAC60 . p— 7 4 B @TSACTS . 7K & g
@TSAC0, JEMERFEM T 20 mgkity; SR AA
Ky FHEHEN15 °C/min, TEJEMNEIRTFZE800 °C,
MR HE4h T2 P B (TG A /M 0 (DTG 26 .
Z:HESCHR[16-17]), ARSI T4 8h 1 2A AR A
SRR AR SRR
1.5.2 SRERKE 5 e

BRI A TS PR R B TR, 430 °C
F N B LG R ISR LEERA T .
BIZEL. 3.5, 7. 10, 14, 21, 28, 35 dif A4
PRI I P R R SRR ER, DU T e AR B AR
T, THERICRI LRI RECR MR IR AL A 2R

ZHECHR[18-19], Z5EZFRBL . — BB .
Higuchi 5 Korsmeyer—Peppas #& % Xif 1 1 7k 1 2% 1Y)
PR BE R T A T80 1286
1.6 HIBEGEITHH

iz FHSPSS 27.0% $ids AT A et 1B
Origin 202124,

1.5.1

2 BR5SH

2.1 TSACHIFLBRZEH
HIHETUPA CHR 45T Ek 73248 )5 7A2021, TSAC60 .,

TSACT5., TSACOORYIN I I b 25 AR Ak 5 R

YRRV RUSER A A S 5 R 7oy, (IR

B Bt X T () B T s, AR R

0.4~0.90F HH B T H4w J5 35,  HAEARXT 1423 1.0

SIRZ NI, B3 AL 5
BIHA FE AL AL, IR —E R RAL(E
1o MEILIERATLIE ', TSACTSFITSACOMIN, -1
WA MR, TSACGE0 RN - e e

900  —=—TSAC60 —*—TSAC75 ——TSACI0

* %k k kKX
xxFX att_F

~ 700 * oo @
o0l w0 .I“l:-l"“"
¢ [ ]

gsoof"‘* o

18 *_.n‘"

= 400,

= 300F ®

= °

100

1 1

0 L 1 1 1 1 1 L L 1
0.0 01 02 03 04 05 06 07 08 09 1.0 1.1
XS]

1 3FELETE T BB EFEFTE MR AN B —Fi
iR Lk
Fig.1 N: adsorption desorption isotherms of tobacco straw

activated carbon at the three activation times

MIE2RT T, TSAC6OMALIRAs 5, HAMAL
LR FEAA7E0.6~1.6 nm, H&EE Tk
AN TSAC, FAAE— & 1Y2.0~3.0 nm4£L;
TSACTSINALFLAR F 25041 7£0.5~0.9 nm, A-fLfL
2 FHAEFLE2.0~4.0 nm; TSACOORY AL 4%

i, 2.0~4.0 nmfY L5 BER

0.9~ ®TSAC60 —*—TSAC75 —®—TSAC90

0.8
0.7

0.6 *
*

05 .
04k %
03 %
o T .
20 mx m %
ek, e

0.1 Ll ﬂ:---:::**:
‘ "

dV/dw)/(cm?-g'-nm™")

eee ®

0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 40 4.5 5.0 55 6.0
Winm

WAL v ALK
E2 3MUELEE TR EERFE I RAIDFTILE S
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carbon at the three activation times

MFETAHT, TSACTS, TSAC60, TSAC90F L
RGN, PR NRIIE R 5 BES AT
[T, AL TR | T LA TR RN G L 4 T
LT B @i, TSACG0RYTFLIE AL, sl
RS L A K, 3R R A A TG ARt ] 5 L
G R, SEEGHL S R AL S R 2.



55185 2 W)

VFVCHEE SR LA M F R AT P e ) MR R e 2 R 125

®1 SHUELEE TR ERTDE RO IESE

Table 1 Microscopic characteristic parameters of tobacco straw activated carbon at the three activation times

VERE S LR A ALY M FLIEEY ALY TALIARY AL/ PR/
(g ) (g ) (g’ (em’g) (em’g) % nm
TSAC60 (1980.91+130.76)b (1 720.75+132.26)a  (260.16+1.50)c  (1.2240.01)b  (0.8120.01)a  (66.39+0.16)a  (2.45+0.04)b
TSAC75 (2274.12+161.50)a (1 407.64+163.32)b  (866.48+1.82)b  (1.2940.01)a  (0.5320.01)b  (41.09£025)b  (2.27+0.07)c
TSAC90 (1871.91475.13)b  (909.85+76.40)c  (962.06+1.27)a  (1.29£0.01)a  (0.3240.01)c  (24.8140.90)c  (2.75+0.02)a
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Fig.3 Adsorption curves of tobacco straw activated carbon for

f-phenylethanol at the three activation times
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Fig.4 Adsorption kinetics curves of tobacco straw activated carbon loaded with f-phenylethanol at the three activation times
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Table2 Adsorption kinetic parameters of tobacco straw activated carbon loaded with f-phenylethanol at the three activation times
- HE— 2R3 ) A HE B 2T Y R
1T
gJ/(mg-g")  ki/(min™") R? g/(mg'g")  k/(g:(mgmin)') R? k3/(mg-(g'min"?)™") c R?
TSAC60 1 150.03 0.003 9 0.992 4 1658.68 5861 056.62 0.986 6 34.32 -161.60 0.972 1
TSAC75 761.59 0.004 0 0.995 6 1088.42 1723 573.54 0.991 3 22.38 -93.03 09751
TSAC90 432.90 0.008 5 0.997 6 524.12 592 379.61 0.988 2 10.95 75.15 0.9352
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Fig.5 TG and DTG curves of tobacco straw activated carbon loaded with f-phenylethanol at the three activation times
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Table 3 Non isothermal drying kinetics model parameters of tobacco
straw activated carbon loaded with f-phenylethanol at
the three activation times

AR TR s R? E/(kJ-mol™)
Page TSAC60 0.999 0 10.55
TSAC75 0.999 9 5.17
TSAC90 0.999 6 1.07
Henderson TSAC60 0.998 7 —-14.75
TSAC75 0.999 3 -14.34
TSAC90 0.999 4 -10.49
Logaruthmic TSAC60 0.998 7 14.96
TSAC75 0.999 5 15.95
TSAC90 0.999 4 10.06
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Fig.6 Isothermal release curves of tobacco straw activated carbon
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Table 4 Isothermal release kinetics model parameters of tobacco straw activated carbon loaded with f-phenylethanol at the three activation times

g T ) 2 — B IR Higuchizf) 772£4% 71 Korsmeyer—Peppasaf] /7 A5 7
ka R? ks R? ke R? k7 R? n
TSAC60 1.34 0.309 4 0.017 0.5012 6.92 09159 11.01 0.9797 0.34
TSAC75 2.20 0.3620 0.037 0.694 8 11.30 0.9337 17.38 0.9870 0.35
TSAC90 2.97 0.2523 0.074 0.808 6 15.37 0.907 4 25.62 0.9910 0.32
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Table 5 Correlation coefficient between pore structure and adsorption

and sustained release properties of tobacco straw activated

carbon
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PR LT B 0.18 0.98 -0.95 1.00%
PR TR —0.14 -0.97 0.96 —1.00%*
SRS RE 0.19 0.98 -0.95 1.00*

T cwesfpRIFIRP<0.05, P<0.01.
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