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A% A WARA BEHA 3 F Shelth. ool AR oA HRE BAZA F
o] Busly] o] e¥gsk Al AR dAje] 2ol HYsOlol 49 DA TAL AT +
= AR F ol HAE HiPO,, NaCl @ KMnO,E 7] thE A7k 53t 33
Qez Azan. AzE AZES ooz WHTE, AeiA 9 ARe AT 5o 44 SHL BRI,
T3 225 343 qURE F9 AT glo| oAl Mg H3tel HHH]—\:H L3 )W AN ST A8 AT, 2o
94 HiE BAA0) o84 A5e WBHel PIuoD Feds) SH e T % R 318
Sk B4 o] A9, Friedman 4R Kissinger E41WH tH] &2 AF]%= Eoﬁl—ri’iu}.

Abstract: Oxidation process is considered to be an essential process for a successive carbonization of fibers. Herein, ade-
quate pretreatment is necessary for cellulose fibers with their known characteristics to have weight loss and thermal shrink
after oxidation process. In this study, we first pre-treated lyocell based precursor with H;PO,, NaCl and KMnO, with a
variation of time. Thereafter, we finally developed the sample form as activated carbon fibers. With thus-produced sam-
ples, we observed surface chemical properties, thermal stability, and thermal pyrolysis. Further, more appropriate method
between Friedman and Kissinger was also evaluated by using activation energy as a main constant. With promising
results, thermal properties and the value of 7.« have increased as pretreatment time of lyocell fibers increases. Lastly,
Friedman analysis was found to be more preferable than Kissinger analysis with its high regression coefficients.
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Figure 1. Possible physiochemical shift of lyocell precursors after the oxidation.
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Figure 2. Schematic diagram of oxidation process.
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Table 1. Pre-treatment with Various Impregnation Time for
the Synthesis of Activated Carbon Fibers

Sample Mi'xing fatio Irppregnat[ion
(H;PO,:NaCl:KMnO,) time (min)
ACF30 1:05:05 30
ACF60 1:05:05 60
ACF180 1:05:0.5 180
ACF300 1:05:05 300
ACF600 1:05:05 600
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Figure 3. FTIR spectra of samples: (a) non-oxidized lyocell fiber;
(b) oxidized lyocell fiber under 250 °C; (c) oxidized lyocell fiber
under 260 °C; (d) oxidized lyocell fiber under 270 °C.
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Figure 4. TGA thermograms of samples under (a) 5 °C/min; (b)
10 °C/min; (c) 20 °C/min.
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Figure 5. DTG curves of samples under (a) 5 °C/min; (b) 10 °C/
min; (¢) 20 °C/min.
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Figure 6. Friedman analysis of each sample: (a) ACF30; (b) ACF60; (c) ACF180; (d) ACF300; (e) ACF600. Sample slope (X=10.8) and
Kissinger analysis of samples by various time are depicted in (f) and (g), respectively.
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Table 2. Main Parameters Using Friedman and Kissinger
Methods

Friedman method

Pretreatment Kissinger method

time (min) £ (kJ/mol)  R? E, (kJ/mol) R

30 80.9784 0.97 88.8767 0.92

60 65.4312 0.99 84.6532 0.92

180 16.3786 0.98 81.0340 0.98

300 39.3158 0.93 76.4057 0.95

600 38.7432 0.98 72.4150 0.90

Mean - 0.97 - 0.93
uth uoh ¥ AFEe] BHF oA e AT 5 3
2 I & YA F BAYY BE AAHow A4S
o] Al Agrzte] S7etel weh @493} o|A] go] 2+
At A% UEIgon, gole At AR A
o] olA5E e exoiel thglsh BaTE L W
;7\7} 'cﬂ/\%:a-i/yq ]z 2= Eko] U:1;<40] ﬂx] 2 g

29 e PRy B

=

—_

24
=

2 d7ele ol el 71k ACFS We= HyPO,,
NaCl @ KMnO,d] &3 8918 Axg)st = o]—7<4§;]. Zz7A

o] W3l EAS s } Aok 7]l T8 tﬂ-@} gele A
A AZF B s&Eolnt AAE] Ak 2Egk gol oAl
e ATl Aojdas AR WEdol AL,
ST S7F] mEt Ao Tea w401 S7FFAT wE
A2 2| Friedman A4S 283 7% Kissinger 2]

PR e AEwe] Zkstel B4 oA e 34
g5 e FAG F ATk B A7 97 54 24
o faelel Azl Slol A49] HHE 202 g
¥ 5 Sl ARAEze) #80l /e A0S Slthe)
5 FATLA G 220l 0P8 A vhal 714

o

ATE AP Aol

il

Zay, A|4398 A63, 20193

AN I

~

10.
11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.
24.

!

il

i

o
ror

S. M. Nabat Al-Ajrash and K. Lafdi, Ceramics, 2, 25 (2019).
N. Yusof and A. F. Ismail, J A4nal. Appl. Pyrol., 93, 1 (2012).
A. G. Dumanli and A. H. Windle, J. Mater. Sci., 47, 4236 (2012).
T. T. Teeri, Trends Biotechnol., 15, 160 (1997).

A. J. Stamm, Ind. Eng. Chem., 48, 413 (1956).

T. Rosenau, A. Potthast, H. Sixta, and P. Kosma, Progr. Polym.
Sci., 26, 1763 (2001).

. M. M. Tang and R. Bacon, Carbon, 2, 211 (1964).
. S. S. Choi, J. H. Lee, Y. M. Jin, and S. H. Lee, Carbon Lett.,

link.springer.com/article/10.1007/s42823-019-00063-7.

. F. Carrillo, X. Colom, J. J. Sunol, and J. Saurina, Eur: Polym. J.,

40, 2229 (2004).

Q. Wu and D. Pan, Textile Res. J., 72, 405 (2002).

H. Zhao, J. H. Kwak, Y. Wang, J. A. Franz, J. M. White, and J.
E. Holladay, Carbohydr. Polym., 67, 97 (2007).

F. Carrillo, X. Colom, M. Lopez-Mesas, M. J. Lis, F. Gonzélez,
and J. Valldeperas, Process Biochem., 39, 257 (2003).

S. A. Mortimer and A. A. Peguy, J. Appl. Polym. Sci., 60, 305
(1996).

J. Praskalo, M. Kostic, A. Potthast, G. Popov, B. Pejic, and P.
Skundric, Carbohydr. Polym., 77, 791 (2009).

S. Han, M. Lee, and B. K. Kim, J Appl. Polym. Sci., 117, 682
(2010).

E. Borbély, Acta Polytech. Hung., 5, 11 (2008).

J. Suiiol, J. Saurina, F. Carrasco, X. Colom, and F. Carrillo, J
Therm. Anal. Calorim., 87, 41 (2007).

M. Cheng, Z. Qin, Y. Liu, Y. Qin, T. Li, L. Chen, and M. Zhu,
J. Mater. Chem. A, 2, 251 (2014).

G. Liang, L. He, H. Cheng, W. Li, X. Li, C. Zhang, and F. Zhao,
J. Catal., 309, 468 (2014).

H. Seddon, M. Hall, and A. R. Horrocks, Polym. Degrad. Stabil.,
54, 401 (1996).

Q. Wu, N. Pan, K. Deng, and D. Pan, Carbohydr. Polym., 72,222
(2008).

T. Ozawa, J. Therm. Anal. Calorim., 31, 547 (1986).

J. P. Elder, J. Therm. Anal. Calorim., 30, 657 (1985).

L. Zhang, W. Sun, D. Xu, M. Li, C. Agbo, and S. Fu, Carbohydr.
Polym., 174, 32 (2017).



