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Abstract
Activated carbon fibers (ACFs) were surface-modified by electron beam (E-beam) irradiation and used as a gas sensor elec-
trode to investigate the effect of E-beam on nitric oxide (NO) gas sensing performance. XPS results showed that the oxygen
component of ACFs surface treated by E-beam decreased and sp” bonded carbon of ACFs surface increased. These results
were attributed to the structural transformation of ACFs surface irradiated by E-beam. NO gas sensitivity of the electrode
composed of ACFs irradiated by100 kGy increased from about 4% to 8%, and the response time was also meaningfully en-
hanced from 360 s to 120 s. This is due to the fact that the sp> carbon bond increased by E-beam irradiation of activated

carbon fibers, which significantly affects the resistance change of the electrode in NO gas sensing.
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Figure 1. Raman spectra of the pristine and E-beam treated ACFs.
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Table 1. The Iy/I; Ratio and Crystalline Size of Pristine and Electron Beam Imradiated ACFs

sample Raw-ACF EB100-ACF EB200-ACF EB400-ACF
I/1, 0.91 0.88 0.90
L. (nm) 18.4 19.0 18.6
Table 2. XPS of the Pristine and E-beam Imadiated ACFs
Sample Raw-ACF EB100-ACF EB200-ACF EB400-ACF
C (at%) 84.28 85.69 85.62
0 (at%) 15.72 1431 14.38
0/C (%) 18.65 16.70 16.80
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Figure 2. XPS spectra of the pristine and E-beam imadiated ACFs.

2 (DZHE] Axke A9k Table 190 A2)ste] YRR 141,
9] &2 Raw-ACF2] 739 0.910]3] o1} AR ZANE AAJEE AE
EB100-ACF, EB200-ACF, EB400-ACF002] 73-%- Z}7} 0.88, 0.88, 0.90
o7 ZF23gink w3 o5 o] g8le] sp” AALEIRIY] 7S T
3to] ¥ A3} Raw-ACF2] 18.4 nmol|A] EB100-ACF, EB200-ACF,
EB400-ACF = 717} 19.0, 19.0, 18.6 nm=Z FAHE AS gheler 4=
itk ol#fdt Axk= WA 2AF Held SAgeadwo sp’ A
o] 453t Ag omsith

3.2. MR TAW] ofst SMEIAMRO| EHISH M =Tt

XAl A B35 o] 4sto] AAP FAtel| upE vk
o] ¥ws}sl A8 49319 Figure 2 % Table 20] Aglsto] el
STk Figure 298] XPS 1#329] 284.5 eV} 532.8 eVollA F 719 )
A7} vebg=d ol ZH2F Clss) 0158} Badg s =o)u) A7) At
oA & 4 e AAH, A A HA k& Raw-ACFE] 4
£ Abasl B 949 B]E(0/C)7) 18.65%¢] ¥ EB100-ACF,
EB200-ACF, EB400-ACFA1Z2] 7-9- 77} 15.74, 16.70, 16.80%= A
o] AR o whEh Ak HlEo] TSIt Sk A
< ik ek, AR AR ook vk o] Edsist At
TZo] W3lE 8] dothy] $151e] Cls peaks #s7HE &
3lo] Figure 39 YERNSIOH, Table 39 89 #57]2 Aoy
A g ks e gith 3 3382 pseudo-Voigt 21S ©]4-3191 2

> 1

= 9u|3lt}h. Cls peaki= 284.4-284.6, 284.9-285.1, 286.1-286.4,
287.4-287.6, 288.3-288.9 eV O H3E 4= gl o ol 7z} C-C(sp),
C-C(sp’), C-0, C=0, 0-C=02] Ag¥} FAo] 3UrH10,19,20]. ©] A
gl @A e foll dAo] AR Al C-C sp® AT vlEo]
AR 2ARSHA] 949kS 74 Bt Assigion o)df wkel C-C
sp 43I} C-0 HEo] Ui fishe AdS B

A oA 7E jAAl sl A S o st ARt
= AEAE dAA Fof AP} olgEtA FHa o] el Wl
Aol F2A Ahs AR olejgl FE AsEy wiEel
WA E ARG 2A A BAAEE T2A HE
2 UEA o)l EA3 7oA optf, sp’ o spl spr
(trigonal <> mixed trigonal, tetrahedral)$} - 732 WES do7]
Al ©TH21,22]. T3 FAELA Rl 710 EAshE w4 Q3
4709 Age BF A$A Ealal FojW B Al e 4
@H(dangling bond)°1tt WAXR 5o Aol AxpHlo] AR A] A
& W7 )7F EYEAY sp® Aol S7IeHA Firh23,24]. ©] 5 B3}
o, sp” A &9 C-0 HEY BAa L3 e 5 Qlrk dAo)
2AH Al C-C A% 2l c-0 A% Qlete] 734 A
gto] AAE T o] sp” AT B2 AT sk slow o
ek 3k AAR ZAPE Al%EE 400 kGy2] 3% C-C Age] H3)
QI3 3] 9 Akxgl Agto® -0 Ado] APAE ] BH
sk W c.0 A ATt Zoleke oz ddE

z

3.3. MRMUM ZAW ofF SYEMRS 718 54

AR ZAE A E A o ekl frel AP Ak wE &
BRAARE] 77 KoM 9] A4 2 T2541E Figure 400 YERIS
th RE AZEL 0.1 PP olslellA AA Fao] I/ Frlskal
0.1 P/Py ool S7F%e] A dAe grew fAsts A

Appl. Chem. Eng., Vol. 28, No. 3, 2017



302 ol - gwg -

0]73\: . o]oiﬁ

gl

Table 3. Peak Parameters for Cls Component of the Pristine and E-beam Imadiated AFCs

Concentration (%)

Component Peak position(eV)
Raw-ACF EB100-ACF EB200-ACF EB400-ACF
C(1) C—C(spz) 284.4-284.6 66.29 69.18 69.07 67.63
C(2) C—C(sps) 284.9-285.1 17.49 14.74 15.24 16.05
C@3) C-0 286.1-286.4 8.30 7.11 7.70 8.13
C(4) C=0 287.4-287.6 429 4.56 4.71 4.45
C(5) O-C=0 288.3-288.9 3.63 4.40 3.28 3.73
Table 4. Specific Surface Area and Porous Parameters of Samples
SSA” (m’/g) Vv? (mL/g) Vi (mL/g) Vil Vi (%)
Raw-ACF 885 0.382 0.352 92.15
EB100-ACF 433 0.203 0.199 98.03
EB200-ACF 681 0.273 0.272 99.63
EB400-ACF 796 0.323 0.320 99.07
* Specific surface area, " total pore volume, © micropore volume
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Figure 3. Deconvoluted XPS Cls spectra of the pristine and E-beam imadiated ACFs; (a) Raw-ACF, (b) EB100-ACF, (c¢) EB200-ACF, (d)

EB400-ACF.
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Figure 4. Nitrogen adsorption isotherms curve of the pristine and
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