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Thermal Desorption of Propylamine and XPS Analysis on Surface
Modified Activated Carbon Fibers
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ABSTRACT : Activated carbon fiber (ACF) was surface modified by nitric acid to improve the
adsorption efficiency of the propylamine. The adsorption amount of propylamine of the modified
ACF increased 17% more than that of as-received ACF. Desorption of propylamine from the
propylamine saturated ACF was occurred in two steps, the first step started arround 50°C showing
the desorption of physically adsorbed propylamine and the second step started at 200°C showing the
decomposition of chemically adsorbed propylamine. Total desorption amount of propylamine from the
modified ACF was larger than that of the as-received ACF because of increased functional groups.
The oxygen and nitrogen contents on the modified ACF increased by 1.5 and 3 times compared with
the as-received ACF. A part of propylamine adsorbed on ACF formed pyridine-like or pyrrolic
structures with 2 carbons exposed on the surface of the ACF. It was found that propylamine reacted
with strong or weak acidic functional groups such as -COOH or -OH existed on ACF surface.
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Fig. 1. SEM images(x3,000) of ACF.
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Fig. 2. TGA curves of ACFs on propylamine
desorption.

- 61 -



oy,

N
o
fr
e
A
o

m
of

], A4AeEE (Dol o
AL /5719 S7F
propylamine®] 3}3H3 FXeFo]
Toleh. 500T o FellA whAsh
+ propylamineo] FEA ¢k Al
o} Zo] Ao QHAY EWIsT]Eol
i=lo] COZ w53 Qlu), o]} 2+ Az
He] Aibxeid SAgAA{= propylamines
2 A9 22F 4T dEo] Ewd o=k
22 2918 AAdETIeke] 33 FHoll o
o] FrMe ¥uk ohel FAEE FUksl
, 10T olste] Exolde 2AFA Fas
& T i

fy d
—a
X
I
N
N
ME -
oX
of

®

p

lo ¥

2 2
N
2 o

2o

o =
Jo oy
[
forle ofw

i3

rofe o 4o N o
O

PropylamineOl S&tE EMEAMF FAPST|9
XPS

Az A %2 A2 3 propylamines %
A7 BAFEGHE A 200, 500, 900T2] &
2ol 1AZE A4 Ask A gFol disl XPS
Nils £#|E&& Fig. 30| EAssr) o] 2RE]
T3k 94 ¥4 =X)L Table 1ol Aefsldch

HT

2
oE
}O{I

o Az AR HElsA] o AS 4.3%cl4 A4t
Ael sl BAvALAFe] Fwdl EAlste 4
9] we 10.6%% oF 154 Zvlslgion Ax
9l T 0.4%lA 14%Z 38l o] =rtsldc).
olelgt A4} Ao Frlel] wiel g9 wlE
2 95.3%0l 4] 88% = AtNA oz 7.3% 74t
v}, AAbA el st 2} propylamines & shA|
% Algoll vty FRAN A gelAes A4
o] Az} wlgo] < 2w o] FrlelR T 449
LA vl g2 o4 A& ol EAdRLEA
9 Fwlol Euld xy dg¥ez Fzkd
propylamine®] ALAE wliro g2 #dgEd, =
g, g R0 Aol osle] Ahgh A4 Y
AL vl go] zhaslel ot Azl Aol ulsle] 900T
9] g Folle Ak A4 o ALdArL E
Ak Ao & ekt

AXxA2] A Fo A 89 Fig. 3(a) & (o)A
v A4LB57E 29 5 ddd. 2y
propylamines FZA)71WH ALP5717F G743
Z71S & 5 Ik ol AL T HF9
Edol EelH4 gtgdow F=
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Table 1. XPS elemental atomic compositions of propylamine adsorbed ACFs

Atomic ratio(%)

ACF

Cls Ols Nls N/C
As-received 95.3 4.3 0.4 0.004
PA-as received 94.6 3.1 2.3 0.024
1M HNO;s treated 88.0 10.6 14 0.016
PA-1M HNO; treated 88.8 7.8 34 0.038
PA-IM HNOs ACF 200T desorbed 90.4 7.1 2.5 0.028
PA-1IM HNO; ACF 500C desorbed 92.2 5.7 2.1 0.023
PA-IM HNO; ACF 900TC desorbed 93.1 5.6 1.3 0.014
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Fig. 3. XPS Nls spectrums of propylamine
.adsorbed/desorbed ACFs.

(a) as-received (b) as-received+PA (c) IM- HNO;
{(d) IM- HNQO3; +PA (e) IM- HNO; PA desorbed at
200C, (f) 500T, (g) 900T .

T T T
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(a)

Fig. 4. Deconvoluted N1s-XPS spectras.

(a)As-received+PA , (b)IM-HNO;+PA.
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Fig. 5. XPS Ols spectrums of propylamine
adsorbed/desorbed ACFs.

(a) as-received (b) as-received+PA

(c) IM- HNO; (d) 1M- HNO; +PA
(e) PA desorbed at 200C, (f) 500C,
(g) 900T .

Table 2. The functional groups of ACFs calculated by Ols XPS

Surface
(9)| [BE=530.9 eV] [BE=532.4 eV] [BE=533.8 V] [BE=535.2 eV] (%)
Samples
As-received 26.1 46.3 20.1 7.5 100
As-received +PA 37.8 37.0 17.5 7.7 100
1IM-HNO; treated 30.1 41.9 21.8 6.2 100
1M-HNQ; +PA 37.0 38.5 17.6 6.9 100
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Fig. 6. Deconvoluted O1s-XPS spectras of ACFs.
As-received(a), As-received+PA(b), 1IM-HNOs(c), IM-HNOs+PA(d).
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