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Abstract: Carbonaceous materials have attracted more and more attention around the world. In this study the Tenax TA-aided desorption of phenanthrene
from four multi-walled carbon nanotubes ( MWCNTs) was studied. Phenanthrene was spiked onto four pure MWCNTs with the initial concentration of 578

' and subsequently aged for 60 d. After desorption for 30 d desorption amounts of phenanthrene from pure MWCNTs did not change

mg* kg~
remarkably. After desorption for 35 d the desorption ratios were 14.28% ~50.71% indicating that there existed an irreversible hysteresis for desorption
of phenanthrene from MWCNTs. The desorption of phenanthrene was in line with the three-phase first-order kinetic model which consisted of rapid

slow and very slow desorption fractions. The rapid fraction (1% ~3%) was much less than the slow ( 16% ~54%) and very slow (43% ~83%)
desorption fractions. The desorption amounts were positively correlated with the slow desorption fractions ( p <0.01) for the four MWCNTs. The properties
of MWCNTs such as specific surface area mesopore volume and pore size had great influences on the desorption of phenanthrene ( p <0.05) . This
study indicated that carbon nanotubes with large specific surface area can decrease the bioavailability of hydrophobic organic pollutants in environment.

Keywords: multi-walled carbon nanotubes ( MWCNTSs) ; desorption; Tenax TA; phenanthrene

1 ( Introduction)

( carbon nanotubes CNTs)

( SWCMT)
( MWCNT) ( Long
N et al. 2001; Ji et al. 2009; Bui et al. 2010; Hu
( Colvin 2003) . et al. 2011).Long (2001)
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A DA
/
( Lu et al. 2005; Ferguson

et al. 2008; Pan et al. 2008) .
( Hydrophobic organic
chemicals HOCs) /
(Lu et al.

2010)

2005; Yang et al.
HOCs

( Yang and Xing 2007,
(2007)

2006;

2009) . Yang
5d

(2009)
HOCs

Tenax TA
( Kukkonen et al. 2003; Oleszczuk 2008;
Yang et al. 2010) . Tenax TA
( Gomez-.ahoz et al.
2005) . Tenax TA
Tenax TA
Tenax TA
Tenax TA

2 ( Materials and methods)

2.1
( 99.9% AccuStandard Inc.

) ) )

Tenax TA (60 ~80 Sigma )

( Fisher Scientific International

Inc. ) ( Labor Dr. Ehrenstorfer
) (80 ~ 100
) (100 ~200

( multi-walled

carbon nanotubes MWCNT
).

(80 ~100 ) 180 °C
12 h 3% ~5%
(100  ~200 ) 250
C 12 h 3% ~5%
650 C
12 h
. Tenax TA (60 ~80 ) 80 C
3 1 g
Tenax TA 10 mL
2.2
100 80 C
N 3
12 h /
BJH
( Yang and Xing 2007) .
2.3 -
1.5 mg 2 L
( CaCl, NaN, 200 mg-L™")
2 h 25 C 120
remin "' 12 h 0.45 pm
( HPLC)
50 mg ( MWCNTI
MWCNT2 MWCNT3 MWCNT4) 50 mL

50 mL (0.578 mgeL™").
3 .
(23+1) C 130 remin '
60 d.
60 d 5h
HPLC .
80 mL ( CaCl, NaN,
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200 mg*L™") 0. 999 0.10 pg-L7".
Tenax TA 0.2 g Tenax TA 86.5%
25 °C 130 remin"' Tenax TA
. (12 h 24 h 36 h 60
3 ( Results)
h 84 h 108 h 180 h 252 h 324 h 420 h 516 h 612
h 730 h 852 h) Tenax TA 20 mL 3.1
Tenax TA 3 N
1 mL ) 1
4 95% 4
2 mL 20 pL ( 100 ; MWCNT1
peel™h) GC/MS MWCNT2 MWCNT3 MWCNT4  BET
-BJH N N
2.4 57.3 ~490.9 m’* g '.39.39 ~436.54 m* g,
HPLC ( Waters1525 Waters474 ) 0.008 ~0.027 cm’>g™'.0.282 ~0.934 cm’>g™'
/I =95/5( 6.43 ~29.84 nm . BET .
) 1 mL*min~’ BJH
292 nm 366 nm.  GC/MS( Varian ( 1.7 ~300 nm) . MWCNT1
CP-3800GC/4000MS; DB-5 30 m MWCNT4 10
x0.25 mm 1. D) Tenax TA MWCNT1 MWCNT4 4
280 C 80 C 3 min MWCNT4 MWCNT1 5
15 °Comin "' 230 C 2 min
5 Cemin ' 280 C 8 min;
(99.9999%) ; 1 mLe*min"~"' ( Wang et al. 2010) .4 BET
Excel  Origin 8.0 N
4 50 ~100 m™g~'
2.5 100 ~ 200 m’+ g~ 300 ~ 400 m*+g™' 400 ~ 500
HPLC GC/MS mg !
1
Table 1 ~ Selected structural properties of MWCNTSs and desorption ratio of phenanthrene
. BET BJH n 2 3
¢ /(m*g™") /(m>g™") I(em™g™')  /(em¥g™!) /nm (354d)
MWCNT1 >95% 490.9 436.54 0.027 0.934 6.43 14.28%
MWCNT2 >95% 349.9 270.90 0.016 0.810 13.78 18.81%
MWCNT3 >95% 168.6 147.67 0.012 0.501 23.02 43.01%
MWCNT4 >95% 57.3 39.39 0.008 0.282 29.84 50.71%
1) 1.7 ~300 nm ;2) 1.7 ~300 nm i 3) N, 77K BJH /
3.2 ( Chen et al. 2007;
3.2.1 60 d Wang et al. 2010) .
4 578
(0.100 pwgeL™") mgekg .
Tenax TA
™= Tenax TA
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(mg.kg_l) Ff Fs Fx
4 . K,
1 30d 4 K, K, >
35 d MWCNT1 . (d7" ¢ (d)
MWCNT2.MWCNT3 MWCNT4
14. 28% . 18. 81% . 43. 01% . 50. 71% . O NWONTS e vt
MWCNT4 MWCNT1 4 \E\g\;\_\
4 n\;:; » "
Zhou  (2010) 5\\
4\\‘\‘
s + 7
05 A\A% sl A
0.4 | | | | | | | ]
0 5 10 15 20 25 30 35 40
FiE /d
60d  Zhou (2010) i
25 d. 4 2
Yang ( 2007) Fig.2 Desorption kinetic curves of phenanthrene from MWCNTSs
Yang
5d 2. (1% ~3%)
(16% ~54%) (43% ~83%)
- (K«
( Chen et al. 2005) (K) (K.) 0.53 ~0.88
d™'" 0.04~0.08d" 4.82x10""~2.38x107"
d'. HOCs
50% [~ /‘é——-é——é
/ _A——A—4 Oleszczuk  (2009)
40% |-
?/‘—I—MWCNTI 5d
. —O0—MWCNT2
% 2% —A—MWCNT3
g —B—MWCNT4 5.3% ~8.7%
= 20% I
o 91.3% ~94.7%
g——01—8
10% HOCs
Zhou
0 | | | | |
20 25 30 35 40 (2010) 25d
i) /d
XAD-=2 60
1 d 27%
Fig. 1 Desorption curves of phenanthrene sorbed on MWCNTS after 73%
aging for 60 d
3.2.2
Xia
.4 (2010) XAD=2
( 2) : 28 d 21 d
S,/8, = F(e™) + F(e™) +F (e™) (1) 1.49 x107* ~
S, ¢ 2.02x10 > h7"(0.36~0.48 d7") 1.38 x10 7 ~
(mgekg™') S, 1.25x10*h~"(0.033 ~0.03 d7")
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2
Table 2 Regression parameters of phenanthrene desorption from MWCNTSs fitted with a Three—Phase First-Order Model ( eq 1) ¥
F, K;/d™! F, K, /d™! F, K, /d! R?
MWCNT1 0.01 £0.02 0.67 £1.52 0.16 £0.24 0.06 £0.09 0.83+0.26  (1.00+0.01) x10~" 0.996
MWCNT2 0.02 £0.03 0.53 £0.81 0.23 £0.45 0.04 £0.09 0.75 +£0.48 (4.82+0.01) x10~ 0.991
MWCNT4 0.03 £0.05 0.88 +£2.10 0.44 £0.18 0.08 £0.05 0.53+£0.22  (1.00+0.01) x10°" 0.995
MWCNT3 0.03 £0.06 0.83 £2.09 0.54 £0.36 0.07 £0.06 0.43£0.41  (2.38+0.02) x10°" 0.996
14) Fi F, F . Ky K L
3 12 h
(p <0.05) 4 35 d
2h . 4 (5 p<0.01)
4
(p<0.01) 35 d 35 d
4.0% —
3.5% 90%
3.0% —
= 80% [~
el r=0.943 , p<0.05
= 2.5%
S = 70% -
é 2.0% — ;‘;A% =0.996, p<0.01
4§ 1.5% |- % 60%
<
1.0% —
§ 50%
0.5% —
| | | | | | | J
05% 1.0% 15% 2.0% 25% 3.0% 35% 40% 40%
ARG B 451 | 1 | | 1 | 1 |
45% 50% 55% 60% 65% 70% 75% 80% 85% 90%
AR A A O L 1
3 12 h
Fig. 3 Relationship between F; fraction and initial 12 h desorbing 5
fraction of phenanthrene on MWCNTSs Fig. 5 Relationship between F fraction and residual fraction of
phenanthrene on MWCNTSs
55%
S00% L 4 ( Discussion)
e 4.1
§ 40% - =0.997, p<0.01
35%
j&: ( Yang et al. 2007)
= 30% [
x
Bl 25% - .
( Braida
20% |-
5o et al. 2003) . Tenax TA
’ ! ! ! ! ! ! ! ! !
10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 35d 4
BRI R 14.28% ~51.07%
4
Fig.4 Relationship between desorption ratio of phenanthrene and

F fraction
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/ 4.2
4
( Gomez-Lahoz et al. ( 1)
2005) . 35d 6
30 d
(p<0.05)
(p<0.05);
(p>0.05).
( Yang et al. 1.695 x10 *m’
2007) . 0. 68 nm. 1
1.7 nm
/ 1.7 ~300 nm
4 /
(p>0.05 6) . 7
“ »
(p<0.01)
(p <0.01).
55% 55%
50% 50% |- | |
45% L 45% -
r=—0.989 , p<0.01 ) r=—0.886, p>0.05
40% |- 40% -
35% L
¥ 35% |- ; ’
= = 30% -
0, —
= 3% = s L
25% - 20% |
20% - 15% |-
15% - 10% |
10% I | | | | I 5% | ! ! ! |
02 03 04 05 06 07 08 09 10 0005 0.010 0015 0.020 0.025 0.030
HALFLA fem™ g ) WILALE fom’ g™
55% 55% —
50% 50% |
45% —=0.977, p<0.05 45% | =0.976 , p<0.05
40% |- 40% |-
5 35% ﬁ 35% |-
5‘230% L = 30% -
25% | 25% |
20% | 20% |
15% | 15% |-
10% ] | 110% l

100 200 300 400

BET &R Am>g ™)

500

6

20
fLf2 /nm

25 30

Fig. 6 Effect of MWCNTSs properties on the desorption of phenanthrene
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( 2009) .

6.43 ~29.84 nm

490.9 m*g~' MWCNTI 35 d

14.28% .

57.3 m™g™'  MWCNT4 35 d
50. 71%

1.0 < 1.0

0.9 09
. 0.8 r=-0.996, p<0.01 . 0.8 r=0.996, p<0.01
D DR
07 L0r
E E
= =
= 06 = 0.6
& &
- -
RS o5
= =
T T

04k 04l

03 03

| | | | | | | | | | | | 1 |
15% 20% 25% 30% 35% 40% 45% 50% 55% 40% 50% 60% 70% 80% 90%
BARR R 5 AR O ES 43
7
Fig.7 Relationship between slow/very slow desorption fraction and volume of mesopore of MWCNTs
5 ( Conclusions)

3
(1% ~3%)

(16% ~54%) (43% ~83%)

2)
(p<0.01)
12 h (p<
0. 05)
(p <0.01)
35d
3)
30 d
14.41% ~
50.71%

: (1971—)
. E-mail:

xiaxh@ bnu. edu. com.
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