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1. Introdution
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2.Methods
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Fig. 2-2 Schematic diagram of adsorption process
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3. Air-plasma Modified CNT
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Fig. 3-1 Adsorption Curves of 3 C-materials Fig. 3-2 Adsorption Curves of CNTs Fig. 3-3 Adsorption Curves of CNTs
at different temp

Table 3-1 Adsorption Capacity of CNTs

Breakthrough Adsorption capacity

(%) (ng/g) Time (s)

Sample

carbon nanotube 304 90.3 0.52 36

Modified carbon 30.0 90.0 538 27 37923
nanotube
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3. Air-plasma Modified CNT

Table 3-2 Physical characterization of CNTs

Micropore
. BET Surface Area  Micropore area Micro/total Total-pore Micro/total Average pore
E volume .
(m?/g) (m?/g) area (%) volume (cm’/g) volume (%) size (A)
(cm?/g)
CNTs 313.4907 i 80.5955 25.7091 1.777674 0.036207 2.0368 23.3841
CNTs-air 265.8807 79.9291 30.0620 1.652354 0.037710 2.2822 26.6305
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Fig.3-4 N2 adsorption-desorption isotherm of CNTs
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3. Air-plasma Modified CNT
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CNT Air-modified CNT CNT-Hg

Air-modified CNT-Hg

» CNT: smooth surface, no agglomeration, outer diameter:12 nm
» Air-modified CNT: rough surface, shrinkage and cracks on the surface

» Air-modified CNT-Hg: irregular micro-sized particles attached to the tube wall

M1z
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3. Air-plasma Modified CNT
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Fig. 3-5 FT-IR spectrums of CNTs » (C=0 Symmetrical stretching vibration: Ester group, carboxyl group
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3. Air-plasma Modified CNT

o o e Table 3-4 Ratio of C 1s. O 1s & Hg 4f of CNTs
Cls O1s H
3 : BRARE 0 1s/C 1s .
E : 284.8 532.9 103.15
£ E
- ) CNTs 98.46 1.54 0.0156 /
| _ CNTs-N, 96.37 3.63 0.0377 /
S— - CNTs-air 96.72 3.28 0.0339 /
T e T CNTs-air-N, 92.67 7.12 0.0768 0.21
5 a o . . o o
» O 1s peak rises, with the modifation, effectively increased the
E 5 oxygen content on the surface of CNTs
o o » O 1s/C 1s: Surface oxidation degree increased by more than
Mw Hg 4f V\/\\L\“‘——N .
A two times
0 100 200 30[;mgd4:l(: Cncr;;),()(cv) 600 700 800 900 0 100 200 300Bing:;):g cnc:;))(]) (CV)GOO 700 800 900

Fig. 3-6 XPS Overall spectrum of CNTs
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3. Air-plasma Modified CNT

Table 3-5 Relative peak area integration of C 1s of CNTs Table 3-6 Relative peak area integration of O 1s of CNTs
Cls O1ls
TG KA 284.8 eV 285.6 eV 286.4eV | 288.5¢eV BRI E 531.3 532.3 533.7 5347
Cc-C C-0 C=0 C-COOH C= C-0 R-0-C=0 C-OOH
CNTs 69.40 10.02 10.07 10.51 CNTs 12.60 34.49 44.15 8.77
CNTs-air 64.36 13.90 9.74 12.00 CNTs-air 5.96 44.24 39.9 9.91
CNTs-N; 61.94 19.73 14.16 4.16 CNTs-N2 5.01 47.93 40.11 6.95
CNTs-air-N» 52.41 30.56 11.44 5.58 CNTs-air-N» 2.56 47.08 42.50 7.86
\;? 30000 % 30000 é 50004 é 0 roc-o—i o
10000+ (;DOOH / g 10000+ C-COOH 40004 ) 38004 coon i A C=0
291 290 289 zgsl;i“gig:g ene::; (Sv)zss 284 283 282 291 290 289 ZxxBingjz:g enerz:; (EV)ZXS 284 283 282 540 538 536Bi"gdi“85::ﬂgy (EV)SKZ 530 528 540 538 536Bi“gdi"35:lirgy (ev)532 530 528
Fig. 3-7 XPS spectrum of C 1s Fig. 3-8 XPS spectrum of O 1s
[ BE:
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3. Air-plasma Modified CNT

900

CNTs-N,

CNTs-air-N,
8004

Intersity (a.u.)

» Hg 4f 7/2 at 97.63 eV and Hg 4f 5/2 at
: | CENLDL 101.95 eV: Hg2*

T T T T T 1
110 108 106 104 102 100 98 96

T T T T T T
110 108 106 104 102 100 98 96

Bingdingcncrey V) » Adsorbed Hg° oxidiezed to Hg?* by the

Bingding energy (eV)

Fig. 3-9 XPS spectrum of Hg 4f Oxygen-containing functional groups at

Table 3-7 Relative peak area integration of Hg 4f of CNTs the surface of CNTs
Hg 4f
AR E 97.63 101.95
Hg 4£7/2 Hg 4f 5/2
CNTs-N2 47.66 52.34
CNTs-air-N: 50.04 49.96
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3. Air-plasma Modified CNT

CNTsaix » Absorption peak at 289.1 eV: Ester or carboxyl,

C-C(n*¥) C=0/-COOH C-C(c*) C=C(c*)
| ! 1 !

» CNTs-air: peak value increased significantly, C=0. -

ﬁ COOH attached on the surface of CNTs
ﬁ » CNTs-air-N2 & CNTs-N2: peak value decreased, O-

ﬁ containing groups reacted with Hg’, and formed HgO
ﬂ » Two turning points on XANES spectrum: the spectral

_/M characteristic of oxidized mercury

CNTs-air-N,

CNTs-air

Normalized Absorbence

280

1 I 1 1
I ! I !
282 284 286 288 290 292 294 296 298 300 12250 12300 12350 12400 > LCF: 794%()ng0

Energy (V) Energy (eV)

Fig. 3-10 XANES spectrum of C & Hg L;; of CNTs

Table 3-8 Fraction of chemical species estimated by LCF

Hg-XANES (%)  Hg? HgO HgS HgSOs HgSO: HgClh HgChL RET

CNTs-air-N2 206 794 / / / / / 0.0007559

120
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3. Air-plasma Modified CNT
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Fig. 3-11 XRD Fig. 3-12 Thermogravimetric Analysis Fig. 3-13 Hg-TPD
Good graphitization degree: 26=26° attributed to Graphite-like structure (002) crystal plane, 26=43° corresponds to (100)
crystal plane
Good thermal stability: Heating to 700°C, weight loss of CNTs-N2 3.15%, CNTs-air-N2: 3.81%

CNTs-N2: Desorption peak at 220°C, Corresponding to the physical adsorption process Hg? or HgO
CNTs-air-N2: Desorption peak at 345°C, from HgO

R
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3. Air-plasma Modified CNT
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Fig. 3-15 Voltage waveform of DBD&C,,

T
0.00695

T T
0.00700 0.00705

Time (ms)

Table 3-10 Discharge power of DBD

Voltage Actual
(kV)  frequency (Hz) Area Cy (uF)  Power (W)
5.0 8298.76 71232 0.47 277.83
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Fig. 3-16 Lissajous curves

> Input power: 284.9W

» Energy conversion efficiency :97.52%.
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3. Air-plasma Modified CNT

» Modification process of air plasma to CNTs:

Plasma
30549 — 0+ 03+ 0y

Plasma
2H,0,,,— ‘OH+ ‘O +3-H

(ad)

Plasma
0 +H — .0H

+ Plasma
02 +2H20 — 4 -OH
Plasma
03 + 3H20 —— 6 ‘OH

» Bonding process between O-containing

functional groups and CNTs :
C+-OH—— C-OH

C+0—— -C-0
-C+0—— -C=0
-C+-0+-OH—— -COOH
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» Hg? adsorption process on CNTs:
0 0
He) > Heg)
-C-O+ Hg? 5 — HgO-C+H
-C=0O+Hg,;, —— HgO-C+H
0 .
-OH+ Hg( W HgO+-H

-COOH+ Hgl,, ——-COOHg+H

-COOH HgO-C

C=0

9

Fig. 3-20 Hg’ Adsorption mechanisms of CNTs " 22
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Conclusion

(1) CNTs modified by DBD plasma

» Surface modification by DBD plasma technology can significantly increased Hg® removal efficiency of CNTs, adsorption capacity
increased 85. 8378. 36 times based on temperature.
» Energy conversion efficiency of plasma discharge process is 97.52%

» Air plasma discharge successfully loaded oxygen-containing functional groups on the surface of CNTs

(2) Hg® adsorption mechanism of CNTs
» Adsorbed Hg® reacted with O-containing functional groups (-OH. -COOH ect.) forms HgO

RE
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