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Soils contaminated by organic matter can be desorbed and decomposed by soil
vapor extraction (SVE), Air Sparging (AS), Dual-phase Extraction (DPH), in-situ soil
inversion and dilution, and heat treatment. However, the above treatment methods also
have certain restrictions on removal conditions. And the microwave plasma proposed by
this research produces microwave source through a magnetron, which generates high-
energy electrons at room temperature. Compared with other plasma sources, the gas
dissociation rate of microwave plasma is the advantages of plasma density, wide
operating pressure range, rapid and uniform heating, and no need to use electrodes during
operation. Compared with other technologies, the overall microwave plasma processing
process does not produce secondary pollutants, and the processing cost is relatively low.

It is lower than the heat treatment method.

Therefore, this research built a set of microwave plasma system equipment to
facilitate subsequent experiments on soil contaminated by organic matter. At present, the
microwave plasma system has been used to complete the experiment. The outdoor soil is
used as a sample, the parameters of this experiment including carrier gas (N2, Ar), power
(800W, 1000w, 1200W) and soil weight (1g, 29). The results of the study show that
under the conditions of 1g soil, carrier gas of N2, power of 800W, and 180 seconds, the
total CH4 gas production is 254.2 ppm; under the conditions of 2g soil, carrier gas of Na,
power of 1200W, and 420 seconds, the total CH4 production volume is 975.7 ppm; when
19 soil, carrier gas is Ar, power of 800W, and 180 seconds, the total CH4 gas production
is 5.42 ppm; when 2g soil, carrier gas is Ar, power is 1200W, and 420 seconds, the total
CHa gas production is 39.8 ppm. In addition, the following conclusions were obtained:
N> carrier gas has much higher gas production than Ar carrier gas; as the used power
increases, the gas production increases; the longer the reaction time of the treatment
system, the more gas is produced; the soil weight increases, and the gas production also

increases.

The experiment uses different gases and reaction powers to obtain experimental data

under various conditions, and will be used in the future to reduce system errors, improve



the experimental credibility of microwave plasma technology for soil remediation
contaminated by organic matter, and provided “Soil and Groundwater Remediation Fund

Management Board” as another option for remediation of soil contaminated by organic
matter in the future.
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i T (cold plasma) ; 1345354 o B iR 7L (Mean free path) - & 5 fr 3t f 48
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104 102 1 102 10* 10°
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- R RS (R AR )RR APHSE R o e d TR
T A FHr A2 oA L RERTFEREE
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A wamER v R

] LIPP R e Vs aE

Y] 107 torr < P <102 torr =760 torr

ER- b <1,000K >10,000K

% % ﬁ};. Te= Tg =T Te>>Tg>Ti

AR

(Degree of Ionization) 107~1071% ~100%
AR K & IF 2 -7 AP fhr

3&%?%@*

Mok T %(Microwave plasma)i¢ * ¥4 %% & 4 it ;ﬁ il ) S J‘ LB
[12] - §1*% A4 BA 4245 GHz 2 ek # 5 > BB LR Y & 3567 Z 4T R B
d

e EBUEIRREES > A MAT J\“F’*E*I’Sﬁ A4 e ?]2:%4’%(?1?’31%"\'
B L -

2 ey % A3 ¥ R AL T ’Jﬁf,ﬁ‘i BT e F L i BRT R
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CoHz~ CHs~ CoHaZ COze & & » ¢ B A % % tinb FenfFin™ Hpp F RS

5 & 42 4F (13.2 eV/molecule-H2) -
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| |
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torch Circulator

Quartz E 1 Reflective Magnetron &
Tube — Iy wave detector Power supply

W 2 fcik 3 0B 5 SR R W (He % 2 2005)[16]
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o FFRNA R FE A RHF R PR CHvE Hehd 2 &2 F
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COz > ¥ 7§ Eaf4 [ (15%)2 CO (10%)2 2 & 5 *£ 7 5§ 40 chik o > % T 8
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7 F800W fiiw™ » CHaA § € 7:0~180 #)# F 5 254.2 ppm > 0~300 #; p¥#p &F
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2 2Pk TR(N)RIZ 2 §(10)2 CHa A F £

(unit: ppm)
4 F W)
800 W 1000 W 1200 W
PR (S)
180s 254.2 317.8 462.7
300s 497.5 581.2 685.3
420 s 578.7 649.0 799.1
900
800 W
8009 1000 W A
E 700 { | —a—1200W A
= 600 -
S
E 500 A A
T 400
S 300
200 -
100 -
0 . . .
180's 300s 420's Time [s]

W 12 itk T RN 2 2 #(19)2 CHa A F £
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MR F RFERZAF ERZ R IMBF O FRBRSFIS A ERERE
Mo #18 CHs vy e p F i A2 4 > B1200W the F enfm™ » 9 % ik
R e G P o PRTH B S FIEE s N RiEDCHI A F £

#3 B RI13 520 2 EHE Nzi‘éfa’ SR 7 Jf( AR CHiA § £ 0 &
7 X 800W i ™ > CHaA 4 € %0~180 #,# & 5 342.7 ppm > 0~300 f/’jﬂfﬁﬂ ¥

“ A § £548.2 ppm > 0~420 #) 8 B 5 A § £783.6 ppm 5 7 F1000W -
T o CHs A 5 E %0~180 4y # & 5 4575 ppm > 0~300 #/ H F 2 A2 5 £
729.9ppm > 0~420 /P8 ¥ 5 A & £875.3 ppm ; & F1200W =T > CHq
A 7 £ 10~180 /¥ ¥ 5 667.1 ppm > 0~300 #)F& 8 F¥ 44, & # ¥ 866.8 ppm > 0~420

PR R A F £975.7 ppm o
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IR ST EEE I8 2F

(unit: ppm)
% (W)
800 W 1000 W 1200 W
PR (S)
180 s 342.7 457.5 667.1
300 s 548.2 729.9 866.8
420 s 783.6 875.3 975.7
1200
800 W
1000 W
1000 A—1200W A
_ A
£ 800 +
= A
S 600 ~
E 400 -
S
200 -
0 : : : : :
180s 300 420s Time [s]

W 137kt T (N2 2 #(29)2 CHa A F £

% 800W ~ 1000W &
B E RER

BALI2g 2 EF LKLY - KT
1200W fr s H i 2T > F PR ARE > A F

2 NEEI G

Fier gl A5 & W¥

VR R
BAXE 5 VG

4 7 E B4 5 i Nzi\:}« s Mk " Ju%@f‘l,, 4200 AR E R i};
9 CHy 4 # £ o s F$800W T » 12 %éh CHaL A # £ 5578.7ppm > 22
th CHaih A # £ 5 783.6ppm o 5 F 1000W T » 12 % ¢h CHi A # & &
649.0ppm » 22 5o CHai & # £ 5 875.3ppm o #4 F1200W T » 12> e CHald,
AF £ 5799.1ppm > 22 5 i CHadt A 5 £ 5 975.7ppm o
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(unit: ppm)
(W)
£ £ (q) 800 W 1000 W 1200 W
19 578.7 649.0 799.1
29 783.6 875.3 975.7
1200
1000 1 E1g 0O2g 975.7
875.3
e | 783.6 7<L
g 649 \\
% oo | 5787 N \
£ N N \
WL
ONA NN
800 W 1000 W 1200 W

Power [Watts]

M147 FER2 g7 AT HNIZ CH A F £
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7 é'&é%—gguﬁiﬁ—l P VAL B RJIE N AR S KW o) J‘}f@ﬁ'.,, Bfs At

ZRFEAr kS

#5 2 HI15 S1g 2 HB B A F L TR I SIZ i HCHaA § £ 0 &
F800W i ™ > CHsA € %0~180 4,8 ¥ 5 5.42 ppm > 0~300 # p #p AF 33,
A F £7.85 ppm > 0~420 ;5 B 4 &2 5 £11.79 ppm ; ## F1000W el in
T > CHsA §# £ 2.0~180 ## A 5 6.39 ppm » 0~300 # P53 F¥ 44, & & £9.23 ppm >

0~420 #) P& ) ¥ 5, A& & B 14.65 ppm ; 3 5 1200W s~ > CHaA & &

0~180 #;#F & 5 11.05 ppm > 0~300 #; p¥ 8 AF 3% A& § & 20.36 ppm > 0~420 #) p= &P
B3 A § £35.45ppm
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(unit: ppm)
% (W)
800 W 1000 W 1200 W
PR (S)
180 s 5.42 6.39 11.05
300s 7.85 9.23 20.36
420 s 11.79 14.65 35.45
40
800 W
35 1000W A
= A—1200W
% 30 A
E 25 -
E 20 1 A
§ 15 -
o
“ 10 A
5 4
° | ' | ' ' Time [s]
180 s 300's 4205 'me [5

W 15 fcik T R (ANZ 2 %(19)2 CHi A § £

%6 2H16 5203 HEF AP F PR TR F RS HCHZ F R &
7 X 800W T » CHaA # £ £0~180 #)#F B 5 6.71 ppm » 0~300 45 ¥ #p fF¥ 38,
A # £105 ppm > 0~420 #;pF 8 B 4 & # £ 15.04 ppm ; 3t F 1000W - w
T > CHs A& # # %.0~180 # # B 5 839 ppm » 0~300 #) Fr 8 & %4 & 7 &
17.26ppm » 0~420 #; P58 @ 3% & # £30.87 ppm ; 7 & 1200W ;2T » CHy
A F £ %0~180 #,# 7 % 15.42 ppm - 0~300 #, P+ & 3, & § £24.67 ppm - 0~420

FyREd R 5% A F #39.80 ppm o
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(unit: ppm)
5 (W)
800 W 1000 W 1200 W
PR (S)
180 s 6.71 8.39 15.42
300s 10.5 17.26 24.67
420 s 15.04 30.87 39.80
45
800 W
40 1 1000 W A
E 35 | A—1200W
% 30 |
S
T 251 X
g 20 -
S 15 A
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5 .
0 ' ' ' ' ' Time [s]
180's 300's 420s

W 16 it @ % (AAIE 2 #(20)2 CHy A § £

sttt AHTHEL > FRFE AL AF R RF I T
hEEA b R FHFARE o FERRSREERFF R CHi A 5 BAXE -

2T R RLT G kit Ar U 0 F A0 0 2 k£ 8 2
CHs %32 § & o 7 F800W T » 125 e CHaf A § £ 5 11.79ppm > 22> 5 e
CHu.% A2 % & % 15.04ppm o 7 Z1000W ™ » 12560 CHa3 A& § € 5 14.65ppm >
2205060 CHa%% A2 5 £ 5 30.87ppm o ## F1200W T > 12 5u e CHylb 2 5 £ 5

35.45ppm > 22 5o CHal% & § £ 5 39.80ppm o
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