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JN# 25 min 5, PCBs (4 2R R iEF] 87.8%; M EHEHIMAK 2.7 com, HAL 2.0 mm B, BB
I 1000 W I 3 min Ji5, PCBs FZE Rk 2 100%, 54525 % F % 15 42 5 & 2K (HCB) 75 4t
+ 5, LI MnO, 1E AW IA T, & BUERLEE DI 750 W in#4 20 min, FRYE 254 F HCB 25 Bk % Al
IKE] 100%. PNGEEPO X HA M5 4 H R B Se i rh R I, O 1Y K B R A S UK S 3 N
SeThm FEREAR . MDAV RM, 5 4 W0 2 B R B S K R A S B AR RS TRE P T
U, XFF S KBNS R A, L, AR — 2558 & ARG e i) B R 52, J5 27
21 A PTSR F ol iple AR B B R XS R e R AT T T A S B SY, MR A R, TR
KRR B R R R BB B, fE AR Y R B v, LIU PR T
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Fig. 1 Experimental device of microwave thermal desorption
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JLBG-129U £L 4k 3 6 Ml 4% 5 JP-100S 8 75 ¢ i Ve AL ; CY-TH1000C-S T I LA E 45 Z 4R
7890B-5977B MSD S AH (4,3 - Jit % 3k 14X (GC-MS); QSC-12T A M AL -

SEES AR, A8 E AR HL S 25 S AR R AR, % EE 883 kg'm Y, [N 158 C, WIEAN>250 °C.
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YIRaHTal; Bk (CHyg, 99.4%). IEZEHE (CoHy, 99.8%). IE+ —BE (C,Hy, 99.6%). IE+ 7Nk
(CigHsys 99.5%). 1E .+ —%E (CyHy, 99.6%). 1E =T PU%E (CyyH,yy, 99.4%). H 2K (CHg, 99.9%).
1,2,3- = H 32K (CH,,, 93.3%). %5 (C,Hy, 99.6%). J& (C,H,y, 99.9%). t£ (C,(H,y, 98.9%). #Ifdk
(C,H,,, 95.7%).
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1) V5 4% £ o BT TS G b M IBOK B 48 ST Y IR A G S RIS R R R
T B RG22, L, AR A B i e 3 . R A B AR R Is AR, +
R LR 48.64% . K # 11.53%, pHAE 5.7. A WL 9.72mg g™ R T SEIFE f iy
— M, X SRR ST T AN, 7RSI SRR ZE | WA S A R AR B XU B AR AT
it 28 e 5), B T 0 28 H i 19 R 42 1 HEAE 850 C N A/ MiAb #E 6 h, DL BR L A
ML, o B AR AR B D IR A

HER PRI 100 g 285 FiAL PR 38, I A 50 mL 4623 DU S0 205 (10 g L) 1 76 1 TR 3 PR R
i 24h, BHUCE N 150 rmin' o TEREFE ZE A AR ZE T W, CE AR XU X 12 h, PRk 7 d,
BRI A5 24 2% 3 5T i 4 B2 R 5 000 mgkg Y - BERE Y o el R s 2 fin A S o A5 I T A
Br - 3ERE

2) SEE Tk . A G NTG Ge I GO RBFR R N R e, DR AR, E R RO SR
PR TS AR Z S, ARS A SR e IR Ve A B 3 R, AR S 0Y HIEEAT T

UL B FIEE BRI IE) . B T RN 5 K R A N 5% 0 130 g, 7ETHE 1000 W K, JHEE KRN
30 Comin”', BEATREIEINEY, 43155300, 350, 400, 450 °C A [R] ok ik 4 A 455 B3 e i) X6 - 3
ke SRR

FOKE . BUE MR 5%, FKFESIMNBO, 5%, 10% F1 15% 1) 3 30 g, 7EHE TR 1000 W
RTINS KOR NS - R A G A PR R R

WL . BUE R0 0.5% . 1.5% . 3% Al 5%, &5 /KRN 5% )13 30 g, 7£ 1000 W I
BN HATINE, 25 B4 L) Un Vi BE XoF S8 v 48 2 S BR R B S )

I T3 BUE RN &K R R 5% i +3% 30 g, 40l 4E 400, 600, 800, 1000 Al 1200 W
DT AT IR, 5 AR, D) 3000t 48 2 i 25 B 22 R REAFE (1 52 1)

- 398 v 445 G 3 R A B B LB o BRCE HR RN S K R I 5% B 4 30 ¢, ZERE DR 1000 W
T, A HnFE] 300 350, 400 F1450 °C, PRFFIERE S min, R GC-MS X 4b B Fi 5 1 398 b 4 231
HEAT 53 HT o
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2019)°1,
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WA, A A E] 300, 350, 400, 450 C 100
PRAFIE I, A UE S E 10 C, B A
JEE FIAN () fol i s 457 B ot ) Xof 4 398 o o % 3l 2
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F 5 e S5 52 3 S M T 7 U TR M B =

PCAETAEN . A SRR A S min S N S

TP 5 . 4 18 b B O 300, 350, 2r R,

400 F1 450 °C, 5B E] 5 min F, 38 4 2% oL . N
0 2 4 6 8

I 2 B % 5 5l 37.5% . 68.5% . 98.6% il
99.9%; 415 B4 i ] 3k 8 min B, 4 3 b 4 23tk

i SRS min i) B2 (SRR i B
(BR300 0 38.3% . 71.8%. 99.6% F199.9%. , . .

- X i . . Fig. 2 / Effect of residence time on the removal rate of

HH UG AT UL, 5% B IR ] 0~5 min J2 48 2 il ) PR insulating oil
Jd B B B, A TR — R R, 2 Gl B BT A S, IR 5 B ) X o S e g 3 Y 25 BR S T 4K
/INo FALCIGLIA Z£F2 BFFE 175 280 °C 1 45 BA I [E] 0 e rb S il 2 BR AR 2, 45 R 5 A S AR B
2.2 EIREIKERIS B BRI R MR

BUEMAR 5%, SKFEDHIH 0, 5%, 10% 100 -

{5 B 15} 7] /min

1 15% )+ 4 30 g, 761000 W TR 347/

NS S8 T FIE SURS L S BN T iG] 2 "l

Wi, AP 3 PR . AERAB AR BRI [A] 0~ 15 min, s 6of

BRI 0 REINE] 5%, 3 4 Gl 22 £

T . M KN 5%, B AbHE 20 min, & e k0%

U B 5 B 2k B 99.99% . 5 ok 3R M 5% HS 20 e st
D) 15%, {0 b B8 0~15 min,. 438 o 4 2 i o TR
SRR EUTRA G . 4 b BRI ) —
o I R BORFEA —S, il A, &KR AL [)/min

it Z 80 AR T rh g e LB, B3 TmAKEMELEHERENZM
A IKZEM 0 R 5% B 42 m EHRIE, X Fig. 3 Effect of soil moisture content on removal
WREE N . 7&K RBRER T, SkK rate of insulating oil

B SR AR AR T TR 0 B S, AR R A b T LU 3Rl AR, £
HE 5 KRN 5% BN 15% I 28 20 1 25 B R RO M B AR, X nT RBJ Kk AEfRE BBt B, 2
(7K o3 2% T B INFAFE & K - TH RS 2 e B Y, (45 - 398 vl 26 5 o e B0 A o OF I 45 310 1) B
K, A i 22 B R PR A
2.3 HREHAIIA IR E X AR M R B R

L& 5008 0.5% . 1.5% . 3% 1 5%, KB H 5% M 1HE30g, 761000 W T3 T 470
IR G ) L VR FE X b A i R PR R A, A5 R 4. 7EALFE 15 min N, 48ZRINE)
Oh e BB, 25 BR AT . RS AL R S min B, SRR 0.5% fI5 e A Gl B R R N
83.4%, MR A 1.5% ., 3% 1 5% M975 G + 548 M L BR R 5~ 42.5% . 38.1% F133.9%. 7TE[H]
— Y IMVR T, 4G 2% SR AR B Ak P [ A S K T 0, 2 DA B Ak B R (] S min 3 0 E)
15 min, 03K R 5% A 1 38 v 4 2% il 25 BR O 33.9% 12 5 5] 99.8%. L Ik Ak BT E] K F 15 min
Ja, ARLEMPIGEHE T, EHh A Zam i LR IEA R —8, H¥KRTF 99.5%. X ] gz H
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o, MAAR] S min B, RNV RGN IR
FEAE 200 °C 24, M 0~5 min X — il #4 i B +
bk KRiZE R, s Easimty
R WM AL 4y, i B B 4 2 il 2 B
ER I AT IR . BEE O dk sk, R4S
U BE AN T R, I R R B 4 2 v A5 AL o Y
W S W B - SRR R 1 AL B ) 4 2%
T, 3E SRR AR AR R 4 ok HE AT 43
B X TE Y KR AR [RE ) 1R T RN
] S, 7 (o Ak B 0~5 min By B, i 1 3%
KR LN ENELEY RAFE, Bk, 4
5% 140) s e B e P M o i 2 BRI A 25 5
FERCIE D128 1000 W 2514, R0 B By n 4k

2 H15 6
100
80 F
60 -
§
& 40 F
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0 5 10 15 20
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Bl 4 FHEKRENEEMERENFIT
Fig. 4 Effect of initial concentration on removal
rate of insulating oil

FR1Smin 5, HHEPHAZMMNE BT (SRS R E % A 575 g KU A 2 br v Gt
7)) (GB 36600-2018)1% 125 — 2k FH Ml %) £ 311 48 2 07 BE (. (826 mg-kg ™).

24 RUEINEINEEFE

55 T 23RN & K I 5% 1) 1 30 ¢,
1643 51k 400, 600, 800, 1000 A1 1200 W-3)y
NPT, B D) R 4 S R B R
FMBeFE M, 25 UK S ME 1. WK 507
Fil, EROEUIRALT 800 W, 48 2% ik Bk
BRI Y ik DRI g 800 W LLL - KBk
R ERE . AEFR—FET, RgEhgagimk
I 200 SR it 5 e A 38 o [) A A2 T i, 35 )
PR, RERFETRRE . 751000 A1 1200 W
YRR, AP 15 min, ZEZMABR%F 518 99.8%
F199.9%, RAAHY . FF 800 W U, Ab
20 min, 440N LBRFHN 91.8%, MK 1A FH

100

[ —=— 400 W
—e— 600 W
80 | —*— 800 W
£ 60
T o4of
20 +
0 —v— 1000 W
i —— 1200 W
0 5 10 15 20
Ak PR (] /min

B 5 WMORNEINELMERENFIT
Fig. 5 Effect of microwave power on the removal rate of
insulating oil

He L T2 1000 W AR R 15 minf A9 REFE  0.250 kI3 Iz 2h #1200 W AL FH 15 min B AU FEFE N

0.300 kJ; TR 800 W Ab 320 min B} Y REFE K 0.267 kI, HiL A 0, ThaR),

e fel 4 5 2% B

ARG BRI , R AERERE R . L, IRy 1000 WIS, KERFCR E HAEFE R /D
£ 1 TEINFEFMFEEE T AL

Table 1 Energy consumption under different power and time
B Tmin L
400 W 600 W 800 W 1000 W 1200 W
5 0.033 0.050 0.067 0.083 0.100
10 0.067 0.100 0.133 0.167 0.200
15 0.100 0.150 0.200 0.250 0.300
20 0.133 0.200 0.267 0.333 0.400

2.5 IR AP LR SOh UK R BL I HLIE 53 A

7S S8 X Bl i A I AN ] 9L RE Ak PR S A S R g Gt AT 1 el 5 4 i OB GC-
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MS Zr b Xf b, A5 5 4 2 I s o FEAS AR ] . BRI 25 R W, IR AE 85%~103% . 1%
b BRI S 9 b A SR B A BN 2 MR 3 R, R 2 PIE, R AR R 45y
BE C12~C34 AR b &9, C12 LU Mo F IR W5 ke i i /0 8UUA 5.7 mgkg ™', fE4aZkil b &
R, HEIEE, HEPIFHFRA S FEELL C15.5~C34.01 HFE, CI11.7~C15,5 i a4 BALA
1.2 mgkg . ARRISAH P ER I B Rk, BRI e B 70 80k 00 fh A 58 e T il oy
SRR, R T S is Y - AR IR A A, S M AR 300 °C 1H IR AT S min, A0S +
P IR C10~C12 43 BB RN 100%, C10~C12 2H 43 Wb A Sy ¥ 0, e iB 20 nl LA by 23 5t
FEIRFEE . S0k A 350 «C J5, 3 C12~C16 £ B F M 72.2% T 55 95.1%, 350 C
B ik i, Bk, C12~C16 4143 1T LUKy J2 3l i 78 VR 28 iR A 28 & Uil o X F g i &
C16~C21 Fl C21~C34 443, 300 °C AbH 5 H K BRFRTE 50% oti . 40) 400 C AbF S, T 3Erhdn s
AR WA Aoy R BRI 5] 94% UL 1o iXZ PRy, 462500 45 45 1) Wi £ 260~380 °C, X — 53
A RE AR T 28 K OT UL BR . KT C21~C34 273, 7E 400 C A H G KBRF N 94.8%, 450 °C AbFEf5 X
BRFIEE] 99.7%, 2 5% A GE 38 ik i O SOWEBR o X T vk BE AL G s g H M, 48 S0 45 4 43 B
T B S ORL R AN, B — R AFAE T LB Sk B 43T Y T B 0 SR B A B
Je 38 3 A B A RO R R i GC-MS 3, R 4 Ay B oy £ R C12~C34, WA
K BB m B B I D A . X, 4 b i D AR T BB R o A SRR . Bk,
o 25 3 i I H v B HE R 28 4338 5 2R VR AR AR O BB, BOMEFE K 1 A G T R 3 i 2 VR 2R R R AR
WP AN ERR o X — LI G 5 22 KA T AR o 18 52 L BRBL I AR AR
£2 WORABHETETRREERES K

Table 2 Aliphatic content in soil before and after microwave treatment mg-kg!

REWiEZES AR 5% A 300 °C Ab3f5 A RE 350 °C Ab¥ 5 +FE 400 °C LbFHE +-4E 450 °C AbF 5 +FE
C8~C10 - -

C10~C12 5.7 X - - -

Cl12~Cl16 58233 1.620.9 284.9 1.1 0.9
Cle~C21 41 596.9 20 882.8 91872 251.1 96.8
C21~C34 6075.1 29849 1641.6 317.9 18.3

TE: —Fn AR
R3 WRAEBRELRTEERRESH

Table 3 “Arene content in soil before and after microwave treatment mg-kg!

TR SR 5% LR 300 °C Ab¥ 5 +FE 350 °C A T kR 400 °C AbF 5 +FE 450 °C AbFRE +4E
C7.6~C10.1 v -

C10.1~C11.7 - - - - -
C11.7~C15.5 1.2 - - - -
C15.5~C20.8 108.2 117.9 133.7 344 -
C20.8~C34.01 329 61.8 68.3 223 -

TE: = AR

3 g

1) VL FN45% B8 Ao (] S 3 5 ) B b 4 i 0 L BROR . BE R TR NS R R A BB N, ek 2k
BB W T s SR B S, ek bR R TARE . 1E 400 °C 458 5 min, 4255
s R E ik 98.6% .
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Influencing factors on the microwave thermal desorption of insulating oil
contaminated soil
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Abstract In order to explore the influencing conditions of microwave thermal desorption of insulating oil
contaminated soil, the effects of temperature, residence time, soil moisture content, initial concentration of
contaminate and microwave power on the removal of insulating oil in soil were investigated. The results showed
that temperature and residence time had significant effects on the removal rate of insulating oil. The removal rate
of insulating oil in the soil reached 98.6% when treated at 400 °C for 5 min. The removal rate of insulating oil
reached the-optimum when the moisture content was 5%. Within 15 minutes of microwave treatment, the
removal rate of insulating oil gradually decreased with the increase of initial concentration. With the increase of
microwave powet, the thermal desorption efficiency of insulating oil showed an increasing trend. Considering
the energy consumption and the removal rate, the microwave power of 1 000 W was optimal. The experimental
results of the microwave thermal desorption mechanism of insulating oil contaminated soil showed that aliphatic
hydrocarbons were mainly removed from the soil by steam distillation and thermal desorption. This study can
provide a reference for the application of microwave thermal desorption technology in soil contaminated by high
concentration insulating oil.

Keywords microwave thermal desorption; insulating oil; soil contamination
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