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W OE MW IR ST Y 4 A B g A R R 0 5 LD, R BGER 46 S AH 3l 42 3 R (soil vapor extraction,
SVE) &b IR ¥5 e + 1, HT T3 R . SRS K 28 SR (gas water content, GWC), +HEF /K it (soil
water content, SWC) X #4581k SVE At S ZE 52 , IR A LDF Al Freundlich 30 7 2% J7 18 XF Jii B b 38 4o 2 34 47
T, S5ERFW . 15120 °C AT, LUESHER 80 mL-min™ . GWC 15% 1 SWC 10% N & ILAFE T, <
A AE 1 5 23 B rb B] (4% BT R NP, BB B 4 0 G fk SVE Y Ak 3R ] 5 3B RO B8 M 40 mL-min”' 42 = £
80 mL-min~" i, 4b B ] A 425 min 45 %5 & 350 min; GWC M 0% 3 I 5] 15% B, &b 3 65 [&] M 350 min 47 40 &
105 min; GWC M 15% 340 %] 25% i, AL [E] AL 105 min ZE K 2 240 min; 24 SWC N 10% W, s Ak 4k 3 s Ja]
455 2 290 min; 4 SWC M 10% 3§ N B 15% B, 4k 3R E ] A\ 290 min FE4 % 390 min, E i 4-HT A %1, LDF Jr &
WEARBAEMNT EAER) MG, M HEE N 80 mL-min' i}, i 223K 4%, Freundlich J5 & ¥ & & & 4%
(L-KS)VERRTFHRE, GWC g 15% IR 2% 8 0 3.8%, SWC g 5% W22 5K K 2.6%. LA L4550 0 I J2
1t SVE b BIE A5 L L PR 4R L5 % |
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Y, WHIAIEHER Y BOREEARE —fERE R e EE FEY, FEefrdiEth, L5
MBS PEIKIREE | - BRI R RS e v B A5 o 5 A B AR,

MA BRI Y LB B I 2 E T2 R BT e, DRSS SR RS R
PERAL LR 2 12 E oY . R rp AR R B, R KA, R AL G d S AR R B S BR
SRR G — PN Bl T2, 3G I R EOR BRHE & A HLTS G DU S ARk 1 S BR % . YANG P
ST T 5 AR HLTE Y 4 F 2R e AS [R) FL R 235 A4 4 358 o 0 R BRE R BE BFFA 70 B sh 2, S5 RRM, ®
M FF 24 50 6 o ) 2 R R R TS e I P A AL R A A R R . TR AR R AL AR AR kB R
AR AR AR TS e A R AT TIRASE, I H BN 2 1 2ok ik B i HLy
ML BRa R, SCERUERA, R P M I T AR Y R R RCR, TS R R S
PR A R R, AR HIE PR A LY L BR it FE4F G Elovich 1 Freundlich #4 i i 2 g 2% 75
o Erp Py B T R e A b O W] LR S5 R X A HIL TS G W I R B D S R S e, SRR A
PUIEIETE Y - IR ALBREE M AR AR 2%, VOCs JIjt BRF AsF ] 82 St LIS BFF e 52 4

AWFFRARDS T8 A AR 4 b K ZE SR BE DL S B Kt A TR 3R X R 2 v G A R B v
AR ALH], T (Gauss) B BUHDL G 4 S ik &6 &) (hydrocarbon, HC) ¥ FE AR
1k SVE Ab B E] A9 R A OC 2, 18 ] LDF #l Freundlich 77 #2 %) e i i #2347 TGS, iR s ¥
B, JFRSE T LR B D0 2 s R R, BT S 8OO A0 RN AR A0 B Bl g 2% 0 45 SR AT S T AR b
SVE #h B fe2sy5 e + e s $2 it 5 2% .

1 #Rl5E%
1.1 A&

PEHOR BTG Y i 59 8 PE . D R+, RBRZWE T, i5r 6~10 H, S1RMIR A M1
BIE 2d, #il4 HC S BN 14 000 mg kg AU RLHLTS Y 118 . ARIESCHG 2K, RS 4L R b n
A R R0 7K 3 R AR o - 385 Jh 3 i 2 >Rk T CCL, 22 B, i ) S B B A Tl R 2051 53
HrACI o
1.2 ##5E{L SVE & IBLIf

mE 1 s, #aEfL SVE S2564% B i 54k
JroL MRS . ARk SVE IV 48 AT VOCs
o I AR 2 . AR R AEMALEE, T
TE 3 I BB R I #h ™ A 75 e AR
H T S S &R — VR EE I HC 5, A
GRMERE, EHEENESE A,

1 3O GC-3000-115 7L SOM (0 4007 [estsd—| vl

IS S5 AR 111 VOCs VKT, BLCHR ax
EFI HC WEF%EIJ 800 mg'mﬂ HTTX‘T@E‘JHTJ‘I‘ETJ tcxp y‘j lz—_] 1 igﬁ%ﬁfﬁ%ﬁ@

M S SAHEIERMAF: FID KGR =
130 °C . MIFHIERE 175 °C . AEARTEEE 80 °C. M
JE 400 kPa 2 A7 . #7101 kPa A4 o

FEA 50 80 mL HYSEER 51T, /SR Tl 33 (40, 60, 80 F1100 mL-min ') XJ#45® 1k SVE 4b
PRSI , R PR S AR S 80 mL-min ' B, 35 A AILYS L W 00 B B ROR B . IR
TEWFFE IR S K ZE W IE (0% 5%. 15% . 25%) Fl H3E 5 K (0% . 5% . 10%. 15%) %f 13

Fig. 1 Flow diagram of experimental device
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A LTS Y B B BR R AT, BEF 80 mL-min! AR SRR R, W, HEEATBREAGT, i
FEIAR 2515 P A RS FRAR . Akt S K 28 OB A I SEISRCR , T A SEB  InBEL R4 R 120 C.
1.3 WM IR NERE

AWE5E R Gauss B8, LA HE S H HC W B C A fb SVE Ab BT [B] ¢ R BCC R, LA
FEEm=L (D) R

Co=Cy+ A(5) (1)

_4 .
w- /2
A C, WAEHEHHR TP HC RHE, mgm™; Cy AFIIRE T HC B, mgm™; ¢ NJBLH
BFE], ming ¢ A FHEES A HC W B8 21 i KA AR BT 1B, ming 4 1w AR 80 J1 %% %0, min',
M=t W, W IR B R KA Cy o
Coop = Co+A/ [w(V/r/2)] )
s Gy FANIR TP HCWRZ W BRME, mgm™; C, NFIIARHKE, mgm™,
AT E T Cy e BAERI T, I LA C, e BELAE B ZE AT A1
R B 3l D727 B RS TE ReW or T8 IR Y BT M EE F B, 1E 120 C WA AT,
YRSy I fi ] REVEAR /N, AT MR IR 3 ) (LDF) A5 8L 5 3180 + 38 b oA WL TS G ¥ it B Bt 3
2, BRI PR IR — RN AR ZE A R W SRR QPR . o T I RIS ) B B 8l g 24124,
Bk 3) iR
n=M/M,=1-¢e" (3)
Kb g HAXTEBRR, M ONTERE] ¢ B9 BLHE , mg; M, A B, me; kR B Bl o S
#(, min',
K H Freundlich 3} J1 2% J5 #2550 At — FR 50 s AL ) el 7%, 35 S8 FH 141 A W2 BfF 68 il = T 1 0 B2 1Y)
BN RO A AR, TR RN s (4) Fis .
InC = A+ Blnt¢ 4)
K CHRHEHEPHENYEE, mgm™; 4 F B B8 J12= %%, min.
2 HR5TE
21 HRESAREMERISETIELIERE AR
T SR X R 2R YT Yl - AL PR AY 2 e DL 2 R ER 1. [R] 2(a) Sk B BB TR] 5 R REE AR R
HC MR E LI A 4558, AW E 2(a) Ho Al 48 A e 3 AT (] 10 il 28 2047 B oAb 31, 75 810 58 A
i M, M A . AR R AR LA T AT AR AL B S Y R R SR AR €, TR BB Y S PR

% & a ] = 40 mL - min™!
5 35000 N 5 12 9.5 P e o
2 30000 = 40 mL-mgnil & 10}t Vpattn = 90} Te 80 mL - min™'
£ 5000 ¢ 00mL - min” 4 . 100 mL - min™!
= 80 mL - min = 08t 8.5 . — AL
% 20000 100 mL - min™! = <
5 \ — flaihk = 067 = 40 mL - min’! 280f :
£ 15000 e e 60 mL - min™' = X
£ 10000 = 047 80 mL - min™' 75t
r % Jr@ Wi 100 mL - min™' 70t
=y 5000 e = 021 /¢ — & :
Rt 0 . . . i O 6.5 b
0 100 200 300 400 500 & 0 100 200 300 400 500 4.446485052545.6586.06.2
JI8 RS [ /min J5% Bf$ et [ /min Inz
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Fig. 2 Effect of extraction gas flow on the processing of simulated contaminated soil
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Table 1 Parameters of the fitting equation and experimental results at different flow rates

. f AR A SR AE IR LDF Freundlich
ARG/
(mL-min") gz Coad C/ed o Kt RO gl TREE
(mgm?)  (mgkg') % min min’ min % min %

40 0.957 7785.50 948 93.2 425 0.00635 0.977 423 -0.47 »=16.261-1.508 5x 0.9427 510 20.0
60 0.946 10938.62 916 93.4 380 0.00720 0.969 377 -0.79 »=16.884-1.662 2x 09763 417 9.7
80 0.979 24 568.87 852 93.9 350 0.008 68 0.941 336 -4.00 y=16.231-1.6142x 09953 356 1.7
100 0.978 28 840.87 832 94.1 330 0.00882 0.918 321 —2.72  y=16.589-1.703 2x 0.9980 373 -7.8

HLRR s MG LDF BUEL, T1 3040 1k SVE LB A9 B8 B0 5 BE 1] 0 455 0038 1 AT 2(b),
Freundlich 77 F£ 48L& 45 5 WLIKT 2(c)-

1 &l 2(a) ATN,  fh4R R A HC VR BE B 18] 1) 28 Ak il 48 2 SEAR T RR i 2, (0 -3 vh g 2 e
SR EBRE RS e . E R 2 BB, R, RS . R i
YRR IEAFAE F RS, JRZSEH 43 ] Bl 3 TR B 2520 SRl 2 36 g 18 T )2 W R A A L4 20 4
WO BT, BER AP B L R 2, TR A AR FRIVER S AER, R LR
JE TR B R 2R AL 4y, R R VOCs YR EEAH EE T T2 Em M, FLYE - S50k P 3R i B i) Ja 2
Y5 LR RN, PRI, T e v R L BB B S (R A ARG, SRR, RN, R B
RS, AN, TE40mL-min ' AUSEERSRIET, TIEANIRISER R RIS EE VOCs B fF, 948 mg-kg ',
X AR A IRBEER 2018 4F 8 H 1 H AP MR St 19 ( - HE PR ot 1 78 34 ) 3l 4 32 35 e XU 85 5 s o GGk
1)) BT, BRI SRR R, (R b % M A ML R R 0 O L RT A I (E X R 1200 mgkg .
BRI, ACBiE 5T 8 DUE S ] S PR, S B0 rh HC ¥R B K3 800 mg-m ™ BF, Z5 5L, Fir
FH &) B Ry SVE #4468 52 75 B 1]

Pl 2(b) 2 JI5k B Ak BB (] A0 A 3 A HLTS P R BRR IS RN . EARILI AT, HiEd
ALY E AL I AR — 3, Z5d 400 min ZbHE S, HHER ALY BRI T 95%. K T
PSR B I, BB A AR IS AN BRE 0N A% B TR 20 R AR I A
80 mL-min ' Al 100 mL-min " B}, 7E PR Ak JiE 4k G AR ARG 20T, oA MLTS YL i I R
T H A S A ST R AE SR, iR 2 LDF 7 B S R 4 R LK 1, B R 8 2w s
k i 0.006 35 B4 K % 0.008 82, Hiiw KT 80mL min' J5, kEARE, X5 D &R i fHzh )2
T AR A TG e i 2 R AR B AR A0 458 — 8. [WIEE, 43 & M 40 mL-min”' 42 F+ % 100
mL-min"" B, AbFREFA] ¢, BT 425 min 45 %5 % 330 min, f42< b HC W& B2 WA A 7 785.50 mg'm ™ #§ K
) 28 840.87 mg'm™, SE 4 T I 6] 1, 5 LDF BCAUUG T 550 B o i ] o, BEAR—20, g DLE
H, FERER AT R L — R E S AT, A LTS i K BRI BEAF & LDF 3l 1 5 B

H1 ¢ 1 ] A1, Freundlich Jy B8l 4315 145 4., 5 LDF SIS THR S R L, WZER LK, X5
Freundlich 77 #2 & & Tl A ZH R A&, [FIAF, 7E 40 mL-min™' 1 60 mL-min™" 52 % 4% 14
T, 2R BN 20% 1 9.7%, 3% 55 W kb A 00 G LR R e A oG . X R TS Y A
FHTE, B R 7 BT 55 (057 X575 Y Wy vk BE A 845, 15 e b BB b PR e, ik
6 A 3 P R g el

AN, AHCREOK, SARREPL, Hor ek TR, R AR D s,
XoF - HE A 15 2 B T/ Y, 7E 80 mL-min ' F1 100 mL-min ' Kb BES R T, Sh Sy Bk A —%
PR, ZEF 5 H A PR 38 X6 8 b oAy LTS e ) IR BR AR sE i s, 16 A 80 mL-min™" P B SR
2.2 KESIRE RS IR TR AT (8] 59 520

IKZESHE GWC X 2 y5 Yt 1 AL A5 i UL I 3 Fn e 2. MR SR h A kAR, &



2332 ok L OB ¥ M F13 %

; 160 000 §_ 12 10.0 25%
% & LOF | jsseeemces 93¢
£ 120000 X o - 9.0}
2 g - 0% o 83T
£ 80000 5 06 . 5% E 80}

40 000 = g 70} « 5%
i E 0.2 — AL 65l 15%
b 0 N 6.0
= 0 100 200 300 400 500 *iﬁ 0 100 200 300 400 500 30 35 40 45 50 55 6.0

J5t BRFESE ] /min J58 BRFERF 1] /min Int
(a) AR PHCH ARt 26 (b) WA S LBRFRA KR 2k (c) miE]S 3P HCH B ARt 2k

B3 il b K 28 SR BE XS e - e 4b PR e 1 52 1

Fig. 3 Effect of gas water content in extraction gas on the processing of simulated contaminated soil
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Table 2 Parameters of the fitting equation and experimental results at different gas water contents

TR SRR LDF Freundlich
KFER
W% g Cwd Cl el tod Kt WERO g e
(mgm?) (mgkg') % min  min’ min % min %
0 0979 24568.87 852 93.9 350 0.008 68 0.941 00 336 -4.0 »=16.231-1.6142x 0.9953 356 1.7
5 0936 33624 738 943 312 0.03319 093112 258 -17.3  y=13.115-1.209 3x 0.987 2 291 -6.7
15 0.928 140 235.08 519 97.9 105 0.03683 0.96058 119 133 »=14.351-1.755x 0.961 9 101 -3.8
25 0979 74671.29 647 95.4 240 0.02142 097448 196 —18.3 y=13.288-1.2434x 0.983 9 267 11.3

KA W BT R L, SEH BREEA S, e R s KPR R R R, &
JeV5 Y W 2 B R AT BAR . E AR AR TP ONOK ZE RS, BBRBCR A B &, 4 GWC h
15% B}, AbHEFE] A 350 min 45 %85 %] 105 min, H {5 B A H HC ¥ 8 16 (5 M 24 568.87 mg-m™> 4 Jii
# 140 235.08 mg'm > i}, 1 EAH N 0.036 83, FWA KL T LER 4245, X2 Rk
SRR TR sy, 5 RS R A o E L A, BN GWC, WA IR 2R AL 0 B ) B
Wk, HARIEHFHr8e, Savs e St ARDKZ S, MR 15, AH0E w2
G NS % GWC kSR HE TS 25% B, B8 T 24 L Ab B A ] 4E K- 3] 240 min, KEESY
oy di i IR FLIE A B, /N 3R AR R B aE T R R, FRAR A IE A, RO T AL
1Y R RIS, PR, XIS Y I A LI P R BR R, R — AT A L K
W GWC &8 IX ],

LDF — K8l 1% 05 B 2 A R 3 By 5 i i 2 ik B2, 95 R i R MUK A — H e AR A K,
ANIE A A AR UL TE R AR B N . I, AR R R S A OKZE R &R, LDF G
JIRAF IS5 R 55080 45 w22 58 K . MK RS IE GWC #2535 5 15% I, 5256 B 18] A0 48L& 31 58 ir 4%
A 1) B4 i 22 406 X IR 2 13.3%. B T Freundlich J5 7236 H F 2 N Z i F A L&, Siha
IKZERIE, KA S PRVRALZE R AFAEXT 15 Y 0138 ME ™), S8 ML Y4l o Z IR B8N, 7K
ERGHWIS YAy Z MAEEH EAE ] . M Freundlich 77 B2 80 & 45 0T WL, MK 28 GWC Ny
15% i, AT R T T IFIR] ¢, 5 0BRS¢, SEAS—B0, HEXH R 25 480K 3.8%, LG H &,
23 HIEAKEXNELITE IR IR EHI TG

+HE K i SWC X kR 2875 Yy 4 e A BRAY 52 i LI 4 Rk 3. - HEAK 4 X 4 HE S Ak 2 1 TR
B, SWC sZma A HLAE BT I FE R R | A RFLBURANE A, DI 52 0 S5, BRI 8 R B
2 SWC HE N2 5% i, ALFREF [ L350 min 47 %2 £ 195 min, 4KZ23E M SWC 2] 10% B, i B < AR
HC ¥ i % {5 M\ 24 568.87 mg-m ™ Jall 1% %] 114 497.59 mg-m™, WE{H H BLHS (8] & 35 min, L SWC W
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Fig. 4 Effect of soil water content on the processing of simulated contaminated soil

x3 IRESKEUSHESHMIKE

Table 3 Parameters of the fitting equation and experimental results on different soil water content

N e A SERAER LDF Freundlich
g - ——
/J(i/% RZ Cmax/ Ca/ ’/Iexp/ texp/ Kl RZ tsiml/ {)H_é§$/ «}y\%ﬁfi RZ tsimz/ 'f)ﬁ_é§¢/
(mgm?) (mgkg') % min min" min % min %
0 0979 24568.87 852 93.9 350 0.00868 0.9410 336 -4 y=16.231-1.6142x 0.9953 356 1.7
5 0.948 46362.86 646 96.9 195 0.01792 0.9593 180 =77 »=11.648-0.946 1x 0.9415 200 2.6

10 0.862 114497.59 782 99.5 290 0.01849 09849 240 —17.2 »=13.021-1.0982x 09232 224 =77
15 0978 67387.49 1984  93.1 390 0.00684 0.8505 318  —18.5 »=13.382—0.9888x 0.9554 348 —6.7

5% WHEERT T 48 min, 30 J1 H Lk (H (k=0.018 49) JEV& A K43 50T KA 2.1 f5, A 8RR 14 A 5
I HJE, HERFLBRIAIE BK B, BERH 1 & 520 HC 53 ik — 2 ikk, T H R 7R A0 H Y J5 1,
T LY R B AR, W 25 S I RRAR, JBERRE G hn, BRIk, AE SWC & T 10% LUE, &
WP GRS, S BB E] A 195 mind i £ 290 min, 24 SWC ik #] 15% B, He B IE(E H
PR A] 3% 0 %) 130 min, &b PR [A] ZE K 3] 390 min, - ALRCRFEAR .

BRB LAY, LG KERE M SVGEBR RN —~EHEBER K. ABFRLEREN,
SWC fEFESRARAE , X J& i T SWC /MR RS IA R TG, R RS R, Minia] DU £
A DG QN EagErh g R ok, fERiEn HiEd, SR A S N BRI ERM k. BT
K FIetE T, SIEWMMR ST, BESMEEP AN, Wik, #ntiEs
K EREY R 22 [ LB A AL Lt AN — AT mokR A, B S K S RRAL
B e, b, SKEAREERIN, SBEACE LG J i 2BRRCR, E 4 R, 7EARDF5E
BIZIETR, MR R ok F, SWCH 10% AR T B 2 Basor .

HR4E LDF — 2% 3)j ) 2% J5 2 Fl Freundlich J7 R 8L & 45, SWC M 10% 54 hn%) 15% Bf, LDF iy
LA M 0.984 9 [ F 0.850 5, i 2= 46 X7 {5 I\ 17.2% 14/l 2 18.5%; %} kb Freundlich () 481 & 4%
SWC N 15% B}, A 25 2L XHEAL N 6.7%, HALE B T LDF F#E. Bal W, 7E6 K35
T, 25 Y L b A LTS e L bR 45 R £ A Freundlich J7 R B
3 %ig

1) 2438 T R 80 mL-min ' B, BRI AP L BR R IEAE TP, A5 3 S K LR
AP EAKRTOEMT, RBRRAAFE AL, iR T K RIE D 15%, KERFRIE 97.9%,
TIEE KRR 10% W, BERRCRILF] 99.5%, A H T RAT5 G b A LTS Qi) R

2) el 3 UM A K2 M Qe E A SRR 25 0F T, LDF s i il a Eid . W
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W, RIS AR B 2 RIS . S EA AR e, LDF $LE 1 0 25 4 {E & 1.99%, U
4 B F Freundlich 36 124 R o 5

3) Freundlich 30 J] 2% J5 21 & 2 4 4352 W it B2 A P06 o FERI S84 < i K Z8 SOk B RN - 18 %
KA EE MR, 3L 25 S Y O 22 4 ST E XK T LDF s J122 B EL G IS 3, X RE W8 35 4 b ik R R 28
A LT Gy Ok R TR AR AR BN (4 B A8, 78 i 2s w4 b A K 28 SR BE RS L B v i K
HAESENT, WA RO A,

£ £ X M
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Abstract In order to study the mechanism of affecting the purification efficiency of thermal desorption of
hydrocarbon contaminated soil, thermal enhanced soil vapor extraction (SVE) was used to treat hydrocarbon
contaminated soil. The effects of ventilation rate, gas water content (GWC) of the extracted gas and soil water
content (SWC) on the treatment efficiency of thermal enhanced SVE were studied, and the LDF and Freundlich
kinetic equations were used to fit the desorption process. The results showed that when the treatment
temperature was 120 °C, the optimal treatment process was following: ventilation rate of 80 mL-min™', 15%
GWOC in the extraction gas and 10% SWC, the mass transfer rate of gas was accelerated in soil pores, and the
processing time of thermal enhanced SVE was significantly shorten. The aeration rate was reduced from
40 mL-min~' to 80 mL-min"', the processing time was shortened from 425 min to 350 min, and the water vapor
concentration in the extracted gas increased from 0% to 15%, and the processing time was shortened from
350 min to 105 min. The GWC increased from 15% to 25% and the treatment time was prolonged from 105 min
to 240 min. When the soil moisture content was 10%, the heat strengthening processing time was shortened to
290 min. When SWC changed from 10% to 15%, the treatment time was extended from 290 min to 390 min.
The results showed that the LDF equation was suitable for data fitting under a simple condition system
(ventilation rate). When the ventilation rate was 80 mL-min ', the deviation rate was 4%. The Freundlich
equation was more suitable for data fitting in a complex system (soil-water-gas). The deviation rates were 3.8%
and 2.6% at GWC of 15% and SWC of 5%, respectively.

Keywords hydrocarbon contaminated soil; thermal enhanced soil vapor extraction technology; desorption

kinetics; treatment time
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