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Effect of Thermal Enhanced Soil Vapor Extraction on Benzene Removal in

Different Soil Textures

LI Peng'?, LIAO Xiao-yong', YAN Xiu-lan', CUI Xiao-yong’, MA Dong'

(1. Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; 2.
College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Experiments were carried out to investigate the effect of thermal enhanced soil vapor extraction (SVE) on benzene removal
from sand, loam and clay and the mechanism. Compared to the routine control treatment, the benzene removal rates were improved by
13.1% and 12.3% and the remediation periods were reduced by 75% and 14% , from sand and loam respectively using thermal
enhanced SVE. Thermal enhancement decreased the moisture content and increased the soil permeability of clay. On the surface of clay
particles, absorption peaks of carboxyl and ethyl disappeared and the content of soil organic substances decreased significantly.
Compared to the conventional SVE, the benzene removal rate was improved by 34% in clay soil treated by thermal enhanced SVE. For
sand and loam, thermal enhancement could increase the removal rate by promoting the diffusion of benzene in the soil and achieve
substantial removal of pollutants in a relatively short period of time. For clay, it could enhance the effect of SVE by reducing the
absorption capacity between soil particle surface and contaminant and improving the performance of the gas diffusion in soil by
decreasing the moisture content and increasing the soil permeability.

Key words : thermal enhancement; soil vapor extraction (SVE) ; remediation; texture; desorption

SARFMEE AR (soil vapor extraction, SVE) j&—
T T I0 B A A AL e 3 S T K B S A
BB PR ORZ A E N BA e 13
g A ZEE 1982 ~2005 4E[[ ) 977 MK
G A 248 ASRHIT SVE BR85S
26% . 5N SVE HEA S0 FH A BN 3K fd
SR A TR | V5 Y TR R ZE SR R TR
BB R D . RSB E ARG o, £IB s
FIE I SARTE T2 T B CRE S8, B R
T IERORLRLAR S0 A | FLBRBE | B KR L K NAPL
TESERNREAIEN Y. BA TR
SRR EEGE ] TR SRR I R X TR
HKT 10 em’ P I HIE . Frank %071
#r SVE HAGE FHE i SCHE N R R RE R A 2Bk
WY R A AR ME - UE R g

S AR R AR I AN F TP LR B i3 R AL
MRAOFETE L6 N TR SVE B R RCR, 7 4h
B I A AE A )8, AT DA S H B R dndiak
b, AW X, 28 S AU | e S
JROAE R e ARG A S HAME L Z Ff SVE 34 5% 57
AR Hod Uk P54 ( thermal enhancement, TE)
SR A Sy BB B T T B SVE sk 4
7&[101‘

AR )Tk AR W PR | SR A
HRIEA L ZEVIES S R — A A Y H AT
N TSR SVE BEsRER & Re I & & 1t
WFE EHE: 2014-02-18; fEITHHEA: 2014-04-21
E£WH . HESHEAVR LRI (863) 1 H (2009AA063102) ;

[ % Bk S 433515 H (2012BAC10B00)
YEZ B ZEME (1983 ~ ), 3 W09 A, REW T 7 10 15 e sy

Mo HEE H R | E-mail ; lipeng@ igsnrr. ac. cn
# JHIHIK R A, E-mail ; liaoxy@ igsnrr. ac. cn



10 44 MR PR AL ORI AR X AN (7] i i 38 v 3 L B3R ) 32 ) 3889

] , 30 7] Z2 0 FL SVE HARN GBS bR A% L A
ML 45 % P ALY (semi-VOC) . Fr B Xt F
P AL S AR AR B A (B X 4 £
Wb+l A — 1. Heron %[”]%ﬁﬁﬂ
H, BEL 9 Ak A il 4 BOR A 0 3 4 26 I (DR
0.2% . ¥yKi81% . FhHi18. 8% ) HHiT LR =H %
(IS, HIENPGRE Ny 33°C 45d 5 B3R =52
IRHYERF N 99. 8% . Poppendieck 25" K #H,
BB AL AR B A | £1 %0 £ 2 + 38 (WKL 60%
~75% . ki 5% ~15% , ki 0 ~15% ) X% C13 i
17 7 RBREEE:, 45 R 2 W1 Y 5 E & 2] 100°C i,
24h By ZBR R AEAL 1K F] 90% . Mohamed %" F
PERVR AL AR BR , B X b - g £ 43 5l
1T T RBRARM LI, 15 G W 1 25 B8 5 43 4w FAh
PRI HE R 9% F1 4% .

CA W5 2 8 hAE R AL RCR IS, X TAL
Hl T AR Z 3 x)F R A b PR + IR R iR 3
b ARSOR IR AL S R AR XA ] 5T b
T R REA MUY R IEAT T R BRI, 5
U 8 Jo %) A8 T 6 4 25 B ) S e B A Ak 3 5
P AR PR OCHE S i S AR b, BRI HAAh 5
TR AR AL

1 #RE5FE

L1 fihaae

I 55 2B T AL A B AR RO A Ak BEARE B S
Ay, SRR T L 1 S A AT LB
SR, 70 em, AR 12 em, IR AAEE 59 22 W)
WA S M, AL SRR A A SRRV T, A
SMZ T HABERO, Z EHFAEAD. AL
T BARG 097 TS TG Fl E O A4 e B
L. SEIRAEAMI A B FARRIFA 4 A TAREL
FE C1RIE EE ARSI 1 | BRORE 11 R RGN 11 4% [ ka7
E[A)— R B — 4. BBURE 11 R s B 5, i
FERGI A WT- 1 B R B0 e R B T (b 4
WORFG A A BRA ) Bk, K5 RS
Wb TR E ) AR B KU TR
ALY SRR T, 55 A — S 1 R e B X L A
(P ERKEREREIERHE A RA )  fEH A 1™
AR TRV 28 & 0, S & TS e
NTOU sty 38 H AR 1 R R FH T P A R AL

SR FHAA R B A8 O 20O6) A SR A7 i B, B BHL
TR T BRI, D3k 0.5 kW, KR
50 cm. [RIA e Fahdas ke &, vl X BHAE 20

~120°C Y Bl N REA it L P . AR SRS A A

AR AR B S A A — AR LB,

AR BH A R S 6 AR AU BE O 10 e,
LU C)

1 PORLSEHRERE
Fig. 1 Schematic diagram of the device used for thermal

enhanced soil vapor extraction of benzene

1.2 Skt
TEA[R) SRR AL 3 ) 2 JFOmD £ | 38 - Rl 55 3
AN [ o b %) TG 5 e 33 00+ Ry i B ST D
AR B b Ll XA H AR 2 4 B 4 ok B T
X IR AR 28 1. & R F B LR
TR DR I 1) T S PEARIEA T AR IR PR E
BALL ST (0 LS. ] s A A HIL T G iy o £ o
ARERACPE T, FEAR AL R SS RILEE 1.
F1 ZHTEHERBUER %

Table 1  Physical-chemical properties of test soil/%
T3 kL FkL kL fLBREE  AHLBUE A

Wt 80.3 10.5 9.2 33 1.6
HEt 40.6 40.2 19.2 55 3.5
E- T 20. 8 20. 1 59.1 50 2.5

- BRI R 60 em, B IGTR S S EE.
JEHBTEA 100 mL #7538 (oA gk, v ] [ 25 4
AR AR A BR 2 71 ) DA i s B A4 [] B DB
FEE 1T BOSRERG I S Je ) & /. i 24 h 5, 400
SR FH R R P AR R BH 5 Al Al 48 00 Xk A7 50 50,
TR 8 80°C  HIXAS RIS 7 (£ 2). HiFE
4 h NEURE T 1 ~ 4 BUSCARAE S R s e 7 i, O
SN A5 IBORE AR B R R . S5 )5 VR 1 1 Ab B
BRI Y 5, IR AN ) o b A 3 AR A il
PEHTJE BORE F1 1 Ah A 32 A% 45 Fh A SO A 7 Rz
1.3 o¥Frik

IS AR (50 mL, K E RS R A
FRAAF]) U FUORESRFE AL, LLUIEC BEN AR
Yy, MERR A IBOE O BE WA 0. 56 L, A Z] 584 50
mL (=8 EEAAAET TR G35 NS



3890 AN 5%

B % 35 %

1 L, AR 50 mL B RES )RR T IR
G5) SR DR T FEE (1 pL, H)
V. SGE Analytical Science ) HHL 1L 4% I+ < i
R, 3% 35 PE 22 F] Y AGILENT6890N #15,
AR TSRS I, S AH 63 {L B Turbochrom4. 1 T AF
i, 7S E A FID KU #% . AR PE-WAX
RIFRAETR A4 .30 m x0. 25 mm(i.d) x0.25 wm( &
B). AiEHEAEERSR. TRkt [k
% 250°C M 50°C HE , B TR A 230C , R
Wi 300 mLemin ™", i 15 mL-min ", 5 ( N,)
P 1 mLemin =", 0 EE A 500 1. @5 FHAMR i 06
TR R RIS /5 A
F2 THRABREH
Table 2 Experimental treatments and conditions
G5 HEFUL R SR&r

S-CK B AR
- samfepige  HARTSRY

S-H-R A

L-CK y bty T7RVIEATLI00 ml
e+ - R E .3 Lomin

L-H-R ARAIIE g7 g

C-CK . R PUBFRIELJE .80°C

C-H-R i

SR AL A TT A R R R I —
Frik A R CS, A IBGR] , TR0 il B 2 G i
ATAERL, BRI AR EA T 5 003 B8 ), A i 43 M A
TR R L
1.4 Ry

K ZEISS ) supra 40 %1313 H 55%F fin #
HI i I 00RE i 3R I 347 W %E  EHT = 15 kV,
WD =8.1 mm. & J]#[E BRUKER [ TENSOR 27
RULT A TEASOT AT 5 A A o SR 26 T A A
BILIE A A0 A A0 DA A 3 A

2 HFREITiE

2.1 BRAL PN AN [ o 39 P S YL B R

K2 B AARTRAN RSB AE BORE T 1 ~4 75
YLk BEREIS R] AR Ak, Y45k FH R R 2 Ah BEAD £
BF, BCRE 1 TS eV BEAE 12 h Nl 11,7
mg L BERE 2.7 mg- L' ik E RS T %
(R, S 25 AR FEMIRZE 0.1 mg-L~"; TR A4
SRACAHEAL FERD + TS YR EAE 12 h WEERRIEE
0.1 mg-L~", A BURE 171 4 3 7 R FH A Ak fih 2
Jo R AT S35 J BRI RIBEAR T 75% . 4 4it
TR R e SR FL R BB T 1 A5 Y
WREAE 70 h N 11.8 mg- L™ AL E 0.5
mg- L~ B 5V IR T R TR FH A

SRALIHAR TS Y Wk BEAE 60 h PNl 3L AR (AR 2] 0. 5
mg- L™, LA HORE 1 B 76 R R AL i 32 5
AT EPRA T BRI L BRI FEAR T 14% .

23 - 90 B B SR R R B B EORE 1
115 e ik B FRAS AR 248 | 2] S 00 45 s v i X
FEAREN 9.3 mg- L™, 15 Y Wi K BRBOR A K. AP
TSR FH AR AL A B 75 e Mk B 7E S IR AT I R R e
BN, I A BT ) P T o 1 3 48 A 2 3 92 4 1
(R A 2] S 00 25 AR vk BE R IR 2 3.7 mg- L7 L
B AL R A W R AR, AR A R Y
W BE AR AL HV AR A+ B SE R B AN TR], 2R
WL BURE LT 2 ~ 4 AUk AR 28 LT
(AR A, ELv B BB 0 LA AR 2R I Bam Akl 12
Ja, RABE M 2 Bk EE R e BT TR
B AR IURE 1 Rl RE R R 0 T g, R
W RE 0 TR A R AR

ALK - NP A ] R A AR A S
T e R BE B AR ZE S RIS NI B Bl T B S A
JEC vt [ T0U v 6, B i 48 vh Tty P e 2 11 il 2 i 5
B s TR I PRI RENS A S R AR RSN E RS
PHH A R B 1 2R 2 A A A T[] P R VS g
ia % 2 Tyt , DT A8 B PR b B S s i 2555
XFE S RE A 2R 2 BRI ), 42 = A A B Y 75 e
VI ABRECE R EIPGRIE B Y. MXT T L P+
FERSRALHIARAE T RO o W . Y4 2
BB SR H P B o 5 G vk BE 18 T,
A L GRS LT, 16 RH R 28 S A R I g )
Totid) B R rh s B TR KA T) s B
JEME. AP ERD | R X 3
Fir B rh 0 B BB A R A, R RE % 2158 5L A
(R8I DX DR 25 2 8 R P 0 e ) By 8 Tl
Bk 0 T8 AR, BRSO R AL
- A IE MR S e SO R AR ) R R A
A 15 L) 25 BRI (] o R 3 8 28 iR 52 I SR
RGBT G
2.2 KBTS 4 s e ) S BR AR 1Y
A

%3 BANFENR AR I IR R E . R
AP AN [R5 Hh 4 358 ) 35 e ) 22 B R R i 4
e, b A A L R R K BR AR R T 13, 1% Al
12.3% . 45445 BURE 1175 e vk B A Ak ) el 72 st
(], AT DA kg $Rh 386 F 40 4 Fndge + 4 A R
AR AR R AR TS Y A e Y 4 v B
EiiE AR F S TF e s bR L 7/ PN R U E Y=



10 44 MR PR AL ORI AR X AN (7] i i 38 v 3 L B3R ) 32 ) 3891

(a) BURELTL
12 r\‘ll‘{“““‘*dqq‘““
™ Aday
10 h." faay “*““14
\ ""L ‘1\4“
J"l L “"'LA
8 HY e .y
TN “a
26 \ Y —-S-HR Ty
5 | ek, e~ L-H-R a,
AT MY -a- C-H-R Ay
4H\ W% v 8-CK ‘ay
“v, T, + L-CK
2 ta vy ¢ —«-C-CK
A e‘:‘ *
A
\. b} ;:u 33

0 20 40 60 80 100 120 140

12 b (c) JUHEMI3

- Vv - *.
.
Vvy "-.
zr Diiss Tbe s PPPRRRE L
|¢aq141144444‘***“““""¢‘*¢1@v
Tag a £
0 1 IS s am e PP Y -
0 20 40 60 80 100 120 140

t'h

12 (b) kD2

]
26 \'\ A ‘““*
S . LA‘A
A
4 v Ak \C \0\ ‘“L&
. Ty *e Sy
44444444444444

0 20 40 60 80 100 120 140

12F (d) R4

L
B0
=1 v,
5 Y-'_::..‘
N ‘*’;“‘%&Ah.&
A Vv, s
A A ®ongy
¥y g,
2baa TTyy
ha Jwge
’ A444%Y
uaqa:h«44«‘4«4««4«*“" v
L T ik PR gy
0 20 40 60 80 100 12 140
i

S-CK: # M-+ ; L-CK. W M1, C-CK. % MUiR-25 L, S-H-R. B bhi-nb 1,
L-H-R: s il -3E + 5 C-H-R. s il fz-35 1
2 FEEH T IEEITFE D Port 1 ~4 BV D4R ERERT B 254k

Fig. 2 Curves of benzene concentration at Ports 1-4 varying with time in different soil texture
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