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Enhancement effect of additives on treatment of high temperature
benzene series gases by biotrickling filter
ZHANG Chang-ping " , DU Ling-gai, LU Yu-qi, CAO Zi-qing
(School of Energy and Environmental Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: In order to investigate the feasibility of purifying VOCs under high temperature conditions, the treatment
of high temperature benzene series substances gases by biotrickling filter is studied.Using benzene ,toluene and xylene as
representatives of volatile organic compounds, the most suitable additive and its adding concentration are selected and
determined by experiments under high temperature, and the enhancement effect of additives on the treatment of high
temperature benzene series substances gases by biotrickling filter is studied. Experimental results show that under the
condition that the temperature of inlet gases is 60°C, the effect of Twain-20 surfactant on the removal of benzene series
substances gases is better than another selected surfactant,and Mn>" exhibits the most obvious promotion effect among the
seven selected metal ions.When the inlet concentration is 1 000 mg+m™ , the residence time is 240 s, the adding amount
of Twain-20 is 50 mg-L™" and the adding amount of Mn* is 35 mg- L™, the removal efficiency of benzene series

substances gases can reach the highest,91. 7% ,and the removal ability can be 14.9 g/(m*/h).
Key words: biological filter; benzene series substances; surfactant; metal ion; high temperature

&AL A (Volatile Organic Compounds,
VOCs) X} I8 e AR S = A e s i, A ik e i
VOCs (ARSI, JGHZ A= W% 38 2% ( Biotrickling-
filter, BTF) , 3 F T 4b P & B far 5 HLTG Gy, X F
FA: W3 A B R RS, A E A AR DG B RaE
L2 [ PN X A 0 D i T e Tl 25 T AR VOCs 11
gD | I JUAERIFGE T )3 3 1) Hh s MR FE 1 VOCs
HATIRE . Rk, B w4~k vOCs 1y af
A7 X6 Tolk R AE Wb B S iR P B VOCs
AT A KR S, A8 Ak 273000 mT Lo,
T2 Wi IR AR 10 R PR | etk AL S A ) S g s
(A, FR BN —FhEr Xt TR | v ik BE /K M VOCs 1)
T A B

1 KEMBEIE

1.1 RBRESRE
S i 2B W i s v 32 WA BILB I 1 A, 3

HZHR 120 mm, FORHZ 52 5 A 150 mm, 4t 4
JZ o USSR OB, S0 R FH A SR T
PE,EFRBNIE T T, IIE IR, < h 38 i it
AR THES, SC0de s T 2R mE 1 s,

as——ntg
: 5 . }(\)
12 [ H Ty .8 5T

3 s
1 324 306 2002 . 19

1—A R A RSP 2— 1] 3— =08  4—2s B BE e T

B 5— =R KA 6—RTR A 7—i S R BRI

8—U MK F13t; 9—FHFFWL ; 10—JTEKE 7% /158 ; 11— R B B 5
F U 12— Wi i3 ; 13—k k

A1 4£Y@REIZREAR

I Fm B .2017-06-29
EETB Wb = & R =R R W H (ZD2015011)

TEBR A R (1972-) Lo 1 RIS, 22N AT Y i oK A B 7 T i A 5% , S THIK R A ,836833571@ qq.com,



- 108 - A AL T

1.2 B#Ri5EY

HK(CeHg) PR (CHy) \ WA (CgHy ) AR
WL R Y B OR HOR | H 2R H A TS G
PWEA —EMARERNE, AL PR B BHLSUR Ny
“CEORTIIRA IR AR 1010,
1.3 HEYEMFKIR

PRI A R T 0L 1T BRSO 47 35 78 B v Ak
PTG RS Ve TR G AT
1.4 ER

JIt FHSEURE A IR 58 & B 78 4% (10 Pores Per
Inch, PPL, B4 TG VEIG ARG A R A R A7) . R
U A it A SR R 2 f Ll B A5 A K i T
i B TATRR A R TR AR 0 1 et T R Ao o
K EFEER R [, s BAY)# <L Ee 1o |
23 AR FI R 2K TEAE X AR A, & Y mr2E b 28
HAR A R Py A A AR 7
1.5 SKEAHE

SHAEE{Y ( Bruke 450-GC Galaxie ) K 8 3% #
(BR-SWax,30 mx320 wm IDX0.5 pum) FIE K AEE
TR (FID ) 31 4 18 [ A & e B A PR | A
7= AR 722 RURT WA ERE T RO B
BEILEE

2 BERSHMW

2.1 FREFEMEFIHEEDERKBZMW
TEFE SR B 60°C T, 0,50, 100, 250, 500,
1 000 mg/L 2 1 3% P£ 75 ik 38 - 20 Al $738 X - 100
XA A RS2 e o3 i an ] 2 AR 3 s, BRAR
T TN o %) 2 T 3% 2 705 T 2 B A R
AR S TA Y I F A A AR AT, (2 DB e
DI, dm 2 mnd R0 s XA AR K B e
e HEVE
ME 2 AT LLE 1, ik -20 7E 50 mg/L B X)
AE YR E T B . Y BT R SR T 50 mg/L
0.20
g
BE o
2 006| s
0.04

0.02
0=

1—0 mg/L;2—50 mg/L;3—100 mg/L;4—250 mg/L;
5—500 mg/L;6—1 000 mg/L

B2 ebiE-20 stk & K e &

FE38HBFE1H

1—0 mg/L;2—50 mg/L;3—100 mg/L;4—250 mg/L;
5—500 mg/L;6—1 000 mg/L

B3 b X-100 3404 £ K

Bt XA W R A A FH B A o v B %) 3 TG
G, 32 PR R 2k 3 - 20 B4 S5 vk B /DN T LI A
SRR EE Lo A AR de A, 2 R T L A Rk
B X AE Y e R A T —E MR E R,
&3 a LA, th$7 8 X - 100 By 5wk E KT
250 mg/L B WO EEE W E R HHRF 1, ok
JEE AR O R 1 D PR fh T it Hl X - 100 JE B8 F-3R 1M
TEMEFN AR | o U B 55300 R 60°C #520,
SECLVS A B B AR, B 2 AR W 0 A K T TR T
M, TEAE YT NEEE TP ARSEXT ORI 2 Fol 2 i v e 5
2SR AR, 1 fadE dsm )
2.2 MHE X-100 FA0tiE-20 EEYEHIESEHH
LR

E A 170 0 A N N S [ 5 AR B A 7 3
X-100 Flmk i —20, #E5HW E h 400 mg/m’, 15
FEFEI 160 s, A TR 1T 3 d, Aj3 dH
ANV N T 6 50 o ) 2 B A SR, A R VR K
AT, B RLE X - 100 Fk & -20 B A9E 4T
SR BN 4 F S R

BRfW BE / (mg - 1)
0 05 5 25 50 100 250 500 1000

& 500 100
8 R s N e R
.ED400- 1, I I * v, A I -80§

| ¥ ——y ~
< 300f ., ! | ¥ 60 3¢
gZ(}O- %I i -40§
= 2T S N G et =
*&100. : | 1 I I \A“\‘ 1 —20+H
P N S S SO S

(=

3 6 9 12 15 18 21 24 27
Ku/d

13 R 2— 1 R 53— K BRACR
4 4T X-100 XK R 0 & R R

AT 15 PEFI N, 2 4 5286 9 26 R b R 1
N SSGIEAT, KRN 5.2 g/ (m+h) o UL
X—100 B, Fifi 5 o 0 Vi B2 (0 S T 348 K, R BR AR 1B
Wb, FERTRRIE N 250 me/L B, < =R [ bR
BORINFN e 8y, 4970 78% , KRN 7.3 ¢/ (m’+h) .
Z Ja bt ML X-100 BT B AR, « =287 1



20181 8

BRI HE / (mg - L)
0 05 5 25 50 100 250 500 1000

7500 — 100
-E400_‘A‘AA‘AAAAAA‘Axx‘;“““AAA‘ 80 .o
&0 1 [ : M N
g —— ! [ &
tsoo-‘é,.” o 60 3%
L200fe 0,00 40§
® 2 L3 | | P S

#® 100f A "o 20

P Dyeeeed
| ALY [eet

ili 6 9 12 15 1I8 2l1 2l4 270
KH/d

1—ik VR BE  2— M FUR BF  3— BB

WS b iE-20 3K & 4 By = R %R

FERBCRN T R, X2 TEAR R BT E T,
i X -100 FAAE Y A A [A] | 76 AR 5T vk FE I
F2 AR LA TR 1 700 04 R VA v I v B I
AR AR SR IR 45 5 A D AT AR T A et
CSORT AR S A iR -20 B, AR E S
s X-100 AH R A EFROR , SRR E /N T
50 mg/L I, i BT i Wk P2 38 R, RBRACR B i
KL AE 50 mg/L I ZERACR BB B s, 490 92% /e
i, BN 8.6 g/(m*+h), 2k R E 1
R, BBRRCR BT TR, P, kil -20 1Y feid 3
INJE R EE R 50 me/LL, 5 i - 20 X f Ak 4 F
ORI & s i B — 2, mhiiE-20 el HnE X-100
LR TR,
2.3 AmMeEREBETFHIEE

4 15 1 A2 B A X AR O AT B N R g A
AV FH 2 100 52 0 G2 0 35 P A G T B R
YA A rb 2 b 8 2 U L Cu (Zn) B S8 LB Ak
Tit TR it T 00 S0 45 1)l B PR 1, 2 2 I S il
RTT SR A 5 T L 4 i e R I A T IR
it 7K APk TR ) TS 3R, REAE R A 1) S I o B At AT T
WS MRS S HE BN S ST
A REIE R HEAT , R 42 A 2 i3 £ A7 A6 W] LUK
AP TGRS

TEFE 7 RIS W) BT A5 1 4 B S 1, 5 BN
AEYER RS . DP9 R, TR EHEHIN , i
TERPE N (48 8 B R U W A — o B AR AR
RO TR A S T A U T B A A
FUANTA] | PROHO G A= W T AR 2 A R /M AN ]
I RO S A B AR R O B (e g i 2 A A
AHIE] o JUA 42 T8 B 1 19 i R WO B 1 48 & X6 L
1R,

F1 HAMEEBEFEREMEFREREEESHIIE
BEET 5 B Hif B B i i
WOERE (R 0.342 0.081 0.441 0.099 0.192 0.028 0.200

A SF  ADTFI E VIR S LIRS R R R SIARR IR - 109 -

1 AT LUE 48 B Mn® XA 93 M
AR HE 1 B B 8, WO B I 3 i I s,
0. 441, I IERE M 10 42 J@ 85 7 i), HoAth L
ol 4 I B AR A 5 % VR AL B WA i SR A T S A
PRUEGIAE Py L 4B T R TR K
2.4 HmFIFAEMRA
2.4.1 wEiB-20 44 A F A

R E 5 7] LLE Y 78 i AU & vk B Dl 400
mg/m’ I, F2BRAGCR A = ) 28 T PR 57 X ) 2 25 ~
100 mg/L, TR X — X [RI QRS2 E AT 5T, o a2E S
R T E 1000 mg/m®, 155 B I [A] Bl Ay 240 s,
A3 I T e R 0,.25,40,50 ,60,70 .80, 100 mg/L
I~ 20 FEAT AR W) IS RIS AT S I Y R A, S BR
R E 6 B,

BRI/ (mg - 1)
0 25 40 50 60 70 80 100

12000 T i i K 100
T S P IS S S U (1
E e b . 8
< 800r 3 160 3%
= 600, , . lao B
o000 2 e, &
*’4_200- (3} ....0‘0000..00»20"'}4
1]
M 0 1 1 1 1 1 1 1 0

3 6 9 12 15 18 21 24

K¥ud

1 1o B 52— TR B 53— Fe R
M6 wid-20ZkERAYNFHLBE

6 0] LLFE W Sk i - 20 49 5 vk R
50 mg/L B KBRBCRIB B =, N 77. 4% , KBk
#13.3 g/(m’+h) ; YEEWEERT 50 mg/L )5, %
PR BRI T HITE 70% 47, X JEH MR
- 1T T R 1 VS A S L ) 38 R U, I
LRSI TR, i iR - 20 (10 I 5L 05 o) Ik
BN FE 25°C B 3R - 20 0 11 F A vk R
73. 68 mg/L, F£ A 5Z 5 v #E S AR B R
60°C , A I 42°C 24, T LAAE AR S8 vt
=20 (Il SRR BE/INT 73. 68 mg/L, 11T 50 mg/L
AT 30— 20 7 I S A Rk J38 (A 0, 9T LAk I
BRI VOCs VR o 3 BT h, ik 3 -
20 1A FeIE S 0SB vR B h 50 mg/ L,
2.4.2 Mn(Il)#AZHk

FEUIN 50 mg/L kil -20 EERL B, #4658 Mn™
) Bt VAN 0 o vk B, Y RUB R VE O 1 000
mg/m® {5 B IHE] Ky 240 s HUE N RS HE A 0,
0.5.5.10.25.50 100 mg/L 4 Mn*" | 4> Joi 5 vk &
B17 3 d, BERECRN ARSI E 7 fis

ANUSIN Mn®* JLS ik 7R - 20 B 9 25 BRECR R
ETETT% AT, KR EAH] 13.3 ¢/(m’ +h), M



- 110 - A AL T

FRERWE/(mg - 1)

~1s000_ 05 S 10 25 50 100 oo
'a ! PR :

212000 o 3o et L e 180 o
g i I S e Sl S g
< 900} 1 | L {60 §
m ! ! %
£ 600} 40 §
# 300} 120
0 3 6 9 12 15 18 21

1 —3 PO EE 52—t R BE 5 3— S BRAlR

B 7 4R 3E b R n Mn® J5 3 3K A 4 1
FERBER

Mn®* U7 o & BE (38 K, R BRI S 1 K5 W/, 78
25 mg/L B EBRBCR B RN 90. 6% . X &K R IH
IEPERIE R - 20 AR LABG 3 VOCs B Kk, 12
e NSRRI B S RCRH 1 15 JoT T38| 340 RE f% 15 53
AW B VOCs 1o i A BE T, 5
Mn** i S A 2 096 e R 3 R I ) 5 254 o ok
KT 25 mg/LJi, KERFCE IR IEAL, SX=E N
R IE AR BT 8 — S R E Y E A s
TR AR B AR 1 2 TS SRR B 8 45 AR
WHEZhSZ B, kel T B g
A7 Hal DL AR 18R i B S A X Sy
25~50 mg/L, R T E—H 8 Mo™ B9 F LGN Nt
15.20.30.35 .40 mg/L F1 45 mg/L B Mn* #5] A 2k
Y us s I BRACR A 8 R,
RV BE /(mg - L)

—~1400 15 20 30 35 40 45100
l.E 1200+ — b i A e S
e A S S SR L Ll
i 800 ! 60 3%
& 600f 40 ’§

400 ‘ 20 4
I:H 2001 g R ) 0 00 o 0400000 0

0 3 6 15 18

9 12

KEid
13 IR 2— IR  3— R

8 Mn™ xf A 4y % 35 A0 BOR B9 %l

HE 8 HAr LA 1, 24 Mn™ 1Y 5T & W N
35 mg/L B}, ZBRACE T = A 91. 7% , KB ik 3]
14.9 g/(m’ +h) , PR Mn® (10 5538 78 0 5 ok
&M 35 mg/L,

3 ZLig

T8 3 6 A W e A RIS IS AT IR Y,
FAAH PUF LS

(1) %FutiE—20 A 738 X-100 7EA R E T
B T ' 1 ) 386 i 0 A7 0 2 RO 25 SR R B ik iR - 20

EIEFE1H

FhhiiE X—-100 7E 75 %50 [l O i AR 9 10 A KR
ARV . P2 5 5 LB AR g 0 3 v ik
HR-20 FLHHLE X-100 0925 BRACR I B, 5058 H
FARLEIFR,

(2) 38 A3 W R LB A5 4w B X I A T
PAEFERCR 1 HE PR I Mn™ >Ca®™ >Cu™ >Zn >
Mg* >Fe™ >Co™ , Hirft Mn® {2 #EVE F 5 B b, WO B
HHEicm, WL, B ™ EN S B E 7R
gl

(3) FEFES TR R IE A 1 000 mg/m’ , 15§41} ]
H 240 s, FER OEEE R 60°C 1 AAE T, IR -20
VR TEIEHE 70 A B ), B0 50 me/L ik - 20
I, LR R e dd:, I3 77. 4%, R R AF] 13,3
g/(m’+h), FERCIEAE [ 4RS00 Mn™ 76 Mn™ Ji
IR A 35 mg/L WY 25 BR AR 8 B B (E
91.7% ,LbriE R 14.9 ¢/(m’-h) ,

&% 0k

[1] Cox H H J, Homsaaexton T, Shareefdeen Z, et al. Thermophilic
biotricklingfiltration of ethanol vapors [ J ]. Environ SciTechnol,
2001,35(12) :2612-2619.

[2] Kong Z,Farhana L, Roberta R, et al.Treatment of volatile organic
compounds in a biotricking filter under thermophilic condition[ J].
Environ Sic Technol ,2001,35(21) :4347-4352.

[3] Matteau Y, Ramsay B. Active compost biofiltration of toluene[ J].
Biodegradation, 1997,8:135-141.

[4] Moe W M, Irvine R L.Polyurethane foam for biofiltration ; Operation
and performance[ J ].Journal of Environmental Engineering,2000,
126(9) :826-832.

[5] Moon C,Lee E Y,Park S.Biodegradation of gas-phase styrene in a
high-performance biotrickling filter using porous polyurethane foam
as a packing medium [ J ]. Biotechnology and Bioprocess
Engineering,2010,15(3) .512-519.

[6] TR RETHEHES Tween—20 & Zn( 1) S8 AL A V)i IR S AL AT
BB PERERTIE] D] KV IR R 2, 2014,

[7] Yang P,Gao F.Principles of biological abiochemistry[ M ].Beijing:
Higher Education Press,2000:9-12.

[8] Wei Y B.Physiology of microbes [ M ]. Beijing: Higher Education
Press, 1989.:20-35.

[9] Saralaya V,Bhat G,Kamath A et al.Effect of trace elements on sur-
face hydrophobicity and adherence of Escherichia coli to uroepithe-
lial cells[ J].Indian Journal of Experimental Biology,2004,42(7) .
681-685.

[10] BTN, X1 42 BH. 45 J8 B 5~ X i 1 15 Ve A W 52 w1 5 ik J
[J].iPa R, 2007,33(5) : 176-177.

[11] Zhang D,Zhu L Z.Effects of Tween 80 on the removal ,sorption and
biodegradation of pyrene by Klebsiellaoxytoca PYR-1[ J].Environ-
mental Pollution,2012,164:169-174.1



