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TiO, photocatalytic degradation Kinetics of TNT in soil
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( Department of National Defence Architectural Planning & Environmental Engineering, Logistic Engineering

University , Chongging, 401311, China)

Abstract; In order to repair military training ground soil polluted by TNT efficiently, nanometer
TiO, was used in the photocatalytic degradation of TNT in the soil. High-performance liquid
chromatography ( HPLC) was used to analyze the content of TNT after the degradation. TNT
degradation factors (such as initial concentration of TNT, initial pH, dosage of TiO,, soil thickness
and so on) and degradation kinetics were investigated. The results show that, addition of TiO,
catalyst to the soil increased the degradation rate of TNT from 36% to more than 95% when the
initial concentration was 500 mg-kg™'.Moreover, when the depth of soil was less than 8 mm and the
amount of TiO, was 0.5wt%—3wt%, the photocatalytic degradation of TNT is in accord with the
pseudo-first order kinetics law, and can also be described by the L.-H dynamic model. When the
usage of the catalyst is 0.1 wt%, it's a zero order reaction. After the orthogonal experiments, it was
found that soil thickness influenced the degradation of TNT most significantly.

Keywords : TNT, soil, TiO,, photocatalysis, dynamics.
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1 #E5S 7 ( Materials and methods)

1.1 R S5

A ZEAER (R R SE B 40K P10, BLEKS™ AU ) LR 1 X 100 m® g™, SR Az 75 ] 200—450 nm) ;
2,4,6- =R IE IR (Ll >99%) ; NER ( BUERRHIE , 40T all) s O (EJe 337K, ik al) s — 50 H e CRUER R
e, el s i CER TR, kel ; S e (BGEE R, 782l 5 B HilEE 2ok 55

FEALLE  HYQ-45 BUE IR (DU ; KQ-500E U8 75 i A B ( E 1L #{%) ; Anke TDL-5-A
R A B DAL (B2 S ) ; GWA-UN2-20 RSB ALK AL (JL 50247 ) ; pHS BORS % pH 31 ( IR
FA2004 BT ( i J7ER) 5SCY- T RG0S AL (R s i 2R AT L) 5 e 448 1260 Infinity /5
BB ARETEAL (32 [E Angelient) .

SIS B ) TR B AR A DX R I 2 s A B (88, % 7K 40% , pH = 5.3) , FF BT 1Y) 1 48
PRI 22 e T WS 5 1 100 B i A7

TNT 754 e EC ] FRE—E 5 TNT 3T SR b S BOm A BB 2 ¢ T Bt
IRAERER A5 A E X T 24 b J5 IS — B VR BE Y TNT 75 e + ERE .

1.2 3 TNT RO BRI &

TNT fRufE A2 41 . F I e il — R FI W B (0,1,5,10,20 .40 .50 mg-L™") ) TNT Z &%
WA BOE 2 mL A SEIRFRN 5 g L7 1 CaCl VAV =1 180 250 )5 1 A BILIE Sk T A B €3 i b 3 D, AR 45
WA TRT AR (o ) RV BEE () XTI 56 R FU A R 2R 05 A5 AR ifE 2R .y = 0.0563x-0.3132.

TNT [ HE ORI ik an R 2 (1) Jels 4ad SRAMTYE IR IS 1975 Y £ 383 1 e (mL 1 g) 10:1 19 EL 3]
(BRI 2 g i tHAnA 20 mL SAEBGH) ITA Z 5 5 20 IR 5 RRDE 15 CCHRY 12 h; (2) #8300 Wi
PS5 hJEEE 30 min FEEUE 2 mL IR GEARUY S ¢ L' A9 CaClL iR (e LB ) &
FEEH; (3) 7 12000 remin~' 0 C MR, B0 10 min J5 FE S 25— 2 B A%, 1T 0.22 wm
A AL S T A S CE T A T 05 ) 5 e T R AR R A ORS00 4% TNT MR B
1.3 4 TNT B AR S0 50 5 vk

W2 10 TNT T5 5% - HEA ARG SR 88 o, S LA R BIFAE B 500 W58 AMET O IR (O B,
J&4 9000 Lux ) — 22 B8], FH 2 B2 50U {58 FH v A50RORE (3 I e 4 TNT 5 82, BRI AR i ik B\ Tio,
FHiE | 3 pH | 2R SEXEAEIL AR TNT (14520

2 5 5178 (Results and discussion)

2.1 SAMELEFIRE TNT FEA A5

Bl TNT %46 R B A 500 mg- kg™ BTG Y 1358, 43 B LR OG IR, — AL B 2 ¢ 1Y
154k B AP RE SR I B — OBy 2 ¢ EHIIA 0.02 g TiO, 5 FAHFERE FR L | X 48 1k
R 2 4.6.8.10.12.16 .24 h J5 45 H MR ILERLME 1 Fingsd 8 h IEINEIRIGE , A7)
[ TNT B fRINE] 36% , M A TiO, #EALI IS LR R4 5 5 95% , AR EE IR 2 24 h H R EAR
A AT LI A AR ) T I i 3 TNT A R .
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2.2 TNT W)U o7 2k U 2 T e e (1) 52 i)

A3 BB TNT #7746 4% > 100,300,500 ,1000 5000 mg-kg ™' ) 2 g 754 + 4 LA 1wt% ) TiO,
PEFEIF A AE BAR R 10 em (35S ILH (HE ST 288 2 mL (R 4K PR, A RERR 1 h #b—1KK
EE AR SRIE AL SN A P 48 500 W /M T Y6 IR 2.4 6.8 h J&, F & 5 $2 B0 5 7 4% 1)
TNT % & .

HRIETLIGZE R LA In( Co/ C,) AR, IFTH] ¢ Sl AR AR AR 8], Horh €38R TNT WURI IR B sk B, C,
TS TNT MR BT BN 2 FTRAE Y, In(Cy/C) 5 ¢ Z IR BT L PE e R Ul 1 4
HTNT G R N A [RIRT 4R T v BT 145 B HE— 28l 124 I RRAE R R RD AR MR BE TNT A S i AL B
fESENE 1 iR 2 K, o TNT SEAEAB R i 2 0L SR H R 0 B e, M2, R A R AL

120 - 40 1

® 100 mg-kg™!
L kel
100 | 35 0 300 mg-kg |
© 30 F A 500 mg-kg™
2 8ol = 1000 mg-kg™!
= 251 -
g —=— A Add catalyst S + 5000 merke’!
“§ i —a— 4L 7 None catalyst :° 20
g)) 40 L =15
1.0
20
0.5
0 0 I |
0 2 4 6 8 10 12 16 24 2 4 6 8 10
t/h 05t t/h
B T, LA TNT FEAR AR B2 In(C,/C)5 1 %RHA
Fig.1 Influence of TiO, on the degradation of TNT Fig.2 Relationship between In(C,/C,) and &

MR AT LA B Co 38R K, B WIS 1), 3K IR R S A S N 5 — 2 2 15 e )
M R3] TiO, 22 TT , BEE TN 400 4 Jo o0 e J3E (R 900 e A 0] 36 1 SR AR MR B2 1) TN 70 (ELAAL 5510 )
BRGSO BRI, TNT fY407 i e J3E T2 15 K S EOWBEFE TiO, 21T (9 TNT Jir o7 J5 e 14y L B8 ik
D CHEAR R Ak 1) F E] = R 2 BR B AR AR A9 TR T2 R T TNT B — 2P B, B L TNT #9990 43
W PE BB R, LSBT 333 8 0.

|1 TNT WIHAHRERT S 8 3 £ 5

Table 1 Influence of the TNT initial concentration on the reaction rate constant

R T B
il st Aot e o o
Co/ (me-ke) constant K., /h"! alf-life #,,,/h Correlation coefficient R?
100 0.4365 1.59 0.9967
300 0.366 1.9 0.9948
500 0.2998 2.31 0.9842
1000 0.104 4.23 0.9865
5000 0.0613 11.3 0.9857

LA A AR SN B ) 4 B2 1 S S50 46 e v B =2 ) B S R L-H 3y R ) R
5 YL A B4 2 W R B BRARCIRAS T BT OB IR R N /) L-H R R ik
=d—C=kb_C=k1k720 (1)

de o 1 +£,C,

S ke, A N T H R b, TS YL AR TiO, T L B R R B € TS e AE ¢ B2 R C ol
15 IR G TR MR BE 5 r Ry SN TR,

PL1/Cy Ik A bR, g WONRARAER 3. 3 aT LA, 1/C, 5 1/ r, INE X R R4
(R*=0.9933) , 0] LI th 48 rf TNT (WM sl 1240 /2 L-H R HIHAT 4G 0 R 5 B ] LR K

r
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1 1
— = L9631277+(l0031 (2)

Ty 0

A1 (2) AT, B A0 0 B kB 9 18 TN (9 D e T 8 A 140400 s S o7 38 3, 23 1 R 3 iE TR Oy
TE SN FFHR I TNT )4 J57 e Ve B R | 31 ] (R Rl A AL A K

RS (1) FIZ (2) R AT B 80 38 BRI B 5 8053 0 R ky = 322.58 mg -+ (kg-h)™', k, =
0.0016 kg-mg™", UL AT LA, TNT (%) 5 f 3 238 5 £ 0 B, BT LA JHOG A A0 R A 1) B2 1y o 3 A e
TNT F W B 5 BRI FR WAL X TNT F W B SS , wl3E i i — 20 SOt AR 0], ands Rkl iy Le 2
TET AR e R B
2.3 TiO, AR FH 12 0T 56 ik 1 52 e

BCifil TNT &£ 500 mg-ke™ V54,76 2 g 9 L 435IA 0.002,0.01,0.02,0.04,0.06 g # TiO,
HEFTCIRSCES DGRBS 2 4 (6.8 h. A5 S L J5 i) TNT Flax & Vel 2= & &l 4. 81 181 4 F i
4 TiO, &M 0.1wt% I, In( €,/ C,) S5ITH] ¢ Z RIFEFERUF M R B B )2 i 4 R4 T T A
P, 33 U8 D AL ) 52 7 1) T 22 B, 3 sk e 3 5 19 D A1 T e A 7] P ek /D O oA Al B e A
FH,INT 925 BR 2 0R o2 R S5k T B0 AL VE 0 NI 4 S5k 2 AT L& ) b i i
0.5wt%—3wt% B, TNT A A B3 ik S I 3850 HUA— G 8l ) M, O LBl A 50 FH it (15 im0
O S RS TS5 U /N, 2 T W S/ N R S TR 3 T BB Hh A AR R R R B R S TSR A
A FHAICR.

0.025 — : o 0.1wt%
A 0,
25k 0.5wt%
0.020 * 1wt%
20 X 2wt%

0.015 + 3wt%

1/ry
In(Cy/C)
"

0.010

0.005

| | | | | |
0
0 0.002 0.004 0.006 0.008 0.010 0.012 0 2 4 6 8 10

1/C, th

B3 1/C,5 l/r,RRE B4 EARFEMEATHET TNT BRI # i
Fig.3 Relationship between 1/C, and 1/7, Fig.4 Kinitics curve of TNT degradation under

different catalyst usages

F 2 ARSI TNT S0 54 5 52 )

Table 2 Influence of the catalyst usage on TNT degradation rate

AL A ESUNFIIAL RS L - .
MERLRVITE . ‘ ) R K
Catalyst dosage Apparent reaction rate constant . i - "

d 1 Half-life 7,,,/h Correlation coefficient R
wt% K,./h
0.1 0.0257 27.0 0.9647
0.5 0.1960 3.54 0.9517
1 0.3003 2.31 0.9846
2 0.1220 5.68 0.9725
3 0.0800 8.66 0.9969

2.4 145 pH Xt TNT P& B 52 0

SCIG 3R pH [EARREE TN E N 5.3, 7 AMETT L35 pH (E A PP Fasc ki TNT 75 43k & R
500 mg-kg ™', FHEFE N 2 o, IR 2 4 .6.8 h J5 I E [V 5 B9 TNT 4y & & I 4E s S 2k an i@ 5
vy
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Fig.5 Kinitics curve of TNT degradation under different pH

e FrpE H AR R pH Y Y 3.10—10.6"% ) R AEAS 5286 v 23 S Y 2/ pH (£ 6.8 Al
9.7,7%5 %5 TNT 1£ 3 > pH($5 AR )55 pH=5.3) T AR SR. mIKl 5 &3 3 T LLE H7ER
[ A9 pH T TNT BCHEAL AR SN AT A P — s J7 24 R A s o (BB pH O3 K K, FH R 386 K 7

ANTE) pH AR B E A2 S 1 a3 )

AEE: A 98 e (0 IR BT PR AN () 3 J8C ), TN 7 R e 4 338 v A

AP A i, T 384 5 ) A P BEL A TN A 0 B30 7, TR AR 56 A 2 S it S 2, Bt 2 1F T
TNT 75 SRR W B PEAR X583 , NI A 27 B bR

£ 3 pH X TINT s 4 B

Table 3 Influence of pH on TNT reaction rate constant

1% pH ESUNAALE ST ¢ ] LIP3

Soil pH Apparent reaction rate constant K, /h™" Half-life ¢, ,,/h Correlation coefficient R?
5.3 0.3003 2.32 0.9846
6.8 1.89 0.9976
9.7 1.58 0.9973

2.5 L JRJEEXT TNT a5 0

B il 75 YL e E A 500 mg-kg ™ B HIE 2 o A Iwt% Y TiO, J5 B THE K IRA) (220 r-min™",30 min) ,
et S it 4 BiE H 1.2.10.50 100 g AY 3548 500 W 2E4MT IR 2 4 6.8 h J5 il E B4 TNT &

FHAESh 12 E 6 Frk.

35

In(Cy/C)

¢ 2g(0.32 mm)

= 10 g(1.6 mm)
A 1g(0.16 mm)
(4
X 50 g(8 mm)
o -
| | | 1 |
2 4 6 8 10

t/h

6 TNT 7EAN[R] L JZ I8 B T W R figg sl 12 i 28

Fig.6 Kinitics curve of TNT degradation under different soil thickness

PS03 3 S 6 P e 1) 22 S R S AR [R] 2R BE X St ) S IR 6 B3 4 R RS
N 50 g(J& <8 mm) LN B OCHEAL SR S SR U — sl Jr 2 MU O BLRESS =2 B s,
TN'T 2 LG At 3 3 K50/ P 3 O, D6 R b JZ A e g B e EL Y 3T 8 100 g (JREBZM16 mm
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) A HON 0.54, BB TR & 40— G S B3 J1 2 B0 3 T AR fh T 2 I SO 1 5 i
PRI TR T TNT B,

FTa )RR R B 5
Table 4 Influence of soil thickness on the reaction rate constants

UL N
R () i g R

Apparent reaction rate

Soil weight ( Thicknessg)/g(mm) constant K /b Half-life ¢,,,/h Correlation coefficient K2
1(0.16) 0.403 1.72 0.9999
2(0.32) 0.3003 2.31 0.9846
10(1.6) 0.2525 2.75 0.9947
50(8) 0.1145 6.05 0.9922
100(16) 0.54

2.6 IEAZSEE:
T HAFLL A RN TIO, AL R TNT B0 /NI | DLW 52 3 2R K0k % 2845 45,
B T IR R =K1 IE A 525, SEgh 2 e 5 Fis.

RS IERTEE
Table 5 Orthogonal experiments table

an  TNTRBRREE o e i oy AT
Number Initial concentration ) e of Ti0,/g Soil pH Soil thickness/mm Apparent reaction
of TNT/(mg-kg ") rate constant/ h

1 100 0.04 5.3 0.32 0.3446

2 100 0.02 6.8 1.6 0.2021

3 100 0.01 9.7 8 0.0534

4 500 0.04 6.8 8 0.1012

5 500 0.02 9.7 0.32 0.4

6 500 0.01 53 1.6 0.1637

7 1000 0.04 9.7 1.6 0.1246

8 1000 0.02 5.3 8 0.0945

9 1000 0.01 6.8 0.32 0.1433

AR TS TNT R4 B ik B TiO, A4k 57 F | 38 pH A4 )2 5 B 45 DU R 25 B9 i 22 490l o
0.1142.0.1245,0.0571 ,0.2263 , BIXF YA LR A () 52 0 - 4 )2 R BE > Tio, AL FH i > TNT #1046 i &
>+ pH, 2B K/ TNT G R i i e K.

3 %5 ( Conclusion)

(1)2:500 W SEAMTIERE 8 h J& , LA TiO, AL nl 615 Yo ik B4 500 mg- kg™ (9 -4 TNT [ F%
it 2 AL R ) 36% 35 HE T+ 5] 95% LA . -3 TNT () G A Ak R At S 1 75 5 HE— G h J1 2431
B HH L-Hsh i RN 1/r,=1.9631(1/C,) +0.0031.

(2) TE525 + )2 <8 mm , HEAL I i 0.5wt%—3wt% , AN A pH (I E T TNT B9 G HEAL 5
NI E— B T A

(3) 383t IEAZ SZH T AT, X5 TNT B Ak R s e e K g R 2R )2 B RS FORARYR R TiO, AL 7
FHE: TNT 9746 57 it e B3 A1 458 pH.
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