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Degradation Effect and Mechanism of 2,4-DNT by Reduction-ZPF Catalytic

Ocxidation
ZHANG Jin-bao' *, XI Bei-dou®, JIANG Yong-hai*, LI Ding-long', Deng Fei' , MA Zhi-fei""*, WANG Yan-fei’
(1. College of Environmental and Safety Engineering, Changzhou University, Changzhou 213164, China; 2. Office of Urban
Environmental Systems Engineering, Chinese Research Academy of Environmental Sciences, Beijing 100012, China)
Abstract: ZPF ( zeoliteartificial pillared by a-FeOOH) which prepared in the laboratory and characterized by FTIR and XRD was used
as catalyst, and was tested for its activity in catalytic H,0, of 2,4-DNT, which is persistent and difficult to be degraded in
groundwater. The degradation of 2,4-DNT was examined at different pHs in the reduction, catalytic oxidation and combination
technology of reduction-catalytic oxidation reaction systems. Moreover, the removal effect of 2,4-DNT was compared by these three
approaches and the catalytic oxidation mechanism was analyzed. The results demonstrated that the removal effect of 2,4-DNT reduced
to 2,4-DAT was up to 96. 6% in 120 min at pH =5, which was 1.2, 2. 0 times of the rate at pH 7, pH 9 respectively. The catalytic
effect was various at different pHs and more significant when the pH close to the zero point of charge of a-FeOOH. The order of removal
effect of 2,4-DNT at different pHs was pH =7 > pH =9 > pH =5. Compared to single reduction or catalytic oxidation, the removal
effect of combination technology was 57.4% , which was evidently improved on the base of 2,4-DNT reduced to 2,4-DAT. The
degradation of 2,4-DNT in the presence of ZPF/H,0, follows a first-order kinetic model and the k,_was 0. 002 7 min~'.

concentration of dissolved Fe ion was far less than 0. 07 mmol/L, the mechanism was heterogeneous Fenton reaction acting on the

b Due to the
surface of the catalyst. Therefore the combination technology was superior to the single treatment of reduction or catalytic oxidation.
Key words: nitro aromatic compounds; zeotileartificial pillared by «a-FeOOH; pH value; remediation of groundwater; 2, 4-

dinitrotoluene ; reduction-ZPF catalytic oxidation
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AN 25 R M AR R R 2T e 1 AKRE S LR R T
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AR AT FCR AT R ) %% ZPF A4 K}, X5 LG 23 A
Fe' I& 7 \ZPF/H,0, {4k 5 Ak B 5 - 4k 404k 3 Al
BB HERXT 2,4-DNT [y &b BEASCR , 880 T v 1k 4% 1
N 2,4-DNT 75 B H H2 AR o B it o 7% e 30 i 0 4 4k
GINR

1 MRSk

1.1 SEE MRk

0. 15 mm HLfEERKY , 5250 57 ] 10% [ HCL
BN VRS 2 K, B RGR I 10 min, 25 R 3 10 AL K
Oy B MG G O R 4l K vk R Y, TG K
SWEMPYE 1k, BN ET T S % R A7 2,4-DNT
VT A5 A Tk Ak 30 45 41 (2,4-DNT, 99% ) , 1Y
0.025 g 2,4-DNT % T 547 10 mL /K & B (¥ B #F
e, # R #1500 mL 7% &, 15 %) 50 mg/L 2, 4-
DNT fifs & W0 % F . S50 IF, B R B 2 5 mg/ LI
2,4-DNT ¥ AE hy S N Ws ZPF 3l 4 7 V6 WL SC R
[16,21 ], 3R H FTIR 5 XRD 73 #7 £ R AT L AE
AL ) £ 55 52 50 2 i B G A R0 38 O 0 i 4l
1.2 S8 500w 77 ik
1.2.1 s 5k

R S5 2 B S mg/L 2, 4-DNT # ¥ 500
mL F- 3 1000 mL A IEHEZ i, N E S min,
Jil HCI0, 5 NaOH 45 5 pH 2515 5. 7. 9, ¥
5 g WAk I AR OB 5 TE R EE O 1 mmol /Ly B ol )
KCI# 2 AEFG 20 min FH 35 5 2% AN HE B M P BRI B
W 20 mL, W 52 H 2,4-DNT 5 2,4-DAT ¥ fF 45 1k,
T L.

i Ak S AL S0 < H5 080 i s 56 Ty sCUIORE 8 1 pH
J5 LU0, 2 g ZPF By oK, N — & & H,0, i JLK

JE 4 10 mmol/L, 763l %0 <, ()% . 40 kHz 1 7 4l Bl
S AETR Y OB 6 h, A BE 60 min [ S A% L 20 mL
BN 3008 M 2 ,4-DNT 3K 2 AR 4k

I 5 AL AL S 5 - 2 3 L 200 mL 3 i S A
W) 2,4-DNT T 98 % T 3 /> 500 mL H Z8 HE T2 il
L AT pH 57,9, [ 8 ZPF MORLS N
Wk 1 g/L™, H,0, RO W B 10
mmol/L"" 753 50 Bt . 40 kHz i 75 4l h 4% 1F
T REAT AL S AL S5, B B 60 min H 7 O s HX 20
mL S B F 00 5 v b 2,4-DNT iR B2 AR 4k
1.2.2 7k

B SR AR R B JE 7 B S R E 7 (0.1
mol/L Na,SO,, 0.1 mol/L KH,PO,, 0.1 mol/L KI
J% 0.05 mol/L NaOH ) &4, 2 0. 45 pum J8 i i
PE, ST B AE BURS |, T ASCOAE R - R I AR
(GC-MS, PE Clarus 600 USA) 4> 7 K 5 o 2,4-DNT
WIE ;s K4 Elite-XLB S AH (5 1% & 41 5 A (30 mm
x250 wm) ,GC-MS Il 5 4 14 B FF 1 B2280°C , F
J7 It A 80°C %]260°C (6°C /min) . MS A Il #5 1 i
1.2 kV, 8 7 P BE210°C , 258 4 A ; 2,4-DAT
e S5 SR v A 5 3% {X (HPLC, Agilent Model
1200 USA) Il 5 )5 #F dh b Fe B 79K B2 % 1 K
A % 8 7 4k R SOk % AL (ICP-OES, Thermo
ICAP6000 USA ) Il 5.
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895 c¢m ' At L a-FeOOH [f) Fe—O—H 25 i 3% 5))
W i e T2 R W a-FeOOH fF ZPF k. [ 2 %
W] ZPF h AR B A 2%, £ 4 a-FeOOH (SiO, |
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AT, W Fe B 10 bR K= AR kTG 4.
2.2 3 MEARBEEHRLE

AN pH 4 £ F ,Fe’ i& Jf \ZPF/H,0, F 4k
A S8 R - A A LA R X 2,4-DNT (1912 52
RSy e 3 ~5 s, B3 KW 2,4-DNT 14 Ji
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AL SR A R AT O 25 B 0 S 3 4, pH i 5L 7L 9 I
oA AL A LB R 2.5 1.0,
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TR —OH , AT A A A i R A1

K LE 3 Bl s 52 B AR AT A, 8 R - AL AL R
SR RN D 2, 4-DNT A %) 22 B8 %, AT fig 2 i
T 2,4-DNT i & 45 2 MW s 135 [ —NO, , i BU5
I A g e VL S A — N, 3 3 A7 7 10 R A R o
PR LA S TR R b i AT G A T
(RS 5 1 Ak & 4, M LA E— 25 1 Ak B A 1T 2, 4-
DAT [ 25 3R &5 44 fig 0% 42 40t 2 > —NH, J2 [ i 1 A
B, A B S R TR A (R S R, A B 4
FIWEBE IR, B & B % S CO, R H,0M 20 2 4.
DNT L5 M A S A 25 1 2 AR % B AIG , 38 /T i 7 A o
M b B AR 1 V5 e ), TG Fe® HLAENS 2,4-DNT JE 5
9 2,4-DAT, KK 3w Ho vl A Al (F HG A 5 T v s
BURKHE 05 B W AR 22 5 g Fe® 3E J5 R
AR R i K 0 Y ) A 2 R R AR T IR
JERAVE 5 0800, R % 2KV 0 F A A 2 R R
22 5 A TG, ZPF/H,0, 467 A B 0 AL I 7
2 4-DNT 2 F 58 3% g3t , b T 4 F /K Hh i 5 2 2K 05
Y SRR I A % EE X
2.3 2,4-DNT {10581k B % 50 1 2% 15 ML)

2,4-DNT BER B I 2% $d & 1 B 7R, 45 R &
Wi, 75 ZPF/H,0, 2Nk % ,2,4-DNT [ fif 75 4 —
Y 2 I ) 3 2% 75 B B A O B B0k T0. 940 0.
NI, 286 R 2,4-DNT J b 38R ] DLIE o #)1 & 5 #2
(1) FEAT HE 7

- d[2,4-DNT]/dt = k, [2,4-DNT] (1)

Ak, R Fh 2% 0 [2,4-DNT] R4
2=t I 2,4-DNT ¥ B, mmol/L.

®1 SER A AFA 2,4-DNT (28 5) J) 2 5cdls

Table 1  Experimental condition and kinetic reaction constants of 2 ,4-DNT decomposition
LTy R ol C(Hzoz)l *é&fhﬁ?%ﬂﬁﬁwﬁf p(Fe)ﬁ1 c(Fe)il
/mmol- L~ k/min ~ R” /mg-L /mmol - L
5 10 0.000 4 0.969 5 0.167 8 0.0030
£z 04 7 10 0.0013 0.9877 0.169 3 0.003 0
9 10 0. 000 8 0.98138 0.148 6 0.002 7
5 10 0.001 4 0.9438 0.3015 0.0053
& R i AL S AL 7 10 0.002 7 0.981 1 0.1840 0.003 3
9 10 0.002 1 0.9909 0.148 6 0.002 7

0 i 6 e Bt & of, ZPF M RLh Fe B T 55
FeOOH 43 513 1 5141 55 4 389 41 55 4 J 37 7 4 - OHL.
o, Fe B F 0% 5 R AR &R i pH A7 56
Chou £ I\ Jhy ¥ ¥ Wi h Fe 85 T WKk J# < 0.07
mmol/ LIy, Bk 48 A 90 i A0 AL 1) = 22 0 AR 2 4 25 1
R R A R A Fe 8 79 I <0. 07 mmol/L, 3
i A S SEALIR AT P38 (2) ~ (13) %o

k]
=Fe" —OH + H,0, _— (H,0,), (2)

k, .
(H,0,), == ( =Fe'"0,H ) + H,0 (3)

k
( =Fe"*0,H #TS =Fe! +HO,  (4)

3a

k
=Fe' + H,0, —
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=Fe"—OH +- OH + H,0 (5)
ka
=Fe" +0, —> =Fe"—O0H + HO, (6)
HO, ——=H"+0,  pK, =4.8 (7)
kb
=Fe"—OH + HO, /O, ——
=Fe" + H,0/0H + 0, (8)
k7
-OH + =Fe" —— =Fe"—0H (9)
k&
- OH + (H,0,), —
=Fe" —OH + HO, + H,0 (10)

k,
(H,0,). + HO, /0] —

—Fell —OH + H,0/0H +- OH + 0, (11)

kl
HO; + HO; —% (H,0,). + 0, (12)
kl]
- OH + HO; /0, —5 H,0 + 0, (13)

W Lin 22 47 ¥ i8, (H,0,), K A%
THI T B PR BT R 0, 22 7 AT 7 48 B4 RHBURL P 41 2 T i
REBE IR H, O, , [ I A0 R ) P 35 15 4038 4% 55 ) &
Hoop g A (14) 7533

¢ = [k/(D/L7)]"° (14)
Kk N — B RN B S H, s DY LR
M, em®/sy Lok I8 5 FE sl AL A% K em.

SR Lin 25 50 56 $0s £l 574 4k 770 S0 3545 5T o
{75 0.01 ~0.02 JuH N ( <0.5) , & 17 [ WV 4t
AN TR HOE R, S Wk R Ay L% A 1) BRI 4% 1
XN AR R L] U A AR AR ¥ 1/3, ZPF
WAL T & A5 1.00 ~2.55 G N ( <5), W%
FOH AN THEAL SN I Z 5 ¢y <0.5 <1 < (<
5) 2 WA AL RN 2 BT T4 Ak R SR T, N R T L
T AR X A A e I TR A Iz /) S T e A O AR [ I
WIS AR J5RE S N AT R 40 A L T Lin 450
BF 90 &5 3 W - 78 JLWF 50 R0 4298 [ Y, a-FeOOH/
H,0, Z M50 R N 5 AR A G MR R EAH
Fz (0 AH G PE 388 T - 10 A e YA & o 2,4-DNT [
FHORT 2 B 28 5650 v v] gt el T M A O R o R R ) 2
ORISR AL R 5E 5 R 2,4-DAT 45
P 2 A5 TE—NH, {7 55 % A RN TR 5 T 2, 4-
DNT w1 AS—CH; 1B A5, 3X 5 5256 T £330 J -1
A RN B M A A — S N Bl ) 2 s R —
B, RN AR R, v G 8 B SR RO R AR
FHAE SR G A B T 238 = A B 3 S ) (F R
R NV 2 (5) 7E AN I WY ik B2 v A ke 2 ok s

PEAEFH 5 00 S AL, 2 (6) 28 T 46040 77T fig
5 H,0, 554+ ZPF 32 0 A B 3% T B 5, AR T 5t
(5) FToR N (R REAT , BRI - OH (¥ 25 jl. 7E S 56 4% 1
TAE D RN R R R R A ok U TR (S) o
H,0, FHEA 7 B Z2ms X (1) 2k Fe 3k @R
R AR 2 R R I B8 3 SR I T 2, 4-DNT 135
7 8. WA 5 mg/L 2,4-DNT J L 3E J5 4 ¥ 1 ZPF/
H,0, RN AR ZR ¥ 358 48 gl ) 2% % 20T Al H,L0,
B AR W B ) % B, B (9.8 £1.0) x107°
min "0 4 pH =7 I 2,4-DNT B 82 i 4k 4 1L
5 B A R B 2 B 7. 54 3. 63 fif.
AP H, O, 3 fif 2 3 T 2,4-DNT 3 fiff i .

3 4ie

(1) 94T, ZPF/H,0, Nk R T
KA 2,4-DNT F L — 52 19 B g 28R, 31X Pl ik A A
Mo ZPF {4k H,0, /Bl - OH SEBL K. S b 4
A pH X AL e BN AT ZESE w0, Y pH KL «-
FeOOH 2= fi I HEAL 2,4-DNT [ fif R4CR W] 2.

(2) ZPF/H,0, fEALA AL EEME 2,4-DNT I e 4
B G N ) ) A ZPF i Fe BT (MUK B2
/T 0.07 mmol/L, S W KL 3= 2 0 A 2 41 55 i
BN, G v e e AR B Wt 2, 4-DINT 25 B 1 5%
ZPF fEALFIME U B R BT W T R Ry <0.5 <1
<y, <5, R B 3 A /s TR i ok %, H
Ak B I A AT T AR R R T

(3) Fe' REWS A 2 K 2,4-DNT 5E Ji Jy 2,4~
DAT, 3 Ji i A AL S A B N v, i Ly 0 Ji 9 VR
2, 4-DAT &5 # rh 2 N 3% PE—NH, fi7 5 3 38 %
# 1 2,4-DNT w1 AS—CH, AR AT AL s 9 S 38 5
S AR ZR T 2 ,4-DNT A 25 B RO I8 25 803 8 52
B NI T, pH O 7 IS A B 57. 4% , Bl id Js -4
A ARG E 2,4-DNT 2R T 50— 4 3
2% 30K
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