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Removal of AOX, Chroma and TOC in Chemical Dyestuff Wastewater with

Iron Scraps-Fenton-Coagulation Combined Process
SHU Xiao-ming'*, XU Can-can', WEN Xiao-gang’* , ZHU Jing-na’, ZHAO Yuan®, LIU Rui', CHEN Lii-

. 1,2 %

jun

(1. Zhejiang Provincial Key Laboratory of Water Science and Technology, Department of Ecological Environment, Yangize Delta
Region Institute of Tsinghua University, Jiaxing 314006, China; 2. School of Environment, Tsinghua University, Beijing 100084,
China; 3. Jiaxing Environmental Protection Monitoring Station, Jiaxing 314000, China; 4. College of Environment & Safety
Engineering, Changzhou University, Changzhou 213164, China; 5. Nanhu College, Jiaxing University, Jiaxing 314001, China)
Abstract: Iron scraps-Fenton-coagulation process was applied to chemical dyestuff wastewater. The removal performance of absorbable
organic halogens( AOX) , chroma and total organic carbon (TOC) was investigated at different molar ratios of Fe** to H,0, (1:3-1:
15), iron scraps reaction time (2-5 h) and Fenton reaction time (20-80 min). The results showed that the removal ratios of AOX,
chroma and TOC firstly increased and then decreased with the decrease of the molar ratio of Fe’* to H,0, , while continuously increased
with the increase of iron scraps and Fenton reaction time. The optimal condition was determined as Fe?*: H,0, ratio of 1: 8, iron scraps
reaction time of 4 h and Fenton reaction time of 60 min, under which 94.2% of AOX, 93.7% of chroma and 27.2% of TOC were
removed. A comparison study revealed that the iron scraps-Fenton-coagulation combined process could achieve much better removal of
AOX, chroma and TOC than any other single or combined processes of iron treatment, Fenton oxidation and coagulation. GC-MS
analysis revealed that halogenated compounds and anilines were efficiently removed, as well as nitrobenzenes, phenols, benzaldehydes,
ethers, nitriles and heterocyclic compounds. +OH was found to devote much in the Fenton reaction according to the tert-butyl alcohol
trapping hydroxyl radicals test.

Key words :iron scraps-Fenton-coagulation; chemical dyestuff wastewater; absorbable organic halogens ( AOX) ; chroma; anilines
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YR TR I, 42 R 5 2 AR BIRCR s N
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. B Fe’* /H,0, FER L, 2R @4 50 i
1] . Fenton % 0[] 55 S 45 1% K H AOX | {8
FEAN TOC 1) L BRRE ; SERAAEALHE | Fenton 5
b, BLBETVE I BN 4 AR P LR 4 A R
BV T A T2 M JHEH GC-MS 28T
TR AOX K HEH ML TR BEFT S A5 1k,
PRV T 45 PR IT AL U 25 25 T AT A T 22 BRAE
SROR. iJa, ARCT Bl IR B 3, 3
VT - OHFE Fenton 52N AR, LA A Yol 7=
PR K ke S B R R 2%

1 #RE5FE

1.1 SZHIK

R A A=, TR BRYE R AR, B
LG a A, LRl P2 K 5T XA TG K
MK IR A, s T5 Je ik AL PR HEA Tolk bl X
1K M. IRA K-S A YA 5 K Bk 1
Fiis. &iGtEs RS S IRE R K CoD %
RAGE ,INF] 89. 4% ; MHLZ T, /K AOX KBk
FAL, ALK 17% , 36 5 e AOX & & 3 &
[2055 mg-kg™' (TU)], WREZ M FEATH
AOX EBA#E B AS 2 Ti5 e M. TS e b 2R
K PR 2R 2R T B B K B B T R i T
(IR R G HEOR ) (GB 8978-1996) A iz 2 W)
[ <5 mg- L") = HERRUE.

RA KT AOX 5RMAY I 2k A 4
[ PE7K , SRR R . S50 /K B 4R ) K.

®1 LI AHKKKRIERR

Table 1 ~ Water quality indexes of water samples

AOX o,

COD

TOC ESjiEy

s /mg-L~! /1% /mg-1~! /mg-1~! /mg-L~! pH
S8 K 12.93 735 6260 1870 6.98 1.8
RA K 10. 56 600 4560 1360 7.30 7.6
Ak K 8.78 400 484 150 11.20 8.0

1.2 B TAL

Bt A 2B A AL T B PRl 4E ,
BN 0.25% ~0.55% , &gk B AE 95% UL | fdi
FHHETSETE 5% 19 NaOH I (60°C ) 123 1 h, J[A]
RS, A2 Bk @) 46 2 1 i s ;. T R Tk
e b R 5% B R IS TR I 30 ~ 60
min, AT AR E TR E Mk E PR
#H.

1.3 KA EAL LS

100 mL SE5G 7K N 20 ¢ ZRE4E , PRaEEk @)
TR EAFE I K 200 g+ L= 20 [ 3 hy it Fe?*
W (1.2 g-L7"), He BB R o in A — R B
H,0,,Fenton JZ . 60 min; It 5 # i — & &= 19
Ca(OH) i, I8 95 K+ pH % 8 ~ 9, LB FE 15
min JE i E 2 h. BCETHFRIE AOX, BN TOC.
BRAFIRUCIA SN, R AE £ &k 200 g+ L7, kAl 4E
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JZ W 3 h,Fenton 2V 60 min.
1.4 T ERCRBSE

DLk @) 46 -Fenton-22 58 T 2 94 41 g JE o
LA BRI AL T 28 | BREITE- 228 T2 A 2 5k
T2 &) #£-Fenton 1.7, B I Fenton 1.7,
Fenton-22#¢ T 7. | #RH7E + H,0, T4 . ¥l H,0, |
BREIAE + H,0,/ 28 T 2 Mk fE-Fenton- 225k T. 2
X AOX | EHI TOC [ LBRACR. P sl 25 T
2 FeCl, -6H,0 8% Fenton 7K i) Bk ik iE
FH Ca(OH), K /K pH £ 8 ~9; HJll Fenton
T2 FHO. 789 3 g FeSO, -7H,0 A% 1.59 ¢-L~!
) Fe’ R BE , PN H,0, ; Fenton-2R5E T 2 M2 7E
Ul Fenton 1. 253k - Ca(OH), P75 /K pH
F 8 ~9; BROIAE + H,0, T 20002 30T 2kt 48 )
RSN H,0,, KW 60 min; Bl H,0, J& & 1%
¥ H,0, A SEEE FH K R 60 ming ZREI7E +
H,0,/ 2% T2 MR FE 0L + H,0, T2 1Y 24
M Ca(OH), WK pH £ 8 ~9; HAT L5
LA IR ) FE-Fenton-22 5 T. 25 A AL A% 44 v i Xof 17
() S A A T 25
1.5 Mk

K H AOX 3K K A Multi X 2500 &4 A5 LI
R (R EHRE AT A A F) AP S
Y GC-MS 20 Hr2K FH 7890A-5975C M (o i - i
IR FHASL (55 AR B A BRAA w1 ) | A4 2459000 3
TSy SOk 14,27 ] 5 /K COD R JH H 5% iR
B TOC ME HTZKFEZE 0. 45 pum JEASIE €, R
H TOC-VCSN 2 A7 BLAR 43 A A ( H A B HA | ) il
R R BEAS ; Fe ™ FLEER ] UV-
2450 AL EE T (B AR R HA R W E ; SO;
K 1CS-900 & ¥ AL (L EP A AR PE ; &
JEFEYIBTR ] N-(1-Z50% ) & Al B 4 6O B v
(GB 11889-89) il *.

2 HFREITE

2.1 Fe’"/H,0, FE/R LAY

BRONAERI N 3 h B, PR ) Fe®* MRE R 1.2
gL' UK pH i 3.5. % H,0, &, H A
Fe’* /H,0, B /R H A& F T 2k fE-Fenton- 22 % T2
XF S K AOX | (A1 TOC 1 £ BRACE , 45
ME 1 iR, BEE Fe'* /H,0, BE/R H B/, Bl
H,0, RGN, AOX | (ARSI TOC Z:BRFH0 2 I
ST FRERES 7E Fe®* 5 H,0, BE/RHL N 1:

10 B} = & 1Y 25 B R 35 2 e KM, 0 510 86% |
83.9% M 24. 9% ,FW] T7E H,0, Wk B3RS, -OH
(= w Bl H,0, FH 0 3G i 38 i, &4k
RS 58 FH K A BIL e A 4 RS Al A AL 4 )
T R K e B A R R D035 5 {HE H,0, H&s s
2285 Fe’ T U E AL Fe | I FE T HEALH, i T
-OHKY =4, IF Had 5 19 H,0, & —Ff - OH i #i

AL T -OH, ffi15 Fenton i AL fE 155 > .
100
Bl Aox ) [JToc

80
g? 60
%
o
# 40 F

20

0 1 | | |

1:3 1:5 1:8 1:10 1:15

Fe*"1H,0,

Bl 1 Fe’*/H,0, EE/RIL3T AOX, BEF TOC XBREH M
Fig. 1 Influence of Fe** /H,0, molar ratio on AOX,

chroma and TOC removal

4 Fe’ 5 H,0, BE/RIALT 1: 80, AOX, A
1 TOC EBRRAYIE AT G, BER LA 1: 8fF = 1:
10, =F W ERR DRI T 1.2% . 2.3% M10.8% ,
M BA [ Fe®* 5 H,0, BE/RELLL 1: 8 HH,
KOG AOX ., {4 B A1 TOC ¥ J& 43 % k%l 1.97
mg-L~" 135 f5F11 420 mg-L~".
2.2 BRAUIAE 52N ] Y 5 0

PHE Fe®* /H,0, BE/REL R 118, 25 88 A ] 2k
A SRS A] R 2k ) 46 -Fenton-22 58 T. 25 6 S 86 1 K
i AOX, A TOC B KBRECR, 25 R an Kl 2 fr
7N, AOX, R TOC 2 BRR b5 #0485 17 B[R]
R I REL Tt . R Ry Bl K ) B g B ] ) A
K, Fe’ W R 2 B H,0, iz £ ™
A1 -OHME 2 | AL RE Jr B o, (H S5 6 78 s o e
)Rt 4 h B JE R BRI A6 S N B[R] % AOX, 8 i
I TOC BRI AN &, 5 PR 7E T4k @ AL 76 1R
PERE K RN A Fe? (W RIS AE B T OH -, 2 4k
KRB a], E 7K ) pH k2 RELe Tt = , AR T Fe*
Ak Es B S EREIAE SO AR 5 h B 7K pH
4.7, T Fenton SN W& pH 4544, AFF
Fenton [N, JIF LA, k6 46 5 A3 S W B [E] 2 4 h, 1t
I, K Fe? "M BEJ 1.59 g-L~" &K pH 9 3.9.
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LK%

%
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4 5
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N\
\
.
.
.
.

t/h
B2 e E AOX, BEF TOC XBREK M
Fig. 2 Influence of iron scraps reaction time on AOX,

chroma and TOC removal

2.3 Fenton JZ 7 s [|] F4) 52 )

PHAR RO A8 J N B[R]l 4 b PR HF Fe?* /H,0,
FEIRHE R 118, %5 25 AN [A] Fenton S W A ] T 2% @
A6-Fenton-2L5E 1.2 X 5250 K W AOX, (8 & Al
TOC My LB, Z5 RN 3 fi7~. Bf% Fenton /X
7 S ) O 8 B 9 K AOX L 53 Il TOC 25 [ 3%
HR T s B B R B (R 5 60 min B
Fenton 2 I s} 8] 4 38 fin %o = 2 25 Bk 3R A4 52 10 K B
i, SR DA 60 min 34 /11 % 80 min, AOX, A
A TOC EBRFEHEMEMT 0.3% ., 0.2% F10.7% ,
Ut B - OHCKS Y b 152 /K A 1L 480 Ak LR 2 1Y) vl ]
A, LT AS i 4k 2 & FE 1% g AR T, DR o A
Fenton JZ W I A] 24 60 min, 7E1%Z 51 F AOX | {4 )
1 TOC BR300 94.2% |, 93.7% F127.2% ,
W BE Y W BE N 0.75 mg-L'. 46 f% 11362
mg-L~".

100

WAOX @i OToC

1 1
20 40 60 80
t/min

E 3 Fenton X MR EY AOX, fEEF TOC £ ZEHISN

Fig. 3 Influence of Fenton reaction time on AOX,

chroma and TOC removal

2.4 ANFEHETZMRCR I

RIS i &, 8k @) 46-Fenton-22 3¢ T. 75 ) Ak 2%
4+ 100 mL 5256 FZK 4kl 2 80 hm &4 200 g- 17",
FV 4 h PR Fe* WREE N 1.59 o-L~" HIEK
pH 4 3.9; f#F Fe’* /H,0, = 1/8 0l H,0, &N
2.38 mL, Fenton ¥ 60 min I J& 7K H 54k e 1 hy
1.52 g-L™"; Fl Ca(OH), W5 Hi/K pH Z 8 ~ 9, fiif
FE15 min, #E 2 h. FERAFM T & T X8
KT AOX . A TOC B2 RRCR & 4 Fik.

Bt AOX M7, L BR2 it 80% 1) 1.2 A Bk @
1E-Fenton-226¢ > £k 0 1E-Fenton = L @I 7€ + H,0,/
2 > BREITE + H,0,; LA, ZBRREL
75% V) L2 R 4k @ 4E-Fenton-£2 B¢ > Fenton-féﬁ'ég/‘é;
i TOC M 5, 25 bR Rt 20% (19 T2 b &k ) 1E-
Fenton-22 %% > &R0 1€ + H202/,E'7;§é > SRAIE + H,0,

100 14
WAOX @ fair
aToc pH 12
80 <
§ 10
= 60 § 2 . 7 1%
2 ? N |
:"ﬁ 40 F é § g g {6 =
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