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Abstract: T he oxidation degradation of acrylic fibers wastewater was studied by Fe* /UV catalysis
ozonation process. The influencing factors to the oxidation capacity of process were discussed in
detail, such as the mass concentration ratio of Fe* to Os ([Fe™ ]/[03]), gas phase ozone mass
concentration and UV light intensity. Photo-catalysis kinetic characteristic of this process was
analyzed, and evolution of organic functional groups in acrylic fibers wastew ater after treatment was
characterized according to infrared spectrometry analysis. The results showed that when | Fe™* 1/
[03] was in the range of 3. 2— 3.8, gas phase ozone concentration was in the range of 20—
30 mg/ L, and photon flux density was 8. 62 % 10" ?Einstein, the oxidation degradation of acrylic
fibers wastewater could reach the best one. The reaction of oxidation degradation in Fe™* / UV
catalysis ozonation process proceeded in accordance with a pseudo first-order kinetics, and the first
order rate constant was in the range of 0. 01518— 0. 01762 min ', while the initial COD of acrylic
fibers wastewater was in the range of 320- 400 mg/L. Temperature had two-side influence to the

reaction rate in Fe" /UV catalysis ozonation process. The reaction rate reached its maximum value
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as temperature in the range of 25— 30°C. Organic compounds in acrylic fibers wastewater could be

effectively degraded by Fe /UV catalysis ozonation process.
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Fig.1 The experimental installation and process
flowchart of Fe** / UV/ O; process
1 —Oxygen tank; 2—Ozone generator; 3—Flow meter;
4—Solution tank; 5—Peristaltic pump; 6 —Sam ple connection;
7—O0zone absorber; 8 —Ultraviolet lamp;

9—T emperature controller; 10—Heater; 11 —W ater tank.

R 20 min
COD
1.2
[8]

cob HANNA pH/
ORP pH
1.3

1 NaOH FeSO4++ 7H20
, HCI 1 mol/L
Fe2+
1 Fé* / UV/ O

Table 1 Water quality of acrylic fibers wastewater
for F&* / UV/ Qs process

Main organic pollutant concentration/ (mg+ L~ 1)

CcOD CN- SS SCN-  NHj3-N 0il

pH

7.0- 8.2 290- 350 0.35-0.65 40- 75 0.8- 1.2 40- 58 3.0-6.4
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2.1 Fe'/UV/Os 70
2.1.1 pH  (pHo) -
pH R o: ey
pH  (pHo) Fe /UV/ 03 “
Fe* /UV/ 03 pHo
120 min CcoD (r) ” . . . . .
2 r COD COD( CODO) 0 30 60 90 120 150 180
[X 10"/ Einstein
, r= (CODo— COD)/ CODo
2 (I) Fe* /UV/ O
2 pH, Fe+ / UV/ Os D (r)

COD (r
Table 2 The COD removal rate( r) of acrylic fibers
wastewater with different pH, treated by Fe&* / UV/ O; process

pHo rl % pHo rl %
2.0 73.2 7.0 76.1
3.0 70. 1 8.0 73.2
4.0 72.4 9.0 70.8
5.0 76.5 10.0 75.4
6.0 75.3
2 , pHo 2~
10 , COD 70. 1% ~ 76. 5%,
Fe* /UV/ 03 pHo
, pH 3.0~ 3.5
2.1.2
(
), (Einstemn)
1 Einstein= 1 mol /(s+ m®) = 6.022x% 107
/(s* m®)
1 g h- % h
,h= 6.625x 10 "]+ s; ¢ , €=
2.998x 10" m/s; A , nm
W 1. 28 x 10"
s 250 mm 8
15 30 40 125W \

) .

Fig.2 The effect of photon flux density(Z) on the COD
removal rate (r) of acrylic fibers wastewater treated by
Fe* / UV/ O; process

Fe* /UV/ 03
, COD r

4.3% 10 " Einstein
8.62 x 10" "Einstein , r  48%

70%; , T
, 1
) 1 )
COD ,
Garoma
2.1.3 (103] «)
3 Fe™ /
UV/0s; [ 053]
COD 3 , [ O3],
8.1 mg/ L 14.2 mg/L.
[Os]h 0.3 mg/L, COD 8% ,
[03]: 14.2mg/L 22.3mg/L  , [Os3]s
1.9 mg/L, COD 18%, [ 03]
22.3mg/L 38.1mg/L, [Os]1 COD
, [Fe’* 1= 70 mg/L
[O3]. 20~ 25 mg/L
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COD
Table 3 The COD removal rate( r) of acrylic fibers wastewater

treated by Fe** /UV/O; process with different [O;] .

[05]/(mg+L-1)  [O3]i/(mg-L-1) rl%
8.1 0.8 41.4
14.2 1.1 49.7
22.3 1.9 68.2
38. 1 2.0 71.3

[ O3]1—T he mass concentration of liquid phase O3

, [O3]¢ , UV
P [03]5

[0s , COD
[O3] R uv

, UV

, [0s]¢ [Os] ;

, COD

[03]s, [O3]1 COD ,

2.1.4 F& 03 ([Fe* 1/[ 0s])

Fez+ ,
O3 >
[ Fe™ 1/[05] [ O3]
22 mg/ L 120 min ,
Fe™ /UV/0s3 [Fe¥ 1/[0s] COD
s 4
4 Fe™* /UV/O; [Fe* 1/ 0s]

COD (r)
Table 4 The effect of [Fe* 1/[0s] in Fe** / UV/ O; process

on the COD removal rate( r) of acrylic fibers wastewater

[Fe2r ]/]0s] rl % [Fe? |/(mg- L-1)
2.03 54. 1 44.8
2.55 68.2 56.0
3.05 72.4 67.2
3.50 75.3 78. 4
4.07 54.8 89.6
4.58 32.6 100. 8
5.09 20.9 112.0

2 2
4 , [Fe™ 1/[0s] Fe /UV/O0s

COD :
[Fe* /[ 0s] 2.03 3. 50,

COD 21. 2%;
5.09, COD
Fe* /UV/ 03

[ Fe™ 1/ 03]

[Fe* 1/[ 03] 3.50
54.4%,

3.2~ 3.8, [Fe*'] 70~

80 mg/L
i Fez+
Fe(1V)0™ , (OH*),
(D (2 [Fe™ ] ; Fe™
OH - tor (3) , Fe'
OH - , CcoD
, UV , Fe
Fez+ [11] ’ (4) ,
(3)
Fe* + 05 — Fe(IV) 0™ + 02 (1)
Fe(IV)0* + H.0 —Fe™* + OH *+ OH™ (2)
Fe* + OH * —Fe” + OH" (3)
Fe* + Ha0———Fe + OH *+ H'  (4)
Fe* , Fe™ /
UV/0s CcoD CoD
2.2 Fe'/UV/Os
2.2.1 Fe&/UV/O0s
Fe* /UV/0s3
CoD ,
; 5
120 min Fe™ /UV/0s3
CcoD
5 Fe* /UV/ Os COD

Table 5 The effect of temperature( 7) in F&* / UV/O; process

on the COD removal rate( r) of acrylic fibers wastewater

T/ C rl % T/C rl %
16 58.3 30 75.3
20 65.7 35 70. 4
25 73.2 40 60. 2
5 , Fe™ /UV/0s3
CcoD 30C
COD \
20% 35C CcoD
, 40C , COD
30°C 40 °C
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) 6.01 /L,
30% - +o, . on-
(4 2
( 6 ) O; + H0 hk}' H,0, J hky OH -
Fe™* /UV/O0s3 COD l g _ P e
Fe™ /UV/0; 25~ 30C Fer B Fevyor + 1o — - on-
6 H4 Fet/UV/O, hRBEEME(OH - MRzt
(pH= 7)1 Fig. 4 Hydroxyl radical (OH « ) generation model in

Table 6 Saturated mass concentration([ O;]s) and half life
time(#y,) of ozone in water (pH= 7) at

different temperature(7)

T/C [03]s/(mg-L-1) tyo/ min
15 16.79 30
20 12. 86 20
25 10. 58 15
30 8. 13 12
35 4.62 8
40 2.12 -
[03]4= 3%
2.2.2 Fe&/UV/0s
03 )
0s (OH =)
, 3 U 0s
: 03
B Fe* JUV/Os
OH *
[ 14] , OH - ,
Fe /UV/0s OH *
4 , OH *
7 4 , OH - H:0:
Fe(IV)0* : 7
OH ° , Fe /UV/0s
OH * COD
0y s
Fe*'/R-
+S; OH- 4 \
P/H+Oz-\M\ R-
3 Fe*/UV/ O

Fig. 3 Schematic of reaction mechanism of
Fe* / UV / O; system
R+ —Free radical; M —Organic matter; S;—Free radical scavenger;

M —Oxidized organic matter; P —product

Fe?t /UV/0; system

7 Fe* /UV/ Os
(OH- )
Table 7 Reaction rate constants(k) of hydroxyl
radical (OH - ) generation through different reaction
pathways in Fe?* /UV/ O; system

Reaction pathway k
ko= 2.98x 1074 s~ ' 113
k= 4.81x 10-6 s 1113]

ki= 1.0x 10-2 mol/ (L-s)l1d

03+ H20 251,05
H,05 ~S0m .-

03+ H,0, —0H -
Fe* + H,0, —0H - k3= 70 mol/ (Le s)[17)
03+ Fe —Fe(1V) 02

Fe(IV) 02+ + H,0 —0H -

ks= 8.2% 10%° mol/ (L - s) (10

ks= 1.3x 10-2 s~ 1110

, [Fe®]1 70mg/L [O0s],
22mg/L 25C 200 L/h
CODo 320 400 mg/L ,
120 min, 20 min COD
COD 5
500
= 400
=
§ 300
(=]
S 200
:
S 100
0 " ; ’ ; ;
0 20 40 60 80 100 120
t/ min
5 O;  Fe** /UV/Os 0D,
(60))]

Fig.5 The COD of acrylic fibers wastewater with diff erent
COD, vs the degradation time in O; and
Fe** / UV/ Os processes
(1) 03, CODy= 320 mg/L; (2) Fe /UV/0s;, CODo= 400 mg/ L;
(3) F&*/UV/ 03, CODg= 320mg/L
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5 ., Fe" /UV/ 0 : , 03 Fe”/UV/0s
CO Do 5 COD 5 7
03 (OH *) 20
.0 : COD " ) ,
60 min, COD a
50% ; 120 min, COD S 12} @
7%, cOD ) [
8 0.8
(OF] z
120 min COD 15% 04 a
§
5  CODo Fe /UV/O0s " Y e
, n, ( 5) 0 20 40 60 80 100 120
t/ min
7 Fé'/UV/,
d(COD) n i
- d = k(COD) (5) Fig. 7 solving curve of reaction rate constant for degradation
(5) , —d(COD)/ds CoD of acrylic fibers wastewater in O; and Fe** / UV/ O; processes
(1) 03, CODp= 320 mg/L; (2) Fe* /UV/0;, CODy= 320 mg/ L;
sk > (3) Fe+ /UV/ 03, CODy= 400 mg/L
n, (5) ,
1 - d COD /dt 1 COD verage 6
n(-d(COD)/dy)  In(CODaeree) (- 6), 7 ., 100 min , In(CODo/
COD nlOO - ’ o) : ’
o i 99.7% 03 Fe& /UV/O0;
1.8 8 Fe* /UV/0s
O3 OH - 5
§ 1.4 - 3
g . 8 O; Fée+*/UV/Os
% e Table 8 First order rate constants for degradation
_l‘é’ . reaction in O; and F&* / UV/ O; processes
CODy/ Regression
Process K/ min-1!
0.2 i . . (mg-L-1) coefficient/ %
42 46 5.0 54 5.8 05 320 0.00159 99.79
1n (CODpversge) . 320 0.01518 99. 83
Fe* /UV/0;
400 0.01762 99. 86
6 Fé*/UV/0;
CODA\’QI"«E
Fig. 6 Dual log corrdation of degradation reaction rate and k=g (k; i=0,1,2,3,4,5)
O, + Fe¥'+ Yy ——— - OH-
CODyyerne Of acrylic fibers wastewater in Fe* / UV/ Os process . "
m Disperse dot; — Fit liner curve M k" kK M
\ CO, + Mox /
6 (= d(COD)/df)  In( CODrvrae) 8 Fe*/UV/O,
0.99677, Fig. 8 The kinetic modd of degradation reaction in
99. 58% Fé* / UV/ Os process
o= Fe /UV/0 OH
: ko5 . e ’
In(( COD)o/( COD))= kt, . ’
k CODo 320 400 mg/ L
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(6)"" WKn Yon ,
k= k[O3]+ ktk" [OH+]~ktk [OH- | (6) pH 3,
(6) ., k Fe /UV/O3 , 3428.75 cm™ !
, min’ 1; k OH - W-u, e
, mol/(L+ min); Fkr OH - ; , 2974 em™!
2885. 1 ¢cm™ ! C—H
Fe' /UV/0s 1925.46 cm ' C=N 1655. 08 cm '
(7) c=c , 1100~ 1450 cm™ '
~ dCCOD) _ 4 coD) = (kek’ [OH ] )COD , 88111 em™’
di 803.52 em™ '  a 663. 35 em ™!
(7) C—H
(D 7 2 Fe* /UV/ 03
Fe* /UV/0s3 ,
CODo 320 ~ 400 mg/L ,
k 0.01518~ 0.01762 min ' ,
Fe* /UV/0s 3
((OH-) (1) Fe& /UV/05
2.3 Fe' /UV/ Os [Fe® /[ 0]
; Fe /UV/ 05 (2) Fe /UV/ 05 coD
9 0C
CcoD ; 35C
COD 25~ 30 °C
(3) Fe* /UV/0s3
, cOD 320~
400 mg/ L , k
0.01518~ 0.01762 min '
(4 Fe'* /UV/0s

881.11

3338.29
1048.05

)
~
©~
=
aQ
[

4000 3200 2400 1800 1400 1000 600 200

Wave number / cm™!

9 Fe* /UV/ Os

Fig.9 FFIR spectra of acrylic fibers wastewater before
and after degradation by Fé** / UV/ Os process
(1) Before degradation; (2) After degradation

Fe* /UV/ O3
pH T~
8, 3338.29 cm !
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