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Removal of Fluorescent Whitening Agent by Hydrogen Peroxide Oxidation

Catalyzed by Activated Carbon
LIU Hai-long' , ZHANG Zhong-min®, ZHAO Xia', JIAO Ru-yuan’

(1. School of Environmental Sciences and Resources, Shanxi University, Taiyuan 030006, China; 2. Taiyuan Environmental Monitoring
Center, Taiyuan 030002, China; 3. State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences, Beijing 100085, China)

Abstract: Degradation of fluorescent whitening agent VBL in the processes of activated carbon (AC) and activated carbon modified
(ACM) adsorptions, hydrogen peroxide (H,0,) oxidation, and hydrogen peroxide oxidation catalyzed by activated carbon were
studied. Mechanism of the above catalytic oxidation was also investigated by adding tert-Butyl alcohol (TBA), the free radical
scavenger, and detecting the released gases. The results showed that: the activated carbon modified by Fe (NO, ), (ACM) exhibited
better adsorption removal than AC. Catalytic oxidation showed efficient removal of VBL, and the catalytic removal of AC (up to 95% )
was significantly higher than that of ACM (58% only). Catalytic oxidation was inhibited by TBA, which indicates that the above
reaction involved <OH radicals and atom oxygen generated by hydrogen peroxide with the presence of AC. The results of H,0,
decomposition and released gases detection involved in the process showed that activated carbon enhanced the decomposition of H,0,
which released oxygen and heat. More O, was produced and higher temperature of the reactor was achieved, which indicated that H, 0,
decomposition catalyzed by ACM was significantly faster than that of AC. Combining the results of VBL removal, it could be concluded
that the rate of active intermediates ( +OH radicals and atom oxygen) production by ACM catalytic reaction was faster than that of AC.
These intermediates consumed themselves and produced O, instead of degrading VBL. It seemed that the improper mutual matching of
the forming rate of activating intermediates and the supply rate of reactants was an important reason for the lower efficiency of ACM
catalytic reaction comparing with AC.

Key words : activated carbon( AC) ; hydrogen peroxide; catalytic oxidation; fluorescent whitening agent
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Fig. 1 Molecular structure of fluorescent whitening agent VBL
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1.2 LRIk
1.2.1 H,0, b 2:bk VBL

£ 3 ZHp( VBL) ¥J°89 10 mg-L~"#9 VBL i ¥
SEHINA H,0, iK% Fp(H,0,)i5%] 60, 120,
180 mg-L~" W HF[E] A 1, 3.5, 10, 20, 30, 40,
60 min I HUEE  JTA NaNO, (1.0 mg-L ™", {4 H,0,

KGN 1 mL, 725388515 M HEp (VBL) .
1.2.2  AC HUi Rt 2Bk VBL

£ 3 4p( VBL) ¥5°89 10 mg-L ™'Y VBL iF 7 T
SAHIINA0.33,0.66.,0.99, 1.32 g-L~"AC 8] ACM
(MG ), e IR, R[] 2R 5., 10, 20,
30, 40, 60 min B HURE, & 5E 420 (VBL).

1.2.3  AC f#fk H,0, X} VBL [l &b B

7£ 3 4p( VBL) ¥J°89 10 mg-L ™" VBL i
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12,1 W87k 5% 4xe (VBL).
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PAGE S RUT B (PR PR3k B R K ), S 1)
12,1 WSk 5% 4xe (VBL).

1.2.6 p(VBL) 1yl

PG4T M (DO OOt B, &
Cary Eclipse) il VBL, ¥ & i K 350 nm, & 51 K
430 nm'*®.

2 ACM BHIEREMR

B AC BERETS 3, BURLAZ 0. 25 ~0. 38 mm, JHZE
PEIKBE 2 ~3 WK, RJEH AC 5 5% F il R 4% o &t 1L
1:10 A, 1210 24 h, FFHZEIRKIEDE 2 ~3 K, ik
AMEARTE 120C F 43 ~4 h, BT HEah & .
B BN 0.3 mol- L") Fe(NO, ), T, # ik
AL EER AC 5 Fe(NO, ), WIRAZAFIEL 1:10 (YL
BRA IR 4 h, G 28K BE 3 Ik, B0 K S
TCAMLFETE 120°C 48 3 ~4 h, PR HA 5 36
P LE 400°C FRFEE 1 h, U S v S0 BR A5 4k ek P
JE ) ACM. LA Boehm i £ VA MU E AC A1 ACM 3R
FR B3 A1 1% &, >R FH BET 3L%E AC AT ACM 1 b3
A R EE RN 1, &2 PR,
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Table 1  Basic properties of AC and ACM

= FE Y/ m? g ! BILBAARF em® -g ! WFLIARFY em® g1 THFLE/ %
AC 890 0.63 0.42 66.7
ACM 860 0.59 0.39 66. 1
#£2 ACRACM REBREEHEESE/ mmol g’
Table 2 Surface acid and alkali functional groups of AC and ACM/mmol-g ~'
HE S ARSI i A i
AC 0.2059 0.1539 0.3598 -0.0520
ACM 0.1667 0.2211 0.3878 0.054 4
3 SRS PT T ac
80 - iz acm
3.1 AC Fl ACM % VBL (W% 70 - ?
TERESRMEAS VBL 41— W RBAR. B . o %
R R B TR] B4 S 17 18 K, 40 min S5 25 R @ 50} %
WL FE 60 min J§ RBRFRAIHK SEFIWMEPG. D ] %
m & 2 Bl UL, VBL #7146 e 24 10 mg- L™ W B 60 ” 30l %
min 5 U BB AC A ACM B BTk 5 i 4 x| %
Je. ACM FWEHPECR B 06T AC, BRI ACM 4 ol %
BE 0,33 oo L BT 1,32 gL~ IR BB oLl 2 . 1
KM AC B EBRREIEIN T 14.0% . 8.9% . 2.0% . a S L
6.3%. (HBF5 T 4 B , ACM 11y W B 3 7 A B El2 AC % ACM 60 min XJ VBL IR Bff = Bs %
I‘Eﬂﬁwzﬁi AC EH%IE s ﬂuﬁuﬁy‘j 0.33 g'Lil HTJ‘ ,Smin ?i Fig. 2 VBL removal by AC and ACM at 60 min adsorption
IR 6. 7% F19. 5% .
ACM Xf VBL BIWEHCRAFF AC, W etk ® Mo mmeL” I
N . 40
TR TG YE S B0 SR T 45, 2 T4 VBL AR s | —o— 120 e
Bif. ACM H A L R T AC R A ) “ _+‘8“/°“”A
) = ! [25] | 7l sy - b
P R AR B M o> A A2 AC IR 5 AN Lol o D
BRAY i AC FET 2 EUIE PR SL A 3 S At o 1 2 5 "
(A2 W B, Bl 2 AC 2 1D A2 Fk 40 F 86 22 388 21| e
PRI R 713 of [
3.2 H,0, &k s |
i 3 AL, H,0, Fl& 2518 60, 120, 180 o
mg- L~ B, Bl & 0K, 1 min 22 BR R 500 8 570 5 10 15 20 25 30 35 40 45 50 55 60 65

4.4% | 14.5% F124.9% . Bz A G | &
B R W i, EL W AT 3 min N, VBL 25 B 8 3R 45
PR WY 3 min J7, ZFRERINGE ; [V 60 min
B, VBL 2 B& 2 43 5l ik 5] 15.8% [ p(H,0,) = 60
mg-L™" ], 25.6% [ p(H,0,) = 120 mg-L~" ] Al
41.2% [p(H,0,) =180 mg-L~"]. Al WL H,0, ¥
YEFIXT VBL A — 8 1 S BRACR , H O B [ 3R
B H,0, FIHEHK. Al H,0, ¥ VBL #2704 1k
FRBCRA:, BoR ) VBL YERL H B S AL P A Y

FFIE.

1/min

B3 AERE H,0, 3 VBL IRULNE
Fig. 3 VBL removal by hydrogen peroxide oxidation

3.3 AC L5tk

AC 4k H,0, X} VBL B LBRECR K 4 ~6
/R, AC(0.66 g-L~") 4k H,0, (180 mg-L~") Pik
A4k VBL, LR & T AC(0. 66 g-L™") FLAHIK
B (1 2) F1 H,0, (180 mg-L~") Bl 484k (&1 3). 7E
AC [FISERI R AF T, H,0, Bk VBL 53R AR
A, H,0, H1 60 mg-L~"H4/N % 180 mg-L.~',5 min
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mg- L) AL AL/ X VBL 4 25 B R 2 8 T A1
JNE )t 25 T BRI B6 5 B AR AR T 2 R (AC +
H,0,) ; 60 min B LA ILAEHIXT VBL 9 B8R 1K
#o5% L b, WERET AC(0.66 g-L', L%
37. 8% ) B fh W fiF A1 H,0, (180 mg-L~', R %
41. 2% ) B AR E T Z 1 (79% ).

XTHE 2.5, 6, ACM I A% & T AC, 5
ACM f#4L S AL/ F X VBL 9 22 B SR B AR T
AC. 35 5 1 & 0.66 gL', H,0, N 180
mg-L "B}, K2 B A 5 min 38 % 60 min, ACM X
VBL [ L BR B AC 73 HIREAR T 34. 4% | 52.0% |
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0.66 g-L~" H,0, i1 60 mg-L™ "% 180 mg-L~'
A ,60 min ACM i b 4801k 25 B % 53 il oF 49. 7% |
54.5% F157. 8% LM 4 AC ML E AL 25

11

—m— (.66 gL' AC

—0— 180 mg-L™! H,0,
+066gL'A( £ 60 mg-L™! Hy0,
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L —0—06th A(,+I80m§,L H,0;

oo

VBL# i /mg-L !

= R T - -

1 1
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#/min

44y AR T 14. 1% | 35.9% F1 37. 6% .

TP e Xt B2 O 00 Ve 70 R o e S 7 40 ok
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ACM 7E bt 2 B A5 2 T 45 A R A 1 0 oK % 9 i 3%
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TEAE R R I Y AC R T AP S U A R R R
e M IEAE (0. 054 4 mmol-g "), F2 1 52 B 1,
TR 5 A 14 388 A R 2K s 0 A AL A T
BRETL DR, ACM AR BRI ZE 4 T AC, TR R
FEACREAR T AC, ] g 55 H 2 T 61 0 K 2k 4
e .
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Fig. 4 VBL removal by activated carbon catalytic oxidation
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Fig. 5 VBL removal by modified activated carbon catalytic oxidation
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