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B, AR 2.2 LA 85 mm, 6/ 400 mm). EE e
STITEZI A A 1.5 L 400 mg L' (LT LA DHEGEHIL ‘ |
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301 nm; COD RAPGHE LM CERIE (5B-6C(VS) BIZSHUKFIMEI, b ErHY); pH &
FHEM LN E (pH AELR WA, HTMIKRR); FT-IR YR A B AR B 21 AME%Y (FTIR-7600, Lambda
Scientific) #HATIIE, MEXITE:: ¥ 1 mg THRSEHI AC HESLS 200 mg KBr iR4r, T F WU A 4
1 min J5IWK, H7EFES 4 000~400 cm™ 1 S E YR GC-MS(7890B-5977A, SEE“LHE() T
FE, MRS HP-5MS SPEA S BA0EFE, HATE 40 °C, Li4 °Comin”' FFZE 100 °C, L 10 °C-min”' FF
F 250 C; PWEACHEA, WHN 0.75 mL-min'; MS M FHEIR (BD), &bt 70 eV, JREE
200 °C, FEOEAE 280 C; FimfiuRl 25, AR Tk, A 100 mL S HBE5r 3 IREEHL
50 mL /KK, FEPURZEA TOKRIREN (105 °C T4 2 h) BEFES T K LB R e

2 FER5TL

2.1 B 0, AC W IESELE

1) Bl O, H AL . 7F T MG WA B s W E o 400 mg L' (X1 COD 4 (634.4+33.8) mg-L™"),
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FBHCR . (HIRFPEE ARG O, RN (0.9~1.8 g-h™") TR (60~30 min), TSEAAFR A
S AR S N B e R/ NS BRI RERE, DRI, 75 AABEIRRIFHZCR M R e A5 B O, #ini . [FInt4h

1 SREREE

Fig. 1 Schematic diagram of the test device
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Fig. 2 Effect of O, treatment alone on butyl xanthate and COD removal
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Fig. 3 Effect of AC treatment alone on butyl xanthate and corresponding COD removal
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Fig. 4 Effect of AC dosage on the co-removal effect by the O;/AC coupling process
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Fig. 5 Effect of O, dosage on the co-removal effect by the O,/AC coupling process
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MR T TR RN ACE . HIE S(b) AT, O/AC FRATERE A AC AbFE, Hig KAYEBRRH
73.5% IV E 74.79%~78.7% ., W WHAF—EFLEE L RTARSEARTIRT COD (2R, EaARIH L MURm
AHIE] i JEOR Y 80 min 42 60 min, RFRRIEFL 25%, Wi HIER PTRER: AC FRIMTE TS S a4
BT I8 2 L - . O P Y EAR ) (05, -OH %) S AL IR T T AC. O, BUML I . 4E1ks%
24 G X T 3L 2 [ COD R =Rl 25

3) Witk pH 52, B TRIER pH S22 O, Ak AC WINRCREE N R, Hitk, 78T 3250
TRFERRE N 400 mg L', $&dil#0I45 pH 4051020 5.0, 7.5, 10 F1 12.5, JZJ 60 min, Z3HrX) Hewlls pH %
0,(1.5g'h™"). AC(1.50 g'L™") &2 O/AC(1.5 g-h '/1.50 g-L™")3 FkbBE T 2[RI LBRBOR AR, 457 an1E 6
FIirR o

HE 6 a1, MNARRWIEG pH 5 FHE 7.5 B, O, bR T HE# 2581 COD fEMeRigliTte, HE
AR TR T O, RN HEAM N, SRR OH T £ —a MR BRI DL AR RE ) B iy e 5k
H AL ((OH) E Ak 12 (B24%005 pH ST E 2 12.5 I, “HAERRLEET P, w0z 58
JRE R RESE pH @A A28 A ikt st £, HARH 2 [0 5 & A KON i S8R AR X
AC AT, T A2 RLXTR. COD M RBRFE SR pH BIEACCHR, HIFERATBEFEZAET AC £
TIPS BRCPE B BB A X BH B 1 A I Bt e Bl pH BT H s BT s 2R Oy/AC A T 23 T BERT, (RFRY)
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Fig. 6 Effect of initial pH on the co-removal effect by O,, AC and O;/AC process



2904 ok L B ¥ W EEAVE S

7 pH AL T T 38525 5 COD (I EpRRTCI Wigny, HETRmTHEmRME. PRI OyAC #iG 25
BRT 525 ) COD JZLL O, AAVER A 35, st FWILL AC IMHERIN £5, sxXif— LUt 7Em M
REGERIIIESET (5~12.5)0/AC #E T 20T TR LER T 5% 24 ) COD ¥ HEAARGRIPERE.

23 REEhHESH

AR M N I FELIXT I O, AC K O/AC G TR BIPERE, 76T Rl 250 ih ik i
i 400 mg'L™', WAL pH R 7.5, S T (50 min) A5, XF O4(1.5 g'h™). AC(1.50
gL & O/AC(1.5 g'h'/1.50 g L3 A T 23 Wi sh 1280t RIS G ARG nl R, i5 e iwiin
WP T R AR UG BE I AT ABLRE S BE s R P 5 Gk BE A 8, I — B A A — 2 i,
FONRHE (1) 2R, Bk, METHE, AC. OJAC T 20RRMIM—S S G, BARERASH
2, Rl 7 A 1 PR,

Co
mE =kt (1)

A, C FOR T HEE G COD MIWITAHE , mg' L', C o (2T HH 255 COD RYW)E, mgL ',
k FORFOU N HARFEL, min's

8- 1.6
=o Db 0.272 88+0.026 09
=(). —+ X X
*AC 0117 58+0.164 59x —-AC - .
sl = oyAC ol

=0.165 13+0.019 92x
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Fig. 7 Fitting curve of quasi-first-order reaction kinetics of O,, AC and O/AC treating butyl xanthate and COD

HE 7 J3% 1 AlHl, =R T2 AEE T 3Em 2y 1 RRNEhhEFSHFE
;& COD B‘]éﬂi‘ﬁfﬂﬁ*ﬁﬂé%ﬁ R? N 1}5]%45‘}5 R? ﬂ]j{ Table 1 Reaction kinetics parameter table
F 0.8, BRI B 40— Gesh S e A
o XS THEZGLER, O AC K OJAC B I T 0.078 0.935 0.919
U RO R 0 0.078 . 0.020 & 0.165 (o} con oll ool0 0557
min~', N koyac>kos>kae; X COD 2% [,
0,. AC J& OJAC H S IR R K0 51 0.011 Ac THE 0.020 0.889 0.862
0.020 J% 0.026 min™', £ Hkoyac>ka>kos; cob 0020 0914 0893
KM, OJ/AC HE TR T Kz & COD 1Y oUAC T2 0.165 0987 0.983
VLI 3 B K T RIS BT 2, cop 0026 0858 0823
Bl OyAC #& L2 AT i mauh FAD 5T
W2} COD,

2.4 FT-IR RiEHHr

R TRV TG AC REfL=R AR L, XPIiH AC, Flab T 3825 80 min J5 19 AC LI
O /AC FEA AL FR T 23525 80 min J5 Y AC #-47 FT-IR J6i 0, 45R WA 8 fiix. w8 /L, ¥tk
AC 7E£ 3400, 1500~1800. 1250 cm™' AMFEAEERFAFMIIES, 3 400 cm ™' ARG 8 THEET Y O—H 42
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O,/AC WFEAVERT , HAFNFIARES (3 B I 5k O, 1 AC 403, HUY 10 min BT 345 nm Abi
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Fig. 9 UV-Vis spectra during butyl xanthate removal by different methods
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98.0% F1 42.9% . 99.9% . 77.2%) FIEAN-A] WIEHE K GC-MS /Hr4s R, #EM O/AC #& T AL LT
L2 K COD MYMEAE AR T RE Ny . — 4> T 8524 (C,H,0CS,") nl il i R A E A/ A Bkl CO, .
H,0 SFTHW (R); 75— MR A ALRefg i ¥ 2 . TR (C,H,0CS,0™. C;H,COOH) 46X COD fi=:
TIHR A A ML E =Y (R, TS IR Ak ek g b R (R SRR, CH,0CS, FlAE LAY
C,H,0CS,0". C,H,COOH Z5H ] Hs 25id ot e FHE P B 2 MR R (R, Ry), s -4k
VERBE— PR AR (Rg. Ry)o ZELFTIAR, T I KHAE RO it R A sy rh el = e R A I
IR LA R B - S AR SR AL 2RI E AR TR, nTREAIMRI AR LI 11 B,

[ R ar o e |l K >
CcO 04

C,H,0CS; C,H,0CS,0",C,;H-COOH%:

4
@

E 11 Oy/AC BEIZAIE T BRI ZHENIE
Fig. 11 Estimation of degradation pathway of butyl xanthate treated by O,/AC coupling process
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Abstract Aiming at low COD removal rate from butyl xanthate-containing wastewater by ozone oxidation
process, a combined O;/AC process was proposed for its treatment. On the basis of exploring the removal rates
of butyl xanthate and COD, reaction influencing factors and degradation pathway of the single or coupling
process, the simultaneous removal performance of the system on butyl xanthate and COD was further explored.
The results showed that: ozone (O;) and activated carbon (AC) alone had certain removal effects for butyl
xanthate or COD, and the coupling O,/AC process could remove 99.9% of butyl xanthate, and lead to the
increase of COD removal rate from 42.9% under O, alone to 77.2%, and the time to achieve the maximum
removal effect decreased from 80 min under AC alone to 30~40 min. The pseudo-first order kinetic analysis
showed that the reaction rate constants of butyl xanthate werek oy acy/>kos>k,c, and the reaction rate constants of
COD wereko3acy>kac>kos, and the reaction rate constants of the O,/AC coupling process for the removal of
butyl xanthate and COD were greater than those of the two processes alone. UV-visible spectroscopy analysis
showed that the butyl xanthate produced intermediate organic products under the action of O, and O,/AC, and
the GC-MS analysis showed that the intermediate organic products might be butyric acid and other substances,
which was used to make a preliminary speculation on the degradation pathway of simultaneous removal of butyl
xanthate and COD by O,/AC coupling process.

Keywords O,/AC process; butyl xanthate; COD; simultaneous removal; degradation pathway
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