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TGN B2 A R AR AT BRI R T AN
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Fi HySO4(0.5 mol/L) 2 BT /KIE VALY, 2R3
BEA . v AR AR 2 G PR W B
X T BT, WS T R A TR B R KR 3
W, BRUORIL 12 h, AEVETE R LA, DA BRI
DRI PRAE T4 ZKFER A rh e PR g gt 38, %
AEEHT R FLLIEES, JEBY A AT 0.45 pm 38
P2, 1 ARt B EARA R AR T
5 25(C4HoOCSSNa). Pb(NO;),+ Zn(NO;),.6H,0. X
FK(30%, Hy0,)v Ag:SOs HgSO4. 4B —HIRE
H(CsHsKO,)~ BT HE((CH3);COH) AT N-N-— F L5} Y
fif & X % (N, N-dimethyl-p-nitroaniline , RNO ,
CsH oNLOYSHRAF I N i all, 5 F 4 (CH,CL) ok £,
WAl RIS T TR A AR AT T B 2 A T
AR, TS W) ih A &4 50 mg/L, COD fH 118
mg/L, T HEZKREX COD LR AHXRN
y=1.987x+ 36.48.
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Fig. 1 Flow diagram of experimental device: 1 —
Water storage tank; 2—pH meter; 3— Peristaltic pump; 4—
Aeration fans; 5— Water valve; 6—ECIME reactor; 7—
Graphite electrode; 8—Iron/carbon grain fillers; 9—DC power
10 — Stirring 11 — Flocculation

supply; apparatus;

sedimentation basin
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ECIME [t Vi s BHAT WL A RHEI R, B EBARTE )
KX 58 X =100 mm X 50 mm X200 mm, F¥FEAER
s, FIEK T KX %=100 mmX50 mm, LJEIE
i %=20mm, =30 mm, JMNEEMERN 1.6L.
A HE TSRO, TV 1A T AT LR (FLAR 150
um). ECIME RVEET&A 9 AR, SR
A 10 mm, T eieq 5 A ARORN s FLIRAR (7 1 5 H.
RS A [ 77 1 H R B ), AR RS TR Y 5
AJ06) Fe'/C BRI PEB RS/ NER(EAR 1~2 mm), {RFF
AFE RN 100 mme WIS YETEAT SR R, ~PAT
PRRATE, JERER 3 mm, FIE FAR TR 0.0068 m®.

1.3 SA®E

JTHET 2N SR H v RO 435 (HPLC,  Agilent
1200 series)MllE, HPLC MIE5cAF: ikt CQUITY
UPLC BEH Ci5(2.1 mmX 50 mmX 1.7 pm), V(AzhH
L) V(7K)(0.05 mol/L Z PRk % #{)=2:8, FlZ /K i pH
9.5 /A7, Wi 0.2 mL/min, #EFEE 10 uL, FHETL
(U 300 nm. CODc, 2 [ HI/T 399-2007 K iy
fit oy WO BE VL, A (i UV-2600)I1 & .RNO
HAGRAS 1) AL 2 1 PR R [ B 55 «OHL 5 JSty 1k T 2
B, ROVHEZE A K=1.2X10""M/s, *OH &85 Hix
F RNO i #23k F th#£(«OH), RNO 7£ 440 nm 1
K, 4 RNO 542 plsOH [ N A$ 45 440 nm AbH
U 2k, ) RNO (¥ B (2% 3 ) W 4 «OH 1) AR A
PO TR P ECIME B 18] 7= SR UM i —
ot 16 AL (GC-MS,  Agilent 7890 A/ 5975C #),
GC-MS Mz 4 AN 99.99% 4l A<, Widh
0.75 mL/min, ti%HKAH DB-SMS BANH:, HEFE
i S pul; UiEAPE: EL &N, HWRER 70eV, &
FUEHLRE 200 °C, HHHASE 280 'C, A4HH; FHEFRE
JP: MIEHIEAL 40 'C, fREF 5 min, L4 °C/min J+5|
100 C, FLL 10 C/min F+22 250 C, {FF 5 min.

S A5 B Ak 2% TAESE(RST 5000 #Y), SRR
RAF(CV) I BT AN ) 4 T 56 3 2 1 i ik A AL
WJFRFAE . WRLL L AYER Bifd A (FL 420 3 mm,
AR 0.07 cm®) R4 Fe®/C HUR N TAE M, 15 mm
X 15 mm H1F MBIk, 218 BIMUAH R A N
FEEHLR, L 0.1~0.2 mol/L ) NaCl Jy 37 £ Hifift Jit o
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Fig. 2 RDA analysis of effect of flotation reagents removal in

function of different factors
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Fig. 3 Effects of co-existing heavy metal ions on removal of
BX: (a) Influence of Pb*"; (b) Influence of Zn>"; (c) Influence
of Pb*, Zn*" on removal of BX by Fe(Il)-Fe(Ill)-OH

flocculation
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20%~35%), Pb> F5R 148 AV FIAE A3 FF UG IR FE R 4 JR
Zi, Bt ECIME 4T, Pb—BX Z5& A IAAN

Pb> AL AE BRI BX R MY, H e 5k
17 PO VR FEAASC. [AIR, LA 300 mg/L WAK 21 Y
pH=8 Fl#Hi#:M2< 2 L/min #l ECIME & & HL AL 2% Ji
PEAE KT Fe(I)- Fe(1ID)-OH L &M £E1E HIXT BX
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Fig. 4 Degradation effects of BX in compartment of anode

and cathode: (a) Single electrolysis; (b) ECIME
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BHO B S, RPN, BX B R BLHAR LT i ik
2B, SHRIEMSE, HBABHEBA B 2R,
L — i R R, BX M5 30 TR I3
BRI B BHAR 3 20 56 BX [#1 LB 5 ECIME {4 & %
AR 10 22 S B AN ik I 58« D 40 B (KT B BH =5 5N Fe¥/C
Bk, EAMLENAIER R Fe¥/C BRI %7
T AL R BX BN TR AL ARRARAE 2 Tk
Uh, B PR E 2 MV 2200, Kk, BX B
fift 2 RAEB . BEAR = 2 ) (AR A AL

22 T EEAHERENH
22.1 AP AL SRR 4 By

Wi b BX MR 2R IE(—600~2000 mV)
TEWE 5. HIE S vLUE Y, IE R, 25007 950
mV I 1250 &b H L 2 A0, 3R] BX 7EfR& &k A
TERAMSNY, BB BX A X 2 (WL
(1)), FAERLEHBALL N 150 mV, Akt Bpr ik,
5 ARGl BB 24 (1) 33— AL R . e 2000
Ha I, BX £E—400 mV HELEE I, ] BX
FEWAICAR I RN AT Ak G, BX RN
W b Rets A A SR AR SO, SRR IR T B3
WEFIYA 0.147 mA, {HIE SN B, e iR 95 (L
4 0.045 mA), 57 BX 7R FLB b2k 2 i1 Bl A5 20 41
JR g, B R AR R Y, AR T BX

_Ol L 1 1 1
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Fig. 5 CV curve of BX on carbon microelectrode in NaCl
solution (concentration of BX: 100 mg/L, pH=7, concentration

of NaCl: 0.1mol/L, scanning speed: 30 mV/S)

201843 H
TEB B 3 1A A 2 B Al 72 520200,
2BX —(BX),+2e, ¢=¢"—0.0591g[BX 1,
[BX ]=10"" mol/L, ¢=—0.069 V )
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A PR ZE BE IS ) — B8N, 3K AT RS F T TS N
1) RNO Fl#i & A BRI, RPN IE e . 3
FIHEDN, V7 24 700 1) B A v TR AR K Fe®/C R F
HLAR H SRAS L BUEUR R T T B F A S AR, ]
28 AR RIENLIE K11 HyO, »OH AL 2F SR A BFAR o [F]I
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=025 025 ~
o ® (@ T
s s
£ 020 1020 g
E £
5 015 loas ©
3 z
gom- —mog
% 7 2
S 0.05F 1005 2
= Q
£ / 5
5 30
&)
Time/min

100 ®
< 8m§§ §§ §§
S
g
.§ 60 L
=)
(5]
s 401
[e]
£
(o]
£ 20t

0 0.001 001 01 02 05
Contents of tertiary-butyl alcohol/(mol-L™")
B 6 RNO i K& « OH Jifr & UK BX £k 5 KK
TN T WS R C AR

Fig. 6 Decolorization rate of RNO and cumulative production
of + OH (a) and relationship of removal efficiency of BX and
adding content of tertiary butyl alcohol (b)
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S TR R AR A R R K R B R v )
Befd 5 O ARG R . A3, fE3RH mpiib 41
T, AR 2 R K AR R SN AN ) (0~0.5 mol/L)
RIABCTE, 75 ECIME K242 70 min JX BX %R
HEPRIK AR T IS B ORI 6(b)), BX IR
AR BAE PO T RE AR BE R i (2 2% N B, 52 6RAH
5, YRUT R E L E] 0.1 mol/L I, BX ZRFILA
T 60%, | IR A 33.3%, 7843 % W, BX /£ ECIME
1A I M «OH S R %Y
223 THEAN R

ST TN, ELBE F A 2R S A SR R A A
B A «OH . Fe I [H] %5 7% 1k 47 o 1) 1) 2 54 it o
ECIME 4 R B2 4 BX [ SHLH, 117-0OH I,
FUHI EZAHE O Jo 2 M AL A AL IR 2R 38
Fe’'. H,0, [fJ2X Fenton Z{V. N#EE BX 7 ECIME
IR BRI HP R, A, X
ECIME Ab#KKERH CHLCL 2 B0 45, L GC-MS X}
BX [ A v] R 18] = AT 23 ATl E . BX 4 ECIME
RZRAEFE 0 miny 5 min 5 /KFE) GC-MS & 21 K i
WE 7 iR, S FREREEEOY LGP FE. R
KEYIICH L, BEFREN G EER BX LE5H
AEABARI 42 ot e K B e e (1H K 22 )45 B 280/ ) S5 Al M2
NIRRT, B O T R T (A s HE G (1 U
S i) BT CBE ATt G TR U ) Ay U ) AH i € 3 A
SIS R . RRPEINALE AL, 2 1 B PUn AR

F 1 BX 4 ECIME AL Wi 73 il 4
Table 1 Degradation products list of BX in ECIME system

H BRI BX A b Bl Re s, k14
BT Hn, bR BX AR 740, AR EcT A
CAS 54 71-35.3 [P 1E ] BEAN CAS 524 539-92-4 (15K
R 5 T HE, HKJE CAS 50 544-40-1 1) ] HEb%
Bkl CAS ‘52 142-82-5 (M FEkt. Ji 4k, ae LR CAS
54 37322-06-0 [ 3-FEGAC T ERIGAT CAS 524
6295-06-3 1] ZFE IR 1E T 1R

R4l GC-MS H i 1A BX H & R 43 i
FFAIEHEN BX 7E ECIME 1 28 40 UL o 5 M BEe i (1)
SRR 8 B, B5E, BX n B4R AR AR 1

N

g i 10
s
8
o~ 3 5 7 9 1" (b)
INE S e ™
(a)

T

510 15 20 25 30 35 40 45
Residence time/min

7 ECIME A[Ab LI i) BX P=4(1) GC-MS & #5718l %
Fig. 7 GS-MS total ions chromatogram of BX oxidation

production of ECIME in different oxidation time: (a) 0 min; (b)

5 min

No. Time/min Area % CAS Prob. Chemical name Molecular Mole.cular Structural
formula weight formulas

1 4.291 1.302 431-03-8 48.4 2,3-Butyl C,H0, 86.09 "ﬁ'"&*
2 7.321 1.576 71-35.3 98.3 Diketone C4H,00 74.12 gk
3 9.965 5005  539-92.4 931 Dibutyl carbonate CoH, 505 174.24 ey
4 12.916 1.059 626-85-7 24.1 Dibuty] sulfite CsH 508 19429 ~robon
5 13.212 3.21 1679-53-4 375  10-hydroxy decanoic acid  CoHyyO;3 18826 "o
6 13.308 1.381 544-40-1 85.1 Butyl sulfide CsH S 14629 s
7 14.238 1213 96-14-0 9.8 3-methyl pentane CeHy4 86.18 A
8 23618 7.045  37322-06-0  74.8  3-methyl thiobutyric acid  CgH;¢Osg 160.28 R
9 27078 2.338 142-82-5 81.2 Heptane CHig 100.2 o
10 34.461 10.496  6295-06-3 71.5 N-butyl glyoxylate CeH100; 130.14 T
11 35911 1.606 110-50-9 91.6 BX CsH,00S, 150.26 P
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Fig. 8 Possible reaction and degradation pathways of BX in ECIME system
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Degradation characteristics and mechanisms of
alkyl xanthates from flotation wastewater by ECIME process

NIE Rui'", LI Tian-guo®", XU Xiao-jun', DUAN Zheng-yang', HE Chang-hua', XIE Dao-lei', LIU Shu-li!

(1. Faculty of Environmental Science and Technology,
Kunming University of Science and Technology, Kunming 650500, China;

2. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: The mineral flotation wastewater containing residual alkyl xanthates have to be strictly controlled because of
its stench, biotoxicity, stable in the pH conditions of neutral or alkaline, and greatly influence on mineral separation
indexes when residual in reuse water. Treatment with the proposed electrocatalytic internal micro-electrolysis (ECIME)
which cooperates the characteristics of electrochemical and internal micro-electrolysis (IME) is an effective approach to
remove alkyl xanthates from wastewater. Therefore, the degradation characteristics, reaction mechanism and pathways of
this pollutant toward the remediation technology must be considered deeply. In this work, butyl xanthate (BX) was used
as the template of pollutant, electrochemical characterization and spectroscopy analysis methods was conducted to
explode this key point. Cyclic voltammetric (CV) indicates that BX can be generated redox reaction directly at the carbon
microelectrode and degraded in anode and cathode chamber of the electrolysis cell. The effects of repolarization particle
electrode and IME reduce the dependence of BX decomposition on low pH and can realize high degradation efficient in
the neutral or alkaline conditions. The dominant degradation mechanism of BX in ECIME system is the
electrocatalytic redox directly and mineralization by *OH indirectly which generates in situ. The main pathways of BX in
ECIME system are followed by BX, dixanthogen—N-butyl alcohol or diisobutyl carbonate, CS,—organic acid,
H,CO;—H,0, CO,, SO4*". The further degradation N-butyl alcohol or diisobutyl carbonate should be the controlling
reaction.

Key words: butyl xanthate; electrocatalytic; internal micro-electrolysis; degradation mechanism; pathway

Foundation item: Project(2013Y327) supported by Yunnan Educational Scientific Research Foundation, China
Received date: 2016-11-09; Accepted date: 2017-04-07
* NIE Rui and LI Tian-guo contributed equally to this work
Corresponding author: XU Xiao-jun; Tel: +86-13577132038; E-mail: xuxiaojun88@sina.com
(FE E B



