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B, 2B RE g2k KE A H0,. O, -OH Z Gk . BA— 0255 T i i v
JEREARERE R R, A Y H,0, i O AN BB /51 850 1b i e S A PR Y -OHL, S Bk 1 A i Ak 711
FAE B RGBT, BB P T AR M T DR a7 A3 R SO AE S  A JIT R T I O B R AT O AR AR I
N o TR, EE AR AT T BRI Fe /R X H pH HE T BE J1, RE WS A FH AR B TR 7 A 1) HLO, 1 A
Fenton 2 i &A1, 5 RIR BB 1Y Fenton v5 M HL AL 22 7 ik AH LL, R ER) H o8 Bk 1) 2 A4 RR
fIEF11 Fenton ¢ 1 (9 6 i A B AR T BR T R G 45 25 F IR BOR A SC RS ML IR DHE AR 5855, 2/ X
LU o3 BT P 2 A BRI A 3R R K R8O  BILTI ™ W W i 508 L Bk =

BRI, AL 2 AATE T Hh e i i KR SRR R Bk S Ak ), DL #hoas il oK i
57 P 9 A o figp 24 P 0 A2 3R 48 SR 85 R (tylosin tartrate, TYL) SRS YLy, R 45 8 7 AR HOR FDL A
B Z3 BI AT TR, XTI T 2 R EOR R AR RICR « BEARALS . BRfF =4 . 3 FH &F
AT A o AHIF 5T 45 5 LU SR e i ) P2k R AT5 e Y i Ab PRt 5%
1 MR *E
11 LEMHAEE

# kB &K (tylosin tartrate, #fi i K F 98%, 4 F 2 C,H,NO,.C,HO,, 43 F i~ 1 066.19,
CAS %i*5 A 1405-54-5) W F BT HL T fh2e i8R A |l 76-20 °C N EORAFRF . S8 A v E AR 7
FEHWARAF, KHED 100 B, ARG HBAUKIERER, 1185 7755 B3 FR A5
1T ARG I S W L o TR ke o W O S B R (53 2 o N2 S 7/ K i o < R/ I W o B 69 A e S R N
(glow discharge plasma, GDP) Hi & it . &F MM AL R (] 1(a))e g8 A A DEBEEE A T, AR
90 mm, WRAKFA 50 mL, SEEHL RN 9.5kV, EEFRHLTH B AR e L IR R A, OB R 0~150 pA
(AT GRS SN 2 ULIE 1(b), R 500 W A GUAT AL A SR GIR, 50 mL A 9 S W A48 0 I B 45 4 o
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Fig. 1 Glow discharge plasma and photochemical reactor
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PR SCR A . IR 5 S AL B TYL VW00 ih pH W 3. 5. 7. 9 F 11, 23 5lifiAs
JEI N SR 5 R PRS2 R AR R P TYL MWL W B (10 mg L) S M (1.4 gL
AH TR oV VRSN AN [ B 8] 5 BORE A il ik 0.22 pm A BB RS A o AR B DA I S50 45 B o TYL i fig
STE W pHe AR L BRICEE TYL Wi B K B He 5 AR o 3R AT 50 mL TYL 3 8UIA LI
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W g, SCENFTIFOGIE, AEAS 6] 57 I 8] A5 (0~120 min) BORE o 78 45 85 714 S 56 v B 07 I ) 2y 0~
30 min. BURE 5 RE F AR 3 S 6 T R I TYL FUE A HLER (TOC) ¥ o 3 T 4 Fh il 32 52 56 LA A
B REREE . X ORHR MU RRER 4> BIME N -OHL h'. O, Ml e WK AL, 435l & A 0.07 g BT 1Y
50 mL, 10 mg-L™' A9 TYL ¥ A 250 pL 1 mol- L' A FE IR & . T 2EMR . FYPRAE M RN EE, 1EA
[7i] S5 IO B ) BBUARE A3 BT 0 W PP 9 TYL VR . LM S 36 20 B 5 b Atk A S 56— 3,
1.3 ShiEE

3 2k v ROBOR 5,38 85 (HPLC, Shimadzu, LC-2030C 3D plus) K TYL B9 ue B8, EL A& I 25k
IR A e mr m o — 3 RIS B WG 1 LC-MS B B IS

N *E Vi St SSifr AN Y
AL 1 AR A% B AH €63 - (SPE-LC-MS) £ 1 Table | LC-MS gradient elution procedure

TYL B REf# R a) 724 . LC-MS J3 M1 76 DU AT &

B} 7] /min Al% B/% Cl%
17 B} 18] J5i 3% X (Agilent Technologies) I #F47 , 0.0 70 10 20
VLA 585 TR (A D). 7 1% TIRAY 5 mol L 60 0 2 5%
LMRE K (B, pH=4.5) M Z i (CHl), HhJE 8.0 0 > .
VEMLAR P WLER 1. Ui FE L miss & 0, R 10.0 0 20 80
FHIE B PR, ZIS ) 5 40.0 psi, Z1ik 120 0 80 20
SR 276.8 K i B AR A 6 L'min ™, 18.0 70 10 20

1.4 BIELIE

TYL BRI X (1) #4735, A58 o 15 50 J5 3/ ) TOC (5 J5iIh TOC & 1 1Y A 43
FLRH R o T A SE B0 5040 ¥4 2R FH Excel 2016 Al Origin 8.5 #4FAb#L

n=(Co—C,)/Cyx100% (1)

e B TYL BERER, %; C, M1 C, 23512 TYL BRI 4G ¢ iF 20 0% 5 5 9 BE mgL '
2 #FERE5WL
2.1 HHW RMESTH

T RE SR XRD EEAT 14 20 4 28.5, 33.0, 37.1, 40.8, 47.4., 56.3. 59.0 F164.3(/% 2(a)),
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(210)(211) (311)

AT
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PDF#71-2219

L | .I | ' T : ‘ 10 um
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Fig. 2 Characterization of the pyrite sample
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SR FRIEA (111), (200), (210). (210), (211). (220). (311). (222) AiI(321) #hidd, S5K5H71-2219
IR IE-RVCHEL . SEM 25 5 7 BBk Sl AN RO ) o R A0R . 2 TR AT 4l /N 1 JB0REER ™ A2 (81 2(b)),
FESh P S, Fe LR YA A Ae il 18 (8 2(c)~(d)). XRD. SEM 5 EDS 4% 5 3¢ W 52 56 {f F % 38 2k
WAHERREWNAE ., BT RS RN 03052 m?g™!, Fe. SICEMFEH 5N 46.99%
M144.32%, BT ROSEHL S 2.61, AW pH /N T 2.61 B, BEEkW R IEH; X4 pH KT 2.61
B, BRI AL
22 REAE pHBE A

VS VR pH 23 5% A B BRI AL 7 o TYL AR S — Bl S AL 09 B PR V5 e i, Y 0 W52 R 1k B
TYL — e IE L iYW pH 3 K5, TYL —CA R F8 . BRIKLISE, pH A8 if 25
Xt V5 YL W) A 1) s 1 2 R PR AR R L, pH W B R S 5 10 S TR SO b H R B TYL 85k
MISE I LI 3, FERRME . SRR AT, ER G S TR R TYL LR R E
60%(%] 3(a)). FESLHS pH VLRI, TR X TYL MG HEAL B i R AR 2R FR7E 90% LU I (] 3(b)). 1E
A& TYL AT B AR R, W pH AR b4 DL UL & 4(a). S5 BH, 3 AR R Pl i) pH 24
STEBERY RN Bl TR, A pH=3 ZE A7 iR 8RR o X2 RN BB A K RO h & 5K 58 A
BB AR OB Y, S B0R I pH U T B (K 4™y 1 9t — 2D B E W pH B9 R B R R

0.8 1.0 1 /
0.8 H
0.6 /
o O 06K
T 04t S
S < 04t
0.2 H
0.2 H
3 5 7 9 11 3 5 7 9 11
pH pH
(a) WIHRpHAS S FARREARTY LAY T4 (b) FIAPHRX G FEAETY LA T4
3 #146 pH X F B TR KA RER TYL BT
Fig. 3 Interference of initial pH on TYL degradation by plasma and photocatalytic
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Fig. 4 Variation of solution pH in the absence of TYL in different systems and total Fe and Fe**
concentration in a single FeS, system
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B A FEN, LRFEET R -WEKTIERPRE TR HEN . WE 40) s, KR
Fe™ 5 i B B ] A 38 I imi sl b, 5 AR 2208 . X SR B RV AR R R B e AL, R
I pH [ AR (FeS,+3.50,+H,0—Fe? 2807 +2H"), 88k %5 #1550 2.61, 7E pH R4 & 16 3 i, #k
W T L ff LR R B, WG pH Y AR AL AS S Wi SR R0 Y e TR LS O o [RIB, JR K pH R (il
TYL(pK,=7.1) TER R IR 4 IEfL . L, WIIR VA TR pH X 2 FlE R AR TYL JL-PIA 2 . ml Il
BERHT R G A5 B R EOR 5O AL EOR MR TYL BY%5 W pH i A B 3 Hh 3T
2.3 FERRMEBEDHT

HRYEVS R pH X TYL PRS2 25 5, FEAN T PTG pH 5544 (pH=5.81), XfLLEET
B TE A5 B TR R FDOC R AR AR R X TYL (9 R i SO M RSO 52 e . 7 Bk il & S5 B 1
(GDP+FeS,) fll B — %5 85 (K (GDP) fR & v, TYL ¥ B AERT 10 min T I/, 2 J5 25 B #R & #i
ik, 30 min H & B3R A F K (B 5(a)). £ FeS, KA W, TYL A LBRFRAE 7 min K5 21% J5 A4E,
R POE W TYL A5 8. 30 min J5, AR BRZLXT TYL A9 22 BRSICR K /NIRF & GDP+FeS,>
GDP>FeS,. GDP+FeS, {& & X} TYL % 2 B % i 5 (56.33%), F1 GDP R ZAH b, H ERCREFA T
29.01%, WANG SEU BT R B, WS i b 7005 45 B8 1 IR 4R 2 X0 DU 3 2R 1) I £ 2% A o T 42 5 30%.
SERFEH, MR B I TT DL R v AR TR I R A R R o X R R O R S AR R N AR
SIAMER TN AT LL= AT Z i PR, R 5 8 IR 305 Y W 0 UR B AR AL R R T T AE SR — Y
FeS, R A TYL M9 LBRE AN, [H 21.98%, i B VR X TYL 2% B 09 52 i A X 4870, iX 5 8
BR AR B0/ EL SR TRV Bk P S % UIA OC . 78 BBk 1 Ot T +FeS,) A1 ELH LA {14
Z (K 5(b)), KV AIHET 30 min N, 2 FiAAR R H 0 TYL (4 B Af 35CR ARV B9 I, 22 5 i 1o 3 58 348 it
WA . FERE RN 40T, TYL B B8 2 7E 15 min 35 3 5 K(H (22.30%), 3% 906 B 34543 19 TYL % 3% 2
W B o AE N 30 min 5, A AL +FeS, 7R R ) TYL JLF- 8% 58 & BE A o I A6 IR S iR & )
TYL 25 B 3 A0 42 T 22 W W B O AS 2R &R v TYL Z5BR A9 EBHLH . ASAF T o B2k (10 e f 1k 4 A X
P RGP AE E R ERRECR, X5 HAF 45 R — 5, EAERNRE, TYL HiEELR
Ja 1 R BR R IEH] 71.09%, X KGR R P, KE 00 TYL o] 6894 /K fif g e Ath o 8]
Y, miEdEE e b, RN TYL B LBRECRE, B8 LM AT TYL 09 LBRBUR T & T 380 #
B TIRIRR, (T EHE L5 2 MERZRXT TYL M 1R IF 0

WE 6 frn, 24N AR R X TYL B A 3240 3R 9010 Se tRalt b i J 3 - 2 i A% . S

0.6 - 1.0
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—ve—FeS, 0.8+
R 041 _ 06F
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Fig. 5 TYL degradation effect by different systems
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30 min 5, WEEKDHIA S E TR S WD e O e

HART TYL B R 53518 17.72% F115.26% —O-FH Tk

FERRAG-SIAGH!" {ifi ] L S5 03 [ i TYL, 2h ol

J& TYL B8 4 F N 45%, 1M 78 S B F49 AT 30 min e &
W TYL B0 L3R JE 20%. H LAl WL, TYL 5 ,/@//////%//////%
B FUERARA K A TR 2. MBI AR =l ©/©7%_%/

6B T URRE 4 B R B R X TYL 1 £ R % ;ﬁ/"’

(56.33%) ILAIL TR LA KBREE (99.99%) .

E A AL S B, R0 TYL 95 1k % s m m 3'0
T T HET MR A . TEEHNE, R i min

FH 5 k1 0 4 4 B 7 R Ak G AL I i TYL o RUUIBEEETFHRESESRY BEUBAN
F 22 B T 7 R I (L4 g L), AT ) TYL By 43 %5 b

Fig. 6 Comparison of TYL mineralisation rates by plasma and

AV S (C=10 mg L) FHEAT 9. 6K
FL A5 B A R O P VR VTR BB e HL A7 Y T
&R GDP X 75 YL 4 i [ i i SR 200, IR, AR 95 Hh B k0 R & GDP 2 R X TYL [ A 2 SR vl LA
i i Bt 2 N A E T
24 FEMYIMIEIRI

TYL 76 #0055 55 1 F0 A Ak R A AR 2 v 22 B HE AN TR) 19 25 B3 ™ b 38020 45 W b vy 9%
SAAL R YA OGP, 7R S S TR IR R (K 7(a)), ISR )G, TYL 9 LBRF T FE
T 36.42%. HFRERABIIE T TYL B9 LFR . X R E PG S8 TIRIE R PXT TYL R &
BREN .. ERST A EE FRIERT, SEEHE T (e "S5 P NRMAE SR LS T,
PR -OH ., O 25 MW I vE A TR, BEMIE JE TYL BOREAR . [RIRY, e *ih £ SR B KT &
A S A B H,0™, AR B HLO AT A e — 25 % Ak R - OH A5 16 P SR 22 70 ¥ Y HP 8 o B R i
SEEE UL JT ORBR JS , TYL A9 R g R 50 51 N B T 34.52% . 31.38% Fll 11.90%. X Uil h*, -OH LA
KO, TE B R MG S8 FIRIR R P X TYL BB A 200, H h'f-OH XF TYL F&f# 1 5% i 5
PR 25 2R K. S5 R R, BT e T4 B 51 0 -OH S5 1% M4 i Xt TYL () B 2 o1,
FeS, X 1 L st 4 v 56 A IR A 7 72 £ 1) 6 2 B 7 028 7 40 B M FeS, BOGZFIAE b 23 5 T TYL 1%
WA o G AR Ab U 2R U VB R S I S TR B LR B R SRR A IR S, TYL MR E R A B R T

photocatalytic techniques
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Fig. 7 Free radical quenching experiments of plasma and photocatalytic



3198 ok L B ¥ W Fl6 &

20.56% . 19.94% VA K 20.11%(& 7(b)). XULHI-OH, h'. -O, 7ECHEAL R W ih# Rk #E T EEAE . 24
VLA T2 AR A 046 00 B, VAR O S IR XF TY'L 8 i 7 400 1 R0 SR A o (18.93%) M A X Lb AT A & B,
WU G S TR R P& IE YA ST S A AER], b e stk s o A G LA R
H-OH, h'. -O, %} TYL AYR# A 5T ik k.
2.5 PEREHLEI D

TE BB R O 25 3 T N B R G AL B R B TYL A 2 rp, S BRm AR RE B & 7 A e
B o 4B e L P RS R e SR ARRUK R, PR AR TG PR R U I R AR TYL. R B ek
W TE LR 2R A 55 5 PR R P G MR Rl 0 A2 G A2, 400 T SRk I RE P 4544 o 7 250~2 500 nm
FEAERHNAT WAL LT A XS P, BT AR AT DL A I B (18] 8(a)), 3 WS 6 T 8 Bk X 58 Ah mT I
YA B RE 71, [E 8(b) b & #kH” Kubelka-Munk BRI %X (hv-F(R))* 5GHE hv e R IE, M 4E Tauc
JE AT DL R RE S AR SEE Eg M 0.88 Vo [RIEHRFHGHLFRE T (SR-PES) AYMIIAZE R 0L 8(c)~
(d)o HHFEERE R T 2 AT DU R R AL I LA BB —4.31 V (vs RHE), #E— 0] IR
R B POKRBE B, I-0.19 V. [ 8(c) on T E BT FEM POKAEH T M 0.34 V., #HE 55
K Eyy= R BEH T BT [+E, v A5 H S5 T 4 H A9 B2k Al (VB) 4 0.15 'V, T 15 31 3 2k
b 9S4 (CB) —0.73 V.,

FESCHEAE R, BT SR AT W= A b e (3 (2)). B T CB H M-0.73 V,
JEHL 5 R SR b 0 R A ) AT DOM BLAE P A5 -0, (0,0, = 033 eV, pH=7) (X (3))P,
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|
408
|
0.6 |1
|
i I
E)
= 05
0.4
500 1 000 1500 2000 2 500 0.50 0.75 1.00 1.25 1.50 1.75 2.00
WK /mm hvleV
(a) UV-Vis-NIRS: (b) B B A B
@/
/
o P
00000008 *¥ S - -
L 1 1 1 1 L 1 ! 1 1 l
0 02 0.4 0.6 0.8 35 4.0 45 5.0 5.5
L4 heV L4 heV
(o) HehkB BORRESL F Op S OF CUR T C 2

B8 ®EHW HMmEETHEMRIE

Fig. 8 Characterization for the energy band structure of pyrite samples
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BEfS, WA Y -0, =5 HYEM, JF & it — 20 i A2 i Hy0,(3 (4)~(5)), T A2 ity H,0, X 23
5880 BT B Fer R AR IOV, 2 B Fenton I (3K (6)), H1 & 9(a)~(b) AT WL, #EkH™ YA AL
N3t B Fer' 5 H,0, ¥ BE 2 Bl B [A] (0 38 i i b Tk o U I Bk O 4 Ak iR & b HL 4% Fenton 2 1 & E
W& S5 —Jrim, TR B M A B3R (VB=0.15 V), %5 7ORNRE B H,0 1 OH S Ak ik
A % (H,0/-0H=2.27 ¢V, OH/-OH=1.99 eV, pH=7)>", &k e LR M TYL iof F2 b i 9
Fiy Az g A =X (2~ (7) R o FER T OLMEAEM TYL KR g, [EEY R R 25E kS
Fenton S v 4 A% o

FeS,+hy—h'+e” ()

e +0,— * 0; 3)

- O;+H'— - OOH 4)

2 + OOH—0,+H,0, (%)
Fe*+H,0,—Fe*+OH + + OH (6)
TYLH( - OH,h',e"or + O5)— &A=y @)

TEE R A 4B TIRA R o, RO TR P Y Fe?™ 5 H,0, W Bt Bl st a) A 384 hn i | 71 (18 9(a)~
(b)) FIE B TeREm A, =X Q2)~xX (6) IR R M JE i1k [ Fenton I 7F B2 Fl A 55 B 1 IR K
Fii s kA, SO R AR E, FEMEGEEFIRIERT, SRR R 1~25eV
) e, e 5 A A ) O, B O b, A k-0 PL & C-OHGR (7)~3K (9). Z A, B
f)-OH X £33 it [ H 25 408 i H,0,(3X (10)) JFRB B0 S v, AT SE A F T4 Fenton I 1) &
Ao AALENE, 7EAE R HO, B E R, WY O, iR 45 -0 & AR I I AR i — B 0,0 (1),
HF e M Fe' A4, O, Ak, M2 aSi il Ot — 2R T TYL R X (12)~
1621, K (2)~2 (16) FE il T R G 55 B IR R IR AT A T BRI AR . SO
LR R AL, &SRB T IRIR R P e "B 4 TYL BB Z 9 is v Fh . X T Rk
WIRIZAR R X TYL 0 AR E & TSR0 O R RR Z — By G 58 IRk R
FX @)X O ETHEZM e, XINT—DMEMBET ERKLE D e ARG S5 5 T IR R 1R
R R R EENER.

H,0+e"— - O+ + OH+e )

12 35F
$ 30bL O EEF+EE TR
@ O HHRT O E
& 25}
§/ i
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on
2 15t
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Fig. 9 The concentrations variation of Fe*" and H,0, in solution without TYL during photocatalysis and
plasma catalysis based on FeS,
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Comparison on the performance of tylosin tartrate degradation by
photocatalysis and glow discharge plasma catalysis of pyrite

ZHOU Jinwen', MA Weishi', LI Yang', SHU Xiaohua®>, ZHANG Qian""

1. School of Life and Environmental Science, Guilin University of Electronic Technology, Guilin, Guangxi 541000, China;

2. College of Environmental Science and Engineering, Guilin University of Technology, Guilin, Guangxi 541000, China

Abstract Pyrite shows an excellent contamination degrading ability due to its heterogeneous Fenton and
semiconductor properties, which could be used by pyrite-based photocatalysis and glow discharge plasma
technology. However, a comprehensive comparison of these two technologies for the degradation of antibiotic
wastewater is still limited. Therefore, two kinds of advanced oxidation techniques (AOPs) based on pyrite were
studied to investigate the efficiency, mechanisms, products, application conditions and economic costs of tylosin
tartrate (TYL) degradation. The results showed that both techniques exhibited a stable TYL degradation
performance within pH 3~11. Pyrite-based photocatalysis had a significantly higher degradation efficiency for
TYL (99%) than pyrite-based plasma technology (56.33%), but the mineralization efficiency of the former was
lower than that of the latter. The ‘OH, h", -O, as well as e in both reaction systems took part in the degradation
of TYL. Yet ‘OH, h" and ‘O,  were the main active species in the pyrite photocatalytic system for TYL
degradation. Of which, in pyrite-based photocatalysis system, -OH.h" and -O,  were the active species for TYL
degradation, they were mainly produced through photocatalytic and Fenton reactions. In the pyrite-based plasma
system, e played a more prominent role in the degradation of TYL. The production of e ~ in the pyrite-based
plasma system provided more active species for the degradation of TYL than in photocatalysis. The degradation
process of TYL was similar in the two catalytic degradation techniques. TYL was mineralized to H,O and CO,
lastly through hydrolysis, breakage of C-O bond, de-hydroxylation, de-methylation, breakage of C=0, C-N and
ring opening. Under the same experimental conditions, the pyrite-based plasma technique was more effective
than photocatalysis for the degradation of TYL. The results of this study contribute to a better understanding of
the processes and mechanisms involved in the degradation of pollutants by advanced oxidation techniques based
on pyrite. And it provides a theoretical reference for the treatment of refractory antibiotic contaminants.
Keywords pyrite; tylosin tartrate; photocatalytic technology; plasma
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