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W E B R AKSR B RIS B AR, A8 XX VUV/0,(vacuum ultraviolet, VUV, 25 4841 ) [ AR B
MPEAT T LIRS, B2 T K WG pH (B O, W B 5 Y Wl 4 W B B2 7 B[] | IL 77 BF BH 28 1 55 [ 28 %
VUV/ O, AR FABEINSCR R 52 0, F15 B AR S48 45 0F. L R W 76 VUV RIRIIR 15 W ik EER 6 ¢-h™' |
JEKBI bR pH 8.0 YT, VUV/ O % Wi B2 H 1) [ A 5% SR B 4, JRBE ) ) 15 min, B ff 3Rk B34 3] 99.99% ;
Si0% .COY .C17,S0% Na™ Ca® 45 6 FhILAEE F-XF VUV/0, 22 BRAN I i A28 R S e A T, B mi £ FH /s
¥4 COT >Ca™ >Si05 >S05 >Cl™(Na* ) . VUV/ O, 7E A Bl (a3 B2 v, I 20 min &, T TOC 1) I it
RIKFNEAT, N 70.88% , T A B3 1) B A2 38 A 99, 14% 3 3 % IR T T 3100 441 751 o) e it ok R b A 7 35% ME LR 23
M, AN - OHAE VUV/O, M fAs BTt 72 it FB/E A,

XKEIR  VUV/0,7%, mPE M, MBI, 23 A 3.

Degradation of residual medicament of mineral processing
wastewater by VUV/0,

ZHANG Dachao'*™ WU Meng'* CHEN Min'>  DENG Xiaoyu'’ WANG Chunying'”

(1. School of Resources and Environmental Engineering,Jiangxi University of Science and Technology, Ganzhou, 341000, China;

2. Jiangxi Key Laboratory of Mining & Metallurgy Environmental Pollution Control, Ganzhou, 341000, China)

Abstract: In this paper, the.degradation of pine oil by VUV/0,( vacuum ultraviolet, VUV, vacuum
ultraviolet) was /studied:. The influence of the initial pH value, O, concentration, initial
concentration of pollutants, redction time and coexisting ions on VUV/0, degradation of pine oil was
investigated, and’the optimum experimental conditions were obtained.The experiments showed that
VUV/0, has the best degradation effect on pine oil with the degradation rate of 99.99% under the
conditions of VUV ‘light source was 15W, O, concentration was 6 g-+h™', initial pH 8, and the
reaction time was 15 min. Six kinds of coexisting ions, such as SiO> , CO> , CI7, SO7, Na* and
Ca’", inhibited the effect of VUV/O, on the removal of pine oil. The order of effect was CO3 >Ca”* >
Si03 >S0; >Cl"(Na"). In the process of VUV/0, degradation of pine oil, the degradation rate of
TOC reached a balance of 70.88% in the solution and of the pine oil was 99.14% after the reaction
time of 20 min. The activity mechanism of the degradation process was analyzed by adding :-BuOH
inhibitors. It was considered that -OH played a major role in the process of VUV/0, degradation of

pine oil.
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UTAF SR | Bt 2 PR A B R B AN AR 0, e R K IR B A B A5 W A Az 21 20 LAl A s BE s H
I, W 2987 1L P K KA 0] FH Y R B — 2 K sk B A KR TR 25 ) (B G b 3 T 200
RS A 2 R REIR B 1) F T e S AR A BRI, B2 A B A AR | B 5 S5 R it B B R K R
BRI 2R T BRI 28R , H b R GCR A B AR A A S — TR LA S AR

AT TH R 7 R e A TP R FH ) — A i), SR BRI , AR TR B I R A LA Aok, F
ATKPRBES S A AT flg A0 728 Ak .5 s TS ) 77 328 12 7 X L 88 18, I8 7 A8 A 1) T 2 AR AR T B 4
b, 25 39 O B/INIB A SR TR I P - 1 R A B R A R R KS-1 R Il S PR K
COD HEAT AL RN 2 B FEIREE 25 °C KK pH (H N 6.0 JEFEN 5% 41F T, W 48 h N, JE/K COD
R ik 3 83.91% , HAWHERT LIS NG BE KS-1 X COD 19 K B ABAR 48 H i SCHRBERE, P RS 2
— X A W R A R 0 S5 A XA I P K B R A 9 0 0 I B — AN bk 7 2 AT
BEW 5 I I EE T 4 BROC A PRI AR E 1T B A S0 56, F 58 3R B, X7k COD Ri ik 480 mg - L' (1)
PABEIM K 7 d J5 H K AT 5 40 mg - L7 GRS BAE 0T X6F W fige M ool 14 TR RD R AR A, SR B0 R BA 7
pH 4, R0 15% , FABEM AR A 300 mg- L7 7EY 4 d J7, COD ARES# 416591 %. B 58 MAFF 7T 45
FRFE A D7k XA B TR A IR B T — R W35, Pl R fige i [ i R 7S PR TR F o, AN 22
T B KK BH 85 SR FH R AR AR A T Xk BBE R 25 mag - L RSB B K R AT I it , SRR A 8 SR e i, AT Sk )
80% LA L. s A A B A MEA W B A A WL S BT AR R ) DL bl

AR SO I IF ST X 55T VUV/ O, BEA T 2B A BB /K BRI o R i R 2%, 3
FE RN SRR E K pH TOC EF8ARINAR L HRER VUV /O, Mg B S0 28 K 1 38 ZEAE FH e A

1 #BS 5 ( Materials and methods)

1.1 SEERseE

AHIF T B S0 B R R R R A B B R R A A A, R 1 T s e R
Ry B AR A S N A O A 1 R AT, A AR L @xH =65 mmx480 mm) 254 1500 ml, H25 4
AMT (GPH303TSVH/4P ISR A 15 W) B F O 2% B A Rk b ST ANRA A1 ML,

8

AWK A Ammeter
: VHER V  Voltmeter
1 RELAELE 1 Ozone generator
2 i 2 Valve
° 3R MR 3 Barometer
2 o 4 PP 4 Stirrer
9 9 S 5 Ik 5 BIOLAK-Friox
o 6 HZSEEHMT 6 Vacuum ultraviolet
o 7 R LAE 7 Reaction column
o SHUHED 8 Sampling port
: o 9 BAWLWHL 9 Tail gas absorption bottle
3 o
O
[ ]
E1 SLiekE
Fig.1 Experimental device
SO T
1.2 STk

ZEIRKAMCRE ), HCL A1 NaOH 877 79 pH A, FL i 1500 mL FIGRHRBE 15 mol - L™ A A BEETH 7K .
LR G R K B B fF RE R A BITRER A O, FTIFE A ERIMT  IT IR IR, SO —
i (R S BURE I 52 PR A 3R B — A S E A 3 1K

AP T IEPE A IKNE N —FPEELE R, R TR IR PR R —E RS, 5L T Ca™ A COT ik
ISR EON, L NTRAE RS0 B S I A KR K B3, 5T Si05 5 BRRER 1 by 176 Ak R, 77 2% Bl i i 1) i
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FL,BIAT SO B FEER Y AR R 2 A HCL Al NaOH 8 57 i pH {8, HF A T Na* 1 C1°.
LAF B2 X BEA 5 7K R SO R s s el DRLIRG SR 7 (S4B 2 7R AT BB RIS PRI A 14 7K, A8 SCaE
FEIMAGE |19 Si02 .COY \Cl7,SO; \Na' [ Ca™ B RIS R K ILAF BT X VUV/ O, B it s B i 20 R
(RIS ).

A7 TR . 250 A MO R, 43 B A — € &9 Na,Si0+9H,0 Na,CO, NaCl Na,SO, ,CaCl, , Fic
i SRR PHES THBEIS A 5 mmol - L™ OFABS 5 K .
1.3 il e ik

FEAR S R F T bRk i 2 ik (7E— 2 VR BEEYE R N (0—30 mg-L7") |, il AR WO B 59 h
A7 5 P A 8 T ) 00 AV v s e P A 5 A ) A v S A0 /NSOy Jo 5 DR 3% X6
45 BRI 2R FH R -] W43 Y6 BE T (SP-756PC ) ot AN ) 9 8 A W B i R A7 063 43 4 , & SRR a7
190—400 nm %K 78 Fil A 9 e R US04 A 241 nm s[RI, 7F 241 nm S5 IR 004 A HC IS B 3 o 4 1
(8] )1 75 29k BF S5 IO 2 A 1956 22,y =0.077x-0.0088 , HoH R*=0.9998.pH K ] PHS3C ! pH 1 ( |- 7ff
ASCHE ) T2 5 VSR TOC R vario TOC A HLAR /AT (FEE Elementar 23 ) ) Il .

2 5 59518 (Results and discussion)

2.1 VUV .0, M1 VUV/ 0, T. ZFEfAR BN XS5

1E 25 CHAMT DGHEIIZ 15 W AABSHFI A6  15£0.5 mg L™ WIPI 4G pH {H°4 8.0+0.1, R
AR 6 g-h™" N AR 30 min, %% VUV 0,81 VUVA0, 55 3 BT 2500 BT AR 0L IR 7K 1) 88 At 5k
R NE 2 FR.

F P& 2 AT BRI, B 3 R A I ) B 385 0, VOV L0, FITVUV/0, %5 3 Fif T 2 3% K H A Ts 4t
DTN TS0 P 6 e S50 30 T 8 Y 5[] 88 2 7 2% 853 R o s il B 0L 1 7K B B A5 % VUV /0, >
0,> VUV.JZR 10 min J&i, VUV 0,81 VUV/0, %5 35 T2 %} HART5 YL i B0 51K £ 29.30% ,70.82% |
95.30% , IR I A SCHEFE VUV, 0, T 200 WA BEIMAR 8L /K 904 T e .

2.2 WIlE pH XTRARSEHIAL L0 K R s 52 i

1E 25 CHAFT DGHRIIZR 15 W ARSI 6V BN 1520.5 mg- L™, LAWK EE R 6 g-h™", S B[]
4 30 min, FEHE KA FEHIR pH(4001.,6.00.8.01,9.99 12.00) Z5AF T, VUV/ O, T 20X F st it 6 A
ORI, 45 R0 3 fs.

100 ] 100 -
- 80 < 80
S L
® e
S 60k g 60
_§ = —e— pH=6.00
g 40 5 40F —a— pH=8.01
a —=— VUV o v pH=9.99
—e— pH=12.00
20 DEN: -
—A—VUV+0; 20
0 1 1 1 1 1 1 1 1 1 1 1 J 0 N 1 L 1 N 1 L 1 L 1 " ]
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Reaction time/min Reaction time/min
2 VUV.0,M VUV/0, T 2% 3 IR pH NI RABEIMASTILE K 5 ARS8 14 5 )
PN TEL T (6 R A8 R LB A BT Fig.3 Effect of initial pH on degradation of pine oil

Fig.2 Comparison of degradation effects of VUV,
0, and VUV/0; on pine oil

1P 3 m] 0, Bt SIS TR A3, AS[R) pH R B3l B ADUR KA VUV O, M T 9 R ik A< R 2 B R
RSN B ZE AR B B, WA A I ) AR BB A 2 5 (R L 25 SO R A LT 75, pH = 12 I fi
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SR NIH R A8, pH =9.99 W 2. % & T RESCBR A E KW h pH=8.01 e 8 pH i, 0, W K
6 g-h™'  HLIEDIEN 15 W, AT ] 15 min BFREAFEZRE 5] 99.99%.
2.3 BLARCUR B X RN T ASL UL 7K ok S R ) 5 i)

FE 25 CHMT JEIRTIR 15 W ARESM P I H 15£0.5 mg- L™, /K PI4G pH by 8.0+0.1, i
BFE 4 30 min, BEEARIR] O, W (2.4 .68 g-h™") 5T, VUV/ O, T2 20X WA BEIM AL S K (9 e i R
gEIRANE 4 FR.

P 4 n 1, O M BEAE 2—8 g-h ™ JE I, VUV O, XA BRI AR F0LAE /K 1) R f SR B 25 O, ¢ B2 4 184
L PSR T A TR R Hod OB R 6 g-h IR, SN 15 min S, VUV/ O, R B3 7K A 4 i
FIRILE] 99.20%. VUV/ O, RSB K i Rt 72 BEE O, Mk B2 B3E K Wi b 9 O, il
A= B A ARPERY - OH (H,0, (O, 5 RIS £ A FI T Hiris ey LBk Z 5, G O, MR 4k
KW O, 88 S i b AR s A ey - OH H,0, O, 58 RN £, HISWh O,/ FEik 58 T
—DREXEAE , VUV /O WA BT HULE 7K 1 B3 A 2R AN P .

2.4 VSWHI IR TR FE X R B TASE FOL 2 A e it S8R ) 52 i)

FE25 CHRAET,OEIEDIR 15 W, BAWRE N 6 ¢-h™  BEWWI i pH (R 8.00£0.1, S ;B [i1]
30 min, ZEANEEM A FIR) GEHE (9.54 14.88 ,20.49 mg-L™") &4 K, VUV/0, T2 R Fs B il B 48 1% 7K
RO By sz, 25 RN 5 .

100 - - - 1 100 -
R 80 80
= L
g g
é 60 'E 60
< g 4
I 2 o] < —=—9.54 mg-L
2 40r if{l,, B 40T —e—14.88 mg-L"!
= DS a —a—20.49 mg-L"!
gh
20 N 20 |
0 " 1 1 1 L L " 1 " 1 L J 0 L 1 L 1 I 1 L 1 L 1 L J
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Reaction time/min Reaction time/min
4 O MR BEERTAAMIIABE DL 7K B M3 R B 52 ) Bl 5 IR R R XA A
Fig.4 Effect of O, concentration on degradation of pine oil G e A

Fig.5 Effect of initial concentration of solution
on degradation of pine oil

HI &5 ATAL, VUVAO, RARTEIAAUE 7K (9.54 (14.88 ,20.49 mg- L") BEMSCREAS, KV 15 min f5,
VUV/ O, %t AR TR e e 3 AN 3 1 K 1 2% figt SR 35 T 35 3] 90% LA .15 min P, VUV/O, XF 400 4 ¥R &
14.88 mg- L™ WA /K HIBE AR RSO B T, 43 BT R, S W) B vk B AR ) 2 R BOA W O Yk B2 1Y
i, T VUV O, %5 Qe i Rt 47 BRI AR MR BE = I5F, VUV /O 77 A2 1 O, N RE S s S5 9 W Hh 7
AT N, AR VUV O %55 15 YL ) (1 R it 35,

AR E AE— IR FETE N, VUV O, KRN K 578 B A 1) 23 BRAACR , OB 20 min &,
VUV/ O, X RIERHEE R 9.54 14.88 .20.49 mg- L™ AN IH I 7K ) 3 A7 23 3331 R 98.80% ,99.14% 97.86%.
2.5 VLS [ XF A P H RSP0 7K B8R A A5 R 1) i)

FE 25 CHMN G RESREE 15 W AAEEMPI IR W 15£0.5 mg- L™, pH=8.00=0.1, 5L 4 W B Ky
6 g+h™' B EEARIF S (2.5.8,10,15.20.,30 min) F1F 1, VUV/O, T X HABEMAS UL 7K Fee it 28CR
B2, 25 R ANE 6 FrR.

H & 6 A%, 78 25 °C,pH {8 7.99  YEIEGREE 15 W AAEEMAI AW BE R 14.88 mg- L™, LAMRE N
6 g-h ' SAFTT, VUV O, R HABEE % 7K W fifp 232 W 2 S oz B 18] A 385 0 T 228 20 35, 7 15 min J5 |, il 252
IREFAT, R 99.14%.

2.6 HAF BT X HA T IH I K 2R A A5 R 1) 5 i)
FE 25 CHMN,JEIEEREE 15 W, AAEEMAI G 15£0.5 mg- L™, pH=8.00=0.1, 5 &7 & Ky
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6 g-h™' MAS ] 30 min, %8 Si0F ,CO3 \Cl™\SO; \Na” Ca™ % 6 FILAER] BHES T 2514 T, VUV/0,
TR B P K AR AL 1Y

SR SR ANIE T FTR.

100 - ./l - - - 100 -
L ) /
80 80
§ L & —s— none
g g ——50%
] S = 60 y
8 g —— CI'(Na)
g F = —v— SiO3”
E i —CO¥
& 401 5 40 3
3 5 — Caz+
| |
20F 20
0 1 1 1 1 1 1 1 1 1 1 1 1 ) 0 L 1 L 1 1 1 1 1 L 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Reaction time/min

B 6 S IO ] f A P 1 7K e g 5 R ) 52

Fig.6 Effect of reaction time on degradation of pine oil

Reaction time/min

3 I e R DO N R YN G e Y SN

Fig.7 Effect of coexisting ions<on degradation of pine oil

A 7 RTAT, VUV, O, REFRAN B R K B9 R v, 6 Fh A7 ES T4 VUV O, FEMRA B R 7K 5 5% i 1
FHR/NH . COT >Ca® >Si057>S05 >Cl™ (Na* ), H. 6 Ffr 25 % #5 Fst v 179 R At 223 82 100 1 7 FH 5 ) 10 min
J5 , VUV/ O, XA Bty R 7K B 25 B 38 5 To A7 85 T AR LL, 20 5 T R 27.85% ,24.95% (22.40% ,5.42% |
4.01% 53 BTN R AERIE PR, Ca® AN A ST AR W h KLY <O, 5 HART5 e WIE lise 4 X R,
FEAR VUV/ O, SR BTN K 9 25 B30 5 17 O 2 - OHRIGHI, fEfSS - OB 52 1 A il —Fh 44k
PEART - OHBY AT COS , DT VA R AR AR 0% T W s Sl , SO FEI I - ORIy P AR B2 KT - OHIYTH
FEI, R HE VUV/ O, XIRARSHI /K I FERRASOR s KBS BV Il 2 5 | AR AR 1Y Si0Y , fEm IR s h 2s R A=
K S, B2 i VUV O RERARE IR K A R C17(Na™) BT VUV/ O, BEFA B2 7K 1 o 72 35 Wt
FRIREI , SR 10 min J5 , B AR RCR JEAAH ),

2.7 VUV/O, PR FATEM T FE T pHOR 22 £k

TE 25 CHAT DCHRREREE 15 W B AR e BE N 1520.5 mg- L™, RAWIE R 6 g-h™' WG
pH {4 4.01 .6.00.8.01 .9.99 12,00, 52 J% 30 min Ji7, pH 23 % FF& T 0.36.2.14 3.52 .4.28 .0.63, 73 Hrik
S, VUV/ O e K A ) ~ORS B awTs Yot & A= BRI FRRES H /7= A R0 pH T %,
2.8 VUV/O,FEfEpsEE i R %k ToC 224k

FE 25 CAMFT JEIERE 15 W I WWILE pH E24 8.00£0.1, AR AT LA BEH 15£0.5 mg- L' | R
SEVRIE N 6 goh™" ZVRNE A 30 min, 5 VUV/0, T & FEARFARIE K BRI TOC BYZSfL LA,
ZERL N 8 iR,

=]
T T

(=}
T

—s— TOCHf#=

Degradation rate/%
(9% P wn D ~
(=)
T

(=}
T

Degradation rate of TOC
20 L —e— AT R AR
1oL Degradation rate of pine oil
0 1 1 1 1 1 1 I 1 I 1 1 1
0 5 10 15 20 25 30
Reaction time/min
8  VUV/O, MBI TOC 22 AL AL

Fig.8 Change of TOC in VUV/0, degradation pine oil

H & 8 AL Y, 7E 0—20 min, %5 TOC BIFEAMFERBEE SN B TR 3G I &5, )N 20 min J& , iR
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TOC HIREARFIR BT, K 70.88% , EHT , FAREIMIR BE MR 99.14% HEWT VUV/ O, FERFARFA BRI % K
B R RNRER AR e 2R CO, B E & C MMV TR I, A T He /NP al 4.
2.9 VUV/O, R EEIME K G HENLEE 0T

HH VUV/ O, K 2 KR R AL Bt - O, - OH4EAL R M IR K TP A LAY F2 B3 .
RIHRE VUV/O, WA b Bl (1) 5 Z AR 2 an bt , B3 S 90 00 17 90 0IE. A S 98 2 W 45U T W (+-BuOH,
TBA) HHZ5 MR HARMES O, B RV, A SE 56 %32 I Y - ORI 37017 5 AR S s v B T
HIFRIRAUE - OHAE VUV/ O, KA BRI /K A B2 o BTk A /R L Ry 28 s R o

C(CH,),OH+ -OH—CH,C(CH,),0H+H,0 (1)

7625 C 4R OEIRSRE 15 WIS WIHE pH 4 8.0+0.1, RAWKE N 6 g-h™", 1500 mL ¥4 HE N
15£0.5 mg- L™ FIAREEIM P K, 230 A 0.,20.,50 ,100 mg- L™ BT BE( TBA) Tk, ) 30 min, W
52 VUV /O, X B BT /K 11 25 B R B s [ 174 28 AR, 25 5 an il 9 B,

100 . .
80F

s

o

g 60

8

g

5 40r —— VUV/O,

8 —— VUV/05+20 mg-L ™! LTBA
20t —a VUV/O1+50 mg-L ! LTBA

—+— VUV/O;+100 mg-L™! LTBA
0 A T T S S S |
0 s 10 15 20 25 30

Reaction time/min

9 BT EEMBIE X VUV/O, KBRFA B0 7K 1) 52 m
Fig.9 Effect of t-BuOH dosage on VUV/O; removal of pine oil wastewater

H &9 AT AR i, Y B K T BOIIAS [ £ ARC T BT, VUV O X 2 AL v (8 475 Tt e o3 e 2
IR B G B 22 5 X T AR AT ) X BRSE B5 FE I N 15 min 5, B AR SRAE 0] LA 3 99.23% , 5 /i A
TR 20 .50 100 mg- L7 AYFEARR BA 56.13% 45.71% 35.66% , I 5 PRER AT BEFE AN Lok,
Rof e A AR A IR T LA AT e [ 50 ] WY S 4 ] VUV O R A8 s it 2 7K %) 38 e 205 SR | by O T 4 B
VUV/ O, 7 R R B /K B AR 2 A - OHXH A RSty 2 7K 1) s A s8R 32 A .

3 2518 ( Conclusion)

(1) R VUVZO, [ b B A ALLIE /K & R - [ 4 SO A5 1, = T 20X A sty A 400 0 7K 1) % e
BRI A = 2UIE A . VUV/0,> 0,> VUV.

(2) VUV/ OB AFRABEIABT AR 7K A 52 30 3R B, S MW 4 pH oA 8, O R 6 g+ h™'  LIR TR hy
15 W, VUV/ O, XFHAREHE K B R SCR b, SO 15 min S5 AR A 51 99.99% , Sy 2% (AU 7K
) pH R R A, Si05 .COY . C1™ SOZ \Na* Ca™ %5 6 FALA7 B T35 VUV/ O, FEMAA BRI E I VE
P KB NI A . COT >Ca™ >Si03 >S0% >Cl (Na*).

(3) VS TRAESRBE M IR SRR AR VUV O, X R BT 52 7K 1 B A 280 S 5 R 07 B[] 34 %) 30 min Ji5
VUV/O, XA ER pH FABEIM R K (R R 2 ml Lk 3] 99% LU L.

(4) VUV/O, TEREA#FA BEIh K B A2, W 20 min J5, W TOC FY 4 ik 35 2117 , [ i 2
70.88% , T AA B I FRARR N 99.14% , T VUV/ O, AN REFFFAEE I 52 4 F AL K O, B e & ¢ /Ny
Tt .
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