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Abstract

With the rapid development of domestic industry, the treatment of high concentration of organic
nitrogen and organic sulfur wastewater like TMAH, DMSO is increasingly important. Heterogene-
ous catalytic ozonation is an effective pretreatment method for organic wastewater. The catalyst
based on ferric hydroxide was used for ozone catalytic oxidation. The wastewater from TFT-LCD
was pretreated and the process parameters were optimized. The results showed that the removal
rate of COD by catalytic ozonation was about 38% - 93%, and the organic nitrogen was 78% - 96%.
Compared with the traditional activated sludge process, heterogeneous catalytic ozonation can
reduce 10,000 - 23,000 m3 or 9,800 - 20,000 m?3 effective volume of the activated sludge tank. The
estimation was based on F/M: COD ~0.2 d-1, F/M: org-N ~0.01 d-1, MLVSS 4000 mg/L and 6000
CMD (tons/day). At the same time, no odorous molecules are generated during the treatment of
sulfur-containing wastewater. Heterogeneous catalytic ozonation not only effectively promote the
decomposition of organic compound and nitrification of organic nitrogen but simultaneously
oxidize organic nitrogen to nitrate, ammonia and nitrogen.
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wm B

EEENTVHRERRE, 8. SHAERETMAH. DMSOBHLE KA AW EE. JEHREREL
SFHR—FERMEVEAKTALE TR, RA USSR E R AT RS, NER)
(TFT-LCD) B/KEAT BB, FExt b BE FEH i TESHoHATIRAL . SRR, EI9HREMILEHCOD
ERREL)38~93%, FAHEZBRET8%~96%, ALK P BN MR KEHEEN KRB
MG EEFRAR, AEYCODAEFHTF/M ~0.2 d-1. MLVSS 4000 mg/L#TEE, K/KE6000
CMD(H/ ), BERARIE IS e it 2 258710,000~23,000 m3. LEALYIRE, LUEYE BRSL AHF/M
~0.01 d-1. MLVSS 4000 mg/L¥{TfE%, K/KE6000 CMD (Mi/H), ARG REERAER
9,800~20,000 m3, HERKAHEFRNENAERSHRILE, S IBEHEHEEREHEKEGTN
VBN REE S EENY . R, CEESREKCEIBERIAEREBERSTF. SHEFFAECHEER
BEAIEKKIH RS REA EmEL.

X7
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1. 518

AR Rt A N T T R R, & L T A(DMSO) FI AU A AL Y R JE 4 (TMAH) &5 iR B AR
FERREEHUEIK H 2538 . DMSO PAE 135 e AL BE 23 43 i il — F 2B (DMS) 5 i A S (H2S) 55 = S R B AL,
YI[1], DMS (0.003 pL/L) H,S(0.00041 pL/L)JEE R, WLk BI{EH R =1(0.037 uL/LVIV), TEAY)ALFE
R G iE AR 1 TMAH W& Sk . s st AR e W, AR A 3 P S AN I R TS 2
o D EMRGE T B TR RS [RERE] A TR SWRRetE, SEGEMIAE
VBB FR MR IR, X KEE K COD (b2 T A=) IE R s (A ML & & COD > 10,000 mg/L
[2]), 2XEETG IR RGURAE IR [3], FIRASE PR K AL & A IR 2R S R By 2R %5 &
AR AP EREED T Bk, BCREKIEAA BT, ST I, KRR TS S e e
VIR Lo A A, SRS R K AR A Pl b

EFHZ R B AR T, Eg A LA FE 7 (Advanced Oxidation Process, AOP).EL AT [t W R |
ANSZ 5 G B R 2 A 0, ORI SR S B 2 KA B 5. Bt R A A AR P AT AR )
SR AL TR 3 AR T DL A AR 2 A T JE(OH radical, -OH), S LR ELHLAL Y 2.8 volts,
Ab i T R, DA A AR A A IR SE) . — TS, 7E O3 W% N 10 mg/L B,
WA AR FE 4 O3 AL T 75 Z I T 20 0.1~20 43-f(min), 1 E5E E 2L (OH) S5 HR S5 4edn I b R
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5 107~10° M7*s™h, AR AT R MR IR/ b FE V4% X IR 2 F R, #5 Be e R F AU B B R SR AUL ), AR
) AR PR K b BT 8 BB S S AR PT o i e, Lt — D B R KoK, R AT
7l BAZEBEA R T i R v A AT LR A A 2 [

SR, B R AR AL, KSR B AR R RIS R SN (scavenging) 5 H 2R TR BRYI4E &, fEE
MRS, PR ROR 4] SRR A fish R A S804k, ) P 2 T 3% 1P 0 A R0 S5 7 v Ca R B S 4
FABL T, ORFF A (AR T R BRI N T, B0k B 28 A RS ALY TR R 1
SR, AE R LI AR A hEA S SR LR B R EEERRYISE &, IR S B A AR R I B R
L IFH AL RE[S] o

BRIEAR LA R A AL B BOR, R A A — R S AL O S R A A A S AR AL S BoR . LB
LA R AV R A INAN SR R S R B, 2 = A B B oG, SRR LIS T #R Ik B AR AR P
TR IPIEIRSE, NSRRI 5, faEayEiplsie], ™4 7 Al hEEAE b
FE M. B, EREATIRIIAKAGUR B 3 SN . 5 E d R S R EGES R . &5,
AR A LS AR PR AT R 23 A0 T DR o gt T FRAIG e 27 W VAR TR I A o S AL ) 2l
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Figure 1. Mechanism pathway of iron-based ozone catalytic oxidation
1 SEMERSENELRNERE

2. LIW/W5HE

SIS KR P TR AN SERRAE PR IR K, R K IR SR R A SRR BIRE G,
MUK E R, & KEEYI(86~87% THAH), wIAEfbEZE, HARIEMEAE, SRSz 2 mihtmik
FEBE AR 1, 2) 59k 3, 4), T ERFRE AR AR . KISk 1 B
7IN:

PRI AR VARG 2 SEARTHTAR ) R 7K 7 i FE TMAH (2 87% 5% TMAH TTiiR), LAEIFRYE: - SR EE
ToiERN TMAH Tiiikz. COD (L3 2), Bk A 5 RIS 71 TOC(A A HLEK), 5 COD #iis% .

BAMER BN G WA 2 FoR, 3T REMAEA IR & AT AT VP, SR R R AR
A, AR H AR L. RAMOKR N RS, RONAE SR T, FEMAE SRR, @
FE AT U 7 HT

FRAR A SR KRG SRS NLO-100 g. MRIFCATINRSE B, FHRERELAM N il LA s
AR, BN RAE N 1359, HLAEBIINZ R 4% pH E T 7.5~8.5 Z .
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Table 1. Concentration of wastewater quality

%= 1. T RIKKER

CcoD TOC HA TR EL A A AHLA

mg/L mg/L mg/L mg/L mg/L mg/L
Mol 460,000 265,875 21,800 1,960 800 20,960
M) 2 308,000 261,311 12,800 700 200 19,735
9 3 620 408 96 1 2 93
4l 4 1,600 643 158 9 3 146

Table 2. COD and TOC comparative data of simulated TMAH wastewater
% 2. TMAH ##{ 7K, COD. TOC Xt i

TMAH COD TOC
(mg/L) FSE(mg/L)  SE&E(mg/L) [E]1AC 2 (%) FIS{E (mg/L) SEGAE (mg/L) =] 2 (%)
20 56.2 N.D. 0 104 10.71 102.98
70 196.7 N.D. 0 36.4 36.76 100.99
100 281.0 N.D. 0 52 50.74 97.58
150 421.5 N.D. 0 78 70.61 96.94
200 562.0 N.D. 0 104 102.95 98.99
250 702.5 N.D. 0 130 128.32 98.71
300 843.0 N.D. 0 156 152.25 97.60
350 983.5 N.D. 0 182 188.29 103.46
R4 ARG
ikt SUATEAGR = A0SR - S R
P <
O  pHIGII L Rt
A ORPHGI O BRIIMZ B

Figure 2. Pilot-scale system of ozone catalytic oxidation
2. REBEAELNR RS

3. /R5WiL
3.1. BRSLrEAR

Kl 3 NI 1~4 KK COD. TOC ZBAKIETE, HAo @i AKEE N 1, 2) R A EHRE 5 A5l
R IR K (5 3, 4)45 T B R4 108 g fEfL%fk, COD WH 600~1,600 mg/L F#f# 2 100~760 mg/L
PAT, £ BR324 53%~83%, 471 4 FiRF4L4h T # 5L % 42 435 g, COD WK FE4Z At 1600 mg/L — 120 mg/L,
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Figure 3. Carbonization index of wastewater from each plant
3. B EKERILIERR

B 93%; 4T ERRA 1089, TOC H 408~643 mg/L [#41% 5] 307~455 mg/L 2[R 4] 25~30%, #H %5
4 FERERLE TR R A A S 4359, TOC ikEAR L 643 mg/L — 148 mg/L, EFBRF 77%; =ik R /K (415
1, 2)% T ERA 1444~1466 g 1L L, COD 1 61,600~92,000 mg/L F%f# %% 48,000~64,000 mg/L,

EBEYL 22~30%, HIFFLLS TERERASE 1715~2701 g, COD A1 61,600~92,000 mg/L [ fif &
38,000~53,000 mg/L, ZFRFRL) 38~42%; 4T iERRAA S 1715~2701 g, TOC 4 Hf 52,000~53,000 mg/L
F{% 21 36,000~47,000 mg/L, EBRFEL) 11~31%, PR E AR A RS E &) H S RAAH
BREM SR, HERE IS R L E S LRk, 0 Zimmer [7125 ANBIETE, RAEMEL EALKE B K b i af
REAARAD T O3 il R AE AL PR R /N T, S T RK AT AR Atk . HLIE I R AR AL S Ak 7 A 2 VAR
H S, BRREIEE AL M2 & 5 BEERR T IR & AT EE N TG E YD, B ERRE - BEER
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PR R BEAS HI ) COD KM ok, 7840 N EL 52 COD, BRI N AW RS XK. Ibah, Bl
SR AL TR B REIG INAE Y5 eIt 22 BRASOR U (2012) R AL [8], &l A MEAL AL S TRk NAED)
e, AV COD £FRFRE IR & 10%. MEHEHAF A, TR B DR RS AR A N FHE A5 T
TP AR, 766 B RAS NIk B APt A K R, AR5 e i S &, 5% T BRI B AR .

Cesaro (2013) [9]155 A [BIESCHR[10]-[16])5, W4 SAMFEAHPIZS S, @B EHIEN S5EY RS
TEBCA, A Re LA/ IN AR T B oA R A WU RE AR, A& sl s B S a . DAA
FEE RN, R B R KE I R il TR R, DR COD ARFE 47 F/M~ 0.2 d ™. MLVSS 4000 mg/L,
&K & 6000 CMD (Wfi/ H)#EAT M5, 76 AR IIHTHE T (b2 COD 1) HARIKIE), RePRIGIE i Je it A &%
Z%77 10,000~23,000 m®, ik B R /K IR AU AL SRR I T B AR AR (VR E 2R AN B B, BEAE IR
T R R S e, FERURVFRTIRTHR Rl COD B E B RS AT VTG . S5 A RSB B
FEMRZZIME IS AT, L REIBE G Z3 A1 P VAL B R DR IR A OR BT AT

3.2. BHEFEHK

m 4 w750, 25 1~4 B HUERKGE RA A EALTIACEE, AR LR BB OISR 2R A5
DR TR FIK(ER 3, 4): 45T 2 8 5L 108 g LA, BHLEIKR AR LA 93~146 mg/L — 15~66
mg/L R Y 55~83%, ZH7| 4 FRREEELS T8 B LA 435 g, ANLEUKREE AR (Y 146 mg/L — 6 mg/L,
R 96%; FIRFEIRK (R 1, 2): 45T B R 1444~1466 g LA, BHLVRIKRE AL : 3,948~4,192
mg/L — 1768~1975 mg/L Z[5FH %) 53~55%, M4 T B RASE 1715~2701 g, AHLRIKERL AN
3948~4192 mg/L — 560~902 mg/L, £FRZH 78~86%, ULHHLIL e ik a2 hk AR, B HLEIKE S
Sl BRI I T A S VR R SR A . RS Lim (2019) [1715 AR 745 BARRE, Hor
BRPEH 1. 2. 3 LML EANLH], FHIR R SRR 2 APV A S DI A, HE ARG
REFFLL A AIHIR ER AL, BRIRAE R A s, A IS AR A E . DL ML /K LA B
A - TMAH A, LG5I R IRE P [18]H TMAH Mtk &R R, FMoNER SRR, B
DUSHH A 4 B A A 2 SRR A S LR A MU 40 O R 2R 2, AR PRI V5 Ve it S

R AR
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Figure 4. Nitrification index of wastewater from each plant

B 4. &I BKRMLIER

AHVERNE R, TR RS R £h R (A S N E R K,: 3.3 x 107° min™; ANk SR I8 R Kyen: 1.6 x 107°
min~t USEPA RS AL AE FH M) (K5 46 bt 18] ot BB BRAR DR 7 TMAH (A HILZ) 3 B 10335 35 e ik FE 4 [3],
5 M5 YRt 55 S e DI SR R [R] 5 KU [18]

DR A AL S e AR CE RS AL 13 FIM ~0.01 dY), 2 B4R AL TRAC B, DLAE et BmS Ak 7 fE
F/M ~0.01 d*. MLVSS 4000 mg/L, J&/K& 6000 CMD (Ffi/H )47 50, A& A BT e T (R BA HLA
F9 Bk B ) B PRI MR V5 YR s A R 251 9,800~20,000 m?. o) 5 i 52 8 A A S8 TR AL B /K A it ok
Ui, AT E RE R I R RURE, B AOB 2 | E by, SRR EREEIH
PERA AT Bh[19]. H T ER IR /K O K BE A WL A A W B 1 BB AR, 17 . L o 0 DR B 7 S 0 T
ML T, BT R E E BN [20], DA A PR i IR A 2. B WL SE AL i
R BV EA T BN, vl e A AR YR AR ) S BR R T BRI 5 [21] [22]

3.3. AW

B 5 RN, B AKA LA AL S A RS Pk BRI AR . 7E45 T e B RE T (271 g),
R AN AR A SR EEA, AN AW e R S A N IR S E R R g, RSB
fittL T B COD. TOC B P& (MR - [ DMSO ZE41LL GCMS 7304T, 245 T & B R4 2719 ', DMSO
1 271 mg/L F#fi# )y 38.8 mg/L, A BB&MR S HRIEK .

AYIENETS IR DMSO [N A R A4 — H L AR (DMS) AT Bt BE(MT), 5o 5548 iR AL &t
ITAWIRARIL], AE RIS A I — H LA (DMS) S R AL EU(H,S) & Bt 9 K A B =E T (3% Bk JR . DL
R i S 5 SECARE AL SR A PR AR DMISO 25 T R 7K IS 72 A2 3% SR 5« DMISO 7 42 3 finh 84 £ S 1) PR A T
NFIFPRAE. H—, DMSO il I R 25 (CH3SO,) FE AR N B R £ (SO; ) il A iR (CHLSOa) fE A&
BRI B . Hox, @i R i (HCHO) A R #h(HCO,), B fif o — S AL Bk (CO)VE AN B i 1) %
fifr= 23] B PIEAREAE AL E A, DMSO [ i (8] =) 5 e & = & A B SR AE ) —
HEL B (DMS) 5L A (H,S), PRI REMFR Gt M5 e VA AL 2 DMSO 5 i R 58 5 M0 1) A< 1)
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Figure 5. Sulfur wastewater treatment index

5. & BWMEKAIBIEHR

34. BEFERSRESTSHEVEKRENLERE

2 A AL AL B R & RS TRIRK, A =31 TMAH BRI R 2 R S R
R A PR IR ALY B O AN L SRR R IR B, IEREA BB B ROV IR R A, BRI RIS e it A 2L
B, PR IEVES TR A . PRI, R TR R R RS B LR K AR S B AR T
LR i SRS AL S TRAL B, 0 iRtk MERRARE DU K TR BN /N1 5 B =, 4%
i PG Yk AL B B HE PR, DAfse/IN 1R 3 BE A IR B BT RCR AT ML R, i AN B A e 4R
WL LA, IhHIS Cesaro (2013) [9]45 A M) SCHR [E1BI45 V8 AHAL o

4, &5ig

R b A S5 A SL AR M A A B AR AT oK R A WL . ERE /NI BV N 135 g, pH = 7.5~85
MRETZZH T, COD ZFR=EZ) 38~93%, ANIALIRE 78~96%, LIILYIKRE, 44 COD ALt
fif FIM~ 0.2 d™*. MLVSS 4000 mg/L, F1¥&J¥K7K 6,000 CMD (Wi/ H)BEAT A5, fERRARIE M5 e it A R
1 10,000~23,000 m®. BEM AV SHEHEE KB HATE, fEd TR HE9: COD MR N, HALK
COD [BZEAY R G Al KUTEHE, TR AEY R R R T RINE IS KA 5 XK . LARALYIR
E, SR ERAL A FIM~0.01d™" . MLVSS 4000 mg/L #ET5%, FK/KE 6000 CMD (Wi/H), HEFAK
T ETS e A 9,800~20,000 m,  HL[FEIET KA HLAUE OIS IR S SRR, AR i i A Ak
FE IR KA M AN SR BE 5 A B WA o A R BRI S AE DR AL S R S 5 R G, TRRETE
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SR A YRS B SO A A BRI, AT AL O R . AN, SRRk DMSO % i R A AL E AL
AbEE, ELFEEK DMSO AN FEER 3 J RS, e AR R 35 Atk (Rl G RE et e P A F = A
DMS 5 H,S &% 5L R [E P24 .

SLAMEACFAC B BOR R OO SR AR, BERARARVIN, HS AR (AN K, T8 AR B 7] A

T SRR T R AT, AR ARG, B> kIG5 BRITYIAL B 3 AT 5 BEARE PET5 e ith 2
BRI L, BEEBRRARIE T, 4E90 R 5, WK SIMRE AT R L, ERHR LS H 5N .
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