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Influence of Common Substances in Wastewater of LCD Panel Developer on Anaerobic
Degradation of TMAH

CAO Yiging, LU Juan® , DONG Jiagi, NI Qi, OU Changyuan

(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract Tetramethylammonium hydroxide (TMAH) is the main component of the developer wastewater produced in the production
process of thin film transistor liquid crystal display ( TFT-LCD), which has strong alkalinity and biological toxicity. In order to study
the effect of common substances in developer wastewater on the anaerobic biodegradation of TMAH, this study selected DMSO, NMP,
DMAC and sulfate in actual wastewater of LCD panel developer as the research objects, their effects on the anaerobic removal of TMAH
and intermediates were investigated, respectively. The batch test results showed that DMSO with a mass concentration of 500~ 3 000
mg/L. and DMAC with a mass concentration of 50~1 000 mg/L had no significant effect on the anaerobic removal of TMAH. Higher
mass concentrations (300 ~2 000 mg/L) of NMP inhibited the degradation of TMAH and the intermediate product trimethylamine,
thereby causing the accumulation of trimethylamine. Sulfate (100~2 000 mg/L) inhibited the degradation of TMAH, resulting in the
accumulation of intermediates. And these four substances had inhibitory effects on the activity of methanogens, resulting in a decrease
in methane production. The results provided a theoretical reference for the process design of actual developer wastewater anaerobic
treatment.
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Fig. 1 Anaerobic Degradation Mechanism of TMAH!®!"]
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(NH, ),HPO, , NH,Cl, K,HPO, . KH,PO, . MgSO, -
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YA A o S b Ky Ak A Wy i rh S04
PR A2 g3 1 2B S04 PR S B S 4 i TR AN AR
B

F B Y %, 1CS-1100 B B F (4 3% (3% [H
ThermoFisher) ,756PC B4 4h 0] UL A6 BETH( 11



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 42, No. 4,2023
April 25th, 2023

xR R EYIR

Tab. 1 Main Chemicals in this Paper
Ak =5 S 2N YR B SRS

o I S A A B C4H;3NO tetramethylammonium hydroxide TMAH
Z AR C,H,0S dimethyl sulfoxide DMSO
=W (CH;3)3N trimethylamine TMA

T HRE (CH;),N dimethylamine DMA

FH i CH;NH, monomethylamine MMA

N-FH JE R i e i CsH,NO n-methylpyrrolidone NMP
I 2R C,HyNO n,n-dimethylacetamide DMAC

ZEFE TR F & A R AR  Mulit N/C 3100 %Y
TC/TN 7ML (72 Jena Co ) PHS-3C %Y pH iz
(g B WL 2= AR A PR A D) | PLUS-E2-40TH
R LKL (/5 5 5 5 ib B A BR /A 7)) . DHG-
9154 A HUH PE IR T 48 ( I E R A BR A
F)) \GC 7890B B FH 4 1% (GC-FID) ( £ [H Agilent
Technologies ) \BSD-TX370 U {H & £ K& 37 7 ( I
MR A A BRA A .
1.2 #xikee

PR AT 5T R B, 1E7K TMAH Jo i R
91 870 mg/L(TOC=986. 37 mg/L) i, [RE =Y
N g iz AT PR RE B, B, A6 1) TMAH % 46 5
FHRIEEN 1 800 mg/L(TOC=949. 40 mg/L) ,

PR B2 1B 4T 1Y R A A 38 TMAH A4 I
TS U BT 250 mL 4 HE T, A1 R 4
TMAH JZK, HHARA 73 gk 2 o, 45 ) B A~ 4

TETH (4 75 U8 BT = Wk B 5 IR AR W N AR
[(3300+100) mg/L] AR, Je7K iR & W E AR
200 mL, X5 ¥ 45 A 7 R S A R B AR,
PRI RS . HIRR I JE 5% I, A 4R R AR IR
7= IR A IR TF IR AT, SR A HCL F1 NaOH
PET B N IR pH (H R 7. 0£0. 1, JE7E 48R
IR E 7 d, FE IR 3 R 150 +/min, S0 i FE
e (38+1) °C il B0 R 1y 48 h, TRHEIEIE M
o s 1705, P 3 A i 560 4% 0 R A8 1) A 4B
TMAH JE 7K ™ 43 50 S0 i — 72 e B 6 B2 ) DMSO
DMAC NMP H1 SO, {5 1 & ol =2 by 285
(7K AR AL 0. 45 wm (978 L FR I8 B L 0, 46
MrI B 1 J5 TMAH , TOC | TN | & & Al 1 [a] 7= )
TMA .DMA MMA ¥ JE /%) 48 46, [ B B ik 46 2ot
Wi CH, 1 CO, M= EM5 0L, 58 9¢ ik 4 FhILAE )
JBEX TMAH B gk (4 30 s

F2 B TMAH KRS
Tab.2 Composition of Simulated TMAH Wastewater

Hoy R/ (mg- L") Moy B/ (mg- L")
C,H,;NO 1 800 CaCl, -2H,0 2.4
(NH,),HPO, 20 FeSO, -7H,0 0.8
NH,Cl 20 CoCl, -6H,0 0.72
K,HPO, 12 NiCl, -6H,0 0.72
KH, PO, 7.2 MnS0, -4H,0 0.6
MgS0, - 7H,0 3.6 CuS0, -5H,0 0.2

1.3 SWS5IHERE

BARS IEOK TR AW 57 75 36 ) A e it
AR, TN, TOC B TOC/TN 43 4% ( Mulit N/C
3100, Jena Co, TE[E ) K0 >*" ; TMAH Fty o JE {d i 55
T, 1% 4% (1CS-1100, Thermo, USA ) #E 47 # "

TMAH B figt 179 TMA [DMA \MMA {14 % Ji fif Ff]
S 3% AL (GC 7890B, Agilent Technologies, 3%
[9) A A L CH, N CO, EFH e AR A i
J& AR 35X (GC9800, RAE, 1) #4740
B, SR ARG 25 ( GC9800, R AE, 116 ) Rk 73 ¥
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Fig. 2 Effects of Different Concentrations of DMSO on TMAH Degradation and Products
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Fig.3 Effects of Different Concentrations of NMP on TMAH Degradation and Products
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i, Z R AL R 74. 94% KN F] 75. 98% , TOC 2
B3R 77. 23%38 05 78. 28% [ 1 3(a) I 3(b) ],
WF5E2 0 F28 NMP (112 me/L) FEIR A S R T %
YRS, AR N-HE 3 T R, N-H & 5L T v
I A E A MUA A AL Rk T,
KB AT & TMAH F1 NMP i LA S
LA, T DL R FE LR A TOC 1 KB %A
Bahn. ikEAE NMP T B AEZE  100 me/L 35N
%2 000 mg/L, 2 & M) ¥ 468 N 75.98% A% &
25.99% ,TOC FEFR M 78. 28% 4K 5] 26. 53%,
BER] UL, #55 NMP VR (300 ~2 000 mg/1) T,
AT BB P IR B A () b 2, S22 TMAH 1 TOC Al
A LA TCHLE R 28 R 7 Ak 52 204 ] s i Bl
FEAE NMP (9 IR A8 il , 2 A e AL R A TOC B
RIKIR L RAR A, UL NMP A9 77 76 5% TMAH
MR = A A RIAVE . ELREE NMP ¥ B i 3
o, AR BRI

AL, 24 NMP ¥ 0 B, 7k FB TMA  DMA
HTMMA f 53 R B 43 5114 0.8. 50,27 90 me/L[ &
3(e) 1, iE =y A R E A X A k% NMP
) JoR R R B I 1 N 3] 500 mg/L, Hi 7K TMA ¥k J&E
SURIBEDT, NMP BT B A E] 2 000 me/L i, TMA
R BB Ik 252,75 me/L, Al 45 NMP
T TMA RYREfE, PEMSIHE TOC ZBEF T, [,
K AR 2] > 7 1 DMA F1 MMA , th it — 2
BSUET TMA PYREfRAZ 2906, X 5 2 A o
FEAR—EL,

4 NMP Jiz & ik BE N 0 34 2] 100 me/L A,
CH, B/~ &/ 13.46 mL Mm% 14. 77 mL, CO, /=
ST B E 3(d) ], AR Rl KR
ZE NMP RESE A6 v ] 7= 0 B FA R > 8 FH i ]
Wik — B AR L, A TR CH, FI CO,.,
I, D& NMP (100 mg/L) F7 7RIS Al DLW 2] <
IR, (H 24 NMP Ji e B B8 i 100 me/LL A, Fifi
# NMP ¥R IN, CH, Fl CO, F= S B i FEAR,
2 NMP ¥ JEH %] 2 000 mg/L i, CH, Fl CO, 7
K E 3.42 mL F1 0. 31 mL, FH] NMP (FE7E ST
il TMAH F¥ fi# i #2  CH, F1 CO, B9~ £, Loh
LEROVRHE NMP (106 mg/L) 1 fE 500 176 1475 Jé i
A A B e R A AR, AT B0E A
=R,
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2.3 DMAC *t TMAH BRI S0H

J T AR DMAC X TMAH FAf# ()52 00 | 76N [H]
DMAC &% (0,50,100.300,500,1 000 mg/L)
THATH UG, K 4 B/R T DMAC XF 52 I &%
TMAH B R AL i =P i L B < i
R

KM DMAC i}, Hi7K TMAH e R 160. 99
mg/L, A HLE R B 7K 1 276. 92 mg/L 544k
A 252. 83 mg/L [ A, TMAH BRF M A1k
Ay B R 95.40% F 91.34%, TOC 2 & % K
94. 69% , i Y Z A A H TMAH K al =4 rh
A PILE TR [ B 4(a) B 4(b)], BiE
DMAC FEH R EM 0 #2555 %] 1 000 mg/L, TMAH 2%
B TOC 2 Bk % A4 AU AL R 4R 7 7F 88.90% ~
95. 40% ,92. 78% ~ 94. 69% 1 88. 35% ~91.30% , i%
FH] DMAC #eJE X TMAH 223 FLa 2 AL C ) B
SN, BIFSE Y SR AR R A W R 4 R, DMAC
FIBEREARR SRR A, & 4(a) (Bl 4(b) W]
HI,DMAC Ji ¥k M 0 #2755 %] 1 000 mg/L i,
TMAH % Br R M A A b B 4e ke, &9 T
DMAC 7EDRE I # N & A T A YR i 4 58r
LA AL AL

AN[A] DMAC ¥ BE A6 BE R, M K rb 5 R 4G
TMA 5% 5, 2B TMAH R fif i f2 b = 25 1) TMA £
AIBE 5 A B A%, DMAC ¥R B2 XT TMA [ fif TG W 1 5%
M, DMA FI MMA [t it ik B SR A R o, IR He e
12.00~14. 00 mg/L F1 11.00~17.00 mg/L, %% R
DMAC Xf TMAH FH: ] 74 (R e JLP- Tesmm

Bl DMAC By 0 #2555 1 000 meg/L,
CH, 77 it M\ 3. 46 mL 34/ 12. 26 mL, H T DMAC
() DGR R 1) 2B il 2 R B, T TR AR AR IR SR % T
YA CH, kG R R RS R T CH, 7R
HYEGI,
2.4 WREEEX TMAH XBRAZI

F 7T R, SR R AR FE ML A7 AE T AE TR
—IRENRZR BT B R h 340 J P 2 5 7 R ot TR 5 4 I
Yy, HXH R RE 500k, Sarti 25 2 R AT
SR LA IE T Sk itk Y A 3 o A R AL TR R I
K, K Bk K SOT B M E MG 1 000 mg/L,
COD,/SO% <4 B}, CH, M)A 3z 23, BLoh, i
PR R 1530 I A U Bt A ) RE A% 422 10T O 2 375 200 i J i
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Fig. 4 Effects of Different Concentrations of DMAC on TMAH Degradation and Products

AR, X 7 B g 8 A At DR 4 40 B L4 e A
BEHFEIEM, AR 8 fm vk RS B2 0,100,
300,500 .1 000.2 000 mg/L (1) SO FEATIRE:, HF 5T
TORTR He BE Y SOY XF TMAH [ fift = 72 4 5% Wil
SO XN A TMAH KBk & A 5L i =4
H L B P S S I 5 R

e 5(a) B 5(b) FiR, BiE SO ik i
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