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[FE ] VA0 TET W S 52 TR 7K I 3 895 e B 432 DU AR R S04 B CTMAHD) L 3R BIL A LA 5 e R o 28 3 1
K FH T3 2R S0 75 U6 R (UASB) X 52 BR 5 52 W% K 3R AT ol AL 38, 25 48 7 AS ) Ak 38 47 4 T A9 TOC Ak 3 AKCR DA K AT
MUAE R ALk R . S5 R E 0k K TMAH R % 4 2 070~8 900 me/L i, 48 UASB AR5 , /K TMAH Ji i ¥k JiF
T 0.5 mg/L, TOC £ B RARFFLE 96.4% LA I s UASB AL AEAT 5% 2= bk 2 52 WK 7K 1P AY TMAH, 38 0] I [ A8 11 /K AT
HLPIH B 3 UASB 7E = #E 7K TMAH e B T 00 N AR AR AR e 18 47 , 45 48 T /& 3l L X TMAH PR B . Foe is
ﬁ%ﬁl‘m UASB 1] 44 93%~97% A ML A 5% AL R L EAL, KR REAR L B2 Wt A R TR SLab #1203 — 25 i
o WFFEIE &I, AL TOC TR 3R N 1.57~1.81 m*/kg, IR CH, 5 CO, MM L 29 3.26, AR hik ik o6 1 42
BATHRH(RAFERZ )y 13.22 70/m’, J& SL TR 52 B 00 ] 3 5 1] FVA Ak — 25 BRAR I K AL ¥ R G235 47 3% 1 -
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Pilot scale study on the treatment of developer

wastewater by UASB
XTAO Fan
(Shanghai Dongzhen Environment Protection Engineering & Technology Co., Ltd., Shanghai 201203, China )

Abstract: Tetramethylammonium hydroxide (TMAH) is the major component of liquid crystal display developer
wastewater, which is a corrosive alkaline and neuronal toxic organic compound. The up-flow anaerobic sludge blan-
ket(UASB) was applied to treat the developer wastewater in pilot scale. The TOC removal and nitrogen transforma-
tion effect were investigated under different influent loads. The results indicated that when the influent TMAH mass
concentration was 2 070-8 900 mg/L, the effluent TMAH mass concentration was lower than 0.5 mg/L after UASB
treatment, and the TOC removal rate remained above 96.4%. Thus, UASB could not only effectively remove TMAH
from developer wastewater, but also greatly reduce the concentration of organic matter in effluent. UASB could still
run stably for a long time under the condition of high influent TMAH concentration , due to the continuous dilution of
TMAH by its high reflux ratio. During stable operating period, the UASB could convert 93%-97% of organic nitro-
gen into inorganic ammonia nitrogen, greatly reducing the toxicity of waste developer, which was conducive to fur-
ther nitrogen removal in subsequent treatment process. It was also found that biogas production rate of per TOC
reached 1.57-1.81 m*/kg, and the volume ratio of CH, and CO, was around 3.26. The direct operating cost including
power consumption and reagent of this pilot test was 13.22 yuan/m’, and the subsequent engineering practice could
further reduce the operating cost of the wastewater treatment system through the reuse of biogas.

Key words: UASB ;developer wastewater; TMAH
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B L. UASB 4 32 i f WAL B % R K KA &

IERZ3/ IR

A AF 5 SR 4R A0 T Ak i 1R k4 Ak L Bl
KA B ) UG K AR AR A U R B 4G A B T
B2 S 4y e %) TMAH 3R 47 b B, {H 3¢ 26 )5
T B 3 E BB FE R BT K RN A T 20 A T
R ME DL T AR I o 387 WA T AR T iR R
BWHEE T N K 5 A LK KA IF AT
R 84 R (A0) HE AR Ak B {H 38 47 0 B e &k B,
TMAH 2= #0 il 45 %0 A A6 /R, 5 801 7K NH,-N 5
TN Rikfr . Yiju WU S0 55 K B, 24 4 58 D7 4%
Fi TMAH F) 5 5 4 8 3 550 me/L B, il £k 5z 7 B
2R IR, FLE S B[R] Bl TM A H ¥ B2 5 1 2E K
A7 WF 5T 45 H TMAH RE Bl DR 48000 W e ™, %
it P ) 7 ) 4 4 = F e Ve N e e TR ) S
NH," .CH, F1 CO,. Juan LU %" % ] ¢ 41t 28 v 3 R
A8 N #4304 BE TMAH JR 9 9 1 000 mg/L i)
48 9 7K A1 S2 B % 7K, TMAH #4 BE7E 24 h 9 JLF- %
52 4= [

Mgty /b T4 REA T2 HA 4k
B YL el BE i B I AR D CR] A TR AR TR S AR
Ao TR AR A5 V8 K (UASB) & B B T2 vh
N L AR — b iR UK SRR W OB A AR 58 R
UASB X 5 b 8 5% W0 % 7K 1E A7 A B, 2% 5% ) B i %o

JE K TMAH 8 2 50 %505 1R NE 7 ) A I L, DA
W1k B W R K AL B T AR SRR S
1 MBEFE
1.1 BHEREK

TR 56 R K B A v i X Y TR TR R
A E o T S R VAT IR R T pH R B T
b3 5B W B G 2 FRRE DT TE K T A
e K i B 2= — R BN [ TMAH #e JE (i B He o 2~
45) LK ,E R UASB IR 360 e B HF /K o % b 52 WA
TR e E P KK B LR 1.

K1 EBEHRSUASBH kKR

Table 1 Water characters of waste developer and UASB influent
US| R A5 K
TMAH/( mg-Lfl) 16 790~19 800 410~8 900
TOC/(mg-L™") 8 500~10 200 216~4 695
TN/(mg-L™") 2 609~3 026 63~1 340
NHS—N/(mg-L_l) — —
pH 13.2~13.8 7.0~7.5

1.2 HilEE

i e B IR K AR L HE KA IR AR K A
UASB I 4§ P R 5 K BHkE AR VB S
VAt O B BN A A%, T2 R LA 1

SR - e
AR
UASB
A %7 5
%
A N 1
e ; !
h = ETTES Y
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RAR  BAR prewpkw T
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Fig. 1 Pilot scale reactor flow

B 24 h B S AT, JFKFE &8 2 000 L,
HEIK A 2SR 400 L, i /K N A IR (3 kW)
X PREAK AT I, P UASB KUV A NI E R 37~38 “C.
PRAAGE KR (BY100-3), 22 4% Ui 5 5% ) i i 10.4 L/h,
N A % (BN1-6L, Seepex B2 FF % ) it 7 & 620 L/h.

UASB W 2§54 0.4 mx0.4 mx3 m, AR 7 FL400 L,
HRT 2y 38.5 h, S i I #R A 28 FLAE A K e, BRI
A =My Es A K . UASB S0 #% A0 k7K A8 (1
T AN HMEECR IR o SO A AKCHE 28 K 3
o RERR A MIBRL =M B8 B a5 AK
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B, LR B (LMF-1, Jb 5 & A28 ) T
JEHER B EANRA . BT A KB 1 mLE IR,
B WL T M 12 ¢/L KH,PO,.0.5 g/L. ZnSO,-7H,0
0.6 g/L. MnSO0,-4H,0. 0.7 g/L. CoCl,-6H,0. 0.2 g/L
(NH,) Mo,0,,-4H,0 1.2 g/L. FeSO,-7H,0.0.2 g/L. CuSO,-
5H,0.2.4 g/L. CaCl,-2H,0.

13 REEZHERFRA

TR I A5 PR H 3% TR K ok A Ak T VR vk G
Mo RS AR A IR S DI A R T S
izt

TE S 3h Ak ], 4k 5 UASB 3#E /K i TMAH Jfi &
W B2 h 250~400 mg/L, I 4%/ 1 000~1 200 mg/L i %j
Wl 5 SN 7% HE S22 4T 18 d i, AR B /K B A TS
SOMLE WAk E AT 15 dJE L R I B R Y K
NH,-N ] & F+ &, B K p(NH,=N) /p(TN) K F 0.8,
RN B B i N TG U E 58 AR A R e A R i
TMAH B 911k .

TEG 7 482 TF ), #% 20%~30% I8 % A iR
UASB #F 7K i TMAH ¥ B, 5] I 328 25 [ I 2 1 45
It 78 #E K TMAH 5t & 9 B2 35 51 1 000 mg/L A 5
WA A . BN e AR A KR T AL R s AT
3~5d, LAFE 4T 29 60 do WA I 2 N A E K
TMAH . TOC NH,-N TN .COD .pH %485 , & H iC 3%
AR, YA K p(NH,-N)/p(TN) K F 0.8
Je B e AR — A~ K B T T 0

M HE K TMAH 5t & ¥ B2 35 2 8 900 mg/L J5 ,
UASB 2 W ¢ i A Fo g 38 47 W, 76 L i K ik B T 32
FT29°45 do W8] B2 0 #% N 15 U8 5 6 ik B R 13 800~
15 350 mg/L,SV,, N 76%~82% , 15 e #& J 52 d.,

1.4 SDHFHE

NH,~N . TN .COD .pH . MLSS %545 b7 i 23 B 42 [ 52
B AfE 7 35 AT . TOC R TOC I 52 A3 (Multi N/C
3100, Jena Co., Germany)%jmﬂ o TMAH ¥k FF % H &+
{75 (1CS-1100, Thermo, USA)JISE , (i H: 4 CS12A,
KR D 4 mmx250 mm , #3530 °C, k3% I H i R
(MSA,20 mmol/L) , it # 24 1 mL/min, #F 4% &5 14 LK
25 L, Fo & ML R I 2% o o i) g = W e P R
FH g 1 e R FH AR s i G U , €535 43 CP—Volamine
(CP7447,30 mx0.32 mm) , #EFE TR BE 250 °C; HE3 5E
TE 40 “CHE+HF 3 min, LA 10 °C/min )3 45 B TR 2
280 °C ; FID A6 I % 7 5 4 300 °C, 403t L oM 10 15 EFE
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EFUCR 2 L, ZA AR, i 20 mL/min; BN
SR, T E N 40 mL/min; BPER SR 25 R, i R 300
mL/min,

T CH, A B FL L HLS MR R S AR G T4
(TY-6000, 2K &)l , CO, MR LR HLLAMNR 43
AL (TH=-3010E, 7 £ 45380 il 2 , NH, Fl CO ¥ B i K
W 531 2 B B8 2 ORI S I 4 B R
6B ) (H) 533—2009) ¢ [ 2 15 Y R R — &
ARk B I 5E 72 LA H 7 ) (H 973—2018) #0147 -

2 HR5WiE

2.1 TMAHETOCEBRHE
B fuf 2 T 40) 18] , UASB J2 b #% 3 432 17 T 50 A%
HEH K TMAH 1 TOC M JE L% 2,

K2 UASBHHKTMAHFTOCRERE

Table 2 TMAH and TOC mass concentration of
UASB influent and effluent

T K TM}?H/ ok 'l‘Mf]\H/ K TQ]C/ K 'l‘Ql(Z/

(mg-L7") (mg-L™") (mg-L7™") (mg-L™")
Tl 2070 0.416 1046.2 37.2
T2 2750 ND 1408.3 48.1
T3 3 460 0.385 1754.9 46.3
T4 4320 0.392 2256.1 44.7
TS 5020 ND 2538.7 85.8
I3 6 5998 0.432 31458 95.5
TH7 6 409 ND 3301.3 101.3
T 8 8 900 0.478 4380.8 102.4

W ND—AKG .

20 UL, fE E K TMAH Ji &4 o 2 070~
8 900 mg/L A} , 28 KA A= AL ) I 5, S 5 W 7K Hh i
TMAH JL °F #% 5 4 2% B ; 76 UASB # /K TOC Wy
1 046.2~4 380.8 mg/L it} , i /K TOC 2 37.2~102.4
mg/L, TOC 2 B R ¥ 8 F 96.4% , Horp 4 i /K TMAH
JoT H v O 8 900 mg/L B, TOC 25 B 8 ] 3K 97.7%
5 WK K 42 UASB AL B, A AL TMAH 85 7 5% %
B, K b L v B L R IR I, A, E UASB
IV 0 fr 42 TH I IE] , TOC Ak B £ £ Bl #E /K TMAH
e BE B T 2 W R (B 2) o 2R A 7E K
TMAH i & % % 8 8 900 mg/L 1 T. 10 F 4 i€ iz 17
I, TOC b FR A7 fif 755 3% 2.73 kg/(m®-d) .

T. H. HU %51 R F #8008 56 % 58 17 A W) ) 4R
TMAH & 5 % IR 50T 16 R A 136 1k s i), 45 SR 6
M0 4 TMAH J5 4 B 1 500~3 000 mg/L FF & &
4 500 mg/L LA LB, PR AR 75 8 XF TMAH [ B fif 3 2R
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HL.UASBAER ZEREHBREXKFRALX

i S o B T
(9] (=] W =3 W (=
T T T T T 1

TOCKH fi1 41 /(kg-m=.d™")

0

QDL DD O DD DS
SN Nl
K TMAHJG 9K & /(mg- L)

2 G RFHAE TOC 4 22 £ 7
Fig.2 TOC loading rate during load increase period

H 7.1~9.5 mg/(g-h) KIEREAL %2 0.5 mg/(g-h) LL T,
R 5 Tk B TMAH 23 X DR 48075 U B At 1 1 7= 2 3l
1M1 A< 5 1 UASB S b i 75 i 7K TMAH J5T 2 Vi i
8 900 mg/L T T A5 RE K W f& a2 48 47 , I A WL 42 2|
IR B80T 0 4 ik 0 1 A7 1) B S B L 3R] e S AR X R
K FH (9 UASB J I 2% 3 A WA A 56 . 38 78
L g 15 Y8 BT DR = AH 20 B X (R R AR B A R
V& 7K TR A V00 2o 1 20 25 101 9 28 i A8 i K DX, 1T DA
AL 48 UASB Hi5 6 5 K IR & A 857 VA I 5 %2 it
TR BE b i R, AR RS PN (e e S KR
il 60 1, R FH R B ) I3 ORI A 1 K e
We B TMAH AS B afF 47 B, o7 BRAIKE K TMAH ¥ &
XoF DR B80T 06 5 TR, 184 5 2 IV 45 6T 1 7K 7K 5 A2 £k DA
Ko B3R 0T A 35 N B8 ), DRI R I A AT AR AZ 8K
() HEZK TMAH ¥ JE .
2.2 #HAKATNENH,-NTL

TEUASB J i i £ 42 F+ 93 8], #F 7K TMAH 5T
WK E H 410 mg/L & L2+ % 8 900 mg/L, £ TMAH
PEIK W BE T80 T UASB #F i 7K TN 5 i 7K NH,-N i
JFE R AR Ak L E] 3

1400 [ —o HE/KTN
. = HHKTN
—+— 11 7KNH,-N

0
OSSN EFRNIEN AN NG AN PN SN NN
RS RSO PN AT AN ASMN PANPARPN S SAN
AR N S A O AN
HEKTMAH R &9 5 /(mg-L™")
B3 R FHHIE UASB # HH 7k TN 5 H 7k NH,-N
Fig. 3 TN and NH;~N concentrations of UASB influent and ef-
fluent during load increase period

H &3 ], B #E 7K TMAH Bt ik B8 S W 42 1w
tH 7K NH,—N Fl TN J51 52 v B2 o A W i, 4 00 i
7K p(NH,=N)/p(TN) #J K F 0.8, 156 B 7K e 3 80%
A PRGN 2740 NH,-N, 534h, UASB
SN #5 AE #E 7K TMAH Jit it Bk 8 900 mg/L T4 T A2
FEIBATI , H 7K NH,=N Ji 52 4% J32 e = 15 31 1 260 mg/L,
p(NH,~N)/p(TN) 5 5  0.97(F% 3) , F W] UASB F i #%
TERE M TMAH (4 [7] i, K h A HLAE & 4 LF- 4238
ZE@ A N R T NH,-N.

*®3 BEEBTHUASBEHKTN 5 NH,-N

Table 3 TN and NH;=N concentrations of UASB influent and
effluent during stable operation period

i H K K
TN/(mg-L™") 1305~1370 1220~1 280
NH,-N/(mg-L™") — 1165~1 260
p(NH,-N)/p(TN) 0 0.93~0.97

Wt A R B, A& TMAH FEK e BE T F K2 v
A XF K TN 1 £ BRF N 4.5%~17.3% , TN 1] fig & 18
o S e DR SR A 4 A K B A R TR AR AR FH B
F Bk JRAE UASB T2 A HENG B B W 1 TN A
R B R RENE TMAH Hh (9 BIL SR8 4 5% 4k ok
PLAS AL, R R AR R 2 i d A R TR 2k
W T A — L A
2.3 #HHKCODHTHK

i far 2 F+ W 8], UASB [ N 25§ 76 38 4> TMAH F
KU BE T 00T Bk H K coD an i 4 Fir i .

400 g gtk
350 - m JREHIK
300

T, 250

on

£ 200

a

1200 1630 3460 4320 4720 5500 6480 8900
HEKTMAHR &K &/ (mg-L™)

4 fHTTIRFHEAE UASB #E H 7k COD

Fig. 4 COD of UASB influent and effluent during
load increase period

E4 5 F00 464 TMAH KB T T,
UASB H 7K COD ¥ F 3t K 5 H B & #F /K TMAH Jit
Wk RS, UASB 7k COD AR W T+ & . 7
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K TMAH J & ¥ 0 8 900 mg/L (1 T30 T, #E /K
COD 4 236 mg/L, i /K COD & 379 mg/L. 1 F
TMAH A HE#E K,Cr,0, 46" K Hh i COD A g
W2 S 52 W T A L B S R v R DL O D A ) 2 K
COD A% .

Bing LIU %" B 55 26 W1, TMAH R 48 1% fif 1] n]
A FY 38 IR A0 7 B BE B, TMAH IR AU PP 3Ll R 11
whE] ) S = W e W e TR e R B ) e
NH," .CH, 1 CO,, B AR ALEE 120 (1)~ (5) .

(CH,) ,NOH—>(CH,) ,N+CH,0H (1)
(CH,),N+H,0——>(CH,),NH+CH,0H (2)
(CH,),NH+H,0——>CH,NH,+CH,0H (3)
CH,NH,+2H,0——>CH,0H+NH,"+0H" (4)

4CH,0H—>3CH,+C0,+2H,0 (5)

Rk B2 i, B X UASB 7 iy 32 A [\ i 47
T H K = R e T e R e 1 v R R AT T
R, 25 /WK 4, Kty TH T KD EH—
SE VR B I — R e O R R L X Juan LU S
AR IR 45 AR R . UASB i K R 45 cOD E % iy
3X 3 e a] 7 R

F4 UASBHAK=ZHE._HRERMAPERRERE

Table 4 TMA,DMA and MMA mass concentrations
of UASB effluent

T HKTMAHZ Y — T/
(mg-L7") (mg-L7") (mg-L7") (mg-L7")

TH 1 2070 1.56 45.95 10.25
T2 2750 2.52 38.62 12.77
T3 3460 0.84 26.36 18.55
T4 4320 3.05 33.57 15.48
T.H%5 5020 1.08 40.96 8.32

TH6 5998 2.38 37.84 8.12

T 7 6 409 2.22 43.95 14.35
T8 8 900 1.05 50.24 12.76

24 BEERER

i far 42 THI (8], UASB S0 2 78 <0 A 1 0L A
5(a). M4l UASB #E /K TOC ¥ B & W H Ab 28 &
PLRBAH A, Al RS TR A R 4
W 5(b) .

WA S5Ca) 7R, UASB Jz b 7 G faf 42 FHBI 1] 1 S
7 A B R K TMAH T it ik B SR T i T . I
;g 7E #E 7K TMAH Jit 3 4 B hy 8 900 mg/L 1) -4 T A2
JEBATHE A E R R AT ik 1860 Lid. B 5(b) %X
P F T, M E K TMAH ST & 4 % 0 680~1 200 mg/L I,
FAL TOC B 3K 1.23~1.37 mi/kg; 247K TMAH
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ooy iR
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E5 HmERAHEUASBESFER (a) RIBSFE(D)
Fig. 5 Biogas production (a) and biogas production rate (b) of
UASB during load increase period
J R U B v 2 1 420~8 900 mg/L I, B4 TOC VB,
FEARTF R R 1.57~1.81 mikg, WX (1)~K(5)iHE
H A TMAH B 507 TOC FRIS TR SR N 1.87 m/kg, 5

TR TP A 1 25 S

FEUASB J N i Fa 2 32 17 W13 X B SO 4 #F A7
TR S5 R, TMAH RS R A A A A
A3 & CH, R CO,, & A b i NH, fil /> i H,S. 78
SR A NH, ) RE & TMAH R 48 % i A= i i 38 4
NH, H W AHIE RS =AM T8k tbsh 5015 B A
o CH, AT CO, iR B ol 3.26, 530 (5) IS (A 3
LIk 3 i
25 BITEASH

H 3R 50 0 B P, UASB S #§ 328 7K T 44 L
4 16.83 kW -h/m*, Z 4& F+ L AE K 5.29 kW -h/m’, &b
BEE K I HLUFE A 1T 22,12 kW -h/m®, T2 L 4
0.50 JG/(kW +h) 3, Wl J& 7K &b B e FE 2% 4 11.06
JG/m’ Jy i Ee ) AR A A AR R LA A AL B SR
G R K AL B3] B I 2.16 JC/m® . H % BAT
P (BAEMZEH]) N 13.2250/m’, T2 52 i b Al i
ok 5 P R e TH AT I A B R UASB B A A 7K
AT BEAE , DA T B AR IR 7K Ak B R B is A7 2% 1
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B AL.UASBAEH G HEN L P REKFRTFR

3 it

(1)K FH UASB X W & 187 A b 52 W 7K #E 47 v
Ak FEAF 5%, UASB fB A7 20 25 B B 52 W% K i
TMAH, I8 5 7K o i A HLAR K 4 7% A6 NH-N
7E #F 7K TMAH [T & ¥ £ 5 8 900 mg/L. TOC K
4 380.8 mg/L. TN Jy 1 370 mg/L i, 1 7k TMAH i &
W JE AR T 0.5 mg/L, TOC £ BR R E ik 97.7%, H K h
TN 4k NH,—N 19 it 2 53 50298 939%~97% o

(2) 900 fi T A Sk 5% 90 IR /K IR 48 A i i T /< R
H1.57~1.81 m/kg, B <MY 3= 22 % 43 J& CH, FI CO,,
P R E R 3.26,

(3) 90 5 T M 8 B A 1 UK 22 UASB AL 3L, H 7k
HATL S A K NH,-N, AR AR 0 1 4 a2 o e 45
T2 — A P R

5% ik
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