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daFge 1¥E #714 d4e Toluidine Sulfonic Acid(TSA) 54749 34xzs A}
TSA F4Ag2t 3344 s T8 FES A= AgL dsial

TSA #4159 33 Ael= pH7} 6,5% i W“%nl-hv 300mg/ { ?—%Li oF 40%9 COD A7
35 Jeplsicl, TSA FAAe 3¢5 dHEY Fdsslx e Mt A3, F7A
86417k o4k, F/ M| 0, 074 kgBOD/ kgMLSS/ day o|sloll4] 68% % 88% ol4+e] COD % BOD A
AGS dglon, o] AFzAdA FHEA A4, k, K, Y, Ko 258 27 0,174-0, 453 day~*, 68, 8
-152.6mg/ I, 0.445-0,653 % 0,0022-0, 0075 day~'2] Hl 2 viebscl,

Abstract— An laboratory-scale experiment was carried out to determine the characteristics and treatability of tol-
uidine sulfonic acid (TSA) process wastewater and combined wastewater in a dye plant.

Chemical treatment with aluminium sulfate, 300 mg// at pH 6.5 showed about 40% COD removal efficiency. With
a completely-mixed-activated-sludge (CMAS) unit, the removal efficiencies of BODs and COD were achieved more than
88% and 66%, respectively, at aeration time longer than 86 hours, that corresponded to the F/M ratio below 0.074
kgBOD/kgMLSS/day.

Design parameters, such as k, K, Y and K, applied to CMAS mathematical equations were found as the range of
0.174-0.452 day-!, 68.8-152.6 mg//, 0.445-0.653 and 0.0022-0.0075 day~!, respectively.
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Table 1. Wastewater characteristics.

Item TSA Composite?

A B C
BODs, mg/! 2,550 301 210 97
COD¢r, mg/! 9,120 1,073 864 537
CODp, mg/! 4,950 583 390 188
TSS, mg/! 370 220 206 65
PO4-p, mg/! 0.87 0.61 0.54 0.21
NH¢N, mg/! 0.08 0.04 0.02 -
pH 137~ 5.61 6.47 7.2

4: Composite A =TSA process waste: total mill
waste = 1:40 (total mill waste does not include
TSA process waste)

Composite B = Mill waste including TSA process
waste

Composite C = Mill waste including TSA process
waste pretreated with alum
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Fig. 1. Schematic diagram of experimental ap-
paratus of continuous type reactor.

1. Raw wastewater storage tank

2. Refrigerator 7. Thermostat
3. Micro tube pump 8. Aeration zone
4. Bioreactor 9. Setting zone
5. Effluent storage tank 10. Baffle

6. Blower 11. Diffuser
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Fig. 2. Neutralization of wastewater using
NaOH or Ca(OH), with 2mg/l polymer
(Raw w/w: For NaOH case (e,0), pH=1.6,
CODwmy, = 4,838mg/l, CODc, = 7,982mg/l,
SS=420mg/ /; for Ca(OH); case (a, ), pH =
1.0, CODppn =4,900mg/l, COD¢, = 16,500mg/,
SS=360mg/l).
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Fig. 3. Chemical coagulation of wastewater us-
ing aluminium sulfate or ferric chloride
with 2mg/l polymer.
(Raw w/w: For aluminium sulfate (®,0),
pH=1.7, CODMn=5,393m/g/, COD¢,=
6,224mg/l, SS=418mg/l; for ferric chloride
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Fig. 4. COD removal versus pH change at fixed
aluminium sulfate dosage.
(Raw w/w: pH = 1.5, CODpp = 4,875mgy)).
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Table 2. Summary of operating results (experiment A).
Type of waste t Influent Effluent MLSS F/M Remarks
TCOD SCOD TBOD TCOD SCOD SBOD
200 48 2,913 2,430 - 1,720 1,359 - 2,684 — Aeration-
72 2,880 2,433 - 1,647 1,301 - 2,611 — Only
96 2,862 2,490 - 1,782 1,294 - 2,512 — CMAS
120 2,870 2,467 — 1,551 1,225 - 2,480 -
400 48 1,471 1,220 — 642 563 - 1,794 — Aeration-
72 1,350 1,184 — 604 471 - 1,225 — Only
96 1,350 1,173 — 530 413 - 1,024 — CMAS
120 1,452 1,261 — 525 391 — 922 —
600 36 835 701 451 470 357 86 1,501 0.20 Return
48 840 703 428 424 276 63 1,391 0.154 Sludge
72 850 701 446 366 218 46 1,390 0.107 CMAS
96 838 714 452 291 189 36 1,340 0.084
600* 36 560 489 290 345 316 74 2,400 0.081 Return
48 560 489 290 336 277 68 2,100 0.069 Sludge
60 560 489 290 298 248 55 1,870 0.062 CMAS
84 560 489 290 242 189 34 1,550 0.53

Note: t = aeration time (hr),

F/M = grBOD/gr MLSS/day
* = TSA process waste pretreated with coagulant. All units, mg// where applicable. COD = CODyy,
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Table 3. Summary of operation results (experiment B).
Type of waste t Influent Effluent MLSS F/M Remarks
TCOD SCOD TBOD TCOD SCOD SBOD
Composite A 18 580 478 301 417 350 82 2,190 0.183
24 586 489 310 397 321 71 1,936  0.160 Return
48 576 481 298 306 231 36 1,654 0.090 Sludge
72 583 481 301 245 188 25 1,579 0.064 CMAS
96 583 482 301 212 169 20 1,542 0.049
Composite B 12 390 332 210 224 181 40 2,168 0.194
24 386 321 220 189 160 32 1,620 0.136 Return
48 386 317 202 179 145 25 1,130 0.089 Sludge
72 390 318 208 170 121 21 850 0.082 CMAS
96 390 318 208 166 116 19 760 0.068
Composite C 12 188 172 97 140 122 24 1,394 0.139 Return
24 189 171 99 131 106 19 1,211 0.082 Sludge
40 187 174 97 116 94 16 1,200  0.049 CMAS
51 188 171 97 100 87 14 1,024  0.045
Note: t = aeration time (hr)
F/M = grBOD/gr MLSS/day
COD = CODpy
All units, mg/! where applicable
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Fig. 6. SCOD removal efficiency vs. aeration
time (experiment B).
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AAE BOD H7gelt ZA d8e Fx Fht
o, F/ M1 0.1 ol el B/ Mole 2ol whet
A g g4 ol g o 4
wpeba] Tatalelel 2 F/ Mol 0.1 olahz. €2
]

e 7o)l BOD AAES ¥4 X £ Ues o

HWAHAK KONGHAK Vol. 26, No. 2, April 1988



218 FE-olT - R F - £ T

, SAAes} k" ASE F/MEE 100
L g5k elE BOD A7 §-2 85% 04 Inf. T8OD
59 TSA BRSS9 Fol e PR
F/ Mu]9] tﬂﬁ}oil BOD #AEL & ¥Wshs: dolFn 80 I 0 So =582 mg/l: A
2 BOD #717F F/ Mule] jo]uche £v]4]7k3} 2 4 So=390 mg/l: B
A7t oli Aoz Azl ® So= 188 mell: C

3-2-1-3, FEF+4Wel SCOD % SBOD Hln_

A4 Mejgd AAA] F&4H09 SCOD % SBODE
o Abel7] 9lsted 7 foldel wEE fE4d AL
Fig, 99} 100 vebHSict, =14 59 CODell hdt
% SCOD%E 29 Fig, %l vield wie} Zo] {4
TCOD7} 528-841mg/ | HSoll 4= F7]4]7F 8047k
o] Aol 4] 200mg/ ! ©l8tY SCODE 7Idfs 471 4L
onf, SAalAz|e] AAe]7} ks 2 F7) A7k
4] 80-140mg/ ! H‘«H SCOD7} sl 4=l olch, ubepa
= "EJEH*L o] AS " A d o
3]-2-7}59l COD 150mg/! o|glz 3d}7] HaliA& =] 0 \ . , . .
AA CODE g 32 A/ g Frlstodop & Ho 0 20 40 60 80 100 120
2 Atgsedr, 22y SBODe #A$-& 7 compos- Aeration time, hr
iteol] ZHAIglo] 80417} ©]4 Z7|4]7k4] SBOD 40 Fig. 10. Effluent SBOD vs. aeration time.
mg/ [ °l5lZ. M|RE Hof T

i
[o2)
o

T

Ju

Ho

[
Effluent SBOD, mg/!/
>~
o
T

20 -

3-2-2, HEEH AF 4F compositeoll 4 7] &2 AHeat Lallsag nel o
3| o8& Zeld TSA FHo5e S 7 3] 74347] Hsted w2 W F+E49 BODel| 71&
400 dto] bg2W £ElA WS meddt B A
Inf. TCOD TE % e AE olddted FEE Algs, &
350 Oz=§‘é(1) mgxi i;‘: Ho 718 A A= (k), MichaelissMenten AHF
B AN = mg/i: o A
C So=582mg/l: A (Ks)v UI%}? ACJ) i 74]/_ (Y) U] 1“11 7'1 (Kd)
AS,=39mg/l: B % 1hEsksdci20-22]
300 ® S;=188mg/l: C X-8 K 1 1
=8, = -
= S-S k S + k ()
g
250
- 1 S,~S
a — =Y. =
g =Y oK, (2)
L 2001 A (1) o]&3led Fig, 11014 78 k o K= 7
g
o
a 150+ 30
" 20 | /
100t | g O composite A
< oS 1 composite B
10 2 composite C
50 - ® 600% dil.
0 ® 600%" dil.
0 | 1 1 L L 0 001002 003004 005006 007008009
0 20 40 60 80 100 120 VS
Aeration time, hr Fig. 11. Graphical analysis of kinetic data for k
Fig. 9. Effluent SCOD vs. aeration time. and K,.

31t Bt H263 HI2E 1988 4%



e
>

CEEE DI S

Table 4. Calculated k and K, values.

EAL FAdAG2 89 A5 A 219

Table 5. Calculated Y and k, values.

Type of w/w Calculated value Remarks Type of w/w Calculated values Remarks
k(day 1) K(mg/) Ka(day—1) Y

600% dilution(TSA) 0.250 92.0 Operating 600% dilution  0.0075 0.445 Operating

600% dilution*(TSA) 0.174 68.8 temperature, 600% dilution*  0.0044 0.471 temperature,

Composite A 0416 138.7 22 1°C where Composite A 0.0044 0.571 22 * 1°C where

Composite B 0.452 152.6 applicable Composite B 0.0044 0.625 applicable

Composite C 0.286 794 Composite C 0.0022 0.653

* TSA process waste pretreated with chemical coagu-
lant
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o FAn dATE o 5 U
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-0.653, 0.0022-0,0075day #5912 Y@ AE
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Fig. 12. Graphical analysis of kinetic data for K,

and Y.

* TSA process waste pretreated with chemical coagu-
lant

FAH 49 K2k 0.0015-0. 0083 day— 'z} ®]s=gF 7k
ol
o

4' 7Eﬂ %

Toluidine sulfonic acid (TSA) +&#4 %
FAA 5 TS T8 S 3
Fobd Al AdES 3 Ay g e HE

ol
AN

1. aereAAeiA] dsazdect sapdalgE A}

S¢S ol COD A7AEe] wom, dAldvlge 3¢
5 Jeko] 300mg/ 1Y = COD A|AE
A

pH7} 6,507 53
& 40% A== vehde,
2. BALeA AHelold 27147 86412k o4, F/

M1 0,074 kgBOD/ kgMLSS/ day °lsol 4], BOD
3l COD AAGL 77k 88%, 66% ol 4roleich,

3. TSA &A4A+E 3dAesle F¥ivke 5%
w9} Egfstol Hed Wizl {7]F AlASEA} 200
;ﬂ_t;__ 57}5 o:)

L TSA BAA4E 6o AL SISl o
@ 4B AA B ALE 42T 2
ki 0,174-0, 452day™", K& 68.8-152.6mg/ [, Y
£ 0,445:0,653, K= 0,0022-0,0075day~ 491

ALA] XJEW AAA], F71A])7E 8041ZE o] Aol A
v"r%—*rWH SCOD: 200mg/ [ ©l3}, SBOD7F 40
mg/ [ olstZ dlsjdx, A Fof AETA A

2] 4]+= SCOD~7} 100mg/ / o135k ol4F=2d

NOMENCLATURE
k : Maximum specific substrate utilization rate
(time™)
Ky . Cell decay coefficient (time™)
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D > < X 2]

o

(3]

A AT
F45Z . oy

: Michaelis-Menten constant (mass/volume)

Mixed liquor suspended solids (mass /
volume)

: Influent total BODs concentration (mass/
volume)

. Effluent soluble BOD; concentration (mass/
volume)

: MLSS in the aeration tank (mass/volume)
: Cell yield coefficient

. Aeration time (time)

: Mean cell residence time (time)
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