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Rachit Sattapun 2010: Investigating an Optimization of Coagulation — Flocculation
Process for Chemical Wastewater Treatment in Dyeing Textile Industry by Response
Surface Statistical Methodology. Master of Science (Environmental Technology and
Management), Major Field: Environmental Technology and Management, Department of
Environmental Science. Thesis Advisor: Assistant Professor Tunlawit Satapanajaru,

Ph.D. 113 pages.

The objectives of this study was to investigate the optimum condition for treating
synthesis wastewater containing dye by chemical precipitation process using response surface
methodology (RSM). Four coagulants, Ca(OH),, CaCO,, FeCl, and AlL,(SO,), were used to find
the suitable coagulant in treating 250 mgL_1 of Reactive black 5 (RB5). The study indicated that
Ca(OH), dosage of 40 gL'1 at pH 7 gave the highest result, dye removal efficiency was 98.15%

and COD removal efficiency was 90.78%.

The optimum Ca(OH), dosages and pH in coagulation — flocculation process of synthesis
wastewater containing 250 mgL_1 of Reactive black 5 (RB5), Reactive red 198 (RR198) and
Reactive yellow 176 (RY176) were investigated by RSM. The removal efficiencies of RB5 and
COD by Ca(OH), dosage of 53 gL_1 at pH 9.75 were 99.68% and 92.53% respectively. The
removal efficiencies of RR198 and RY 176 and COD by Ca(OH), dosage of 34 gL-1 at pH 10 were

99.47% and 91.74% for RR198 and 99.4% and 91.71% for RY 176, respectively.

The optimal condition of mix dye solution for coagulant dosage and pH were 46 gL'1
Ca(OH), at pH 10, respectively, where more than 90.00% removal efficiency of dye and 88.46%

removal efficiency of COD can be obtained.
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independent variables coefficients standard error t-value p-value

intercept 18.561 66.808 0.278 0.792
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XX, -0.019 0.006 -3.263 0.022

X,X, -0.194 0.587 -0.330 0.754

XX, -0.025 0.070 -0.362 0.732

WINENA Significant at 5% level (p < 0.05) R = 0.895 ; R, = 0.790
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Y =-7.964+2.224X,+6.072X,-0.018X,’-0.276X,™-0.010X, X, (8)
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independent variables coefficients standard error t-value p-value
intercept -7.964 53.223 -0.150 0.887
X, 2.224 0.675 3.296 0.022
X, 6.072 9.650 0.630 0.557
XX, -0.018 0.005 -3.916 0.011
X,X, -0.276 0.468 -0.591 0.580
X,X -0.010 0.056 -0.187 0.859

WINENA Significant at 5% level (p < 0.05) R*=0.944 ; R, = 0.889
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independent variables coefficients standard error t-value p-value
intercept 81.368 10.835 7.507 0.001
S 0.749 0.275 2.721 0.042
X, 1.023 1.726 0.593 0.579
XX, -0.009 0.003 -2.919 0.033
X,X, -0.058 0.081 -0.713 0.508
XX, -0.002 0.019 -0.078 0.941

WINEINA Significant at 5% level (p < 0.05) R* = 0.904 ; R, = 0.809
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independent variables coefficients standard error t-value p-value
intercept 12.368 38.575 0.321 0.761

X, 3.128 0.979 3.195 0.024

X, 4.390 6.143 0.715 0.507

XX, -0.049 0.012 -4.231 0.008

X,X, -0.266 0.288 -0.922 0.399

XX, 0.024 0.069 0.346 0.743

WINENA Significant at 5% level (p < 0.05) R = 0.885 ; R’ = 0.771
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independent variables coefficients standard error t-value p-value
intercept 86.017 5.069 16.971 0.000
X, 0.317 0.129 2.462 0.057
X, 1.623 0.807 2.011 0.101
XX, -0.004 0.002 -2.630 0.047
X,X, -0.085 0.038 -2.251 0.074
X,X -0.001 0.009 -0.153 0.885

HINENA Significant at 5% level (p < 0.05) R* = 0.884 ; R’ = 0.768
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independent variables coefficients standard error t-value p-value
intercept 56.358 17.735 3.177 0.025
X, 0.820 0.456 1.822 0.128
X, 3.477 2.825 1.325 0.242
XX, -0.016 0.005 -2.992 0.030
X,X, -0.238 0.133 -1.795 0.133
X,X 0.032 0.032 1.007 0.360

HINENA Significant at 5% level (p < 0.05) R* = 0.849 ; R, = 0.699
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Dependent Variable: %dye removal reactive yellow 176 ()

1.00
[n]
75 a °
)
e
[aW}
g o
@)
3 .50 o g/ o
o
o o 0
(]
&
o
254 o o
[m]
0.00
0.00 25 .50 fi5 1.00
Observed Cum Prob

Dependent Variable: %COD removal reactive yellow 176 (V)

1.00
[n]
754
[n]

2 o
[al}
g o
© 504 a o oA °
o
3
& o
[8a)]

254

o a
0.00
0.00 25 50 75 1.00

Observed Cum Prob

WA 5 Normal probability plot YesmaNuAaIAnaeu (n) Yseaninmnist

Y
Aa A o @ 1 o [ 4
() Uszansammsiindaadslea hadunsiew RY176

v A

Uad

¥
gou e

66



67

M319h 22 MInageumsuanuaetnd lasl¥nmsnagouuuy Kolmogorov-Smirnov §15U

ﬂ”l'i@]ﬂ@]%ﬂ’f)uﬁ”lﬁﬁ'lﬂmi”lgﬁl RB5 RR198 1l RY 176

Statistic df Sig.
Reactive black 5
%dye removal 0.214 11 0.172
%COD removal 0.209 11 0.196
Reactive red198
%dye removal 0.251 11 0.051
%COD removal 0.241 11 0.074
Reactive yellow 176
%dye removal 0.166 11 0.200
%COD removal 0.223 11 0.131
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Dependent Variable: %dye removal reactive black 5 (n)
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Dependent Variable: %dye removal reactive yellow 176
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Predicted vs. Observed Values
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Predicted vs. Observed Values
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Predicted vs. Observed Values

Dependent variable: %dye removal reactive yellow 176 (n)

100.0
m
98.0 + o
a
g
= 96.0 =
>
=
e
) 94.0 -
38
o
92.0 s
90.0
90.0 92.0 94.0 96.0 98.0 100.
Predicted Values
Predicted vs. Observed Values
Dependent variable: %COD removal reactive yellow 176 (@)
100
95 «
3
=2
<
>
= 90 o
o
2
(]
38
o
85
80
80 85 90 95 10(
Predicted Values

1 a A o v AY a A o w
HIN (N) Uszansmumsihtinddow uaz(v) Uszansmmmsiita

ee

MWN 11 ANUFUNUTS
Y

= =S S o 4 A A 9 1 o
M Lo WFTUAT1ZH RY176 %N“VIulﬂ%?ﬂﬂ?ﬁﬂﬂﬁ@ﬁllﬁzﬂ?ﬂiuw



77

v
o A

Y { 1 o w (% L4
2.4 ﬂ'ﬁ?ﬂﬂﬂlﬁlﬂgﬁllGUEN@]'JLUJﬁﬁﬁﬂy1@@ﬂ13ﬂ1ﬂﬂu1ﬁﬁﬂlﬂ51$1"i RBS5 RR198 Liag

RY176

dy Aa o a =
NN UHIN VA UB (n) HaznIINADUNIS (v) Wﬁ‘llf)\?ﬂ'iﬂﬂﬂlﬁ’lﬁmllaluﬂ’lﬁ@]ﬂ@l%ﬂ@u

1 < 1 1 05} o 4

tazmMANUdunsang @l@ﬂWi@]ﬂﬁgﬂfJHHWﬁﬁﬁlﬂ'ﬂgﬁ RB5 RR198 11ag RY176 ﬂ'ﬂll!slaflleﬁju
v k4

250 AANTUADAATAE Ca(OH), LAAIAINTAN 12 13 1A 14 ANAWD Taenmns 1 WuA7

= d’ [ o [} 1 d’ A 1 1 d‘ 9
HEAIDIYAGIFANTALIY %qﬂlfl"ill'13ﬁllﬁ’lﬁ'H"Uﬂ'lfni@@Uﬁu@\iﬂﬁui‘ﬂuﬂﬁ)giu%')ﬁﬂhlﬂémﬂﬂ'li

2 o A o = o Y &

DONUUUNITNADDN Gﬁﬂllﬂﬂlﬁllﬂuﬂﬂﬂﬂy1ﬂ1§@]ﬂ@]$ﬂ@uu1%$m831ﬂﬂ‘l% PAC Wuans

4 o @ 1 1 ] 1 <
anaznou plhtiamd Tod Anuu & uazAduYIUae Y09 Ghafari ef al. (2008) LLAA

v Y H
=

Y3 = 2 v A L a
Ql‘ﬁlfﬁuﬂ\‘]ﬂﬂ!ﬁuTzﬁﬂJm@ﬂﬂTi@ﬂﬁ%ﬂﬂu G]N'EJQT]WUV]i]ﬂﬁ\ifiﬂﬂlﬂﬂﬂi]?\lwuwjﬁﬂﬂﬁuﬂﬂ

Q U

' '
= a

] =) [ 091 A o r{qg/l a 1 a A 9
FUAINU 1NNV FTUATIZHEN 3 Fila wuNnwenulsuaarsmiinleslunis

v 4
% a =

t:' dg’ a A o =¥ = d! 4! Q'
AnAZNRUINNNINUY UszanTamlumsiia@douagiuunUUIUDIRANTRNFIMININNAS
dg’ 1 3 Aa a o =\ Y I
anazneUIUINNNMNAIIzaNiulszansmmlumsthiaszanas Buud Iwdly
1 [ { o 09/ [ J
FUIABINUATANEIVOS Papic ef al. (2004) NIMIANAZNoUITeT AT IZH RR4S AN
Yy 9 a a o T Aa Y o w AAY Y= 9 d' a
g U 1000 dadnsuanans aae AICL awnsothiaddonlanedoeas 99 Nsuwes
[ 1 A 1 o a I~ [ 1 A a a
ANAZNOU 3 NTUADAAT uANNNSUIaEsanaznowily 5 nsuaeanslszansnInms
o o A I~ 1 ~ 1 [ A d =~
1faazanas lagiamanuilunsaaaiminzanazeod lugandunanduiuea vagms
ti' [ I~ 1 [ 1 Aa a o w Aa9Y 1 1] tﬂ' =1
nlasunlasmanuilunsaaiae ludawaasilszansamlunsiniaddoum lainiismen
Y] A a A 9 a
numanlasuulaslSnamsanazneu eINNIANaALNdUAIY Ca(OH), TuTamIneg
1 Y 3 [ S 1 9 I 1 JR Y A ]
dawalvimanuilunsanslumsanaznouiimigeasuinatiua Faluud Idumieuniums
= ~ 1 = [ 3 1 = Y [
NISANIVDY Zhu ef al. (2007) NWuNMSslasuudasnianuilunsaaeiinatognin Ao
a a g} = o 4 . 9 . . Aa
Uszantammnlunmsanaznouiin@dunsiey acid blue 80 Iaala Alkaline white mud (AWM) N3
2+ 24+ & J Y A <3| oAa 2 P A
Ca uaz Mg 1Wlueedilsznauvdn iweaninanuiluaaniags tazianuilues
% 4 = g’ a2 a9y 9 9 o @ g’ =
les uazmsAnyIanazneulinded@donainlssnunendoy Taelyszuvuiiniatnadenia

(% 1A

. 1 4 a A A 3
1Al (Georgiou ef al., 2003) WU uile 1% CaOH, 1Sua1 600 TadnTuaeans uasanaznou
A '

1o [ J S ' 31 = a a o o =AY [
Tﬂflnlll‘ﬂ”lﬂﬁﬂi‘lJﬂ”Iﬂ’ﬂmﬂuﬂiﬂﬂNf’U’EN‘L!”ILE‘TEJ ﬂizfﬁn‘ﬁn"rwGlumamma&ammagiuma

9 =2 9 1 I [ o = (Y
0802 80 D3IBYDY 90 ANV UNTAANNIIHAINITANAZNOUNAUNINL 13

di‘ a o Y A o v A9
ﬁnﬂﬂiﬁ/‘l‘wuW'JG]@‘]J?T‘L!9\‘1ﬂ”liJ”IiﬂTl"lu"IEJllﬂ'ﬂﬁﬂTJzﬂlﬁiJ”I%ﬁlll‘l!ﬂWi‘]JT]Jﬂﬁﬂﬂll
2’ A o 4 A Y a @ 1A A I 1
VDNUFTUNTIEH RBS ﬂ@i%ﬂiﬂTmﬁTi@ﬂ@gﬂﬂu 55 NIUABAAT Vlﬂ”lﬂﬁl”llllﬂ‘llﬂiﬂﬂﬁii«lﬂ?i

anaznouaumiy 8 Hilszaninmlumsiiniadesay 102.80 anzimunzanlunisiia



78

a9y g’ A o 4 A Y (a o 1A A I
Agpuveatinddauns1zy RR198 Aslailsuaa1sanagneau 40.5 nsuaeans naianuilunsa
anlumsanaznouliaumny 8.25 Huszansmmlumstiniadesas 100.76 uazanizn

o w A9 oy a o 4 A Y (a @ 1
wwzaylumsihtiaddeuveathaduns ey RY176 Ao lwlsuaaisanaznou 38 n5uae
a d‘ 1 I 1 a1 [ =Y =1 Aa Aa o o 9
aas Naanuiunsaaalumsanazneulauniny 9.5 ¥szansnnlumsiiniasosas

99.67



79

(n)
Bl 59292

B 63.583
B 67.875
0 72.167
[ 76.458
1 80.750
[ 85.042
B 89.333
B 93625
B 97916
I -bove

TRALAL D fRPiy

135 mmar T di T 7 T ARl & A 7YY Wil 59.292
12.5 — 63.583
QIR 11Tl WL A O TN W\ dl 67.875
10.5 72167

pH

9.5 76.458

8.5 80.750

©102.80
75 T N PN N A GO | ey 1 85.042

6.5 — 89.333
5 15 25 35 45 55 65 75

coagulant dose, g/L — 97916

4' dy a v J 1 I [
MNN 12 N URINeUT U (M) waznlaounig (v) VoIHaYIMANNYUNTAAN LAY

7

Y
a 1 a A o o o L4
ﬂiNWﬂ!ﬁWi@]ﬂﬂﬁﬂ’é]'L!@]ﬂ‘ﬂ53ﬁ'ﬂ‘.ﬁﬂ'lWGlufﬂT]JWUﬂﬁé}ﬂMﬂl@QUTaﬁﬂLﬂi']%“H RBS5 Ay

WU 250 Taansuaeang



W’ BV D -NQ“ I."(\

13.5
12.5
11.5 o]

10.5 /

pH

9.5 |
8.5 \H

D \\

©100.76

\\
o5 L1
12 18 24 30 36

coagulant dose, g/

42

80

(n)

B 54107
B 94715
B 95.322
[ 95.929
] 96.536
[ 197.144
B 97.751
B 95358
B 95966
M 55573
B above

d’ dy a v J 1 1< J
MNN 13 DN URINe AU (n) taznsMaounag V) VoINaveImaNUYuUNIAaN Lay

7

saasanazneuaolszaninnlunsinga

ANUTUTU 250 HAdNSUADANT

Y
FAdouvouthddauniizy RR198



81

(n)
Il 97.229

B 97.459
B 97.683
B 97.918
[ 198.147
[ 198376
1 98.606
B 95.835
Bl 99.064
Bl 99.294
Bl above

ol 3Rt

13.5

12.5

11.5

10.5

pH

9.5

8.5

7.5

6.5
12 18 24 30 36 42 48 T 99.064

coagulant dose, g/L

d’ dy a v d 1 1< J
MNN 14 DN URINO VAU (n) taznIMaAouNIg V) VoIWaveImaNUYuUnsaa1e Lay

7

Y
a 1 a A o o o L4
ﬂiNWﬂ!ﬁWi@]ﬂﬂ%ﬂ’é]'L!@]ﬂ‘ﬂ53ﬁ'ﬂ‘.ﬁﬂ'lWiuﬂﬁ'“ﬂ']U@ﬁgljﬂuell@\iu'l’aﬁﬂlﬂi'l%“H RY176

ANUTUTU 250 HadNSUADANT



82

v
o [ Aa A o @ 1 o [ 4
dwmsulszansninmsintiand loAveatinddansiz+ RBS RR198 uas RY176
Y] d' o w d! dy a v J
gaaadlumni 15 16 uag 17 Muaad FauaadnitinumIaeuaues (n) taznsNaouNn I3
a =\ 1 I 1 A o @ = ) g’ S
() wavessuaasmulumsanaznou tazmanulunsaaid meritiaa1® loAveating
[ 4 Aa a o (=Y [ 4 A
duA31Z1H RB5 RR198 11a2 RY 176 AMINTU 250 Hiaaniuaoaniaie Ca(OH), WU MBI
a = A d? a a o v 1. A = A d? 1
suamselunmsanaznoumuuniyu Uszansnnlunisiindamd leassnuuinyue
[ c?/‘ = Q' a = 9 =
waenntiu malimsmudsnamsailunsanaznewdn lUsnauasyamunz auvesns
1 Y1 A = v A Q' d? o 9y a A o w 1A =
anaznauazdana Inad Teanduuauiugayuuny Mlvlszansnmlumsihiansloaoy
A I t:y A 1 Y A dgl 1 I 1 ~ [l [} ~
Suanad waziumsduilassmldnamuaiu uamanuilunsaawiminganazeg lurian

3 =R < 9 P ] = o o v AY A = = 31 =1
Wunanduduwaanties yutlusu@enunsindaddon 1weaw1an mcﬂﬂﬂiumma

o o

mmﬁzwﬁwﬁEms'ﬁyuﬁﬁmmﬂaummmﬁ%uﬁ@um"l,ﬂ sufumnszansamlumsiia
ddoutimgarzdawalifsz@niamlumstiiand Teatisgeniu ldae Tastiuua iy
UREIFUNMINARBIVET Song er al. (2004) TMsAnEIRIFUMITTAIEIA T50010

onmiaTasldmsanazneumaniilae AL(SO,), tag FeCL ifumsanaznouiioandd Tod

= 6+ J Aa A o @ T A =) Id‘ﬂ) =
wag laslow (Cr) Naﬂﬁ‘ﬂﬂaﬂ\‘ﬁ/\ll}’JT]Ji%Z‘T‘V]‘ﬁﬂ”lWﬂ”Ii‘].l"l‘]Jﬂﬂ”l%I@ﬂﬁIQﬁ[ﬂﬂEﬁ/]'5@8@13 30 09

R
1

{ |a A a o 1A {1 I U
%)986335 nSsuaasanaznou 800 Haansupoans nmanuunsaaig 7.5 Gﬁ\ﬁ]”lﬂﬂaﬂ"li
< J 4 A a 1 { A Aa o T A
Wﬂﬂ@ﬂllﬁﬂﬂiﬁlﬁu'ﬂlﬁﬂlw3J']J511Tﬂlfﬂi@]ﬂ@]%ﬂﬂuu”lﬂﬂ?"lﬂﬂlﬁﬂ"lgﬁllﬁ 800 Yaansuavang

] Y1 A =S v A Q' d?
vzaawalyim® loAnaulauny gy

dy a o Y d' o o 1A

nnnsuRIneuauetasaineldnanzimunzanlumsiniaadle
= g’ A o 4 A Y A % 1T A A I 1
aupuihaaunIIzy RBS Ao lwlSuaaisanaznou 59 nsuanans naanuilunsaaialy
MIanazneulaIny 10 Juszansmmlumsiiniadosas 87.85 anamzimuzanlums
o @ = = :‘ S o 4 A Y (A I 1T A A
1111an1% loAveatinddansizy RR198 Aslsilsuiaaisanazneu 34 nsuaeans NA1AY
I~ 1 A [ =1 a A o o Y
WunsaaalumsanaznouiaunIny 9.75 Yilszansamlumstiniaiosas 87.55 uazanig
~ o w 1 AS A ¥ o P A Y (a o
Pz aylunstiniand leavesid@dunsizy RY176 Aslslsuiaaisanazneu 35 n5u
1 A d‘ 1 I 1 A [ =Y =1 Aa aAa o o 9
aoans naanutunsasalumsanazneulauniny 10 Yilszansamlumsiiiniasseas

90.30



83
(M)
Bl 39672
B 44344
B 49016
[ 53.689
[ 158361
[ 163.033
I 67.705
72377
Bl 77.049
Bl s1.722
B above

a5
L3

L 1Y

waowRs GO0 e
ey
FOTh W

BS T T T T ], T 39.672
12.5 —— 44344

10.5 ‘\ ‘\ | ‘ ~53.689
| L - 87.58 58.361

pH

9.5
85|

7.5 b

6.5
5 15 25 35 45 55 65 75 77.049

coagulant dose, g/L

d’ dy a v J 1 1< J
MNN 15 NN URINe AU (n) taznIMaounIg V) VoINaveImMANUYUNTAAN LAy
a 1 a A o w 1A = oy A o 4
suaaisanagneuasdscaninmlunmsitand leaveshadunsiew RB5

Yy 9 A a o 1 Aa
AIVLUNUU 250 HAANTUADAAT



pH

13.5
12.5
11.5
10.5
9.5
8.5
7.5

6.5

Ao GO

/

18

24 30

coagulant dose, g/L

36

42

48

84

(n)
Bl 67.968

B 59.937
B 71.905
B 73.873
(] 75.842
[ 177810
B 79.778
B :1.746
B 33715
Bl :5.683
Bl avove

d’ dy a v J 1 1< J
MNN 16 NN URINO VAU (n) taznIMaounag V) VoINaveImMANNYUNTAAIN LAy

v
a 1 Aa a o w 1 o [ 4
suaasanazneuaolszansnnlumsindamd leavesiddunsizy RR198

ANUTUTU 250 HAANSUADANT



85

(n)
Bl 52712
Bl 83424
B 84.136
[ 84.847
[ 85.559
[ 86271
[ 86.983
Bl 87695
Bl s5.407
Bl s0.118
B avove

\'{’J\Q\L\Rl GO

13.5

12.5

11.5

10.5

coagulant dose, g/L

d’ dy a v d 1 1< J
MNN 17 nNURIne T U (n) taznIMaAounIg V) YoIWaveImaNUYunsaae tay

a 1 a A o w 1A = 09/ A o 4
suaaisanagneuasdscaninmlumsiitand leAveshadunsiew RY176

Yy 9 Aa a o 1A
ANVLUNUU 250 UAANTUADAAT



86

' o @ g’ S 9 d' = =) d‘d
ue lunsainiainde Aoamsan Iz AuNeITNIZRINT
Uszansamlumsiiniaddon uaziszansnmlunisiniaad Teanmunzay Faamnsanm
2 Y, v ' ~ Yy v o A A
yaimnzautiuld laomisauninlaeuiisvesmimsaeuauesnauludharonu uazminun
{ J o % 4 { c?/‘ ] A A o w
ndlu i 1dd msutoulunga 13 (euins, 2549) Aedsza@nsnmmstiniaddon uay
Aa a o @ A = oy A v 4 £ A a
dszaniamlumsiniagledvenihddunsizy RBS RR198 ag RY176 Gailowsage
t:' a dzl dy d’ td' 09.1} 9 Y [ t:'
MNZANMAATUDUNUN NNT10H9 2 Foununu Taen1na13199 26 JHUIZANVYDINS
oy S o o'oa/’ A A 9 v J Aa A o w A
ANAZNOUVDNNAFUATIZHN 3 ¥HaN laa1nmMIsunsaoudslseansnnlumsiniag
9 = a A o a A A o o a 9 VoA
doutaza® 1ad ioiinsnaasiasunosuduNan s ldnnaunsoanos wuNAM

9 a VoA 9 o A Y A [
]’lﬂﬁ]”lﬂﬂ”ﬁ‘l/lﬂaﬂﬂiliﬂ uazﬂmllﬂmﬂmsmmamﬂﬂammﬂu

M519N 26 1WSeuMeUNaINNITNABBITIAEHANTIIWIBINLUVIIaRIUsEanT A lu

v
MIanazNoUINATUAI129 RB5 RR198 1Ay RY 176 Aududu 250 Taansuae

ans
Responses
condition
Dye removal (%) COD removal (%)

Reactive black 5 Coagulant dosage = 53 g/L (pH 9.75)
Experimental Value 99.68 92.53

Model response 102.27 87.18

Reactive red 198 Coagulant dosage = 34 g/L (pH 10)
Experimental Value 99.47 91.74

Model response 100.18 87.54
Reactive yellow 176 Coagulant dosage = 34 g/L (pH 10)
Experimental Value 99.4 91.71

Model response 99.56 90.26




87

[ 09/’ A A o @ A9 1A A o o
aatiuan iz aulumsanaznowieitiadgon uazm®s load 115y

a

4 [
dfouia 3 vilaii Idnmanaaes axgnih lU1¥lunmsnaaesmgammneay nazauniull
Y

9 =

Y
Talumstiniamidnay Tuduaeusas 1

v
o % o

= = aa Ad o a
3. ﬂ1iﬂﬂ‘tﬂﬁﬂr]%‘i’ll‘ﬁﬂ»l"lgﬁlliﬂﬂ?ﬁﬂ15ﬂi’)Uﬁ"i—!i’N‘ﬂ‘WNW’JﬁWﬂi‘Uﬂ]iﬂﬂﬂ%ﬂi’)uH"IﬁWﬁN

° P Y 9y A Y
1“?”5?5]ﬂ@lgﬂf]u‘ﬂ!fﬁ3ﬂ$ﬁiJﬁﬂﬂﬂWi‘VlﬂafJ\islusllN@uﬂ'ﬁ] Ca(OH)2 NWGl‘lfﬁluﬂWi
) @ oy a £ o Y3 [y AA o £y
ﬂﬂﬁ@\i‘ﬁWﬂﬂLﬁﬂJ1$ﬁN1uﬂ13ﬂﬂﬂ$ﬂ@Uﬁ1ﬁ3Uu1ﬁWﬁN %QﬂWWuﬂiﬁlﬂuﬁﬂﬂﬁJﬂﬁJﬁﬂ‘]&lﬂlgﬂaﬁl

v o Y Ax ay A
ﬂ‘lJunﬁEﬁnﬂIiQQ’]uwaﬂﬂ@3J1/]3Jﬂ15Wﬁui?ﬂm@ﬂﬁﬂﬂuﬁﬁ’lﬂ“ﬁu@

A o =2 a a o v a9 :j = 9y ~
wehmsAnylszaninmlumsihtiaddonvesthdway Taslyaniozn
mgauveImsiliaddon RBS RR198 uag RY176 uaziinsasivaeumsilasuulasen
A A v o @ Y v ~ T A
m3sganauuds iesnn luawnsahinisasivialasaseld asnwi 18 wunmmsganan
3’ [ o w 1 o < ' '
uersveuhdnaunenaimsiaiiaaadiasn Tasnnnwezwiulai Amsganauuasd
1 :; =l 9 9 d! Y a A o v AY =W " 9
aaamasauiand1nd o FavenIdnilszansnmlumsihiaddeniinminnidosas 90
4 y o o 4
wehmsanazneu lagldanzimunzaulumsanaznoud RB5 uasan1igiminzanved
=\ = Y A [ = & o
MIANAZNBUT RR198 HAzRY 176 Ut THA8INUMSANEIYOI Gao ef al. (2007) IR
a1 iammsganauLEInIenaInIsAnaznouveudeddon Reactive yellow K-4G 1ay
dispersed dark red P-R 218M&INIIANAZNOUAIY Ca(OH), 1Az MgCl, SIUAUNUI NIEHAIIIN
o @ A o @ 1 = (=} [ = S99
mstinia iWeiimsasiaiammaganaunds nal lulimsuaasanyuzvoiinvosddon
[ 4 { : g ] J { 1
Tugsanuenaauiauls suilumsisenieymaddon nlasuanmanasazate lg

1 9
ACNIU INNITUIUNITANASNDU Gdlf\‘l’fﬂiﬂiﬂLlﬂﬂﬂgﬂﬂl‘!@ﬂﬂmﬂﬁ'ﬂﬁﬂﬂ



88

Abs.

3.500 . . .

3.000 | ——  AOUMITANALNOU i
53 g/l pH9.75
34 g/LpH 10

2.000

1.000

-0.100 [ ! 1 1

300.00 400.00 500.00 600.00 700.00

nm.

d' d’ 1 A g’ = Yy 9 a Aa o 1T A
HMNN 18 mmJaﬂuuﬂmmmi@,ﬂﬂauuawmmawau ANUIVUUVU 250 UaanIUADANT

ﬂ”lEJ‘Viéy\ii]"Iﬂﬂ”liﬁ1ﬁﬂ??])’.lflﬁﬂ1’.l$m1l”lzﬁllﬁ1ﬁﬂ1ﬂﬂﬁ1ﬂﬂaﬂﬁ

1 Y
Mmsnaaosraminzanlumsanaznowiotiniamd loadwsuihdndu Iag
PONUULNMITNAADITINTLID response surface methodology 1%m300nIUUNTNAADY central
. . 1 [ 3 [ U @ 1 1 a
composite design t1iailadseeniilu 5 sedv (oL, -1, 0, +1, + 00 ) Tadeddnu 1dun Ui
= 1 3 1 o 1 % (% 1
aanllumsanaznou (X)) tazmanuiuniaan (X,) Taensmivuamvesszauilodes
v Y
azsza lanindeyateimuzanlumsanaznouninmsnaassnsanagnoushadunsizn
2,’ ~ B o 1 [ Y o csyd 1 I
RB5 RR198 1ag RY176 Tudui 2 Faannsamriuanivesiladesian ladaiine annuily
nsasalumsanazneu 7.17 8 10 12 waz 12.83 USnamsmiinldlumsanaznou 25.86 30

40 50 Lo 54.14 nFuaeans Fedmuamvesedeaesgaaasluaisien 27



5197 27 MIsmuarvesilesenAny 1aeds central composite design §1M5UNS

anaznowthdnay @2 Ca(OH),

o [ td' Y = izﬂu
X, Ja9snA0ansanm
-1.414 -1 0 1 1.414
Usmamsanaznon, X,
(NSU/anT) 25.86 30 40 50 54.14
annuilunsaaig, X, 7.17 8 10 12 12.83

: = Y 9 a Aa o 1T Aa A A dg, =¥
ANAZNDUUITNTNUANMUNUVUY 250 HAANTUADANT NATINVUINNITHNANTEDU 3

¥iinno reactive black 5 reactive red 198 L1a& reactive yellow 176 Tﬂﬂi% Ca(OH), Taesiins

! Y ! qu’ o a3
ﬁﬂ@]gﬂ@u@]1Nﬂ15ﬂﬂa@Qﬁ@@ﬂ!,n_]ﬂll%} 11 ﬂ15ﬂﬂa@\1ﬂ\illﬁﬂ\iluﬁ]ﬁ1\1ﬁ 28 AINUUNINTINDY

o I 3’ [ 0 ) a J a a o v 1. A a2 A
AIDYNUINYUINTITNAA DI !,mxmllﬂ‘wmﬁmmwwmﬂizammw“lumﬁmmmcﬂaﬂ LD

= v Aa 1 £ Y 1 a A 9 J
Anyrtledeninanemsanaznou cm“lmm suaarsainlslumsanaznou (X1) aza

I 1 ~ = Aa a o 1A ~ [
AN UNTAAI (Xz) Iﬂfﬂuﬁﬁ”lﬂﬂ 28 LlﬁﬂﬂﬂﬂﬂizﬁVI‘ﬁﬂ”lWﬂl’fNﬂ”liiJﬁJﬂﬂW“ﬁI@ﬂ NYTA

4
MIANAZNDUNG 11 NINAADY



90

M13197 28 ﬂﬁ@@ﬂu‘]_l‘]_lﬂ”li‘ﬂﬂaﬂﬂiﬂﬂcl% central composite design HAZNANTITNAADINIT

Y
anaznowthdnay anududu 250 Taansuaeans Ae Ca(OH),

Panel A Panel B
Run Coagulant %COD removal
X, X, pH, X,
dosage, X, (g/L)
| +1 +1 50.00 12.00 87.18
2 -1 -1 30.00 8.00 88.46
3 +1 -1 50.00 8.00 88.46
4 -1 +1 30.00 12.00 88.03
5 0 -1.414 40.00 7.172 82.05
6 -1.414 0 25.86 10.00 87.18
7 0 +1.414 30.00 12.828 82.05
8 +1.414 0 54.14 10.00 87.17
9 0 0 30.00 10.00 82.05
10 0 0 30.00 10.00 82.05
11 0 0 30.00 10.00 87.18
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Dependent Variable: %COD removal mix reactive dye
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code setting level actual level COD removal (%)
treatment
X, X, X, X, experimental predicted
1 1 1 50 12 88.03 85.48
2 -1 -1 30 8 82.05 83.10
3 1 -1 50 8 87.18 86.62
4 -1 1 30 12 82.05 81.08
5 0 -1.414 40 7.172 87.17 85.23
6 -1.414 0 25.86 10 82.05 81.23
7 0 1.414 40 12.828 82.05 82.10
8 1.414 0 54.14 10 87.18 86.83
9 0 0 40 10 87.18 87.43
10 0 0 40 10 88.46 87.43
11 0 0 40 10 88.46 87.43
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Predicted vs. Observed Values

Dependent variable: %COD removal mix reactive dye
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