(D

msndaadennmifislssnuendenlaalidusaljizensHanuyamnla

Decoloraization of Dyeing Wastewater Using Regenerable Catalyst

¢ o Qd a d
WIHANA V1IDUNT

Pongsak Khaowin

3ﬂﬂ1ﬁwu§ﬁaﬂudmﬁﬁwmmiﬁnmmuﬁé’ngmﬂ%@w
ININTIUMAATNNDVUNA 1V1IB1IAINTTNAN
UHINGTUAIVAIHATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Engineering in Chemical Engineering
Prince of Songkla University
2555

¢
a Aa A a v a d
AVANTVIINH 1IN AIVATHAIHUNG



d' a a d
FOINYTUNUD
anmn'ld
Y o £ a P
fdmlﬂu HIWPNIHANA V1IDUNT
a a =
a1v13Iv AFAINTTULIAY

o w %’ 2 v 1 Aaan a j‘
msmaadenamiinelssaunendon Tasldausalfnserriaiuy

@

G

¢a a a d
mmﬁﬂ‘nﬂ‘%nynmmwuﬁ

1 4 v oA U aa
(Ej%?flﬁ”lﬁ@]iﬁl”liﬂ AT.IUNUT FIATNT)

AUTNITNNIIAOU

...................................... 1J5L51UNTTUNIT

4 [
(59NMANI19158 AT.NAYT ?ﬁq’sssm)

................................................. NITNUNTI

' 4 v A v aa
(ﬁ%?ﬂﬁ1ﬁ@l31%1iﬂ AT.AUNNT FITINT)

................................................ NITUNII

NITUNIT

A

v Aa a @ a @ a 4 v a a 4 @ yd 1
UANAINYIAY UH1INGAYTIVATUATUNT DYY 11;!!1!1J’J1/1811!W1!ﬁﬂﬂ‘ljﬁlﬂuﬁ’3u

WHUeIMI AN MunangassyaImnssumaasuluga 4113913705501

¢ v ¢
(FTNIITY AT.DNTTAU WIAATTT)

AU UNAING IR



©)

aw 9l

v
Y ' I aw @
UBIUVIDIN wamm%ﬁ;ﬂuwaummﬁ?imgm]ﬂmmuﬂﬁﬂynm LL@%ﬂl@ﬂlﬂﬂﬂﬂ!Nﬂﬁ

U

v Y
aA

U a 9 ! Y
ﬁﬁulﬂﬁl’)ﬂl@\inﬂ‘ﬂWHVl'} U NU

A
N

1 4 v oA U aa
(é%?flﬁ”lﬁ@]i”ﬁl”liﬂ AT.IUNUT FIATNT)

s a a 4
ﬂ”li]”ISEJTI'LﬁﬂB”I’JV]EJ”IHWU‘ﬁ

A
NI

o £ N 2
(HIINIEADA V1IDUNT)

@

=
UNANHI



“

wa

9 9 % v Aa v dy 1 3 1 = =y 1%
ddvesusesn wanudvel ldmeludiunildlumsoysdiaySyanluszanlam

] 4
nou uag lulagnlFlumstuvesyaindSyanluvaeil

A
NI

o £ N 2
(HMIYNIEADA V1IDUNT)

%

=
UNANHI



(5)

d' a a d o w a9 %’ 2 9 Yo 1 Aaan a
BOINTUNUD ﬂ”liﬂ”ﬁ]ﬂﬁﬂ@llﬁ]”lﬂuWNTSN”ILW\IBﬂﬂ@uiﬂﬂi%ﬁjﬁﬂﬂgﬂim%uﬂ

2
Huganm'la
Y so £ A P
A1lerny UIPNIHANA V110UNS
a a =
19139 IAINTTUAL]
Umsanm 2555

UNAAEID

9 = 9 %} a a %,‘ Qy
Tsaarunendoninislsinlunszuirumsnaal/Suianin Winaen
9 A Y = Li’ [ Y a a a a 4
nszvrumMsendeuiaandaazmsaliluileu adwwalminannuialnaneszuuiine
v 3 A I o v o ¥ o J aw dy A o v a9
YBAUNAIUIMIT0 1N UTUATIBABNYYE ANTUIAY s aaAUeINITITBY AB NIMIATdDN
?:} = 9 [ J v 1 AaAan a o ] o
lusin@eninTssnudendon Tasduasizriansslgniesiialosoudiviunisiiiaie
Y a9 %} = = a A o 1 Aaan a A o N VY
Tassadnddonlwinde Anwrlszansnmvesdnselfnionsiialosoundunsizi 1dae
s VA v @
YANINARDIUVUUNTTZ VLA DD NUUUANANDIAI05ZUUMS Inauvuasiiieslunodul
{ 1 aan 4 %’ [
1559 (Packed column) NUFTIANTUGAouNe IHinde Inaru oonuuumInaaoslaegldy
a 4 { o a 4 o 3
MAA RSM oMdn 1z Mz auiazi Ui 1aoanendiamand sauiamadousz Ui
[@enINYUBUARAAMLIAN LaziMIIATIEHMaRTHgmans
[ Jd o 1 aaa a o Y ~ a a 9
msduanzianialgnseriia losouawniosilasgelilszansnimaie
axy kY 9 o 1 A A A Aa a
75 lyaa e oasdaiulae Tuavesasall Ao uunihiFey lumsn : ooneian : ein
d 3 A Y ad . . (J a a
Aao l3a 114 1.25:1.25:3.75 1930UAI8T59 (Dip coating method) VUAINANIFITIAN 3 FTia

a

» - - 4 4 - Y 4
A 131300 Tunay I TluFHasy 1azHs 1N 1WNIY NNUUINGUNYT 600°C
A I Y = @ A Aa = a d o 1 aan 9
o ld Idens lesoudamzuudmnarussiinilanuades namsinizraussl)nienie
a 1 < a 1 {a a o w 1
MANA SEM tag EDX WU NasMannaolinzanuiuniiegs1in 31am3uia1sa
Ufnservialosounnimsnaaeunisminddouwiia Reactive red, Reactive blue 1@z
4 a |9 1 aan %‘
Malachite green #28%AN1INAADILUVUUNTIUIA 2 AAT Taomsusansalfnsenluinde
o J Y v <} o = o A 1 a a 9 1
FuaszHaznIUNANAIBUNINANAIYL M sAnEIHaveIdlshTNasellszanTam laun

a a

= Y 9 29 a [ 1 2 @ J aan a
WY 5-8 ANWVNUVUTIDY 10-200 UADNTUADAAT “lJilJT’Lll@l’JLi\‘]'ﬂ;]ﬂiEﬂ“]JuLG]ﬁHJﬂI‘V\IM
A ~ A Aa o 1 % 1 aan o %} = y Y a A

aiagy 40.5-162 Yaansy wuIN @I?Lﬁ\‘]1J;]ﬂiEﬂffﬂllﬁﬂ‘UTUﬂu1lﬁﬂqﬂﬂﬁﬂﬂ3$ﬁﬂﬁﬂ1wq0q{ﬂ
<3| o v 9 o w o aa A A A

11l 95, 98 1aE 99% Muaal ﬂ’)ﬁllﬂﬁﬂ‘IJﬂﬁ‘UTUﬂ 2 G]S?IN\‘]I@EINWL@“B“VILWNWETN A0 WY 6

é a a dy d‘ 9 9 = 9 A dal =3 % 1 aan
mﬂﬁzammwmmiwuﬁ]xgwumammmmmmﬁaemwmu ﬂilﬂﬂ!ﬁ’)tﬁiﬂgﬂiiﬂ



(6)

an

] Y ] Y
iy razna lunsiilgazen (Reaction time) tNuau Ma@ueInIAtaznaay lulasou
(K] 1 Aa a o v A Y = T w1 anan A o Y ¥
ludanaelszaniammsmiaddonvesgansnancs Fanunausalnseidunsizd a
tg vy a ~ 1 %’ 1 %’ =
awnsouyaninlddreoondnuiazarsedluih nazszuuawisoaan cob lurudeas
Y
4
= o v A Y o [ o w 1 aan a 1
msaneImsnvaddoudimiumaihausalfnsesiialosouldlszgndgns
o Aa a Y A 9 o Aa 9 1 A [ 4
auumsesslumsuddymaunedon dutdumsalreszuuuny Inaaeitiesluasduiussg
1 o a a %’
PAFUAIUFUINAN 11 1UANAT g9 90 uaas aremsoanuun1Hins lvaveuinde
2 J a 1 i‘ a v ana a
duns1zrivesddourila Reactive red 1Az Malachite green WTL!‘W‘L!W’Jﬂl@ﬁ@]]ﬁﬁﬂgﬂifﬂ%ﬂﬂ]h
] ' Y
souiusTyegluneduinsinszuenedaeliiosnouveumal ¥1N1500ALLLNITNAREY
9 a A o A =y @ 1 Aaaa A Aa o [
aromaiin RSM Aliaals e USunudnsalfnse 432.5-1,730 Tadniu 6as1ms Inaves
¥ A aa 1 a . . I
11 10-200 iadaasAeui uazANMYNYUFTOUYIA Reactive red 11AY Malachite green 11U
20-80 1A 4-20 HaansuADAAT  AINEIAU Fedawaneaulsaouaued (y) vednl

=S 9 v o

a a o w 3 a I ¥ A o
Ysz@niamnisamisaddenlutnge sumld ldanzMinuizaunazuyusiaeanie
a 4 o [ o a a o w %’ le
ANAAMAASIUVANNT Quadratic model dM5UMIMIMBYsTANTAIMAITdaddonTuing
947591 N B UNAN1ILAIY WU FZUVANITOMIATEOUYIA Reactive red LAy
Malachite green A28U5LANTAN 84.45 Az 93.62% LATTNANITNATBDUIINAITNAADIDI
o w é 9y d‘ Y A (% @ o = d’
84.85 1A 93.62% Mua1aU 9 1vnan lnamesnunuraInMsiue Taglanuaniamnasy
1 <3 v 1 ] o o a 14
"esnniesay 5 HumtuendeanuuludivesuusassaumInealamans
= 9 a9 %} = o P o o Y o 1
NnMsAn Inseasnvesddonluindeduns iz iniun s uan o615 g
Aaan a 1 ¥ o I Y o o
Ufnserriialosou wun Taseadrddonlninde ldgnihate lunaneiu co, uazii dush
¥y o o o W = 3 a 1 A 9 ] oA
Thidenaimsthia liianuilunsaedaunadey anmslsaussyunyy lnaneiieslu
1% o 9 a [ %’ = a a Y A Aaa a A =
ADANUDTIY 1A 1FHI 10N 1L IUAN DU UTIVIINNFUFUNAAMVIANNNANI TV Hazd

W wun Iddse@nsnmmsmisa 50, 60 ag 95 % awaay waztiaunulumsmsaddonlu

oY

= 1

= %’ 4 . 1 o w aan
Wndeguay 11.87 nmastSuiasiude 1 gnuisiwas Fegnnimsmenddoudieljnsen
o R oA Y1 o W 1 ¥ J o w
wlugugaialgnelunisiva 125.32 v1naelsuasii 1 ANUIANLIAT ISUVUMTUIVALUY
1 A o 4 = o A Y = Y o ) a A ~
"lwammaﬂuﬂaauumﬁ; iNE‘T”Ill”Iiﬂﬂ”lmuﬂ”lillﬂi@lﬂllﬂ”lchﬁl”IEJ@]”I@’JEJTJ?%E‘T‘VI‘ﬁﬂTW‘VIQQ

Y a [
ansamiaddonlutudennaaguyuldeiwazlianudull1dgalumsldauszdu

2AqIMNTIY



(7

Thesis Title Decolraization of Dyeing Wastewater Using Regenerable Catalyst
Author Mr. Pongsak Khaowin
Major Program Chemical Engineering
Academic Year 2012
ABSTRACT

Dyeing industries have used large quantities of water in the production line.
Wastewaters generating from the dyeing process with chemical residues and contaminant has
leaded to the failure of ecosystem, harmful to human life, and visual pollution. Then the aim of
this research was to eliminate or treat the dye molecule structure in wastewater from dyeing
industries by synthesize and apply iron catalyst. Batch experimental was set and used to study for
the effectiveness treatment of synthetic dyes in the synthesized wastewater. Continuous
experimental unit was also designed using packed column by packing with the iron catalyst for
continuously flows of wastewater through the system. The design of experimental by Response
Surface Methodology (RSM) was used for optimum condition study and mathematical model
formation. The real wastewater contaminated with dyeing from cloth processing in community
was trialed and treated and economical analysis of the treatment system was performed.

The iron catalyst was effectively synthesized by sol-gel method with the

:FeCl

4 (aq)r

optimum mole ratio of Mg(NO,) :C,H,0

2 (aq)”

5 @ At 1.25:1.25:3.75 for iron sol
preparation. Dip coating method was applied to coat the iron sol on three types of ceramic media;
circled-ceramic foam, squared-ceramic foam, and ringed-ceramic. The coating ceramic was
calcined in furnace at 600°C for stability of the catalyst. Scanning Electron Microscope (SEM)
and Energy Dispersive X-ray spectrometer (EDX) techniques were used to characterize the
prepared catalyst. Iron element was found completely fixed on the ceramic surface. The
effectiveness of the catalyst was tested for the dye removal performing by soaking the catalysts in
2-liter batch reactor containing the synthetic wastewater with magnetic stirrer. Parameters of the
batch were considered at pH 5-8, dye concentration 10-200 mg/l and amount of squared-ceramic

foam catalysts 40.5-162 milligram. The removal efficiency at 2 hours reaction time and optimum

pH 6 of reactive red, reactive blue, and malachite green dye was found at 95, 98, and 99%,
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respectively. Performance of the treatment was increased when increase the concentration of dye,
amounts of iron catalysts, and reaction time. Air and nitrogen feeding had not effected to the dye
removal, therefore the catalysts can be regenerated by dissolved oxygen in the wastewater. The
iron catalytic system can reduced COD from contaminated dye in wastewater.

The study of dye treatment for solving the environment problems was performed
in continuous flow packed column system. The column with diameter 11 cm, height 90 cm, and
packed by iron catalyst was designed for continuously flow of wastewater through the catalysts
surface. 2 kinds of synthetic dye; reactive red and malachite green dye were prepared and pumped
to the system. Technique of RSM were used to design the experiment with concentration of dyes,
amounts of catalysts and wastewater flow rate process parameters of amount of catalysts 432.5-
1,730 milligram, flow rate 10-200 ml/min, and concentration of reactive red at 20-80 mg/l and
malachite green 4-20 mg/l. Response variable (y) of this study was the percentage of dye removal
efficiency. Optimum condition and mathematical quadratic model was archived to predict for
efficiency of the iron catalytic system. It was found that the predicting efficiency for the reactive
red and malachite green were 84.45% and 93.62%, while experimental result were 84.85% and
93.62 %, respectively. The results coincided with the prediction with P <5 %, which indicate the
accuracy of mathematic model.

From the study, it can be concluded that the synthetic dye structure can be
treated and changed to CO, and water by the iron catalysts. Therefore the treated wastewater will
not has any toxic to environment. In addition, the continuous flow by packed column system were
also tested with real wastewater from Batik Community. The removal results from purple, green,
and blue dyeing wastewater treatment were found at 50, 60, and 95 %, respectively. The cost for
Batik wastewater treatment by iron catalyst was 11.87 baht per 1 m’ wastewater, which is lower
than the Fenton method (125.32 baht per 1 mz). The treatment systems of packed column with
iron catalyst can effectively run with continuous flow mode at low cost and high performance.

This removal technique can possibly be performed and leaded to develop for industry level.
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2.10 M529NUUUNITNAABY (Design of Experiment: DOE)
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Y] v J @ d‘d [ a [ 4 = [
ANUANNUTY0ITITENUNAADAUNMNVDINAANUMN A WNIDANINAVDIHAIEY) YadeTual
= v Y axg Yo Y 1 = ~ @ 2K J
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y=F(X, X0 X))+ E (2-17)
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o Ay v v
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4) uaawavosalsoaszana fldvinmsnaasslugiunuves Surface
Plot Tae 19 11/511n 5 Regression analysis 118097 laazeglugdaunisiidsass (Quadratic

equation) Adttaad luaunsn 2-19

k k k-1 k
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o LY a Q( d‘ Y = [ 1
3) u1ﬂ1ﬁuﬂi$ﬁ‘ﬂ‘ﬁﬂﬁﬂﬂﬂ@ﬁmhlﬂvlﬂLGUEIL!iﬁJﬂ1§ﬂ1u18ﬂ1ﬂlﬂ\‘mﬁ§lﬂﬂﬁuﬂ\‘]

A

9 axy =\ (=] A [ Y a .
IHBNINNITEDNUUUNITNADDINIYIT CCD 3Jfﬂi‘ﬂﬂﬁﬂ\iulmWENW@‘ﬂﬂg‘ﬂﬂﬁ!ﬂﬂ Cubic model

Y
% [

9
Vlﬁ?]} PNUU LL‘U‘U‘MaE]\iﬂﬁﬂﬂﬂf]&l%\iﬁﬁﬂ‘]&lﬂwﬂ\‘]‘ﬁwﬂ 3 uyy ﬁf] 1Y Linear Model 4UU 2F1

(Two-factor Interaction) U@ LUU Model Quadratic Model aaanaluaunsn (2-20) GR (2-22)

E(y) =5, +iﬂi X (2-20)
EM)=fo+ Y AX AT AXX, o)
E(y):ﬂo-i_iﬂixi +Ziﬂijxixj +iﬂijxi2 (2-22)

2.10.2 ‘5ms1zﬁamm‘i1ammmﬂaeﬂﬁmmzauﬁuwamauaum
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R? = 1—% O0<R?<1 (2-24)

SSE fin AHA3IMU03M 8 1a04Y89AWAAIAIAABY (Sum of Square for Error,
SSE) (SSE= Y (¥, —=¥))%)

SST fo Aanuntidsunanua (Sum of Square Total, SST) (SST =
20 =9
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2.10.3 UszTewiiveumatin RSM
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d' v o A o == Y a Y o a
M3197 3-3 wamsuaassHaaudsnmmsaneIalemaila RSM Uszneualeailsaese 3

gl wazauilseiy 1 aawals

Run no. X, X, X, Response
1 1 -1 -1
2 -0l 0 0
3 a 0 0
4 0 0 a
5 1 1 -1
6 0 a 0
7 0 0
8 0 0 0
9 0 -0l 0
y = %Color Removal
10 -1 1 1
Efficiency
11 0 0 0
12 1 1 1
13 1 -1 1
14 0 0 -o
15 -1 1 -1
16 -1 -1 -1
17 -1 -1 1
18 -1 0 0
19 0 0 1

20 0 -1 0
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d’ v W o v K o o %’ a A g = 9 .
M15197 3-4 wamsuassvaaulsdmsuaneinisinvatuaendwileudden Reactive red

Concentration Amount of Catalyst Flow rate of
Run no. Response
(mg/L) (mg) Wastewater (ml/min)
1 68 692 56
2 20 1,084 110
3 80 1,084 110
4 50 1,084 200
5 68 1,470.5 56
6 50 1,730 110
7 50 1,084 110
8 50 1,084 110
9 50 432.5 110 %Color
10 32 1,470.5 164 Removal
11 50 1,084 110 Efficiency
12 67 1,470.5 164
13 67 692 164
14 50 1,084 20
15 32 1,470.5 56
16 32 692 56
17 32 692 164
18 32 1,084 110
19 50 1,084 164
20 50 692 110
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d’ v o o [ = o so‘ A A g = 9 .
M15197 3-5 wamsulassraaulsdamsumsanyinsintadugdendwiloudden Malachite

green
concentration Amount of catalyst Flow rate of
Run no. Response
(mg/1) (2) Wastewater (ml/min)

1 68 692 56
2 20 1,084 110
3 80 1,084 110
4 50 1,084 200
5 68 1,470.5 56
6 50 1,730 110
7 50 1,084 110
8 50 1,084 110
9 50 692 110 %Color
10 32 1,470.5 164 Removal
11 50 1,084 110 Efficiency
12 68 1,470.5 164
13 68 692 164
14 50 1,385 20
15 32 1,470.5 56
16 32 692 56
17 32 692 164
18 32 1,084 110
19 50 1,084 164
20 50 692 110
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3.6.4 MINATOUMINTNININTNIVDINGUHAARLIAD
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3.6.5 MINANZHUUTEAINANA Liquid Chromatography-Mass Spectrometry (LC-MS)
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3.6.6 Uszifiuwamansugeans
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a d
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Independence variable
% Efficiency
Run no. Concentration Amout of Catalyst Wastewater Flow rate
Color Removal
(x,) (mg/L) (x,) (piece) (x,) (ml/min)
1 68 16.08 56.49 33.60
2 20 25.00 110.00 40.90
3 80 25.00 110.00 31.84
4 50 25.00 200.00 22.09
5 68 33.92 56.49 51.23
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Independence variable
% Efficiency
Run no. Concentration Amout of Catalyst Wastewater Flow rate
Color Removal
(x,) (mg/L) (x,) (piece) (x,) (ml/min)
6 50 1,730 11 48.98
7 50 1,084 110 35.86
8 50 1,084 110 35.86
9 50 4325 110 21.60
10 32 1470.5 164 37.18
11 50 1,084 110 34.00
12 68 1470.5 164 3541
13 68 692 164 24.92
14 50 1,084 20 47.40
15 32 1470.5 56 55.58
16 32 692 56 35.58
17 32 692 164 23.40
18 32 1,084 110 36.66
19 50 1,084 164 28.04
20 50 692 110 29.14
21 10 1,730 10 84.85
22 32 1,730 10 84.81
23 50 1,730 10 84.62
24 67 1,730 10 84.69
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(4-3)
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gangy 31lsznoualeals anuvuIUV0ITIDN ﬂiNWﬂm’Jli\iﬂgﬂiEﬂ BATINIT

¥ aAav o J . @ 1 % a Jd 1
"lwamamu?m LLﬁ&Wﬂﬂﬁﬂgﬁll‘WLl‘ﬁ (Interaction) VoA suAazA BT AATIZHAIAN

Y ax = Yo A
uilsUsauvesaunIsnlels ANOVA Tﬂmmmwammsmazmﬂﬂ"hmmﬁm 4-4
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H a 4 o ) o o 2 .
M99 4-4 Waﬂ”IS’Jl,ﬂi”lgWf"l’JﬁJLL']J5ﬂ5’31!5116\1LL1J‘]_I%1aﬂﬂﬁ1ﬁiﬂﬂ1ﬂﬂ%gﬂu%u¢] Reactive red

?,‘ =) @ J Y Aas
‘IHMWL?(EJET\‘IL?‘ISWWWJEJ’J‘H ANOVA

Source of Sum of F- P-value
Mean Square Remarks
Variation Squares value Prob > F
Model 9713.75 1618.96 203.43 <0.0001 significant
X, 35.93 35.93 4.51 0.0486 significant
X, 1237.66 1237.66 155.52 <0.0001 significant
X, 1055.59 1055.59 132.64 <0.0001 significant
XX, 186.13 186.13 23.39 0.0002 significant
X; 26.36 26.36 3.31 0.0864
)(33 24.94 24.94 3.13 0.0946 significant
Residual 135.2913 7.96
Lack of Fit 132.9849 8.87 7.69 0.1210 Not significant
Pure Error 2.3064 1.15
Correlation Total| ~ 9849.043
R’ 0.9862 Adjusted R® | 0.9814
Predicted R’ 0.9655 Adeq. Precision | 40.997
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4.5 MAANEIIFeMEmMATia Liquid Chromatography-Mass Spectrometer (LC-MS)
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2.4.2 Color measurement

2 I ]
38U UNTVURINNTTIU TasThladrsazatsuasgumanuye 0.6 — 4.5
o [} = any 2 Y A a aa 2 A d'
mg/L imnedarlouluasnmsm Iagisudunin 50 ¥3e 100 HadanI¥INAILE1INAN 510
% 1% a J o ) @ a
wluwas Fannagadalasldanlains i laiimes dea1s1e nazazlddmiun1sdreda
¥ { ES ] % 1 {
(Reference) 1% 191111130 Sample blank N3 suNNTUAB UM OUAIDEIAINEIT AU 11)Aou
1 {1 I I . . [ {
A1 Absorbance 1911 1@ lihiluanududuve unanaeld Calibration curve Asnmilsznoun

-3

A195199 V-2 UAAIHaINMIINT M1a 591U 1ae25015 Phenanthroline (APHA, 1985)

Fe concentration Absorbance
(mg/L) STD 1 STD2 STD3 average

0.6 0.1510 0.151 0.151 0.151
1 0.222 0.222 0.223 0.222
1.5 0.275 0.275 0.275 0.275
2 0.383 0.383 0.383 0.383
2.5 0.505 0.504 0.502 0.504
3.5 0.648 0.648 0.648 0.648
4.5 0.829 0.830 0.829 0.829
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y=0.175x + 0.038

R?=0.995

Absorbance

Concentration of Fe2+ as mg/L

Y 9 v A <
ﬂ1Wﬂ§$ﬂ@Uﬁ V-3 L!ﬁﬂﬂﬂiTWNT@]jﬁTuﬁ]Wjﬂ']Lﬂjflzﬁ"ﬁ']ﬂ']'luleﬁlusﬁlumﬂ\uﬁaﬂ

wlosea (F e2+) 1a835n15 Phenanthroline
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A-1 Waua9 pH

A-1.1 WaUed pH AT @NTMNMIMIATI0N Reactive red N 10 HadnTuaoans 911U

y
anselnsenaiialesou 2 uaedas Tu

9

ideduns11HA83ANITNAADIU VLN

Time %Color Removal (Reactive red)
(hr) pH 5 pH 6 pH 7 pH 8
0 0.00 0.00 0.00 0.00
1 82.48 90.05 62.60 67.91
2 85.00 93.83 75.80 80.58
3 86.00 93.87 90.51 81.38
4 89.00 93.89 90.60 91.92
8 89.97 93.93 90.61 92.76
12 89.99 94.00 90.61 90.05
24 90.00 94.00 90.64 90.04
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A-1.2 Haved pH ABY 3 ANTAINMITMIAT DY Reactive blue 7 10 HaansuAsans 911U

o 0 Ana A 2 1 A H [ L4 J
mtiﬂﬂgﬂim%uﬂ%iau 2 BUNDANT 11!1!1&%8?(\“?1313?7&3811@ﬂ]ﬁ‘ﬂﬂﬂﬂﬂl!ﬂﬂl!ﬂ‘ﬂﬂf

Time %Color Removal (Reactive blue)
(hr) pH 5 pH 6 pH 8
0 0.00 0.00 0.00
0.5 26.05 34.84 23.98
1 38.45 54.47 38.97
2 46.74 73.29 64.95
3 49.61 91.49 64.99
4 59.25 96.41 92.07
8 95.55 100.00 98.16
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A-1.3 #¥avod pH U5z ANTNNNTMIATIOU Malachite green N 10 HAANTUADANT T1UIU

@ 0 Ana A 2 1A H [ J J
ﬁ?&ﬁﬂﬂgﬂiﬂT"]fHﬂll@i@u 2 BUNDANT 11!1!1&%8?(\“?’1313?7&3811@ﬂ]ﬁ‘ﬂﬂaﬂﬂl!ﬂﬂl!ﬂ‘ﬂﬂf

Time %Color Removal (Reactive red)

(hr) pH 5 pH 6 pH 7 pH 8
0.00 0.00 0.00 0.00 0.00
0.50 88.95 90.74 75.97 90.94
1.00 91.31 90.74 76.49 91.29
1.50 91.36 91.80 77.82 92.32
2.00 92.17 92.32 81.98 92.93
2.50 92.22 93.55 83.90 94.04
3.00 93.06 94.17 83.95 94.41

Y 9 ] ? a o ' A A o v A Y .
n-1.4 Nﬁsll’t)\‘]ﬂﬂnJL“ll1J5Uuﬂl@ﬂﬁﬂ@uiuu1lﬁﬂﬁ\‘llﬂi1$ﬁﬂﬂﬂﬁgﬁﬂﬁﬂw\lﬂ15ﬂ1%ﬂﬁﬂﬂu Reactive

{ J aan a 2 1A ¥ o A
red i pH6 inu’J‘L!@]’JL'i\‘]ﬂj‘]ﬂifﬂ%uﬂllﬂiﬂu 2 FuAoanTUITY ﬂ"lli!"L!ﬂ”Iiﬁ)'JEJ‘]gﬂﬂﬁTIﬂﬂ@Q

s
UUVLUNY

Time %Color Removal (Reactive red)
(hr) 10 mg/L 100 mg/L 150 mg/L 200 mg/L
0 0.00 0.00 0.00 0.00
1 82.48 14.78 45.79 29.46
2 85.00 25.29 52.10 38.41
3 86.00 33.42 59.09 46.40
4 89.00 46.24 66.06 54.53
8 89.97 62.62 73.13 65.66
12 89.99 80.65 80.86 78.79
24 90.00 90.58 88.87 86.98
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Y
A-1.5 Wa‘U’ENii”l‘Ll’JH%UG]’JL?Q']JJ‘]ﬂiEJ”I"If“L!ﬂ"I,’E)i’EJHWBﬂigﬁ%‘ﬁﬂ1Wﬂﬁﬂ"ﬁ]ﬂagﬂﬁJ Reactive red

Y a o oA Y Y Y A a
“lummammswwmmmmmuaaau 10 yaan

[ 1T A

wADAAT Az pH 6 AUHUNMIAIIYANT

NAADIVULLNT
Time %Color Removal (Reactive red)
(hr) 1 piece 2 pieces 3 pieces 4 pieces
0 11.36 60.10 46.34 73.10
1 34.08 78.43 63.50 89.80
2 53.88 80.51 68.65 87.51
3 54.39 80.47 73.00 86.87
4 79.70 83.69 70.81 86.84
8 80.51 81.93 80.33 94.98
12 83.50 85.68 80.68 93.79
24 11.36 60.10 46.34 73.10

a ' a A o w . ¥ % P
A-1.6 HAVDINMTANDINAADUTLANTMNMTIIATION Reactive red IUuNFoFUATIZHN
v
anuiuTuddon 10 Naanfuasansuaz pH 6 S1uuansslinsensiialosou 2 udodns

@’haﬂ;ﬂmimaaummmwﬁ

Time %Color Removal

(hr) feed N, feed O, Blank
2 89.83 89.80 88.01
3 87.67 87.91 86.99
4 87.01 89.87 93.08
8 86.99 89.84 93.79
12 94.88 94.98 88.03
24 93.79 94.00 87.67
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aan o %’ 1 a a
n-1.7 Wﬂ‘llﬂ\ilﬂla1ﬂ”li‘1mﬂ§‘]ﬂifn (Retention time) ﬂ"liﬂ"ﬁ]ﬂ%gﬂlliuu“%ﬂ@]ﬂﬂSxﬁ‘ﬂ‘ﬁﬂ”IW‘U’fN

v Y
szun Nanuduiuddon 10 faaniuavansuaz pH 6 SIUANTIRN301 4 Fuaodnas

AUHUMIRIOYANTNARDIMUULLNG

Time %Color Removal
(hr) Reactive red | Reactive blue | Malachite green
0 0.00 0.00 0.00
0.5 34.84 90.74
1 90.05 54.47 90.74
1.5 91.80
2 93.83 73.29 92.32
2.5 93.55
3 93.87 91.49 94.17

[

Y
n-1.8 Llﬁﬂﬂﬁﬁllﬂﬁﬂﬁﬁmm%Wa@@Uﬁu@ﬂﬂlﬂiﬂﬁﬂW%ﬂ%g@N‘Buﬂ Reactive red “luuu%aﬁ'w

ansalfnserriialosouluganaaown naneiiios AreniseenuuunsnaasItlgmaiin

RSM i1y CCD

15 Yseaniammsminadou ﬂigaﬂ%ﬂgw

p MIMInadoy

NAABIN | Zoar 1udt | finar3wd | finan s undl m3e Cova)
1 34 31.60 35.2 33.60
2 40.18 40 40.9 40.90
3 34.52 30 31 31.84
4 22.09 22 22 22.09
5 50 52.69 51 51.23
6 49.02 49.02 48.9 48.98
7 37 35.58 35 35.86
8 37 35.58 35 35.86
9 21 23 20.8 21.60




YszanTammsminddou Usgansam
3 o o oy
4 |z o o | mimiaade
nAAeIN | a1 1w | a3 Wi | et s un e

naY (30Y)
10 37.18 37.18 37.18 37.18
11 34 34 34 34.00
12 35 36.2 35.03 35.41
13 25.06 25.7 24 24.92
14 49.4 45.40 47.40 47.40
15 55.4 55.85 55.49 55.58
16 34 35 37.74 35.58
17 24 23.2 23 23.40
18 36.66 36.66 36.66 36.66
19 29.12 27 28 28.04
20 293 29 29.12 29.14
21 85 84.5 85.05 84.85
22 80 87 87.43 84.81
23 80 86.9 86.03 84.62
24 85 84.3 84.77 84.69
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a 3 a . ¥
n-1.9 uammuﬂsaﬁsxuazwa@auauawmmsm%ﬂﬁ%wuﬂ Malachite green l‘LlLl"IL?TEJﬁ)'JEJ

ansalfnsenyialosouluganaasaunlvano

RSM 11111 CCD

U

A

Uszansmmmsisaadon Uszansnm
13 oo o
P . L L | mamiaadoy
naan nar 1w | nar 3 wn 4 .
e (Fooa)
1 42.04 42.0 42.02
2 70 70.9 70.45
3 89 89.2 89.10
4 31 36.9 33.95
5 77.7 77 77.35
6 60 60.1 60.05
7 46.96 46.96 46.96
8 71.9 69 70.45
9 90.34 90.2 90.27
10 63 61.16 62.08
11 82 82 82.00
12 83.96 82 82.98
13 72.9 68 70.45
14 85.92 84 84.96
15 68 68 68.00
16 96.9 96.8 96.85
17 62.84 60.1 61.47
18 80.04 78 79.02
19 79 79 79
20 59.96 61 60.48

3N ﬁ?ﬂﬂﬁi’)ﬂﬂllﬂ‘ﬂﬂﬁ‘ﬂﬂﬂﬂﬂﬁ)’mmﬂﬁﬂ
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{ 1 [ %‘ = o 4

A-1.10 #avesanausalfnsenihgnsennuindoduns1zi (Retention time). voddou
[ Y
Reactive red 7l pH 6 AN uauddon 50 aaniuasans Suaudnsalfnser 25 Fu oas

b4 A aa 1
m3lwavesthddunsizd 20, 110, 163.5, uag 200 Hadansaowil luganisnaasa

1 d’
UUUADIUD
%Color Removal
Retention time (min)
Malachite green Reactive red
441 96.85 47
92 79.02 34
42 70.45 28
22 60.05 22

a-1.11 Uszansnmlumsiidaddoudrsdnsalfnsersiialosounuuramiulugans

o v A %‘ = v d'q/ a Aaa 1 =
‘vmammmaiummasmuymuw’e)mmﬁ"l,wa 20 DR IAdUIN

Time %Color Removal

(hr) Violet Green Blue
0.00 0.00 0.00 0.00
1.00 39.00 40.00 94.00
6.00 49.30 59.80 95.00
12.00 48.90 60.00 95.50
24.00 50.01 59.30 95.00
26.00 50.00 59.35 95.00
32.00 50.10 59.30 95.00
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DECOLORIZATION OF DYEING WASTEWATER USING Fe**
ON CERAMIC FOAM CATALYST

PONGSAK KHAOWIN? JUNTIMA CHANGSIRIPORN*

#Department of Chemical Engineering, Faculty of Begring,
Prince of Songkla University, Hat-Yai,Songkhla 921Thailand
*Email: juntima.c@psu.ac.th

ABSTRACT

Dyeing wastewater contains large amount of dyesbgither with significant amount of
suspended solids (SS), dispersing agents, salistrane metals. This dyeing wastewater
causes serious environmental problems that reqpmgserly treatment technologies. This
research study was aimed to usé fm ceramic foam catalyst for disperse and reactde
dyes removal from synthesis dyeing wastewater. Adié catalyst was prepared by sol-gel
method with the iron salt as precursors, namelylfef concentration of 3.0 MThe
synthesized catalyst was characterized by the E¥taum from X-ray Spectrometer. The
surface morphology was evaluated by using a scgneliectron microscope (SEM). 1 liter
batch reactor with magnatic stirrer was installed ased for decolorization testing by the
Fe** catalyst. The disperse and reactive red dyes otrat®n of 10-200 mg/L and 1-4 pieces
of catalyst was controlled for the catalytic tegtimhe catalyst was effectively found to
remove the dyes from wastewater with optimum ojregatondition of using Fé catalyst 4
pieces/L solution and initial pH 6. The result sleovthat the highest color removal efficiency
was 96% for contaminated dye wastewater.
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1. INTRODUCTION

The Color contaminants in aquatic environments fdy® industry are an issue of environmental
concern. While color is used to a fabric or yarogaisses, some remains in the dye bath solution was
then released in the form of an effluent [1]. Dygpinastewater contains large amount of dyestuff,
suspended solids, dispersing agents, salts anel tnatals. These things cause serious environmental
problems. Furthermore, the composition of wastemfaten dyeing and textile process aries greatly
from day to day and hour to hour, depending on dpestuff, fabric and concentration of fixing
compounds which are added [2]. In addition, théBaents are threatened to ecosystems because of
its toxicity and resistance to destruct by bioladjiceatment methods [3].

Conventional treatments of dyestuff wastewater udel biological oxidation, chemical
coagulation, advanced oxidation and adsorptionmRfee researchs on color removal by using iron in
the water, found that the reading about OrangeCll, Acid Orange7 (AQ7), are oxidatively
decolorized via catalytic oxidation by iron(lll) ffalocyanine-tetrasulfonic acid (Fe(lll)-PcTS) as a
biomimetic catalyst and KHS@s an oxygen donor[1The dyeing effluent of high alkalinity can not
be treated efficiently by traditional wastewatechtieologies so highlighted the need to explore a
technically feasible, high efficiency and reduceagt method. Thus, method for the removal of dyes
under alkaline conditions using magnetic chitosa(it§ hydrogel was proposed[4]. Decolorization
of disperse and reactive dye solutions are usergcfchloride[2].

The various methods are quite cumbersome and/c@$t iron in form of Fe*or F€ * from the
ferric sulfate (F&5Qy), ferric nitrate (Fe(Ng) ,) or ferric chloride (FeG) were used for color removal
in wastewater. The Fenton reaction is another wayet rid of colors in the water, but this methed i
costly because the pH of the wastewater beforéntiera is acidic and chemicals will be eliminated
along with the sediment. Development of iron fog toating on the medium in the heterogeneous
catalyst application that can be regenerated.

Reactive dyes are the most important class of dged for cellulosic substrate because of their
high wet fastness, brilliance and range of hues Wost attractive feature of these dyes is the
essential simplicity of the dyeing process. Howetleese dyes cause certain problems such as high
electrolyte concentrations and low wet fastnespgnites of dye materials. Despite of the high
electrolyte concentrations, the exhaustion of e laath is still limited and the discharge of celbr
effluent leads to pollution problems|[5].

This research aims to eliminate the dye wasteviater dyeing plant with the Bécatalyst. The
synthesis of ferric chloride catalyst by sol-gelthoel and dip coating were performed and tested in
batch reactor. The catalysts was added in the wagte with stirring along the operating time to jgee
the water flowing and contacting with the catalgstface. The interesting parameters were pH of
wastewater, concentration of dye and amount oflysitaThe dye concentrations were measured
using UV-Vis Spectrophotometer. This optimal coiueis will be further developed for industry.

2. MATERIALSAND METHODS
2.1 Reagents and chemicals

Analytical grade magnesium nitrate hexahydrate {N@,.-6H0, 99.5%), oxalic acid
((COOH):2H,0, 99.5%) were obtained from Ajax Finechem. Co.AUSerric chloride (FeG),
commercial grade were obtained from Qualitech Kudalytical grade ethanol 99.9% was obtained
from Merk Ltd., Germany. Foam ceramic (20 ppi) pased from Assab steels (Thailand) public
company limited and the commercially available drsp and reactive red dyes.

2.2 Catalyst preparation



132

Mg(NO,).6HO (COOH), 2H,0 FeCl, in absolute ethanol
in absolute ethanol in absolu.te ethanol
Stirring for 10 min lStin‘ing for 10 min Stirring for 10 min
“A” solution “B” solution “C” solution

Mixing and stirring 10 min

Mixing to form sol

Stirring for 10 min

Sol-gel dip coating on foam

ceramic

Dried at 100 °C for 1 h

Calcined at 600 °C for2 h

Fe* doped on foam ceramic

Fig. 1 Schematic diagram of the Fen foam ceramic synthesis by sol-gel dip coatéuhique.

Fe/MgO catalysts were obtained from sol-gel mettlescribed by Kumar and Kumar [6]. A
schematic flow chart of the Fdoped MgO prepared by sol-gel dip coating on foaramic
honeycomb was shown in Fig. 1. The “A” solution waade by dissolving 1 M of Mg(Ng- 6H,O
in ethanol. The “B” solution was made by dissolvihg of (COOH}.2H,0O in ethanol. The “C”
solution was prepared by dissolving 3 M of Rell ethanol. The F&doped MgO sol-gel was
prepared by premixing the “B” solution into the “Ablution and stirring at room temperature for 10
min to form solution (sol). Then the solution “Glas added into the catalyst solution and stirred at
room temperature to prepare sol [The solution was subsequently dried at 100 °C fbh2The
reaction equation of the precursor mixture canXpessed in Eq. (1). The calcination was performed
in air flowing for 2 h under atmospheric pressund aooled at a rate of 18/min. The reaction of the
calcination step is given in Eqg. (2) [8]:

Mg(NO3),: 6H,0 + (COOH)-2H,0 — MgC,0O,-2H,0 + 2HNG +6H,0 (1)

MgC,0,4-2H,0 + 0.5Q — MgO +2CQ +2H,0O (2)

Before dip coating, foam ceramic honeycombs weggadsed by cleaning thoroughly and drying
in an oven at 10C for 1 hr. The circular foam ceramic honeycomb g®ped into the catalyst
solution. Subsequently the films were dried at 4D@or 1 h, calcined at 60 for 2 h, and cooled at

10 °C/min. Finally, the F&-doped MgO on ceramic honeycomb were obtained. Symthesized
catalysts were characterized by Energy DispersivayxSpectrometer (EDX)[7].

2.4 Batch experimental set and analytical method

Fig. 2 shows schematic diagram of the laboratoglesbatch reactor that consists of magnetic
stirrer, reactor (beaker 1000 ml) and catalyste Wastewater at concentration 10-200 mg/L was
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prepared by dissolving the reactive red in distilwater at pH 5-8 and amount of catalyst 1-4
pieces/L, retentation time 24 hour by taking samm@eery hour and using a UV-Vis
spectrophotometeiThe dye removal was measured for each dye in gikle@irange where maximum
absorbance. The decrease of the absorbance pealdireetly proportional to the reduction of the
dye concentration. The COD was analyzed by a ca&dric method after samples digestion in a COD
reactor according to standard methods [1].

Catalyst

Dyeing wastewater

Magnetic bar

NEE— Magnetic

Fig. 2 Schematic diagram of a batch reactor fooligzation dyeing wastewater.

The color removal efficiency (%) can be determibgdEq. (3) using the concentrations of initial
and final color wastewater after treatment as vedlo

% Colorremovak % x100 (3)
|

where % Color removal is the percentage color rexhefficiency, C, and C_ is initial and final
color concentratioin wastewater (mg/L), respectively.

3. RESULTSAND DISCUSSION
3.1 Characterizations of the catalysts

To ensure that the Fecatalysts were obtained on ceramic foam, Energgp@sive X-ray
Spectrometer (EDS: Oxford ISIS 300) was used asepted in Fig.3. The EDX spectra from X-ray
Spectrometer showed elemental of Fe on the analf$ig”*. The surface morphology was evaluated
by a scanning electron microscope (SEM) as showvirigrt.
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Mg

T T T T | T T T T | T T
i} 5 10

Fig. 3 EDX profiles of F& on ceramic foam catalyst synthesis.

Energy (keV)

Fig. 4 surface morphology of Fedoped MgO on foam ceramic honeycomb contentsezhoiit
scanning electron microscope (SEM).

3.1 Effect of dye concentration of wastewater on the decolorization

Fig. 5 shows the color removal efficiency from dywwastewater at various concentration 10, 50,
100, 150, and 200 mg/L using ¥eatalyst 1 piece/L at initial pH 7.5. It was foutigt the pH 6 in
batch reactor that promoted the highest efficigncyolor treatment with 95% for 24-hour run time.
Moreover, the efficiency of color removal in wastaer was 96% that taked only 2-hours run time.
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—e— (.20 g/litter
—=— (.15 g/litter
—a— (.10 g/litter

—=—0.05 g/litter

——0.01 g/litter

% Color Removal Efficiency

0 5 10 15 20 25 30
Time (hr)

Fig. 5Effect of concentration of wastewater to the degnédion from dyeing wastewater.

3.2 Effect of pH on the Decolorization

The color removal efficiency of dying wastewatercahcentration 10 mg/L using Featalyst at
various pH is presented in Fig. 6. From the spettiound that pH 6 in batch reactor promoted the
highest efficiency for color treatment with 96%dhghout the 24-hour run time. The efficiency of
color removal of wastewater was 96% at initial pfb62-hours.

100
90 +
80 +
70 4
60 +
50 - —a—pH?7

»

—e—pHS

40 4 ——pH©6
30 1 —=—pH>5
20 H
10 -
0O m T T T
0 5 10 15 20 25 30

% Color Removal Efficiency

Time (hr)

Fig. 6. Effect of pH on the decolorization from dyeing weasgater.

3.3 Effect of amount of piece on the decolorization from dyeing wastewater.

Color removal efficiency of the dying wastewaterdgie concentration of 10 mg/L, initial pH 6
and using of Fécatalyst 1-4 pieces/L is shown in Fig.7. It wasrfduhat the 4 pieces/L in batch
reactor was promoted the highest efficiency fooctileatment with 94% at 2-hour.
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Fig. 7 Effect of amount of catalyst (pieces) ondeeolorization from dyeing wastewater.

4. CONCLUSION

The Fé&" catalysts were synthesized by a sol-gel method auptied to color removal from
dyeing wastewatefhe successful synthesisFeatalyst was performed by coating on surface ef th
ceramic foam mediaThe XRD and SEM tests were showed the well dispersif FE* on the
ceramic foam catalysThe batch reactor with catalyst was effectivelyf@ened in color removal
from dyeing wastewater. The system gave 94% remoaphcity within 2 hr operating time. The
optimum condition of the batch reactor for dye @mteation of 10-200 mg/L was initial pH 6 and
using catalyst 4 pieces/L to achieve 96% of catonaval efficiency.
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