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Chatchai Imkesonrungcharoen 2008: Preparation of Silkworm Pupa Adsorbent
for Removal of Reactive Blue 19 and Reactive Red 3. Master of Science
(Environmental Science), Major Field: Environmental Science, College of Environment.

Thesis Advisor: Miss Savaporn Supaphol, Ph.D. 104 pages.

This study was focused on the feasibility study of reactive dyes adsorption in standard
solution and actual wastewater by silkworm pupa. The silkworm pupa powder adsorbent has
amino acids those can form covalent bond with reactive dye structure. Two reactive dyes
(reactive blue 19 and reactive red 3) were used. The experiment was conducted in order to
figure out the optimum treatment condition in terms of pH, volume of adsorbents, shaking time,
contact time, concentration of adsorbate in batch experiment. Furthermore, the adsorption
through column and recovery of used adsorbent were investigated. The results demonstrated
highest adsorption efficiency of reactive blue 19 in standard solution wastewater at 84.62 %
under the condition pH 11, adsorbent volume 5 grams, shaking time 180 min, contact time 120
min and concentration of reactive blue 19 700 mg/l, whereas 81.56 % highest adsorption
efficiency for reactive red 3 was obtained under the condition pH 11, adsorbent volume 6 grams,
shaking time 240 min, contact time 120 min and concentration of reactive red 3 400 mg/l. When
experimented through column, the highest adsorption at 89.62 % was obtained for reactive blue
19 with flow rate 0.71 ml/min, while 73.83 % highest adsorption was achieved for reactive red
3 with flow rate 0.91 ml/min. The recovery of used adsorbent for 3 times was shown to decrease
the adsorption efficiency. For reactive blue 19, they were 80.21, 73.44 and 59.89 % after the 1“,
2" and 3" regenerations. For reactive red 3, they were 76.51, 63.43 and 43.18 % after the lm, 2%
and 3" regenerations. Moreover, the adsorption of both reactive blue 19 and reactive red 3

demonstrated the conformity according to the Freundlich Isotherm equation.

Student’s signature Thesis Advisor’s signature
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3.2.1 dAansa (disperse dyes)

A @ 4 a . oy
1¥gouduloozdian nioduledunsgruriafgaduiiildies ddou
dy 1 31 13 = 1 g} A A 1 . . A
i'ldazanimailuazootaziden azatvedluiniielia1340n52918 (dispersing agent) 0
Y 1
mangen azaunsalddonlinisssua1d laelidesldmsniiousie wenanesw (carrier)
vstanelndin 1l Indiduladfiosne Nazimal fnsormanad 1a

=

aa ad ] I 1 a 1 ~ v Y 9
damnsautseondu 2 nqu Taswnsannguailudrddon laun do
Y 4

9 . . £ 09: 1 dy a 9
Tox (azo dyes) UQZTUDY amino anthraquinone HINI 2 ﬂquuﬂﬂmxﬂizﬂaumﬂwwu‘ﬁ

Y94 ethanolamine — NH,CH,CH,0H %#300yiusnadonaiu
3.2.2 @odn (azid dyes)

Y 1
T¥gomduloTusAulmidoudalianmmiluniadons wiill1¥doudule
A 19 1 a = [} [ v A a
wag Taah lilsaag TeauSgns 16 1wy e 1hu tazIndwanes diddouiannmslszneu

a A dA g' 9 ] [~/ A o @
@uﬂiﬁl‘ﬂﬂ%ﬁ’lﬂuﬂlﬂ ﬁ']uﬁlﬁmulﬂu!ﬂﬁ@(’ll@\iﬂiﬂﬂﬁJ%ﬂu
323 dAfouo: lwon (azoic dyes)

a ' 09/’ @ 1 oy @ a’/‘ { v <
Heonlddousag Tasviniu dad hiazanei daiumsideznegihiwdule
Yy 9y = . Jdq v Y = o Y ooa J Ay
ladesdoudremssznouiueadsazarniilaneundrvailudonriudnaseniiadoe
9
o aaa v 2 I~
indolaoz Tamilon (diazonium  salt) ndediszitlfnsenuaisdsznouiluea ety

1 E4
msdsznou wlanldaduudule Ugnasentiiseniialas (coupling)

3.2.4 Adouuan (basic dyes)

v J

[ L4 a a
l¥gonvudaivaziduloduasiziunyia Tasdonaadulowaglaald

]
=

I~ 1a @ a 4 4
eadndosnse ludaas drademiduaisisznoudunisnilnslunes (chromofore)



17

9
a0 =

1dunalosouildiendiii duaalossu donaanuduleldTaslszquinvesluanad

donazdunulszyavveudule
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3.2.7 dfoudames (sulfur dyes)
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3.2.8 AdouuIn (vat dyes)
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nuny leasondaluwaag laduazirou Tesdanu Tasiuss Inannausvznmeiluasilsznou
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dozaanuidule Taswuszlarmauiimnanunguleasonga szwulunguidulowag Taa
. o s a o 1 a 1 a 4 .
(Cellulosic fiber) WU Inrnauinmanungueziilu sznulunquwodie lud (Polyamide)
o s A o ] s o (4
uaziuse InnauninanunnuyilassuaznuludulelUsdu  [Proteinfiber] (B9n3IMNS3,

2527)

9 v
A U

[ 9 A = 9 l =
anvue lnsedsNvesdseninm ﬂgﬂixﬂﬂﬂﬂjﬂﬂQqui']u 5 NQY »mnn 2)

5] = [X]

3 Y] Y
MNN 2 dnbaig Iasadi N nanavesdsueninyl

AN Zollinger (2003)

1 Y v
W (Water Solubilizing Group) fie nguiilinnuanniolumsazateirlaegnali
willumandaliin dalFdmiuduloyag TaanToduloTisau azdesingudalrinmilu

4 1 1
p9Rsznouey 1- 4 NQU

D (Chromophore) fio nguveuniinlinad Felaenaldudrdmsudmaes

S 9 = 1 s A o v A A v A = oy
LBGEURIGE N ﬂﬁj}liﬂﬁjuwﬂﬁ 19 Metal-free-manoazodyes 1M IVANUI aNUNY LAZTU
9

v 4 %

neia ﬂ’quiﬂihﬁ/\lﬂi Ao Anthraquinone derivative based on Bromide Acid 33U
Phathalocyamine derivatives, Formazan Cu-Complexes t81¢ Tri-Phenodioxazines (Zollinger,

2003)

] { o { g % 4 1 1
Q (Bridge link) i nguezasuNtmihiilududousznitngusueniin (RG)

funguTas Tuwles (D) 19U -NH- , -NHCO- -SO,- , -NH SO,-, -N(CH,)- iiludu

=

. . I oA a g A
X (Nucleofugic leaving group) tHunquiennsonailulosou vielwana

=

IADTNIONAINININANTLENGAD [dissociation] (Zollinger, 2003) RG (Reactive group) A0 N1
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A o ﬂaaa v 9

o 1 < J ' a Aaan
mldadulgnserdudule  aunsowdseeniungudes 9 awnalnmsinalgnse

9
Yo A

(mechanism) Tadaii

1. nquiin)§nsemuy  Nucleophilic  Substitution  Iaenigldan1izaig
4
Nucleophilic ~ functional group (HY) veuduloazimzaadunguiueaiivl 1iniusgsiia
P4
B A 1
Nucleophilic leaving group (X) ¥es@oon (aums 1) Tag HY vziuagiuriavoaduleiniy

Fiiale
Dye — X + Cellulosic fiber -0 ———# Dye — O — Cellulosic fiber + X AUMT 1

1 { o Aaaa . .. Y 1 a o w
2. ﬂquﬁmﬂgﬂimgmu Nucleophilic addition ﬂ'lﬂi@]ﬁﬂ?ﬂ]gﬂ'l\iilglﬂﬂﬂ'liﬂﬁ]ﬂ
4
o J 4 @
Nucleofugic leaving group Hasa@aIINUTEAVDIAITUDU 91NUU Nucleophilic functional group

voudulevudn lUiniusede (0w 3 uaz 4)

-Q-CH,-CH,-X > Q. CH - CH+X

-Q-CH,-CH,-Y « -Q-CH = CH, + HY

M 3 Y3811 Nucleophilic addition

=
NAN: Abraham and Freeman (1996)
CH = CH, + Cellulosic fiber — OH — » CH,— CH, — O — Cellulose fiber

d‘ aan Aa o
MNN 4 ‘]Ji‘]ﬂ'ifl"mlﬂﬂﬂﬂl‘?]fﬁ@jﬁﬁ

#131: Abraham and Freeman (1996)
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ATTNNUINN 10 ﬂ’J13J?f3JW1!‘]i§$W’JNifJﬂﬁgﬂﬁ@,ﬂ%‘ﬂ’dilmﬂﬂﬁhiﬂ 3 6U’E'NI?N@]ﬂ!,L{s"]ul,"rill

Y 9 an = A 9
LazANUUVNIUATLonNNIT A

ANMATNIY Jograzmsgaguasueniiviisa 3 S.D.
Fauenivlisudy a1 a¥af adafi Aunde
(ladn5ueoadns) 2 3

100 83.17 82.34 82.01 82.18 0.60
200 79.29 79.93 77.97 79.45 1.00
300 72.13 76.03 77.74 77.39 2.88
400 73.45 70.03 75.56 74.51 2.79
500 51.18 45.27 54.64 52.92 4.74
600 46.49 46.58 46.04 46.54 3.00
700 40.44 41.95 41.69 41.82 7.25
800 37.15 38.09 37.39 37.27 1.88
900 34.14 34.61 34.39 35.50 3.25
1000 30.78 31.11 30.75 30.77 243
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IEEL
. v
AnuA 1 C, C - 1/q 1/C log q log C
. (@an9)
(N3Y)
5 100 3.11 0.05 1.21 0.8257  0.3215  0.0832  0.4928
5 200 8.98 0.05 2.39 04188  0.1114 03780  0.9533
5 300 17.52 0.05 3.53 0.2832  0.0571 0.5479 1.2435
5 400 34.84 0.05 4.56 0.2191 0.0287  0.6594  1.5421
5 500 58.31 0.05 5.52 0.1811 0.0171 0.7420  1.7657
5 600 71.82 0.05 6.60 0.1515  0.0139  0.8197 1.8562
5 700 81.43 0.05 7.73 0.1293  0.0123  0.8883 1.9108
5 800 91.63 0.05 8.85 0.1129  0.0109  0.9472 1.9620
5 900  125.72 0.05 9.68 0.1033  0.0080  0.9858  2.0994
5 1000  148.63 0.05 10.64 0.0940  0.0067 1.0270  2.1721
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ATTNNUINN 12 hl’E]IG]i!,‘VIE]iSJﬂﬁ@jﬂ%ﬂﬁill@ﬂ%ﬂliﬂ 3 6U’E'NI?N@]ﬂ!,L{é]ul,"rill
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IEEL

. v

AnuA i C, C - 1/q 1/C log q log C
. (@an9)

(N3Y)

6 100 13.36 0.05 0.72 1.3850  0.0749  -0.1415  1.1258
6 200 41.10 0.05 1.32 0.7552  0.0243  0.1219 1.6138
6 300 67.83 0.05 1.93 0.5169  0.0147 0.2866  1.8314
6 400 98.53 0.05 2.51 0.3980  0.0101 0.4001 1.9936
6 500  143.83 0.05 2.97 0.3369  0.0070  0.4725  2.1578
6 600  196.43 0.05 3.36 0.2973  0.0051 0.5267  2.2932
6 700  221.32 0.05 3.99 0.2507  0.0045  0.6009  2.3450
6 800  267.43 0.05 4.44 0.2253  0.0037 0.6472 24272
6 900  397.47 0.05 4.19 0.2388  0.0025  0.6220  2.5993
6 1000  437.93 0.05 4.68 0.2135  0.0023  0.6706  2.6414




99

q‘ v o 1 9 o A ~ o Y
AT NNUINN 13 ﬂ’ﬂil’ﬁiJ‘W‘L!‘ﬁigﬁ’JNifJﬂagﬂﬁ@,ﬂcﬁﬂﬁilmﬂﬂWUQ 19 ﬁumwmmmllwmmz

a { ] [
Usinasdsueniinug 19 7 lvaruaeau

- A JeazMIgadiy

Y31nasasuennvlug 19 - A oo
=

asueninvlug 19 Aunay  S.D.

ci v v d A aa
Nlvarunedin (Hadans) — ; v

AsaN1 asan2 asai3

50 91.56 87.67 76.13 89.62 8.02
100 87.22 63.61 59.72 61.67 14.88
150 79.71 46.21 55.13 50.67 17.35
200 67.60 41.46 37.37 39.42 16.40
250 55.97 34.75 31.26 33.01 13.37

q‘ v o 1 9 o A ~ @ 9
ATNNUINN 14 ﬂ’ﬂil’ﬁiJ‘W‘L!‘ﬁig'Vi’JNifJﬂﬁgﬂﬁ@,ﬂ“]ﬂﬂﬁilmﬂﬂWﬁﬂ 3 "IIENNQﬂﬂLm]lemZ

a H 1 [} r'd
Suesdsuenivlisa 3 N lvarunodauil

e A Joaznsgady

53nasasuennilisa 3 - oo
=

asueniivlisa 3 aunag S.D.

A v v ¢ a aa
‘n"lmmuﬂanuu (Naaans) A ; 2

Asai1 a2 asans

50 79.09 77.69 66.46 74.41 6.92
100 75.75 71.86 53.39 67.00 11.95
150 66.09 60.38 50.04 58.84 8.14
200 62.27 50.05 40.01 50.78 11.15

250 59.39 38.56 33.18 43.71 13.84
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v 9
M3HUINT 15 Msgadudsueniinug 19 veansanud lvu Taerums ez duy

annnd?
. Jewazmsgazudsneniiviug 19
msiuanmn T3 v T3 — S.D.
Aseiil Ase2 asEiiz Auade
T nuasasn 84.28 85.53 80.79 84.62 2.46
Wuyanmasan 1 80.39 81.49 80.02 80.21 0.76
Huyanmasan 2 73.96 76.93 72.91 73.44 2.09
Wuyanmasan 3 54.25 60.32 59.47 59.89 3.29

v 9
M319wuIndl 16 Msgagudsueniivhisa 3 veswsanud InuTasrumsldauuazilugy

anmudn
Y v AA =
v ﬁﬂﬂﬂ$ﬂ1§@ﬂ"ﬂﬂﬁi!!®ﬂ‘nﬂ!§ﬂ 3
msiuanmn - — — . S.D.
u w v A v J =
AN 1 AN 2 33N 3 Anae

T¥unsausn 81.94 81.58 84.77 81.56 1.75
& g A
Wuyeanmasian 1 76.59 75.93 76.43 76.51 0.34
Wuyernwasan 2 63.42 62.11 63.43 63.43 0.76
Huyanmasan 3 43.36 44.95 42.99 43.18 1.04
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q‘ o A ~ g’ 4 9 a @ 9
MINHNUINN 17 fﬂi@,ﬂG]ﬁJ’(?fﬁLL?Jﬂ‘ﬂ‘W11!11!WﬂQﬂWﬂTSQQWHWGﬂBSMﬁQ‘HG ﬂlﬂiﬂﬁﬂﬂllﬂ]‘h’m

Y v AaAA = ?:’ qu
iﬂﬂa$ﬂ1ﬁﬂﬂ“ﬂﬂﬁ§!!®ﬂﬂw‘l—ﬂﬂﬁ

asuannil anlsnunendenaine S.D.
? A ? T
AN 1 ATIN 2 AIIN 3 AUNAY
duannlug 19 70.11 75.15 73.63 74.39 2.59
Auennnisa 3 68.52 69.54 68.03 68.28 0.77

M Y E4 v
M319WKIT 18 A1 COD 11Nenn TsanurenfoudanonasnIniIuNIzUIUNMIQATY VBT

o Y
WIADLLA 13

A1 COD 1hnannlsnunandonaaneasain

Fwennyl WIUNIZUIUNIQAT (mg/l) S.D.

v
(%4

= o U oA
3N 1 ATIN 2 AIIN 3 Altnay

Fuennlug 19 4224 387.2 404.8 404.8 20.24

Aueninisa 3 528 492.8 510.4 510.4 19.64
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