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Study of Factors Affecting Methylene Blue Adsorption on

Ethyl Acetate-Modified MCM-41 Using Full Factorial Design

a & oo o o @
FI lclf'ﬁl!,lﬂu WITITIA DAILTITAU

a a a s o o/
MAIIAINTTUAT AULIAINTTUAIEAAS ﬁﬂ'm‘L!L‘VI’ﬂIuIﬂ?J“Wi$i]@ll!,ﬂﬁs{n%l”lﬂmﬂ‘l’iﬁﬁWﬂﬂiZ‘]N

UNAnL

Y] A A § A a a o a A A
QTujﬂﬂuW1ﬂ1§ﬂﬂLLﬂ§ MCM-41 ﬂ'ﬂﬂl@ﬂﬁ@gcﬁlﬂﬁlﬁﬂw\lﬂﬂﬁgﬁﬂ'ﬁﬂ'lwaluﬂ'lﬁﬂﬂ‘*]f‘ﬂLﬂﬂﬂauﬂgiﬂﬂlﬂulﬂ‘ﬂﬂﬂgﬁ“ﬁ

1

AANOAI189U EtAc:SiO, A1 1.88 2.50 3.77 5.63 Lag 7.54 WUNEAI 1IN EtAc:SiO, 11111 2.50 111309k
v ' v ) v
wnhauughanududu 25 ppm Idgegans 19.12 Haansuaeniudigady iWeriioununoasidmaus vmiu
YsunlasuilSumasneTnseasis CTAB:SIO, #6As U 0.33 tag 1.24 wuhnnwanse lumsgadummiaung
9 1
annuee iiiediAn daiudeddnagady MCM-41 (CTAB 0.33 EtAc 2.5) Tumsfinuianiwavesilviendana
apanuausalumIgaFuniauug (@ 1aun amduduveuuniiauug (IMB]) a1 pH (pH) (a1 (time) uag
A D] ~ < D] ", ot AP ' o
gugll (Temp) lagldmsoanuuumsnaasuvuranaFeamugiuas 15yonduis Minitab woiwansenunan
Ao [MB] pH uag Temp WanseNUIIN Ao [MBJ*pH ua pH*Temp Yadeninansznudenl q 13699108101
AnudAyAe [MB], pH, [MB]*pH, Temp @ pH*Temp AINA1AY HAZAINITOHILUUIIADINITOADOILAL
o = v
uuusaesnanglued q 14

o o w o an

MaALY: N15QALY, MCM-41, (UNNaUUg, NTBDNLUUNITNANDY

Abstract

This research aims to modify MCM-41 using ethyl acetate to increase methylene blue adsorption
efficiency by varying molar ratios of EtAc:SiO, were 1.88, 2.50, 3.77, 5.63, and 7.54, respectively.
Among molar ratios were studied, EtAc:SiO, = 2.50 adsorbed the highest amount of methylene blue (25
ppm initial concentration) i.e. 19.12 mg/g adsorbent. Molar ratios of CTAB:SiO, were varied from 0.33
and 1.24. However, it was found CTAB:SiO, did not insignificantly affect methylene blue adsorption
capacities. Then MCM-41 (CTAB 0.33 EtAc 2.5) was studied factors affecting methylene blue adsorption
capacities (q), such as concentration of methylene blue ([MB]), pH, time, and temperature (Temp), were
also investigated using full factorial design with Minitab. The results showed that main effect of factors

were [MB], pH and Temp, and second-order interaction were [MB]*pH and pH*Temp. The importance of
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factors affected to q in the following order, i.e. [MB], pH, [MB]*pH, Temp, and pH*Temp, respectively.

Regression models for q were developed and the adequacy of the reduced model was also examined.

Keywords : adsorption, MCM-41, methylene blue, experimental design
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1azn3 Wl Main effects and interaction plots

3.6.1 Normal plot of the standardized effects
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3.6.2 Main effects and interactions plots

wansznundnuaaadaglii s wudndunsilves
[MB] pH uag Temp JanbuzgeFunansiniu
wansznuRiiod s nansenuTmnaaadagli 6
WUIWANTZNUTIN [MB]*pH e pH*Temp Hanbme
uns it ldvunuiu naesnnuduiuds e
NN (Two-way interaction) FLUINNANTENUNAN [MB]
iU pH 8¢ pH U Temp AAABUT19A [S, 8]

[MB] pH Time Temp.
34

32
| |
30
|
28
26 l
S s \
24
|
|
22 I ;
20 | |
18 i !
|
8 .

Mean

] 1 5 1 ] 1 F YW d

gﬂﬁ 5 031 Main effects plot

| ). Y Tov9C% ih .00
P = ; A0 T
/// | _— 4 g | [ ‘30‘?: ,:
™8] - | ! | 17
| |
- 20
/ e,
o 8 o L) £ I8 o AT F LY
| | ‘ pH
—— 1
X G . Mo - R A
P B AN
| — o i 20
|
= H7 {40 —
] Time
by v | 11
= Ly
Time — s

Temp.

gll"?l 6 N3 Interaction plot

3.6.3 HUL1209INTANDOEUBIA q

15191 7 uaaanansznURnIauazmdulssans
N350A09Y (Coef) W%’auﬁ'uﬁuﬁmmummgm (SE,,.p)
Anuadauazanuinziiy (P) dmsunansznunan
wazpansenUsmF 180 n3seunlsonidade i
ﬁ1ﬁ'aﬂ°ﬁqﬂ HUUI1804N150A008 11 coded  units

M1 q DAL suaaza LAAIRIAUMIT (4)

q = 24.9985 + 7.1720[MB] + 4.8601pH + 0.0332time -
0.7922Temp + 1.6258[MBJ*pH - 0.1273[MB]*time +
0.0372[MB]*Temp - 0.0661pH*time + 0.6492pH* Temp

- 0.0490time*Temp 4)

1 ] a &
M351390 7 wanszny leeilsznauazmdaulssansves

HUUTIADINITOANDIVDIA q

Term Effect Coef SE T- P-
Coef Value Value
Constant 24,9985 | 0.0257 973.17 | 0.000
[MB] 14.3440 7.1720 0.0257 279.20 | 0.000
pH 9.7202 4.8601 0.0257 189.20 | 0.000
time 0.0664 0.0332 0.0257 1.29 0.215
Temp -1.5844 -0.7922 0.0257 -30.84 | 0.000
[MB]*pH 3.2515 1.6258 0.0257 63.29 0.000
[MB]*time -0.2545 -0.1273 0.0257 -4.95 0.000
[MB]*Temp 0.0743 0.0372 0.0257 1.45 0.167
pH*time -0.1322 -0.0661 0.0257 -2.57 0.020
pH*Temp 1.2983 0.6492 0.0257 25.27 0.000
time*Temp -0.0979 -0.0490 0.0257 -1.91 0.075

ndsninazmewd liflfed dafissfuifediia 5%
fio mew P Ml wINN 0.05 (M3197 7) dnsoadig
nuuaesiiaagullddaaunsi s)

q = 24.998 + 7.172[MB] + 4.860pH - 0.792Temp +

1.626[MB]*pH + 0.649pH*Temp )

3.6.4 MAARTNEARNIAMARAD YR IMINARGS
lumsnaasaineziifeded i l&auausmaann
uazilafumariioindanadonaunaianaeu e ants
nARDd S9IAT I IAIAAADUINAT 1 Residual
plot 1aada31lil 7 asrvdreumananuaanundein
319 Normal probability plot Wu3nswhilwduasa
naaeNdoyalimInIzenYUNA  ATIITOUAIY
ul51l591A9fi 9103 Residual 71 Fitted value Tain
fefinlnd azasrndeuanmiudaszveadoyanin
131 Residual 11 Order wumsnszaenuy lufigiuny
naashtoyaidludaszdonu

Residual Plots for q

Normal Probability Plot Versus Fits

©
3 2 . .
%0 & T 1 . .
£ 3 e .
.
S s0 8oy 4 .
3 = t :
2 4 .
10 3 ¢ : H
1 § 2 .
= =1 0 1 2 & 10 20 30 40
standardized Residual Fitted Value
Histogram _ Versus Order
]
6.0 32
> 45 s 1
5 5
£ 15 §
00 g 2
. =
-2 -1 0 1 2 (7] 4 8 12 16 20 24 28 32

Standardized Residual Observation Order

gﬂﬁ 7 0319 Residual plot



Ladkrabang Engineering Journal, Vol. 33, No. 2, June 2016 91

3.6.5 MINTIVNAOUANUMINLAUVBINVUI 1009
ANUIMNIZAVVOINUUIIaRINIIDADRNangY
d115uA1 q luaun1s (5) wua1 R’ veauuiiaes
MY 99.58% HAAIITLNOIUA 0.42% VYDIAITY
A 4 a 4 o
uilsdsausauinluldgneTursdrsnunsiass arw
HANAINIZHAN R’ 1z R” (adj)(99.49%) HAUNINY

@

0.09% taaani lomadseunimenin luihieddma

7]

smeg IuunusIan

4. agiwanmsnaasy

]
=

1AMIRANLlT MCM-41 d1etonavedaa Wy

@ [

8031891 EtAc:SiO, IN1NY 2,50 a111309AtUImNni

]
= ~

auughanududy 25 ppm ldgegai 19.12 Haansy

£

W

apnsudIgaFuIlesnnUNgA1dIUD U INMT

]
=

YsuasudSinaaisdelaseadis  CTABSIO, 7
8991891 033 1Az 1.24 WuNANUANIT UMY
Fownnauvgannueds ifideding gufusuden
A19a%1U MCM-41 (CTAB 0.33 EtAc 2.50) 1N#n¥1
flasuiidanadennuannsalunsgadummiauug

@ PUN [MB], pH, [MB]*pH, Temp (tag pH*Temp
Huvseiidodriynieadfnivdidy nazm
mmi‘immmmmaﬂﬁmgﬂmm q ldiny 24.998 +
7.172[MB] + 4.860pH - 0.792Temp + 1.626[MBJ*pH +

0.649pH*Temp A1 R Y0 UI120 0N 99.58%

5. Ananssnilsema
Y
Nuatetl ldfunmsaduayuilunuainame
a o o =) Y g
Arnssumans aouma luTagnszaeundniiga

NHITAIANTLU

6. 19NE1501904

[1] R. Suttananl and K. Piyamongkala, “Kinetic and
Thermodynamic Adsorption of Methylene Blue
by Modified Rice Husk,” The Journal of
KMUTNB,, Vol. 21, No. 2, May. - Aug. 2011

[2] X. Xiao, F. Zhang, Z. Feng, S. Deng and Y.
Wang, “Adsorptive removal and kinetics of

methylene blue from aqueous solution using

(3]

(4]

(5]

(6]

(7]

(8]

NiO/MCM-41 composite,” Physica E, Vol. 65,
pp- 4-12, 2015.

P. Selvam, S. K. Bhatia and C. G. Sonwane,
“Reviews: Recent Advances in Processing and
Characterization of Periodic Mesoporous MCM-
41 Silicate Molecular Sieves,” Ind. Eng. Chem.
Res., Vol. 40, pp. 3237-3261, 2001.

C. Bernal, M. Mesa, M. Jaber, J. L. Guth, and L.
Sierra, “Contribution to the understanding of the
formation mechanism of bimodal mesoporous
MCM41-type silica with large defect cavities,”
Microporous and Mesoporous Materials. Vol.
153, pp. 217-226, 2012.

S. H. Chang , T. T. Teng and N. Ismail.
“Screening of factors influencing Cu(Il)
extraction by soybean oil-based organic solvents
using fractional factorial design,” Journal of
Environmental Management, Vol. 92, pp. 2580-
2585,2011.

C. Bernal, M. Mesa, M. Jaber, J. L. Guth and L.
Sierra, “Contribution to the understanding of the
formation mechanism of bimodal mesoporous
MCM41-type silica with large defect cavities,”
Microporous and Mesoporous Materials, Vol.
153, pp. 217-226,2012.

J. S. Beck, J. C. Vartuli, W. J. Roth, M. E.
Leonowicz, C. T. Kresge, K. D. Schmitt C. T-W.
Chu, D. H. Olson, E. W. Sheppard, S. B.
McCullen, J. B. Higgins, and J. L. Schlenker, “A
New Family of Mesoporous Molecular Sieves
Prepared with Liquid Crystal Templates” J. Am.
Chem. Sot., Vol. 114, pp. 10834-10843, 1992.

D. C. MONTGOMERY, Design and Analysis of
Experiments, 8" ED. United States of America:

John Wiley & Sons, Inc. 2013.





