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anand sunnifenay 10.8 4.95 2.47 uaz 81.83 Ingumin auasu azvinlilidanUseneunianiisn

|
A A v =

ANAA AD HANAIUNIULINAY 22.72 LUNTIAAIA ANANFATUNIULINAR 43.11 NEUAANE AN
Tugaaaninngu 521.5 wWnziania uaz A TUARALIAR 1950 Wnvthans Tean1azdlasunig
FUFUANNNIINABBITN 3 A5 WLIN HANAINARIALAABULRLNTN 10 Wlafidus

AdnAty: Jandszney AnantRdNa Wiunrszgnty waddenly Innidianlaeen s
Abstract

In this research, epoxy composites reinforced with fly ash, eggshell powder and titanium dioxide were
prepared. Central composite technique was used for experimental design under the influence of two
factors; amount of fly ash (10-15%wt.) and mixture amount of egg shell power and titanium dioxide (5-
10 %wt.). The weight ratio of eggshell powder to titanium dioxide was fixed in 2:1. The fly ash provided
from the municipal solid waste power plant in Khon Kaen province, including eggshell powder and
titanium dioxide were surface pretreatment before used as the fillers. All composite materials prepared
under the designed conditions were subjected to mechanical properties inspection of tensile strength,
flexural strength, elastic modulus and flexural modulus. When statistical analysis was performed, a
regression model for each response was obtained to analyze the results of surface response and
optimum conditions for the preparation of this composite material. It was found that the optimum
condition was fly ash, eggshell powder, titanium dioxide and epoxy of 10.8, 4.95, 2.47 and 81.83%wt.,
respectively. This optimum condition gave the composite material with the best of tensile strength,
flexural strength, elastic modulus and flexural modulus of 22.72 MPa, 43.11 MPa, 521.5 MPa and 1950
MPa, respectively. Tri-replicated experiments confirmed this condition with an error less than 10
percent.
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BCL 1309 1/38% Royal Intertrade Co., Ltd. eFle
AANNANIATFIU ASTM D638 Lszinndl 1 [3, 14]

LAz ASTM 790 [15] dsunagdeLaNIRITNa

A58 1 HANNTAALAUBITNNAUDILAAZNIINAADIAINNITADNULLNNTNAAANLLL CCD

Run FA ES+TIO, Tensile Strength Flexural Strength Elastic Modulus Flexural modulus
(X1, wt%) (X2, wt%) (Y1, MPa) (Y2, MPa) (Y3, MPa) (Y4, MPa)
1 13.75 7.50 20.04 41.97 452.61 1785.35
2 12.50 6.25 21.10 40.85 465.43 1730.75
3 12.50 7.50 25.22 38.02 579.14 1697.12
4 12.50 8.75 22.45 36.88 52514 1314.99
5 11.25 7.50 21.24 44.94 475.02 1924.54
6 12.50 7.50 24.53 39.12 571.17 1647.93
7 12.50 7.50 24.87 38.72 599.73 1635.14
8 12.50 7.50 25.78 39.72 605.48 1662.18
9 12.50 7.50 24.69 38.36 588.09 1642.02
10 10.00 5.00 22.47 40.58 480.75 1713.18
11 10.00 10.00 18.98 40.81 467.25 1840.03
12 15.00 5.00 17.71 49.61 420.62 2215.13
13 12.50 7.50 24.25 38.15 612.79 1651.21
14 15.00 10.00 18.20 42.51 435.06 1857.71

2.3. MeAAsIERaNTREInadanLlsesnay

m’?mwmaumuﬂﬂi:m A (Universal Testing
Machine, INSTRON, Model EZ-LX) 2441 ATUAR
viag 5 Nlatosu argnldlunimaaeuusbs uay
L396A 39lUNINAGALILIIAS (Tensile Test) A%
NAFBLATNNIATFIU ASTM D638 Tunpaauly
Lﬂuﬂizmwﬁ' 1[3,14] Lﬁﬂmmmmﬁmmmm
P (Tensile Strength) wazAnlupaanuEnvelu

(Elastic Modulus)

doulunisnaaeuwnsanm (Flexural Test) N9
nagauaviduanwizusannlAs 39m (3-Point
Bending Test) AznAdauAINNIRNTF1W ASTM 790
g . y .

AN AIAINANUNIULINAR (Flexural Strength)
uaz ATNRAAULINAR (Flexural Modulus) [15] Tael
NINIINARDUFAIDENNAT 6 T WAIUIALRALN
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3.1. NANT5ALASIZUANLLSSIU

arnnsldldsunsy MINITAB 17 Tunas
AANLULNIVNARBNITNATA (Design of Experiment
: DOE) ARgARANITRaN UL UL TZauNaNg
(Central Composite Design, CCD) A vlauannsg
DANLULLAAIAIAITINN 1 NANDUAUDIANLF
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Graphical Summary L4 ¥ Normality Test W31
2 1 1 v a =
dayanavauatusiazA liiunIngalnunsuil
ANHUTARILTTHIAIN LAaTd P-Value N1NN30
0.05 B9ALadL (Mean) uaz ANLI5EF14 (Median)

AlnALABIAY ALl aunsnaglnatiugulag

22D

v g a v
ﬂﬂﬂﬂﬁﬁu&lﬂ’]ﬂmﬂLL@\‘ILL‘LI‘LI‘]Jﬂ[ﬂ RS VLﬂNﬂ’ﬁ‘

dayadin1suanuasdnf (Normal Distribution) §

= 1 o = = Adl U
ANluBasTAaiy waziAanNEDes anuails
AINNI9ATIAAAUAIINYNAB9 U8 LLUNNS

nnaas agtllaanliilaauialnfainnimeaesd

a & P = oA A
LN LL@xm'ﬂHﬂNﬂQf]Nu’]LTﬂﬂ@

Response Term P-Value F-Value F-Value

Tensile Regression 0.025 5.09 3.87 Significant
Linear 0.230 1.83 4.74 Insignificant

stength o are 0.006 11.95 474 Significant

(Y1) 2-Way Interaction 0.259 1.51 5.59 Insignificant
Lack-of-fit 0.012 15.20 6.59 Significant
R’=81.36%; R’-ad}.=65.38%

Flexural Regression 0.020 5.53 3.87 Significant
Linear 0.043 510 4.74 Significant

stength o are 0.012 8.75 474 Significant

(Y2) 2-Way Interaction 0.093 3.77 5.59 Insignificant
Lack-of-fit 0.013 14.73 6.59 Significant
R’=82.58%; R-adj.=67.65%

Elastic Regression 0.047 3.99 3.87 Significant
Linear 0.562 0.63 4.74 Insignificant

Modulus ¢ jare 0.007 11.22 4.74 Significant

(Y3) 2-Way Interaction 0.768 0.09 5.59 Insignificant
Lack-of-fit 0.005 24.21 6.59 Significant
R’=77.35%; R*-ad}.=57.94%
Regression 0.022 5.36 3.87 Significant
Linear 0.095 3.35 4.74 Insignificant
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Response Term P-Value F-Value F-Value
Flexural Square 0.013 8.52 4.74 Significant
2-Way Interaction 0.072 4.48 5.59 Insignificant
Modulus | 4 ck-of-it 0.001 50.71 6.59 Significant
(Y4) R’=82.12%; R’-adj.=66.79%

AT 3 aNNTIINERanLAueNaNTRTINaYedanLsTnay

Tensile Strength (MPa) Y1 = —89.7 +19.2 X1 — 0.51 x X2 — 0.837 * (X1)?

—0.112 * (X2)2 + 0.159 * (X1) * (X2)

Flexural Strength (MPa) Y2 = 237.1 —43.5 X1+ 19.08 * X2 + 1.860 * (X1)?

Elastic Modulus ( MPa)

—1.080 * (X2)2 — 0.293 * (X1) * (X2)

Y3 = —2984 + 557 * X1 + 32 * X2 — 23.0(X1)?

—29x(X2)2 + 1.12 * (X1) * (X2)

Flexural Modulus (MPa) Y4 = 14582 —2980 * X1 + 1492 * X2 + 126.6(X1)?

—85.9(X2)% — 19.37(X1) * (X2)

o

AAdeReAiunIsaIaaauANulstlsuse
Tmﬂﬁmum:ﬁumwﬁ@ﬁuﬁ 95% (0l=0.05) A%
1% pnduilsz@vsaneniaindula (R% AN192A
LARUAYIINLINNNZANTAIANNIT (Lack of Fit) A1
nisnszanedaya (F-Value) Araanniiaziiluy (P-
Value) a1nn133tAsziimanilslsqai (ANOVA)
[fie 1 unnsRsadeUUMAULL5T89ULLS AD
wastszananaudqliAsng o AvagliFeumey
WAAZLULANABN ANALTRILAATNARALAURIA
A13197 2 Selsznaudasanniaidadu (Linear
Model) @NN1TN1849484 (Quadratic Model) LAz
ann19U ANRUS (Interaction) W38 dunsRsELN
WU WLUANAANNIT0ANRUBINAN AL AU

Tensile Strength Elastic Modulus Flexural

Strength WAz Flexural Modulus AzRLRNZINaNEN
ANaagdaa (Square) NAAN P-Value Ho8ind1 0.05
AIULLLANAIN1T0ANAL RS Flexural Strength
~ . A 9 ' Y
RENLNAN Linear nA1 P-Value Uaen31 0.05 A¢
LAZUWULANABIN1TOANBEURY Flexural Strength
ATHANILINBNEURATATEN (2-Way Interaction) A
1% A1 P-Value H1NN31 0.05 WALLLANAD
Regression NAG I USUNANAUAUBILARLAR A
o/ v = 1 v 1 o :’/
flamelif P-Value NAN1IA8NIN 0.05 AaUY
LULANABINITDADDLUBINARDLIAUBILAALHIN L6
AT A1ATYNI19ahA a1nn1TaATIZiAY
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