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ABSTRACT

This study investigated the reinforcement of epoxy resin with chicken egg shell powder.
The egg shells in the study were the waste of chicken eggs used in making Thai dessert, in which
eggs are an important ingredient for creating a unique flavor. It has been proven that over 97% of
an egg shell is composed of calcium carbonate and 3% of other organic substances. Plastic
industries have been using calcium carbonate as fillers to reduce the usage of plastic, improve the
surface quality and control the shrinkage of plastic products.

This research studied the mixing ratios of egg shell powder in epoxy resin, effects of the
powder sizes and the coupling agents in the forming process of composite materials derived from
egg shell powder reinforced in epoxy resin. The first step studied the removal of the egg membrane.
It was found that a sodium hydroxide solution could remove the membrane thoroughly. After that,
the egg shells were ground and sieved to the sizes of 75, 100, 200 and 325 mesh. Then, composites
were formed by mixing egg shell powder with epoxy resin in the ratios of 15, 35 and 50% w/w
respectively. Mechanical tests were conducted on the composites to evaluate their properties. The
final step investigated the improvement of the composites’ mechanical properties by using coupling
agents.

The results showed that the best mechanical properties were achieved when the
composite consisted of 200 mesh egg shell powder at the mixing ratio of 15 % w/w. Meanwhile,
among the silane coupling agents, KH560 could improve the mechanical properties significantly,
which was confirmed by the results of the mechanical testing and morphology of the composite
materials. In additional, the results of this study were analyzed, using the factorial variance analysis
technique. It was concluded that the sizes and mixing ratios of egg shell powder affected the

mechanical properties at 95% confidence intervals.

Keywords : chicken egg shell powder, epoxy resin, composite materials
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2.5.1 MINAADULUTIAY (Tensile test)
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1) ANUIATEADA (Compression Strain)
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{(b) Boft and tough
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(c) Hard and bnittle

(d) Hard and strong (e) Hard and tough
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2.5.2 MINAADULITINTZUND (Impact test)
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2.6 MI99NUUUNIINAADY (Design of Experiment: DOE) [11]
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15199 N1 AT NURURIDONUVUMSNATOUANLATING

HAHN99DNULUNITNAASY

PAITIAIUDWONFADH vuravoInatlaon la (Mesh)
1aen 75 100 200 325
A1 (laimeraldon’a) - - -
a2 (laiweruidon'lv) - - -
A3 (liimeraldon’la) - - -
100% : 0% a4 (liimauilaona) - - -
A5 (liimernaldon’a) - - ,
6 (luwmaualaonla) - - -
7 (lainerudon'lw) - - -
Bl Fl J1 N1
B2 F2 J2 N2
B3 F3 J3 N3
85% : 15% B4 F4 J4 N4
B5 F5 J5 N5
B6 F6 J6 No6
B7 F7 J7 N7
Cl1 Gl K1 01
C2 G2 K2 02
C3 G3 K3 03
65% :35% Cc4 G4 K4 04
C5 G5 K5 (OK)
C6 Go6 K6 06
C7 G7 K7 o7
D1 H1 L1 P1
D2 H2 L2 P2
D3 H3 L3 P3
50% : 50% D4 H4 L4 P4
D5 HS5 L5 P5
D6 H6 L6 P6
D7 H7 L7 P7
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NANSNATDUNTIAY (Tensile Strength)

d‘ = A 1 a =~ = a
M1319N N2 wamsmaauuiqmmzﬂaaﬂ"lwum 75 14Y s ludnenas sy

Tensile Strength (MPa)
% Eggshell
1 2 3 4 5 6 7
0 59.2 59.6 66.3 60.0 64.8 58.4 59.6
15 46.4 44.3 47.2 41.1 39.8 359 33.6
35 16.1 14.0 28.3 23.6 16.1 17.0 23.7
50 19.6 15.5 15.7 16.5 24.7 18.33 20.67

d‘ = = ' a S = a
19190 N3 Nﬁﬂ"l'i‘ﬂﬂﬁ@‘ﬂlliﬂﬂﬂN\‘]L‘]_]ﬁ’f)ﬂkl‘ll‘lJHWQ 100 1% 135 e Tud WO NI TU

Tensile Strength (MPa)
% Eggshell
1 2 3 4 5 6 7
0 59.2 59.6 66.3 60.0 64.8 58.4 59.6
15 31.1 38.0 36.8 34.6 29.5 36.1 30.0
35 29.7 32.9 30.0 28.4 35.0 32.3 36.2
50 31.6 29.3 333 274 32.7 28.0 27.3

d‘ = =) ' a = = a
M990 N4 Nﬁﬂ”li‘l/lﬂﬁ@‘ﬂlli\iﬂﬂN\‘llﬂﬁﬂﬂllsll"llhﬂﬂ 200 (% LT LS IUDNONHIT T

Tensile Strength (MPa)
% Eggshell
1 2 3 4 5 6 7
0 59.2 59.6 66.3 60.0 64.8 58.4 59.6
15 41.8 37.9 46.7 38.9 44.6 45.9 29.1
35 41.5 27.0 45.8 29.7 45.6 29.7 45.9
50 27.6 29.6 38.7 393 26.6 39.8 40.0
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d‘ = = ' a a2 = a
MINN NS Nﬁﬂ'lﬁ“l/lﬂﬁ@ﬂlliﬂﬂx‘lN\‘]L‘l]ﬁf)ﬂvlélléllu'lﬂ 325 1% 1T UTIIUDNONHITFY

Tensile Strength (MPa)

% Eggshell
1 2 3 4 5 6 7
0 59.2 59.6 66.3 60.0 64.8 58.4 59.6
15 27.9 29.6 31.5 29.1 30.6 39.3 32.0
35 25.9 26.7 26.4 254 25.7 24.6 25.1
50 22.6 21.3 23.2 23.9 21.8 23.0 223

d‘ = A l,d' a = =1 a
139N N6 wamimaauuﬂmmgﬂaaﬂ"lwmum 200 Ly susaluonenasyu Post cure

80 DaFNIFALFeA 4 %119

Tensile Strength (MPa)

% Eggshell
1 2 8 4 5 6 7
0 31.3 57.7 73.7 52.3 59.1 78.4 51.6
15 31.9 35.8 444 16.3 59.5 324 359
35 28.9 16.4 23.9 35.1 7.7 29.9 35.1
50 13.0 23.5 23.5 18.6 23.5 7.3 23.5

d' =2 A 1 A [ a 9 a A I
AN N7 Namsmﬁ@mmmmzﬂaaﬂ"lwum 200 Ly ’VliJfﬂi”]JS‘U‘IJ?QN?ﬂ’JEJ aaesn v

Coupling Agent Le/FH159 1 UDNONHLTHU Post cure 80 DIAUFALTHN 4 52 11

Tensile Strength (MPa)

% Eggshell
1 2 3 4 5 6 7
15 47.0 57.2 48.6 62.9 51.4 48.4 48.6
50 29.6 29.6 23.9 33.5 45.7 29.8 29.6

~ = A ' A o A X
199N NS Wﬁﬂ’liﬂﬂﬁ@ﬂlli\?ﬂ\iN\i!ﬂa@ﬂ"lsUsllu']@ 200 L% T]Nﬂ’liﬂﬁ‘ﬂﬂ'é\‘]ﬁ\nﬂ')ﬂ Silane KH550

I a a @
1111 Coupling Agent teFUUTIIUDNONFITHU Post cure 80 DIAUTALTA 4 52 11

Tensile Strength (MPa)

7o Beeshell 1 2 3 4 5 6 7
15 56.91 62.10 53.98 71.91 53.61 55.38 60.91
50 45.90 51.57 50.54 45.79 40.36 52.59 46.41




2 = A 1 A o a v .
139N N9 Waﬂ’]ﬁﬂﬂﬁ@ﬂ!liﬁﬂqW\uﬂa@ﬂlléllellu'lﬂ 200 % VliJﬂ'ﬁC]JTU‘]J?QN'Jﬂ'JEJ Silane KH560

I a a <
1111 Coupling Agent 131159 1UBNONHITTU Post cure 80 DIAUTAITHE 4 33 T3

Tensile Strength (MPa)
% Eggshell
1 2 3 4 5 6 7
15 75.50 72.10 64.24 53.70 55.03 72.02 48.23
50 4205 42.95 60.49 53.97 54.12 55.73 54.89

M99 010 wanmsnadouanmaNuanguralaon luvuna 75 my s unsaludwendsgu

Young's Modulus (MPa)
% Eggshell
1 2 3 4 5 6 7
0 2554.6 2703.1 3414.9 32254 2128.5 2606.2 2503.1
15 3818.8 3799.9 3860.3 3636.5 3400.0 3081.8 2931.3
35 5781.8 4630.4 4839.8 4678.0 4600.4 4979.8 5435.7
50 6450.7 6250.5 6411.6 6450.7 6411.6 6873.4 6411.6

M3197 n11 HamsnadouanInauBanguralaon luuina 100 wanaiuusaludnondisdu

Young's Modulus (MPa)
% Eggshell
1 2 3 4 5 6 7
0 2554.6 2703.1 3414.9 3225.4 2128.5 2606.2 2503.1
15 2526.7 3186.6 2590.4 2943.7 3341.6 2844.9 2803.7
35 2771.7 3331.9 2971.7 2786.3 2354.8 3632.4 4056.4
50 43453 4143.1 4045.3 5788.9 5403.6 5999.2 5688.9

M3199 N12 WA

msnadeudanwauianguralaen Tuvina 200 wanaiuusaludnwendisdu

Young's Modulus (MPa)
% Eggshell
1 2 3 4 5 6 7
0 2554.6 2703.1 3414.9 32254 2128.5 2606.2 2503.1
15 2160.1 3581.4 3501.3 35144 2591.3 2780.3 3270.5
35 4034.7 3420.7 3496.4 3998.1 5270.8 3998.1 3971.6
50 4937.1 4590.4 3901.8 3831.8 4332.0 5126.1 4943 .4
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mM319h N13 wamsnadeuamuaNutanguralaon luvua 325 waasuussludwondisFu

Young's Modulus (MPa)
% Eggshell
1 2 3 4 5 6 7
0 2554.6 2703.1 3414.9 32254 2128.5 2606.2 2503.1
15 3221.1 3025.7 2514.2 3040.0 2410.4 2562.0 2797.9
35 2904.7 2668.8 3415.6 3673.6 2658.7 2870.5 3265.1
50 41139 3841.5 2818.9 4029.4 3822.7 3841.5 4204.0

M3197 n14 HamsnadoudnInANNIarguralaen luuua 200 wanaiuussludnendisdu

Post cure 80 9aAsAIFIH 4 52 119

Young's Modulus (MPa)
% Eggshell
1 2 3 4 5 6 7
0 2525.1 2418.7 2753.0 2487.5 2287.8 2924.5 2566.5
15 2821.5 2997.3 3165.2 3040.8 34164 2800.6 2939.2
35 4776.8 4238.5 4190.9 4516.5 4467.6 3874.8 4516.5
50 7614.3 6629.4 6629.4 5980.0 6629.4 7342.2 6629.4

H ' { o a A A <
M3197 n15 wanmsnadeunssasranlaen luuuna 200 wy AMsUTUgeRIRe aiRein T

Coupling Agent 1e51U531UBNBNFLIFU Post cure 80 DIAUTALTA 4 5 119

Young's Modulus (MPa)
% Eggshell
1 1 3 4 5 6 7
15 1889.0 2263.4 2487.9 2929.2 1697.2 2440.9 24879
50 3167.6 3183.7 3714.6 2847.5 3047.5 3121.3 3167.6
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2 = A 1 A o a v .
139N nl6 Waﬂ’]ﬁﬂﬂﬁ@ﬂlﬁQﬂ\‘]N\‘]lﬂaf]ﬂllsllellu'lﬂ 200 !ll"]fﬂi]ﬂWﬁ‘]Jﬁ‘Uﬂ?\?W']ﬂ')ﬂ Silane KH550

I a a <
114 Coupling Agent ta5uL153THDNONHITTU Post cure 80 DIFUBAITFYE 4 52 114

Young's Modulus (MPa)
% Eggshell
1 2 3 4 5 6 7
15 2061.60 | 3259.02 | 3322.60 | 3497.98 | 2866.61 3622.58 | 2480.30
50 5287.82 | 4497.98 5203.91 5223.51 5651.32 4306.66 3775.29

2 = A 1 A o a v .
139N n17 Waﬂ’lﬁcﬂﬂﬁa‘ﬂlﬁ\iﬂ\‘]W\‘]!ﬂa@ﬂhlsll”llu']ﬂ 200 Li.lﬂ)"ﬂilﬂ’]ﬁﬂﬁllﬂ?\jﬂ?ﬂjﬂ Silane KH560

I a a <
114 Coupling Agent 1a5u53TUDNONFITTU Post cure 80 DIRUFAITIH 4 B2 113

Young's Modulus (MPa)
% Eggshell
1 2 3 4 5 6 7
15 3514.68 | 2981.68 | 334423 | 4197.64 | 3213.44 | 3226.51 | 3312.48
50 7037.51 | 10297.03 | 4146.94 | 4362.47 | 4260.48 | 5028.09 | 4604.55
NMINAADUUIINITUND (Impact Strength)
M9199 P18 HAMINATDUUIINTZUNAKAULAN luLa 75 9y 1T uusa ludwenHsFu
Impact Strength (J/m)
% Eggshell
1 2 3 4 5 6 7
0 13.7 17.5 16.8 16.0 153 16.9 17.1
15 11.0 12.9 13.0 14.6 13.3 14.1 14.4
35 13.9 143 14.3 13y 143 14.0 14.4
50 13.8 14.6 14.8 14.5 13.5 13.2 145
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M9199 P19 HAMINATDULIINTZUNNKAULADN TuLa 100 1wy a3 unsludwonds Ty

Impact Strength (J/m)
% Eggshell
4 5 6 7
0 13.7 17.5 16.8 16.0 15.3 16.9 17.1
15 14.9 15.8 16.8 15.2 12.4 16.6 15.3
35 14.5 16.1 17.4 17.7 14.5 15.6 14.5
50 17.6 15.7 16.3 17.2 14.6 17.7 16.2
M99 120 HaMINATRULIINTZUNNRAUon Tautna 200 1wy S unssludwondsEu
Impact Strength (J/m)
% Eggshell
1 2 3 4 5 6 7
0 13.7 17.5 16.8 16.0 15.3 16.9 17.1
15 13.9 12.7 15.2 17.0 13.1 16.7 13.9
35 14.6 14.0 16.5 15.3 14.6 14.4 17.2
50 14.4 14.1 14.9 17.0 18.5 16.4 16.7
M99 121 HAaMINATRULIINTZUNNRAUFen Tuutna 325 1wy S unssludwondsdu
Impact Strength (J/m)
% Eggshell
1 2 3 4 5 6 7
0 13.7 17.5 16.8 16.0 15.3 16.9 17.1
15 15.9 16.2 17.3 17.1 18.9 17.1 16.6
35 17.2 17.3 16.5 16.1 17.3 17.6 17.5
50 17.8 17.6 17.6 16.7 17.5 17.0 16.6
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M9199 122 HAMINATBULITINTZUNAKIA AN Tuvua 200 1wy @3 U ludwe AT FU

Post cure 80 9IANBAIFIH 4 %2 139

Impact Strength (J/m)
% Eggshell
1 2 3 4 5 6 7
0 37.2 34.7 36.4 35.9 353 34.6 349
15 19.4 18.6 16.9 18.2 19.4 18.1 20.3
35 18.7 19.3 19.5 18.3 17.7 19.5 18.4
50 17.5 16.3 17.6 14.1 16.2 14.1 17.5

a = A ' A o a v A a g
M1I19N N23 Waﬂ’licﬂﬂﬁ@ﬂlﬁ\‘lﬂ\iN\Hﬂa@ﬂllellellu']@ 200 L% ‘Vlllﬂ’liﬂillﬂ?ﬁp\nﬂ')ﬂ qALRYIN ﬂJ'Ll

Coupling Agent 1e5u153 1HONONTHITFY Post cure 80 DIFUHAITFUE 4 5 14

Impact Strength (J/m)
% Eggshell
1 2 3 4 5 6 7
15 13.672 16.443 15.393 13.672 18.038 12.124 15.393
50 14.1 10.5 11.7 10.9 13.2 14.3 13.1

d' = A 1 d‘d [ a 9 .
A1319N N24 wamimﬁammmmgﬂaaﬂ"lsumum 200 !3J°11‘1/]1]ﬂ1‘i’1J31J1J§\‘1W’Jﬂ’JEJ Silane KH550

< A a ~ <
1l Coupling Agent 15 utt5 9 1UBNONTITU Post cure 80 DIAUTALTHE 4 32 114

Impact Strength (J/m)
% Eggshell
1 2 3 4 5 6 7
15 17.452 17.243 15.685 13.547 15.142 18.034 14.354
50 11.891 14.601 15.616 13.653 16.535 14.759 17.484

~ = A ' A o A v X
M1319N N25 Wﬁﬂ’liﬂﬂﬁ@ﬂlﬁ\iﬂ\?W\Hﬂa@ﬂkl"llsllu']@ 200 LlIGIW]llﬂ1T]J31J‘]J§\3W’Jﬂ'JEJ Silane KH560

I a a @
1111 Coupling Agent teFUUTIIUDNONFITHU Post cure 80 DIAUFALTA 4 52 11

Impact Strength (J/m)
% Eggshell
1 2 3 4 5 6 7
15 14.870 15.106 17.061 14.393 13.297 14.327 13.111
50 15.714 13.659 15.288 13.458 15.635 15.237 19.271
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MSNATOUAIINUVS (Hardness Test)

4 < 1 a a
M99 126 HAMINATBULITIANULTINUFon v 75 mwaTuusaludwenmsdu

Hardness (kg/mmz)
% Eggshell
1 2 3 4 5 6 7
0 122.1 123.6 122.5 121.6 122.2 121.8 122.3
15 100.0 105.4 104.9 108.0 108.2 103.8 103.6
35 87.6 89.8 86.7 90.6 94.4 89.7 95.2
50 80.1 85.1 81.6 90.2 84.3 82.5 87.2
ﬂ]i]\?ﬁ n27 Nﬁfﬂi’ﬂﬂﬁ’f)‘ULLﬁQﬂ??ﬂll%ﬁwﬂlﬂﬁﬂﬂqﬂjﬂluTQ 100 LN%Lﬁ%MLLﬁQiM%W@ﬂ%Li%U
Hardness (kg/mmz)
% Eggshell
1 2 3 4 5 6 7
0 122.1 123.6 122.5 121.6 122.2 121.8 122.3
15 112.9 109.9 112.3 112.4 111.2 109.6 111.2
35 97.8 96.3 95.1 96.3 94.7 97.9 96.7
50 94.8 93.2 94.2 93.8 949 93.1 95.3
ﬂ1i1\1ﬁ N28 Wﬁfﬂﬁ‘ﬂﬂﬁﬂ‘U!,L'ixiﬂ’ﬂll!,!,%fiNﬂlﬂaﬁlﬂllalllslllﬂﬂ 200 LN%Lﬁ%NLLﬁQGlu%Wﬂﬂ%Lﬁ?D’u
Hardness (kg/mmz)
% Eggshell
1 2 3 4 5 6 7
0 122.1 123.6 122.5 121.6 122.2 121.8 122.3
15 117.6 117.8 118.5 116.9 115.3 117.7 118
35 108.8 112.5 113.7 110.1 113.1 112.9 106.9
50 111.9 113.8 113.1 114 113.4 112.5 110.7
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3 < 1 a a
ﬂ‘l'i'lﬁﬁ n29 N'ﬂﬂ1§ﬂﬂﬁ@ﬂLLﬁ\‘]ﬂ'J']ﬂJLLGINW\Hﬂaﬂﬂulsllsllu']ﬂ 325 1% Lﬁﬁﬂllﬁﬂiu%Wﬂﬂ@ﬁcﬁu

Hardness (kg/mmz)
% Eggshell
1 2 3 4 5 6 7
0 122.1 123.6 122.5 121.6 122.2 121.8 122.3
15 116.5 115.8 116.3 117.2 117.7 118.0 117.9
35 102.7 102.7 101.5 98.0 105.5 101.6 101.6
50 101.8 100.4 102.8 109.9 109.8 102.6 104.7

q' < A ' a = )
M1519N N30 wami‘nﬂaaummummgﬂaaﬂ%mmﬂ 200 LM%LﬁﬁSJLLiﬂU@W’Bﬂ“D’Li“Bu

Post cure 80 9IANFAIFIH 4 52139

Hardness (kg/mmz)
% Eggshell
1 2 3 4 5 6 7
0 112.9 110.0 107.0 109.4 114.7 116.0 116.5
15 100.9 115.1 98.3 117.1 112.0 110.7 116.1
35 87.4 95.9 103.8 100.8 100.6 99.6 105.2
50 83.8 99.6 97.8 97.1 97.4 94.6 105.4

H ' { o a A a g
M5197 n31 Hanmsnadeunssaswalaen luvuna 200 wantinmsUsuljeRaae afesnilu

Coupling Agent 1e51391UDNONFITHU Post cure 80 DIAUTALTA 4 52 11

Hardness (kg/mmz)
% Eggshell
| 2 3 4 5 6 7
15 109.1 112.7 113.6 114.3 112.3 112.2 113.9
50 100.6 97.6 95.4 101 106.6 98.3 97.4
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114 Coupling Agent ta5u5ITUDNONFISTU Post cure 80 DIRUFAITH 4 B2 113

Hardness (kg/mmz)
% Eggshell
1 2 3 4 5 6 7
15 98.9 103.7 110.7 115.1 112.9 116.3 108
50 64 65.2 64.7 85.5 89.6 57.7 80.7

- = A ' A~ o a v .
19191 N33 Waﬂ'lfl"]/]ﬂﬁ@llLLi\iﬂ\‘lW\‘]!ﬂaﬂﬂllsUsuuW@ 200 LN%W?Jﬂ'IT]JTU‘]J?QN'Jﬂ')EJ Silane KH560

I a a <
114 Coupling Agent 1a5u53TUDNONFITTU Post cure 80 DIRUFAITIH 4 B2 113

Hardness (kg/mmz)
% Eggshell
1 2 3 4 5 6 7
15 95.8 100 103.6 107.5 105.9 99.9 113.2
50 81.4 78.6 97.4 92.9 86.2 84.9 91.9
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NaN1SNATOUIIAY (Tensile Strength)
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NMINATDVUIINTZUND (Impact Strength)
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MINATOUANNUYS (Hardness Test)
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fl. miﬁm’;mﬁmﬂdmNﬁniumswa'asﬁugﬂ%ymmmﬁ@mamﬂﬁuﬁ(Tensile)
® ANUMIANUHUIUUVDITEY Composite
P(Egg Shells) = 1 g/cm3
P (Epoxy) = 1.08 g/cm3

gAIMUIUANUNU U DY

P 1mae = £(fi pi)
- so/1
f(Egg Shells) ~ (50/1)+(50/1.08) "
= 0.753
_ __so/ios
f(Epoxy) ~ (50/1D)+(50/1.08) " "
= 0.753
p 1may = 0.521 +0.521
= 1.042 g/em’

o 1 1A o ‘
MUIUUTINATHAD VO IUNWUN (Tensile)

YFesveaiiu = 1.9x 17x0.33= 74.613 g/lem’

o [ 1 1 = S a A 1
® AUIUDATITIUTEHITNONONHITHU :N\‘Hfﬂﬂﬁlﬂ]léll

=

AN 1 Epoxy : Eggshells =85:15
Eggshells -powder 15% 4031511015 = 15% x 74.613 =11.19 cm’
Y =11.19x1.042 =11.65¢
ifie +5% =(0.05x 11.65) + 11.65
=1223¢

Epoxy A : Epoxy B 78 :22

Epoxy 85% 104131105 =85%x 74.613 =6342cm’
Epoxy A USuas =78% x 63.42 =49.46 cm’
UInn =4946x1.042 =5153g
A
e +5% =(0.05 x 51.53) + 51.53
=54.10 g
Epoxy B USuas =22% x 63.42 =13.95 cm’
UInn =1395x1.042 =1453g¢g
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1D +5% =(0.05 x 14.53) + 14.53

=1525¢g
Eggshells -powder =1223¢g
Epoxy A =54.10¢g
Epoxy B =1525¢g
‘gﬂ“ﬁ 2 Epoxy : Eggshells =65:35
Eggshells -powder 35% ¥03U511015 = 35% x 74.613 =26.11 cm’
Yhmin =26.11x1.042 =27211¢g
!ﬁﬂ +5% =(0.05x27.211) +27.211
=28.57¢
Epoxy A : Epoxy B 78 :22
Epoxy 65% 4941311015 =65%x 74.613  =48.49 cm’
Epoxy A ETRIH =78%x48.49  =37.82cm’
vhmdn =3782x1.042 =3941g
Lﬁf] +5% =(0.05x39.41) +39.41
=4138¢g
Epoxy B ETTRISH =22% x 48.49 =10.66 cm’
vhdn =10.66x1.042 =11.11¢g
lﬁﬂ +5% =(0.05x 11.11)+11.11
=11.65¢g
Eggshells -powder =28.57¢
Epoxy A =4138¢g
Epoxy B =11.65¢g
Glgﬂ‘ﬁ 3 Epoxy : Eggshells =50:50
Eggshells -powder 50% Yo3U31105 = 50% x 74.613 =37.30 cm’
Yhmin =3730x1.042 =3887g
!ﬁ’ﬂ +5% =(0.05 x 38.87) + 38.87
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=40.81 g

Epoxy A : Epoxy B 78:22

Epoxy 50% 494151103 =50%x 74.613  =37.30cm’
Epoxy A YSuas =78%x37.30  =29.09 cm’
Yhmin =29.09x1.042 =3031g
ifie +5% =(0.05 x 30.31) +30.31
=3182g
Epoxy B USuas =22%x37.30 =820cm’
Yhwin =820x1.042 =854¢g
1o +5% =(0.05 x 8.54) + 8.54
=8.96
Eggshells -powder =40.81g
Epoxy A =3182g
Epoxy B =8.96¢g

f2. miﬁmamé”mﬂd’guwﬁuﬁlumwa'a%ugﬂéﬁmmmﬁammuﬂﬁnﬁ(Impact)
® MUIUNIANUHUUUUBITAY Composite
P(Egg Shells) = 1 g/em’
P (Epoxy) = 1.08 g/cm3

gAIMUIUANUHUMUUR DY

p may = £(fi Pi)
QK < /4
f(Egg Shells) ~ (50/1)+(50/1.08) " '
= 0.753
2 50/1.08
f(Epoxy) = (50/D+(50/1.08) " "
= 0.753
p may = 0.521 +0.521
= 1.042 g/em’

o 1 1A 4
MUINYTNIATHADVDILUNUN (Impact)

Psasveuiiuw  =127x635x033 = 18.629 glem’
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o v ! ' = = a = 1
® ANMUINDATITIUTENINONONYLTHU :Nﬂlﬂaﬂﬂ"lfll

=

PYAN 1 Epoxy : Eggshells =85:15
Eggshells -powder 15% ¥o31311015 = 15% x 18.629 =2.79 cm’
UInun =11.19x1.042 =291g
&
WD +5% =(0.05x2.91)+2.91
=3.05¢g

Epoxy A : Epoxy B 78 :22

Epoxy 85% 4941311015 =85%x 18.629  =15.83cm’
Epoxy A ETTRIH =78% x 15.83 =12.35cm’
vhin =1235x1.042 =1286¢g
ifie +5% =(0.05x 12.86) + 12.86
=1350 g
Epoxy B ETRIH =22%x 18.629  =4.09cm’
vhin =409x1.042 =427¢g
Lﬁa +5% =(0.05x4.27)+4.27
=448 ¢
Eggshells -powder =305¢g
Epoxy A =13.50¢g
Epoxy B =448 ¢
ijmc/% 2 Epoxy : Eggshells =65:35
Eggshells - powder 35% ¥091/511a5 = 35% x 18.629 =6.52 cm’
viwiin =6.52x1.042 =679¢
Lﬁa +5% =(0.05x6.79) +6.79
=7.12g

Epoxy A : Epoxy B 78 :22
Epoxy 65% V04151105 =65%x 18.629  =12.10cm’

Epoxy A Usuas =78% x 12.10 =9.44 cm’
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9
o

Unin =944x1.042 =982¢g

ifie +5% = (0.05 x 9.82+ 9.82
=10.31g
Epoxy B YSuas =22%x 18.629  =4.09 cm’
Yhmin =409x1.042 =427¢g
ifie +5% =(0.05x 4.27) +4.27
=426g
Eggshells -powder =2857¢g
Epoxy A =10.36¢g
Epoxy B =426¢g
‘gﬂ“ﬁ 3 Epoxy : Eggshells =50:50
Eggshells -powder 50% ¥031U51105 = 50% x 18.629 =931 cm’
vhnin =931x1.042 =9.70g
o +5% =(0.05 x 9.70) +9.70
=10.18 g

Epoxy A : Epoxy B 78 :22

Epoxy 50% 04151105 =50%x 18.629 =931cm’
Epoxy A ETTRIcE =78% x 9.31 =726 cm’
UInUn =726x1.042 =757¢g
1D +5% =(0.05x 7.57) +7.57
=79%¢g
3
Epoxy B Y5103 =22%x931 =2.04cm
UInin =204x1.042 =213¢g
A
WD +5% =(0.05x2.13) +2.13
=2.23
Eggshells -powder =10.18 g
Epoxy A =79%¢g
Epoxy B =223¢g
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ABSTRACT

This research aims to sindy factors affecting some mechanical properties of epory composite
reinforced with powder from epg shell. The factors of this study were epg shell powder size of 75, 100, 200,
115 meshes and the ratio of egg shell powder with 15, 35 and 50 percent by weight. From mechanical testing,
it was fonnd that epoxy composite reinforced with egr shell powder size of 200 mesh showed the best
mechanical properties. Epoxy composite reimforced esg shell powder size of 200 mesh with miting ratie of 15
percent had tensile strength 62 .57 MPa and hardness 134.57 HRR. Meanwhile, the rafio of egg shell powder
gize 200 mesh with miring ratio of 50 percent showed marimnm absorb energy 16.00 J. Therefore egg shell
powder of 200 mesh was interested to improvement mechamical properties by using silane conpling agent
EH60, EH350 and stearic acid. From the experiment, silane conpling agent EHS60 and EKHS50 could
imcrease tensile strength and modulus of epoxy composite reinforced with epg shell powder that were suitable
for varions applications.
EEYWORDS: Egg Shells Fowder, Epoxry reinforced with powder from egg shell, Improvement of epoxy
composite, Silence coupling agent, Epoxy composite reinforced egg shell powder,

o d ot

1. H?IHMHWuilﬂzﬂu1ia~iﬂﬂJuﬁ11w
o [ - -
Tufasiaeaamassuennsnnana asnnagaamaantily “la* iduinafundaluas
L o e &
wanhiiazithia I IRz 1PFRNR ETRNNIRTEIAIASIANAS ATENTRIANATIRzENATA)
EY W = el ¥ d . g¥a A . 4

Yauamaveuell 2560 wudinfinamuilanlelaas 1sses aurles Snihiin/daaled nana gatia

= POk T Y a  d o d = H El - | £
iduae: inaunarlaniufaiuiuasiv Jainaanara e sz nlaalamaafidnnly

L4 w w ¥ w & - » [ "
thizlowl wumainEaalandain asind s laulaus safamainEaalanEnes Gio dmalan
- o = - =) ¥ L e A r-J
A malulasasinlzaaleinlyds s Tonb nasdunaathmoesaaina
] pel & ' v wa A ow a ¥ a v
Tunlaanlalafizailsznavdas 1 @aumdnna imarunlaaaly (Membrane) naznlaanly (Egx
t o = 3 .
shells) Tunl3aalahiuiiasatlszaan CaCo, 3t 90.0% Frazwuhannlizsaundnvaunldanti fa CaCo,
- [ | = A ¥ oW - EY = 3 -~ =

wianziaduAsnaa I Foua1nama 1 auauasyanuhiimslynamaiFoua svanmiluiaadulu
anaMATINE N { WU aaEMATIIWAEAN aaamAssuRsza Hludu Wnadnmiemaiudandy

. A e & P = @
(Filler) adTinlzaauiRveanarafinnazasza (uadnwal an:wus. marsmmaanaisauinanam

rlasalala

115



- . x4 . . d
AEtEE AT R ALR TR um“mmmﬂ"‘ldqu afm 12-=dal 2560 Fu 14 U 2580

= L | - = | T [ - s e ¥
ilﬂm‘mﬂulmrlmam'}inm:mmagmm LIERTE f.li'l'lldﬂ. AT THATIM UMW 2815 7038
o ol o w e o = =3 ¥ o =] o
ANBAFITFUT IV UARNITTAA) B ATIIRUHILA DR EIN l:q'ﬂlﬂi WEIATI HB=INET AT
¢ o ¥ ¥ ¥ - E=Y d o S w owe w owe
UUN. ATTANEN “1'“\Illﬂﬂ1fﬂ1ﬂllﬂ1c'ﬁﬂlﬂ i 1111-13"“‘“'!“] ﬂ\l‘:'lﬂ"l-ll'.i"l-la"lmll i"l'ﬁ'.i'l.ﬂ'll:'l]

e ¥ F- .

4 4 . 4 . :
Jan AEIMAUN JapaasimannuRamazlaaa ldlasatud if!nlﬁa nalvdazlowd azfumsly

- 4 : . 4
mmminﬁqﬁﬁlﬁﬂdsﬂmﬁq\qn ||a=|ﬂuﬂ11|ﬁuqiﬁlﬁﬂmlﬁaﬂ'lﬂnﬁﬁnuﬂmﬁm

2. Tagilizasfvaamsiie
.ﬂ F- - L =1 o
(1) sRmnEnEmasasnna Rz BinaewiuananSanldzd mirshidweadisiu

(# ﬂi‘uﬂgﬂuu"ﬁmaﬂ“ﬂi'a@wsﬂaﬁn Sumhunsanassavaaanl3an A

= 1 o ar
3. AR UuIAd lumsIeg
) - A Fox wr ) ¥ on (=) ar o - =3

ﬁa“iz“]ﬂliﬂﬂamﬂ“l‘l’]iﬂﬂ‘ﬂ WITNaF@UFUUan Hna ¥ i‘ﬁllllﬁ'm'l'liﬂlli WU TUINFY
¥ r=] U v = ] - nr o ] Al
AJAHALADT H'IJBE ﬂ1' 1'l'I.I".I'IHa'mH‘i'IT'.I'IIHB’IIIIE:H“B'J“'IHHIIﬂi Hﬂhﬂ'lﬂw CREE TR N EERIE L]
e o ] i, aw aegodd d ¥ a o & g mali. e
1aqum1lmma-ﬂa‘@mﬁm mmﬁ'l’iﬂﬂaiﬂmllﬂ“lﬂﬂlli“d‘iIWUH'H]JHW'I'H'I.I‘S:HI'IUN‘IB’E

- w A - .:|. 1 -t o = o .:|.
TnminidmdandunsmnndamBuljmniadmamnanatums iimaaduamm 1

iz HfzA TN 75, 100, 200, 325 mey unzsELalioa 1A luSas 1A 15, 3508 50 alafidudTanima

¥

iu;t]'.l'an.irauiﬂl nAFTUEAIFRNAE IRTEND mhﬁuiﬂlﬁﬁialwiwmhﬁmlyﬂ

| e |

¥

Imsreuaza e

o - - e
amin 1 AseuuwaAalumside

116



= w | - w o -
FIﬁﬂi:‘fﬂ%'ﬂﬂii:ﬂuﬂillﬂ:ﬂ'lu'ﬂ'ﬁ I.I'II'1‘|TI1-E'IMHE1J'I‘!I.I AT LZ']]WII'I'IJ 2380 Wil 14 £W TR 2560

ek s

4. WAMMUMTIAY
41 mamdmmanldanty
e el ' " £l ' ¥ e el ' _
minaazummdanlaasli@esnazremlasnta ladmuaiEmanomlasalaeaaitiu 5

- o

¥ _ = e H HE T T
sty Taalvansazaandazviia 0.5 3as uaznlaaaly 200 a3y wudinihna rasiam il hianse
& A w i T oW = - & A ¥
nsmBanfaaalala Tuvash dhamey aseac¥En asadavsa nazlsaThamnsausaiBanlaaalala ud
v A4 - 4 9w & A ' a ¥ gy A
swuTEas En g TR anaz annieasmtan dan leena e ldla melvnatumsmada

a wad T e o o
nazUFmanl@anlafiuane 1y SaREnan o

| & a ' a '
ATi1an 1 amanaaeunamoan ﬂaﬂjﬁiﬂ'ﬁ 1l ﬂaﬂj‘I

A - -
FIINAERY HIAVIIALE an fial) FnantSaalefts (As
Lyl hEusamala - -
T . - - ”
2. Vi ey W % A A 6 125 A%y
d - -
3. ATAAEHAA WA 11 mal A e f 130 AT
- a =
4. ﬂm-r-a\‘ﬁa D331 & mol noata 36 108 AU
T . oan " s
ERT-TEeh hknusamala - -
6. Tt idmdne 259 nzala 1 150 A%H

. A A A ¥ &
fimsaseaaulaanlefidmasnomiauaasyiin Aama5eq XRF (X-ray Fluorescence
A [ = £ 3 T - o
Spectroseopy) INATAT MM G nammai¥aumivauaiaginlaaald s na 1 imazauduaaddua i 2
- | -] ¥ r [4 ¥
wudiie amadmhnGinaeg waslaihnms aplea Tase:Wlmdmilansanles (N20m Hhuasily
& & v W [ = £ W v o A - |
ngasanamaaald danherdwenfna rradnm Suamaipondaniiney  wiaaaGas
a “‘11’ ar & ' o Qg ¥ a ¥
ramastinassalaealdnlanda wmmazaummembavssnsidazdniunilnemaasuasnly
- | A i A v d ) El
Twamilansandanialyaithuasmemds mzlnausnsausenaalaniaaalananan nasBunar
o £ 2 ¥ = ¥ 1 m I s . o
nRaEmR T vauaT  nnaaanagemiuad ahiilad uinnadh ssanasfuraiiunanuaa T
- —p- A - £ L] CE | e E ¢ A
asalandam. malulagaminlEaalanivls:len fesdnaafHnaws wraisaumivananiiaginalu
=]
nlaanly
) = A . A » v = ¥ A a2 -
ol 2an lesngenuana nnua it usas foan R T UAIITUEREA Nasine
- = u ES _ e ] =
simnmannanan Waae azuasa Mesh hilAwing 75 100 200 325 mesh dhvazvsanavananddanlan
L] ﬁ ¥ o :i
HIuATIRRRERNE A1aTE 3
- A el = - 5 ] £ g
42 malimljanuinvewmaniasald asivamlfinljassBamieszniameaneinaslamas
- ¥ .:I. a J. 1 ::r ¥ 1 .:I n .:|. = F-¥--1 -
i uthanaraEsninmnaeduenall heenmineeduesathEnmazdialiEed
4 = 1 e L] = = ~r -} -1 - = iy ¥ 1 = A
Wamainazdndnminymlmasaiiamezfianisd wianlgiodumadiieiladuadafne

A a P - ¥ [ oo 1 - - o -] - s
nwﬂalaaﬁﬂiuﬂﬁd'suﬂgqﬂmmiﬂ annlifimacymanniitafiavesian diava wenlhan. @l

117



- -ll. - - “ - i4 . x vd o
ﬂ'ﬁﬂ?:?l”\'ﬂf:!ﬁu“ﬂlﬂ:“m'lm Hmmﬂ'lmﬂ.]v:ll RIm 12 ’Jﬁa{l 2560 NN 13 U 2560

¥ ananaz Fag ninmveinadenausiinnumnmi@aiina sy imilaoiunaifon
aivanaithinsiduna)

421 MI22ANVUAIINAAAY 1AM FARMINYI1IA131Y Coupling Agent A3 Staeric Az
Silane (KH550) u11;1li'ud§q#uﬁnaquaa|§num§ V14 (Hanifi Binici. Mechanical and radioactivity
shielding performances of mortars made with cement sand and egg shells) Tua 1u35’8f’13 a1¥ Stearicuaz
Silane (KH550) rax (KH560) smimaassiumanldants Tasl¥3imsuannmmnsazanszaoim
nl3anlaaan Stver 1¥ 3231321 C2CO3 2y §1431 2.0 ATu A2 Coupling 2.0 a7y Iamfuasazaw
1PE1MRa 95% 9112 100 3. aalde waudulasnsaINA Stirrer (niman) Traamaii fl60°Cums
#ilus ndmaimmiznunsaunda sanihniiaa iz n i mmnsvnssmunsasaaa Tag
Wynawanmalumsgalaanssusanaramiiiveanlaants daawil 4

422 MIBUINR ﬁﬂﬁmﬁmﬁaﬁ“?ﬂmm:uwmnﬁ'uﬂga%uﬁoﬁw Coupling Gou738

B 0 a v € y v d a - - d
uaninnlaaaniinalovads Asveulviisiaamaii 110 awuthinar s ¥l Aamn s

- Ca¥a

2
§ - L2 b
4\ 272\ g 14z ia ¢ :
38 §8 % 3 3388 280 g §

s

i

werion Twim 78 s witlfanYowiom 100 winblon Vv in 200 we || seifonevin 328 wy

TR T S

d - - -~
AMN3 mmnaauawmwnaman?lq

118



- La . -
amirnirmardunAees TR ainededilm aim 12vsdd 2560 S 14 §un 2560

4 .
a5 suddanliaunts

358 Bty
43 asduzliaanauinandwendnaumuanandaalvdmivnameuninitna
1 & 1o ed s vy a
Tuauwaanineaas axGuaamaTamiRuN AN 338AIVL319303N033 11 ASTM
Standard MIANE=1AAILE axd Taunasim it izaauniiun Asua s WumeF alnavan) sty
ﬁc A = Y & \\s o )il - a v d‘- - A
anyng ey wlumstaasunuasanamiium aimnnhnifnason hhonnanlazssaume
1o € 4 qv =l “a al\a 4 v
AMENAav uNINIRIAzINa M TIasENM INEs anandsinduanmaaanuuisuminaasinle
3 z 1 o
Tsunsit3d2s DOE lnaudazaavlv@amanazauiig a:1¥d280ws A - P iiludanls (33ns wasinmn
& - dr 0 e ~.\& ﬁav Y oo a4 a
asanmdadonaanadamimnvarizan aizaeum Ao amIAza RN 1AUENEATIZ T
AV (, = RN/, ac
431 FamaEuna anmaramsnviaeaa htlathinasanmannal a8 amman
- - a a 4 a ¢ & ¢ a2 - - v = ¢
Namua 3 62 A2 INNFTTIU riaunes tazsnlasaly TasmaqdnnidvazGuanananan aviamy
€ w a L) a M . . | r-3 A - d a 5 d
maidumnidaaldnan (nanldantvavlannmuiaamaii so aam e dasndilasamanazifaum
S o v -1 -
Fua nnmanldanlesuawendisduriia A mlvithoiafmdudonal 10 107
> 3 ? a :
432 a3 Ao andiinduing Aeueniihiidananma meanlaresamaithuia
a - s o .- o & v .o - - & Yy o d o Y &
20000 NMnnh aweadiFunm Mnduwnad i@ Daidmihmsandiniudaaiidaamaiaa
4 - o 4 . vy o | Y 4 A - =
munsaush thina 20 1 razdnihhindaeanmedania ithurans il madesiumaarasaima
a a5 - - a - ORY - Ee? 3 ¥y qy & H v v X
WIINIUTUIMNNILI WAW WM TI NN FITIUYIA B a3lidr WinGasmusaudmnhiiviihuiia

8 o - | o
IREIAU ua:mmmsngaiuamm 10um

119



- - - a o o4 L4 . vd o
n‘mh:i_u‘nmmauﬂumzumm um’memﬂdvgu aIm 12 ﬂﬂia 2560 1M 14 suTwa 2560

A iR - ﬁra YV o ay o a ¢ S
433 maanifem nEnsnmmuaniaminRnAuRiE nhonmauninu sauT
<. = s s T . T
udaiaing 8 2l nh3vihmiean¥unueannmnimm lnodusadeniimina wanzasnianm 1Rz
= b i e NS =l o
usMnmraestieendndu n2rneeydinantuaeend minimm A ldvuanmmiauanithhinsg
-
nazeuautaae hl
4.4 NAMINAZBY
A gy d 1 1o cﬂ v y d4 .
diRld N Mrhuasz s Idanamimm lasuzdannaisuaimazeamal Jni
Y = ﬁﬂ’: . anirze - v & dy
Fumiduanmdnaninrnazay TasmIinazeudnd1n mmimazsudgmIsInAza uMamazay

LAY AN -
YWINAININMTIUITIN MA NN 6

4 .
AT 6 MINARIVAINATINAVDITAR

HaNAER LN TR TN IR ¥RTTaR (ASTM Dé3s) minaassmeiazinudaunts M
m3sannuyli a:ldnaninaaas 2 S3AaNan1InAaauA1 Tensile Strength 13z A1 Young's Modulns

a [k
FLASBUA AIATHN 7 113x §

Tensile Strength (MPa)
&

Stearic KHSS0 KHS60 No Coupling
Type of coupling agent

4 : 2 < :
AN 7 UARIFIATINAIUNIULTIAUDITUNAT LN UM 3on T 200 oy
Fadrumanan 15% nsuarrdiuaniwuawaddanlifae Coupling Azent

120



st . £ g . ol
amtrrnieaErsdumAus TR untinatdadtny aiem 12 deeddl 2580 Jum 14 U 2560

L
L

]

Young' Modulas (GPa)

-
i -

Stearic  KHS30 KH360 NoCoupling
Type of coupling agent

4 R~ 4 : {
ATAN 8 UARIATS lugaa‘caﬁumﬁuﬁmmﬂian'l-wu'ln 200 1%

Fadrumansu 15% Arwnrdfuanweoanayl Foalia e Coupling Azem

HAMAZBLA M ITUIGIR1 TaR (ASTM D74s) manazsameldzliudnls v
¥ w = = e
aannuul] e Amanannas i uazRes daamn

150

L al

100

Hardness (HRR)

Stearfc BHSS1 KHSS] N Coupling
Typ« of coupling agent
el . ’y = .
ATFN 5'Idi'I'FHH"Iﬂ‘l’lﬂllﬁl@E\!W“Hﬂ'ﬂumﬂﬂﬂiﬂﬂ‘lﬂﬂmﬂ 200 1y FAFIUATHEY 15%

Frumrlivanwusmanlfon lidas Coupling Agenr {1415477 50Kz HRR)

HanAFR LA 1UTAA 1T TN TIAG=ImANR1 TR (ASTM D2s6) mmmuﬂgﬂmuﬁmn]i i

¥ W ¥ o - o
Taviwmseeniuy®l alrraminaassiwaziaon F1a1mE 10
0

Ve
i

Absprpgion Emcrgy ()
=

Btearic  KHESD KHES) Mo Cosgpling
Type of conpling agent

E] ; i s . - "
ATANM 10 A5 Tl".l.:\lﬂT#““ﬂ'amﬂﬁﬂaui“ﬂu“ﬁdﬂaﬂhu"ﬂ 200 iy

Frdrumanay 15% newumidivaammuaanaldan i Coupling Azam

121



. o L4 . cd o
i ndymnrauniueson T um’mamﬁ'nlvy aien 124537 2360 JuN 14 £urem 2560

45 maduianminaaeumsIY
MondanamimazeuaitAaTnaulzmsnasihmsdiuammnanldanledan Coupling
AgentudafSaiildimanaaduzaamanimazeuna i lnedssWnanldanlsning 200 v i
F1MA T3 Post cure 1hinar 4 $2T1a nassmmstFuanwian/Saale# 20 Conpling Agent S22 Wi 11 33

PO DN :
rthunifani@mivanduzidonniau (Thermoforming mold)

P ¢ T 3 4 .
Ami 11 e lRawmamadauvuzliwati Tl szeed 19

. a av
5. azduazanysunamsivy

anidaeiuthe arimaaaniannnlivliauiinuaavasizanmiSnenFis St ionava
2wnl3anty Tael¥ Couplings Agent ithi@adsznatmantunstuanmwiuin ranldanldnnsayan 3
2 yvo d
Faasialagai

(1) awaneasamuiasazimamiim wmﬁam:dmamu&qqnu‘ni’mﬁmmq
nl3an'y 15 % Amsaaduwds amgeqaﬁummﬂsan‘h'ﬁ 0% Nasupa M RnaE wen SisFun

. - - qv & - &t ok P v u¥d cav A o Yo 4 o
wanihludulaie g iiliievas aaannsedamierszniedulag ilmiia Jaalaiuus ads Jage:
- ' A o Vel e - -~ =) '
ansamzaannllidiudn g vauiiedagladainiuanazimalaonssivainavasmniaanlyng
nfenlsimnslnsazidansanazeaiiua ansnldaslininnadamihlzassiudnaninam
a'wa‘h’t'ﬁhm’aaﬁ'aqiuélu F 3l Munamadierduan3 50921 (Hanif Binici, et al Mechanical and
radioactivity shielding performances of mortars made with cement sand and egg shells)

(2) ;Emanadan dlananldanly gnﬂ%’uanm%tﬁﬁ’a Coupling Agent WIHIBANUING 1ZH
nlFanlendhansauduni n/Sm@amindinniminnidy Renforcement aghadai miansduite
132 Matrix sudamild@nntn Tasesninldh Silane KHS60 uas KH5S0 aximarilvimauiamanana

- w0 s - . «.qy — ad
AAAY 32w Stearic 1u Tagsnhiznnianhinmiamnadidu
(3) manlfantaias Iwendsuanniminnsmiludandnmuinaas i adu a:ﬁﬁgugll

Y ¢ 4 o dag v
smma'm.nzummnunnﬁh

122



- o s L - _ w -
Az mie I AU TRUR TR I Tineded s i 12 l5zdl 2560 Fun 14 Eurw 2560

-
. WBLFIFE
¥ - ¥ ¥ A ¥ = da
Fauaimzaah e anlvd s @aslvannssmandan lninna i@ du e
g ¥y S W » ¥ =1 Y M P = A [Ty =
i mmmasiua inniianifvasiandia ammamazeumuhianseulwaanithandudniu
-] e L a ¥ o on » e A ay ¥ our =
anaTR@an el il e eumadmmmndussunniizame lnaTu s i Jaareuinaa
E] " w ¥ -1 o= ¥o ¥ F-¥ 1 » 1 & ¥
au dmivsamuainclunsliond wall aiisannalymaadlamont whimsahannmadamalnms
& ¥r ¥ - 1 ¥ o A [r)
lastuanlahsrhasiunumdeaslan: uasmismunmaaima desnaveamathimandng

d g ¥y o e H - d - n A
'I'I1'I'I11"I ATEILASE IR 1AW IZAARTT HJBEI'III.I]JEI SUMBINNA TN a]

- )
7. ﬂﬂﬂi‘l?i“ﬂiﬁﬂ'lﬂ
Fa cd e:'IIIF 1 ¢ [l a o o
HINERAYAUNE 819715 EMUSAYT 81 e AT IIE531i]1‘iﬂ'l]FI11'I'II11-I.1.IH1TI'IH'IEIII1‘1'FIT1-[TBH
o

w :wl ¥ d ¥ ¥ ¥ ¥ d 1 ‘:H ¥
FAnaEAYT A 'IiFl'I'I.FIHHﬂ'IIﬂTJ'HH‘.I:Hﬂ‘Jl‘FIﬂ iz IauaURa THU AN TN Hﬂ11-l1$lﬂ‘l1lli'=ﬂ1ﬂ1'll

mAuiumINAze

¥_ooo
5. anmianaad
co W d e 3 . e S o e a
HEH-I'F'I'I‘iiia"llFl'llﬂHﬂ'Iﬂi'lFli!lllB:[l'l-l‘]T‘l-lu'cl." 1560 H'Illﬂ".lli!ﬂl.ﬂ'i!lgﬂilﬂ'l‘il.ﬂﬂﬂ‘i a"l'llﬂﬁ'l'llliliﬂiﬂi
ATIAEAG.

s Arialandan. 2335, malulagmainl@aalaunivdsTomi m Fﬁ'I'ImHT'I-ITBEB.HB'IHH‘i TUANAT
= ¥ = & e
BAMTTHAS AU TARIY RSz INSTH Wﬂ‘sﬂi:qnﬂ.
P - & w £ ~ -} = 4 a r-] ¥ = = -3 4
THAA NS ?‘ﬂ:‘l‘l“i LCR534). ANTIRGENHAAINRG nauh anamn lﬂiiﬂmﬂ-ﬂ. FIUTIEF VIR NI IUNBAIUBT
. e S = £ = - -3 -
ATHATF I IAIATIUATIAS uHHMIMﬂTuTaaa"iuﬁ.
1w 3 » 1& £ E_¥ = ad a » - o = & =
laun ﬂiﬂ'll'dﬂ. (25500, AT UTHUATIN URIN T IAIT IR IE8Wa A W T WHE T MR A Na1aan. E'I-IH'I'I'FIT‘IITEH
Tamziaz Tanniani.
= o @ e - ¥ ¥ ¥ o o d
q‘l’liﬁﬂ HEAATY Az TN ATRauD T ardun. (2558 AFA ﬂ'lﬂﬂ'lﬂ'lﬂ'dllﬂ'.li 1ﬂi]ﬂ|lﬂ1%11’lilﬂla"i'l-lll.‘i 111-13
I~ - o = ¢ o a o w
TafWITIW. ATA Y li‘ﬂa"l'llﬂ'li =T R R T A 'IIHl‘lﬂHTi!lJﬂﬂTﬂ'ﬂEl'ﬂ'l'lHﬂiii!LF.
-3 a e [T ar o = -7 -9 n -]
uqua IHaAU I3, (25500, WUHIIQHBJIE:WEI‘H‘ITIH'I YadNHaalANa Y UARITHHH lll'll1-li_"»l1"INl'll
= o (= £ o 1 o [ [ - a
ikl U‘il‘l-iﬂ'ﬁw;ilnﬂlnﬂﬂﬂllﬂ CIE T 1.1uammf|1.| CRETERTEE N RTED I".Iiﬂ‘ﬂ TEAT HHTINa28
o ¥ -
malulainizaemnamizuaimiia.
Hongwei He A &t al (2012) has Compressive properties of nano-caleinm carbonate’epoxry and its fibre
COmposites.
o e e A r ] i . = .:H ¥ ¥ wde
VAT WAHINNEL (2556). 7 'l'I'ﬂﬂHlﬁil-i]El'l‘lEﬂNaﬂiﬁ'N ]Jﬂ"ﬁd‘]ﬁ'lal.'ﬂ !IJ‘J =AaUN R MR AT TUEWITIA L& WaN
4 = & o = e = W =
FITFU. IV TIATING i'lli‘ﬂa'Tl‘lﬂli m‘ll']m‘liﬂ'l’lilhﬂaﬂﬂ'i: EIBHI'HBII?‘I-[!LI!‘J.

Hanifi Bimici , et al (2015) has Mechanical and radicactivity shielding performances of mortars made with

cement sand and egg shells.

10

123



5

3
e

gl)

QG

1523

d’ A a A J =

¥o — ¥oaana HIWOUNTY ATYY

% a v d

wiaeu i i 23 NUMWUD 2532

d' |l U [} o =2 o 9 o A [ [ =

‘nagﬂﬂ@‘uu 55/2 wy 9 MUALITIOD DUNDVUDITD ﬁNW’Jﬂ‘]J“I@iJ‘ﬁ']‘H 12170
) v a v A

‘]Ji%’ifaﬂ1§ﬁﬂ‘kﬂ ﬁ'uﬁ]ﬂﬁﬁﬂ‘]&l158@‘]J’Jﬁ’3ﬂﬁi§Jﬁ1ﬁ@]ilIm“ﬂﬁ

AVIFIAINTTUYAT NG

wrInedema 1u Tads 1 suenas L3 e w.A.2555

Usziamsmau @)
W.f. 2553 - 2556 AU UBIUNALALLEU DLW
A v A d A o w

vsEnagma lulad 91na

W.f1. 2556 - g1 AUNUINTUNUARAAULNIW
UsEn'lan auwd Inetaua na

(Y] d
Tnsann 082-234-6663

d .
GBIt insee.s@rmutt.ac.th

124



	หน้าปกนอก
	หน้าปกใน
	หน้าอนุมัติ

	บทคัดย่อ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1
	บทที่ 2
	บทที่ 3
	บทที่ 4
	บทที่ 5
	บรรณานุกรม
	ภาคผนวก ก
	ภาคผนวก ข
	ภาคผนวก ค
	ภาคผนวก ง
	ประวัติผู้วิจัย

