Polymer (Korea) Vol. 15. No. 4, pp 402—410 (1991)

EVA¢] Vinyl Acetate 333l wt& 44 -7AHHA A+

Ae7-AA4-#d&-42A
FAT 2
(19919 14 31 F4)

Thermal and Mechanical Behavior of EVA Depending on
Vinyl Acetate Content

Young-Gu Cheun, Jae-Kyoung Kim, Derk-Soon Ham, and Jin-Seuk Kim
Agency for Defence Development, P. O. Box 35, Daejon 300-600 Korea
(Received January 31, 1991)

£ o B AFME v doMHE 3o ntE EVAS Ed9stE zASIAT. old DSCE
ARt AR AL 2AER L, 71A A A AL InstronZ} RMSE A1 88t ZAstg o, ¥& 7
24718 ol&3std EHANUANE A& At HdolHEHC|E §FFo| Frigel Wty Fel ol
LEE YA, 2FAHLETI MY BE 2 doldon, SARAN YA S
EVA-319] 79 10CAAM AZFsd 80% A2 P A2 oF 400min = Egatefoz %A
8¢ EVA-159} -31 Alool] &= ol glolen, EVA-159] A& 9% oy -319
Al gL 5%t

Abstract : The present study was undertaken to investigate the effects of vinylacetate content on the
properties of EVA. Their thermal and mechanical properties were investigated by DSC, Instron and
RMS, respectively. Their surface properties were measured with contact anglometer. The glass tran-
sition temperature was not changed with vinylacetate content. Maximum crystallization rate tempera-
ture was decreased, and the polar surface energy was increased with increasing of vinylacetate con-
tent. In the case of VA 31%, 80% recrystallization time at 10C was 400min. There are no appreciable
change of the compressive strength of the VA 15% and 31%, but elongation of the VA 15% was 9%
and that of the VA 31% was 5%.
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Fig. 1. '"H-NMR spectra of EVA(VA 31%).
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Fig. 2. '"H-NMR spectra of EVA(VA 15%).

Table 1. 'H-NMR Resuits of EVA-15 and EVA-31
D+@2): @

Vinylacetate

Sampl
ampe Ratio Content(%)
EVA-15 theoretical 225:1 15
experimental 2261 16
EVA-31 theoretical 99:1 31
experimental 10.6: 1 29

Table 2. MFI and CHN Resuits of EVA-15 and
EVA-31

Results
Sample CHN Analysis MFI
C/H/N VA% INDEX VA%
EVA-5 84.3/12.3/34 6.1 2.3 5
EVA-10 81.9/12.1/6.0 9.1 20 10
EVA-15 814/11.6/7.0 188 15 15
EVA-31 76.6/105/120 347 26.0 31
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Fig. 3. DSC thermograms of EVA(VA 31%) : (a) fi-

rst scanning, (b) second scanning.
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Fig. 4. DSC thermograms of EVA(VA 15%) : (a) fi-
rst scanning, (b) second scanning.

Table 3. DSC Data for EVA used in this Study

Sample
EVA-5 EVA-10 EVA-15 EVA-31

Ta, experi(T) 104.5 994 90.4 55.8
Ta, theo(C)* 129.5 121.8 113.6 84.1

Results

H(J/g) 1187 99.9 79.6 412
TLC) -195 -183 -221 —226
Cpd)/®) 0.36 0.38 054 0.72

*from eq'n (2)
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Fig. 5. Stress-strain curves for EVA(VA 31%) : (a)
annealed sample, (b) quenched sample.
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Fig. 6. Stress-strain curves for EVA(VA 15%) : (a)
annealed sample, (b) quenched sample.
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Fig. 7. DSC thermograms of annealed EVA(VA 31%)
at 10C as a function of annealing time : (a) 0 hr, (b)
0.5hr, (c) 3.5hrs (d) 42hrs, (e) 121hrs, (f) 1300hrs.
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Fig. 8. DSC endothermic peak area changes with an-
nealing time at 10C.
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Fig. 9. A plot of (V/V,,) vs temperature of EVA : (a)
VA 5%, (b) VA 10%, (c) VA 15%, (d) VA 31%.

Table 4. Theoretical Value of Maximum Growth Rate
and Growth Temperature

Results Sample

EVA-5 EVA-10 EVA-15 EVA-31
Tu(T) 104.50 99.40 90.40 55.80
T.(C) —1940 —1836 —2212 2252
TW(C) 40.16 37.35 30.28 13.33
Va{um/sec) 158X1071.58X10%1.58X10%3.61 X101
T«(©) —8256 —1027 -—1664 —29.15
T(T) 74.53 69.66 60.66 35.85

History) & 52— 71AHA o] v ¢ & 4FE 1)
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ANge 39E A Hag of 2% #H€ o
o)lex9 eAE(modulus) g F7HAIZICHY ol9}

& JAL AR S5t B A3dAe 3%
frequencyoll M &0 & A3 BAE(G)HH &4
BAE(GN S ZAeh Fig. 1034 Fig. 114
EVA-15, 31%°l th§ 8- 71AHEd 24 2%
), HMo]Fzko g A —150T, —20T~40T, 40T
ojdel AFte g FEHAAE ST ] YEh
ed O3 go] AH"E & Aok, —150CAM =
FAbE2] CHyoll B wlagoln, —20~40C
dAe Al HIHESEH B¥E AUA F5
28 o|le] fejde] Fzholth, 40T ol 73
dMe 239 &6 Bl gle THeEM 31%
9] A4S AR3Ert oz dXe MFo Wi}

407



AETF AN -

10'

10° - " U Y S L e
—180—140—100 —60 —20 0 20 40 60 80 100
Temperature[ C]

Fig. 10. Dynamic storage modulus(G’) and loss mo-
dulus(G") of EVA(VA 31%) : (a) annealed sample,
(b) quenched sample.

]on i IGI
101
~
g
e 10 {10
<
=
‘:”r; 10°F 2
g 107k —.10"
Z-‘ p
105k
10° 107

2180 140 —100 —60 30 0 20 40 60 80 100 120
Temperature[ C]

Fig. 11. Dynamic storage modulus(G’) and loss mo-
dulus(G") of EVA(VA 15%) : (a) annealed sample,
(b) quenched sample.
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Fig. 12. Scanning electron microphotographs of EVA
coated RDX(mag. X 100) : (a) VA 15%, (b) VA 31%.

HEsUS W FVEYS SEMez #Fh
gl VA 15% 9] 4% Ta3A AN T3l ®
ol Jeht J& A& & # Ao 31% & ol
A4S el A gk ol A2 VAQ ol A
29 FAAA vdetAElo|EZL HA EHH
o o2 RDX9} EVAZES} A& o] ofg}s o] RDX
ol EVAE 9183l 3% RDX7 225 &
S & F Ak E o)E T3] H3t Contact
Anglometerg o] &3t H&£7Hg &3] RDX9}
EVAY AWhaze Adsds. ARHRHS
Kaelbe2] 2 o]&3te] EVAS] ERNYAE ALkst
AL, °1F ot 9 Table 5o FERAKITH

o] AnjelA BE ndoeo]E FaFo] W]
W FHERAANA P gho] F7Het}. RDXe| =
HAEHNRE i of o]LL FPL RDXot
o] Feo] P4d Aoz HdHy ox SEMY
Ange YAk

Polymer (Korea) Vol. 15, No. 4, August 1991



EVA?9] Vinyl Acetate 33 3lo] o} & & - 71AA Y2 dF

Table 5. Comparison Data for Surface Energy of EVA
and RDX

Sample Y ¥ p

RDX" 19.0 24.1 431
EVA-15 124 16.0 284
EVA-18 11.1 169 28.0
EVA-31 78 18.6 264

Surface energy . y(dyne/cm)
Reference solvent :
Water : y¥=21.8, y*=51.0, y=728
Formamide : y4=39.5, y*=18.7, y=58.2
Kaelbe 2]
1+ COSo= A1) + (v )]
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Fig. 13. Complex modulus of EVA(VA 31%) coated
RDX.
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Fig. 14. Complex modulus of EVA(VA 15%) coated
RDX.
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Fig. 5. Compressive Stress-strain of EVA(VA 31%)

coated RDX as a function of time : (a) 0.5hr, (b) 19

hrs, (¢) 93.5hrs, (d) 364hrs.
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Fig. 16. Compressive Stress-strain of EVA(VA 15%)
coated RDX as a function of time : (a) 0.5hr, (b) 19
hrs, (¢) 93.5hrs, (d) 364hrs.
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