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Abstract: The internal friction spectrum ranging from 100K to 370K has been observed
by the method of free decay measured with Ké type torsion pendulum on a kind of low
density polyethylene characterized, through a series of proposed techniques, by the values
of 0.25 as relative crystallinity, 5,500 as number average molecular weight, 3,35 as the
degree of branch per 100 carbon atoms and, with the side branches consisted of ethyl as

well as long vinyl types chain.
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range, which is obviously a complex peak, has been resolved

into the numbers of Debye single relax ation by means of the proposed decomposition

procedure.

As the result, were obtained five groups of single relaxation set classified by the about

same activation energy.

The fourth group represented well the conventional 7 peak observable at 150k with

activation energy, 12 Kcal/mol. The fifth group with activation energy, 9Kcal/mol, may

correspond to y; peak suggested the existence by Sinnott,

further it is also possible to

predict the existence of another peak 73 with the energy, 7Kcal/mol, below the temperature

where 7, takes place.

The existence of the second group means that several peaks should be in the transition

region between 5 and y with the energy ca. 17Kcal/mol, where it is normally regarded as

no peak exists or the place of the overlap both 5 and 7 tails.

It is also suggestive to indicate that the rising part of 3 peak corresponding to the first

groupy has to have the energy ca. 22Kcal/mol.

In order to examine the correlation among those groups, an interpretation has been carry

out on the concept of the local mode theory.

Assuming that the fo urth group corresponds to the second mode of the damped torsional
vibration ofthe definite length of main chain in the ambient free volume, the third and the
fonurth modes fit well respectively to the fifth group and the next part below it in the

scheme of peak point temperature and activation evergy.
The fundamental mode formally corresponded to the first group, however, the temperature

where it occurs is the region of § relaxation,

from the present consideration.
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so that the mechanism should be different
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Figure 2. Infrared spectrum ranging from 1000cm™!
to 700cm™! for the specimen.
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Figure 3. The characteristics of internal friclion

dependent on temperature for the test
specimen of a kind of LDPE.
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Figure 4. Schematic drawing to show the principle
of torsion pendulum.
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Table T. The Activation Energy, Temperature and
Relaxation Strength for the Respective
Single Peak obtained by The Proposed

Decomposition Method

peak ar;tril:?g;n Peak temperature peak height
number Kcal/mol (1{;1‘ )1) 109 gy T(XK) A
1 28.5 4.04 248 0.150
2 22.5 4.20 238 0.160
3 22.0 4. 40 228 0.084
4 18.0 4.68 214 0. 045
5 17.0 4.89 205 0.038
6 . 16.0 5.21 192 0.034
7 16.0 5.48 183 0. 064
8 14.0 5.72 175 0.100
0 14.0 5.98 1670 - 0.069
10 14.0 6.21 161 0. 060
11 12.5 6.44 155 0. 060
12 12.0 6. 67 150 0.059
13 12.0 6.94 144 0. 055
14 11.5 7.26 138 0.054
15 10.0 7.58 132 0.047
16 9.25 7.64 126 0. 041
17 9.25 8.36 118 0.034
18 9.25 8.77 114] 0.028
19 9.25 9.18 109 0.020
20 9.25 9.52 105 0.014
21 7.00 9. 80 102 0.012
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Figure 5. The results obtained by the method to
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for the low temperature region of 7
and 3 peaks.
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Table J.Comparison of Peak Temperatures and
Activation Enegies between the Groups
of Peaks Obtained by the Decomposi-
tion Method and those Obtained by
the Use of the Concept Based on
Local Mode Theory

items modes I 1st | 2nd } 3rd | 4th

(1/T)104 calculation 129 6.67 877 10.6
(K) | analysis 120 6.67 877 9.80
W caleulation | 19.2 [ 12 | 9.17 7.50
Kcal/mol| analysis |22.5 |12 | 9.25 7.00
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Figure 7. Schematic representations for the fundamen-
tal and higher modes in the stationary
torsional vibration of molecular chain
segment within the restricted free volume.

Angular displadement —«

Table I, B & ¥]snste] B o] %) 23 mode &
A 472 7ol HEAZR A 3% mode:= A 5
B 72oll = A 4k mode &= A 58 LT 7,
o HWETS & 5 Utk

ot A 13 mode = SFH b A 18] Fo) =
of #Ests Lot o] o K S KBS
Fole B rdE v ﬁ%‘ﬂ] et Bt
= Aol HERAE @wele AL mEks
t}. WillbournZse] 9] o}uj_ LDPE &+ 4#HESF
Aol w2 JEHEMEEN A methylene E#7} $3}F
3= Th, & 150k H-23} alkylidene g7} <*
B Ty & 230k B9 —& $8do] &
E%?_ohlﬂ4 A — ﬁﬂjiku}%ﬂ4
E 25 240k TRt ¥F Zonz me-
thylene £§{o A 3| AAF] Fa3t sty wf
9A4E d¢ F 9ol A 1A mode s Pl s

€ Aoz A4E = A 23 mode s} gk
METS RS g3le] RBEITHE A3, A4
tk mode7]- dol vt == FERSETI 93t

T dE 22X ool FEEMBET 2AY
ﬁ%safﬂi‘ﬂ]fq AT pHleE FIMsd
dolut= Zoleta G o sl @lch Al 2

53

o



& W

T o)z A o dEAe dAEA A
d A5 Asv A77F 9k, oHit Tobolsky
B 74 A 2F A3 Adgelayd L=
o #Fete 192k & FElHe] L8 RBET
v} glor Boyer®: A 23 ol &xeo ¥
FatE 205k & fElAe]l xE RBES v 3l
& AR £

V.®% B

AFE Akt BHike sty A —Ee
wEER) AP & BASIA T, ook Wy
of et AAH BEARY HA R, MEHAOMA

= % 0.2, BEHG TR 45,500, KHEET
100/ Mo S o3 35007 fie +
2 ethyl o|v] vinyl ¥ Rz AdF &1
dE Aoz vEhyiot, : .

o] Ago] Hatd AEHuEe] WMEEFES B
etz roolz ¥ RS ALY SE Debye
o] H—@f FjolaFoes s & A iEH
feol A & A3 gdejshe 5% B
#ES I, AFF o BolA v = @B
= @EEEd 9 dE 16~18kcal/mol & YA & 7}
A A 289 AL Fola Lol fEfEsty A 4%
2 LDPE oA & €3 A 12kcal/mol 9] 7ol %
e skt

% A 52 Sinnott 7} i 7o ol FE3IH
o 343} A& % 9keal/mol o] = = 72 L
Fol A % Tkcal/mol & 737} HEZS BELT T
olgch &#ES ARIASE HAES}S] $5H
“local mode” ] HAME Lol A oA,
A& —EAolY XUl @ ==t FrAd B
EES BRI A BB Wolrbe EHEAY EIER
S gtohx AZdste A 2RE) e A4E
9] ro] HWEAA B A 3REHEEH- A 572
720 85 4 REEEMS A 5RELLTE] 7soll BiRES
v} o] amh e} &3} oviAe % EHE
oA e Astel HEEelA AF dolA #
gol A —zstgch, = LDPE] #d Will-
bourn &] “EAol&xol 3 #ES FHzst
A, 79 &Ff7 lamellae FERIS] JEEERCNA
ot Aol gk 714 b, 7., 732 B

54

3] o] H-Zo #EEEHRAAA Lot Efe]
Peterlin @ Takayanagi &0] A|<k3t #HhHERA
o] il M9 ATFE & T A

References

1. N, Kusumoto, T. Yamamoto, and M.
Takayanagi J. Polym. Sci. Part A-2,
Vol.9 (1971).

2. K. Schnieder Wolf, K. Kolloid. 8, 127
(1953).

3. W.G., Oaks, Robinson, D. W., Robinson,
D.W., J. Polym. Sci., 14, 505 (1954).

4. A.H., Trans. Faraday Soc., 54, 717(1958).

5. R.F., Boyer, Rubber chem. Technol., 36,
1303 (1963).

6. T.E., Schatzki, J. Polym. Sci., 57, 496
(1963).

7. S., Saito, Kolloid Z. 189, 116 (1963).

8. W.S., Pechold, Blasenbrey, S., Woerner,
S., Kolloid Z,]. Polym., 189, 14(1963).

9, K. M., Sinnott, Rheol. Acta, 3, 194, 202
(1964).

10. K. H., Illers, J. Appl. Phys., 37, 3385
(1966).

11. M., Takayanagi, Proc. Intern. Cangress
Rheol. 4*%, Kyoto, Japan 1963, 161(1964).

12. E.W., Fisher, Peterlin, A., Makromol.
chem., 74,1(1964).

13. Yorams. Papir, Eric, Baer,
Phys., 42, 4667 (1971).

14. K., Wolf, z. Elektrochem., 65, 604(1961).
15. Zbinden, Infrared Spectroscopy of High
Polymers, p.23, Academic Press (1664).

16. F. M., Rugg, Smith, J.J, Wartman,
L.H, J. Polym. Sci, 11, 1(1953).

17. Discussions Faraday Soc., 9, 238 (1950).

18. D.E. Kleine, J.A. Sauer, and A.E.
Woodward, J. Poly. Sci., 22, 455 (1956).

19. B.H. Kim, An Internal Friction Study of
Morphology and Radiation Effedts inLow
Density Polyethylene., Thesis sumitted to

J. Appl.

Polymer (Korea) Vol.4, No.1, January 1980



20.

21.

Ad = Polyethylene®] A A#M#E Spectrums} =2 & dof =3 Wy

the Universite Libre de Bruxelles, (1972).
N.G. McCrum,
Dielectric Effects in Polymeric Solids p,p
182~185, John Wiely and Sons (1967).
F., Bueche, Physical Properties of Poly-
mers, p.87, John
Wiley, (1967).

et al, Anelastic and

Wiley-Interscience

2| A4 A 13 1980 1¢¥

22.

23.

24
25

A H., Willbourn, Trans. Faraday Soc.,
54, 717 (1958).

A.V., Tobolsky, et al, J. polym,
54, 175 (1961).

R.F. Boyer, Rubber Rev., 34, 1303(1963).
W.P. Mason, physical Acoustics vol. I -
Part B p. 108 Academic press (1965).

Sci.,



