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ABSTRACT

New segment, formed by a group of two arrays between two main chains,
makes up their figure and physical properties. Segment gives two types by
temperature, which belongsthermal (under Tg) and mechanical domain (T -
Tg). Tg happensto reach elongation limit of o- Tg = 1%. where Tmismelting
point, Tg is transition temperature and o is thermal expansion rate. Two
domains have the same 1% elongation limit. Although symmetrical structure
holding Tg = 2.Tg, shows the same a. = 2o, in both domains, asymmetry
changes 2o, = 230, in mechanical domain. Where o, is component molecule.
The common o in symmetrical domains supports existence of crystalliza-
tion. The mechanical moving of horizontal direction happens displacement
of C-Cbond lessthan 8°at 1% limit, which all elongation of composite mol-
eculesforms aline. Segment having a sturdy structure due to fine stroke by
thermal elongationisin charge of Young’s modulus in the equation of strength
and elongation happens in single main chain. o can use to replace entropy

KEYWORDS

Melting point;

Glass transition temperature;
Thermal expansionrate;
Strength;

Thermal properties;
Thermo plastics.

with traditional ways of thinking for polymer.
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INTRODUCTION

The physical properties of polymer have been
thought to cause by the segment defined asa specia
unit group of 20~40 moleculesinamainchain. But it
cannot explainwhat Tgand Tm haseach constant value
or the bothratio givesthe constant one. Where Tgis
theglasstransition temperature. It isnot obviouswhat
the segment functions and numbersof happening seg-
ment can not estimateto may bealot or afew. Strength
theory affected their numbersbringsafatal fault be-
cause of without expectation of fixed happening. The
new segment, showed as segment smply asfollows, is
formed by agroup of two arrayshaving thedirection of
main chain, which each atom between two mainchains

in asegment combinesby Van der WaalsforceZ. In
thiscase, theforming of segment can explain reason-
abld?. Thesegment givescompact structurebut changes
loose one after Tg and both of them isreversiblein
temperature. These can giveabasisthat Tg of polymer
isshown by changing fromrigid to soft. New thought of
segment givesimportant fact fromratioof Tgand Tm,
whichthe 1% limit exitsel ongation between atomsand
givesthesamelimitin thermal and mechanical donga
tion. Hereisshown thefact and theoretica mechanism
and background of thelatter. It hasbeen published that
Tghappenswhen thermal e ongation of C-C bond ter-
minates*?. Thelimit of dongationisshownas,
a-Tg=1% from 0°C (@)
wherea isthelinear coefficient of therma expansion
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and a- Tgisthedongationratio. After Tg, amovement
of Catomin C-C bond changesinthehorizontal direc-
tionfromvertical lineof thermal expansion. Thehori-
zontal movement of C atom makeasinglemain chain
return at Tm and happensliquid by Brownnian move-
ment. Thoseareshownto divideintotwo elongationin
thermd domain of under Tgand mechanica oneof (Tm-
Tg). Becausedl atomsof element hasthe 1% limitin-
cluding C atom, it may deal within general fidd®. o
given astherma expansion makesanew undersanding
of, gpecific heat, heat conductioninameta and strength.
Entropy hasbeen used to explainachangeof Tgfor a
difference of molecular structure®. Because a.isre-
placed to entropy essentially, it means asubstance of
entropy, making easy aimagination dueto embodiment.
A elongation ded swith toincludeashrinkage because
therelation of bothisreversibleexcept aspecia case.
Themagnitude of thermal propertiesare made by the
symmetry of arrangement, which causesacrystals of
element.

RESULT

Basictwoelongation and their elongationrate (a)

The happening elongation by aheat quantity are
classfiedintwo sort fromthedifferent working. Oneis
in case of happening by thermal and the other is by
mechanical stress. A stresshasbeen originally used to
work fromtheoutsdelikethetensletest. But thestress
happeningindementsitsaf givesastheinsde. A eon-
gation in thedirection of main chain stopsand ame-
chanical stressof tangential one happens. A stress(c)
by the movement isrel ated to e ongation through next
equation (2).
o=ER @)
where EisYoung’s modulus and R is elongation rate.
Ontheother hand,the equation of therma elongationis
givenasfollows
a = (elongation rate)/t = (Al/l)/t 3)
wheret istemperature (°C) and elongation rateisthe
ratio of the expanded |ength(Al) tolength of e ement
(). aisaimportant elongation rate showing thermal
properties of material, amolecule and acomponent
molecule. It canuseinawidefiedsincluding applica
tion of comparison through the addition of themispos-
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siblé®. Thereation between Tgand a. givestwo differ-

ent equationsfrom 0°C limits. Theequation below 0°C

isgivenas®;

o =1%-Tg 4
From equation (1) and (4), figure 1 showsavs. Tg

of upto 200°C from-200°C except 0°C~1°C.

Thermal and mechanical elongation

A polymer chain iscomposed of side chain and
main chain formed by mainly C-C bond, though the
othersareN atom, O atom and so on, which showsas
figure3(a) inset.

Thermal (under Tg) and mechanical (T, -Tg) do-
main

Incaseof alinear polymer, after Tg changesame-
chanical elongationupto T,_. Next equation (5) iswell
known asempirical law(K).

T, T,(°c)+273k
T, T, (°Clv27K ®)

wherek is1/2 (symmetrica structure) and 2/3 (asym-
metry). In case of k =1/2, equation (5) isexpressed as

follows,

if, Tgisx°C-T_(°C)=2x°C+273K (6)
It can beshared with two domain, which are,
Tg=x°Cand (T -Tg)=x°C+273K (7

Thelatter isatemperature of mechanical domain.
Suppose Tg=100°Cwere, Tmwould be473°C. Tm
isarather high valuein comparison with Tg, because
absolutetemperature of 273K isincluded newly. That
IS, two domainshaveapeculiar of composing from the
same absolute temperature(k). It indicatesaimportant
contentsfor after Tg that starting from absol ute zero
suggestsanew movement of € ongation between at-
oms, having adifferent content from under Tgthoughit
showsthe same 1% el ongation limit.

M echanical domain
Twodomainsof symmetrical structure(k =1/2)

Polymer of asymmetry structurewithlow Tgisin-
tended for ali phatic hydrocarbon, e.g. methylenegroup
but symmetrical structurewith high Tgismainly aro-
matic group. Elongation (o) of theformer ishigher and
thelater islower, whichisgivenfromequation (1) shown
as a-Tg = 1%. After Tg bringsto soft from rigid by
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increasing a.. Inthiscase, it does not affect o by next
reason. Becauseacrystal in polymer which symmetri-
cal structure makes, disappear to shift amorphous
body®®!. This supportsexistence of crystallization, ap-
plying to asymmetry structure.

Relation between apparent aand Tg

When acrystal disappeared, itsvolumeincreasesa
little(AV). From AV =3a’, o of after Tgincreasesto
a,+o’. Where AV isincreasing volumeand o, is o of
polymer, o’ isa of increasing volume,

Since apparent o makes aturning point, it shows
Tgat measurement. It indicatesthat o. keepsto havea
good reason for Tg evenif it doesn’t change before
and after Tg.

Thedifferenceof twodomains

A characteristic of therma domainisableto add
each Tg of component molecular. Upto Tg, therela
tion between Tg of polymer and Tg, of component
molecular isgiven ag?;

Tg=2X1% la = XTg

From the adding property of o, o of polymer is
obtained as®;
a=2Xa )

A exampleof polypropireneisgiven an explanation
of thisequation. A polymer chainiscomposed of side
chainand main chain. Thatisshownas-H-C -(CH,)-
H-C,-H- inrepeat unit. Where-C -C,-ismainchain
and-H, (CH,)- isthesidechain of C -H, H-istheone
of C,. Theelongation (a) of C,islarger than C, be-
causeC, haveaheavier sidechain. Theaddition of Tg,
in mechanica domain continuesto exi<.

Two domainsof asymmetrical structure (k=2/3)
In case of k =2/3, equation (9) isgivenas,
x°Cand (T _-Tg) =x°C/2+273K ©)

It isthe same as symmetrical structureupto Tg.
But o.in mechanica domainincreasestwiceuniformly

asgivenfromequation (1). It meansthat dynamic ac-
tion worksthem to giveamechanica evidence.

Tg=

M echanical elongation

Mechanicd e ongationisproportional totempera
tureliketherma one. It needsto know the reason what
andwhy becauseof adifferent e ongation. Theforceof
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separation happensby changing tangent directionwhen
theeongation stopsat Tg. If amovement of Catomup
toTgareinthedirection of Y-axis, oneof (Tm-Tg) will
beinthedirection of X-axis. Becausethe e ongation of
vertica motion stopsat Tg, each C atomsin C-C bond
areforced to moveto horizontal direction by additive
heat energy. When a temperature becomes Tg, aC
atom couplein the segment of under Tg seemsto be
making aformto separate by repdlling each other againgt
interference of movement. Figure 2 showswhat aC
atominonesideof two array moveafter Tg. A length
between C-Cbond at TgisgivenasC, andC, whichis
aexamplegivenfor an explanation ment| oned above.
When C, atomwithlower Tgreaches Tg, first, it does
not start amovement to X-axisyet, because additive
heat energy isused for elongation of C, side. Whenit
reachesthehighest Tgin component molecule, hereis
Tg,, beginsthe movement.

Calculating elongation of C,

If theelongation of after Tgded swiththetracksby
C, atom from starting point of C,, aposition of trans-
ferenceof C, atomby horizontal movementisgivenas
C,orC, TheC isaca culatingmode andtheC, means
apractlcal model with adlight gradient to horlzontal
direction. When the elongation shown as C -C, has
reached the 1% elongation limit, theangle of C, pro-
vides about 8 degreesfrom next equation (10),

h+#gh _ h
sin90°  sin(90°-9°) (10

therefore, 0 = 8° isobtained from cosH° = _o =0.9900.

where h is alength between C and C,, 8 isthe 1%
elongationrateand 0° istheangleof C,

Practical elongation of C,

When C, atom with high elongation get started to
move, C, atom bound the movement of C, isnot to
moveyet. C, atom becomesadifficult movementinthe
direction of X-axisbut it meansto hgppeninthediago-
nal direction with easy movement to pull at the axis of
C,-C,. The angle of main axis shown as 6° brings a
rather lower valuethan 8. Therelation betweenadis-
tance x of adiagona movement of C,atom and aex-
panded elongationy of C,-C,bond, isgiven asequa-
tion (11). Because 6° isarather lower value, equation

—r—,  \lBCromolecules
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Figurel: Adiagramofavs. Tg(°C),Adiagram showsatrans
formation compressingtheupper valueduetoawideextent.
Theequation over 0°C providesa.-Tg(°C) =1%.As1°Cisan
inflection point, it cannot usefrom 1C to 0°C with indefinite-

ness. Theequation below 0°C, which showsa =1%-Tg(°C)
(12) isobtained from equation (11)

.-.y=cose°{ X } }—)

sin@®

Cv= 0] X - 0 X

Ty cose {sjn 90} - oose {e(radian)}

0 X
cose’{ ————~
{e(radlan)}

Y = cosg®-X (12)
where x is alength between C,and C, y isalength
between C and C,and X isx per radian. Elongationy
isintroduced to beaproportional relationto X at con-
stant cose®, which X isgiven asincreasing tempera-
ture. Thisshowsaproportional relation between me-
chanical dongation and increasing temperature.

1)

Practical mechanical elongation

A mechanica dongationby al C of compostemol-
eculefinisheswhenaC atom of thelowest e ongation,
hereisC,, hasreached at the 1% elongation limit. If C,
isput astarting point of C , aelongation between C,
and C,addsto alength between C and C, (y) shown
onfigure2.In caseof acompositemolecular sartsfrom
C, of abasic point and adds elongations of each C
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Figure2: A movement of C,atom by themechanical elonga-
tion. C,atomislower Tgthan C, one. C isaposition of trans-
ferenceof C, atom by horizontal movement. The expanded
lengthisshown asC, -C,, which @ isaanglegiven from hori-
zontal transfer ence. When amovement of C, reached at the
1% elongation limit, @ is given about 8 degrees. C,isthe
practical movement of C,with adight gradient shown an angle
of . Amovement of C,on alineat constant & can beshown as
afunction of @ radian, which isproportional totemperature

reaching the 1% el ongation limit. Fromeguation (3) and
(8), total practica € ongation of symmetrical structure
isgivenas,
2.o._(original distance betweenatoms) (Tm-Tg) anda
asymmetry oneis,
220, (thesameassymmetrical one) (Tm-Tg).
Thetwo practical elongationsmeansto bein pro-
portion totota a, becausethe each valuein parenthe-
sesisconstant. It meansto bereasonable aspractica
movement that al e ongation of composite molecules
formsaline, whichisshownfrom C (equivaenttothe
point of C onFigure2)toC,.

Function of elongation to strength

If astressworksto apolymer, al segmentsin any
main chain catch them with equal shareto reducethe
load. Becauseinthedirection of segmentsagreewith
one of the stress, those can stand on the same straight
line. Firdt, stressfunctionsto makeastraight line (Fig-
ure 3b) to stretch aslack partsinasinglemain chain
(Figure 3b) and gets rupture point by breaking C-C
bond. Equation of the strength provides,
o=ER

Thetherma segment isrigid dueto acompact struc-
turewhichismadeup of finestrokeby thermal donga-
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Figure3: Anexplanatory diagram for new segments. (a) A
main chain composed of C-C bond 1 and sidechain 2isshown
an exampleof polypr opylenewhich repeat unit ispropylene.
(b) new segment 3iscomposed of two arrays between main

chainsand single main chain (1-1 or 1-2). Here 1-1 shows
under stretch and isusually sagging without stretch like 1-2

tiontoform asturdy structure at room temperature. So
segment assignsto E and breaking el ongation of single
main chainisR. Themagnitudeof Eisclear to hasthe
relationwith thecompact degreewnhichthethermd eon-
gation participate so that E in flexurevs. a of cured
epoxy resin was reported as alinear type”. If aisa
largevauelikeaiphatic hydrocarbon, theelongation
becomeslarger, givingalarge R. A toughness, whichis
impact strength, isshown as,
1/26-R=12E-R? (12)
Inthis case, it meansthat alargevalue o givesa
effectiveresult. Asequation (2) hasgenerd use, it means
that thosed ementshavedready smilar Etothat of poly-
mer becausethosewereformed through condensation
fromamdting sate. For example, srength of meta may
bealso applied as segment using alineof single bond
from compact atomic structureand lower a.. Theelon-
gation, that is, o hasto do with the structure of sub-
stance. Although achemica structure servesto makea
magnitudeof a, it doesn’t mean to make the cause. The
arrangement of atoms, whichiseither the symmetrical
structure or theasymmetry one, isconcerned acrystal-
lization. It seemsthat acrystalization of dementisalso
to haveto do with thesymmetrical structure. Thermal
conductivity appliesin metal withsmall o.. It canthink
that ahappening € ongation by aheet dischargesit after
travelinginameta, going back itsorigind Sate.

Relation between entropy and elongation (o)
Tm has been handled by entropy from equation

—= Pyl] Peper

(13). Tg connected with equation (5) a so may bedone
thesamehandling.

Tm =Tgk = AH/AS (13)
wherek isconstant, H isentha py and Sisentropy. The
magnitude of Tm hasbeen givenininverseproportion
to Sat equation (13). For example, Tm of aromatic
group ishigh because Sislow and aiphatic hydrocar-
bonislow from the contrary reason. But thisisableto
express by a from the relation of a-Tg = 1%. Both
sides meansthe same as content. The difference be-
tween o and Sisgiven asentha py and elongationrate.
Entha py for Smeansto functionfor eongation (o) of a
distance between atoms and isstored in them, which
elongation isthe substance of entropy so that one of
potentia energy isheight. Thereisaimportant point of
agreement that Tg shown asa starts from OK and S is
also zero at OK as the third law of thermodynamics
showd?.

DISCUSSION

A changeof eongation between atomscanexplain
aphenomenahappening by rotation and vibration of
molecule in polymer at Tg, which thought of micro
Brownnian movement makesno sensefromaidedistic
treatment asif aliving thing. Hightemperaturefrom Tg
up to Tm meansto happen mechanica elongation, be-
causeitisobviousto add 273K newly. It supportsex-
istenceof crystalization that o does not change before
and after Tg. It meansto be ableto apply asymmetry
structure of the same property on Tg. Kinetic move-
ment of elongation after Tg appearsincreasing a.in
asymmetry mechanica domain. It supportsadifferent
movement of e ongation. A sturdy structure of segment
isinchargeof Young’s modulus, which is formed from
finestrokeby therma € ongation. Therel aion between
degree of polymerization whichisproportionto num-
ber of segmentsand strength can explain at most rea
sonable. o replaced entropy gives concreteness so that
potentid energy isheight. Although theinterpretation of
entropy used to take up arandom arrangement, the
exampleisnotinthermal field. o inaelongation be-
tween atoms causes heat, which issuitablefor the sub-
stanceat the stand of interpretation. A random arrange-
ment can explansthrough thermal and mechanica .
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CONCLUSION

Segment givestwo types by temperature, which
belongsto therma (under Tg)and mechanical domain
(Tm-Tg). Two domains have the same 1% elongation
limit. Although symmetrica structureholdingTg=XxTg
showsthesamea. = 2o, inboth domains, asymmetry
changes 2a. = 22 o, in mechanica domain. Thecom-
mon o in symmetrical domains supports existence of
crystalization. Themechanicd moving of horizonta di-
rection happen displacement of C-Cbond lessthan 8°at
1% limit, which al elongation of compositemolecules
formsaline. Segment having asturdy structure dueto
finestrokeby therma e ongationisin chargeof Young’s
modulusintheequation of strength and € ongation hap-
pensinsinglemain chain. o can useto replace entropy
withtraditiona waysof thinking for polymer.
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