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Page 2. 1

In the book are examined the pasic properties of class it is
polyurethanet, bonded with the specific character of the structure of

polymeric molecules and their intermolecular interactions.

3 NOTE TO THE READER: Througyhout this document, whenever the terms

#it is polyurethane” or "is polyurethane" appear:, please read "of i

polyurethanes," when applicaole. END NOTE.

This book - the first in world iiterature, dedicated structure and
properties of one of the most important classes of high-molecular
compounds - it is polyurethane. The analysis of the special
feature/peculiarities ot tae tlcripility of chains, nature of bonds,
effect of the chemical nature ot chains on the phase and physical
transitions, physicomechanical and other properties makes it possible
to set the basic reasons for manitestation by polyurethane of that
combination of properties which determines their wide practical
application/use in the form of ruboers and rubbers, coatings, fibers

and other materials.

Monograph is calculated ia scientific workers, aspirants and

workers of industry, vho specialize in the regiom of cheaistry, the

physical cheamistry and technoloyy of polymeric saterials.
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Page 3.

PREPACE.

Among a large number oif polymeric materials, utilized in
national economy, special position they occupy polyurethanes. This is
deternined by the very valuable and specific combination of the
properties, developed by polymers, which makes possible their
application/use in the most aifferent branches of industry and in
private life. Really/actually, we do not know another class of
polymers on basis of whica it is possible to obtain virtually all
technically valuable polymeric materials - rubbers and rubbers,
sealing compounds and sealing coapounds, rigid and elastic synthetic
fibers, glues and coatings, foamed plastics and many others. tThe
possibilities of obtainingy the such different materials are laid with
the special feature/peculiarities of chemical structure it is
polyurethane and not liasited the possibilities of the regulating of

their structure.

In world literature is known a large nuamber of investigations,
in vhich are examined questions of synthesis, technology and
processing/treataent it is polyurethane. These works are generalized

in the monograph of Saunders and Frisch, translated into the Russian
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language.

As a result of the conducted investigations, are created ten and
hundreds of polyurethane connections and numerous technically 1
valuable materials on their pasis. However, to these ones on we have
available the very limited intormation about the bond between the
cheamical structure and properties it is polyurethane, but some most ?
important special feature/peculiarities it is polyurethane which
determine the special value of these connections, until now, they
are investigated very little. ILan the literature there are no

generalizing data accordiny to the relationship/ratios between the

ro— e "

structure and pruperties it is poliyurethane, but the majority of the

i

investigations of the physicochemical and physical character devoted
to the properties of foased plastics on basis is polyurethane. On ?
separate questions of the physical chemistry, it is polyurethane
(flexibility of chains, property ot solutions and fusion/melts, etc.)
there is very few investigations in comparison with data for other

classes of polymers. f

Everything presented determined that protlea which the authors
placed before themselves in present monograph. It consists in the
generalization of existiny kanowledyes about structure and properties
it is polyurethane and explanation on this basis of the reasons for

the specific properties of this class of polymeric materials, what is
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very essential both from the point of view of their utilization in
practice and from the poiut of view of finding the correct ways of
the synthesis of polymers witn preassigned coabination of

physicochemical properties.

Page 4.

Primary task of physics and panysical chemistry it is
polyurethane - the establishment or the basic regularities, which
join properties and structure with their specific special
feathre/peculiarities and which are determining the ways of their

application/use to the study of tnese problems is dedicated this

work.

As the basis of monoyrapa, are assumed the data, published in
vorld literature, and the results of the investigations, conducted in
the section of physical cnemistry of the polymers of the institute of
the macromolecular chemistry of AS UkKSSR by the authors and their

covorkers.

Chapters I-III are written by Yu. S. Lipatov, Chapter IV - by

Yu. Yu. Kercha, Chapter V - by L. M. Sergeyeva, Chapter VII - by Yu.

S. Lipatov and L. M. Sergeyeva.
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The problems of the bond between the conditions of the synthesis 4
reaction of polyurethanes and the supermolecular structures, which
appear vwith synthesis, were studied by T. E. Lipatova, who vwrote

chapter VI.

e e e ————
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Page 5.

CHAPTER 1.

BASES OF THE CHEMISTRY CF POLYUBETHANES.

Physical and chemical properties it is pclyurethane they are
determined by the presence in the polymer chains of different types
of chemical bonds and fuanctional groups. This is caused by the fact
that for synthesis it is polyurethane and pclyurethane materials it
is used considerably more initiai of connecticns, than for other
classes of polymers. Theretore it 1s, first of all, necessary to
examine the basic methcds or syuthesis it is polyurethane and
obtaining on their basis ot different technical materials, in order
to connect their properties with tne conditions of synthesis and

processing/treatment,

GENERAL PRINCIPLES OF SYNIWESIS OF POLYURETHANES.

At the basis of obtaininy, it is polyurethane it lie/rests the
reaction of the step poiymerization, by which is understood the
reaction as a result of wiuicno during the addition of di- or

polyfunctional reactants are tformed the macromolecules without the

|
|




DOC = 79011101 PAGE 9 f

splitting of the fragments of tne reacting groups. For this type of
reactions, is characteristic the aigration of the atom of hydrogen at
each step/stage, which gives grouands to call reaction also migration

polymerization [47].

Formation it is uretnane bonaed with the addition reactions of

isocyanates, described lcng ago by Wurtz [ 345],
R-N=C=0: R'—OH -» R—N—C—-OR’
H o
Por it is vrethane it is canaracteristic the grouping of the atonms
0 = C—N—

o
0
|

The method of obtaining & polyurethane it is developed in
Germany [2867 and by the UsA [285] simultaneously it is based on the
reaction of isocyanates witn yiycois, as a result of which occurs the

formation of linear polyurethdane by the overall diagram

AHO-—R—OH +n0=C=N-R'~N=C=0 »
O H HO

+ (—o-g—od rn-do,

Page 6.

The polymers of this structure have many common/general/total
properties with polyamides and otuer linear polymers, which
predetermine~ the potential possivilities of their application/use.

With the aid of the selection ot components (diisocyanates and

S S VY VLW
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hydroxyl-containing connections) it is possible over wide limits to
vary their properties. Specifically, the possibility of the active
regulating of the structure ot poiymer chain makes It possible to
obtain on basis it is pclyurethane materials with the most different

properties.

Por obtaining the hign-molecular products, it is necessary to l
take the initial components of the high degree of purity in strictly
egquimolecular quantities. If one of the components is used in excess,
this leads, as in the case of polycondensation, to the decrease of
molecular weight. The component, undertaken in excess, forms
predominantly end groups. lhe high reactionary character of
diisocyanates makes it possible to carry out the reaction at low
temperatures (in the case of the catalyzable reactions - with room
ones) . Under soft conditions occur/flow/lasts less than side
reactions, which makes it possible to avoid branchings as a result of

the reaction of diisocyanates witih the formed urethane groups.

The examined above metuod of obtaining is polyurethane is most
coamon it is used on industrial scale. There are also many other
methods of their synthesis, one of which is based on the reaction of
the polycondensation of dichlorocarbon ether/esters of glycols with
diaaines (267]:

nCICOOR—OOCCI + nNH,—R'—NH, -
-+ [—R—OOCNH—R'—NH—COO—}, + HCL.
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Dichlorocarbon ether/ester of glycol is obtained during reaction
vith phosgene. Thus, this method includes the reaction of some
component with phosgene as obtaining diisocyanates, based on the
reaction of amines with phosgene, put it not found wide acceptance.
It 1s necessary to note that the searches of the ways of synthesis it
is polyurethane without tne application/use of isocyanates and
synthesis of isocyanates without the collaboration of phosgene they
are of great practical interest; aovever, at frresent these methods
cannot compete with the basic method of synthesis it is polyurethane,

presented it is above,.

The examined reactions are the basis of the synthesis of linear

ones it is polyurethane. '

By essential difference it is polyurethane from all other
polysers it is the presence in the polyurethane chains also of other
types of chemical bonds. Specifically, the diversity of the latter in
many respects determines chemical and physical property it is

polyurethane and their structure.

Polyurethane chain/network depending on molar ratio of the

components, undertaken for syntaesis, can have different terminal
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reactive groups.

Page 7.

Oon their reactionary character are based the methods of the
elongation of chains or obtaining of the block copolymers. So, during
the reaction of two molecules it .1s polyurethane, obtained with the
excess of diisocyanate and aaving terminal isocyanate groups, with
vater occurs the elongation of chain and the emergence of the uric

bond

20CN~~NCO + HOH —~+ OCN--~NH—CO—NH~~NCO - CO,.

The analogous elonyation of chains with the formation of uric

grouping occurs during the reaction of this pclyurethane with

diasines
OCN-~-NCO 4 H,NRNH, + OCN--~~NCO -» OCN--~NHCONH—R—
—NHCONH----NCO.

So are obtained high-molecular polyurethane, in main chain of

which are alternated uretanane aand uric groupings.

During obtaining of coancrete polyurethane materials, especially
three-dimensional structure, in tne main chain of polymer can be
present other types of Londs. This is explained by the fact that

during formation it is pclyurethane they occur/flow/last and octher
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reactions, which have the techaical value

R'NH, - R—NH—CO—NH—R’
R'COOH - R—NH—CO~R’ - CO,
R—N = C =0+ )| HOH - RNH—COOH - RNH, -- CO, —

R-N=C=0
—— - R—NH—CO—NH—R.

The initial materials of addition have in uric, urethane, amide
and other groups the reactive atoms of hydrogen which with increased
temperatures interact witn isocyanates vwith the formation of the new

groupings

.............................

R—NH—CO—OR -+ R—-~N—CO—0—-R
(Vyperan i o NH— R
() ansobanathan rpyans

RNH—CO—NH—R | + R'Nm C=0 - R——~N—CO—NH—{—R’

(’a\ MoueshHa i C'O—»NH— :~R
@\ GRYpeTOB2R FPYynna
R--NH—CO—R + R—i—N—CO—i{=R’

o doela

(L\uuunu;;;;:;“:p‘;'""l

Key: (1) . urethane. (2). allopnanate grovp. (3). urea. (4). biuret

group. (S5). amide. (6) . acyilurea gyroup,

Page 8.

Purther diversity introduces the reactions of the dimerization of
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diisocyanates, which lead to the formation of the uretdione ring

NCO 0
!
—7 7 N\ _x SN N a
CH, \I__ 2 —NCO — CHy—~( /_N<c>h_<_\>_cﬂ,
NCO 5

Thus, polyurethane in contrast to other classes of polymers are
not the connections in chain of which is only one characteristic type
of bonds. In a number of cases the concentration of urethane bonds in
polymer can be compared with the concentration of the bonds of other
types. In spite of this, fundamental characteristics of this class of
polyaers they are determined by the collaboration of isocyanates in
synthesis reactions, and theretore all polymers of this form are

related to class it is polyurethane.

Por synthesis it is polyurethane three-dimensional structure
they are used the trifunctional connections, which contain either
three hydroxyl groups (for example, glycerin), or triisocyanate.
These methods widely are used during obtaining of polymeric materials

on basis it is polyurethane.

During the study of structure, it is polyurethane necessary to
bear in mind the kinetic special feature/peculiarities of reaction.
Their bond with structure vwe will examine separately. However, it
should be noted that diisocyanates depending on their chemical

structure possess varying reactivity - with sinimum speed enter into
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reaction aliphatic diisocyanates, while the aromatic, especially
containing electron-acceptor substituents (nitro-, nitrile, halide

groups), they possess the increased reactionary character.

The reaction rate ot isocyanates with alcohols falls upon
transfer from primary ones to the secondary hydroxyl groups and from
those saturated to unsaturated aliphatic glycols. Aliphatic primary
and secondary amines react with isocyanates virtually instantly. If
at temperatures of 20-80°9C in essence occur the reactions of
diisocyanates with glycols, water and diamines, then at the
temperatures of higher than 1009C occur the side reactions, which
lead to the formation of branchinys and cross-linkings. The rate of
these reactions grow/increases witn a temperature rise in greater

degree than basic ones.

To the rate of the various reactions, which lead to formation it
is polyurethane, affect numerous catalysts - crganic basis/bases,
diamines, piperidine, piperazine, nydroxide of alkali metals, acetyl
acetonates of copper, beryilium and vanadium, naphthenate of lead and

cobalt, tributylol and many others.

Page 9.

The action/effact of catalysts is propagated not only to the main
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reaction of diisocyanates with glycols, but also to the side

reactions, bonded with the foramation of urea, allophanat, biuret
groups, with the polymerization ot isocyanates into isocyanurate,

etc. [3333). All this leads to the great variety of reaction products.

Prom short survey/coverage of the basic grinciples of synthesis,
it is polyurethane evidant tamat it is based on the application/use of
connections with the isocyanate groups, which are characterized by
unique reactionary character aad capability fer many chemical
reactions. Macromolecular chemistry are not knovwn other mononmers,
except isocyanates, capable or suckh a large number of different
cherical reactions. This specific character of basic monomer
determines the diversity of the types of chemical bonds in chains and
of chemical transformations it is polyurethane., This creates
possibility within the limits of ome class of connections - it is
polyurethane - to obtain materials with quite diverse properties. The

more detailed information about the chemistry of isocyanates and the

mechanism of formation it is polyurethane they are represented in

works [114, 262, 3331.

OBTAINING POLYURETHANE CAQUTCHOUCS [ NATURAL RUBBER]} ARD RUBBERS.

l Urethane caoutchoucs are very promising in the region of
{ practical utilization it is poiyurethane., Polyurethane elastcmers are
i
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characterized by unique properties - extremely high strength for tear

and abrasion, by high strength and elasticity.

Polyurethane elastcomers obtain on the basis of oligomeric
polyether/polyesters, which contain the terminal hydroxyl groups, and
diisocyanates. Term "oligomer" designates the low molecular polymer,
obtained during the reactions ot radical teloserization or with the
polycondensation, conducted with large excess of one of the
components. Oligomers are viscous iiquids, and their molecules are
the basic building block ot linear high-molecular chain. Common
molecular weight of oligomeric polyesters, used for synthesis is

polyurethane, it composes 1000-2000.

Por the synthesis cf polyurethane elastomers, can be used both
simple and polyesters. 1n the case of simple polyesters, use
extensively different copolymers - oxide of ethylene and propylene,
their copolymers with tetrahnhydrofuran and so forth, etc. Fron
polyesters are most common polyether/polyesters on the basis of
different glycols (ethylene yglycol, diethylene glycol, etc.) and of
adipic acid. Basic diisocyanates, which are used for synthesis, are
toluene-2,4-diisocyanate (2,4-Tvi), 1,5-naphthylenediisocyanate,
4,4%-diphenylaethanediisocyanate, 1,6-hexamethylenediisocyanate

(GHDI), etc.
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The synthesis of polyurethame elastomers occur/flow/lasts in two

stages [ 297].
Page 10.

During the first stage from £ acles of oligomeric polyether/polyester
and 3 moles of diisocyanate obtain so-called macro-diisocyanate, or
prepolymer:

OCN—R-—-NCO+-HO~~-OH +0CN—R—NCO+-HO~~-OH+4-OCN—~R—NCO
4
OCN—R—NH~-CO—0~~OCONH —R—-NHCOO~~~OCONH—R—NCO,

vhere surging line desiynates the molecule of oligoester or

oligourethane (macro-diisocyanate).

Prepolymer - viscous lijuia or easily softened solid. Terminal
isocyanate groups make it possibie to elongate chain with the aid of

it is diawmine or glycols (butanediol, triethylene glycol, etc.).

During the reaction of macro-diisocyanates it is diamine
initially are obtained linear polyurethaneurea
OCN--+-NCO + H;N—R—NHj + OCN~~NCO + H,N—R—NH,
—OC—NH""NHsconHNE—NH—CO—HN-NH—CO—NH-«—NH»
The excess of macro-diisocyanate, which did not enter the
reaction, causes the cross-linkainy of chains. During this

cross-linking macro-diisocyanate 1s added according to the

it a amma




!F1F"7"""""""""""""""""""'""""

DOC = 79011101 PAGE $9—/§

preliminarily formed uric bonds which are sufficiently reaction with
respect to diisocyanate groups. As a result of this in the

cross-linked rubbers, appears one additional type of bonds - biuret:

—OC—HN~-NH-—CO~NH—R—NH—~CO—HN~~NH—CO—HN—R—NH-—
+
NCO
!
NCO
-—OC—HN"”NH—CO—NH—R—‘NH—— O—HN-~~NH—CO—HN—R—NH—

v
—OC—HN-~~NH—CO—N—R—~NH—~CO—HN~~NH—~CO—HN—R~NH—

-«

13 ~GiypeTossie \\
H conss

«

—OC—HN~--NH—CO—N—R—NH—CO—HN~~~NH—CO—HN—R—NH—

Key: (1} . biuret bonds.

One and the same macro-diisocyanate serves both for the
construction of chains and for their cross-linking, which is
determined, in particular, the almost identical size/dimensions of
mesh. In this, consists, obviously, one of the reasons high strength

and small abradability is polyurethane.

Page 11.

Blastomers with analogjous properties are formed also when

instead of diamine for cross~linking is taken water, With splitting
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CO,, initially is formed lineair polyurethaneurea, which, interacting

vith the excess of macro-diisocyanate, leads to lengthening of chains

and their cross-linking with the formation of biuret bonds.

During obtaining of high-molecular products for cross-linking,
can be also used the reaction of the reaction of macro-diisocyanates l

with diatomic alcohols, for example by butanediol,

OCN-~~NCO + HO~R~—OH + OCN~~NCO + HO—R—OH

1
—OC—~HN-~NH—CO—0—R—0~CO—HN--+"NH—CO—O—R—O— A
+
NCO

! |
NCO
+
—OC—HN+*NH—CO—O—R—~0—CO—HN--NH_-CO—O—R—0O—
4
+«ssN—CO—O—R—
[

co

!
N q

i — annodaHaTHue
NH cBAzm

|
Co

N 00 R

Key: (1). allophanate bonds.

Glycol in this case is taken somewhat less than it is required

for full/total/complete saturation diisocyanate. The excess of

macro-diisocyanate cross-links polymer chains because of reaction
vith the atoms of hydrcoyea of uretmane groups. In this case, appears

one additional type of bonds im chains - allophanate.




|
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Combination of the examined methods gives the possibility to
widely vary the structures of the grid of rubbers and, thus, to
change their physicomecnanical or characteristic, especially if one
considers that as the variables, which are determining properties, it
is possible to select oligomers of different chemical structure and

molecular weight and different diisocyanates.

There is also yet another possibility of obtaining the
cross-linked polyurethane elastcmers the single-stage method. It
consists in the fact that into oiigoester with its synthesis is
introduced a small quantity of triatomic alcohol, for example
trisethylol propane. in this case, is formed branched

polyether/polyester.,

Page 12.

In the course of its reaction with diisocyanates simultaneously with

a chain grovwth occurs the cross-liinking of the free hydroxyl groups

of the introduced triatomic aiconoi.

FProm that presented it is evident that the chemistry of

polyurethane elastomers has 1in eftect unlimited possibilities of




-
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changing the chemical structure or polyurethane elastomers. Common
for all, howvever, remains the presence of four basic types of bonds
(urethane, uric, biuret and aliopmanate) and the alternating in the
chain of the blocks of oliyomeric component - oligoester or other
hydroxyl-containing connections - and the blocks, introduced by

diisocyanate component,

POLYURETHANE FIBERS.

Pibers on basis it is polyurethane they are separated into two
basic classes. The first includes the fibers, analogous to other
thermoplastic fibers of tae type poliamide, polyether polyester, etc.
This of fiber not to basis linear thermoplastic crystalizing it is
polyurethane. the chemistry of obtaining such fibers consists in the
synthesis of linear products durinyg the reaction of the
dihydroxyl-containing short-chain connections (ethylene glycol, di-,
triethylene glycol, 1,U-putanediol) with different diisocyanates. The
post widely used type cf polyurethnane fibers - perlon U - is obtained
during the reaction of butanadiol-1,4 with hexamethylene
diisocyanate, Varying the components, used for the synthesis of the
fibre-forming polymers, it i1s possible to change the melting points

of polymers and their physicoamechanical of characteristic [23).

The second class ot polyurethane fibers includes the elastomeric

. -—— -
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fibers, which possess linear or three-dimensional

three-dimensional/space structure. This group of fibers is unique in
its properties and does not have analogs among other classes of
polyaeric compounds. The elastomeric fibers into which enters not
less than 850/0 it is polyurethane, there were for the first time
published in the USA at the end of 1960 because of their chenmical
structure they they possess hiyh extension at break (500-8000,0), by

lov module/modulus of elasticity and high elastic deformation,

The chemism of the tormation of elastic three-dimensional
polyurethane fibers and tnree-dimensional polyurethane rubbers is
analogous. In present time tnere are various forms of polyurethane
elastomeric fibers, kncwn under ditfferent firm designations (lycra,
Spandex, Virayn) [48]). tor their ootaining are used different
pol}ether/polyesters with terminai hydroxyl groups (simple and
complex) and diisocyanates - toluenediisocyanate,
diphenylmethane-4,4?'-diisocyanate, 1,5-naphthalenediisocyanate, etc.,
i.e., the compounds utiiized also during obtaining of polyurethane

rubbers and rubbers.

Page 13.

l Differences in the methods of obtaining bear not so much chemical as
! Qo

| technological nature and are associated with special spinning

'
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conditions of the filament which can be realized by thg wet and dry
method. Highly elastic polyurethane fibers depending on the type of
the reactions, utilized for tiueir obtaining, have three-dimensional
and linear structure, The vital difference for these fibers and

polyurethane elastomers, trom other rubbers is in the large role of

physical nodes in grid.

The basic special feature/peculiarity of the structure of
polyurethane elastomeric tibers is alternmating the blocks of
different chemical nature, which makes it possible to give to fiber

the necessary textile and mecihanical properties. In detail questions

of the chemistry of elastomeric polyurethane fibers are examined in

vorks [48, 298, 3037,

The formation of the hydrogyen bonds between groups CO and NH of

adjacent chains to a certain extent replaces chemical cross-linking.
r The rigid segments, which contain urethane bonds, are the nodes of
the three-dimensional rhysical grid whose elastic properties are

deterained by pure/clean polyethers/polyester blocks.

POLYORETHANE COATINGS.

By by of trial and ercor of the components, used for synthesis

it is polyurethane, to them it is possible to give the most different
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properties. from three-disensional ones it is polyurethane, in which
the blocks of hydroxyl-coataining component sufficiently rigid in
coaparison with the same in rubbers, it is possible to obtain
three-dimensional polyuretaane filass and coatings. The presence of a
large nuaber of polar groups provides the high adhesion of coatings
to surfaces, and specific properties it is polyurethane - high
physicomechanical properties of coatings. The basic principle of
obtaining coatings is based on the utilization of polyfunctional
connections, which ensure tne formation of three-dimensional
three-dimensional/space grid. As polyfunctional connections are used
ter- and tetratomic alcohols, branched polyether/polyesters and their
coabinations. During the formation of polyurethane coatings, cccur
virtually the same reactious, that during obtaining of rubbers, i.e.,
in reaction products are besides urethane ones also uric, biuret and
allophanate bonds. From a chemical point of view, are very important
the reactions with water, since the solidification of varnish
coatings on basis it is poiyurethane usuwally it occurs under

conditions for contact witn moisture of air.
Page 14,
Since the poly-functionality of initial compounds is the necessary

condition of obtaining tne three-dimensional coatings, then as one of

the components of reaction is used the adduct toluenediisocyanate
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with trimethylol propane and diethylene glycol

NCO
7

CH,OCONH—<_>~CH,
/// /NCO
C,H, _c__cn,ocoxn_/\ \>~cu,
~
CH‘OCONH—<_\/\-CH.
and

OCN

CHy—7  N_NH—~COO—CH,—CH;~O—CHy—CHy—~
Neae’ NCO

/
N
—0-CO—NH-L __ B CH,4

Is known at present a large number of most different
compositions, used for obtaiming the polyurethane coatings, which
make it possible to obtain tue coatings, which correspond to the amost
varied requirements, however, at the basis of all methods, lie/rest
one and the same chemical principles of obtaining three-dimensional

structures.,

Obtaining the polyurethane adhesive compositions virtually in no
way differs from the principles ot obtaining coatings. In each
individual case the chemicdal nature of coaponents and the conditions
of the solidification ot coamposition select so as to ensure the
necessary viability of compositions, the temperature conditions of

solidification, rate of fprocesses, etc.
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From that presented it is evident that the diversity of chemical
structure it is polyurethane it is determined by application/use for
their synthesis of the connections of the most varied classes,
beginning with low-molecular glycols and finishing with numerous
oligoesters and other oligomeric compounds with the terminal hydroxyl

groups.

’I;e presence in the chains of different types of bonds does not
make it possible to already consider polyurethane the single class of
polymers as, for example, polyamides or polyacrylates.
Really/actually, by the only commoa/general/total sign, which gives
the basis to relate polymers to polyurethane, in many instances can

serve only presence of uretnane grouping.

Thus, the special feature/peculiarity of chemical structure it
is polyurethane and diversity of their properties they are determined
by the fact that for synthesis are used the initial connections,
vhich relate to different ciasses., In this sense there is no problen
it is polyurethane as such, but there is a problem of initial
connections for the synthesis of the polymers, which contain urethane

groups.




i

DOC = 79011102 PaGE Q7

Page 15.

Chapter II.

THERMODYNANMIC PROPERTIES OF SOLUTLONS OF POLYURETHARES.

In the examination of the special feature/peculiarities of
physical and molecular structures, it is polyurethane, first of all,
necessary to dwell on the flexionility of molecular chains. The
flexibility of chains as the cnaracteristic, which is inherent only
in high~-molecular compounds, determines the basic physicomechanical
and physical properties of polyamers. The information about
flexibility can be obtained eicher during the analysis of the
properties of dilute polymer solutions or froa the investigations of
the sorption of vapors by polymers, or from data in mechanical and

relaxation properties.

PROPERTIES OF DILUTE SOLUTiONS OF POLYURETHANES.

By the specific line of structure it is polyurethane, caused by
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the chemism of their formatiom, is alternating in the polymer chain
of the sections of differeat cheaical nature - residue/remainders of
the molecules of glycol or polyether/polyester and diisocyanate.
Thus, in linear polymer chain are located heterobonds of different
nature, besides carbon~carbon ones, bonds of the type C-0-C in glycol

and sieple polyether/polyesters, pond C-0- in pclyesters, bond

-NH-C0-0~ and so forth., The diversity of heterobonds must
significantly affect the flexibility of polyurethane chain. The
flexibility of chain determines tne basic physicochemical and
physicomechanical properties of polymers. It is known that the reason
for the flexibility of chdain 1s tae presence of the known freedom of
rotation around the valent atomic bonds, which generate molecules.
This rotation to a greater or lesser extent is braked both by
intramolecular and intermolecular torces. The potential threshold of
rotation depends on the type of valence bond and nature of
substituents in the appropriate atoms of polymer chain, The
examination of data accordiny to inmternal rotation in organic
molecules { 16] shows, in particulacr, that the internal rotation
around bond C-0 is facilitated in comparison with rotation around
bond C~C. Therefore it is possible to assume that the polymer chains
vith heterobonds of the type polyethers will possess the increased

flexibility.
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On the other hand, the presence of the strongly interacting polar
groups in chain had to cause an increase in the barriers of internal
rotation and stiffening of chain. Combination in one polymeric
molecule of different tyges of oouds determines the complex character
of the dependence of the flexibility of chains it is polyurethane c¢on

their chemical nature.

On the basis of the data on size/dimensicns and geometric fornm
of macromolecules in soiutions, can be determined the thermodynamic
(equilibrium) flexibility orf polymer chain, which is characterized by
ratio/relation of the not disturbed by reaction with the solvent
size/dimensions of chains (i})"* to the size/dimensions which would
have the polyameric ball auring completely free running of all links
(R%)". ror deteramining this value, 1t is necessary to know the
sige/dimensions of chain in 1deal (noninteracting) solvent. Value
(h3)" is usually determined by calculation, also, for the chain, which
consists of n of valence bonds, oy length 2 with constant valency

angle n—O and free :unning,

| + cos®
] —cos® °

R =nb
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The immediate determination of these values for it is polyurethane
hinder/hampered on two reasons, As a rule, linear polyurethane
comparatively lov molecular poiyaers, vhich limits the possibility of
applying the msethod of ligat scattering for determining of the
disensions of chain., They pussess the limited solubility in many
organic solvents, which decreases with an increase in molecular
weight, which creates difficulty during the selection of ideal

solvent.

On the other hand, the sizes/dimension of chain under the
condition for free running cannot oe determined from the equation,
wvhich considers only C-C-bond in main circuit. Sizing of the chains,
in vhich are alternated two or considerably more than the types of
bonds as in polyurethane, is more complex [16]. The absence in a
number of cases of precise data on a system of alternating and a
quantity of heterobonds in chain amakes such calculations with those
difficultly attained. Theretore for obtaining the information about
the flexibility of polyurethane chains, it is necessary to use

indirect methods.

Let us examine this question based on the example of the
investigation of prepolymeirs on tne basis of
polydiethyleneglycoladipate (molecular weight 4100) and

toluenediisocyanate, and also polyurethane on the basis of butanediol
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and toluenediisocyanate [96].

for lov-molecular prepolymecs it is not possible to directly
deteraine value @h”: thersfore they were applied the graphic method,

proposed by Stockmayer and Fixman [32}3.

Page 17,

They showed that the known eguation of Plory, joining intrinsic

viscosity with molecular weight anrd sizeysdimensions of chain,
) = @ (k)" M

! easily is converted:

) = ® Ay MM + 0,51P8M,
B=10v*(— 2%3)/V N 4,

vhere v - a partial specific volume of polymer in solution, v, -

molar volume of solvent, % - the thermodynamic parameter of

reaction.

This relationship/ratio wakes it possible to determine (ig/M)" and
B by initial ordinate and slopesinclination of direct dependence
IniM” on M"* (Pig. 1). Atter assuming that Plory's comstant does not

l depend on the quality ot soivent, and after accepting ®=28.10%", ye

' find value (') in benzena and acetone, equal to 0.9 and 0.86, but
|
]
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value (4'hi) *— 1,57 and 1.50 respectively. During such a calculation of

value ()" was not considered the effect of urethane bonds and

benzene rings on the sizes/dimensions of chain, since bulk of chain
consists of polyether/polyester segments. That establish/installed
for the prepolymers of difrereat molecular weight in by the
dissimilar relationshifp/ratio ot urethane groups linear dependence
lginl om |gM, shows that I[n] the investigated specimen/samples is
really/actually determined only py glycol component that it makes

possible calculation (i/am)".

On the basis of the theory of Stockmayer and Fixman [323] are
investigated the soluticns of the polyurethane, obtained from
polyoxyethyleneglycol (mcli. weight 2000 and 1000) and
toluylenediisocyanate it was established that value (h/A%)"* = 1,54, is

comparable with the aprropriate values for it is polysiloxane and

rubbers [(153].
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Pig. 1. Dependence inlM': on A&': £for prepolymers in benzene (1) and

acetone (2).

Fig. 2. Dependence of constant of Huggins (K') on temperature in

benzene (1) and methylethylketone (2).

Page 18,

Por calculation (4/M)”* 1t 1s possible to also apply the equation
of Flory, if is known value Inle. Data [96] showed that in equation
{nl = KM parameter a has a value, common for the solutions of pliable
macromolecules in good solvents (0.5<a<0.8) 237). Calculated
according to slope/inclinations of straight lines [yI/M"*=f(M') and
known to values v=0.900 (Eor benzene) and 0.887 ca3/g (for acetone)
value X%, composes 0.163and 0.248 respectively. Since
Il ~ M'"+*%: |211) (¢ - parameter, vonded with volume effects), then the

degree of swelling a can be deteramined by equation

e = (a® — 1) (5o — 3).
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In ovir
ﬁ?ée for both of solvents e = 0,133, which brings to a=1.33. Knowing a,

it is possible to calculate [257] [n]le and, consequently (h/M)"* from

the ratio/relations

a = (Inl:Inle)™*,

(o) e = (02 Y e,

Calculations give (Ai/M)"* =088 and 0.84, which agrees wvell with value
(hi 2 .

Thus, corrected value (hyhi) ' shows that the flexibility of the
chain/networks of low-molecular prepolymers exceeds the flexibility i
of vinyl polymers and is coaparapie with flexibility it is

polysiloxane and rubbers ( 257].

For a prepolymer wita M, =135.100 is alsc measured the
temperature dependence ot intrinsic viscosity in benzene and

methylethylketone. As can be seen trom Fig. 2, the intrimsic

viscosity of prepolymer in benzene falls from an increase in the {
temperature. The value of temperature coefficient T% -%£§==-199-10‘3

is characteristic for polymers in the good solvents vhere the
theraodynamic reaction of polywer with solvent insignificantly is

changed with temperature, and basic effect on

ductility/toughness/viscosity exerts a change in the close-range

interaction. In methylethyiketone [y] calculation with an increase in
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the temperature and ﬁ]-%%1==tls-10’{ It is obvious that
methylethylketone is poor solvent. Attention is drawn to also the
high value of the constant ot Hugyins K' (Pig. 2) vhich in benzene in
the investigated temperature interval is not virtually changed, but

in methylethylketone sharply it falls from a temperature rise.

Transition to linear polyuretnane in which glycol component has
a small size/dimension, must, ooviously, lead to stiffening of chain.
For linear ones it is polyurethane on the basis of butanediol and
toluenediisocyanate (mol. weight 0.2-0.96#10¢) this same by method
are determined the values of the eguilibrium flexibility of chains.

It was established that (h3/M)"-.1.03. and corresponding to it value

(b1 h7y = 2,0.
Page 19.

This Sndicates that an increase i1n the concentration of urethane
groups in chain leads to siynigticant lowering in its flexibility,
vhich in this case is compdaranle with the flexibility of the chains

of common vinyl polymers.

The given data reaily/actually make it possible to consider that
the flexibility of the pclyurethane chains is characterized in

essence by the flexibility of oligyomeric polyether/polyester
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component. In connection with this arises a question concerning the
flexibility strictly of cligomeric molecules., The study of the
behavior of oligomers in solutions is very important, since gives the
possibility to judge also the properties and the flexibility of the
chains of those three-dimensionai polymers which are obtained on
their basis. With the aid of the hydrodynamic characteristics of
oligomers, it is possible to determine their size/dimension,

configuration and reaction with solvent.

Works on the investiyjation or diffusion and
ductility/toughness/viscosity of vligomers it is very little, but
information about the propecties of the oligomers of the esters,
vhich are of greatest interest for synthesis it is polyurethane, they
are absent. In connection with this it is expedient to dwell on those
carried out by Nesterov and Lipatov studies of diffusion and
ductility/toughness/viscosity ot oligomers on the basis of diethylene
glycol and adipic acid wiath a molecular weight of from 2000 to 430
[97 ). The curves of the dependences of the coefficients of diffusion
and intrinsic viscosity on woiecular weight have a slope/inclination,
close to 0.5. The corresgondiny data are represented in Table 1, from
vhich it is evident that the absolute values of
ductility /toughness/viscosity in acetone are somevhat aore than in
ethanol. This, probably, it i1s caused by different effect of solvents

on the skeletal/skeleton hardness (close-range interaction) of

Sadain,
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chains, but not to voluame cetfects (remote action). Vvalues a, close to

0.5, indicate that the parameter of swvelling A approaches unity.
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fable 1. Hydrodynamic characteristics of oligomers.

[%). dus (3 D16, e S0
( / Mt cex M /. :p ';;.w !/
M o | (s A S i < Bs
Aneror 3ranoa E E §- ; ; ‘E -
RN R
4 s | cd ' I
| .
430 | 00360 | 00300 |100 | 301 | 230 210 IPTN | 2K
600 | 0038 | 00350 | 89 | 248 20.0,' 25K | 2K | 27K
800 | 00463 | 0.0400 | 745 2221 210! 200 oxo 2.5
1200 00550 | 0.0485 | 6.3 | 1.0 | 36.6 | 4.5 |2 292
2000 | 007357 | 0.0010 | 51 | i30 5 460| JO!I 2.0
l . »
Note. A =" 1" where ' - viscosity of the solvent.

Key: (1). Acetone. (2). Ethanol. (3). dl/g9. (4). cm2/s. (5). ergs/deg.

Page 20.

Probably, with low molecular weight the reaction polymer - solvent
does not exert a substantial intliuence on the conformation of
molecules. The absence ot an increase in the exponent with ¥ with the
decrease of molecular weignt spedaks that for the chain molecules even
of this light molecular weiynt is characteristic small hydrodynamic
flowability. This differs them from semirigid molecules of the type
of derivatives of cellulose [ 148 ). In that case of the property of
molecules, it is possible to describe by the theories, which consider
only hydrodynamic reaction. According to [225), application/use of

t
| persistent model in the hydrodynaamic theory of Kirkwood-Riseman [247]
!
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makes it possible to determiue tha persistent length of molecule,
which characterizes its flexibility. The conducted for the oligomers
in question calculations showed that for the chains of
oligodiethyleneglycoladipate the persistent length is 8-8.6 A.
Pindings also attest to tae fact that the behavior of the molecules
of oligomers is similar to tae hydrodynamic behavior of Gaussian

balls with a small hydrodynamic reaction.
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F¥able 2. Characteristics of oligomers in acetone and ethanol.

& s $ (& | ™=
28 g (g0 se
(") ¢ | § [EMIETT Bl g
Onuromep | _ {v) g 4y u @ - g 5 -
L ¢ s lexlex| I S SEle
= = ° S IS B N RPRS B R
= | E S la¥iafl & &) || « e
G,
Momtsts- 11.00! 0060 | — | 59| —{400| — | 93!215[17.8]05
JCHINH- 2,00 0,086 —_ 4,15 — |570| — —_ —_ — | -
KOMbaaH-
NHHaT
(TI3TA)
Momai- | 043! 0035 | 003 |1000(304}230210| 80|18 |162]05
stuaen- 060, 0036| 0035 | £90 2481260 258| — | — | 1 —
raukoab- | 0.80 | 0.0463¢ 0.040 7452221310290 — | — — | —
ammimar | 120! 0,055 | 00485! 6.30 | 1.86]36.6134,5| — | — {14105
(A3rA) | 2000] 00737] 0061 | 5.10] 1,39 | 45: 1460} — | — | — | —
Moabigh |090] 0055 | — | 615| — 390 — | 80{20 174|035
STH- 202] 0,078 | — | 430] — ]850 —| —| —| — | —
JeHr aH-
KOJbaH~
HHHAT
(IIT3TA)
Momuoxcn- | 100 | 00765] —~ | 567 — (420] — [11,5(225]230]05
Terpame- (200! 0,113 — 5850 — (585 — | —{ — | — [ —
THACHT JIH-
KOJb
(NOTMIN

Key: (1) . 0ligomer. (2). in acetone, dl/g. (3). in ethanol, dZ/g.
(). in acetone, cm2/s. (5). in ethanol. (6). in acetone. (7). in
ethanol. (8). Polyethylenegylycoladipate (PEGA). (9) .
Polydiethyleneglycoladipate (PDEGA). (10).
Polytriethyleneglycoladipate (PIEGA). (11).

Polyoxytetramethyleneglycol (POTNG).
Page 21,

This gives the possibility to use the relationships/ratios, which join
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the diffusion coefficient and the size/dimensions of the diffusing

particles ) 26. 10~17T i
U"’"“T- .
for deteraining of the dimeasions of the molecules of oligosmers.
Galculated values ()" for tne cligomers of diethylemeglycoladipate
are represented in Table 1. Vaiue #)'" in ethanol is somewhat less
than in acetone, which will ayree with differences in the
ductility/toughness/viscosity. Ratio/relation (hi/h,)” equal
respectively in acetone and ethanol 1.83 and 1.76, is close to the

values, obtained for ccmmon hiyan-molecular rutbers.

Thus, the investigation of diffusion and intrinsic viscosity of

oligomers they showed that tae aydrodynamic characteristics of these
molecules will agree well witn the same for the model of the
noq-praccanﬂq Gaussian walls, although this and not Gaussian
balls in their common form due to an insufficient number of links in

molecular chain.

In work [98] is undertakea tne more detailed investigation of
the properties of different oligyomers and low-molecular it is
polyurethane, obtained on their basis, by the methods of diffusion
and intrinsic viscosity. Were studied ol igomers of
ethyleneglycoladipate, dietpyleneglycoladipate.

triethyleneglycoladipate, hydroxytetramethyleneglycol and
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polyurethane on the basis of these oligomers and
toluene-2,4-diisocyanate. Tables 2 and 3 depict the characteristics
of the investigated objects and the obtained results. Froam dependence
lginl on 1g M (Fig. 3) it 1s evident that the slope/inclinations of
straight lines for all oligjomers are equal to 0.5. For a comparison
this same figure, gives dependence lginl —igM for polyurethane on the

basis of diethyleneglyccladipate and 2,4-TDI.
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Fig. 3. Dependence iy on iy M for the soluticns of the oligomers of
hydroxytetramethyleneglycol in acetone (1) and methylethylketone (2);
PEGA in acetone (3); PTEGA into acetone (4); EDEGA in acetone (5) and
standard (6); polyurethane on the pasis of diethylene glycol and
2,4~TDI in acetone (7) and benzeane (8); polyurethane on the basis of
POPG and 2,4-TDI in benzene (9) and methanol (10); POPG {11) and

polyurethane (12) in ©6-sclvent.
Page 22.

The values of the irntrinsic viscosity of oligomers depend on the
nature of solvent. This, propbably, it is caused by the effect of
solvent on the skeletal/skeleton anardness of molecular chain, but not
volume effects, since the value of the exponential in equation of
type [yl = KM® (equal to 0.5) shows that the parameter of
theraodynamic svelling a=1, and testifies to small hydrodynamic

flovability of all investiyated molecules. Prom the calculations of
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persistent length [98] it foliows that the flexibility of the chain
of oligomers has a tendency toward growth with an increase of the
number of oxygen atoms 1ia cnaim in accordance with determining of the
dimensions of chains froam tne coefficients of diffusion (see Table 2

and 3).

Upon transfer to polyurethane (see Fig. 3) a change in the
intrinsic viscosity by whole degends on structure and properties of
oligomeric component. The value of exponent with M in the equation of
Mark-Hewing is more than 0.5, wnich is caused by the effect cf volume
effects on intrinsic viscosity, but not by an increase in the partial
flovability of balls upon transtecr from oligcmer to polyurethane. The
points of dependence Igiyy om 1g M tor oligomers it is polyurethane in
6-solvent they are stacked to one straight line (see Fig. 3) . This
confirms the absence of the etffect of urethane groups on the
thermodynaaic flexibility of chain for the case it is polyurethane on
the basis of oligomers. Tae taermodynamic flexibility of chains was
deterasined according to the metanod of Stockmayer-Pixman, value r

(h3/h2)"" sere given in Table 3.
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“fable 3. The characteristics of solutions it is polyurethane in

acetone and benzene.

w (e v s 9 |@
S S ¥
. < | ¢ |8
Toanmep By b4 ;E_ E H L U m
3 I S R - “ |3
EL 3| S| 8 ley] ]2
=] = : :_ T2 = Q
= o= ' ] Z el & %
\ ! R ! i |
MOrA - T (1000, 4700 10243 — l270] 880 | L1 — -
12000 4400 {0251 — (280] 845 {11 [ — | _—
Nasra - 14000 13500, 0.390 [0.440 | — | — [0.75(p)505 | 07
-- TAHLW ; b ooe ! eauerou)
14000, 7300 | 0.260 . 0280 | — | — {05 —
| 8006600 |0.254 | — | 2.44| 980 | L — —
11700 5200 | 0.200 | — [2.80| 825 { 1.1 ¢955 07
‘ ! i i P 6e1130.1)
40001 5100 10,190 10230 | — | — |11 — —
14000| 5000 ' 0,186 | 0218] — | — |1.33] — —
{40001 4330 { 0.18510.195{ — | — {20 — —
NT3ra - lgw!mmioxm;._ 290 820 | 1.1 — -
— Tkl 12020 4700 {02001 — |32 200 | LI - —
NMOTMI - 120001 156001 0630 | — | 131 | 1810 | 1.1 - -
- TAMU umm;mmgomw[__ 202{ 118011 | — —

Key: (1). Polymer. (2). oligomer. (3). polymer. (#). in acetone,
dl/9. (5). in benzene, dbg. (6) » in acetone, cm2/s, (7). acetone.

{(8) . benzene,

Page 23.

During calculation (#%)"" they aisregarded the contribution of
urethane groups on the basis of the fact that the points in
direct/straight 7 Pig. 3 were obtained for polyurethane fronm
diethyleneglycoladipate and 2,4-Tul vhose oligomeric components have

different molecular weignt (from 800 to 4000) and nevertheless they

L ] L .
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are stacked wvell to one straight line. As another confirmation serves
the fact that dependence lgin on lg ¥ for polyurethane on the basis
of polyoxypropyleneglyccl and 244-TDI1 is described by one straight

line for oligomer and pclyurethaue.

The method of Stockmayer-Fixman is applied also for evaluating
the undisturbed size/dimensions for linear PU on the basis of
ethylene glycol and 4,4¢-dipnenylmethanediisocyanate according to the
data of viscosimetry at 6-point which vas created with the aid of
binary solvent [ 172). In this case for nine fractions, is found
relationship/ratio iyl 361.107'M"", vhich is very close to the
results, presented above. Index a=0.62-0.66 for linear PU on the
basis of 4.4°'-diphenylmetnanedilsocyanate and polycaprolactone is
determined in [298). The results or the investigation of those
branched it is polyurethane [ 304] they will agree with general lawvs

governing the properties of solutions of PU.

The flexibility of polyurethane chain is determined in essence
by the properties of units - oligoesters, and therefore the study of
their behavior in solutions and i1n mass has important value for

understanding of structure of pU.

Are studied some parameters (intrinsic viscosity, specific

volume and second virial coefricient) of polypropylene glycols
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depending on the molecular weight, which lies within the limits froms
300 to 5000 [310]). For finding ot constants in 8-point, is used the
equation of Stockmayer-Ffixman. According to
ductility/toughness/viscosity and molecular weight, are determined
the size/dimensions of the balls ot the branched and linear molecules

vhich in tetrahydrofuran do aot dapend, but in toluene they depend on

branching.
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log R
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Pig. 4. The dependence of tne size/dimensions of the balls of
polypropylene glycols cn molecular weight: 1 - on the basis of
2,3-propyleneglycol in tetrahydrofuran, 2 - propyleneglycol and

glycerin in tetrahydrofurda, 3 - 2,3-propyleneglycol in toluene.

Page 24.

So, FPig. 4 gives dependence on molecular weight of the

size/dimensions of balls ia toluene and tetrahydrofuran during sizing

—

according to the equaticn h=‘hnM)m
(€)

-

in which
@ = | —267c 2,866, D =284 10" e=273(a~—0,5).

vhere a ~ an exponent of the wyuation of Mark-Hewing. In this case,

[
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it vas reveal/detected that upon transfer from the low- to
high-molecular products occurs a change in the conformation of
molecules. Is very important, rrom our point of view, the molecular
association in toluene with molecular weight cf less than 800, which
vas reflected in the depeudences oi the constants of Huggins on
degree of association. Is showu also the possibility of describing
the behavior of low-molecular oligomers from the point of view of the
theories, developed for high-molecular chains. To accurate account
chain conformations, it is uecessary to conduct strict sizing of
chains, under the condition for tree running, with the for accurate
estimation of all types of bonds both in the oligomeric unit and in
diisocyanate. Such calculations are sufficiently difficult. The
examination of configqguratioa statistics of the poliamide chains,
siapler in comparison with poliyurethane which, howaver, contain a
large number of different ponds within each monomer unit, it showed
the contribution of these bonds to the sizes/dimensions of chains
[216]. Subsequently it is expedient to transfer the proposed in this
work calculation methods on polyurethane. Given data make it possible
to consider that for ottaiuiny the informaticn about the properties
of oligomers and prepolymers it is possible tc use the existing
statistical theories, developed tor pliable macromolecules. This
shows that comparatively low-molecular units possess their own

flexibility as linear high-molecular chains. From this, manifestation

of the flexibility of wacromolecules in the grids of polyurethane
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elastomers on the basis of prepoiymers not only the result of their

cross-linking into the long sequence of comparatively short
oligomeric cuts, but also tne result of its own flexibility of the
molecules of oligomers. The flexibility of polyurethane chain is
really/actually determined 1n esseace by glyccl component, since its
properties can be well expiained independent cf a number of short
rigid units in molecules oy the theories, developed for linear

networks.

SORPTION PROPERTIES OF PCLYURETHANES.

Oligomeric molecules with comparatively low molecular weight
possess their own flexibility, and therefore the flexibility of
polyurethane chain is determined by three basic factors - its own
flexibility of oligomeric units, taeir concentration in chain and
number of urethane grougs in chains. The latter influence the
equilibrium flexibility of chain, also, to greater degree - to the
mobility of macromolecules in the condensed phase, since the
flexibility of macromolecules depends not only on intramolecular, but
also on intermolecular interaction, which cannot be taken into
account during the estimation ot flexibility according to this with

the properties of dilute solutions.

Page 25.
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Is feasible also the thermodynamic approach to the estimation of
the flexibility of chains, wnica consists in the calculation of the
value of the segments of chain molecule. By value of segment, is
understood the value of molecular weight, which they must have
molecules of polymer so tanat the polymeric system would be
subordinated to common for low-molecular bodies thermodynamic law
f132]. Pinding the value of segment from thermodynamic data is based
on the measurement of the sorption of vapors of solvents by polymers
and determination accordiny to tae law of Raoult of the effective
{seeming) molar fraction of polyaer in soluticn, whence is calculated
effective molecular weight of pclymer or segment, A, A. Tager and
covorkers for it is polyurethane different degree of reticulation,
but with the identical concentration of urethane groups, were studied
the sorption isotherms of dioxane, in which the investigated
polyurethane were dissolved or swelled athermically [ 131], Findings
showed that the sorption capacity of those investigated was
polyurethane and the thermodynamic affinity for them of solvent they
depend only on cheaical nature, ovut not from the degree of
reticulation, which was regulated an such a way that molecular weight
of the cut of the chain Ltetween network points varied from 2000 to

27000.




PAGE 20~ SR

DOoC = 79011102

Are studied polydiethylenesuccinate urethane,
polydiethyleneglycoladipinate urethane and
polybutyleneglycoladipinate urethane with application/use for
synthesis is polyurethane 2,4~TbI [131). The flexibility they judged
by the calculations of change of entropy of mixing for different
systems (Pig. 5). The course of changing the entropy indicates a
regular increase in the tlexibility of chains with an increase in the
number of methylene groups pnetween ester bonds. The authors [ 131]
set/assume, that this conclusion/derivation is confirmed by the
values of thermodynamic seyments, equal for polydiethylenesuccinate
600, polydiethyleneglycoladipate 400 and polydiethyleneglycolsebacate
300. These values are less tnan the size/dimensions of the
thermodynamic segments of polyisooutylene, polyethylene, etc., which

indicates the great flexibility of chains it is polyurethane, caused

by the presence of flexikle members C-0-C,

e e i

e b

e
- iaman
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Fig. 5. The dependence of entropy of mixing on the composition of the

solution: 1 - polyurethanesuccinate; 2 - polyurethaneadipate; 3 -

polyurethanesebacate.

Key: (V). J/9g.
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The thermodynamic parameters or yrids do not depend on their
denseness, and the authois this join with the low value of

thermodynamic segment, since the minimum distance between netwvork

points composed 2300, which considerably exceeded the size/dimensions

MG AR
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of thermodynamic segment. However, they did not use their data for
calculating the value of the seyment of chain in grid, but actually
vas conducted the correlation of data on the thermodynamics of
sorption and flexibility of the chains of polyether/polyesters,

entering the grid.

Thus, the presentation/concepts of the flexibility of the chains
of linear polyether/polyesters are unjustifiably postponed by the
flexibility of chains it is polyurethane in grid. Purthermore, it is
vell known that by the specific line of structure is polyurethane it
is the large contribution or physical reactions to effective network i
density, as a result of which the effective network density,
calculated by physical methods, always considerably more than that
that is determined from the stoicniometric relationship/ratio of the 1
components, undertaken for syathesis. Therefore the results of this

work it is not possible to consider sufficiently reliable.

Meanwhile is of interest precisely the flexibility of polymer
chains in three-dimensional grid aud change in the flexibility of
chain with its entry into yrid, since flexibility depends on

intermolecular interactions and bond between chains.

For explaining this guestion, are investigated sorbing vapors by

polyurethane on the basis of different oligomers and
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toluenediisocyanate (fable 4) [71].

Network density was evaluated in contrast to [131] on the basis
of data according to equiliwrivas elasticity modulus, which made it
possible to consider chemical and physical network points. As can he
seen from Fig. 6, the sorption isotherms of dioxane by the studied
polyurethane take the S-shaped form and differ from those obtained in

vork [131).
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“4able 4. Characteristics it is polyurethane, investigated by sorption

method.

w, (/ ( 7 Y ..
& L] c -3
Rohusbun smpoans | Morwor | ¥ £
< X :f

| 1 2
b dudtaenrankoabaanny- pH3TaHONa- 1:1; 1:0,035 3700
HaT- 1600 MHH ~+ NH3Ta-
HONAMUH
. (e (1,5: 1)
2 ﬂm'n{mur.wxonba:mnn- To xe (%/ 1:12:0.100 2600
7¢) Hat-1600 W
3 NHrolyTanen2uoa-1600 | Tpustanoaammn | 1:1,68: 0.4 2400
4 (Pauromaonpenanoa-2000 | To me ¢ ¢/ 1:1,68:04 3?25

Key: (1) . Specimen/samgle. (2). Polyether/polyester. (3).
Cross~linking agent. (4). Molar ratio. (5). experimental. (6).
Diethyleneglycoladipate-160u0. (7). Triethanolamine ¢ diethanolamine.
(8) . Diethyleneglycoladipate-1600. (9). the same. (10).
Oligobutadienediol-1600. (11). Triethanolamine. (12).

Oligoisoprenediol-2000. (13). The same.
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The analysis of isotheras snows that for polyurethane 1 with the
greatast M. (see Table 4) 1is observed the greatest sorption. For the
specimen/sample of the same nature, but with smaller M: the value of
sorption is smallest. Tt should ve noted that the value of the
sorption of dioxane by polyurethane 3 and 4, in spite of their

different nature, they are closeé to each other with comparatively
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small pressures of vapors (to 500/0). With P,/P,=500/0 value of the

sorption of dioxane these polyuretnane they are characterized by.

FPor the investigation of temperature effect on sorption, are
obtained the isotherms at 25 and 40°C (Pig. 7). In all cases the
initial sections of isotherms with 40°C lie/rest above the same with
25°C, i.e., in this case witn an increase in the temperature, occurs
the increase in the sorption of dioxane which usually is observed for
polymers and is explained py an increase in the mobility of the
segments of macromolecules. With the large vapor pressures the
sections of isotherms with 259C lie/rest above than at 40°C. This can
be caused by existence in solid polyurethane of the conformational
transition near 40°9C, wnich is caused by the partial destruction of
intermolecular hydrogen bonds. It 1s obvious, with the vapor pressure
of approximately S00/0, concentrations of dioxane in systea reach its
critical value, after which occur the changes in the structure of

those cross-linked it is polyurethane.
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Pig. 6. Isotherms of sorption ot dioxane of polyurethane on the basis
of DEGA and TDI (1, 2), cligobutadienediol and TDI (3) and

oligoisoprenediol (4) at 25°9C.

Fig. 7. Sorption isotheras of dioxane of polyurethane with 25°C
(unbroken curves} and 40°C (dotted curves). a) polyurethane 1 (1);

polyurethane 2 (2); b) polyurethnane 3, (1): polyurethane 4 (2).

Page 28,

Since polyurethane are characterized by the presence of a large

nuaber of physical bonds, it can be assumed that during selective

9

. - =




DOC = 79011102 PAGE 39~ 4'7

reaction with solvent (with 1ts specific concentration) occurs the
redistribution of physical bonds in the three-dimensional/space grid
of polyurethane, This leads to tne appearance of a structure, wvhich
differs from initial, and to a change in its behavior during
sorption. This mobility and lightness/ease of the rearrangeament of
three~dimensional/space ygrid - one of the specific special
feature/peculiarities of tane structure of three-dimensional one: it
is polyurethane. Thus, during the sorption of vapors of solvent, as
with swelling it is polyurethane (70), the network density of
physical bonds it is changed. Therefore for the calculations of
thermodynamic functions, are used only the sections of isotherms toc
500/0 of relative vapor pressure which corresgonds to the beginning

of a change in structure [71] (fable 5).

In connection with the fact that a change of the enthalpy in the
investigated cases is consideraple in its value, the determination of
the segment, which characterizes the flexibility of chain, from
sorption data [ 132] erroneously, since the value of sorption here is
deterained not only from a cnanye in the nusber of chain
conformations, but also from 4 change of the energy barrier of the
rotation of the cuts of chains in ygrid, that is reflected in AH.
Therefore a change in the flexionility of chains, can be judged from a
change in the partial specific eathropy of polymer TAS, (Fig. 8) . For

polyurethane on the basis ot oligyouiethyleneglycoladipate, a change
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in the entropy depends on the degree of the cross~linking: TAS, is
nore for polyurethane with tne smaller degree of cross-linking. This
indicates an increase of the rflexibility of the cuts of chains in

grid during the decrease of the effective density of cross-linking.




pocC = 79011102 PAGE 354/ ‘

TAJ.KH%Z
20

10

“2 07 9 1. [

Pig. 8. A change in the partial specific enthropy it is polyurethane

during the sorption (desiynations see in Table 3).

Key: (1). cal/g.
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fable 5. Changes in the thermodyunaamic functions during the sorption

PAGE o6

of vapors by polyurethane.

@y AF'yA' xaafz (1) Ang..
A0 —_
I R I R T I T 2
T
0.025 {0975 0.976!0.975 0976 | — '®9 11,231 -1239| —13,80| —0,03 | -—0.05
0,050 | 0,953 0.952 ' 0952 {0953, —9.3/{ —7.92| —885| —9.37! 016! —0.12
0075 1094009300930 0930 —7.70] —6.56; —6.89| —7.10] —0.27 | —0,21
0,100 10910} 090910909 10908| —6.53| —538| —578 —4,94| —0,37 | —0.31
0.125 [ 0,881 | 0,889 | 0,889 | 0,888 | --5.86| —4.42| —4,69| —4,82| —0,45 | —0.46
0,150 ; 0,870 l - - — —483| — — — | —0,56 -
D) & [€2]
Kaa'2 AH = w,AH, + w,AH,, Kaa/e TAS,, xas/2
i 3 ] . | 1 l 2 l 3 ! 4 l l 2 | 3 4
—0,07 | —0.06 : 3.71 3,73 , 2,73 3.40 1,09 | 096 ’ 0,74 ! 1.09
—0,18 1 —0.24 — 6.64 — — 2.67 — — -
—026 | —0.34 | 489 | 948 | 657 | 597 6.64 — | 356 2.87
} —039 | —046 | 533 | 12,05 6,30 8.64 1,20 | 2,53 4,08 6.70
—0.54 I —0.61 | 521 | 14,23 690 | 10,71 1627 | 4,70 6,29 9,18
— ; — 5.68 -— — - 19,19 — - -

Key: (1). cal/g.
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The dependence of flexipility on tne nature of oligomer can be traced
based on example it is polyurethane on the basis of oligodienediols

vhich are characterized by ouly tae
for it is polyurethane on the basis
for oligobutanedienediol, i.e., the flexibility of chain is less for
the three-dimensional/space grid of

oligoisoprene. This can be explained by the presence in the chain of

nature of oligomers. Change TAS,

of oligoisoprenediol less than

polyurethane on the basis of

| 7
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oligoisoprene of methyl group, which purely geometrically limits the
flexibility of chain. Howaver, the effect of the nature of

oligqodienediol the degree of flexinility affects not as strongly, as
a change in the degree ot cross-linking for it is polyurethane on the

basis of esters.

Thus, the conducted investigations showed that the flexibility
of the cuts of chains in the three~-dimensional/space grid of
polyurethane is defined by ooth the chemical nature of unit and by
degree of the cross-linking of gria. Hence it fcllows that the
estimation of the flexivility of cnains, produced for linear
molecules, cannot be transferred to the systems, in which the
molecules are cross-linked ana will form three-dimensicnal grid.
Really/actually, the more number of conformations accepts chain, is
those more it pliable. 1t is logical that with entry into grid a
number of possible conformations is limited. In the case in question
the presence of intermolecular interactions, which depend on chemical
network density, changes the potemntial threshold of rotation and,
correspondingly, the flexibvility of the cuts of the chains between
nodes even when the distance between them exceeds the value cf the
thermodynamic segment, fcuand for the uncombined in grid
high-molecular chains. It is impiied that the chain/network as is
uniform in the ratio/reiation to fiexibility, i.e., is not examined

sepacrate effect on the socrption of rigid and pliable units. This
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approach is permissible for obtaining the common picture of behavior
it is polyurethane duriny the investigation of the sorption of the

substances, vhich are sclvents for both of units of chain.

More strictly one shouid examine and demarcate sorption by
separately rigid and pliable sections. Such data can be obtained

during the study of the gas ditrfusion or permeability of vapors.

Page 30.

For example, during diffusion CO, in polyurethane [178] it is
establish/installed, that the diftfusion coefficients in thea are
considerably lower than in other rubbers. This is bonded with the
fact that, in spite of sagnificant flexibility of the individual
sections of chains, strony intermolecular interaction as a result of
the formation of hydrogen oonds 1s led to more tight packing of
chains., This effect prevails above the effect of the flexibility of

the separate cuts of chains.
Analogous conclusions are made during the study of the transfer
of the wvater through poiyurethane rilms with different nature of

pliable unit (311].

It is necessary to note that 1in the examination of the
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properties of polyurethane materials we we can clash with the case
vhen the flexibility of poiymer caains in material is deteramined also
by the special feature/peculiarities of saterial, for example for
those filled it is polyurethane or polyurethane coatings. In work
{47] are investigated changes in the thersodynamic functions cf
polyurethane coatings on tane basis of polyetherglycol
{tetrahydrofuran +250/0 propylene oxide) of mol. weight 2000 and 1000
and of adduct of trimethylopropane with 2,4-TDI, and also
polyurethane on the basis or oligoaydroxybutyleneglycol and TDI,
obtained during the reaction ot TVi with tetrahydrofuran also of

filled with 200/0 colloidal grapnite (Fable 6).
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4qable 6. The characteristics ot soame it is polyurethane.
' >/ .
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Key: (1). Oligoetherglycol. (2)- crosslinking agent. (3). Type
rigid surface. (4#). Oligchydroxybutyleneglycol. (5).
Dichloro-4,4*~diaminophenylene. (5a). The same. (6). colloidal
graphite. (7). Trimethylol propane. (8). Alupinum base.
FOOTNOTE !'. Value M is determined according to swvelling.
ENDFOOTNOTE.
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Pig. 9. Sorption isotherms it is polyurethane on the basis of
oligohydroxybutyleneglycol and toluenediisocyanate with 30°C (2, 4)
and 40°C (1, 3): 1, 2 - filled with 200/0 of colloiual graphite; 3, 4

- not filled.

Page 31.

Isotherms of the sorption of toluene by the studied polyurethane
are represented in Fig. 9. The i1sotherms, which characterize sorpticn
with 40°C, lie/rest in entire interval of the relative pressures of
the vapors higher than analogous isotherms with 30°C. A similar
increase of sorption with an increase in the temperature is
characteristic for polysers and it is caused by an increase in the

mobility of the segments of macroamolecules.

We noted that during the sorption of vapors of dioxane by some
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polyurethane at differeat temperatures vas observed the intersection
of isotherms at 40 and 25°C with the specific pressure of the vapors
of dioxane. Taking into account that the fact that dioxane is capable
to fora hydrogen bonds with urethane groups [12], is made the
assumption about the redistribution of physical bonds in the
three-dimensional/space grid ot poiyurethane as a result of reaction
vith solvent with its specitic concentration, which leads to the
energence of the effective tnree-dimensional/space grid, different
from initial, to a chanye in tue behavior during sorption. Toluene,
in contrast to dioxane, is latent solvent with respect to

polyurethane, that, probably, it atffects the character of isotherms.

Introduction to pclyurethane on the basis of
oligohydroxytutyleneglycol and toluenediisocyanate 200/0 graphite as
filler leads to an increase 1n the sorption of toluene (Fig. 9, 1,
2) . Prom the comparison of the sorption isotherms of toluene Ly free
polyurethane filams and films on the aluminus foil it is evident that

the presence of rigid surface coantributes to the decrease of sorption

(Pig. 10).
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Pig. 10. The sorption isotherms of toluene by polyurethane on basis

T6F~1000-250/0 OP (a) and TuF-2000-250/0 OP (b) at 30°C (2, 4) and

40°c (3): 1, 2 - free film; 3, « - filma on foil.
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On the basis of sorptioa data, are calculated changes in the
thermodynanmic functions - partial free enerqgy of polyser and solvent,
enthalpy and entropy of polymer and solvent. On a change of the

flexibility of polymer in this case, they judged by a change in the

— i ) i i i i o ) g!m-----di
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entropy of polymer TAS, (Fiy. 11). Changes in the partial specific
enthropy of polymer are more for the filled with graphite f
specimen/sample, than for tamat not filled (Pig. 11%a). On the other v
hand, TAS, is greater for free tilas, than for the films, molded in
the presence of rigid suxface (Fiy. 11b). Consequently, the effect of
rigid surface the flexibility of chains in grid dissimilarly affects
in the described cases. For the explanation of this effect, it is
necessary to take into coansideration following: the introduction of
filler to polymerizatior limits the mobility cf polymer chains and,
therefore, must decrease thell contormational collection and change
in the entropy during sorption. But the limitation of the mobility of
the growing polymer chains as a result of their reaction with filler ’

leads to the emergence of the more defective grid, which is

characterized by a smalier nuamber of chemical nodes in comparison
vith the grid, formed in the absence of filler {63, 68], which causes
an increase in the entropy of polymer. It is cobvious, whem strongly
extended surface of filier is present, an increase in the entropy of
polymer due to the defectiveness orf the generating grid prevails
above its decrease, caused limitation of mobility of chaim in grid,
bonded with their reaction with faller. Therefore the sorption of
toluene by the filled pclymer in comparison with that not filled is

increased and simultaneously less is changed TAS,. With the formation

of polyurethane fila on smooth rigid surface, the formation of

physical bonds polymer - surface prevails above the possibility of
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the emergence of defective structure, which conditions an increase in
the effective density of the cross-linking of film on surface in
comparison with free film., The latter leads tc an increase in the
sorption of toluene with free polyurethane film. At the same time,

change TAS, is greater in free filam, than in the same on base (Fig.

11¢0).
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Pig. 11. A change in the partial specific enthropy it is polyurethane
on the basis of oligohydroxyoutyleneglycol and toluenediisocyanate
(a)s T6F -1000 250/0 OP (v) and TGF-2000-250/0 OP (c): 1 - free

film; 2 - f£ils on foil.

Key: (1). cal/g.
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Findings tell about the fact that the presence of hard surface
vith shaping of polyurethane three-dimensional grid affects the
structure of the latter and coaditions a change in the flexibility of
the cuts of the chains between network points. Consequently, the
mechanical properties of those filled it is polyurethane one should
compare vith the flexibility of caains, determined in the presence of
rigid surface, and it is not possible to transfer the data on the

flexibility, obtained for the unfilled polymers, to filled.
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SOME PROPERTIES OF THE MONOMOLECULAR LAYERS OF OLIGOMERS OF

POLYURETHANES.

It is known that at preseat fros the data on the properties of
the monomolecular layers of polymers on liquid bases it is possible
to obtain the essential information about the structure of chains,
their flexibility and the character of packing [99]}. This is assumed
as the basis of the thecry of Singer (3, 4], vhich examines the state
of macromolecules on the phase boundary, on the basis of the theory
of the solutions of the polymers of Huggins [233]. Singer introduced

the equation n__xKT

[in(1—2)— (=5 & m 11— f,-)l

vhere Z - coordination number of monomer units in chain; A, - value
of the specific surface area of monomolecular layer at a zero
pressure; + - degree of polymerization; A - surface area at surface
pressure w. Bquation is modified by Davis [200], who introduced into
it the conventional characterisctic of the flexibility of chain w,
taking values from 0 to 2 upon trausfer from rigid to the completely

flexible chain:

:t=———[ln | — o

2 %fq'

Davis's method is used during the estimation of the flexibility of

the chains of polymers [296], and also with the characteristic of the

TR S——
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flexibility of the chains of oligomers it is polyurethane on the
phase boundary and the explanation of 1ts dependence on reaction with

base [140].

Por investigation were undertaken low-molecular
polydiethyleneglycoladipate of different molecular weights and
polyurethane, obtained during the reaction of these oligomers with
2,4-TDI. In such chains are contained the groupings, capable of the
formation of hydrogen bonds. The properties of monomolecular layers
are studied in four tyres of the bases: distilled wvater (base 1), 3-n
solution HC1 (base 2), 40o/0 soiution (NH,) S0, (base 3) and nmixed
solution of 300/0 of sultate aammonium and 10o0/0 HC?1 (base U4). The
selection of bases is bondea witan the fact that base 2 can form
strong hydrogen bonds with monomolecular layer vhen, in the pclymer
chain, corresponding groups are present, [346); on base 3, is raised
the comaon/general/total adhesive reaction due to an increase in the
surface tension of solution [157], and finally base 4 must cause the

summary effect of bases by 3 and 4 (Pig. 12, “fable 7).
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Pig. 12, The isotherms cf the compression of the momomolecular layers
of polymers on water (a), 3-an hydrochloric acid (b), 400/0 solution
of sulfate ammonium (c) and an the mixed solution of 300/0 of sulfate
asmonium and 10o/0 of hydrocaioric acid (d): 1 - polyurethane

1 (M, =~ 12200 2 = polyurethane :(i,—s00; 3 - polyether/polyester '™~ 640);

4 - polyether/polyester 2 (N, = 2500

Key: (1) . Surface pressure, ayns/ca. (2). Area to one complex-ester

L
bond, K.
Page 35,

Monomolecular layers it i1s polyurethane the length of
polyether/polyester unit they independent of give the identical
isotherns of compression, and only on base 4 these polyurethane have
somevhat different isotnerms. At the same time the isotherms of the
compression of the monomolecular layers of polyether/polyesters on
all bases very differ duriny a cnange in the length of chain {141].
During the comparison of the isotherms of the compression of
aonomolecular layers, it is polyurethane on bases, which contain
hydrochloric acid (bases 2 and 4), and acid-free (base 1 and 3) it is
evident that in the first case are formed the more elongated

monomolecular layers.
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The identity of the isotherms of the comgression of
monomolecular layers it is polyurethane, just as smaller protracted
length in comparison with the same for the monomolecular layers of
initial polyether/polyesters, is explained, obviously, by the fact
that the length of polyether/polyester unit does not affect density
of the packing of molecule in mono-layer. An increase in the reaction
betveen chains is revealed ailso wuy direct measurement of surface
tension is polyurethane by the metanod of hanging drop {158], since
these products are high-viscosity rtluids. Measurements showed that if
the surface tension of polyetnei/polyesters composes value on the
order of 40-42 dyn/cm [142], taen it is polyurethane - U46-47 dyn/cnm,
in spite of a small concentration of urethane groupings in chain (one
urethane bond to 7.4 ester ponds for a polyether/polyester unit with

i --800 and one to 15.7 for a unit with M, = 1700
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~fable 7. The density of packing and the flexibility of chaips it

polyurethane and polyether/polyesters on different bases.

is

(l/ G/ (Y Noseprnocts
anaxﬂrepurun 06
uenef 5 woxo- pazeu 40% -l 30%
cnoax H,O 3.a, HQ o NH,),SO
! (NHa,80, (RS0t
(67 ()

Maowans naot- | Moanyperan | 25,5 25 40 40
Hoil, ynakos- | loruvperan 2 25,5 25 40 38
xu, A Nonnsdwmp 14y 10,0 25 37 2

Moaunsgmp 2 40,0 40 46 38
(7 | @?
Tubxocm uenn Moauyperal 1 0,12 0,28 0,28 0.56
3 Moauyperan 2 0.12 0.28 0.28 0,88
Noausdwp 1€ -~ -~ 1.00 0
Moausgmp 2 0,20 0,30 1,00 047

Key: (1) . Characteristic of chains in monomolecular layers. (2).

Specimen/sample. (3). Surface. (4). Area of tight packing, fa. {(5).

(). Polyether/polyester. (]).

Polyurethane.

[ Page 36.

The protracted lengtn of mcnomoleculai layers it °'s polyurethane

on the bases, which contain acid, it makes it possible to
unambiguously establish that the strong interaction between chains,
caused by the appearance of urethaune groupings, presents reaction of

the type of hydrogen boad ( 268].

Especially clearly these regularities are developed in the
examination of the density of pdacking and and the flexibility of

‘ chain it is polyurethane oa ditferent bases. Monomolecular layers it

Lo—‘
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is polyurethane they have the ditierent density of packing on bases
with the weak and strong interaction (see Table 6), moreover the
density of packing is changed aimost double, although this difference
for it is polyurethane with tne ciiferent length of
polyether/polyester unit it 1is apsent. At the same time the density
of the packing of the monomoiecuiar layers of polyether/polyesters is

changed both from the length of chain and from the type of base.

These changes just as chauge in the flexibility of chain, are
explained as follovws. An aincrease in the flexibility of polyurethane
chain on base 2 is bonded with the fact that the strong hydrogen
bonds of base partially eliminate a sisilar reaction Letween chains
in mono-layer. In this case, there is in mind lateral cohesion
betveen the molecules of polymer and flexibility of this molecule in
the plane of monomolecular layer. Certain increase in the flexibility
of polyether/polyester is causea by an insignificant increase in the
adhesion bond with the end yroups of polymer. An increase in the
adhesion of the monomolecular iayer of polyurethane to base 3 sharply
decreases the density of packinyg; however, the presence of the Q
hydrogen bond between chains leads to the fact that the flexibility
of chain remains the same as on base 2. At the same time the
flexibility of the chain of polyether/polyesters where are absent

sisilar bonds, grow/increases very considerably. It hence follows

that monomolecular layer it is polyurethane on bases 1 and 2 have
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L higher ordering which is caused by the complex interaction of all
means of Van der Waals bonds. In this case, stiffening of chain due
to the presence of urethamne yrouping is so strong that to the packing
of molecules in mono-layer does not affect different length of
polyether/polyester unit. Only by aixed base 4% flexibility of
polyurethane chains grows/increases so, that is revealed different
behavior of molecules dependinyg on the length of the
polyether /polyester unit: chains with the smaller concentraticn of
urethane groups are more pliiaple, since the hydrogen bonds of base
eliminate the reaction between chaains in mono-layer. The absence of
this bond in polyether/polyesters leads to another behavior c¢f their
monomolecular layers on pase 4: falls flexibility, grow/increases the
density of packing due to the decrease of adhesion bond monomolecular

layer - base.

Consequently, the density of packing and the flexibility of

polymer chain in surface layer can be substantially changed,

selecting different bases. Energy tactor has strong effect on the
conformation of polymer chain i1n surface layer moreover to
flexibility and density of the packing of polymeric molecule it
affects not only the value of reaction the phase boundary, but also

the nature of this reactiou.
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Chapter 1I1I. NATORE OF CHEMICAL AND PHYSICAL MOLECULAR BONDS 1IN

POLYURETHANES.

The flexibility of cnains 1is polyurethane - one of the factors,
vhich are determining the tundamental characteristics of polymer,
However, it is :ecessary to consider during the study of the
properties of po.ymers the nature of the molecular bonds between the
polymer chains which determine the physical and phase state of
polyser and its basic mecmanical properties. The diversity of
functional groups in chain it is polyurethane creates great
possibilities for the emergyence of the molecular bonds of different
energy and chemical nature - from aydrogen ones to van der Waals
ones. The role of interwmolacuiar interactions especially important to
consider in the examinatiou of three-dimensional cross-linked ones it
is polyurethane, in which, in contrast to the majority of other
cross-linked rubberlike materials, these bonds have fundamental
importance. They determine also the possibilities of crystallization
it is polyurethane, the temperature ranges of melting or transitiorns

of one physical state tc¢ another and the like.

In present chapter we will examine the existing data by the

TN - " s P T el o PR
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nature of chemical and physical bonds in polyurethane, bearing in
mind that the collaboration of omne or the other groups of chain in
the formation of chemical cross comnections limits their

collaboration in the formation of physical bonds.

Types of chemical bonds in chnains.

During the reaction of those obtaining at the first stages of
the reaction of urethane, uric and amido grougs with isocyanates, is

possible the formation of niuret (I), allophanate (II) and acylurea

groupings (III)
—NH—CO—NH— + ~NCO -+ —N—CO—NH-

AN
. CO—NH -

—NH--COO + ~NCO -+ —N—CO0—

AN
CO—-NH~—~
H

—NH—CO— 4 ~NCO » —N—CO~—

N
CO—NH-—-
1{]

Page 38.

It is most convenient to ideatify different types of bonds in
the cross~linked polyurethane with the aid of infrared spectroscopy.
This method is applied tor tne analysis of the types of chemical

bonds in expanded polyuretananes of different chemical structure

[268).

B Rl S
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Different structural units in polyurethane give in IR spectra
the characteristic frequencies of oscillaticns, known for the
appropriate low-molecular analogs. Therefore via the selection of the

adequate/approaching lcw-moiecular connections (for exaaple,

P S

N,N*~diphenylurea, N,N',N*-triphenylisocyanurate, etc.) it is
possible to obtain the information about characteristic strips. For
the characteristic of the corresponding groups, one should select
only such characteristic strips waich possess sufficient intensity
and least undergo the effect of other groups. The authors [ 268]
examine the strips which are gyiven in Table 8 and give the typical
spectrum of the solidified expanded polyurethane on the basis of

desmophen and Desmodur wita tae addition of other components (Fig.

13) L]

These data indicate tae cosplexity of conducting the
guantitative analysis it is polyurethane in the intensities of
characteristic frequencies. Reaily/actually, if the first twc groups

to identify is sufficiently easy, then to distinguish ester,

urethane, allophanate and otner bonds by the oscillations of carbonyl

is virtually impossible, since tne simultaneous presence of different
groups leads to the expansion of the strip of the oscillations of

carbonyl group. Therefcre the results of work [268] can be applied

R ik A e B e S S i dh i
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only for the establishment of the presence of one or the other groups
only vhen on the basis of the chemical composition of composition is

expected the appearance of the specific groups.
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Table 8, Characteristic strips of structural groups in polyurethane.

(>
(I) CrpyxTypuan rpyona A\ v, ex—!
} IE%
—N=C=O0 (xymyanposaiHble 1BO/iHbIE CBA3H) 4,40—4,46 | 22702240
—N=C=N— (xymy.auposauusie ABofiHbie CBA-
3) 4,72 2120
/co\‘ (¥
—N N— Yperanonosoe Komuo (xap-
Nco”
Gonun) (<) 5,62—5.72 | 1780—1755
NH—CO-—-0 Caoxuospupuan rpynma (xapGo-
é HHA) 571—5,83 | 1750—1717
(& Yperanosa® rpynna. H3OUHAHYPaTHO® KOABRO,
GuypeToBas rpynna (KapGoHHJ) 581592 | 1720—1690
{ 7) Annodanathasn rpynna (kapGoHua) 5,71—6,06 | 1750 -1658
{87 MoueswsHan i amuanas rpynns (KapGOHHI) 6,10—6.20 { 1640—1610
{® Yperanonosoe Koabuo (KoJeGaHHA KoabNa) 7.04—7.14 | 1420—1410
(79 HsonuanypartHoe Koabuo (KoseGaHsi KoJbila) 7.00—7,11 | 14281406

Key: (1). Structural group. (2) p. (3) cumulative double bonds. (4).
Uretedione ring (carbomnyl). (5). Ester group (carbonyl). (6).
Urethane group, isocyanourate ring, biuret group (carbonyl). (7).
Allophanate group (carbonyl). (38). Oric and amido groups (cartonyl).
(9) . Uretedione ring (oscillations of ring). (10). Isocyanourate ring

(oscillations of ring).

Page 39,

Another work [269] for purpose of approach to quantitative analysis
gives the IR spectra of model substances (phenylurethane and
diphenylurea, polyurethane and poly-urea, etc.). On their basis/base

in certain cases it is possibie to in more detail deteraine the

position of separate functional groups in the spectra of




DOC = 79011103 Pace €6

low-molecular model substances and polymers. However, to distinguish
separate strips is Jifficulc, that together with the unsatisfactory
reproducibility of intensities does not make it possible to conduct
quantitative estimation, but the obtained material gives the
possibility to trace only gqualitatively the chemical changes in the
course of reaction of formation it is polyurethane, i.e., to explain
in general terms the effect of prescription factors, temperature and

time.

Zharkov investigated IR spectra it is polyurethane and then
derivatives [32) and for cthear more full/total/complete
interpretation studied the absorption spectra in the homologous
series of alkyl-N-phenyluretunane and some of them derivatives (table
9) . Are calculated frequencies and forms of normal oscillatory mode
for purpose of the identirfication of the structural units in
polyurethane. The selection of alkyl-N-phenylurethane wvas determined
those that in the majority of the cases the pclyurethane, which are

of practical use, are chbtained on the basis of arylisocyanate.

It is establish/installed, that in dilute solutions all
alkyl-N-phenylurethane have a strip with 3446 cm—2. The out-of-plane
deformation vibration N-H is caaracterized by strip with 535 cma-t,
The strip of the stretcning vipbration of the carbonyl group of

alkyl-N-phenylurethane has trequency 1745 cm-t, sensitive to the
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formation of hydrogen bond.

As a result of the calculations conducted and analysis of the
spectra of model substances, the conclusion is made that by the most
constant sign of urethane group it is possible to consider the strips
of ester fragment 1730-1750 and 1210-1230 ca-! together with
intensive strip in region 1515-1540 cm~?!, the correspoading to

deformation vibration group N-d.
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T

1 2 2 45 6 7 8 9 1w n 12 13 A .M

T ad

Pig. 13. IR spectrum of polyurethane foam on the basis of the mixture

of polyether/polyesters and 4,4~diphenylmethanediisocyanate.

Key: (1) u.

Page 40.

Are selected analytical strips ftor the identification of allophanate
and biuret groups. In the spectra of polymers, allophanate structures
are masked with the bonded NH-groups of urethane. On model of
allophanates it is shown [to 49 ), that their spectra are different
from the spectra of appropriate it is urethane. The appearance of
allophanates in spectra it is polyurethane bonded with strips 1280,

1310 and 1965 cm—1t,

Thus, on model substances it is possible to identify different

types of bonds, but their determination in polymers remains the yet

not solved problen.

ihaiiay




DOC = 79011103 PAGE -9 B7

To considerably more easiiy determine by the method of IR
spectroscopy isocyanate group, which allows according to its
disappearance in the ccurse of reaction to investigate kinetics
formation it is polyurethane. This reaction was investigated on the
absorption band of the isocyanate yroup of 2270 cm—! [169, 279] and
urethane of 6750 cm—t [25J], and also on the disappearance of
bhydroxyl groups [50]. The mecaanisu of the reactions of formation of
polyurethane elastomers by tue method of IR spectroscopy is studied

also in work [59 ), and polyurethane coatings - in work [101].

Ontil now, the method of IR spectroscopy does not give the
possibility to quantitatively determine the relationship/ratio of the

types of bonds in the cross~-linked polyurethane.
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Table 9. The normal bands of avsorption, in reference to the
oscillation/vibrations c¢f urethane group in alkyl-N-phenylurethane L

(Ph~HCOO-R) .

v ' {*) Uacrora koneGannh, cu—!

Hapexc

roaoc —CH, —C,H, —CH(CH,), —C(CHy)s
Yo 3446 3446 3446 3446
v, 1750 1745 1743 1742
vy 1529 1582 1528 1520
v, 1450 1445 1443 1443
v, 1312 1312 1311 1312
v 1213 1210 11212 1222
v, 1068 | 106m 1097 | 1045, 1115 | 105, 1171 1
¥y 770 770 765 770
v, 538 537 540 545

*Strip is disintegrated because of reaction with the

skeletal/skeleton oscillation/viporations of alkyl radical.

Key: (1). Index of strip. (<). Freyuency.

Page u1.

Fros this point >f view ygreat interest are of works {283, 324}, in

vhich conducted detailed investigation of the rescnance regicn of

protons for the nitrogen-peariny bonds in polyurethane by the method

of NMR of high resolution. It is establish/installed, that all
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connections, which have suca oonds, give sharr signals of WMR in
polar solvents of the type of dimethyl sulfoxide (DNSO),
dimethylacetamide (DMA), pyridine, etc. Is synthesized the
series/number of the special connections, which contain such types of
the bonds which can be present in polyurethane, and is carried out
their detailed analysis by method of NMR. For the model substances
(table 10) of the intensity/strengyth of the fields, by which appear
the signals of NMR, strcngiy they differ for different types of
bonds. This makes it possible to use a method for the guantitative
determination of bonds in poiyuretnare. Reallysactually, the analysis
of the prepolymers, obtained trom polypropylene glycol and
diphenyimethane diisocyanate, it showed, that is observed the good
agreement between the NMR spectra of model substances and
investigated prepolymers (tavle 11). During the comparison of data
for prepolyners on the basis of polypropylene glycol and
toluenediisocyanate with data tor the model substances (see Table 11)
are evident that in the spectra of this prepolymer are three signals
that correspond to groups N-H, two of which (9.43 and 8.55 m.d.) are
related to the N-H-proton of 2,4—-diurethane, and the third - to the
protons of 4-urethane (a). Tae relative intensities of signals depend

on the conditions of the syntnesis reaction of prepolymer.

Por the analysis of tue types of bonds, the authors [ 283, 324)

used the method, based on tne destruction of those cross-linked was

wJ-‘-'-.--'"-__“”-"——_—"'"““'I!!-n-n—n-u-
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polyurethane with the aid of amines. Were investigated the
polyurethane, obtained on the basis of polygrcpylene glycol (mol.

weight 1000) and diphenylmethane-4, 4*-diisccyanate,

Are studied also the model subpstances, which contain substituted
urethanes, ureas, allophbanates and biurets. The authors in this case
proceeded from the fact that under the influence of amines on the
cross-linked polyurethane the ailophanate and biuret bonds

disintegrate consideraltly faster than uric or urethane ones.




DOC = 79011103 PAGE 93

Table 10. The magnetic nuclear resonance of group N-H in model

substances.
(4 | % Xnwwseckun casnur, m. a.
(¥

Conze 8 JAMCO } @s JIMA
MouesitHnas 5,70--8.58 593877
¥perauosan 5/ 8.60—9.70 8,57—9.88
Buypetosas (¢’ 9,60 —10.25 9,85—10.55
Annogawrarsas (7} 10.62—10.67 10.70—10.&7

Key: (1). Bond. (2). Chemical shift/shear, m.d. (3) in (4). Oric.

{(5) . Urethane. (6). Biuret. (7). Alilophanate

Page 42.

This makes it possible to convert the cross-linked polymer into the
soluble state and accordiny to the analysis of the forsmed end groups
to conduct the gquantitative estimation of the content of one or the

other types of bonds.

Considerably simpler the same analysis is carried out for the
soluble prepolymers. For a prepolymer and cross-linked it is
polyurethane, obtained duriny different relationship/ratios of the
under taken for synthesis components and under the varied conditions
of cross-linking specifically percent ratio of allophanate and biuret

groups to a total number of nitrogen-bearing functional groups in




-
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polymer is establish/installed that in certain cases it reaches
15-200/0. Thus, is shown tne possibility of determining these types
of bonds quantitatively for those cases when their content comprises
not less than one group by 30 urethane and uric ones, or one cross
connection in the cut of the polyamer chain of molecular weight of

approximately 10 000 (with accuracy of analysis 10-200/0).

Conducted detailed investigation of the IR spectra of

polyurethane oligomers con the basis of hexamethylene diisocyanate and

1,4-butanediol {351} (table 14).
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Table 11. NMR of group N-iH ot prepolymers is polyurethane.

i ééw Xuunweckmll cIonr,
3 W Eg IEY @) &
v©
Dopnoiumep gQE Crpyxrypa ) «
Sy
gii » IMCO | s AMA
£5¢
—OOCHN~C¢Hy—CH,—C¢H,— 9,41 947
nar-1000— 1.9 —NHCOO~~
MU 20 CH, CH, 9.51 (a) | 9.60 (a)
21 | I\ 9.-’83:35 (®) g.gg (8)
/N\_ 7/ N\ _NHCOO~-- | 88 (c) | 892 (c)
i NCO ] I\HC") 8,57 (e) | 857 (&
A% N/ 9,51 (a) | 9,60 (a)
1
NHCOO~-  NH—COO-~~ 9.33 (8) | 943 (8)
(a) (9) 8,83 (c) | 8,92 (¢
2,0 CH, 8,70 (d) | 8.72 (d)
nr«Tau= |s OCN—T/\r—NHCOO- 855 () | 855 (e)
© 9,60 (a)
\/CH 943 (8}
ITIHPFI*-M 2,0 wOOCHN_/\_NHCOO = fg;
@ ) @ 855 (e)

* Cpeanesucaennut moa, s=c 1000,
** Cuech 80 : 20 2,4- ¥ 2.6-n3omeps. (‘”

Key: (1) . Prepolymer. (<). molar ratio of isocyanate to PPG. (3).
Structure. (4). Chemical shift/shear, m.d. (5) in (6) . * Numerical

average mol. veight 1000. (7). ""uixture 80:20 2.4- and 2,6-isomer.

Page 43.

It should be noted that already monomeric diols give absorption bands
in the same regions that and poiymers, being characterized by only
presence of the characteristic strips, which relate to end groups.
Consequently, by the method of infrared spectroscopy thus far it is

possible to only qualitatively analyze the structure of
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three~-dimensional ones it is polyurethane and to gquantitatively
determine changes in the concentration of urethane groups during the
cross~-linking and other chemical transforsaticns. However, method is
not suitable for the establishment of the relationship/ratio between
the structure and properties it is polyurethane, or by a number and

the type of cross connectious.

Hydrogen bond in polyuretanane.

The chemical structure of polyurethane chains and the presence
of different functional yroups determine great possibilities for
formation in polyurethane of molecular bonds, including hydrogen
ones. It is wvell known that tae intra- and molecular bonds in
polymers have noticeable effect on structure and entire combination
of the physicomechanical properties. Is especially great the role of
hydrogen bonds in polyurethane, since the proton-donor grouping N-H
in urethane group and the proton-acceptor atoms of oxygen (in the
fora of ether/ester oxyyen in simpie ether/ester bond and im carbonyl

group) determine the pcssibilities of hydrogen joining.
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Table 12. Reference of freyuencies in oligourethane.

u) {s)
v, ca~! Hurencusnocrs KoaeGanmm
3325 Cunbnas (3/ -) N—H-panentnue W)
3060 Ouenb caatag Amua I B pesonauce Pepmu ¢
6)  NH-rpynno#
2945 Cumuas @ Anrucummerpuunsie  CHy-Bastent- (13)
2/ Hhie (%)
2860 Cpeausia Cummerpuunne CH, (®
1690 Ouens cuavsan (/1 Awnn I Y, 09
1540 > » Amuz 11
1474--1414 | Cpequan 10 caa- | CHgy-zedopmaunounse ¢ >/

6okt (/1)
1340 Cpeanas @ OC-Ae(pop%ounue a2
1265 Ouenp cunsian (@ | Asup 111 )
1244 Cuapnasn % AHTHCHMMETpHYHbIE COC-Banem[’

Hhie

1180 Ouenr cna6as &) | Cummerpuunne COC-pancttHuie (75)
1137 Cunpnasn (% CN-panentnbe f 6
1065 > —
995 _Cpeauna d C—C-sanentume (P e,
783 > C—O-aedpopmaitHonHble
748 CnaGas (/7) CHy-Maatnnrossie, wean (CHy)g (170
730 » CH;,-mantuuxosuie, tenu (CH,)q

Key: (1). Intensity. (2). Oscillation/vibratioms. (3). Strong. (4).
N-H-valent. (5. Very weak. (6). in resonance Fermi's amide II with
KH-group. (7). Average. (8). Symmetrical CH,. (9) . Very strong. (10).
Amide. (11). Average to weake. (lz)'defornation. (14). Antisysmetric

coc-vaﬁ?if. (15) . Symmetrical CoC-valent. (16) valent. (17). WVeak.

{(18). 9dgz-pendulun, chain.

Page U44.

Schematically three basic types of hydrogen bonds can be presented as )

follows:

i S e om ma




DOC = 79011103 pace 15
H
AN AN
N/ o }ao
¢ X /
O= C=0-ve-... HN
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Ocernen. H—N
/7
1
/
(o]
\ / /s
O ernnn. H_N NeH.:ver-. 0=C_
s N\ i

As is evident, this of the bond between urethane groups or urethane

and ester group and simple ether/ester oxygen of contiguous chains.

Realization in polyuretnane of one or the other type of hydrogen
bonds depends on the hardness of amolecule, determined by the length
of oligomeric unit or chain/network of glycol, the concentration of
urethane groups in chain, density of the three-dimensional/space
grid, which limits the mobility of the cuts of the chains between the
nodes of cheamical grid. Zharkov [ 32] assvaes that since elastomeric
polyurethane car be considered as the peculiar "solution" of urethane
groups in polyether/polyester, the predominant type of hydrogen bonds

will be form II.

Por the investigation of hydrogen bonds, is used the method of
IR spectroscopy, since duringy the formation of the hydrogen bonds of
the frequency of the stretchiny of groups N-H and C=0 they are

shift /sheared to the side ot lower frequencies. A number of works in
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this direction is small.

Hith the aid of IR spectroscopy are studied the hydr . 2n bonds
in the urethane elastomers, obtained on the basis of complex and
simple polyether/polyesters, and also on model substance -

N-phenylurethane [12].

Por evaluating the propability of forming one or the other type
of bond, vwas determined the relative electron-donor capacity of
proton-acceptor groups during the comparison of the constants of the
molecular association of those N-monosubstituted was urethane,
modelling the urethane link of polymer, with the molecules of the
connections, containing the proton-acceptor groups, similar to the
same in polymer chains (metnyletayliketone, ethylacetate,

isobutylbutyrate, tetrahydrofuran, dioxane, etc.).

Prom the IR spectra of urethane elastomers in region 3200-3500
and 1600-1800 ca—-t (Fig. 14) 1t is evident that for all elastcmers
are observed the wide absorption bands (3300, 3310 and 3347 cm-1),
the relating to absorption groups N-H, by the excited hydrogen bond.

Strips 3450 and 3445 cm—?! are related to free N-H--group.

Page 85.

e salolaiinbiin i A,

e




2 LA

. e T

poCc = 79011103 PAGE - ]00

The data {12] on the eguilibrium constants of the formation of
the hydrogen bond of N-phenyluretnane with the molecules, which
contain proton-acceptor groups (carbonyl of urethane group, ester
group and oxygen of simple ester gcoup) (table 13), made it possible
to estimate energy of hydrogen bond in associates (2-3 kcal/mole);
however, due to small differences an the equilibrium constants, it is
not possible to draw a conclusion about preferred formation of any
specific type of bond. Obviously, durable bond it will be hydrogen

vith the collaboration of oxygen of simple ester groups.

For model substances difierent types of hydrogen bonds
considerably differ by the amount of the frequency switch of the
stretching vibration N-H. So, during the formation of hydrogen bond
urethane - ester is observed the shift of strip v (N—H) to the side
of lower frequencies on 80-90 cm-t, and for a bond urethane - ether
shift is 120-140 cm—-1', The prererred type of hydrogen bond in
pclymers depends on the relative content of different proton-acceptor

groups and their three-dimensional/space arrangement in chain,
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flponycrarue

445
3310
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3450
3347,
3300

w

3500 3400 3300 3200 1800 1700 Wcm™'

a b

Fig. 14. The IR spectra of urethane elastomers in region 3200-3500
(a) and 1600-1800 cm-t (b): 1 - polyoxypropylurethane; 2 -
polyoxytetramethylurethane; 3 - polydiethyleneadipinate urethane; 4,
5 - solution of N-phenyluretnane in CCl, (C=3.0 and 0.1 mole/l

respectively).

Key: (1). Passing.
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Table 13. Equilibrium constants and frequency svwitch (AyN-H during

the formation of hydrogen bond by N-phenylurethane.

g )
. | Coe R .
W) Daem | Covmmes sronomey | CreTesa Josoporsod | K} b
TeAD uenrTopubie rpynnh (w
( ) /OR
) CCl, |®ennayperan —N—H...0=C 2,0 —_
: N\ NH
‘!5 (¢’ /Rl
i MeTHaTHAKETON —N—H...0=C 1.5 88
R
] 2
(7 _OR,
Itunauerar —N—H...0=C 1.5 88
R
2
%) /OR,
HanGytuabyTupat —N—H...0=C 1.7 89
R
2
9, /OR,
CgH;q | Aumernaaannunar —N—H...0=C 1.2+] 81
R
1
(re) R
CCl, |Ou6yrnaosuh spup| —N—H...O 1,1 140
\R
1
{rer /R]
CeH,, | AumernsoBuit 3¢up| —N—H--.0 07°} 126
ANITANCHrMKONS AN R
s
()2) / R
Terparnapodypan | —N—H-..O 4,3 142
R
(/3 /R
Huoxcan —N—H-..0 30 | 128
R

sCorrected values correspond to K, divided into a number of

acceptor groups in molecule.




DOC = 79011103 PAGE a4 (08

Key: (1) . Solvent. (2). Connection, which contains proton-acceptor
groups. (3). System of hydrogean ooand. (u)‘i/-ole. {5) .
Phenylurethane. (6). Methyletnylketone. (7). Ethylacetate. (8).
Isobutylbutyrate. (9). Dimethyladipinate. (10). Dibutyl ether/ester.
(11) . Dimethyl ether of distnylene glycol. (12). Tetrahydrofuran.

(13). Dioxane.
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The comparison of spectra 1t 1s urethane on the basis of simple
and polyesters shows (Fig. 14a) large difference in the frequencies
of the absorption of N-H--gyroup, ayitated by hydrogen bond, which
indicates different forams of communication in these systems. In ester
polyurethane, obviously, the basic means of hydrogen bond is the bond
with carbonyl of ester group. Ihe tormation of hydrogen bond is
accompanied also by the snift Oof strip C=0 into the region of low
frequencies, that it is possible toc use for evaluating the
collaboration of group C=0 i1n anydrogen bond. This strip has maximums
1725 and 1728 ca—t (polyoxypropylene urethane and
polyoxytetramethylene urethane). Tne shift of maximum into the region
of lower frequencies indicates the collaboration of C=0 -grtroup in
hydrogen bonds. Thus, it is poussivle to make a conclusion about

preferred formation in escter polyurethane of the hydrogen bond

betveen N-H of urethane link and ester group, but in elastomers on
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the basis polyethers ~ between N-iH and C=0 of urethane links., The |
small role of bonds N-H with C=0 urethane groups is explained by
their low content, and the insigynitficant portion/fraction of bonds

with simple ether/ester oxygen - by steric factors.

The investigation of hydroyen bonds in the polyurethane,
obtained on the basis of diisocyanates with the mixtures of high and
lov-molecular diols [{32), wade 1t possible to establish/install one
additional interesting special teature/peculiarity of these bonds in
polyurethane. The collakcration of diols in reaction disturbs the
regular arrangement of urethane groups in the chains of the obtained
polymer. An effective chanje in the concentration of these groups is
accompanied not only by a change in the total quantity, but also the
means of hydrogen bonds, which are generated during the reaction of
the proton of NH-COO -group with the included in polymer chain
proton-acceptor groups. It is shown [to 32], that with the high
concentrations of urethane yroups the specific reactions between thenm
differ from reactions in polymers with the smaller content of such
groups, i.e., depending on conditions, urethane groups can form two
forms of complexes with the nydrogen bonds whcse relationship/ratic
can depend on the chemical nature of polymer. This fact once again

underscores the diversity of the types of hydroger bonds in

polyurethane,
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Por purpose of obtaining thne information about the role of
hydrogen bond in polyurethane elastomers [326] by the method of IR
spectroscopy is investigated the reaction between N-phenylurethane
(I) and diphenylamine (Il) as proton donors and by di-n-butyl
ether sester and polyoxyethyieneglycol (mol. weight 6000) as by proton

acceptors in solution CCl,.
Page 48,

¥ith the aid of Wilson-wWells's method [339) are determined the

integral coefficients of apsorption of free N-H--group in the

solutions of different concentrations for both of cosponents. The
formation of hydrogen boud shift/sunears the absorption band of the

deformation vibrations N-H to tane side of lov frequencies.

Oon the basis of experimental spectra with the utilization of
integral absorption coefficients, are calculated the concentrations
of free N-H--group in all investiyated systems in dependence on the
summary and separate concentration of the investigated components.
¥as also examined a question coacerning equilibrium in the sclutions
betveen bonded and free N-ﬂ-%@roup and wvere determined the apparent
equilibrium constants. Actual equilibrium constants cannot be
determined due to differeat deyrees of association of molecules with

joining by hydrogen bond.
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It is establish/installed [J426]), which N-H in I and II can form
the hydrogen bond with simple etner/ester oxygen, which, howvever, is
characterized by the low value ot equilibrium constant and therefore
it is veak in comparison with boand N-H with carbonyl group. Hydrogen
joining in system I - ether is complicated by the presence of two
types of the acceptors: -0- and C=0. Findings showed that in dilute
solutions is formed the hydroyen bond with simple ether/ester oxygen,
if its concentration in system is sufficiently great., With an
increase in urethane, concentratioa becomes possible the association
of its molecules on C=0--group, and wvith the high concentration of
urethane, is realized only last/iatter interaction mode. On this
basis/base is made the conclusion that in pclyether urethane occurs
the complex equilibrium of the hydrogen bonds between N-H and C=0 of
urethane groups and -0- polyether/polyester chain. If concentration
N-H in polyurethane is small, tneir large part forms hydrogen bonds
with ether/ester oxygen. Ln that case secondary interchain bonds are
scattered throughout entire volume of polymer. If the concentration
of N-H#Lgroup in lov-molecular polyether/polyester is great, then are
localized bonds of the type N-i..C=0., Hence is created the
possibility of changing tne chaim configuration in grid during a
change in the concentration of urethane groups. In ester systems

predominates the strong acceptor C=0 and here again appears
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probability that bonds NH... C=0 are notﬂ/;ocalize in volume even

with the high concentration of urethate groups.

With purpose of the investigation of the nature of hydrogen bond
in polyurethane, some ranifestations of this tond are studied on the
model as which is undertaken N-ethylurethane [181]. On the basis of
the analysis of the IR spectra of N-ethylurethane and its solutions
in the solvents, which coantain siample and ester bonds, and also
investigations of ductility/tougnness/viscosity and dielectric
polarization the conclusion 1s made that in pclyurethane as a result
of the high content of sisple and complex ester groups reaction are
determined predominantly by the reaction of urethane groups with

et her /ester ones, but nct with each other.
Page 49.

Por it is polyurethane py tne method of IR spectroscopy studied
absorption in the region of the oscillations of group N-H {327]. It
occurs in region A=3 u, wihica i1s interpreted as absorption by
N-H?Lqroup, bonded by hydrogen boads, and free groups N-H. The large
part of N-H--group participates in hydrogen bonds independent of the
structure of polyurethane itself (ether/ester or ester type, linear

or cross-linked).
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Investigated also the effect of solvents on the spectra of
absorption of linear ones it is polyurethane and it is i
establish/installed, that during dilution occurs the dissociation of
hydrogen bonds. For those cross-iinked it is polyurethane the
insignificant dissociation of hydrogen bonds it is noted in the range
of temperatures of 20-100°C. Partial dissociation vas observed also

vith the stretching of sgecimen/samples.

In connection with tne fact that many properties it is
polyurethane they are explained precisely by difference to the degree
of the hydrogen joining of macromolecules with each other, this

question it was specially investigated [ by 220]. ‘

Are studied series/pumbers 1t is polyurethane the general

formula
[— (CH,),—OCONH— (CH,), —
—NHCO0—],

with y=4-10, including the linear and cross-linked polymers, and also
their models - diurethane. Tne tree oscillation/vibrations of
N-H--group occur, as it was shown above, with 2.9 u (3448 cm-1),
Typical spectrum in this region ior 6,8-polyuret on is given in Pig. |

15. Spectra are removed ia the ranye of temperatures of 20-300°C.

The intensity of the oscillations (Fig. 15) of free N-H¥-group

grov/increases with a teasperature rise (spectrus 2) . However, the
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anthors did not find difterences in the degree of hydrogen joining
for even and odd was polyuretnane, or polyamides. At room
temperatures in linear ones, it is polyurethane less than 10/0 free
N~-H--group (0.80/0 for 6,8- and 6,9-homologs and 1.50/0 for 6,6- and
6, 10~copolyurethanes). It is ainteresting that the cross-linked
polyurethane do not show the greater intensity of the oscillations of
free N-H¥-group, i.e., even in irregular systems is observed
virtually full/total/coaglete joining. ¥or 6,8-polyurethane with
1759C, the content of tne uncoabined groups coaposes only 150/0.
Thus, the explanation of a difference in the properties it is
polyurethane by the different degree of hydrogen joining it cannot be
plausible as a result of the fact that virtually in all cases the

free NH-groups in systeam are apsent.
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-;&g 15. Spectruam of polyurethame in the region of oscillations N-H at

22°C (1) and 100°C (2).

Key: (1). Passing. (2) u.
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Por the examinaticn of the role of hydrogem bond in polyurethane
there is great interest in a question concerning the possibility of
evaluating energy of this boad. For this estimation it is possible to
use the absorption of groups N-H. The corresponding calculations are
given in [32). Bquilibrium constant between the uncoabined and bonded

hydrogen bond group N-H is determined by the expression

=Im . D
K=t o
vhere f, and f, - molar absorption coefficients, D, and D,—

optical densities of absorption bands of bonded and free N-qﬂLqroup.
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Calculated from values K at two different temfperatures, energy of
hydrogen bond (AH) in pclyurethane was 4.8+-1 kcal/mole. According to
[220), this value for bomiqLﬂh.. OC is equal to 8.36+-1.6 kcal/mole.
It is interesting to note tnat in polyurethane on basis 2,4- and
2,6-toluenediisocyanate the urethane groups are arrange/located
nonequivalently with respect to aryl radical, as a result of which
formed by these urethane groups the hydrogen bonds must be
distinquished by their energy. Absorption band (N-H) with frequency
3444 cm-t is related to the uretadne group whose
three-dimensional/space arrangesent contributes to the formation of
hydrogen bond, while strip 3460-3463 cm—?! ansvers the urethane group
vhose three-dimensional/space arrangement iapedes the formation of
such bonds. Because of this 1n poliyurethane elastomers, can exist
uncombined by the hydrogen bond of N-Hfégroup. The study of the
problem concerning asscciation as a result of the emergence of
hydrogen bonds in model urethanes and some polyurethane led to the
conclusion about the fact tanat the auto/self-association of urethane
groups cannot be the determining factor in the formation of hydrogen
bonds in polyurethane on the basis polyethers [32]. High value has a

bond between urethane group and ether/ester oxygen.

In real polyurethane elastomeric systems must be observed more
complex picture. On one haud, the presence only of uric groups leads

to the possibility of the formation of the hydrogen bonds between the
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uric groups H—N  O.....H-N
\ # AN
C=0
e /
o)

The formation of allophanate and other groups eveam more greatly
changes conditions and the possibility of the formation of hydrogen

bonds.

On the other hand, their emeryence depends substantially on the
cheaical nature of poclyurethane in that sense, that the length of
glycol units, the type of diisocyanate and other chemical factors
affect the mutual arrangement or tae groups, capable of forming
hydrogen bonds, and on their wobility. So, work {324] shows the
possibility of the formation of intramolecular hydrogen bonds for
allophanates and it is biuret d4and 1t is establish/installed, that the

hydrogen joining is more intemsave in biuret.

H H
o NO NN N
N N e o
Page S1. N s N = \ﬁ/ R
L |
/NI (l" O, N, 1
Ny ‘w

These conclusions are made on the basis of the analysis of the NMR

spectra of high resoluticn. For it is biuret the authors they give
the followving diagram of the tormation of the hydrogen bonds: -th

the alloved transitions Letween twou structures.

The information about hydrogen bonds in polyurethane thus far

are still limited both according to a number of investigated systens
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and on their chemical structure. Tae investigation of this question

is very important for the detaiied understanding of the properties of

polyurethane materials. So, 1n work [12) is assumed that different
seans of hydrogen bonrds can lead to the specific differences in the
packing of molecular chains in cosplex ester polyurethane and
polyurethane on the basis polyetners. The authors proposed the
diagram of the formation of ayaroyen bonds in urethane elastomers
{Pig. 16). The bond between uretaane and ester links is set no
limitations on the mutual arrangement of the urethane sections of
chains (FPig. 16a). The emergence of the hydrogen bonds between two

urethane links requires their specific mutual arrangement in chain

(Fig. 16b), which can lead to partial ordering.

ﬁﬂ
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Fig. 16. The diagram of H-boad in the urethane elastometers: a -
polymers on the basis of polyesters; b - polymers on the basis

polyethers; 1 - urethane sections of polymer chain; 2 - ester groups.

Page 52.

In the study of the proolem concerning the role of hydrogen
bonds, one should, according to our opinion, tear in mind, that their
value in the physicomechanical groperties of rolyurethane elastomers
is small. This is bonded witn tne tact that in elastomeric systess
the relative concentration or tane capable of foramation hydrogen bonds
of urethane groups is small and descends with an increase in
molecular weight of polyetner/polyester. At the same time, the
common/general/total contribution of physical reactions to the
effective network density ot polyurethane elastcmers is essential.
This is caused by the fact tnat the presence of many functional

groups in polyurethane caain leads to the significant van der Waals

A.l*""'
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reactions between chains, coansiderably greater than in the case of
common (nonpolar) rubbers. Thererore there is great interest in the
investigation of intermolecular ianteraction between the component
units of polyurethane chain ana cosmmon van der Waals reactions. The
given by us data on the flow properties of oligomers, which are used
for synthesis it is polyurethane, distinctly they show, what
important role in the ccmmon/general/total combination of properties

play the common van der Waals reactions (see pg. 216).

Different picture is observed for crystalline ones it is
polyurethane. The formation of aydrogen bonds has vital importance
for those crystallizing it is pclyurethane, especially on the basis
of low-molecular units. These bonds define both the crystal lattice
and other properties of polymers. However, in contrast to polyamides,
for crystalline ones it is polyurethane investigations in hydrogen

bonds carried out little.

The IR spectra of polyether/polyesters it is pclyurethane they
are described in works [81, 82]. These objects are capable of
existing in two crystalline foras, if in the chain/netvork of the
structure 0 o

| !
[—-(12— (CH,), —(':—O— (CH,); —O—Ar—0— (CH,), —O—]a

Ar-m- or n-phenylene., For different polymers are determined the

strips of crystallinity in different modifications. Depending on
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crystalline form, can be tormed the hydrogen bond. The appearance of

hydrogen bonds is capabtle of stapiiizing crystalline modifications.
These works indicate the value of hydrogen bonds in the crystallized

polyners of urethane series/anuaber.

Por capable of crystaliization polyamidourethanes the IR spectra
are compared with roentyenographic investigations [29]. Taking into
account that the hydrogen bonds between separate molecules affect
both the conformation ot molecuies themselves and their packing in
crystal structures, and tnat besides the principle of tight packing
must be observed the principle of the maximum saturation of hydrogen

bonds, is proposed the fprobaole model of the arrangement of

macromolecules in the crystaliiae regions of folyamideurethane.

Page 53.

In the literature there are some data according to
intermolecular interactions in the connections, which are components ﬁ
it is polyurethane. Are investigyated intra- and intermolecular
hydrogen bonds in glycols [ <¢55, 256), with the aid of spectroscopy ﬂ

are studied the intramclecular ponds in some polyoxyalkylenediols

{31). For polyoxypropyleneylycol and poly-tetrahydrofuran of
4

oscillations of the OH-yroups, included in hydrogen bond, but 3640

|
‘ absorption band 3480 and 345 ca—!, they are referred to the
1
!
i




.’,

%

y—-—

DOC = 79011103 PAGE 338 //7

ca~-1 - to free OH-grouf in poly~-tetrahydrofuran. From the temperature
dependence of the absorption coefficients for the strips of the free
and bonded by hydrogen bond OH-groups, is calculated the energy of
intramolecular hydrogen bond daccoraing to method [33]. It is
establish/installed, that tais energy for the investigated systems is
2.1-2.8 kcal/mole. However, it 1is necessary toc bear in amind, that

these reactions are determined in essence by end groups.

Thus, the application/use of spectroscopic methods to
investigation it is polyurethane it makes it gossible to give the
qualitative characteristics pota oi the chemical structure of grid
and some types of intermoiecular iateractions in polyurethane
amorphous and crystallire structure. Nevertheless, the creation of
the ordered theory of properties it is polyurethane, that is Lased on
detailed qualitative and quantitative spectral analysis, it remains

the business of the future.
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Page 5S4,
Chapter Iv:(VITRI?ICATION AND PHASE TRANSFORMATIONS IN LINEAR AND

THREE-DIMENSIONAL POLYURETHANES.

VITRIFICATION OF AMORPHCUS POLYURETHANES.

It is known that the teamperature of vitrification (T) of
polymers is defined by pota the internal mobility or flexibility of
polymer chains and by fcrces of intermolecular interaction, to a
considerable degree which depend on the presence in the chains of

polar groups. Thus, T poiymers depends on length, nature and

c

structure of their chains (speeca it goes about amorphous the not

modified by fillers or plasticizers polymeric systems).

A1l factors indicated for it i1s polyurethane they are determined
by the properties of their initial components, i.e., by the
properties of glycols (etner glycols) and of diisocyanates.
Consequently, the properties of initial components their
relationship/ratio in polymer chain in essence must deteraine T, it

is polyurethane.




. e e e cm——

poc = 79011104 PAGE /,q

Is studied dependence 7T, of polyester-urethane elastomers on
the structure of initial glycols, in particular, from the presence of
simple ether/ester bonds in main chain and its lateral suspensions,

and also from a number of metaylene groups in glycol [93].

Together with 7, which deteramined on the tool, described in
[113) on pendulum elastomei KS [52 ], investigated elasticity of

polyurethane elastomers oa the basis of complex oligoester and

toluene-2,4~-diisocyanate with an average molecular vweight of
approximately 20 000. Accordiny to the minima of the curves of the
temperature dependence of elasticity, they calculated the temperature

of the minimum of elasticity (7,,) (table 14).

Fromn the data of table 14, 1t is evident that the increase of
the concentration of C-0-C~--group in the main chain of polymer leads
to successive reduction . T. The comstant for this series/number of
polymers difference between T, k£ aad T, testifieé to the clearly

expressed quantitative bond petween these two values.
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13b1e 14, Temperatures of the transitions of polyurethane elastoamers.

i)
Moaunep Te Tumn

NommansTuaeragunuuaryperan (21 | —39 | —I3
Noautprstuncnapunmuaryperan (3) | —42 1 —16
Nonurexcasrunenannnunatyperan f)| —44 | —18

Key: (1). Polymer. (2). Polydietnyleneadipinate urethane. (3).
Polytriethyleneadipinate uretnane. (4). Polyhexaethyleneadipinate
urethane.

Note: For all polymers ar=r — Twwm=2%"C
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The observed character of chauge 7, 1is explained by weakening
intermolecular interacticn as a result of the decrease of the
concentration of strongly polai complex ester groups in polymer chain

with an increase in the lecgyth of the monomer unit of initial glycol.

Based on the examfple or polydiethylene- and
polypentmethyleneadipateuretnane, which are characterized by only the
presence in the glycol links of CHp——group instead of ether/ester
oxygen, it is shown, that avsence of C-0-C~-group leads to reduction
7. This is explained by tne possipility of the joining of

ether /ester oxygen by hydrogen bonds, that leads to a reduction in

the mobility of chain.

s+ B e e B e ¢ ke
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At the same time fcr polypropyl- and
polymethoxymethylethyleneadipateurethane, which are characterized by
only the structure of theé lateral groups

e —NHCO— [0—CH—CH,0CH,0CO (CH,) CO—]y—==,
&,
¢,

!
CH,

wees—NHCO— [O—CH —CH,0CH,0CO (CH,), CO —J;—-==,

:
CH,

|
0
dn,
the absence in the side chain of ether/ester oxygen does not affect

vitrification temperature which for both of polymers is identical.

Study T, it is polyuretaane, obtained on basis glycols with the
even and odd sequences of methylene groups with the general formula
~~—NHCO— (O (CH,),0CO (CH,)CO},—-~~,
vhere n=2, 3, 4, 5, it showed tnat the polymers wvith odd number n

have lovwer T, than with even (Fiy. 17).

Is investigated dependence T, of polyurethane elastomers on the
basis of polyoxypropyleneglycol and toluene-2,4~-diisocyanate or

hexamethylenediisacyanate on the amole concentration of urethane

groups [317] (rig. 18).
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As can be seen from Fiy. 18, T

¢

for both it is polyurethane
linearly it increases wita an iacrease in the concentration of
urethane groups. Por an eilastomer on the basis of
toluene-2,4~diisocyanate, the slope angle is direct/straight greater
than for an elastomer on the basis of hexamethylene diisocyanate,
which is caused by a siaultaneous increase in the concentration both
of urethane and phenylene jroups; the latter also increase rigidity
of chains. However, extrapolation to curve 7. —C to C=0 for both of
elastomers gives T, the appropriate same for high-molecular

polyoxypropyleneglycol.

Page 56.

Analogous dependence T, om C is found for polyurethaneacrylate
[128) on the basis of clijohydroxypropyleneglycol,
toluene-2,4~diisocyanate and mono-amethacrylic ether/ester of ethylene
glycol. However, in this case slope angle straight line T .,—C is wmore
than for the given above elastomer with analogous oligoester and
diisocyanate units. This is explained by the presence in
polyurethaneacrylate of the strongly polar complex ester groups,
vhich'condition the lower mobilaity of polymer chains with the same

concentration of urethane gyroups, as in the compared elastomer.

T
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Ve investigated 7. in the series/number:
oligodiethyleneglycoladipate (OE), linear oligourethane (prepolyser)
and cross~linked polyuretnane elastomer {65). As diisocyanate
component served the mixture of isomers 2.4- and of
2,6-toluenediisocyanate (IDiis), but by the crosslinking agent - an
equimolar mixture of di- and triethanolamine., Vitrification
temperature was defined by tne differential-thermal analysis as in

£38].

The influence of molecular weight of oligoester omn T, is shown
on Fig. 19, froa vhich it i1s evident that higher than molecular

c

weights 4000Ais not practically caanged.

If we, according to [36], cousider that constancy T, is reached
at molecular weight, which corresponds to such for a mechanical
segment chain, then it 1s possible to assume that for
polydiethyleneglycoladipate mechanical segment is the cut of chain

vith a molecular veight of apgroximately 4000.

Were studied prepoiymers and elastomers whose oligoester units

had molecular vweight 1600 (0t-1) and 4100 (0E-2) {fable 15).
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2 3 4 a {
Fig. 17. Dependence 7. on a quantity of CHp-——group in the glycol

segment of polyurethane caain.

.°C
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0 05 10 13 20 2.5 Cmons/10002

Fig. 18. Dependence 7. on moie coaceatration of urethane groups (C)
of polyurethane elastomers on basis of oligohydroxypropyleneglycol
vith toluene-2,4-diisocyanate (1) and oligohydroxypropyleneglycol

vith 1,6-hexamethylene diisocydanate (2).

Key: (1). mole/1000 gqg.
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Page 57.

Consequently, in one of them molecular weight corresponds to the
length of mechanical segyment, but in another it is more than twice

less.

Proa the data of table 15, it is evident that the presence in
the chain of prepolymer and cross-linked elastomer of urethane groups
together with complex ester groups leads to significant increase T,
in the latter in comparison with initial oligoesters. In this case,

T. prepolymers (Fig. 20) with the identical length of oligoester

c
units linearly grow/increases not with an increase in molecular
wveight, but with an increase in the molar fraction of diisocyanate

component in the molecule of prepolyamer.
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rig. 19. Dependence 7. c¢n molecular weight (M) of

r— Al

1000 3000 5000 10000 M

polydiethyleneglycoladifpate.

Table 15. Relationship/ratio of initial components and characteristic

of the specimen/samples of oligoester, prepolymers and elastomers.

MOII)H‘I’!.! 20N KOM- o 1) -
(1) (‘5) noNeNTO® ‘: : v h“
H&:ea? O6paseu ™ - M \'\)E @% Q\g _l
sua & 2l 4 z PA "
o9 | 2| E: (57 ElE € !
E 35 E N ! e ‘a
[]]
1 ] Onnroagmp 1 - - — | 1600] —60| —51|—555; 9
2 nuroshup 2 - | - — | — | 4100} —50| —45|—47,6] 5
3 |®opnoaumep wa| 2,0 100 — [ 050 3430{ —461 —38| —42 8
onuroagupe |
4 (‘f) 20| 1,50] — | 0,75] 3500} —43}—33|—38 | 10
5 1.0 10O — | 100§ 6300 —42|—31|—36,5{ 11
6 1,5 200 — | 1.33] 4500]—39| —26| —32,5| 13
7 1,0 | 2,00 2,00) 1990{ —33| —20{ —26.5] 13
8 |[®opnoaumep na( 2,0 | 1,00f —~ { 050} 7500/ —50|—40| —45 | 10
oauroapupe 2
9 |®opnoaumep Ha| 20 1,50) — | 0,75]13500| —45] —38| —41.5]| 7
oanrosgpupe 2
10 @ 10| 1,00{ — | 1,00| 5500| —45| —38| —415| 7
H 151200 ~ | L33] 5000| —46) —35} —40.5! 9
12 (o) 1,0 200f — | 200 4800| —44|—35[—395| 9 ]
13 |3nacromep ma| 1,0 | 1.07| 0.017( 1,07 — ' —44|—26]—35 | I8
oarroapupe 1
14 10! 110} 0,035) L10) — }—41]—251-33 |16
15 10§ 1,15] 0070 LI5| — | —40|—24;—32 | 16
16 g%; 1,0 | 1.20( 0.1001 1.20] — [--39|—24)-315] 15
17 |3nactOMep ma| 1,0 | 1.15{ 0,070{ L,15| — |—45|—34}--39,5| 9
onnrospupe 2
18 1011210100 1,200, — | ~45]—34{-—395; 9

Key: (1). The sole fraction of components. (2). Number of
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specimen/sample. (3). Specimen/samgle. (4) . Cross-linking agent. (S).
start. (6). end. (7). averaye. (8). oligoester. (9). Prepolymer on

oligoester. (10). Elastcmer on oligoester.
Page 58.

At the same time curve 1 lie/rests above and has greater slope angle,
than curve 2. This phencsenon i1s explained by the higher
concentration of urethane yroups per unit of volume of prepolymer,
wvhich contains the oligocester units of smaller molecular weight, and
by a more significant increase iun the concentration of these groups
in this same prepolymer in proportion to an increase in the share of

diisocyanate.

It is substantial that extrapolation of both of curves to the
zero value of the mole frdaction of diisocyanate gives T ,=-—47"C, wvhich
corresponds such mechanical segment of polydiethyleneglycoladipate

{see Pig. 19).

The curve of dependence T, oa the mole concentration of
urethane groups for prejolymers (Fig. 21) has the same character, as
analogous curved for it is polyurethane another nature (see Fig. 18).
In this case, data of both of prepolymers lie dowa on one and the

same curve, which indicates the dominant role of the concertration of
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urethane groups in change 7. in polyetherurethane,

In turn, the transition from prepolyamer to the cross-linked
elastomer is not accompanied by talis significant increase 7, as
transition from oligoester to the prepolymer (see Table 15). Hence
follows the conclusion that the transition from oligoester to
prepolymer leads to a sharp yualitative change in the properties of
the molecule, in which the properties of initial units seemingly
partially are lost. Newv molecule (wolecule of prepolymer) is the
independent kinetic unit/one, wanicn is characterized by its own

mobility.
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Pig. 20. Dependence 7. (1 and 2) and molecular weight (3 and 4) from

molar ratio of oligoester and diisocyanate for prepolymers on the

basis of oligoester with M=1600 (1, 3) and 4100 (2, 4).
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Pig. 21. Dependence 7. on mole concentration of urethane groups (C)

of prepolymers on basis of OE with M=4100 (1) and 1600 (2).
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Key: (V). mole/1000 gqg.

Page 59.

Otherwise the loss of mobility by such system would occur into two
stages - first mobility feli wecause of the jocining of the sections
of chains of polar urethane groups, but from the
preservation/retention/maintaining of the mobility of oligoameric
unit; further at lower teaperature occurred the loss of the mobility
of oligomeric units. In this case, we must cbserve two T, as for

block copolymers [ 159].

From the value of the ditference between 7  oligoester and
prepolymer, prepolymer and elastcmer (table 16) is evident that the
dominant role in increase T, ana i1t means in a reduction in the

mobility of oligoester units iucto elastomer, plays not crosslinking

agent, i.e., not transverse ononds, but polar urethane groups or
physical cross connecticns. Conseguently, the basic contribution to
the three-dimensional/space yrid of polyurethane elastomers introduce

not chemical, but physicai cross connections [115],

An increase in prepolymers of molecular weight of the oligoester

!
{
t
)




|
|
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units (see Table 15) is accompaniea together with reduction 7, by
narrowing the temperature iaterval of this process, which is
explained by the decrease of the mean relaxation time of polymer

chains as a result of an increase in their mobility.

To analogous conclusion/derivations about 7, £ are given the
thermomechanical investigations of the systems (Pig. 22)indicated. As
can be seen from the character ot thermomechanical curves, either
oligoester, or prepolymer is not revealed highly elastic strain and
above T  they are in the viscous flow state. Only cross-linking into
three-dimensional/space grid adds to the obtained systems highly
elastic properties. The couparison thermomechanical curve elastomers
on the basis of oligoesters witn different rolecular weights shows
that for an elastomer on tne wpasis of oligoester with large molecular
weight it is observed togetner with highly elastic and certain
plastic deformation, which 1s expiained by the smaller concentration

of chemical and physical cross connections in specimen/sample.
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'15b1e 16. Contribution of diisocyanate and crosslinking agent to an

increase in the temperature of the vitrification of oligoester.

u) (3) |1 gop - )
H mrapy | Koawye- | 7c ¥OF7 | Te saac. AT casnaa-
06:..;:. _,:1: 5 cr::!‘r:?:- ':::':c‘fup‘ m-:apn. AT TAHL reAr
Tano), C

13 1,07 0,017 —36.0 —-35.0 19,5 1.0
14 L1o 0,035 —35.5 -33,0 20,0 1.6
1 15 1,15 0,070 —35,0 —32,0 20,5 3.0
16 1,20 0,100 —34.5 -31,% 21,0 30

17 1.15 0,070 —41.5 —39.5 6.0 2,0

18 1.20 0,100 —41,0 —39.5 6.5 50

Key: (1). Number of speciaen/sample. (2). Quantity of cross-linking

agent. (3). prepolymer (caiculated), of °C. (4). elastomer, ©°C. (5).'

Cross-linking agent.
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Entirely another picture we observe in the case of polyurethane

elastomers with carbon-chain (oiligyoisoprene and oligobutadiene)

oligomeric units [ 127] (table 17). With the synthesis of the

elastomers indicated as diisocyanate component, was used
toluenediisocyanate, and as the crosslinking agent served

triethanolaaine.

It is very substanctial, that the elastomers, synthesized both on

oligoisoprene and on oligoputadiene begin to devitrify at the same

teaperature range.

l
I teaperature, as their componeant oligomers, nnly in the wider
|
|
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Fig. 22. Thermomechanical curve of oligoesters with N=1600 (a) and

4100 (b) and synthesized on thelr basis prepolymers and elastomers: 1

- common/general/total derformation; II - irreversible deformation

(number they correspond to tane numbers of specimen/samples taktle 15).

Table 17. The temperature characteristic the vitrification of

polyurethane elastomers and their oligomeric components. 1

[T}
CooTHouIeHHE HCXOA-

HBLIX KOMITOHEeHTOR 9 p . o
™ sl =15
BewecTpo 3z (W H g !
£, W vz |~
= o 2 ] ]
= E |2
= [*] & i "W :

(MOnuromzonpen-1 (M = 2000) | — — 10
{§)daactomep na OH-1 1 168 04 | —60| 34| 26
gO.nurou:wnpeHQ (M = 5500) —_ — — | —61{—50] 11
Anacronep na OH-2 ! 168 04 | —60} —45 :g
T 20

—60 | —50

H,Onuroﬁytuueu (M = 2000) — — | —80 ) —6!
@1 dnactomep na Ob 168 ) 04 | —80 [ —60

Key: (1). Relationship/ratio of initial components. (2). Substance.
{(3) . Oligomer. (4). Crosslin«iuy agyent. (5). it began. (6). end. (7).

Oligoisoprene. (8). Elastoaer on. (9). Oligobutadiene.




poc = 79011104 pace 134
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The coaparison of the data of Table 15 and 17 shows that the
replacement into the elastomer cf the oligomeric unit of ester nature
to hydrocarbon leads to the essential difference for the character of
vitrification of these foras of polyurethane elastomers. Difference
is in an intermittent increase in vitrification temperature ufon
transfer from the esterylycols to polyurethane elastomers, which
indicates a sharp reduction in the mobility of cligoester unit in the
composition of elastomer. Transition from oligodiene glycols to
polyurethane elastomer is uot accompanied by an abrupt change in the
mobility of oligomeric units, apout which tell the identical
temperatures of the beginniny of the devitrification of oligodiene

glycols and elastomers.

An increase in the interval of the vitrification of the
investigated elastouers with respect to initial oligoglycol is
explained by the presence in tnem of the rigid cuts of the polymer
chain, formed by the diisocyanate component, which, interacting vwith
each other, increase the nardmness of system, impeding the course of
relaxation processes. All tais ia the final analysis affects also the

relaxation time of polymer chains. An increase of the relaxation tinme
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in turn, leads to the expansion of an interval of the vitrification
of elastomer. This explapation or an increase in the interval of
vitrification in elastoamers 1s coniirmed by the fact that aa interval
of vitrification in elastomers is lovered with an increase in the
length of oligomeric unit, i.e., with a reduction in the share of
diisocyanate component per unit of volume of the elastomer (see Table

M.

The special feature/peculiarity of the behavior of polyurethane
elastomers on the basis of oligjodiene glycols one should explain by
the ne-polarity of oligodiene units. Fhe absence of polar groups in

onsi ble Yorthem
the chain of oligodiene uuits make g%”“{’“—__TE—Eﬁier into strong
interaction with diisocyanate units and friend with other. As a
result the possibility of formation of stable physical bonds is
insignificant. Therefore a sharp reduction in the mobility of
oligomeric unit in the composition of elastomer, as this occurred for

the case of the ester nature of unit, is not observed.

The conpatison‘of the temperature intervals of the vitrification
of the elastomers, obtained on oligoisoprene with molecular weights
of 2600 and 5500, shows that the elastomer with the units of larger
molecular wveight has the smaller temperature interval of

devitrification,
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Transition from glassy state to highly elastic for polyurethane

elastomers with oligodiene units occur/flow/lasts in the wider

temperature interval (see Table 17), than in elastomers with the
units of the ester nature (see Table 15). This, obviously, it is
possible to explain by the homogeneity of basic physical bonds in the
elastomers, which contain the units of ester nature, and by the
heterogeneity of the sasme in elastomers with the units of hydrocarben

nature,

Page 62.

In the first intermolecular iuteraction because cf the presence

of polar complex ester groups is determined mainly by the hydrogen

bonds which as a result of identical intensity for entire

extent/elongation of macro-canains dissociate in sufficiently narrow

temperature interval. In the second because of nonpolar nature units

intermolecular interaction is realizesaccomplished in essence by the

dispersion forces.

The wide collecticn ot the interatomic distances of adjacent
macromolecules, caused Ly taeir relatively small polarity, causes
formation between the chains ot polyurethane of the dispersicn bonds
of different intensity whose destruction must occur/flow/last in

significant temperature intervai. In connection vith this we assune

e

'
>—— - -
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that the differences in caange 7, upon transfer from oligomeric
units to the cross-linked elastoaers for polyurethane elastomers with
ester and hydrocarbon nature are explained by a difference in the
character of the physical yria, which is generated in polyurethane
elastomer. In turn, in polyurethane elastomers with the ester nature
of oligomeric units the predoaminant contribution to the effective

density of the physical gyrid shoula be played by hydrogen bonds.

Thus, 7. amorphous 1s polyurethane it is predetermined by both
the cheaical nature, structure and molar fraction of components of
polyurethane diisocyanates and 4iycols and by molecular weight of the
latter. The basic contribution to increase T, cross-linked is
polyurethane in comparisou with initial oligoglycol it introduces not
spatial structure it is polyurethane, but the presence in them of the
urethane groups, which play tne doainant role in the formaticn of

secondary physical bonds.
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PHASE TRANSPORMATIONS AND VAITRIFICATION OF LINFAR ALIPHATIC

POLYURETHANES ON THE BASI5 OF LOW-MOLECULAR GLYCOLS.

Properties it is polyurethane they depend substantially on that,
will be it glycol comprised aonomer or oligomer. In the case of
monoseric glycols, the generating polyurethane in essence are
crystallized, wvhereas capability for crystallization it is
1 polyurethane with oligoglycol units it is not the necessary result of
the chemical nature of chain. Tonerefore it is expedient to examine
the questions, bonded with phase transformations, for each form it is

polyurethane separately.
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Fig. 23. The dependerce of amelting point it is polyurethane on the
basis of butanediol and linear aliphatic diisocyanates from a number

of carbon atoas for target/purpose (n) the latter.
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Table 18. Some characteristics of linear ones it is polyurethane.

[1A] {2) (3)
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—(CHg)y— 1.4-Byranaunon (4) 193 |Ouens  xopowo ($)

BWTATHBaETCH
B HUTD

1,6-Cexcangmoa (&) 180 | To we

1,10-fexavnnon (¢) 171 >

1,3-NMponatanca (9 167 > »

1.5-Nenrananon (i) 151 » »

1,9-Honanamon (W 147 » »

OHCH,CH,—0~—CH,CH,OH 120 > »

OH (CH,),—O—(CHy),0H 124 | »

CH,—C é_CH,CH,-éH_CH, 104 | »

&H | O H

OHCHyy~C ™ M (CH)OH | 158 |5 »

OH(CH,),S (CH,),OH 120134 » »
(l)l:%CH,).S (CHy OH 1201—(-‘:()125 > »
—(CHy)y— -Byrananon > »
(CHado 1-3-Byrananon *@ 77—82 | Poronogo6uuir (/2)
1.6-Texcanamon & 153 [Ouene  xopowo B |
BHTATHBAET-
L ) €A B HUTE
OH——< >—OH (Tpauc, uuc)| 215220 | Xopowo  suTH- ¥
—_ ruBaeTCA B
HHTB, Xpyn-
) Kuh
OH—-’\ ‘——OH (Tpanc) 250—255 | Pasnaraerca 16}
OHCH,—'\ \>—~CH,OH 168 |Maoxo swrars (N
—— paeTca B
HHT
OH(CH,),—-’\/ \/\—-(CH,),OH 208--212 | Burarnsaercs s (1§)
e HHTS
—(CHy)y— 1,4-Byranzuon @ 136~140 | Ovems  xopomo ®
BUTSTHBaET-
) 0 T CA B HUTH
—(CH, 1.4-ByTtaunuon 121—125| To xe
(b 1,5-Tlentananon @ 143—146] » »
- - 1,4-ByrauaHon 260 Paa.uaraerca@
—(CHy)ys— 1,12-Jlozexananon (IQ} 128 | Ovuems xopowe
puTArHBaeT- {2/
€a B HHTL
_ZN_Z\_ - .
\_/_\_> 1,10-flexanznon (§) 215219 Mm':xmuﬁ. r;;);‘ ()
7 N A i
CH, CH, o 1
~(CH,)y S(CH,), — | 1.4Byrananon (§/ 126~133| To me




DOoC = 79011104 pacE ¢/

Key: (1). Diisocyanate. (<¢). uvlycoi. (3). Properties. (4).
Butanediol. (5). Very well it i1s pulled out. (6). Hexanediol. (7).
The same. (8) . Decanediol. (Y). Propanediol. (10). Pentanediol. (11).
Nonanediol. (12). Horn-like. (13). trans-, cis-. (14). Well ropy,
brittle. (15). trans-. (16). it is decompose/expanded. (17).

Badly/poorly ropy. (18). Ropy. (19). Dodecanediol. (20). Poraing |

fiber, brittle.

Page 64,

Linear polyurethane on the basis of low-molecular glycols have
such in common with analojous polyamides, So, this form is
polyurethane it possesses the capacity to ropy, and therefore is of
interest as the fiber-forming material. For it is polyurethane just
as for polyamides, is cbserved a zigzag change in the melting point
vith a change in the nuster of methylene grougs between the polar
groups of chain (Pig. 23). Melting point it is polyurethane with even
number of methylene groups aigjyaer than in their nearest polyamer
homologs, which contain the odd number of methylene groups in

hydrocarbon chain/network.

The properties of linear ones it is polyurethane strongly they

depend on nature and structures from components, which can be judged
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according to data fable 18 { 170 ].

Let us pause at the presentation of existing in literature

information which concern separate aliphatic ones it is polyurethane.

Polyurethane on the basis of 1,o-nexamethylenediisocyanate and

1,4-tetramethyleneglycol (perloa-u).

Known a significant gJuantity of crystallizing aliphatic ones it
is polyurethane, but is solidly studied the structure of polyurethane
on the basis of 1,6-hexamethylenediisocyanate and 1,4-butanediol
(perlon-U or 4.6-PU). This 1s expiained by the fact that this
polyurethane already found practical application/use as the

fiber~-forming material.

Por the first time structure of 4,6-PU described Brill [177],

then Zahn and Winther [ 349, 350], and also Borchert [ 174].

Diagrammatic representation of the structure of unit cell of
4,6-PU, proposed by Brill, is given in Pig. 24. The authors indicated
assign to this polyurethane anorthic lattice with the following

parameters of unit cell:
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a, A aA e A a’, [ L 28
9.5 19.10 8.4 90 63—65 77 [349, 350]
4,95 10.10 823 9% 60,2 73 17444 '
9.56 19,10 8.23 90 63 73 (243, 244§

Triclinic crystal lattice ot 4,6-PU consists of the "flat/plane

grids" [147, 170] whose adjacent macromolecules are connected through
[dotted {tne). Tn4vrn the *plane qeids“ are dxacked on /
the regularly repeated sections by N-bridges (Fig. 25, A - each other,

is formed threa-dimensionas lattice.

Page 65.

Thus, 4,6-PU it is packed according to the type of layer
lattice. In this case, at the direction of chains (axis c) lie/rest
main valence bonds, in “"tlat/plane grid" {(axis a) act the hydrogen
bonds. Between "flat/plane grids" the bond is realizes/accomplished by

van der Waals forces (axis c¢).

The usually crystaliizing poiymers do not form ideal crystalline
systeas and always contain sections with mono-, two- and
three-dimensional by the disturpance/breakdowns of crystal lattice.
Crystal structures with mono- ana two-dimensional lattice
imperfections call pseudo- or paracrystalline ones. Similar
structures can be formed also in polyurethane, especially in the

initial (primary) stage of crystallization.
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Pig. 24. Diagram of the part of elementary cells of 4,6-polyurethane.

Por deternmining the deyree of order {crystallinity) in 4,6-PU
according to the data ot X-iay studies Kilian and Yenkel [ 243, 2u4] ﬁ

calculated the integral aegree of the crystallinity

2,
( 146, (IV.1)

2,

a ==

\., —

l the partial crystallinity, characterizing the hydrogen bonds
1
|
|
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and the partial crystalliinity, characterizing the van der Waals bonds

av=—;_— s 1,48, (V.3
(©002)
vhere T - the total intensity of interference, ©, and 6, - angles
of reflection of interference (200) and (002) respectively: /, and
I, - intensity of the interference of the crystalline part of the

spectrum vhen 6, and ¥,

The diffraction curves of 4,0-PU (Fig. 26} show that with a
temperature rise the intensity of van der Waals bonds is lowered and
their characteristic peak practically disaprears at the melting point
of polymer. The intensity ot anydroyen bonds practically does not

change up to melting point.

This phenomenon very visually reflect/represents the character
of the curves of the derenaence of the integral and partial degrees
of crystallinity of 4,6-EFEU on temperature (Pig. 27), calculated by

formulas (IV.?; IV,2 and IV,3).

Thus, is observed difzerent temperature dependence of the

intensity of interference (<200), that corresponds to Van der Waals
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bonds. This dependence testifies toc the strength of "flat/plane

grids" and about the fact that crystal structure, caused by hydrogen

R

bonds, remains unchanged up to melting point.
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Fig. 25. Structure of the "flat/plane grid" of 4,6-polyurethane.

Page 67.

Simultaneously with tae decoaposition of "flat/plane grids"
occurs the spontaneous decomposition of interglanar van der Waals
bonds; however, a gradual raduction in their intensity with a
temperature rise is observed already considerably lover than the

melting point (~0°C).
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The diffraction curves of the exposed/persistent at different
temperatures hardened/tempered specimen/samples of 4,6-PU (Fig. 28)
shov not the identical teaperature dependence of hydrogen and van der
Waals bonds in the course of its crystallization from highly elastic
state. The integral and partial crystallinity, which are
characterized by Van der Waals wonds, in the range of temperatures of
0-100°C coincide (Pig. 29). Higner than 100°C integral crystallinity
sharply grows on because of an increase in the partial crystallinity,
caused by the emergence cf hydroyen bonds, However, splitting of the
maximum of the diffracticn curve (see Fig. 28) is observed at lowver
teaperatures, which is especiaily clearly evident from the curves,
given for 4,6-PU {14 ). This phenoaenon indicates the emergence of
three-dimensional crystalline tformations already at the lowver

temnperatures (see Fig. 29).

At the same time crystallization of 4,6-PU from highly elastic
state‘bears in stages character. To temperature of 100°C,
macromolecules are stacked in essence into two-dimensional
pseudocrystalline structure and only higher than this temperature is

formed modern crystal structure with intermolecular hydrogen bonds.
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Pig. 26. The diffractionm curves of the thermalization/heat-treated at
high temperatures specikmen/sampie of 4,6-polyurethane: 1 - N-bond; 2

- van der Waals bonds.
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Pig. 27. Temperature effect on deyree of crystallinity of

50 ol 150 I‘r

4,6~-polyurethane: 1 - integral; < - partial according to van der

Waals bonds; 3 - partial on N-bond.
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Fig. 28. Diffraction curves of thermalization/heat-treated at

different temperatures hardened/tempered specimen/sample of

4,6~polyurethane: 1 - N-bond; £ - van der Waals bonds.
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FPig. 29. Temperature effect on deyree of crystallinity of

hardened/tempered 4,6-polyurethane: 1 - integral; 2 - partial

according to van der Waals bonds; 3 - partial on N-bond.
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rig. 30. Teamperature dependemce C, for &,6-polyurethane.

Key: (1) . cal/gedeg.

Page 69.

The influence of thermal eifect on structural transformations in
4,6-PU is investigated [39, 43] by the method of differential-thermal

analysis (DTA) and of differential micro-calotimetry [(19].

Pigure 30 gives temperature dependence ¢, for a crystalline
{annealed) specimen/sample ot 4,6-PU in the range of temperatures
from -50 to 200°C, Is below yiven C, (cal/gedeg) in the investigated

teaperature interval:
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W @y s
or —50 a0 —10°C Cp=0422415107°T

oT 45 p0 120°C Cp=0495 1,65.107°T
or 195 a0 210°C Cp = 0,665

Key: (1) from. (2). to.

In the range of teamperatures of 10-40 °C in the curve of heat
capacity (FPig. 31) is observed tae lift, caused by the emergence of
the segmental mobility of macromolecules, the caused by transition
armorphous parts of the polymser rrom glassy into highly elastic state.
Higher than 120°C increase in the neat capacity significantly is
accelerated and temperature course C, describes the peak, which
corresponds to melting the crystaliine formations the melting point

of which 183°C.

Calculated according to the data of the micro-calorimetry of
heat of fusion of 4,6-PU (without the account to the degree of
crystallinity) is equal to 20.7 cai/g. The heat of fusion, determined
by method of DTA for a specimen/sample of 4,6-P0 with lower selting
point (1739C), render/snoswed Z2.3 cal/g. This divergencesdisagreement
can be explained by the greater crystallinity of the last/latter
specinen/sanples of the polyurethane, which possesses smaller
solecular weight, and also ygreater error for the gquantitative

definitions, conducted ty method of DTA.
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Heat of crystallizatioa of fusion/melt of 4,6-PU (per data of

DTA) at rate of cooling cf 49C per minute is 19.8 cal/g.
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104°

72°

Pig. 31. Thermograe of heating amorphous u,6-polyurethane.

Page 70.

The thermal behavior amorphous specimen/sample of 4,6-PU,
obtained by the quenching of smaili quantities (0.05d) of fusion/melt

by liquid nitrogen, can be judged also from thermograam (FPig. 31).

At temperature of 389C in differential curve, is revealed the
jump to the side of endcthermal effects, which testifies to a sharp
increase of the heat capacity of polymer as a result of the
appearance of a segmental mobility of polymer chains
(devitrification). Further increase in the temperature adds optimal
for crystallization mobility, and they are crystallized, to which

testifies the presence in the curve of sharp exothermic peak with

acalSemhanll
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apex/vertex with 104°C, Melting formed crystal structure is

characterized in essence by the subsequent endothermal peak with
apex/vertex with 173°C. Tae which precedes it small endothersal peak
with apex/vertex with 1489C also cunaracterizes of melting, but less
modern crystalline formatioas whose emergence is caused by the
rigorous conditions for crystallization. This phenomenon indicates
both the coamensurability of the areas of the exothermic peak of

crystallization from such voth or endothermal peaks of melting and

coincidence of the temferatures of the beginning of small peak
(137°C) with the temperature or the beginning of melting the initial
crystalline specimen/samgle, which has the same character as the peak '
(see Pig. 30) [39). Consequentiy, the data of micro-calorimetry and '
DTA are in good agreement witn the data of X-ray analysis. So, for a
crystalline specimen/sample of 4,6-PU in region of 130-160°C heat
capacity initially relatively slowly, and then sharply it is raised
(see Pig. 30) . This behavior is explained by the anisotropic
character of crystal lattice for which the first region of increase
C, corresponds to the graduai disappearance c¢f van der Waals bonds,
and the second - to relatively rapid deccmposition of the hydrogen

bonds, which unite macromolecules into "flat/plane grids".

Pig. 31 also shows well the mechanism of crystallization of

4,6-P0 from highly elastic state. The sharp exothermic maximum of

higher than 100°C reflect/represents the formation of modern crystal
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structure with intermolecular hydrogen bonds. The beginning of
maximum characterizes the emergyence of the pseudocrystalline
structures vhose part does not msanage to be organized in
three-dimensional structure and subsequent melting of which it is

record/fixed vwith endotherwmal peax with 1489C.

However, all thersograms of heating indicate the higher
temperatures of vitrification ot 4,6~PU, than this escape/ensues from

X-ray data, in particular from Fig. 29.

Kinetics of the crystallization of 4,6-polyurethane. Essential
interest are of data on kinetics or the isotherwal crystallization of
4,6-PU, which make it possiple to dravw conclusions both about the
temperature dependence cf the crystallization rate and about the

character of structurization an polymer.
Page 71.

Kinetics of the crystallization of many homopolymers is
completely satisfactorily descriped by equation of Abrasi [88)
o =1—eKe" (IV,4)
vhere a - a share of the substance, vhich was subjected to phase
transformation for time t; n - constant, which characterizes for this

substance the type of nuclei torming and the type of the growing

f g -
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structures, is taken vaiue from 1 to 4; Ko — rate constant.

Kinetics of the isothermal crystallizaticn of 4,6~PU from
fusion/melt vwas studied Lty the method of veighing the "weights of
density” [300) and differential micro-calorimetry ( 21]. The procedure
of the micro-calorimetric studies of kinetics of the crystallization
of polymers is described in [ 17, 18]. Figure 32 in semilogarithaic
coordinates depicts the isotherms of crystallization of of 4,6-PU,

the constructed according to data micro~-calorimetry.

Hovever in order to judje kinetics and type of the growing
structures, one should deteraine Ko and n, The latter are determined
via the presentation/concept of experimental results in the proposed

by Abrami coordinates

gl—lg(l —a)—Igt.

PRSP HERP N
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Pig. 32. The dependence of tnhe degree of
thermal effect of the crystaliization of
logarithm of the time o1f crystallization

162; 2 - 163; 3 - 165; 4 - 167; 5 - 169,

2,5
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Pig. 33. Isotheras of crystallization of 4,6-polyurethane in

the perfection of the
4,6~polyurethane on the

at temperatures (°C): 1 -
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coordinates of Abrami at temperatures (°C):

165; 4 -

>-—- -

167;

5 - 169.

PAGE ‘57

1

162;

2 - 163; 3 -
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Page 72.

After the dual logarithamic operation of equation (IV, 4) we have

lgl—lg(1—a)] = 1g 0,434K, + nlgt.

On slopeszinclinaticn toward the axis of abscissas by the
obtained in the coordinates indicated straight line is easy to
determine value n, while accordiny to cutting off intercept/detached

by it on the axis of ordinates - value K,.

Kinetics of crystalilication 4.6-PU is described by equatiom (1Y,
4) only in range of values a not nigher than 0.25, after which are
observed systematic deviations irom theories, Really/actually, the
observed degrees of transformation are less than theoretical (Fig.

33).

Values n, determined on the vasis of the straight [88] 1

corresponds to the forrmatioan eitner of flat/plane structural

cell/elements on heterogenic wmpryos or linear structures on

homogeneous embryos (¥able 19).
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On the bases of the contemporary concepts about lamellar
character of crystallites in polymers and possibility of existence in
fusion/melt 4.6-PU of heterogenic formations (the individual sections
of the piles of macromolecules) it is possible to assume that value
n=2 ansvwers the course crystallization with the formation of lamellar
crystallites. This will agree well with electron-microscope [206] and
X~-ray ones to investigations [245], from which it follows that

crystallites in 4,6-polyurethane really/actually flat/plane.

As a result of the investigation of kinetics of crystallization
4.6-PU with the aid of weiyninygy, thne authors [300] come to the

conclusion that n=2.3 whicu contrauicts other data [21].

Polyurethane on the basis of nexamethylene diisocyanate and

ethylene-, diethylene- and trietnylene glycols. ]

As a result of their fiber-torming properties are of interest

and linear aliphatic polyuretanane on the basis of ethylene glycols.
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Table 19. Characteristics of crystallization for 4,6-polyurethane.

o ¢
Typ °C AT =;.nJI - g Ko a 0,5 Mu
— Inp
162 21 -~1,51 1,95 6,0
163 20 —~1,99 1,88 10,5 '
165 18 —2,60 [ 2,00 18,5 4
167 16 =310 | 2.06 21,5
169 14 -~3,61 2,08 59.0

Key: (1). min.

FOOTNOTE !. Melting point 4.0-PU of 183°C,

Page 73.

So, X~ray diffraction analysis investigated of melting and
crystallization it is pclyurethane on the basis of hexamethylene

diisocyanate and ethylene-, dietnyiene~, triethylene glycols [14]. 1

The authors {14 ) come to the conclusion that changes in nature
and structure of glycol do not change the character of melting and
crystallization it is polyurethane on their basis, i.e., in these

polyurethane as in 4.6-PU, ot wmeiting and crystallization two-stage.

Are different only temperature intervals of these processes which
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depend on nature and lenyth of the composing polyurethane units.
However, in [14) the data on the character of crystal structure of
separate forams it is pciyuretnane they are not given; by analogy wvwith

4.6-PU they ascribed anorthic lattice,

These authors in [ 15) note that depending on crystallization
conditions polyurethane on the basis of ethylene- and diethylene
glycol are capable of foruiny ditterent crystalline modifications. on
the characteristic features of crystallization and melting, it is
polyurethane on the basis of dietnylene- and cf triethylene glycols
testify the data of differentiai-thermal analysis [ 43, 45] and of

micro-calorimetry [ 19, 20}.

In contrast to 4.6-PU for is polyurethane on the basis of
diethylene- (PUDEG) and oi trietaylene glycols (PUTEG) in the region
of melting is observed the complex course (, vhich is evinced by the
presence of two maxisums (Fiy. 34). This form to curve C, in the
region of melting indicates the course of two successive processes to
each of which corresponds tne specific thermal effect. In the case of
PUDEG these thermal effects divided could not be, and in sum they
vere equal to 19.8 cal/y. The sum of the thermal effects of melting
PUTPFG 15.3 cal/g from which 12.8 cal/g answer the first, and 2.5

cal/g - to the second thermal effect.
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Heat were calculated accordinygy to the data of the heat capacity

wvhich for the crystallipe annealed specimen/sanmples varied within the

limits:
3 () nas nyvasr

Mor 5020 ~5°C €, =0422415.10-°T;

or 50 AdA100°C C,=0512415.107°T;
(% or 140 %0 160°C Cp=0.623;

> “H Dan NYTIC

/

&m_sano ~20°C €, =04224+15.107%7T;
go Cpa-0308+2 10 1
@ or m 135°C C, =063l

Key: (V). For PUDEG. (2). from. (3). to. (4). For PUTEG.

It should be noted that on the curved temperature dependence of
the heat capacity of the annealed specimen/sample of PUDEG in the
temnperature range of vitrification are visible two distinctly
expressed lifts: the first in the range of temperatures from -5 to
+109, by the second frca 30 to 45°C. Por PUTEG is observed only one

1ift in region from -15 to -10°C.

Page 74,

The curve of the temperature dependence of the heat capacity of the

hardened/tempered (amorphous) specimen/sample of PUDEG (Pig. 34,

curves 2) shows that in rangye troa -50 to -59C temperature course
C, analogous such of crystalline (annealed) specimen/saaple. In

range from -5 to 10°C, the heat capacity sharply grow/increases,
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which is caused by the transition of specimen/saaple from glassy
state to highly elastic, After 209C is observed the sharp decrease of
heat capacity. This is bonded witha the crystallization of the
sections of macromolecules, sufficiently pliable ones for the course
of this process. On completion ot the process of crystallizatlou;;
becomes somevhat less than for the same teaperatures in crystalline
specimen/sample, after 85°C again 1t begins to decrease, passing

through the ainimum at temperature of 103°C.

On the basis of the shape of the curve of heat capacity, is made
the assumption that in teaperature interval of 50-100°C proceeds the
slow crystallization process, which after 859C becomes completely
noticeable. Higher than 1109C formed in the course of heating crystal
structure begins to be decomposed; in this case, as in the case of

crystalline specimen/sample, melting occur/flow/lasts in two stages.

Very essential is the equality of the values of heat capacity in
fusion/melt and highly elastic state, which testifies to the
uniformity of the character of intermolecular interaction in these

tvo states.

Given data of distances to the authors [ 19) basis/base for

folloving conclusions in the ratios/relation to to crystallization and

selting poDRG.




poC = 79011105 PAGE o /64

o, KM/"WK\\
21 T

i o i

5 me 1m0 - o ‘w0
Y

=

R |
°

Pig. 38. Temperature dependence c,

for PUDEG (a) and PUTEG (p): 1 - crystalline specimen/sample; 2 -

hardened/tempered specimen/saaple.

Key: (1). cal/gedeg.

Page 75.

Is higher than vitrification temperature in the temperature
range of 20~459C crystal structure is formed in essence because of
the emergence of hydrogen vonds in planes (emergence of
pseudocrystals). Higher than 509C order in pseudocrystals is
increased, and in interval of 85-110°C are crystallized the

ether/ester links, which up to this torque/moment acquired sufficient

i B
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mobility. simultaneously beyius tne gradual decomposition of crystal
lattice. The first peak in fusion curve of Pig. 34 corresponds to the
decoaposition of bulk of crystals, vhile by the second is bonded with
the decomposition of the crystalline sections, formed by ether/ester

links.

The complex character of crystallization and melting can be
explained by the tendency of PUDEG toward the formation of
polymorphic crystal structure as this assumed in work [43). Howvever,
for final conclusion/derivations are necessary detailed structural

investigations.

Are of interest results on the investigation of the effect of
the depth of crystallization of PUDEG on the character of a change of
heat capacity in the region of vitrification. Specimen/samples with
various depth of crystallization are obtained as follows. The
fusion/melt PUDEG was hardened, then at temperature of 299C they
crystallized during the specific time under isothermal conditions and

again they hardened.

During the analysis the vitiification of the specimen/samples,
subjected to dual gquenching, besides the temperature dependence of
heat capacity (Pig. 35a) are examined the change with temperature and

functions (7 (Pig. 35b), for which Dol and the coworkers [ 156)
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proposed the name encraty and desiynated through L. Values Q indicate
the values of thermal effect (cal/y), fixed before the second

quenching.

Table 20 gives the maxiaum values of a change of encraty in the
region of vitrification AL, and also 7, which defined as the
temperatures by wvhich encraty accepted the half its maximum value and

AC, during vitrification.

Fros the data of table 20, it is evident that with an increase
in the depth of crystallization oi PUDEG the temperature of its
vitrification somewhat is misaligned into the region of higher
values, and the temperature interval of vitrification is expanded.
Por the annealed specimen/sample (see Table 19) are obtained resylts
separately for the first and second lifts on the temperature
dependence of the heat capacity (see Fig. 34). For the completely
amorphous specimen/samgple, in which Q=0, is calculated the value of a
change in the heat capacity during vitrification to 1 mole of links
in accordance with {343]. In the case C, in question with
vitrification, it was 0.196 cal/gedeg, Rolecular weight of the
repeated section of the macromolecule of PUDEG is equal to 274.3.
According to [383]), this section contains 17 kinetic links, whence
AC, = (M/I7) x AC, = M.AC,=163.0,19=3,16 cal/moleedeg, where M - average

aolecular weight of kinetic 1link,
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Page 76.

Calculated value AC, will ajree well with theoretical (2.97
cal/mole X deg), obtaired on the basis of the hole theory of
vitrification and with the value of 2.7 cal/moleedeg, found during
the analysis of these for a lLarge nuaber nonoieric and organic

glasses [ 230, 2u43].

It should be noted that tae shift 7, of PUDEG with an increase
of the depth of crystallization into the region of higher
tesperatures and the expansioa of the temperature interval of this
process they indicate constaut change in the structure of amorphous
zones. Together with coampletely amorphous sections, apparently,
appear the mesomorphic regions, which condition the character of

transition indicated.
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Co,nan/2-tpad Q)
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Pig. 35. Temperature dependence ¢, (a) and Al (b) for
specimen/samples PUDEG in the temperature range of vitrificatioa
after dual quenching at ¢ (cal/y): ¥ - 0; 2 - 7,63 3 - 9,5; 4 -

1“.35: 5 - '6.3; 6 - 4.6=Ple

Key: (V). cal/gedeg. (2). cal/yedey?.

Page 77.
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The fact that in the specimen/sample, to annealed, the first 1lift in

the curve of heat capacity is observed in the same temperature range,
as in that harden/tempered, testifies to the presence in it of
noncrystalline regions. The secound 1ift in the curve of heat capacity
of the annealed specimen/sample in field of 30-45°C is explained by
the additional mobility of tane individual sections of macromolecules
PUDEG. Since in 4.6-PU is observed one 1lift approxieately in this

same temperature rangde, 1s made assumption about the fact that the

‘ tvo-stage character of the vitrification of PUDEG in a some manner is

bonded with the presence in its macromolecules of ether/ester oxygen. f

The experimental data, obtained for PUTEG, also indicate the
separate crystallization of the uiisocyanate and ethyl glycol
sections of polymer chains. However, an increase in the length of
ethyl glycol unit causes the counsiderably larger difference tetween

the temperatures of the maximuws of peaks in fusion curves and

somevhat changes the relationsaip/ratio of the temperatures cf the

maximuas (see Pig., 34) . For PUTEc this relaticnship/ratio depends on

the heat treatment of specimea/sample.

The temperature dependence ot heat capacity and encraty in the

temperature range of the vitritication of the subjected to dual
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quenching specimen/samfles PUTEG 1s given in Fig. 36. The basic
quantitative data, which characterize the vitrification of PUTEG, are
given in Table 21. Calculated value AC, comprised for PUTEG of 3.42

cal/anoleedeg,

For the specimen/samples PULEs, obtained from fusion/melt, in
contrast to PUDEG on the curved temperature dependence of heat
capacity in the temperature range of the vitrification (see Fig. 34)
is observed only one lift. This fact did not thus far obtain

satisfactory explanation.

Isothermal crystallization trom fusion/melt and solution. The
isotheras of the crystaliization or fusion/melts PUDEG and PUTEG in
coordinates Avrami are represented in Fig. 37, 38. The calculated on

their basis values 19K, and u, are givem in tables 22.
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¥able 20. Characteristics of the vitrification of PUDEG.

L -
0 \ 3
S || gd (V8
33| §3

0 —1 6,6 0.196
7,60 f— | 4.6 0.144
9,50 0 4.1 0.131
14.35 2 3.1 0.108
16,30 4 19 0.091
43 1,1 0,054

Key: (V). caly/g. (2). cal/gedeg2. (3). cal/gedeqg.

Table 21. Characteristics of the vitrification of PUTEG.

X

() 0
Q

Kaarz

KaM/2 - epact
—
Ko
xaaje  2pad

AL . 108,
AC).

103 | —13
153 | —13

Key: {1). cal/g. (2). cal/gedey2. (3). cal/gedeg.

Page 78.

&—~—From the character of isotherms and data of Table 22, it is
evident that for both ¢f polymers kinetics of crystallizationm in
entire temperature interval is subordinated to equation of Avrami. In

this case, for PUTEG in entire temperature interval, coanstant n is in

> -
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effect equal to two, which yives yrounds to assume about an increase
in the lamellar crystaliites duringy the crystallization of this

polyurettane from fusion/melt.

Value n=3 for PUDEG formally indicates an increase in the
flat/plane structural cell/elements on homogeneous embryos or

volumetric ones on hetercyenic ones.

In one of works [242] it was established that polyurethane on
the basis of hexamethylene diisocyanate and diethylene glycol reveals
the clearly expressed high period of order 70K. On basis of this, the
conclusion is made that crystals in this polyurethane are formed by
macromolecules with foldiay structure., Consequently, it is possible
to assume that value n=3 corresponds to the fcrmation of lamellar
crystallites by the mechanism of homogeneous nuclei forming. An
increase in three-dimensional structures on heterogenic embrycs is
less probable, on thus tar still it is not possible to give siaple

ansver/response to a question, what structure is formed in

crystallizing PUDEG.
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Cp, kan/ e 2pad Q)
a7 1

15

250 270 200 %
Pig, 36. Temperature dependence (¢, and AL for specimen/samples PUTEG
in the temperature range of vitrafication after dual quenching at @
Key: (1) . cal/gedeg. (2). cal/yedey?.

Page 79.

They were conducted optical-microscopic investigations of

spherulitic structure of PUTEG [206). Were studied the films,
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obtained by isothermal ccrystallization from the 1o/0 solution of
PUTEG in the mixture of dimethyl formamide with acetone, and also
from fusion/melt. Spherulitic crystallization from solution was
realize/accomplished in the range of temperatures of 80-40°C, It is
shown, that in interval or 80-609C increase the ring spherulites,
which have the single rinys of extinction, moreover the sign of the
double refraction (DL) of ring is positive. At teaperature of 55°9cC,
increase the ring spherulites, which have the dual rings of
extinction and alternatinjy/variable sign DL alcng the radius of the
spherulite: wide bright ringy has positive sign, and narrow bright
ring - negative (Fig. 39a, cm gluing-in) . With a temperature decrease
of crystallization to 50°, sharply is changed the picture of
spherulitic crystallization - taey appear the mixed spherulites. At
T« ~S0°C increase predominantly the spherulites with ring center and
radial periphery (FPig. 346.D), waile at Tw ~40°C ~ the mixed
spherulites whose center takes the spherulite-like form, and
periphery radial (Fig. 39c). At tunis same teaperature increase the
virtually completely radial spherulites, in which fairly often is
observed the vividly glcwing center (Fig. 39d). Sign DL of radial

spherulite negative, and ceuter is predominantly positive.
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Pig. 37. Isotherms of the crystallization of PUDEG from fusion/melt
§=103.8;

in coordinates of Avrami. 1 - 95; 2 - 4§:; 3 - (00 ; 5 - 105; 6 -

107.7; 7 - 109°C,

Pig. 38. Isotherms of crystallization of PUTEG from fusion/melt in
coordinates of Avrami: 1 - o04; 2 - 72; 3 - 75; 4 - 78; 5 - B1; 6 -

859cC.

Page 80.

Isothermal crystallization from fusion/melt was conducted in the
range of temperatures frca 99 to 75°9C. It is reveal/detected that in
teaperature range froam 99 to 939C increase the spherulites, which do

not have the cross of extinction (Fig. U40a, see insert). In the
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cell/elements, directed along the radius of spherulite, positive or
negative sign DL almost all its over length. The regqgular arrangement

of radial structural cell/elements is not observed.

l Abrupt changes in morphology of spherulites occur during further
temperature decrease of the crystallization in all on several
degrees. In this case, occur the following two phenomena: first, the

structural elements of sgpherulites seemingly begin to be collected

into "sheaves"; in the second place, DL of spherulites it becomes

predoainantly positive. Most clearly this is developed at T,, ~90°C

(Pig. 40Db).

A temperature decrease of crystallization to 89°C leads to

engendering of the rings of extinction and appearance of a cross.
More regqularly the rings of extinction in spherulites are observed at
crystallization temperatures from 45 to 80°C. The cross of extinction
in these spherulites has zigzay form (Pig. 40c). At 75°C rings of
extinction, apparently, are so narrow that they are not permitted in

optical microscope, but the cruss of extincticn becomes straight 1

line. According to their appearance these spherulites (Fig. 404) are

similar to radial ones, obtained by crystallization from solution,

but in contrast to the latter they have positive sign DL.
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Table 22, Characteristics of the crystallization of PUDEG and PUTEG

from fusion/melt.

o | ar=t )
Typ. °C an ig Ky a 0,5 Mam
Tup
L]
nyanar
95 38 —324 | 3,02 10.5
98 35 —382 | 300 16,0
100 33 —4,17 | 2,97 23,0
103,5 295 =520 | 2,95 51,0
105 28 —590 | 3.00 81.0
107 26 —673 | 3,02 148,0
109 24 —754 | 3,00 288,0
nyTar
69 4 —186 | 2,02 7.0
72 41 —2,13 { 197 10,5
75 38 —251 | 2,00 15,5
78 35 —284 | 200 22,5
81 32 -333 | 2.4 36.0
85 28 ~3,79 | 199 710

Key: (1). min,

FOOTNOTE . Melting point of PUDEs 133, of PUTEG of 113°C.
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Page 80a.

Pig. 39. Supermolecular structures in thin gauge sheets of PUTEG,
$o
obtained from solution at crystallization temperature: a) 55; b) &0,

[
) 50°C (x750).
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Page 80b.

Pig. 40. Supermolecular stiuctures in thin gdauge sheets of PUTEG,
obtained from fusion/melt at Ccrystallization temperature: a) 93; b)

90; c) 89-80; d) 75°C (x280).
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Fig. 41. Supermolecular structures in thin gauge sheets of PUTEG,
obtained at temperature ot crystallization of 89°C in dependence on

the thickness of film: a) 10; b) 2v: c) 30(x280); d) 30 p; (x750).
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Page 804.

rig. 53. Structure of spherulites OBEA. a) in reflected light (x200);
b) the same section in the passing polarized light; c) electron
microphotography of replicas (1-3 - x30000, 4 - x20000): 1 -

fine-crystalline structure; 2 - radial spherulites; 3 - acicular
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spherulites; 4 - annular spherulites.
Page 81.

Together with that presented work [206) gives the results of the
investigations of the effect of the thickness of films (10; 20 and 30
u) on the generating supecmolecular structure at temperature of 89°C,

by which increase ring spherulites.

With the thickness of rilm 10 u, are observed in essence the
®sheaves", which have positive sign DL (Fig. &1a, cm gqluing-in).
"sheaves™ are oriented by ratios/relation to each other in essence at
angle 90% .z)r the treatament of this phenomencn they are necessary

additional electron-microscopic examinations.

hb-u{th an increase in the taickaness of film to 20 u "sheaves" begin
to form spherulites, moreover in some of them is developed the
sufficiently developed cross ot extincticn (41b). In separate
"sheaves" begins the irregular torsion of fibrils. Sign DL remains

previous.

Basic changes in the structure of spherulite occur in the filas
with a thickness of 30 u. As can be seen from Fig. U1c, d ring

spherulite consists as of several “sheaves", moreover in the center
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of spherulite one of the "sheaves® is located above others.

Thus, the structure of ring spherulite depends on the thickness
of film. The last/latter series of photographs allowed the authors
[206] to assume that the "sheaf" is the laainated €laky

pseudocrystal, which possesses the properties of unitary single

crystal.
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Pig. 42. The isotherms of crystallization from the highly elastic
state of PUDEG in coordinates ot Avrami: 1 - 28.2; 2 - 27.2;

Pig., 43. Isotherms of crystallization from highly elastic state of
PUTEG in coordinates of Avrawi: 1 - 26; 2 - 24.5; 3 - 22; 4 - 19; 5 ~

16.’; 6 - 13-60(:.

Page 82,

It is obvious, analogous "sheaves" compose "spherulite-like" centers
of the radial spherulites, having grown from the solution (see Figqg.
39), and positive on siyn DL the radial cell/elements of the
spherulites, obtained from fusicon/melt in the teaperature range of

94-93°9C (Fig. 40). Negative on siyn DL the radial eleaments of the
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structure of these spheirulites dare the same "sheaves™, but oriented

so that the plane of hydroyen bonds is approximately parallel to the
plane of specimen/sample. With a temperature decrease of
crystallization, predominate the structures, rositive on sign DL,
and, finally under specific conditions appear more or less correct
ring spherulites with the zi1gzay cross of extinction. The results of
calorimetric and optical-umicroscopic investigations are in gocd
accord, and it is possible witu confidence to speak that during the
crystallization of PUTEG from tusion/melt occurs an increase in the

lamellar crystallites.

Isothermal crystalliization trom highly elastic state. The accord
of theory with experiment in tnhe case of the isothermal
crystallization of PUDEs and PUTEs of the highly elastic state is
considerably worse than tor crystallization from fusion/melt (table

23) *

So for PUDEG crystallization vccur/flow/lasts into three stages

(Pig. 42). In the initial secticns of isotherwm, they are described by

equation of Avrami with the ftraction values (in range from two to

three) of constant n.
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Table 23. Characteristics of the crystallization of PUDEG and PUTEG

from highly elastic state. 1
| araay, - Q)
Typs °C . 1g Ko » MUN
. xp _r J n 0,5
nyasr 1
28.2 242 —240 | 2.82 5,5
7.2 232 —272 | 280 72
25.6 216 —320 | 2,86 10
223 18,3 —3379 | 244 22
20,3 16,3 —4,00 | 2,38 32,4
17.8 13.8 —4.32 | 231 50
16.2 12.2 —477 | 2,36 66 ]
14.2 10.2 —507 | 2.38 93
nyrtar
26.0 39 —2498 | 2,86 6.5
24.5 375 —2.81 | 262 10
225 33 —348 | 2.78 16
19.0 32 —404 | 278] 22
16.0 29,1 —461 | 2.64 49
13.6 26,6 —479 | 255 66

Key: (1). min,

POOTNOTE 1. Temperature of the vitrification of PUDEG-4, of PUTEG of

Page 83,

' Witk a=0.05 occurs the acceleration of crystallization, and after « ’
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it reaches value by 0.7 sets in the retardings/deceleration/delay of
the process vhose degree depends substantially cn teaperature. If at
the relatively high temperatures, sufficient distant from
vitrification temperature, rectarding/deceleration/delay not such
sharp, then in proporticn to a teaperature decrease it becoames
significant. This bears out the fact that the crystallizatiom in this
case occur/flow/lasts mucn more complexly than this is provided for

by theory.

The analogous character of kimetics of the crystallization is
observed also for PUTEG (Figy. 43); however, systematic deviation froms
theory is expressed much weaker, so that the cbserved mechanisa of
crystallization to a cecta;n degree is caused by the specific
character of the molecular structure of data it is polyurethane, that
contain in polymer chain thne sections of different flexibility. This
concerns first of all the abrupt deceleration of the crystallization
rate, which, probably, is bonded with the fact that in the
temperature interval indicated are not crystallized the ethyl glycol

sections of the chains c¢f investigated it is polyurethane.

Copolyurethanes on the Ltasis of hexamethylene diisocyanate,

diethylene- and triethylene yiycol.

Copolymers on the basis of hexamethylene diisocyanate,
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diethylene- and triethylene glycol, i.e., such initial homopolymers
of which are PUDEG and PUTEG, were investigated by
differential-thermal, thermoamechanical and infrared-spectroscopic

nethods [ 46].

Thermograms are obtained for the specimen/samples of initial
homopolymers and some copolymers (Fig. 44), crystallized from

fusion/melt by cooling with a velocity of 1°9C per minute.

The thermograms of FUDEG and PUTEG have the same character, as
the thermogram of already described homopolymers [19, 20, 43). In
this case for PUDEG, is observed one peak of melting, which precedes
the exothermic peak, whican characterizes crystallization before the
melting. For PUTEG there is no clearly expressed effect of
crystallization before the melting; however, is developed the complex
character of the melting: on thermogram there is two endotheramic

peaks in the region of aelting polymer.

In the character or tne thermograms of copolymers, are developed
their special feature/fpeculiarities, which depend on the
relationship/ratio of homopolymers in copolymer. As can be seen froa
differential curves 2 and 3 (see Fig. 44), introduction to PUDEG to

30 mol. o/0 PUTEG it leads to a sharp increase in the exothermic peak

of crystallization before melting of copolymer. simultaneously is
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observed a temperature decredase and areas of the peaks of melting. An
increase in the portion/fraction of PUTEG toc 40 mol. ones o/0 leads
to an abrupt change in the character of thetnoéta-s and a temperature
decrease and area of the basic peak of melting copolymer. Thermogras
has the same character as the thermogram initial of PUTEG: the
exothermic peak of crystallization before melting is absent; besides
the basic peak of meltingy, are present other, higher-temperature

endothersal peaks,
Page 84,

Hovever, with further increase in the portion/fraction of PUTEG, the
high-temperature peaks indicated no longer are developed. In this
case, minimum temperature of melting is observed in copolymers froa
70 and 80 mol. o/o0 PUTEG, out in copolymer from 90 mol. o/0 PUTEG
melting point above apprcacnes in its value a melting point

pure/clean of PUTEG.

The sharper presentation/concept of the effect of the
composition of copolymers on tneir melting points can be obtained
from Fig. 45. The “phase diayraas", given on this figure, resembles
diagram with eutectic minimum. Let us note that the "eutectic
minimua" in this case has diffusion character. Furthersore, to

"gutectic" point with 30 and 90 mol. o/0 PUTEG to curve are bends
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vhich are absent from similar curves, given in the literature [88].

Por the study of the character of crystal lattice in the
series/number of copolymers, are removed at room temperature the

infrared spectra.
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124

4 5 6
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Pig. 44, Thermograms of heatiny PUDEG (1), POUTEG (7) and their

20° [/

copolymers, which contain 90 (2), 70 (3), 60 (W), S0 (5) and 10 (6)

mol. o/o0 PUDEG.

Page 85.

Specimen/samples took in the form of the films, obtained froam the
solutions was polyurethane i1n dimethyl formamide at 55-60 and

40~-429C, and also filss from fusion/melts.
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The comparison of the spectra of fusion/melts and crystalline
filss PUDEG and PUTEG made possible to ascribe to crystal structures
of these was polyurethane the caaracteristic crystalline strips: for

PUTEG strip 860 cm™, for PUDEG - 830 ca™t,

Is establish/installed, that the strip 830 ca™ is retained in
copolymers with a reduction in tae content of PUDEG, molar
relationship/ratio PUTEG: PUDEG= 0.6:0.4, after which occurs the
Jjump: strip 830 cm™t disappears and appears the strip 860 cm™1, which

is retained in the spectra ot all remaining copolymers.

On the basis of the dependence of melting point on composition
and change of crystal lattice in the series/number of copolymers
expressed specific judgment about the character of distribution in
the macro-chain of the copolyamer of sections with different chermical
structure, taking into account, which on *he "phase diagram" of the
investigated system of copolymers is observed "eutectic sinimum", on
the one hand of which are crystallized only first type polyameric
sections, but on the other hana - only second, and also by the fact
that in copolymer with molar relationship/ratio PUTEG:PUDEG=0.6:0.4
is crystallized the second component, is made the assumption about
the approach/approximation of the behavior of system in the region of

average/mean compositions to tne behavior of the random copolymer.
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rig. 45. Dependence of the meliting point (1) and of logarithaic

viscosity number (2) of the 0,%0/0 solution of copolymers in

m~cresole on the relationships/ratio in them of glycols.

Key: (1). mole.

Fig. 46. Differential curve of thermogram of heating (1) and section

of IR spectrum of passing (4) for physical mixture (0.5:0.5) of PUDEG

and PUTEG.

Key: (1) . Passing.
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Page 86,

In the similar cases usually Yeutectic" point is misaligned to the

which possesses lower melting point, that also

side of the coamponent,

is observed in the systes indicated.

The crystallization rate pure/clean of PUDEG is more than PUTEG.
] Assuming that this is correct for the forming part macro-chains of
the copolymer of sections PUDEG and PUTEG, the authors [21] explain
the absence of the “crystailine" strips of PUTEG in the copolymer,
vhich contains 0.6 mole fractions of the latter, by steric hindrances
for crystallizing the second component, which create the formed
crystalline regions of PUDES.

The obtained copolymers are not related to the block copolymers
with long units of both of chemical structures, capable of being
crystallized it is at the same time and is independent of each other,
that confirm the spectra and the thermograms of the physical mixture
of PUDEG and PUTEG (Pig. 46). [hermograms and spectra indicate the

presence of two crystal structures and after cocrystallization.
In proportion to approach/approximation to eutectic ainismunm,

l crystallization ever more hinders, and as a result of the
; disturbance/breakdown of the reyuiar distribution of intermolecular
i
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hydrogen bomds grow/increases the defectiveness of crystal structure
of copolymers. the bends which are observed tc curve 1 (see Fig. 45)
during remsoval from central section to edges, they appear, obviously,
as a result of changes in the cmaracter of the crystalline
formations, caused by a changye in molecular structure of the chain of
copolymer. With low content of one of the components of copolymer, it
statistically is distripouted on chain in the form of the monomeric

sections between the units ot the component of another chemical

structure. Therefore glycol units exert plasticizing effect with
respect to the crystalline reygions, formed the second, by the
predominant in the composition ot copolymer constituent. This is l
reflected in the melting points of copolymers; however, not to this
degree as for copolymers with average/mean cogposition of both of
components where must statisctically be distributed the already small 1

units of PUDEG and PUTEG.

Thus, the mentioned bends the authors [46] joined with changes i
in the character of distripution and the lengths of the composing

copolymer sections PUDEG and PUTEG.

Special feature/peculiarcities or crystallization and melting

aliphatic containing fluorine is polyurethane.

In vorks [44, B4-86) 1s yiven the information about synthesis




DoC = 79011105 PAGE W /ﬂ/

and special feature/peculiarities of the phase transformations of the

series/number of the fluorine-bearing aliphatic ones it is

polyurethane,

Page 87.

In particular, were investigated polyurethane of the following

chemical structure:
[—HNG%&&LG@M{DOKHmOG}AAUDWL
{—HN (CH,)s NHCOOCH, (CF,), CH,0CO—1, (I1¥-2),

|—HNCH, (CF,), CH,NHCOOCH, (CF,), CH,0CO—|, (I1¥-3),

and their also nonfluorinated analog

[—HN (CH,)s NHCOO (CH,), OCO—1, (6,6-ITY).

In PU-1 fluorime it 15 contaiued in diisccyanate, in PU-2 -
glycol, while in PU-3 - in bota composing polyurethane units. Their
nonfluorinated analog is syatnesized on the basis of
1,6-hexamethylenediisocyanate and 1.6-hexamethylenediol. Since PU-1
and 6.6-PU are obtained by tue metnod of interfacial
polycondensation, and remaining two - by mass polymerization, the

latter have smaller molecular weigyht,

Phase transformations were investigated by the method of the

differential-thermal analysis. Tue character of the thermograms of

o ey m m———
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melting and crystallization 6.0-PU is analogous such for 4.6-PU. Heat

of fusion 6.6-PU somewhat lower is %gZ cal/g.

Figure 47 shows thermograms PU -1/ reheating they underwvent
specimen/samples with differeat previous history. One was heated
immediately after the crystallization of fusion/melt, and the second

- after five-day aging at room temperature.

4?zharacter of the curves of primary heating and coolings is analogous
such for 6.6-PU, Hovwever, tane curves of reheating differ not only
from curved primary heatiny, but also between themselves. The peak of
melting during reheating of the uncontrollable specimen/sample has
two sharp apex/vertexes, waich 1s explained by emergence under
conditions of crystallizing their .usion/melt of two types of crystal
structures wvwith different weltinyg pocints. Exposed/persistent for a
vhile specimen/sample PU-1 ueveliops tendency toward the acquisition

of the properties of the iuitial specimen/sample.
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Pig. 47. Thermograms of primary heating (1), cf cooling (2) and of
reheating (3 - right after crystallization, 4 - after five-day aging

at room temperature) of specimen/sample PU-1,

Page 88.

It is assumed that formed in the course of crystallizing the
fusion/melt crystal structure with the melting point of 182°C is ]
metastable at room temrerdature and changes into stable under these

conditions of structures with the melting point of 1859C.

For PU-2 the peak of melting primary heating has two sharp 1
apex/vertexes, and the peak ot reheating - only one (Fig. 48). In

this case, in the course ot reheating, is not reproduced pain ‘

lov-temperature apex/vertex of peak (112°C). However, the thermogranm
of heating the exposed/persistent analogously PU-1 specimen/samples

has a character of the thermoyram of primary heating.
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Substantially and that tnat the peak of melting crystallized
made of highly elastic state specimen/sauple PU-3 (Fig. 49} also has
only one apex/vertex, but in contrast to the specimen/sanmple,
crystallized from fusion/melt, the temperature of its 1129C, i.e., in
this case is not reproduced higa-temperature apex/vertex (124°C) of
the peak of melting initial speciuwen., A similar phenomenon we
observed during the investigation by the method of the
differential-thermal analysis ot polyurethane on the basis of

1, 6-hexamethylenediisocyandate and diethylene glycol [43].

0f the anomalies of the chacacter of melting it is polyurethane,
that contain in one of tihose component fluorine atoms, they testify
to the capability of these polymers for the formation of two types of
crystal structures. This 1s counfirmed still and by the fact that the
specimen/samples of polyuretnane, which contain fluorine in both of
components (PU-3), as their nontfluorinated analog, they have one

melting point.
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Pig. 48. Thermograms of primary ueating (1), of cooling (2) and of

-~ Teheating (3) of specimen/sample PU-2.

o
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Pig. 49. Thermogram of heating amorphous specimen/sample PU-2.

Page 89.

It is possible to assume that introduction to macromolecules it
is polyurethane fluorine atoms, that is actually the replacement of

ethylene links tetrafluoroetanyiene, conditions the heterogeneity of

l the geoametric structure (transition from zigzag conformation and
i
l
|
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spiral-shaped) of macro-chains anud contributes to the formation of
different types of crystal structures. Especially clearly this is
developed during the introduction of fluorine to more runaing glycol

block.

LINEAR POLYURETHANE ON THE BASIS OF LOW-MOLECULAR GLYCOLS AND

ARONMATIC DIISOCYANATES.

In industry widely are used tihe polyurethane on the basis of

toluenediisocyanate (TDI). Usually is used mixture 2.4- and |

2,6-isomer TDI in ratio of 80:20 and 65:35. With such ratios of
isomers TDI polyurethanes on the basis of low-molecular glycols are

not crystallized and are amorpaous substances.

The investigation of specimea/samples it is polyurethane on the

basis of ethylene glycol aad TDI with relationship/ratio 2.4- and

2,6-isomer 100:0; 80:20; 65:39; 40:60; 15:85 [15] shovwed, then
specimen/samples was polyuretuane, containing in the mixture of more
than 50o/0 2,6-isomer, capabie ot being crystallized. The degree of
crystallinity increases witu an increase in the content of
2,6-isomer. This phenomenon is explained by the more symmetrical
structure of the diisocyanate link of polyurethane on the basis of
2,6-isomer in comparison with 2,4-isomer,., 2,6-TDI can be located in
polymer chain oniy in two, and 2.4-TDI - in eight different

configurations.
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‘I;e study crystallization witn the aid of electron micrcescope
shows that polyurethane on the basis of 2.4-TDI and ethylene glycol
gives amorphous film. An increase in the content of 2.6-TDI in the
mixture of isomers leads to the formation of the more regulated
structures. So, polyurethane witn relationshig/ratio 2,4~ and

2,6-isomer TDI 80:20 and 65:35 rorm globules and piles of amorphous

structure. Polyurethane oa the basis of 2.6-TDI, having molecules of
more reqular structure, gives as the primary structures of pile with
three~dimensional crystalline order. From piles are form/shaped the
spherulites and dendrites. 1t polyurethane on the basis of the
mixture of isomers TDI 15:85 and ethylene glycols during the
vaporization of dilute solutions gives spherulites, then for
polyurethane on the basis of TDiL 5:95 and of ethylene glycol ordering
goes further and together witnh spaerulites are formed the dendrites,

basis of which are the mcno-planes of fibrillar structure.

In contrast to hexamethylene diisocyanate polyurethanes on the
basis of 2.6-TDI, diethylene- and triethylene glycol, they are not

crystallized due to the lower steric reqularity of 2.6-TDI.

Page 90.
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This is explained by the possibiiity of the erergence of the
irregular hydrogen bonds between urethane and simple ether/ester

groups of glycol components.

In contrast to TDI for diphenylmethane diisocyanate (DFDI) the
crystallizing polyurethane are ontained not only on the basis of
ethylene-, but also diethylene- and triethylene glycol. Howvever,
capability for crystallization is lowered upon transfer froam ethylene
glycol to triethylene glycol on the same reasons, as in the case of

TDI.

During the study cf the crystallization of those indicated, it
is polyurethane on the basis of ethylene glyccl from solutions and
fusion/melt establish/installed, that in both cases is formed crystal
structure of identical moditication. Close structures are formed also

during the crystallization of polyurethane on the basis of diethylene

glycol. Polyurethane on the basis of triethylene glycol from solution
is crystallized well, and from melt gives product with amorphous

structure.

The investigations, carried out with the aid of electron and ‘
optical microscopy, they showed, that polyurethane on the basis of
DFDI and ethylene glyccl forms the large spectrum of the

morphological structures: spherulites, dendrites, single crystals. ’
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The polyurethane, obtained on the pnasis of DEG, gives as

supermolecular structure spherulites, while pclyurethane on basis TEG

does not form any sharp morphological foras.

Data according to synthesis and some physicochemical properties
it is polyurethane on the basis ot ethylene glycol and
diphenylmethane-, diphenyl-, ethane-, diphenyl propane- and

diphenylbutandiisocyanates they are given in [263].

Polyurethanes on the basis of enumerated diisocyanates fora
crystalline products, that by the confirmed data of X-ray analysis,
Figure 50 depicts the dependence or the intensity of reflexes on
diffraction angle for specimen/samples it is polyurethane on the
basis of diphenylmethane diisocyanate, that are crystallized with

different speed.

Hovever, transition from diisocyanates with odd number of

methylene groups between phenyl groups to even is accompanied by a

change in the type of crystal structures it is polyurethane. This
1 phenomenonr is explained by a change in the conformations of

macromolecules it is pclyurethane.
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Pig. 50. The dependence ot the intensity of reflexes on diffraction
angle (20) for the specimen/samples of polyurethane on the basis of
diphenylethanediisocyanate: 1 - amorphous specimen/sample, obtained
by rapid landing; 2 - crystalline specimen/sanrple, upset from
concentrated solution; 4 - crystalline specimen/sample, upset froa

dilute solution.
Page 91,

Table 24 gives some properties of those indicated it is
/Ty, . .
polyurethane. Let us note that the valungfazat1o/relatlon
does not depend on the chemical structure of macromolecules, but it

is determined by the type of crystal structure cf polyurethane,

Work {2407 given data according to the analysis of crystal

structure of polyurethane on the basis of
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4,4*'-diphenylmethanediisocyanate and tetramethyleneglycol. It is
shown, which this polyurethane forms «, f~ and y-crystalline foras.
a--fora badly/poorly yields to orientation, but with stretching more
thar to 3000/0 it disintegrates. It appears as a result of annealing
during removal/taking from the specimen/sample of voltage/stress.
Forms P and y are easily formed, when the molecular chains of
polyurethane are orienteu. [s assumed that a-type has folding

structure, and p-and y--form - fringed micellar.

Synthesis is polyurethane on the basis of fluorinated and
nonfluorinated 1,4-bis- (g~hydroxyathoxy) of -benzene, and also the
investigation of some their physicochemical properties they are
described in (87 ]. These polyurethane one should relate to the
badly/poorly crystallizing polymers. The melting points and
crystallization of those containing fluorine it is polyurethane

considerably lower than in thneir aonfluorinated analogs.
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fable 24, Structure and property it is polyurethane on the basis of

daassndai

ethylene glycol and aromatic diisocyanates.

Py & o | naod®
‘ ) Jlo‘lp).au Ton | Te 3'; wocts
E K\ Crpyxtrypa noasyperans !ec:::'::t < e \,, 3(')‘°p: ;
L 2fcM* 3
— — n
f (—NH-7 \>‘—CH2—< N Lot Vamea| 230 | 9271 072] 13293 |
1 = =

— NHCOOCH,CH,0C0—), &
(_NH—<;>\—(CH,),—<’;§— 0,70 8 H,S0,| 312 | 16,9 0.67| 1,3055
~NHCOOCH,CH,0C0~), s

(_NH_</=\>_(CH,>,—({=\/\— 0,367 AMOA| 207 | 741|072| —

— NHCOOCH,CH,0C0—),, N

; (NH_{;‘/\,_(CH,).—<’ :\}_ 046¥ o] 274 | 1057 00| —
| —NHCOOCH,CH,0C0—),

Key: (1) . Structure of polyurethane. (2). Logarithmic viscosity

numbert,

FOOTNOTE !, Ductility/tougyuness/viscosity of 0,50/0 solution with

309C. (3). Density with 30°9C of y/cm3,. (4). V.

POOTNOTE 2, Value 7. and 7, taey are given in 9K,
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Page 92.
PROPERTIES OF SOME POLYAMIDE URE[LHANES.

For explaining the special feature/peculiarities of structure,
in comparison with polyamides it was polyurethane to study the
structures of polyamide uretnanes. Such some polymers on the basis of
diethylol amides of the series/numsver of dibasic acids are describdbed

in [155). Are investigated polyamide urethanes (PAU) of the following

structure:

1—O0 (CH,), NHCO (CH,), CONH (CHj,), OCONH (CH,), NHCO—1,.

vhere n - a quantity of metnyiene groups, which fora part initial
dibasic acids. In these PAU a guautity of methylene groups between
amido groups was predetermined compound/composite of acid on basis of

which wvas synthesized diethyiol dmide.

PAU, obtained on basis of diethylol amides of oxalic (n=0),
succinic (n=2), glutaric (n=3), adipic (n=4), pimelic (n=5), azelaic
{(n=7), sebacic (n=8) acids, are investigated by the methods of

infrared-spectroscopic, X-ray (<9y)] and differential-thermal analyses
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(40). It is establish/installed, tanat PAU develop the properties,
vhich are inherent in botn the polyurethane and in polyamides. In
this case, PAU essentially differ in its properties between

themselves depending on value of n.

The comparison of the spectra of different PAU shows that the
prost characteristic changes in them are observed in the region of
oscillating the groups, wnica correspond for the formation of the
hydrogen bonds between chains. In the spectra of PAU with odd n, are
visible two strips (3260 and 3320 cm~'), but with even n - one (3320
ca~t), in this case, the appearance of an additional strip 3260 cm—t

is accompanied by the increase or the intensity of strip 3080 cm-1!.
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Pig. S5S1. Intensity curves ot scattering X-rays for PAU with even (a)

and odd (b) n.

Page 93.

Based on the example of PAU witn n=3 reveal/detected that in
specimen/samples (films), obtained by the dissolution of polymer in
formic acid with the subsejuent removal of the latter, in spectra
disappear strips 3260 and looV ca~!, and also decreases the intensity
of strip 3080 cm—!., However, atter prolonged boiling in water and
drying, is formed powvder PAU whouse spectrum takes the initial form.
These phenomena gave the roundation for to the authors [29] assuming
existence in the series of PAU with odd n of two types of structures

and proposing the probable models Of unit cells PAU with even and odd
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Intensity ~urves of scatterany the
(Fig. 51) testify to the cnaracteristic
of separate forms PAU. So, in tne X-ray
are very clearly visible four maximums.

is assumed that in polyurethane section

structure of polyamides.

X-rays of investigated PAU
differences for the structure
photograph of PAU with n=8
For the present instance it

of chain is realized the unit

cell of polyurethane, and in tne poliamide section of chain, - a
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n=2 n=4 n=8

LA

186° 207° 170 1gp

17

186° 174
Ab

n=7

Pig. 52. Thermograms of heating PAU with even (a) and odd (b) n.

Page 94.

On the basis of the probanle model of the unit cell of PAU with
odd n, the conclusion is made tnat the decomposition of strips in the
region of the bonded NH- ana C=u-oscillation/vibrations is caused by

the presence in this forw of PAU of the strained hydrogen bond.

In contrast to [29], vaere actually was studied the structure of
initial specimens PAU, in [40] was investigated the effect of thermal

effect on structure and structural transformations into PAU (FPig.
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52).

In all PAU with even nuaper n, the peaks of melting have complex
character and differ for separate PAU., For PAU with odd n only of PAU
n=5, has the complex peak of melting. On this basis/base is made the
assumption about the capanility of PAU for the formationm of

polyaorphic crystal structures, especially for PAU with even n.

PHASE TRANSFORMATIONS AND VITRIFLICATION LINEAR AND OF

THREE~DIMENSIONAL ONES IS POLYURETHANE WITH OLIGOETHER GLYCOL UNITS,

Capacity it is polyurethane to be crystallized it depends not
only on the structure of the composing polyurethane diisocyanate and
glycol (ether glycol) uanits, out also on the length of the latter [ 4,
15]. So, based on example it is poiyurethane with the
oligohydroxyethylene units of aifferent molecular weight
establish/installed [15], that tne capacity to be crystallized passes
through the minimum with an increase in the length of oligoether

unit.

It is found also, that lattice structure for it is polyurethane
vith oligoester units in contrast to it is polyurethane with
lov-molecular glycol units it does not depend on the structure of

diisocyanate, but it is determined by structure and nature of
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oligoether glycol. This is caused by the fact that with an increase
in the ether/ester unit grow/increases the probability of the
formation of the hydrogen bonds between hydrogen of urethane group
and oxygen of the ester group of ether/ester unit, which it is led to
defects in crystal structure and iucreases the share amorphous
structure. Hovever, with turtaer increase in the oligoester unit,
urethane links begin to play only role of the defective sections
vhich impede crystallization, but they cannot completely interfere
it. In this case the crystallization occurs only over oligoether
links and the lattice structure oi polyurethane becomes sufficient to

close to the structure of the lattice oligoether.

In connection vwith that presented expedient to examine together
with the properties of those crystallizing it is polyurethane and the

property of components them oligoether glycols.

In practice widely are used the cross-linked polyurethane with
such crystallizing oligoetner giycol units as
oligoethyleneglycoladipate and oligohydroxytetramethyleneglycol
(polyfurit). Therefore we primary attention will give to these
oligomers, and also to linear and cross-linked polyurethane on their

basis.

Page 95,
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Properties of oligoethylenagliycoladipate and synthesizei on their

basis of linear ones and cross-linked is polyurethane.

Crystallization in olagoetuyleneglycoladipate (OEA) with ¥=2000
is thoroughly studied [134] by the methods of differential-thermal
and X-ray diffraction analyses, IR spectroscopy, optical and electron
microscopy (Fig. 53, see insert). For the specimen/sample,
crystallized at -8°C, is osnserved fine-crystalline structure (Fig.
53, 1a, b); the spherulitic character of crystalline grains revealed
wvell only during electron-microscope increases (Fig. 53, 1c). In
temperature range from Q to +209C, are crystallized radial
spherulites (Pig. 53, 2a, o), ror which electron microscopy
reveal/detects lamellar structure (Fig. 53, 2c). Higher than this
temperature are formed riny type spherulites (Fig. 53, 4a, b). In
turn, before achievement by 40°C spherulites acquire acicular
structure (Pig. 53, 3a, b), to which on electron
microphotography/micropnotograpn (Fig. 53, 3c) corresponds the
surface with a large number seemingly of projecting from it

projections.

According to the data of X-ray diffraction analysis, DTA and IR

spectroscopy, it is establisa/installed, what OEA can exist in two

osabiinn
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crystalline nodifications - a- and B-types. In the region of
teaperatures from 0 to +20°C, it is stable p-types, but is higher
than 80°C - a-type; in intermediate teaperature range coexist both of

foras.

Thus, B-type predeterainaes tne formation of radial ones, a-type

- acicular, and the mixture of these forms - ring spherulites.

In connection with this is assumed that the peculiar structure
of ring spherulites is causea py raythmic crystallization alternately
a- and B-types OEA., However, duriny heating of the spherulites,
molded at low temperatures, in them are observed the polymorphic
transformations, fixed/recorded by X-ray and spectrum investigations,
but there are no visible changes in the foramas of spherulites up to
from melting. This testifies to the stability of the supermolecular
structures of higher order, what are spherulites, not changing even
vith the rearrangement of the primary structures, which are

deteraining the character ot tue arrangement of molecular chains.

Using calorimetric method are studied OEA, and also the linear
and cross-linked polyurethane on 1its basis [109]). The investigations
of this systematic series/nuaber made it possible to estimate the
effect of such parameters as the tlexibility of the chain of

oligoether, the denseness of physical and chemical grids, to some

- t’
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bonded with the mobility of macro-chains properties of the

cross-linked polyurethane alastomers. Table 25 gives the initial
characteristics of the investigyated substances, By diisocyanate
component with synthesis is polyurethane it served

toluene-2,8-diisocyanata.
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Table 25. The characteristics of oligoethyleneadipate it is

polyurethane on its basis.

) (2 oo
Ycaosnoe qHe cmmN-
Beuccrno obo3navenne M saTean
BewecTsa AST/Ta
QR
OnurosTunesrankoapaannunar | 03A-1000 1000 -
g)bnuroype'rau Ha O3A-1000 OY-1000 47 000 -
Onuroyperan na O3A-2000 0VY-2000 44 000 —
3acTomep ua OIA-1000 58] 3800 1:3
nactomep na O3A-1000 312 54000 i:1
Anactomep Ha O3A-2000 J/1-3 - 1:3
(Pracrovep va 0IA-2000 314 - 1:1

Note. With asterisk corrected value s,

Key: (1) . Substance. (2). Conventional designations of substance.
(3). Relationship/ratio of cross-liinking agent DEG/Gl. (W4).
Oligoethylene glycol adipinate. (35). oligourethane on. (6). Elastomer

on.

Table 26. Equation (,=/ (7 for oligoether/ester, oligourethane and

cross-linked it is polyurethane.
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(, ) (q ) T:euge‘p)a- @ TenLne)u-
Noanmep TYPHHR HH- TYPHUIA WM.
Y pasuenne Tepean, °C Ypabuenue vepsaa, °C
) qu €’|§§
341000 | —0.0124-1,49-10~3T { —60| 20| —0.0124-1,49-10~3T 1 —60| 20
0462-+10—* T 501 100} 0462+10~*T 50| 100
IA-2000 | —0.1864+-2,17.10=3T | 70| 20 - - | -
04334104 T 60| 100 0,512 60 100
Oy-1000 | —0.125+1,5.102 1 |—-30| 20 — -
032010 T 45] 100] 0.320+10—4T —30| 100
Oy-2000 [ —0.103--152 1627 | —30| 20| 0.376+10—*T —30{ 25
0.403+104 T 50| 100 0,403+10—4T 50] 100
3J1-3 0.195--10~4T —50|—3010,195+10—*T —50] —30
—0,116--1,51-10—%T | —20| 10 — -1 =
0.325+10—4 T 501 100]0,325+10~4T —20] 100
3714 0.191--10~¢T —50| —30] 0,191+10~* T —50| —35
—0.117+-1,5:1073T |—20]| 10 - - =
03151074 T 50| 100{ 0,315410~4T —20| 100
371 01901074 T —50| —20 L&)To xe —20{ 100
0,306--10~4T 0| 100 » —20| 100
3712 0.190+10™4T —50| —20 > —20| 100
0,310+10—*T —5 | 100 » » —20| 100
Key: (1) . Polymer. (2). Initial specimen. (3). Hardened/tempered
specimen/sample. (4). Eguation. (5). Temperature interval, °C. (6).
from. (7). to. (8). The same.
Page 97.

Relationship/ratio NCO:0H in prepolymers (oligourethane) was equal to
1:1. The cross-linked polyurethane elastomers were obtained through
the stage of prepolymer duriny relationship/ratio NCO:0H=2:1;
cross-linking was produced by the mixture of diethylene glycol (DEG)

with glycerin (3%} ). Common/gyeneral/total relationship/ratio

PAGE W 2 Y
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NCO:0H=1:1,

The curves of the temperature dependence of the heat capacity of
the specimen/sanmples of all foras of polymers indicated are given in
Pig. 58 and 55. As can be seen troam the figures, the curves of heat
capacities (/7T consist of several linear sections, which correspond
to the regions of the glassy, highly elastic, crystalline and viscous
flov states of polymers, and also sections with anomalous deviations
from linearity in the regions of vitrification and phase transitions

ﬁable 26) .

The course of the teaperature dependence of heat capacity for
crystalline (annealed) specimen/saaples OEA-1000 and OEA-2000 (Fig.
S4) in the wide temperature range, which lies is lower than the
temperature of the beginning ot phase transformations, it is linear.
Beginning with 20°C to curvea 1 poth oligomers it is observed the
l1lift vhich for CER-1000, in passing by through point of inflection
with 40°C, changes into tane peak oi melting with 50°C with

C, =19 cal/gedeg. For 0EA-2000 this 1lift is ended by the
endothermal peak with 409C with (,:- 0,94 cal/gedeg, after which the
value of heat capacity sharply falls to 0.76 with 43°C and again it
grow/increases, changing in the second endothermal peak (meltings) at 1
53°C with C.-= 1,76 cal/gedag. The obtained values of melting point

OEA-2000 coincide with value for high-molecular
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polyethyleneglycoladipinate [ 221].

At the end melting (6U°C) the heat capacity of fusion/melts of
both of oligomers barely is changed. The thermal effects of melting
the annealed specimen/samples OEA-1000 and OEA-2000 are equal to with

respect 18.7 and 17.8 cal/g.

More essential differences in the course of heat capacity are
observed for the specimen/samples, subjected to quenching. As can be
seen from Pig. S4a, specimen/sample OEA-1000 does not undergo
quenching, to which testifies tne absence of characteristic curve
knee 2 during vitrification and the linear dependence of heat
capacity on the temperatucre in range from -60 to 5°C, which coincides
vith the same for the annealed specimen/sample. However, at 16°C to
curved 2, there is an exothermic peak of crystallization, after which
the heat capacity continuously grow/increases, changing into the peak
of melting with 45°C with C, =19 cal/gedeg, and it decreases to

0. 493 with 55°C.

During heating of the aaraeneud/tempered specimen/sample CEA-2000
(Pig. Sub, curve 2) is cbserved the jump of heat capacity in range
from -62 to -54°C, caused oy the transition of oligomer of the glassy
into viscous flov state, and two exothermic peaks of crystallization

at -16 and 20°C, after which the heat capacity continuously




|
|

DOC = 79011106 PAGE u’2 3_4

grow/increases to 0.46 cal/gedeg with S539°C.
Page 98.

As in the case of the annealad specimen/sasples, heat capacity of the
fusion/melts of the hardened/teampered specimen/samples of both
oligomers only insignificantly they are increased with tesperature.
In view of the imposition of the effects indicated it was not the
possible to estimate thea guantitatively. However, the approximately
thermal effect of melting the hardened/tempered specimen/sample
OEA-2000 is 1.5 times more than tae summary thermal effect of

crystallization,

The curves of the teaperature dependence of the heat capacity of
oligourethane and elastomers are given in Pig. 55. In initial
specimens it is polyurethane (curve 1) not reveal/detected
vitrification and their heat capacity linearly increases from low

teaperatures to 20°C,

e g, Prroecagree.
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t Pig. S4. The heat capacity of oliyoethyleneglycoladipinate OEA-1000
t (a) and OEA-2000 (b): 1 - annealed specimen/sample; 2 -
i hardened/teapered specimea/sample.

Key: (1). cal/gedeg.

Page 99.
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Higher than 209C heat capacities ot initial specimens smoothly
grow/increase and appear tane peaks of melting for OU-1000 with 389°C
(Co,= 102 cal/gedeq) and for 0U-<000 at 40°C (C,= 166 cal/gedeq). The
corresponding thermal ettacts are .9 and 12.8 cal/g. Belting 0U-1000
and 0U-2000 is ended respectively at 43 and 499C, after which the

heat capacity remains almost constint.

In the hardened/tempered specimen/samples (curve 2) 0U-1000 and
00-2000 are observed the jumps of heat capacity at -~36 and 46°C
respectively, bonded with transition froam glassy to highly elastic
state. Higher than the temperature of the vitrification of heat
capacity of both of hardenea/teaspered specimen/samples linearly they
depend on the temperature (see Table 26) up to 100°C; however, in
0U-2000 is observed smali maximum with 40°C with C,= 0,44 cal/gedeg.
Righer tham 50°C the heat capacity of the initial and

hardened/tempered specimen/sampies coincide.

Prom Pig. 55c, d it 1s evident that elastomers EL-3 and EL-4 on
basis OBA-2000 are capable of crystallization, to which testify the
peaks of melting initial specimens (curves 1). Temperatures and heat
of fusjon of initial speciuens EL-3 and EL-4 are equal to 36°C, 8.95

caly/qg and 36°C, 8.20 cal/y respectaively. The presence of the small
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{(order 0.02-0.03) jumps of neat capacity in the temperature range of

vitrification tells about tama incompletness crystallization in these

systeas.
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Pig. 55. The heat capacity of oligourethane 00-1000 (a), 0U-2000 (b)
and cross-linked it is polyuretanane EL-4 (c), EL-3 (d), EL-2 (e),
BL-1 (£f): 1 - initial specimen; 2 - hardened/teapered

specimen/sample,

Key: (1). cal/gedeg.

Page 100.

The curves of the heat capacities of the hardened/tempered
specimen/samples consist of linear sections before and after
vitrification temperature, whacih for EL-3 and EL-4 is equal to with
respect -27 and -29°C. Elastomers EL-1 and EL-2 are not capable of

crystallization (Fig. S55e, f). The curves of the initial and
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hardened/tempered specisen/sampies for these elastomers coincide and

consist of the linear sections, divided by intervals of bends,
corresponding to the teamperatures of vitrification (-79C for EL-1 and

-1409C for BL-2) . i

All investigated specimen/samples, with exception 0OEA-1000,
underwvent quenching, and for thea were determined the values of sose
values, characterizing vitrification (fable 27). In this case as for
systeas with oligodiethyleneglycol units, upon transfer froam oligomer

to cross-linked elastomer 7. regularly it is raised. ,

Since 7. polymers depends on molecular weight, regqularity of
structure, flexibility of chain, presence and arrangement of
functional groups, the network deasity of chemical cross-linkings
etcetera, increase T. ain linear oligourethane it is caused either
greater in comparison with initial oligoether by the rigidity of
chains determined thermodynamic fiexibility or the presence in the
last/latter polar urethane gJroups, which affect the kinetic
flexibility (mobility) of chains. For systems with
oligodiethyleneglycol units, is already shown the indisputable effect

of the second factor.

oligoether/ester and oligourethane is carried out on the basis of the

; In this case the ccaparison oi the thermodynamic flexibility of
f
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equivalency of form and size/dimensions of macromolecules in @
~-solvent and disordered state. As the measure of thermodynamic
flexibility, is selected parameter Ke from the equation of Kun-Mark-
Khuvink for the ductility/toughness/viscosity of polymers in 6.

-solvents, since Ke depends only on structure and conformation of

macromolecule.




of oligoethyleneglycoladipate.
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Table 27. characteristics tne vitrification of systeas on the basis

0) e e
p * ..
Beuccrno a4/ 2% AT( LG

) ac,
Kaa/w b X
X% epad

Te - °C M
.o cpad
O3A-1000 0.108 8 —57 17.2 1,86
OV-1000 0.132 8 —36 224 2,96
ON-2000 0.1:30 8 —46 22,4 291
314 0.127 9 —29 22,4 2,85
T8 0,145 8 —27 22,4 3.02
3712 0.126 12 —14 22,4 2,82
31 0.120 15 -7 22,4 2,69
1

Key: (1) . Substance. (2). cal/gedegyg.

(3) . cal/moleedeg.

POOTNOTE t. A’. - interval or vitrification.

ENDFOOTNOTE.

Page 101,

Ke =18, M\%)" |

:

' ‘ vhere N - molecular weight, which is
L

f

i !

Ke they determined accordiany to the

2, ' - was defined as temperature by which increment of heat

capacity ¢ during vitrairication reached half its value,

equation of Krevelen [252):
(V.6

necessary to one atos of main
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circuit; S,- value, depending on tae specific hardness, which is

necessary to one atom ot main circuit.

The numerical value of parameter Ks render/showed
Ko = (3 107°4,14)3 = 17,8.107* and (51.201072/4,15)3=18.8¢10—¢ for OEA
and 00 respectively. Calcuiated vaiue Ks for OBA in accuracy
coincides with experimental data, that confirms the authenticity of

the obtained results.

Since value Ke for OBEA aund OU they are close in value, then
count that the thermodypamic fiexiovility of macromolecules OEA and 0OU
virtually identical. Hence it follows that the presence of
diisocyanate unit does not affect the thermcdynamic flexibility of
the chains of linear oligourethane, and consequently, increase 7.
upon transfer from OFA to OU is caused only by decrease of the
kinetic flexibility of chains, which depends on the concentration of
polar urethane groups. For the present instance is observed linear
dependence 7. on the concentration of urethane groups into CU (Fig.

56) .

The presence of chesical cross-linking in elastonmers also
considerably decreases the segmental mobility of macromolecules,
leading to further increase 7. dowever, the predominant contribution

to increase T, upon transfer from oligomer to elastomer and for this
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system introduces formed by polar yroups physical grid (table 28).
Certain increase 7T: EL-3 and EL-4 can give the partial
crystallization of these elastomers (see Fig. S5¢, d). Rigid
crystalline sections also limsit mobility of chain in the adjacent

regions, producing increase 7..
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Pig. 56. Dependence 7c of oligourethane on the concentration of the
urethane groups: -7 it is calculated; -7 is deteramined

experimentally.

Key: (1) . mole.

Page 102.

Let us examine now the cnaracteristic vitrification via the
comparison of the jump of heat capacity during the vitrification of
the separate objects of the ianvestigated system taking into account
Funderlich®s rule [343]). According to this rule the increment of heat
capacity during vitrification taking into calculation 1 mole of the
structural "beads"” of molecule is the constant value, equal to 2,97
cal/moleedeg. Table 27 corrected values AC, for the investigated
series/number of polymers, owntained on the formula

AC, = MC,,

vhere N - average molecular weight, which is necessary to one "bead";

-’ - — e ——————
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AC, - observed in experimeat jump of heat capacity during

vitrification.

Values AC, for all investigyated systesms (see Table 27), with
exception 0BA-2000, they are close to theoretical. Somewhat low value
AC, for OBA-2000 is explained by the partial crystallization of
oligomer with quenching, This indicates the fact that the ratio of
the theoretical increment ot heat capacity during the vitrification
to experimental, which can serve as the measure of the depth of
crystallization of polymer, for 0BA-2000 is close to value (1.5) of

the relationship/ratio of icts heat of fusion and crystallization.

According to (343], AC, is proportional to the specific volume
of energy of the formatica of new holes and is inversely proportional
T.. It is known (for 343 ] that the cross-linking of polymers is
accompanied by the decrease oif specific volume. At the same time upon
transfer from 00 to cross-linked elastomers AC, it resmains invariable
and 7. grow/increases (ss2 Table 27). Hence, the presence in
molecular structure it is polyurethane the grid of physical and
chemical bonds raises eneryy of the formation of new holes the

greater, the greater the network density.
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' Table 28. Contribution of diisocyapate and cheaical cross-linking in

increase 7. in oligodietuyleneglycoladipate.

) | T, OV (4%
£ c )paccr\"l- Te, °C AT, AT, cuws-

|
BeweeTs0  §uays; 1000 2

TaKHan), TAHU Barens
°C
O3A-2000 ~ | = —57 — —
3J1-1 1.8 —19 -7 38 12
3J1.2 1.8 —19 14 38 5
-3 3.2 —35 27 22 8
3J1-4 3.2 —35 —29 2 6
1

Key: (1) . Substance. (2). mole. (3). calculated. (4). cross-linking

agent.

Page 103,
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It should be noted taat the absolute value, and also the rate of
growth in the heat capacity in low-temperature ones region upon

transfer from oligoether/ester To the cross-linked rubbers is lowered

(see Table 26). This can be expiained by a decrease of a number of

the vibrational degrees of treedom of system because of the presence

of the strong interaction between polar groups in oligourethane, and
in the cross-linked elastomers - to the presence of the grid of

chemical bonds.

Made of the comparison of the curves of the temperature

dependence of the heat capacity of the annealed and hardened/tempered
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specimen/sanples 0EA-1000 and 0EA-2000 (see Pig. S¢a, b) it is

evident that the maximums of the peaks of melting hardened/tempered
specimen/samples of both of olijowers are misaligned into the region
of lover temperatures. Furthermore, for the hardened/tempered
specimen/sample OEA-2000 1s observed tvwo exothersmic peaks of
crystallization, The discovered pnenomenon is explained by the fact
that depending on the conditions/mode of heat treatment in the

: specisen/sanples of OEA are formed different crystalline

modifications.

The small area of the peak of the crystallization of
high-tesperature form (at 16°C) and the absence of the peak of the
crystallization of low-teaperature form in OEA-1000 indicate its
extremely high crystallization rate which it is not possible to

completely suppress even guenching in liquid nitrogen. The complex

character of the dependence of heat capacity of both of

oligoether/ester in intervai of 20~409C (see Fig. 54, curve 1) is
explained by rearrangement and decomposition of supermolecular

structures.

As can be seen from Fiy. 55, transition froa OEA to OU is

accompanied by the noticeable decrease of the capacity to be
crystallized, to which testify the significant decrease of the

! thermal effects of meltiny initial specimens and the absence of
t
i
-~
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crystallization in the nardened/tempered specimen/samples 00U. OU are
crystallized only in time aoreover 0U-2000 is crystallized

considerably faster than an 0U-1000.

Crystallizing the polymers can be divided into tvo stages: the
formation of the metastable two-dimensional-regulated state (without
a change in intermolecular interaction) and the spontaneous
transition into final state witn three-dimensional order, which is
accoapanied by an increase in intermolecular interaction. For the
polymers, which do not have polar functional groups, the capability
for crystallization is determined in essence by the thermodynamic
flexibility of chains, and tnererore for thee the stages of
crystallization indicated it 1s not possible to experimentally
divide. Hovwever, the properties of macromolecules OU are determined
not only by the thermodynamic, but also kinetic flexibility, wiich
depends on the concentration oif urethane groups. In this case the
intermolecular hydrogen boands which are formed during the first stage
of crystallization, noticeably stapnilize two-dimensional-ordered
pseudocrystalline state, as a result of which under the temperature
conditions indicated ttke secona stage of crystallization

occur/flovw/lasts for a lonj tiame [276, 266].

Page 104,
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Since the concentration ot urethane groups in 00U-2000 is less
than in 00-1000, capability for crystallization, i.e., the swmaller
duration of the first stage of crystallization, in 00-2000 it is
msore. On the other hand, aitnough the energy density of cohesion into
0U is above because of the presence of urethane groups, than in
existing OEA, temperature aud heat of fusion is below. This is
explained by considerably yieater defectiveness of crystal lattice
00, by caused asymmetry of the molecular structure of the links of
the isomer of 2.4-TDI. On this same reason the thermal effect of
melting OU~1000 is considerawniy less than in 00-2000. Since the
concentration of units 2.4-Twl in 0U-1000 is more than in 0OU-2000, it
is possible to expect tnat a temperature decrease of melting in
0U-1000 will be more. However, a difference in the temperatures of
melting of OEA and corresponding OU is approximately identical. It is
assumed that the relatively higu melting point 00-1000 is caused by
small entropy of fusion, as a result of an increase in the entropy in
crystalline state because ot the disordering actionseffect of links

2- “-T DI.

Transition to the cross~linked elastomers is accompanied by
further reduction in the capability for crystallization as a result
of steric lisitations, applied on wobility of chain by the nodes of
chemical grid. Capability for crystallization they retain only EL-4

and BEL-} (see Pig. 55), network demsity in which is consideraltly less
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than into BL-1 and EL-2.

According to the theory ot melting cellular polymers [88]), the

cross~linking of statistical chains must lead to the temperature

decrease of melting, proportional to network demsity. An

insignificant (order of 2°9C) temperature decrease of melting EL-3 and
BL-2 is explained so by smali network density which the
exception/elimination orf tae cross-linked sections of chains from
crystal lattice leads only to an insignificant increase in the

entropy of fusion and it barely aftects melting point.

The absolute value of tne heat capacity of the fusion/melts of

studied OEA and 00U in the range of temperatures to 100°C barely

grow/increases.

In accordance with free-volume concept [ 231] the heat capacity

i of liquids is composed of %osciiiatory" and "hole® (bonded with the
formation of new holes) fparts. Assuming that ®elting is reduced to
formation and enrichment of fusion/melt by holes [143), then the
observed course of the neat capacity of the fusion/melts of the
oligomers being investiyated one should, obviously, explain by zero
contribution of one of the addend common/general/total heat capacity,
namely "hole" part. This tells avout the fact that energy of the
formation of nev holes exceeds energy of the thermal agitation of

solecules in the fusion/melts of OEA and 0U.

| —
...-..-.---.-.-.-.-------.---r : . - . —————a
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Properties oligohydroxytetramethyleneglycol and synthesized on their
basis of linear ones and cross-linked is polyurethane.
Some properties it is polyurethane on the basis of !
oligohydroxytetramethyleneylycol (polyfurit) they are investigated by
calorimetric method [77] (fable 29) . Relationship/ratio OH/NCO for

oligourethane and elasfcuers was the same as for such on basis OEA.

As is evident in Fig. 57a, tae heat capacity of the annealed
specimen/sample PF-1000 (curve 1) in range frecm ~70 to -50°C has
constant value and then smootaly it grow/increases, developing small
endothermal peak (thermal ettect of 5.88 cal/g) with maximum with
09C, after which it is lowered at 6°C and then sharply it
grovw/increases at 139C. In interval of 13-189C, increase ian the heat
capacity somevhat is retarded, and then appears into the basic peak
of melting with 23°C. Meltiny i1s ended at 33°C, after which the value
of heat capacity to 100°C virtually is unchanged. The

coamon/general/total thermai effect of melting is 28.65 cal/g.

buring heating of the hardened/tempered specimen/sample PF-1000

(Fig. 57a, curve 2) the heat capacity increases linearly in the range
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of temperatures from -80 to -209C, after which the heat capacity
rapidly grow/increases, caanying into endothermal peak with maximum
with 11°C and by thermal efrect of 10.6 cal/g. After decrease with
15°C, the heat capacity agjain rapidly grovw/increases at melting point
with 22°C and decreases up to 329C. The summary thermal effect of

melting is 27.95 cal/g.
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{able 29. The initial characteristic of

oligohydroxytetramethyleneglycol it is polyurethane on its basis.

M &
= =
(/> & E ) f’z_ z
Cra g3
Beuecyso A M cks
H )
(258 $32
Ly !
)l'lonniqoypu*r M-1000 960 i —
80J1uro;.’peTaH na M®-1000 OY®-1000| 6700 | -~
2/0anrovpetai sa IP-2000 O¥Y®-2000, 15600 | —
PBnactovep Ha N-1000 | 9de-t | ae00* | 11
(i dnactovep Ha [T9-1000 | 37¢-2 2540*% | 1:3
«Snacromep Ha 1D-2000 N (281 7950 * | 1:1
(CPractomep Ha T19-2000 3/19-4 4360* § 1:3

Key: (1). Substance. (2). Conventional designations of substance.
(3) . Relationship/ratio of cross~linking agent. (4) . Polyfurit. (5).

oligourethane on. (6). Elastomer oun.

FPOOTNOTE 1, Corrected values M ENDFPOOTNOTE.

Pages 106-107.

The heat capacity of tne annealed specimen/sample PFP-2000 (Fig.
S7b, curve 1) linearly grow/increases from -70 to -109C and then
smoothly appears endotheraal peak with 199C (thermal effect of 6.95

cal/g) . At 23°C heat capacity is reduced then rapidly grow/increases

P
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and becomes maximum at meltiny point with 32°9C. Common/general/total

thermal effect of melting is equal to 26.7 cal/g.

In the curve of the heat capacity of the hardened/tempered
specimen/sample PF-2000 (Fig. 57b, curve 2) is observed the small
endothermal lift in the ranye of temperatures from -95 to -80°C,
characteristic for transition from glassy to highly elastic state.
Yalue 7. for polyoxytetrametnylene is equal to -55 on [341], -84 on

[338), -86°C on [337].

From results of calorimetric measurements, it follows that T,
the PF-2000 has value on tne order of -889C, which is close to value
of -86°C, obtained by dilatometric method [337] for a high-molecular

polymer. 1

From -80°C heat capacity of tne gquenched specimen/sample PF-2000 1
linearly grow/increases to -20°C and it passes through the
endothermal step with 11-159C (thermal effect of 5.45 cal/qg),

changing then into the peak of meiting with 26°C; melting is

completed at 36°C and heat capacity it decreases.
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Pig. 57. Heat capacity is polyurethane a PFP-1000 (a):; the PP 2000

(b); oligourethane OUF-10U00 (c); OUF-2000 (d); 1 - annealed

specimen/sample; 2 - hardened/tempered specimen/sample.
!

| Key: (1) . cal/gedeg.
|

[ Page 108.
[

The thermal effect of peltiny is 19.65 cal/g. In interval of 36-80°C,

i
|
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heat capacity barely grow/iancreases, but beginning with 80°C it
decreases, developing exotheraic peak with maximum with 135°C. The
thernal effect of exothermic process with 1459C is equal to 64.8

cal/g.

In the curve of the heat capacity of the annealed
specimen/sample OUF-1000 (Figy. c, d) is observed the jump in range
from -75 to -64°C, which corresgonds to the devitrification of
oligomer, after which tne neat capacity retains linear dependence
with ipsignificant 1ift to -359C, Further it decreases before the
achievement of exothermic pedax with -11°C in solidification range
from -35 and approximately to 39C and directly it changes into the

peak of melting with 159C. In view of the iamposition of

crystallization and meltiny, accurate detersination of the heat of ﬂ
these processes was not impossivle. The data of heat are close to

each other and are approximately 6.8 cal/g.

Similar pattern is ooserved also for the hardened/tempered
specimen/sasple OUF -1000; however, in this case an interval of
vitrification somewhat becomes narrow, and solidification range is
misaligned into the region of the lower (from =40 to 09°C)
temperatures with peak at -159C, At the same time an interval of
melting is expanded (from 0 to 229C), moreover the peak of melting is
misaligned to 139C. The thermal effects of crystallizationm and

selting are equal to 6.43 and 8.95 cal/g respectively.




e = —————

pocC = 79011106 PAGE -ﬁ}*{

G.xan/e-2pad (1Y

-50 0 50 I

rig. S8. Heat capacity of the initial (a) and exposed/persistent at
temperature of -40°C (b) specimen/samples of those cross-linked it is

polyurethane:

I — 31®-1; 2 = 3]I®-2; 3 — 319-3; 4 — /1P,

Key: (1) . cal/gedegq.

Page 109.

The curve of the heat capacity of the anpnealed specimen/sample
O0F-2000 (Pig. 57 ¢, d, curve 1) in low-temperature ones region
consists of two sections of range rfrom ~-70 to ~40 and from -30 to
0°C, then it passes througn the small lift with maximum wvwith 10°C, it
is lowered at 18°C and sharply it grow/increases at melting point

with 29°C. Thermal effect is 17.35 cal/g.
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The heat capacity of the nardened/tempered specimen/sanmgle
OUP-2000 (Fig. 57d, curve 2) linearly grovw/increases from -70 to
-209C, it passes through the lart with ~-19C and after insignificant
lowering with 6°C, rapidly it grow/increases at melting point of

27°C., Heat of melting 16.9 cal/ge.

Pigure 58a depicts the curves of the heat capacities of the
initial specimens of the cross—-linked elastomers. These elastomers
are not capable of crystallization at room temperature, to which

testifies the absence of tne noticeable peaks of melting, and also

the presence of sharp bends at vitrification temperatures on the
curves of heat capacity ia iLow-temperature ones region. The
temperatures of the vitrification of elastomer on basis PP-2000
(curves 1 and 2) lie/rest at tae region of lower temperatures, than

in elastomers on basis PF-1000 (curves 3, U).

Pigure 58b gives the curves of the heat capacities of the
elastomers indicated, exposed/persistent long time at temperature of

-“ °C.

o T TR L e R
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table 30. Equations C,=/(") for tne linear sections of the heat

capacities of oligoether/ester, oligourethane and cross-linked it is

polyurethane.
() L;z) Oroxmennnft 06pasey Lj 3sxanennmi ofpascy
]

Nonkuep > Typiiid - 1
Ypasuenue Ypasuenne Tepran, X

YT a" ‘4
N®-1000 0,2474+197 1074 T | —80| —20 0,298 —70{ —50
0.1624+98-10~* 71 33| 100 0,503 32, 100
Ne-2000 | —0.293+306.10~3T | —70| —10] 0,0364-1.49-107° 7 | —80: —20
0,550 43{ 90 0,450 36, &0
0Y-1000 0182+9.8-10~4 T | —60| —35|  0,166+98.10~* T | —60 - 40
0,300+4,95-10~47 | 23] 100| o0,148+103 1077 | 23! 100
0Y-2000 0.1024+96.10-*7 | —70} —40{ —0,083+1,51-10~' T | ~70| —~20
02274-1,03-103 7§ 40| 100| —0.198-+2.02 107 | 33! 100
lo-] 0.113498.10~* T | —70| —54! 0.113+98.10* T | —r0| —54
0.1904+9,8-10~*T ) —35| 100{ 0,198+98-10~*7T | 36| 100
19-2 0,0944+98-10~* T {—90| —50| 0.004+-98.107* 7 | —70] —50
0,1374-9.8-10~* 7 {—3c| 100{ 0088+98.107*7 | 30 100
3719-3 0,17249,8.10~4 7 | —60] —40] 0232498 10~ T | —G65| —20
0.1864+98.10~* 7| 35| 100| 0232+98.107*T | 30| 10V
3/Id4 0,148+9,8.10~* 7 [—60] —40{ 0.202+98-10~*7 |—60 0
0,186+98-10—* T | 30| 100 01754+1,05-10-3T | 30| 100

Key: (1). Polymer. (2). Annealed specimen/sample. (3).
Rardened/tempered specimen/sample. (4). Equation. (5). Temperature

interval, °C. (6). from. (7). to.

Page 110,

Prom curves it is evident that under these conditions are

crystallized only the elastomers on basis PF-2000 (curves 1 and 2) in

sufficiently wide temperature interval fros -40 to S9C. Melting these

i B e S A e
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specimen/samples is accompanied by the appearance of sharp maximuas
of heat capacity with 209C. deat of crystallization and melting
coaprise with respect to 5.06 aund 5.83 cal/g for ELP-3 and 2.93

and 3.66 cal/g for ELF-4.

Table 30 gives the parameters of equation Gk¥f07 for the
linear sections of the given curves, calculated by the method of
least squares. Table 31 contains tae values of the values, which
characterize the transition of the investigated objects from glassy
to highly elastic state. Constant Ke, calculated by formula (IV, 6),
upon transfer from oligoether to oligourethane in this case is not
virtually changed. Its values for PF and OUF are equal to 19.1e¢10"¢
and 19.4¢10-¢ respectively. consequently, the thermodynamic
flexibility of macromolecules and these oligomers is approximately
jdentical, i.e., the presence ot the units of
toluene-2,8~diisocyanate 1s not reflected in the flexibility of chain
and 7. for these systems is predetermined mainly by a change in the
kinetic flexibility of macro-chain. This corresponds to the data

given in chapter 1I.

The presence of the grid of chemical bonds also leads to certain
increase 7. However, basic effect cross connections are exerted to
the value of an interval of vitrification, moreover is observed

tendency toward the expansion ot an interval of vitrification during
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an increase in the degree cross-iiaking and the decrease of molecular
wveight of initial oligoether. Since vitrification is relaxation
process, an increase in the interval of vitrification can be
explained by the expansion of the spectrum of relaxation times as a
result of localization cfi the free space of systeam in the places of
cross-linking {246), and also by the partial dissociation of
relatively veak hydrogen ponds in polyurethane on the basis of simple

oligoether/ester.

The values of the incremeat of heat capacity during
vitrification A C, for studied series/number of polymers (table 31)
are close to the values, calcuiated for organic glasses [ 343],
Exception is the PF-2000, which is explained by its partial

crystallization with quenchiny.
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Table 31. Characteristics the vitrification of polyfurit and

polyurethane on its basis.

(/ ) ¥\ BC, .
O6pastey <">mn/:x AT, €| Te °C M (3,‘1 :f:nx
X epad X 2pad
N¢-2000 - —88 0,062 14,4 0,89
OY®-1000 6 —67 0,116 233 271
3J10-1 23 —43 0,104 23,3 2,42
3No-2 21 -39 0,098 23,3 2,28
3N®-3 20 77 0.113 23.3 2,63
A4 20 —80 0,106 23 2,47

Key: (1). Specimen/sample. (2). cal/gedeg. (3). cal/moleedeg.

Page 111.

The value of the increment of heat capacity during vitrification
is proportional to eneryy of the tormation of new holes and it is
inversely proportional to vitrification temperature. Hence it is
possible to draw the conclusion that and for this series/number of
polymers energy of the formation of new holes grow/increases upon

transfer from initial oliyoether tc the cross-linked elastoamer.

In bond with aforesaid, it is interesting to compare the
parameters the vitrification of polymers of both of investigated
series/numbers. Since 7. 1is polyurethane on the basis polyethers

(polyfurit) considerably lower than in it is polyurethane on the

basis of polyesters (oligoethyleneadipate), then energy of the
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forsation of holes in the lLatter accordingly higher. Since
polyurethane on the basis polyetiuers differ fros it is polyurethane
on the basis of complex polyethers only by character of
intermolecular hydrogen bonds, it is logical to assume that the
hydrogen bonds between oxygen of complex ester groups and hydrogen of
the termainal hydroxyl groups or Ni-groups of urethane link more
strong/durable, than bonds with the collaboration of oxygen of simple

ester groups. This is ccunfirmed by literature data [13, 327, 332].

For the hardened/tempered and annealed specimen/samples PF-1000
and fFJ00,is observed the in stagyes character of the melting (see Fig.
57) . FPormally this character ot the decomposition of crystal
structure resembles the picture of melting the annealed
specimen/sample OEA-2000 (see Fiy. S4), which in crystalline state
can exist in two modifications. However, the results of the X-ray
diffraction analysis of polyoxytetramethylene [ 183, 236) make it
possible to consider that tor it 1is characteristic only one crystal
structure and that the cobsecrved snape of the curve of melting is
caused by the kinetic condaitions of crystallizing polyfurit. In this
case, are noted two special reature/peculiarities, Pirst, melting the
hardened/tempered and anncaied specimen/samples has the analogous
character, which attests to tne fact that the mechanism of nuclei
forming during the crystallization of these oligomers does not depend

on the degree of supercooling and rate of cooling of fusion/melts,
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Hence, the nucleation c¢f crystalline phase has the atheraic
character, caused by the existence of micro-heterogeneity in
fusion/melts PF-1000 and PF-2000, heated to temperature of 100°C.
Such micro-heterogeneity, appareatiy, are associates fronm
macromolecules, generatrices because of the hydrogen bonds between

et her /ester oxygen and terminal aydroxyl grougs.

In the second place, in accordance with Flory's thermodynamic
theory [{210] the melting point i polymer crystalls is deternined by
their size/dimensions, iIn the case of the even distribution of
crystals according to size/dimensions, fusion curve of polymer must
be smooth and have one maximum at the tempe-ature, which corresponds

to melting bulk of crystais.
Page 112,

On obtained curves of heat capacity PP-1000 andPF-dxethere is several
smaximums in an interval of tae melting (see Fig. 57a, b). Therefore
it is assumed that during the crystallization of these oligomers
occurs the formation of crystals of several discrete size/dimensions
vhich are melted at the temperatures, which ccrrespond to maximums in
the curves of heat capacity. Tuis will agree with the results of the
roentgenographic and dilatometric investigations of similar in

structure low-molecular polyoxyetnylenes [161], for which is
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reveal/detected the phenomenon of fractionation in the unit of

flat/plane crystals depending on taeir height.

In turn, the height of crystallite in low-molecular

polyether/polyesters is determined by the length of macromolecule

[161). Thus, the observed character of melting can testify
simultaneously to polydispersion low-molecular PF-1000 and the

PF-2000, which dependinyg on syntnesis condition can achieve

significant magnitude {83, 334].

Low melting points PF-1000 and PP-2000 (Table 32) are explained
by the high values of entropy of rusion. Since the eantropy of fusion
strongly depends on the confvrmation of macromolecules ir the molten
state, is given below the estimation of the contribution of the

conformational entropy of taese oligomers upon transfer from

crystalline to liquid state.

The entropy of fusion of polymers can be presented in the form

of following expression [488]:

ASua = ASy + (ASanlv,
vhere AS, - the contribution to entropy, caused by volume variation
during melting AV, AS. - tne contribution, caused by a change in

! the chain conformation duriny melting at a constant volume. Value
ﬁ ASy was determined from tne formuia

- __
v ASV = b AVM.
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vhere a -~ a coefficient of voluametric thermal expansion; g -

isothermal compressibility.
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Ihble 32. Thermodynamic parameters of melting,

() 42\ e

Moaunep O6pisen Tna °C dHip, At x::s/nx:u X
xuse Xa.t/Mosb X epad

& (4 &
@3

1-1000 | OtoxKeHHu 23 28,65 2060 6,98
3axaneuum’1i7 ) 22 27.95 2010 6,83
1-2000 | Oroxmenunit 32 26,7 1920 6,40
3akaaennntit 26 19.65 1415 4,74
QOY-1000 | Oroxxennuwin(b, 15 6.8 557 1,93
3aKaneHHb i 13 8,95 735 2,56
QY-2000 | OToMOIKEHHWN| 29 17,35 1330 440
3anacHHn 27 16,90 1300 4,33
1.3 Oroxmennai{ &/ 20 5,83 448 1,62
313 20 3,66 232 0,96

Key: (1) . Polymer. (2). Specimen/sample. (3). cal/g. (4). cal/mole.
(5) . cal/moleedeg.

ENDROOTMATE
FPOOTNOTE !, Entropy of fusion was calculated frcm forsula A%,=uudﬂ;?¥

(6) . Annealed. (7). Harden/teapered.

Page 113.

Values a and P are undertaken from [313]. Since PF~1000 and PF-2000
with 20°C are in the partialiy wmolten state, then for calculation
AV,, it is not possible to use the experimental values of density
with 20°C (p,,) . Therefore were used values p,q and p,, for the
PF-3000 froam (313}, extrapolating them to the appropriate melting

points. The obtained values of an increase in the volume during
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melting are identical for PFP-1U0U and PF-2000 and are 0.08 cn3/=5.76
cad/mole, and AS/= —112940'V635x10-%.5J6;-—6L4

candata/degencle=-1.48 cal/degemole.

Since the contribution of volume variatiocn into entropy of
fusion is not more than 21-230/0, the high value of entropy of fusion
PFP-1000 and PF-2200 is caused mainly by an increase in the number of
conformations of macromolecules during melting. Thus, macromolecules
PF in fusion/melt must have more or less coiled conformations in
comparison with the conformation ot flat/plane zigzag in crystalline

state [236, 183].

Por linear oligouretnane, especially for 0UP-1000, are observed
the decrease of heat of fusion and the shift of the melting points in
the region of lower temperatures in comparison with initial
oligoethers. This is explained by the fact that in OUP-1000 the
concentration of links 2.u=-IDI whose presence in chain leads to the
defects of crystal lattica [ 15], higher than in OUF-2000. On the same
reason the entropy of fusion OUF-1000 is less than the entropy of

fusion 0UF-2000 (Fable 32).

It is substantial, that the presence of diisocyanate units does
not virtually affect the capacity uf oligourethanes on the basis of

polyfurit (OUP) to be crystallized, vwhile OU on the basis of coaplex
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oligoether/ester Are capapnle of peing crystallized only in time. This
phenomenon is bonded with greater regularity ¢f the molecular
structure of polyfurit and presence in fusion/melts 0OU on the basis
of coamplex oligoether/ester of the more strongs/durable intermolecular
hydrogen bonds, which impede the tormation of thres-dimensional
crystal structure. As confirmation serves the fact that the heat
capacity of fusion/melts UUF yrow/increases faster than in 00,

probably, as a result of hign enecyy of the formation of holes in the

latter.

As for elastomers on tne vasis of oligoethyleneglycoladipate,
capability for crystallization develop only elastomers with polyfurit
units with a molecular weijat of 2000 (ELF-3 and LP-4), although, as
can be seen from Eable 29, thne network density of chemical
cross-linkings ELF-1 and ELF-4 (elastomer on basis PP-1000) is
approximately identical, Hence it follows that basic effect on the
capability of polyurethane elastomers for crystallization has the
network density not of the cnemsicai, but physical (hydrogen) bonds
vhose number into ELP-3 and EuF-4 1s less than into ELP-1 and ELF-2

due to the concentration of uretnane groups.

Page 114,

The low value of entropy of tusaoan ELP-3 and ELF-U4 is explained by
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the small contribution c¢f configurational entropy during melting.

Comparative characteristic the vitrification of those cross-linked is
polyurethane on the basis of oligoethyleneglycoladipate and

oligohydroxytetramethyleneylycol.

Por cross~linked elastomers of both of series/numbers, is made a
semiquantitative evaluation of tme contribution of inter- and

intramolecular reaction to their kinetic properties [ 110].

In accordance with [231], transition from glassy state to liquid
is accompanied by the fcrmation of the new holes, which are
characterized by molar voluae V, and molar excess enmerdgy (in
comparison with initial ®"aoleless® state) :. BEnergy ¢ is bonded
with an increase in the heat capacity by approximate
relationship/ratio [88, 231}

AC,,=% . Ts;’:c—exp(—%;?).

E. - molar internal residual steam-generatinj heat (energy of
cohesion) at the temperature of vitrification T.. Value E. can be
determined from empirical dependence [182]
=173. Y= Ve,

Ve
vhere E - molar energy ot cohesion; Y - molar specific volume at

E —E
E

boiling point; V., - molar specific volume vhen 7. B amrd V vere

calculated from the values of tae corresponding increases for
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functional groups {182].

Yalues Vc determined by extrapolation V,q to 7, for vhich vere
used the values of the coefficient of the volumetric thersal
expansion of liquid state ox, deteramined according to eampirical
relationship/ratio 7..ex=10,164 [313). Since the macromolecules of
the investigated polyamers are alternating very long oligoester and
short diisocyanate sections, in turther calculations M, ¥ and
corresponding molar values for tane repeated structural cell/elements
of those investigated it is polyurethare they determined, considering
polyarethane the block copolymers (for example, that was being

repeated netwvork element of amacromolecule EL-1 they accepted that

consisting of 86o0/0 of link OEA-1000 and 140/0 of link of 2.4-TDI).

value V., was calculated from foramula [343)

’ __Bth
Vy= 2

Page 115,

It is known that the theoretical bases vitrification in the free

space based on assumption about the fact that the transition froas A

glassy state occurs at the teamaperature by which the value of free

space becomes greater certaian critical value. It is obvious, this

' critical free space defends on the value of the structural elements,
; which accept collaboration 1n traasition [64]. In turn, forming the
]
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free space (holes) in low-molecular glass is accompanied by an
increase of average distance between separate molecules that has
statistical character. 1lan this case, the size/dimension of the
generating holes is commeasurable with molecular dimensions. During
the devitrification of organic ylasses besides an increase in the
medjum intermolecular distance, will be changed also the chain
conforsation as a result of acquisition by the macromolecules of |
segmental mobility. In this case the size/dimension of holes is
determined already by the value of the segment of chain. Since the
value of segment characterizes the flexibility of chain, that,
therefore, the smaller values of hole volume (i.e. VQ possess the
more flexible chains. Thus, forming the holes in polymers is bonded

with the value of both inter- and intramolecular reaction. Since the

value of heat capacity is deteramined by the summary contribution of
all foras of the molecular woonility, calculated by AC, values ¢,
(see Table 33) they will also uepend on the amount of inter- and
intramolecular forces. Froa table 33 it is evident that the value of
molar hole volumes for it is polyurethane on the basis of complex
oligoether/ester (EL-1-EL-4) less than for it is polyurethane on the
basis of simple oligoether/ester (iELP-1-ELF-U4). Consequently, the
thersodynanmic flexibility of the macromolecules of polyurethane with
ester units is higher than in the macromolecules of polyurethane with

simple ether/ester units.
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Table 33. Thernodynamic paraseters of vitrificatioa.

e W O Ri b S
QO § DR pibE R DIPE| Y

2 % ] % 3 8 $3/ & | % =X| ¢

g N < * *olazgl 2| L1 23t C

I 3 I RS IO N B N R S 1
3711 173| 190,0( 141.0] 138.0 {19900 {17980 | 21.40| 885| 6,80 | 130.0|— 7 j
312 [178( 1900| 1410 1370116900[18200| 22.40| 845| 6.35 | 1505|—14 _
a3 |175] 189,5] 1405] 136.0110450 |17600| 23.60| 770} 595 | 129527

314 175] 1895 140,51 135510450 (17800 22.20 845| 6,40 ; 132.0}.—29
- 81]101,0f 730] 70.0| 4800| 8480! 8.17!1080| 890 | 121.5]—43
3.10-2 81) 1010/ 73.0] 70,0{ 4800| 8480| 7.95{1100; 9.06 } 121.3}—39
ANd-3 771 99,01 73.0| 665 4363, 8055( 8,70 945; 7.80 | 121.01—-77
A4 7 99.0{ 730! 665, 4365| 8065| 8.15] 975! 805 | 121.0|—80

Key: (1) . Elastomer. (2). cad/mole. (3). cal/mole. (&). cal/moleedeq.

{5). cal/cm3,

Page 116.

Analogous conclusion is made as a result of investigations of the
dilute solutions of linear ones it is polyurethane identical nature
[98]. value ¢ for EL~1 -EL-4 is also higher than for ELF-1 - ELF-4.
Consequently, the basic contribution to energy of the "hole” state of
those investigated is polyurethane it introduces intramolecular

reaction.

It is somewhat unexpectedly, that the temperature of the
vitrification of ester ones it is polyurethane above than in

appropriate it is polyuretnane on the basis of simple
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oligoether/ester (Eable 33) . This absence of the correlation between

the thermodynamic flexibility of chain and the temperature of
vitrification once again telis about the fact that the latter depends
mainly not on thermodynamic, but on the kinetic flexibility of
chains, which is determined py the concentration of the polar groups,
capable of the formation of secondary bonds, or by relative strength
(intensity) the latter. Since tiane concentration of urethane groups in
the appropriate polyurethane is virtually identical, then the higher
temperatures of the vitrification of ester ones it is polyurethane
bears out the greater intensity of intermolecular interaction. This
is evident also from the comparison of values ey'Va i[able 33 .
Ratio/relation ¢&/V,. which can be call/named the *hole® energy
density of cohesion, is the characteristic of the bulk properties of
polymer, i.e., it is sensitive to amolecular bonds. The comparison of
the values of the "hole" eaergy densities of cohesion it is
polyurethane it confirms assumption about the fact that the intensity

of intermolecular interaction is more in ester polyurethane.

Polyurethane on the basis or other oligoether glycol units.

Investigation of the effect ot the chemical structure of

polyether/polyesterurethane for their capability for crystallization

glycols (di-, tri- and hexaethyieneadipateurethane), and also

] [98]) shoved that the polymers, synthesized on the basis of ether
!
|
i
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polymers with lateral groups (mataoxymethyl- and

propyleneethyleneadipateurethane) are amorphous., At the same tinme
polymers on the basis c¢f glycols of polymethylemne series/number
(ethylene~, trimethylene~, tetramethylene- and

pentaethyleneadipateurethane) are the crystallizing polymers.

Prox the comparison orf the heights of the maximums of the curves
of the temperature dependence of the dynamic modulus of the
crystallizing polymers indicated it is evident that higher maximum in
polytetramethyleneadipateurethane (Fig. 59) . On the basis of this, is
made the conclusion that polyurethane indicated possesses the maximunm
speed of crystallization, whicn is confirmed by dilatometric data

[941.

Page 117.

Is studied dependence T of the block copolymers both on the
nature, molecular weight, molar content of the units and the presence
in the block copolymers of the crystalline phase, formed by
crystallizing units [ 25, 26, 160]). As object are selected the

urethane block copolysers of the folloving general forsula:

(—A—OCONHRNHCOO—);_ (—B—
—OCONHRNCOO—),,

vhere A - a unit of the aliphatic polyester:

!
! polyethyleneglycoladipate (PEA) or polydiethyleneglycoladipate
]
-
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(PDEA); C - unit of ester on wvasis o~-, m~, and n-bis
(B-hydroxyethoxy) phenyleneadipiaic acid
[—OC,H,0C,H,0C,H,0COC,H,CO—},,

designated subsequently o-, a~ aad n-PFA.

Were investigated the series of the block copolymers on the
basis of the following pairs of poiyether/polyesters: PEA - n - PFA,
PEA - m-PPA, PEA - o0-PFA, PDEA - a-PFA, PDEA - o0-PFA. Por each series
of copolymers n, it was changed from 0 to 1. Yalue i} vas determined

by thermomechanical method.

It is establish/installed, that the character of dependence T,
of the block copolymers on molar ratio of units is not changed upon
transfer from one isomer of PrA to another and only transition from
PEA to PDEA produces change for the specimen/sangles,

exposed/persistent in the course or six months at rooa temperature.

To dependence 7. for copoiymers PDEA - m-PFA on molar ratio of
units it shows that 7. for all copolymers they lie down well on the
straight line, which unites values 7. for homopolyurethane on the

basis of PDEA and m-PFA (Fig. ola).

On the basis of observed linear reduction 7. im the copolymers

from an increase in the conteat of units PDEA, obtains satisfaction
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the conclusion about the plasticizing effect of the latter on the
units of m-PFA, In this case, it 1s considered that the units of PDEA
are not capable of crystallization, but the units of m-PFA easily

fors crystalline phase.

In connection with this 1is examined the series of copolymers PEA
- a=PPFA in which to both units is specific the formation of
crystalline phase (Fig. 60b), and in this case only for the
anmorphized specimen/samples cnaracteristically linear magnification
T. with an increase in the conteat of PFA. However, for the

exposed/persistent in time specimen/samples picture is changed.

e e ke annea ks
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Fig. S5S9. The temperature course of the dynanic modulus: 1 -
polyethylene glycol-adipinateurethane, 2 - polytrimethylene glycol
adipinate urethane, 3 - polytetramethylene glycol adipinate urethane,

4 - polypentamethyleneqglycol adipinate urethane,

Key: (1) . kgf/cm2.

Page 118.

So 7. copolymers with the predominant quantity of PEA (not less than

600/0) becomes equal to T. of polyurethane on the basis of PEA,

whereas for the copolymers where the content PEA is lowver than 60o0/0,
T. remains equal to 7. of the amorphized speciamen/saaples or

sosevhat below.

To the observed phenomenon is given following explanation. For

the copolymers vhere the unit A is in amorphous state,
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characteristically uninterrupted decrease T. ftrom B- to an
A-urethane, since the units of the latter are the plasticizing agent
vith respect to the aryl-coutaininy units B. Since the plastification
sust occur/flow/last at molecular energy levels, also T. must vary

linearly with a change in the percentage of aliphatic unit.

In the case when an A-block 1s crystallized, prolonged storage
of the specimen/samples of copolymers at room temperature conditions
the emergence in them of crystalline formations of both of assembly
views, which, in turn, leads to appearance in the specimen/samples of
microheterogeneities,

J

The nﬂcroregions where are yrouped the units of one nature, must
develop the properties, wnich ar: inherent in this component in the
form of homopolymer and, in particular, to have it 7. Therefore in
the copolymers where the aliphatic unit PEA (on less than 60 mol.
ones o/0), .T. coupolymer arter prolonged storage becomes equal to

T. of polyurethane on the basis ot PEA. Increase 7. in the
copol ymers with the content or PFA-blocks of more than 40 mol. ones
o/0 is explained by the abseuce in them the crystalline formations of

units PEA.

Thus when in the specimen,saamples of copolymers does not occur

the liberation/isolaticn of aliphatic units A in the form of
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independent crystalline phase, theam 7, is determined 7. B-blocks,

plasticized by units A.
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Pig. 60. Dependence 7¢ on the composition of the copolymer of the
series of PDEA - m-PFA (a) and PEA - m—-PFA (b): 1 - amorphized
specimen/samples; 2 - exposed/persistent six months at rooa

teaperature.

Key: (1). Aromatic unit, mol. o/o0.

Page 119.

This explanation or special teature/peculiarities 7, of the
exposed/persistent specimen/sasples of the copolymers of the series
of PEA - »-PFA explains the tact that the prolonged holding of the
specinen/samples of the copolymers of the series of PDEA - m-PFA does

not give and to their change 7. in comparison with initial ones.

Dependence 7. of n-PFA and nomopolyether/polyesterurethane on

their basis on molecular weight of n-PFA shows adiabatic nature of
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change 7. in the series/nuaber of polyether/polyesters and
homsopolyether/polyesterurethane will agree well with the given above
data and once again testifies to tane which is determining roles
concentration of urethane yroups in change 7. in polyether urethanes

(Pig. 61) .

It is substantial, that even with molecular weight of
polyether/polyester units, equal to 2000, the block copolymer not of
one of the investigated series reveal/detected two 7. This,
obviously, it is explained nigher by the values of molecular weights
of the mechanical segments of polyether/polyesters. As can be seen
from Fig. 62, experimental values /. will agree well with 7.
calculated in Fox's formula [Z213] for the copolymers

T.=TATB (@ATB + s T A),
vhere TA and 7B - temperatures ot the vitrification of homopolymers
A and B: oA and ws - their weiyht fractions in the appropriate

copolymers.

Thus, 7. polyether/polyesterurethane is characterized, on one
hand, by nature and concentration of diisocyanate component, but on
the other hand - nature and molecular weight of the glycol units,
vhich are deteraining temdency toward crystallization and
concentration of the poiar groups, vwhich condition emergence Letween

the macro-chains of polyuirethnane ot the physical bonds of different

degree of intensity.
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Fig. 61. Dependence 7. for n-PFA (1) of different solecular weight

and polyether/polyesterurataane (2) on their basis.

Key: (1) . M-polyether.

0 50 (0 o0
NoA-Bnox, 8éc. 7,
Pig. 62, Dependence 7. on coaposition of copolymers of series of PEA
- N-PFA with molecular weight of umits 2000: 1 - experimental data

for amorphized specimen/samples; 2 - data, calculated by foraula of

PoXx.

Key: (1) . PPA-block, weigat o/o0.

Page 120.
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It is shown [to 26], what separate units of the copolyamer of
PEA-a-PPA are capable of forming independent crystalline phases, and
that this capacity falls in tne series/nuaber of the copolymers of
series 2000, 1000 and 600. For the copolymers of series 2000,
constancy 7Tun of PPA-blocks 1s retained up to the content of latter
on the order of 50 weight o/0. In the region of average/mean
compositions, is observed melting the two types of the crystalline
formations, vhich corresgond to crystallization of each of the
asseably views. In the copolymeis of series 1000 and 600, occurs
change 7., vhich reminds eutectic type diagrams, and only copolymers
vith the predominant content of PEA have T, equal to 7u of
homopolymer. The decrease of the value of a PPA-block is acccmpanied
by the emergence of less modern crystal structures and by narrowinrg
the region of independence Tc from the composition of copol ymer,
Thus, the decrease of the leagyth of the component block copolymers of
polyether/polyester units produces the appearance of properties of

the random copolymer.

Were investigated soame monomeric and oligomeric glycols, which
can be used for synthesis it is polyurethame [41]. In particular, on
the basis of the thermoygram of heating the copolymers of

tetrahydrofuran and oxide of propylene with different content of the
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latter it vas established that thne capability for crystallization is
lowered vwith an increase in the content of propylene oxide. However,
even with the 250/0 content of propylene oxide copolymer is still

capable to be crystallized.

Por those cross-linked it is polyurethane at the same time on
the basis of mixture 2.4~ and 2.6-1IDI and copolymer of
tetrahydrofuran with different countent of propylene oxide, but with
the one and the same degree of chemical cross-linking, it is
establish/installed, that polyurethane loses the capacity to be
crystallized with the lower contents of oxide of propylene, i.e.,
vith 120/0 {15). This tells about that which diisocyanmate component
iampedes the course of the process of crystallization in polyurethane

elastoners.

The investigation of poiyurethane elastomers on the basis of
toluenediisocyanate with different relationship/ratio 2.4- and
2. 6-TDI copolymer with 10u/0 of propylene oxide showed that the
transition froa 2.4~ to 2.06-TDI does not change the lattice structure
of polyurethane, but increases the crystallization rate and the final

degree of the crystallinity of polyurethane elastomer.

FProm that presented it follows that capability for

crystallization they develop only also they are crystallized. In this
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case, molecular the weight of oligomeric units must exceed certair
critical value. Crystal structure of polyurethane elastomers is
forsed as a result of the crystallization of oligoester units, and
diisocyanate links play only the role of defective sections in

structure,

If lattice structure depends only on nature and structure of
oligomeric unit, then tendency toward crystallization and degree of
crystallinity are defined by the structure of both diisocyanate and
oligomeric unit. The last/latter parameters are bonded also with the

degree of the chemical cross-linking of elastomer.
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Page 121,

Chapter V., The structure of tane yrid of amorphouss it is

polyurethane,

CHARACTERISTIC OF THE GRIDS OF THREE~-DIMENSIONAL POLYURETHANES.

Obtaining polyurethanes wita the utilization polyfunctional
connections leads to formation of polymers with
three-dimensional/space structure, or the so-called three-dimensional
polymers. Simplest criterion of formation of polymers with
three-dimensional grid - its insolubility in the series/number of
solvents. The junctions cf the seyments of chains are called nodes or

branch points.

The special featurespeculiacrities of the chemical structure of
polyurethanes determine the possibility of the existence in thenm
thesselves of different in structure chemical cross connections.
Together with biuret and allophanate cross connections can be formed

the cross-linking nodes, which present the residue/remainder of
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polyol, (I, II), or branched isocyanate (III, 1V)

-...H,IC_CH_.CH_:-... ""H.:C ——é—-CHl""
|
H, CH,

AN AN ZaN
Y
1 | é
\/ N/ 0=C =0
¢ NN/
= 2
m v

Thus, in polyurethanes is iformed the whole collection of different

types of the chemical bonds, which possess different strength.

Tobol*skiy and cowcgcrkers [ 188, 330] conducted the investigations
of stress relaxation in tne cross-iinked polyurethane elastomers,
vhich made it possible to obtain some information about the strength
of bonds in grid. They established that at the elevated temperatures
in the cross-linked polyurethane is observed the so-called chemical

flov, which testifies to the break of chemical bonds.

Page 122,

Is studied the cheamical relaxation polyurethane and

-' —————

Kl
s —
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polyether/polyester rubbers, which contain the bonds of different
types, and are calculated tae values of relaxation times ffhble 34,

Pig. 63).

As can be seen from given data, weakest weak bonds in

polyurethane are uric and biuret.

Further investigatioas i1n this direction showed that stress
relaxation in the cross-linked polyurethane it is possible to
represent in sum two processes [ 335] the energies of activation of
which were equal to with respect 37+-3 and 42+-2 kcal/mole. Hovwever,
the results, obtained during the study of stress relaxation, did not
allovw Tobol'skiy to give cheamical treatment to the discovered

processes.
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T¥able 38. Times of the chemical relaxation of polyurethane and T

polyether/polyester rubbers with 120°C,

Bpenn

Peanns Tun cau3u pensKca.
UMN, &

(0] (2) (8

1 3¢upHan., ypeTaHoB: Moue- 2,1
BHHHas, Gu\perosaﬂ&)
ChoxHOIpHpHaA, ypeTasoBas, 30
MOYEBHHHaA, GHY, onau'(o 3
CJlomuoaQ)upua 500
Cnomnoaqmpuan ype'raﬂona)( 1) 140

AW N

MOYeBHHHaR. OnyperoBas

C.nomuoaapupuan ypeTaH (au. 16

Key:z (1) . Rubber. (2). Type of bond. (3). Relaxation time, h. (4).

Et her /ester, urethane, uric, opiuret. (5) . Ester, urethane, uric,
biuret. (6). Ester. (7). Ester, urethane. (8). Ester, urethane, uric, ]

biuret.
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a1 Y rd 1)
Pilg. 63. Chemical relaxation of stress with 120°C of different
polyurethane rubbers and polyester rubber. (numeral they correspond
to ordinal number of rubbers in Taple 34).
Key: (1) . €,h,

Page 123.

It is possible to speak only about different strength of the chemical

bonds, which compose the grid of polyurethane elastomers.

The presence in polyurethane of different chemical bonds and

large number of polar groups leads to formation in them together with i
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the chemical ones of strongysduravle physical bonds (hydrogen and van

der Waals), of caused Ly reaction polar groups with each other.

The investigation of the structure of grid it is polyurethane
the extremely complex problea, necassary for explaining the numerical

ratio between the structure and physical properties.

Most in detail studiea tiae structures of cross-linked ones was
polyurethane Tanaka and Yokoyama { 325, 326, 347, 348} on system
polyol - diisocyanate - etnanolawmine. Diagram of the formation of

cross-linked product in tahis case tollowing:

HO----OH - OCN—R—NCO
(|) noakoa nuumuuauar(Z)

OCN---OCONH:+-NCO
¢opnommov(3)

HOCH,CH,NH,

+ 3TAHONAMMH

~e~-NH —CO—NHCH,CH,0CORH----
NCO

i
+eesNCONH--~
]
CO

!
\H

NH—CO—NCONH~--

.
’
[

Key: (1). polyol. (2). diisocyanate. (3). prepolymer. (4).

ethanolarine.
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The molar relationship/ratio of components is represented thus:

monpHoe cosepaanie NCO-rpynn » wsounavarel /)
K= mozbhoe conepwanwe OH-rpynn » noauone(2)
wicao moneR stawomawmna( 3)
M = 5ihoe conepwanne NCO-rpynn B aaryKre “b

molar

Key: (1) . the molar content of NCO--group in diisocyanate. (2).

content of OH-groups in polyoi. (3). nuaber of moles of ethanolamine,
(4) . molar content of NCO--yroup in adduct.

Before fit/approaching the descraiption of three-dimensional grid, the
authors [348] examine oktaining prepolymer, taking into account of

the eguations, which describe tne reactions of polycondensation. The

average/mean degree of polymerization

o K +1
METT— T R=D"

vhere p - deqree of the perfectioan of reaction., With p=1

K+ 1
K-—1"-

Xq =

Page 124,
Average/sean degree of jpolyaerization X,  shouws how many molecules of

polyol and diisocyanate they form ome molecule of prepolymer.
Distribution according to degrees of polymerization is described by

the equation
x—1, |

|
’ Pom (%7 (1= ).
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vhere X - a degree of polymerization. The share of the molecules of
diisocyanate, which resains in adduct after the completion of
reaction P,, while the portion/fraction of the smolecules, which

contain polyol, 1-p;=1/ke A nuaber of molecules of prepolymer with

= 1

» v ="y (K—1),

vhere v, — number of molecules of polyol. Then a number of molecules

of prepolymser, vhich contain polyol,

Vo= "o(KM—l) )

It is assumed that the brouyght out equations are valid with the
distribution of molecules according to lengths, since is taken into

attention a number of molecules.

After introduction to the prepolymer of ethanolamine of the
molecule of prepolymer, they increase because of the addition to thea
of the amino- and hydroxyl groups which form uric ones and urethane
ones during reaction with the excess of isocyanate groups.

Consequently, ethanolamine can pe considered as trifunctional agent.

At the first moment of reaction, is correct the
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relationship/ratio [OH], =|Ul= the initial concentration of
ethanolamine wvhere {U) - the comcentration of uric groups. The
reaction rate constants of the formation of the urethane and uric

groups, which take place simultaneously, let us designate K, and K,:

h (1)
~~NCO 4 ~~OH —~ MoueBHuHag,
~~NCO + ~~NHCONH~~ ' Guyperoan2)
Key: (1) . uric. (2). biuret.

Then

OH _ (U]
{OF), Ul
Since branch point, or network poiant, is the molecule of ethanolamine

vhose all reaction groups react, the number of nodes

N = (uHcn0 Monekyn 3rauonamu(é)a) PouPi»

Key: (1) . (number of molecules of ethanolamine).

vhere poy and pu-—.probabilxty of reactions CH- or of uric groups

respectively.

Page 125.

They can be calculated, if are known values {OH] and Ky/K. A number
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of chains whose ends are coanverged into node, vi= 38/2. In this

examination the forn#tion of grid, is difficult to detersine K, and
Kz Therefore for simplicity they accept, that the addition of uric
groups begins after the full/total/complete exhaustion of hydroxyl

ones.

Let us dismantle/select the formation of grid for three
different relationship/ratios of components with the deqree of the

perfection of reaction, equal to one.

1. 8=1/3. All uric groups react with NCO- group. In system it

does not remain free isccyanate groups.

2. B<1/3, All uric groups react with isocyanate ones, but the

latter remain in erxcess.

Ada.

3. M>1/3, The part of the uric groups reacts with NCO- group,

free NCO- group it does not remain.

The structure of grid for the examined cases is schematically

represented in Fig., 64,

The chains, forming polyurethane grid, branch froa the molecules

of adduct. With NM=1/3 a number of internal circuits both of ends of
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which are bonded with brancn points, is equal to a number of

nolecules of the adduct

v, m v = v (K — h.

Last/latter equation considers a quaatity of remaining molecules of

diisocyanate, A number of chains into which enter the molecules of

polyol as component unity, is expressed by the equation

Vo (K —_ l)

V;B‘V'='

Here chains do not have free ends and grid can be considered modern. f
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FIKe ATt

o — MoveBunnwe apymm( ) °~Nca-wynnu( 3)
—a — flpodonmenus cemuu 2)
Pig. 68, Structure of grid for three different relationship/ratios of

~

coaponents with the degree of the perfection of reaction, equal to

one.

Key: (1) . Uric qroups., (J). continuation of grid. (3). group.

Page 126.

With n<1/3 there is an aexcess of NCO--group; therefore is formed
a smaller nuaber of intermal circuits in comparison with the
preceding case. There are chains with the free ends whose nusmsber is

equal to excess quantity of NCO--ygroap: then

‘V‘=2V—2V3M.
V‘ =V—-V‘-=\?°(K—|)(6M-l),

_ v (K—=1(EM—1)
i K . F

! I1f 8>1/3, a number of molecule ends vhich are formed during the
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reaction of elongatiom by adduct,
2v—2.2vM = 2v (1 — 2M),
and number of molecules —v (1-28) . At this point a number of aric

groups is equal to a number of molecules of ethanolamine, i.e., 2vM.

When the free ends of the chains (NCO--group) are added to uric
groups, circuital, an increase in the number of circuits is equal to
a nuaber of additions. Then a number of internal circuits

vi=v(l —2M) 4+ 2v(1 —2M) = 3v, (K — 1) (1 — éM).

Grid in this case vill be modern.

Value + 1is calculated somewhat otherwise. The portion/fraction
of the molecules which are not added to ethanclamine, p,=1-2A7.
Quantity of molecules of diisocyanate, which are located in adduct,

v—v = v (K= D(1— )
A number of mcolecules ot diisocyanate in prepolyamer, which do not
interact with ethanolamine, is egual
(K —1)(1— 5] (1 —2Mm),
vhence
¥ = Bvo (K — 1 (1 — 2M) — o (K — 1) (1 —%)n —2M) =

= (K~1) 2+ 5) 0 —2M).

The authors consider that value vi. i.e. a number of internal
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circuits or cuts of the chains between the points of branching,
insufficiently accurately characterizes the actual picture of the
formation of grid, since not all branch points are the nodes of
three-dimensional grid. Sometimes on the end of the chain,
exiting/waste from the point of branching, is located free
NCO-~-group, but branch point is not network pcint. Therefore the
authors introduce concept "number of elastic cells/elements® (v, or
the number of effectively ilinked chains according to Plory [ 211],
vhich most completely characterizes three-dimensional

three-dimensional/space grid.

Yalue v. for case H)»1/3) is expressed by the equation
v, =2[2v—(v+ 2WM —1)] = 2v(1 —2M) =2v (K —1) (1 —2M).
¥ith K13

Ve=206vM — (v+ 2vM — 1)] = 2v(4M — 1) = 2vy (K — 1) (4M —1).
Page 127.

Thus, Tanaka and Yokoyama they tormed an equation according to which

it is possible to calculate the concentrations of the cross-linked
chains in three-dimensional polyurethane for different molar
relationship/ratios of the crosslinking agent and isocyanate groups
in adduct. They consider that the proposed method of calculation
is simplified and does not comsider some factors, for example

entagling of chains,
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Por the check of the yiven eyuations experimental determination
of the concentration of effectively linked chains conducted in
polyurethane on the basis of polyol, toluenediisocyanate and
ethanolamine. As polyol are used polyethylene glycol, polypropylene
glycol, polyethyleneadipate, polyethylenesebacyanate, etc.
Experimental determinatiom Vv was conducted according to the
equation of the kinetic theory of high elasticity

T=RT(:‘%)((1—-—&‘?), .
vhere v - a voltage/stress, d/cmlg)llj’—- a concentration of the
effectively linked chains per unit of volume; a -~ degree of the

stretching of specimen/sample. This equation it is possible to

rewrite in the fors

E=3RT % = 3RT 4, (V.h

vhere E - a module/modulus of high elasticity.

BEquation (V, 1) is derived only for equilibrium systeas with
following assumptions [ 254, 331]: 1) the chains, which generate grid,
have identical overall lenyth; 2) spacing distribution between the
ends of chains in the undeformed state is represented by the foraula
of Gauss; J) volume during deformation remains constant; 4) changes

in the projections of the distance between the ends of each chain
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during deformation are similar to changes in the sizesdimensions of

the deformed specimen/saasple of rubber.

Although these conditions in essence are observed only for the
natural rubber, for the couparative characteristic of the degree of
the cross-linking of the taree-dimensional grids of equation (V, 1)

they use to many other systems, iancluding to polyurethane [326]. It
Al

2 where S -
[

is known that if dependence asS on?(a==%“7=
. . .

voltage/stress on unit of area during deformation) gives straight

line, then this is the ccnfirmation of equilibrium of state. The

slope/inclination of straight line must be equal to unity.
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rig. 65. Dependence aS on y for polyuretnane on the basis of

polyethylene glycol (M=1540): 1 - K=2.45; 2 - K=loS8cmsdessakideicel ~
K=1.21,

Key: (1) . kgf/cm2,

Page 128,

The dependence a S on y for polyurethane on the basis of
polyethylene glycol molecular at tae different values of K [96] is
represented in Pig. 65. Slopesinclination log y from log yS composes
approximately unity (Figy. 66). Consequently, the condition of
equilibrium is observed in tuis case which gives the possibility to
use results of determining tae module/modulus for the experimental

finding of the effective density of cross-linking.

Pigure 67 depicts the reliationship/ratio betwveen Jg calculated

el e e - e——

A . - -

-
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according to equations Tanaka ana Yokoyama, and %f. observed for is
polyurethane on the basis polyethers. Almost in all cases %f
calculated more than observed, moreover disagreement great for it is
polyurethane on the basis of polypropylene glycol. For polyurethane
on the basis of polyethylene glycol with a molecular weight of 4000
with N-1/3 value _%“ that observed and calculated, is almost

jdent ical. Somewhat more disagreeument in the case it is polyurethane

on the basis of polyether/polyesters of smaller molecular weight.
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ogo s
-1,5
1.0
- 0,5
/2 -0
3/ /%
L L

lgF =140 ~05 0
Pig. 66. Dependence log a5 on lLog y polyurethane on the basis of

polyethylene glycol (designation the same as in Pig. 65).

(1)10~4 '
/
P 23
$ 1/
B //;/4
3 2 (3)
e % o
A v Bren)- 7 (meop)

5 4 10
Ti‘ 10*(3xen.), Méb)m’

Pig. 67. Comparison of theoretical and experimental values %— it is
polyurethane on basis of 2.2-TD1 and different glycols with m=1/3; 1
- POPG-545; 2 - POPG-1950; 3 - PEG-1540; 4 - PEG-4000; 5 - PEG-4000

(M=0.3) (designation see in rable 36).
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Key: (1). (theor.) molesca3, (2). exp. (3). (Theor.) (4). (exp.),

mole/cn3.
Page 129.

The convergence of experimental direct/straight in the beginning
coordinates the authors consider the proof of the correctness of the

proposed method of calculation !& With s¢13

__ KOHLEHTpauma srauo.naumla;( »
= “uncno NCO-rpynn s aanyxte ("2)

Key: (1) . ethanolamine conceantration. (2). nusber of NCO--group in

adduct.

Vo

that observed - becomes more than calculated Tanaka it joims this

with the fact that the free terainal isocyanate groups, are added to
uric and urethane ones and iucrease experimental > in cosparison
4]

with that calculated.

RELATIONSAIP BETWEEN CHEMICAL AND PHYSICAL NODES IN GRID OF

POLYURETHANES,

If when deriving the egyuations for the calculation of the

effective network density of polyurethanes is not considered the
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possibility of the formation of physical bonds; which exist in this

specific grid, it is not possibile to search for the coincidence of

calculated and calculating value = Their coincidence can be only
accidental. as a rule, %} experimental will be more than theoretical
to the force of the given above reasons. The experimental results,

obtained by some researchers, cconfirm this {317, 198)]. Theoretical

calculation -%— mnost frequentiy is conducted cn the basis of

assuaption about the fact tanact during the utilization of the

E o trifunctional crosslinking agent each mole of the latter gives 1.5

moles of the cross-linked chains, i.e.,

l:;- = 3/2Cr, (V.2

vhere Cr— concentration of tme trifunctional cross-linking agent,
mole [ 133, 198]). They in paraliel experimentally detersine that {;
] according to the modules/modulus of high elasticity or according to ]

the method of Flory-Rener [211].

The comparison of values %f, conducted specific according to
module/modulus of high elasticity and calculated by equation (V, 1)
for it is polyurethane on the basis of polyoxypropyleneglycol and
1 tolui.nediisocyanate, it siaowed, tnat(%@. can be closely in value to

theoretical, but it can considerably exceed the latter. All this

depends on the effectiveness of the solidification of those '

I investigated it is polyuretnane, which depends on the nature of the
!
i
i
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catalysts used and conditions for obtaining.

Page 130.
1
In other words, the less the effectiveness of solidification
polyurethane, i.e., the more defective grid, the more - |
experimental differed froa that calculated (%} experimental <§%?
theoretical). With an ioncrease in the effectiveness of solidification :
because of a change in the conditions of obtaining the polymers
(introduction of catalyst, etc.) experimental value %f approached
theoretical or exceeded it five-six times. Thus, the coaparison of
the effective density of cross-linking, found experimentally and by
coaputed, shows that {} experimeantal, as a rule, is more than
theoretical. Disagreement it is possible to explain only fact that in )
polyurethane grid together with chemical cross connections is a large
number of cross physical bonds, waich lead to an increase in the
value of the effective density of cross-linking, deterained
experimentally.
Frequently network density tamey calculate according to the
method of Plory-Rener [Z211], wvwhica is convenient and simple in 5
exper inental sense. In this case is used the equation of form [ 198]
1
—ln(l —vy) + v, + V03] =0, (%.‘—\’(027—3,"-). i'
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vhere ﬁl - the volume fraction of polymer in the svollen gel; ¥, —:
parameter of reaction polyaer - solvent; v, - the molar volume of

solvent and £ - a functionality of the crosslinking agent. Equation

SRS T

is derived on the basis of the thermodynasmic examination of the
svelling of the veakly-vulcanized patural rubber in thermodynamically
good solvents. The boundary/interfaces of the application/use of this
equation for the polymers of the different degree of chemical
cross-linking during the utilization of different solvents are not 4
establish/installed. FPlory experimentally showed that being relative,

this method is more convenient tor determining the network density by

studying swelling of one and the same polymer in one and the same

solvent. Other researchers use i1t for determining the degree of the

cross-linking of the polymers of different nature [ 191, 258] and even
for strongly linked epoxies [25d]. To estimate the conformity of the
experimentally obtained vaiues or the real density of cross-linking

is difficult, since there is no at present yet method of obtaining

the cellular polymers witih the accurately assigned structure.

Flory's method is based on tae investigation of the swelling of

polymers; therefore it is interesting to trace, as affects the

quality of solvent the determination of effective network density.

Page 131,
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In such polymers as the natural rubber where besides the introduced

during vulcanization chemical cross connections there are couplings
of chains, the degree of cross-linking must not stromgly differ
during a change in the thermodynamic quality of solvent, especially
as into the equation of Flory-Rener is introduced the parameter :ps,
vhich considers the reaction of polymer with the studied solvent.
Onfortunately, the investigations in this direction were not

conducted. The effective density of cross-linking usually is

determined in one solvent whica 1s selected purely eapirically.
Sometimes the density of cross-linking, determined with swelling in

twvo different solvents, proved to pbe close [19].

The effect of solvent on the results of determining the density
of cross-linking is investigyated oanly in one work [312] for the
filled natural rubber., As solvents served the alcohols, ketones,
aromatic hydrocarbons. It turned out that within the solvents of one
class the density of cross-linking was increased wvith the decrease of
the polarity of solvent. Were aot observed at the same time the

correlations betwveen the densities of links by the physical

characteristics of the solveats of different classes.

In this case obviously, it is necessary to considetr the presence
of a large number of physical bonds between rubber and filler. The

dissociation of bonds under the action/effect of solvents occurs
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differently depending on the nature of solvents. Therefore the
density of cross-linkingy, determined in different solvents, proves to

be dissimilar.

For determining the density of cross-linking in polyurethane
from the method of Flory-Rener, it is necessary to take into
consideration the specific cnaracter of the latter., The presence in
chains it is polyurethane the sections of different polarity and the
capacity it is polyurethane to tormation of hydrogen bonds leads to
emergence in polyurethane toyetaer with chemical strong/durable
physical grid, to vhich the solvents depending on nature will act
differently. Some solvents ace capable of giving complexes during
reaction with urethane group {3, 5)]. The strength of such cosglexes
is different. Most strong/durable complexes are formed with swelling
it is polyurethane in dioxane and tetrahydrofuran. 1t is possible, in
this case with swelling, is obtained newv reticular structure,
different froam initial. In solvents of the type of dioxane with an
increase in the temperature, occurs the irreversible swelling, i.e.,
it is obvious, occurs the preak of some comparatively weak chemical

bonds.

Thus, the determination of the density of cross-linking it is

polyurethane on Flory~Rener wita the aid of the solvents, which enter

into specific interaction wita functional by groups it is
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polyurethane, there is not a sense. The impossibility of the
utilization of such solvents is oonded also with the fact that it is
not possible to determine by the existing methods the actual value of
reaction polymer-solvent (¥) due to inapplicability of theory to

the irreversible processes.

Page 132,

However, it is possiole to obtain certain presentation/concept
of network density it is polyurethane according to the method of
Flory-Rener with the aid of the solvents, vhich do not interact with
functional groups it is polyurethane. Spectrum investigations showed,
[5] that for such solvent will be polyurethane benzene; probably, and

toluene is suitable for this purpose.

During the investigation of the swelling of polyurethane on the
basis of oligodi-ethylenejlycoladipate in toluene at different
temperatures, wve revealsdetected that the swelling in this case is
reversible (Pig. 68) . The same picture was observed also for benzene
{5). In acetone and cyclchexane, which are cagable of entering into

specific reaction with polyuretnane, svwelling is irreversible.

Consequently, the indirect criterion of the absence of reaction

is the reversibility of swelling during a change in the temperature. |
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But even during the utilization of such solvents it is difficult to
assume that they do not act on molecular bonds in polyurethane.
Therefore the method of Flory-Remer gives only relative information
about network density, but nevertneless it is very convenient for
determining the change in the network density of polyurethane under
the influence of such factors as temperature, moistare of air,

mediun.

Thus, the existing methods of evaluating the network density
give only approximate results during their application/use to the
calculation of the degree of cross-linking it is polyurethane, Degree
of approximation to the actual value of network density can te
estimated is only in the presence of specimen/samples polyurethane
with the accurately known chemical degree of cross-linking, which
presents difficult problea, tdkiny into account the complexity of
processes, taking place witn syntnesis it is polyurethane. However,
the calculation of network density on the basis of stoichiometric
coaposition and the ccagarison ot the obtained results with
experimental can give useful inrormation about the nature of

three-dimensional grid it is polyurethane.

We conducted [115] the coaparison of the results of determining
the density of the cross-iiusauy va poiyurethane elastomers with the

aid of equations (V, 1 and Vv, 2), and also for the method of
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Klaff-Gleding [185] (¥able 35), at basis of which lie/rests the J
equation

\'_'= h,S [

v 3A0RT = W:r

vhere A, - area of the transverse section of specimen/sample; B - gas
constant; hgy - height of the undeformed ne-swollen specimen/sample; S
- slopesinclination by direct/straight, presenting by themselves the

dependence of the amount of strain from load. 1
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0 20 30 7.°
Pig. 68. Dependence V, on teamperature for polyurethane on the basis

of the oligodiethylene ylycol aaipinate.

Key: (1) . ¥oluene. (2). Acetone. (3). Cyclohexanone.

Page 133,

Elastomers are obtainad on the Pasis of
oligodiethyleneglycoladipinate (mol. weight 2000) and of TDTs. As the
crosslinking agent served the mixture of di- and triethanolamine in

solar ratio 1:1,5.

As can be seen from Tanle 35, value M., the calculated on the
basis of stoichiometric relationship/ratios, largest, and of
equilibriua module/modulus - smaliest. The prevalence of the values
of the effective density ot cross-linking, deterained experimentally,

above the density, r©ound theoretically, is explained by existence
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besides the chemical secondary physical bonds, determined by the

interaction of chains witnh eacn otner,

Seeas at first glance surprising nonconforaity to the effective
! density of cross-linking, detersined from these according to

? stretching ne-swollen specimen/samples and to compression of those
svelled. Both these of method are based on the determination of the
value of the equilibrium modulus of high elasticity and usually give
identical results [ 185). Hovever, aost frequently this is related to
the case vhen physical Ltonds are formed by wraprings and couplings of
chains, but not molecular bonds., According to [312] the disagreement
in the values of the effective density of cross-linking, determined
by different methods, is explained by the presence of the solvent
vhich is capable to break secondary physical bonds. It is possible to
assume that in our case during test work for coampression of the
swollen specimen/samples the soivent weakening physical bonds what is
prerequisite/premise for their decomosition during strain. In this

case, it is necessary to consider the specific character of the

structure of the polyurethdne chain, in which are alternated the
sections of different polarity. Tne solvents used differently
interact with different sections of polymer chains, acting on

different physical bonds.

On the basis of data on the eifective density of cross-linking,




DOC = 79011107 PAGE 30§

determined theoretically it 1s experimental, it is possible to

approximately estimate the contribution of each bonds to

coamon/general/total network density (Eable 36).

ahia
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“Fable 35. Comparison of values % and M. deteramined by different

sethods.
CHKathe Ha- Pactaxenne

¥ CrexnomeTpu- | 6y x06pa3- 6y »
Tu, %g WECKHR mu )).mn“:' p:;l "52;.’:;3':(5)
woa } 2e 0y, [ Ly .|

38 [ 0] Mo | Lo Mo L] ¥,
(,) Qn ] v v
1,101 0,035| 0,35 {33800( 0,30 {33000 3,2 |3700
1,15 | 0,070] 050 |24000| 0.49 {25000 3.4 |3300
2,20 | 0,100{ 0,70 {20000{ 0,5! {24000] 4.7 | 2600

Key: (1) . mole. (2). Crosslinking agent, mole. (3). Stoichiometric
method. (4#). Compression ot swollen samples. (5). Stretching of

non-swollen specimen/saugles.

Page 134.

The value of the effective density of cross-linking in polyurethane
of the datum of nature is deterained mainly by the physical secondary

bonds, which are generated duriny the reaction of chains with each

other.

It is known that the criterion of this reaction is the energy
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density of cohesion, which we determined by the method of GEE [28],
based on the investigation of the swelling of polymers in the
series/number of solvents, that were being distinguished by the

paramneter of solubility in a wide interval., Figure 69 depicts the

dependence]/}}JnQ%:on 8, where Q...— & value cf swelling (g/g) in the
1

best of the investigated solveats; Q - value the value of swvelling
for remaining solvents; 6 - parameter of the solubility of solvent.
Parameter value of solubility for 1t is polyurethane on the basis of
diethyleneglycoladipinate it composes approximsately 9.8. To this
value corresponds the energyy density of cohesion of approximately 96
cal/cm3. This high densaity tells about the strong interaction of the
cuts of polymer chains in grid, bonded with the presence of different

physical bonds.

Por the approximate estimation of the portion/fraction of
physical bonds in commcn/general/total network density [335] are used
the results of the dependence of module/modulus on teamperature. It
vas assumed that with an increase in the temperature the physical
bonds dissociate, chemical remain anvariable in certain temperature
range. The modulus of elasticity they calculated according to the
equation

g =+ 3 RT = ARTe 5/ 4 (3¢ RT,
vhere g - amodulus of elasticity; %}- concentration of secondary

bonds; %%-— concentration of primary ones, or chemical, bonds; £, —

energy of the activation of bond.
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“Fable 36. Structural componeats of the effective density of

cross-linking for diethyleneylycoladipinateurethane.

v,
Beanyuua =. 10 Cutwnka, %
O6pasey v (2) ’ _(3) 4
(') xu:l:ue:- Susuvec- , wan u::wec OI:n!ac-
bn, f<\_ﬁg1 RCD)
e | 0% | no m J
. 34
3 0,70 4.00 47 }g g
Key: (1) . Specimen/sample. (2). Value, {3) . Cross-linking, o/0.
(4) . chemical. (5). physicai. (o). common/general/total. 1
h Page 135,

It is establish/installed, waica in polyurethane on the basis of
simple and polyesters is contained in dependence on the degree of the
chempical cross-linking of elastomers from 20 to 570/0 of secondary
bonds. The decrease of chemical cross-linking leads to anm increase in

the contribution of secondary bonuas to common/general/total network

density. This logically, since the greater the distance of the chains
betveen nodes, the more flexibility they they possess, as a result of
vhich the larger possiblie nuamber of contacts of the cuts of chains

with each other, of the leadinyg to the formation strong/durable

e e Se——
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physical bonds.

One should expect change in the contribution of physical bonds
to common/general/total network deasity and during a change in the

nature of polyurethane chain, for example oligoester unit. We this

showed during the determination of the network density of
polyurethane elastomers on the basis of oligoisoprene and

oligobutadiene [ 127]) (table 37).

The values of the effective density of cross-linking, defined
experimentally, also, as in tne preceding case, exceeded theoretical
values, although not to this degree as for
diethyleneglycoladipinateurethane. In specimen/samples 4 and 5, it is
possible to trace the eifect of the nature of oligodiene on the

effective density of the cross~linking of the obtained elastomers.
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T ()

4241

Q16 -

0081

_aoa -

-0,16 1
rig. 69, The dependence ]/;L|n07;° on the paraseter of solubility
L

{6) for specimen/sample 1 (designation see im Table 39).

Table 37, Comparison ‘M, and 1% for it is polyurethane on the basis

of oligodiene.

( 1) ( z) g 3) Teope-rn(qecxn ac;:’;':;"
4y HE
; Onurouep Qamrohcp : NS Bl )
¥ TAU : T9A M = M, 5
g ; % ’0 | [
1 | Oauron 1:1,2:0,100 | 14800 0,65 | 10300 0,94
2 To Xe tT 1:1.3:0,133 |10250| 0,95 | 5400 1.79
3 1:145:0,234 | 6000; 1,65 3600] 2.71
4 ﬁg 1:1,68:0,400| 3600( 2,71 | 3200 3.05
5 O.nnroGy'ru 1:1,68:0.400| 3600 2,77 | 2400| 4,03

Key: (1). Specimen/sample. (2). Oligomer. (3). Oligomer. (4).

Theoretically. (S5). It i1s experimental. (6). cligoisoprene. (7). The

same. (8). oligobutadiene.
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The analysis of the data of table 37 shows that polyurethane on the
basis of oligobutadiene has the high effective density of
cross-linking, than on the basis or oligoisoprene with one and the
same quantity of introduced crosslanking agent. It is obvious, the
presence in the chain of oligoisoprene of methyl group purely
geometrically prevents the formation of the same quantity of

secondary bonds as in pclyuretnane on the basis of oligobutadiene.

Physical secondary bonds make a significant contribution to
coamon network density, but the doaminant role in this case belongs to
chemical bonds (¥able 38). This differs these elastomers from
elastomers on the basis of complex oligoether/ester in which the
basic contribution to common network density introduce secondary
bonds. It is obvious, the presence in the ester unit of carbonyl
group leads to emergence in polyurethane on the basis of coaplex
oligoether/ester of a largye number of physical bonds as a result of
the reaction polar of C=0--group with other functional groups of
polymer chains.

e

From Fig. 70 it is evident taat the amount of deflection %}

experimental from theoretical ones depends on a quantity of
introduced crosslinking ageat. With the smallest and greatest

contents of triethanolasine, experisental valwe lv'- approaches

theoretical.
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“Table 38. Structural components of the effective density of

cross-linking for it is polyuretaane from to the basis of oligodiene.

Beanunna v_: . 100 (2) Cminumxa, » ( 3)

O6pascy

xuu:ne- .Illl:- - XuMuve- dusnne-
) ona;
Mz @@ D =D
1°* 0,656 0,29 0,94 69 31
2 0,95 0,84 1,79 53 47
3 1,65 1,06 2,71 61 39
4 27 0,34 3,05 89 11
5 2,77 1,26 4,03 67 3l

Key: (!). Specimen/sample. (2). Value., (3). cross-linking. (4).

chemical. (5). physical. (6). common/general/total.

D
—:,'- -10 %(ancn), mons ycm3

! 2 3 ‘S’ 4
310 meopem mohercn *

Pig. 70. Comparison of theoretical (1) and experimental (2) values

Ve
v

for polyurethane on basis of oligoisoprene.
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Key: (1). (exp.), molescm3. (2). (theoretical), mole/ca3.

Page 1137.

With the content of triethanolamine from 0.133 to 0.234 mole are
observed the greatest deviatioas. It is obvious, with this content of
the crosslinking agent, are created the most favorable conditions for
the formation of physical bonds i1n a three-dimensional grid of such
type. But all the same in polyurethane elastomers on the basis of
coaplex oligoether/ester the role of physical bonds is much more than
in polyurethane on the basis of oiigodiene. It is possible, by this
are caused the values of other gparameters, for example for it is
polyurethane on the basis of ocligodiene the energy demsity of
cohesion it is 81 cal/cm3. The value of the energy density of
cohesion for these specimen/saumgles less than for it is polyurethane
on the basis of polyesters, put it is more than, for example, for
polybutadiene and natural rubber (66 cal/cs3). Tensile strengths
oscillated in the limits of 10-20 kg/cm2, ultimate elongation - about
30o/0, while for polyurethane on complex oligoethers it by an order
higher (to 7000/0). It is possible, deterioration in the
characteristics it is pclyurethane on the basis of oligodiene bonded

vwith a smaller quantity of pnysical bonds in these elastomers in
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comparison wvith polydiethyieneglycoladipinateurethane. The
sufficiently rapid redistribution of physical bonds in strain
contributes, on one hand, greater strength, and on the other hand -
to an increase in the maximum length with break it is polyurethane on
complex oligoethers.

! o |
In vork [128] is investigated the structure of a grid of the new type
of polyurethane-polyurethaneacrylate, obtained on the basis of
oligoether/ester, diisocyanates and mono-methacrylic ether/ester of
ethylene glycol. The results of tane calculations of the contribution
of chemical and physical bonds to common/general/total network
density it is polyurethane on the basis of polyoxypropyleneglycol of

different molecular weight they are represented in Table 39.
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“fable 39. Structural components of the effective netwvork density of

polyurethaneacrylate.

Ve
) Beamunmna —— . 104 UBK, <
Mponr () (2
xl;‘u:e- Qu:x“: obmasn XNMNYe- Dusuve-
¢ cxa
Rl Tl ! T D
400 20,4 234,8 255,2 8 92
400 231 331 354 7 93
400 415 419,5 461 9 91
1000 14,6 37,3 51,9 28 72
1000 20,7 422 62,9 33 67
1000 25,7 54.8 80,5 32 68
2000 1,1 5.8 16,9 65 35
2000 16,1 70 23,1 70 30
2000 20 15 35 57 43

Note. Mnonr— molecular weight of polyoxypropyleneglycol.

Key: (1) . Value. (2). Cross-iinxing. (3). chemical. (4). physical.

(5) . common/general/total.
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With an increase in molecular weiynt of initial oligoether, the
contribution of physical bonds to common/general/total network
density decreases. This is bondea, obviously, with the decrease of
the concentration of polar urethane groups per unit of volume and,

therefore, with the decrease of a guantity of physical bonds.
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Some researchers, noting the large role of secondary physical
bonds in polyurethane, consider tnat the primary meaning in these
polymers belongs hydrogen bonds [ 330, 335). The last/latter works of
Tobol*skiy and of the coworkers { 189, 190] according to viscoelastic
properties it is polyurethane different nature and copolymers of
butadiene with styrene they showed that the rcle of hydrogen bonds in
polyurethane is strongly exagyygerated, in any case, during the
explanation of temperature traunsitions., Polyurethane, in the opinion
of the authors, one should consider as the block copolymers, moreover
vith improvement of structural transitions in low~temperature ones
region it is necessary to consider the reaction of pliable oligomeric
units, and in high-temperature rangye - rigid. It is obvious, the
authors give preference to van der Waals bonds. In the direction of
the identification of physical bponds, are necessary further

investigations, although the propbler this extremely is difficult,

Thus, the special feature/peculiarity of three-dimensional grid
it is polyurethane it consists in the fact that it contains a large
number of physical bonds toyether with chemical cross, introduced
vith synthesis. Sometimes the effective density of the cross-linking
of polyurethane elastomers 1s detaermined in essence by physical

bonds. This specific character of the structure of grid predetermines
basic both physico-chemical and mechanical properties is

polyurethane.
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Page 139.
Chapter VI,

About the connection between the reaction kinetics of formation,

structure and some properties ot polyurethanes.

Now no longer are producea doubts, that there is a close
connection between the character of supersmolecular structures and the
physicomechanical properties of poiymers. Hence, naturally, appears
the problem of learning to rule obtaining one or the other type of
structures for purpose ot erfect on the combination of the

physicomechanical properties of polymeric materials.

Before being stopped on Juestions concerning the formation of
supermolecular structures in cross-linked poclyurethane, it is
necessary to dismantle/select the mechanism of the formation of quite
polyurethane grid. There are no works, dedicated to the solution of
this problem, virtually. Therefore we is presented the results of

investigations in this direction, carried out under the
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management/manual of T. E. Lipatova.

The special feature/peculiarity the formation of polyurethane
grids is the fact that they are form/shaped froam the oligomeric
molecules vhich are characterized by the large forces of
interibiecular reactions (the hydrogen bond and other means of
physical reactions). The tormation of supermolecular structures, if
it occurs, must occur under coaaitions for strong intermolecular
interactions simultaneously wita tane course of chemical reaction,
vhich leads as the final result to the formation of the cellular
polymer, Berlinyy with coworkers {70) during the study of the
three-dimensional polymerization of oligoester acrylates is
establish/installed the series/numper of the kinetic effects,
produced by the preliminary ordering of the chains of crystallizing
oligoether/ester and is descrined the type of the supermolecular
structures of polymeric product. In the literature almost there is no
information about the interrelation between the kinetic conditions
for formation of polymers ducing the reactions of polycondensation or
of step polymerization and the character of supersmolecular

structures.

Pirst of all, arises the Juestion concerning engendering of
supermolecular structures during formation of polymers. In the works

of Plate, Kargin and others [ 35, 108, 159] was placed a question, is
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the formation of the regulated aygregates of macromolecules in
polyaerization general regularity and are such the conditions, which
facilitate the structuraization of polymers. For this purpose, was
carried out the electron~microscopic examination of the products of

the radiation polymerization ot crystalline monomers.

Page 140,

It is shown, that simultaneously with polymerization occurs the
formation of the supermclecular structure of polymeric substance.
Usually this of fibrillar type structure with preferred direction
with respect to any geometric paraameter of initial crystal. Already
from the first seconds of reaction, is observed the formation of the
fibrillar supermolecular structures of polymers. This, and also
establish/installed the autnors the dependence of the formaticn of
the specific types of structuctes on the condition of the course of
process it made it possible to make the conclusion that the chemical
polymerization reaction aaa tne structurization of polymers are
single process and that during the polymerization in solid phase of
the studied monomers more preferaoly occurs an increase not in the

separate macromolecules, but immediately the bundles of chains.

In these works is made one additional interesting observation.

Supramolecular structures of tne polymers, which are generated
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directly in the course of polymerization, are very close (occur the

sultistage aggregates ot tne same morphological forms) to the
structures of the same polymers, obtained from solutions. This shows
that formation comnditions for structures at the torque/moment when
macrosolecules themselves are built in chemical reaction, are very
favorable for thé formation of the regulated supermolecular

structures.

Researchers®' attention was, f£irst of all, directed to kinetics
of the formation of polymers and supermolecular structures in then
for the crystallizing inicial objects both monomeric and oligomeric.
Hovever, greatest interest are or amorphous cellular polymers, but
for them the bond of kinetics and of supermolecular structures it is

not yet investigated.
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rig. 71. Kinetic curves of reactioas of macro-diisocyanates on basis
of PPG~2000 and 4,4*-diphenylmethanediisocyanate with trimethylol

propane at different temjeratures: /' —100: 280 3~—60°cC.

Key: (1) . h.
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We will examine this based ou tne example of the mechanism of the
formation of the polyurethane grids, obtained on the basis of
macro-diisocyanates into which entered glycols of two foras -
polyoxypropyleneglycol (PPy) and polytetramethyleneglycol (PTMG) of
different molecular weigyhts (509, 1000 and 2000). In all cases for
the synthesis of macro-diisocyanates, was used
4,8°-diphenylmethanediisocyanate; trimethylol propane served as the

crosslinking agent.
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Briefly let us pause at results of the investigation of kinetics

the formation of cross-linked pclyurethane to the degrees of

transforrmation, close to tne point of gel [59].

Proa Pig. 71 and 72 1t .s evident that the kinetic curves take

the form, characteristic for reaction of second order. As a result of

processing kinetic data under the assumption of bimolecular reaction
: mechanisa, it is establish/instalied that the reaction rate ccnstant
insignificantly or virtually is changed in no way depending on leagth
and chemical nature of etner/esterdiol to degree of conversion of

approximately 70o/0 (Fig. 73).

In some works [ 12, 57] it 1s shown, that in the process of the
course of reaction of formation i1t is polyurethane it occurs the

redistribution of hydrcgen boads.
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Fig. 72. The kinetic curved reactions of macrc-diisocyanates with

trimethylol propane at temperature of 80°C on the different bases:

-~ PPG~-500; 2 - PPG~2000; 3, 4 - PPs-1000 and ETMG-1000.

Key: (1) . min.
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Pig. 73. Dependence of spacific rate (equ. NC0/1000 gemin.) of
reaction of reaction of macro-diisocyanates on basis of different
i et her /esterdiol with trimetnylol propane on degree of conversion

(t=80°C);: 1 - PPG-500; 2 - PPs-1000; 3 - PPG-2000.

Page 142,
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This tells about change in tne course of reacting intermolecular
interactions, which in curn, asust affect some physical
characteristics of system [6u]. The investigation of a change of
viscosity of system in the course of reaction showed (Fig. 74)that
beginning with deqgrees of coaversion 50-600/0 is observed its sharp
increase. In connection with this 1t vas interesting to trace a

change of molecular weights ia polymerization.

Weight-average molecular weigmt p, and z- average/mean
molecular veight M. [ 145) are detersined by the method of
approach/approxisaticn to equiliprium of sedimentation on
ultracentrifuge G-120 in metayletaylketone. By the measured
coefficients of forwvard/projressive diffusion and intrinsic viscosity

In] are also calculated the root-amean-square radii of inertia (R2)
and of ratio/relation (R%)"'/M, depending on degree of conversion (Fig.
75) . In the region of transformation, close to the point of gel,
occurs a sharp increase of molecuiar weights (curves 4 and 5).
Increase M, /M. indicates the shdarp widening of the curve of MVR near
to the point of gel., With these results will agree well the

viscometric data of the reaction system (see Pig. 74).

On the basis of Pig. 75, it is possible to make following

e 5 e
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conclusions. Approximately with 600o/0 of transformsation, begins the
intensive process of chain branchiag. To this, testifies significant
decrease ﬁi/Mw (curve 1) vwith the increase of molecular veight of

chains (curves &4 and 5).
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Pig. 74. A change of the ductility/toughness/viscosity of reaction
mixture in the course of the process the polymerization: 1 -
macro-diisocyanate on basis PPG-500; 2 - macro-diisocyanate on basis

PPG-1000; 3 - macro-diisocyanate on basis PPG-2000.

Key: (V). poise.
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About the formation of the strongly branched macroaolecules, tells
the value of index b in the qguation

D= KM,
vhere D - a diffusion coefficient; M - molecular veight. For all
named previously systeas b=0.384, which is characteristic for

strongly branched polyfunctional caains [145].
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Near to the point ot yel (meginning approximately with 60o/0 of
transformation) growth it occurs with the
preservation/retention/maintaining of the similarity of particle
shape, which is close to spherical. This is ccnfirmed by ssall
decrease of intrinsic viscosity near the point of gel (curve 3) and

by decrease of ratio/reliation R!/M, (curve 1).

Near the poigt of gel, the curve MVR is widened (increase in
ratio/relation M:/M., curve 2). The formation of the branched
molecules, which is acccmpanied by a sharp increase of molecular
veight, is observed in the comparatively small interval of the
variation of degree of conversion. In this case, the growth of
molecular weight for percent conversion considerably exceeds designed
by theory FPlory for the frocesses of the equilibrium polycondensation
of monomers. This it was to pe expected, since each event/regcrt of
reaction in the case of reactions with oligomers considerably
increases molecular weight of the growing chain (to 500-2000 and

sore) in comparison with the reactions of monomer systeas.




DOC = 79011108 PAGE 33/

w10 [p] - AVS

01 a8- L7 Los
64 as- s La2
49 Q¢ k3 Lot
24 021 1 0
Y IS —— . 0

20 40 60 80 100
( N Npebpawenue, °/°

Pig. 75. Some parameters of system depending on degree of conversion:

Key: (1) . Transformation.
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A sharply irrequlac chain yrowth near the point of gel,
apparently, is bonded with tne very intensive increase of the
ductility/toughness/viscosity of system because of strong
intermolecular interactions waich are characteristic for it is
polyurethane., Hence the grid, which appears imsmediately after the
point of gel, must be characterized by the large nonuniformity of the
distances between nodes. ia order to check these assumptions, it is

necessary to investigate specimen/samples after the point of gel.

e A s ke s




DOC = 79011108 PAGE 33D

‘ Por the given systeas the point of gel lie/rests at the region

‘ 71-730/0 degree of conversion and satisfactorily will agree with the
value, calculated according to Flory. The points of maximsum in of
some curves of Pig. 75 correspond to the point of gel. During the
extraction of specimen/samples after the point of gel even with 930/0
of transformation the weiygnt fraction of sol-fraction composes 580/0.
In this case, the gel fraction presents not mcnolithic system, but
microblocks, The completely cross~linked product (during the coaplete
cure the weight fraction of sol-fraction is approximately 4.50/0) is
formed in essence at the quite last/latter stages of reaction as a
result of rare chemical cross-linkings between microblocks. The
results of the investigation of system after the point of helium (see
Fig. 75) indicate the narrowing by the curve of NVR after gel
formation., Ratio/relation M”WL: virtually beccmes equal to initial
{curves 2 and 4). Conseqguentliy, into gel fraction are drawn in the
predominantly strongly branched large molecules. In this case, is
continued an increase in the molecules of sol-fraction (increase M.,
curve S) with the preservations/retention/maintaining of the
similarity of form. To this, they testify the invariability of values

in! (curve 3) and R2/M (cucve 1).

It is logical to expect that a change of the molecular structure
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of reaction system in the course of polyserization and the appearance
in it of cell/elements of grid must affect its relaxation

characteristics.

Really/actually, upon transfer from the linear polyser to that
cross-linked, is observed increase in vitrification teaperature, and
also characteristic expansion of an interval of vitrification [160].
In connection with this are measured the parameters of the
vitrification of reaction mixture in its solidification which made it
possible to reveal/detect/expose scme changes in the relaxation
properties of system. It is establish/installed, which in the curves
of heat capacity in an interval of transiticn froam glassy to liquid
state is observed the appearance of a break. Furthermore, occurs the
expansion of the temperature interval of vitrification within the
limits of the specific deyrees of conversion, and then it is not

virtually changed to deeper stages (Pig. 76).

In the region of transformations 50-600/0, is observed the
significant expansion of the teamperature interval of vitrification,
vhich then is not virtually changyed, although the region of
vitrification is aisaligned to the side of higher temperatures. This
shift for macro-diisocyanate on basis ppg~1000 occurs in the limits

of transformation 85-950/0.
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The obtained results will agree well with the systea

chargcteristics in molecular weights and viscosity. The region of
transformations 50-600/0 is characterized by a sharp iacrease in
molecular weight and by the expansion of the curve of HVR, which is
developed in the expansion of the temperature interval of

vitrification.

Page 145,

Purther, after the point of yel system is exfoliated and appears gel
fraction. In this case, tne teaperature interval of vitrification and
the temperature of vitrification acre not changed, although occurs the

implication in the grid of the large branched mclecules and the curve

of MVR becomes narrov. Only in the region of transformations 85-950/0
for our example occurs the shift of an interval of vitrification to
the higher temperatures as a result of the formation of monolithic

grid.

Arises the questicn concerning that, such as mechaniss of the
formation of grid after the point of gel and that they are the
microblocks, from which is fora/shaped the cellular polymer. All
given experimental data make it possible to speak about the

transition of reaction trom hosogeneous conditions to

micro-heterogenic ones, and themn into macro-heterogenic ones. In this
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case the factor, vhich are determining the rate the formation of
grid, can render/show the interface, and as the final result the
reaction rate can be determined tae value of this surface.
Really/actually, beginning with the specific deqgrees of conversion
reaction it ceases to be subordinated to equation of second order.
The application/use of this eguation leads to absurd results,
although itself process consists only in the reaction of NCO--group

with OH-groups.

Por explaining laws governiny the reaction after the point of
gel, is applied calorimetric metnod [61], During calculation
theraogram they divided in two independent sections: before and after ]
the point of gel. The section of curve after 706/0 of transformation v
they treated as independent tnermokinetic curve, assuming according
to Plory [119]) that in the point of gel its content is equal to zero,
but the part of the product is found in the form of the formations of
large complexity with a large number of branchings. These formations L

can be considered as the centers, around which after the point of gel

instantly appear the embryos of three-dimensional structure

(microgel). On the basis of these presentation/concepts, for

describing kinetics of the formation of cross-linked polyurethane it

is possible to apply equation of Avrami - Yerofeyev [ 30, 165]
a=1—exp(— K"

vhere a - share of the substance, which was subjected to
transforsation; Ko - specific rate of process; t - time; n - index,

depending on geometrically the fors of eambryo.
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Pig. 76. Dependence of the range of vitrification (1) and of
temperature of vitrification (2) from degree of conversion for

macrodiisocyanate on base PPG-1000.
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If we for the case cf the formation of polyurethane grid by
value a imply the share or the sunstance, which passed over into gel,
then, as can be seen from Fig. 77, equation of Avrami - Yerofeyev
describes kinetics of the formation of grid after the point of gel.
Value n ((able 40) in all cases is close to unity, but the specific
rate of process at one temperature does not virtually depend on the
chemical structure of ether/esterdiol with their identical molecular
veights and insignificantly it is changed with the value of molecular

veight.

The application/use of equation Avraami - Yerofeyev to the
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reaction of the formation orf polyurethane grids after the point of
gel was the attempt to decipher tne mechanisam of this reaction. The

obtained results tell about the tact that the reaction

really/actually changes under aneterogenic conditions in the specific
stage of the formation of polyurethane grids. In connection with this
logically arises the question about the fact that they are the
particles of microgel, which gemnerate the interface, which,

apparently, determines reaction rate after the point of gel.

The electron-microscopic examinations of polyurethane grids

showed that they in the majority of the cases (for was polyurethane,

obtained through macro-diisocyanates) they are characterized by
globular structures [56 ]. 3pecimen/samples were remove/taken in the
fors of replicas with atter splitting off after their etching by

active oxygen [9].
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Fig. 77. Results on kinetics ot the formation of polyurethane grids
in coordinates of Avrami tor macro-diisocyanates on the basis of

di fferent ether/esterdiol: 1 - PPG-2000, t=709; 2 - PPG-2000, t=700°;
3 - PTMG~-1000, t=70°9; 4 - PPPG-2000, t=80°; 5 - PPG-2000, t=90°C; 6 -
PP-500, t=700°cC.

Table 40. Specific rate (Kg) the formation cf cross-linked

polyurethane and index n for macro-diisocyanates, obtained on the

basis of different ethersesterdiol.

2)

J ) Teu{u'p--
PRpan TYPa Apo- n Ko 100

uecca, °C
IH1r-2000 70 1,00 5,79
80 1,13 7,29
90 1.01 15.90
nrir-500 70 095 13.60
NTMI.2000 70 1.00 540
NTMr-1000 70 1,05 7,98

Key: (1) . ether/esterdiol. (<). temperature of process.
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Page 147,

Globular formations on photograph (Fig. 78, see insert) have a value
approxisately by an order more tanan the value of particles, designed
by diffustion method in the course of reaction. This can be bonded
with the aggregation of froyenitors in more appreciable globular

formations (37).

0f all given data it tfollows that the polyurethane grids,
obtained on the basis of macro-diisocyanates, are the globular

formations, cross-linked witn rare chemical bonds.

Now let us pause at results of electron-microscopic examinations
of the polyurethane grids, obtained with different molecular weights
of initial diols and their different chemical nature. Fiqure 79a, b
(see insert) depicts the electron-microscope photographs of
polyurethane on the basis of macro-diisocyanate, obtained fros
PPG-2000 both 4,4*-diphenylaetnanediisocyanate and trimethylol
ptépane at 60 and 125°C. On them aie clearly visible randomly
arranged/located globular formations and their rarely
arranged/located aggregates. In Fig. 79b concentration of aggregates

and their size/dimensicns more than in Pig. 79a.
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Apparently, an increase in the temperature contributes to the
aggregation of globules and, possibly, also to their chemical
binding, vhich must lead to an improvesent in the mechanical indices.
This really/actually occurs, as can be seen from the results of
strength for break (‘able 41). With an increase in the temperature of
solidification, the strenyth of specimen/samples increases,
remaining, however, sufficient low, which is explained by their
globular structure. The relaxatioa properties of those cross-linked
it is polyurethane also tney are explained well from the point of

view of the formation cf ylooular structures.

During the electroan-microscopic examination of the polyurethane
specimen/samples, obtained under identical conditions, but on the
basis of ether/esterdicl of different chemical structure and
identical molecular weight, it is evident (Pig. 80, see insert), that
their structures are similacr and ciose the size/dimensions of

globular formations.
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‘(able B1. Some mechanical characteristics of specimen/samples it is

polyurethane.
M,
. Annse- -
Onurospupanca :::lenuel ::,?n" e % ?";:‘::'

('} | wounonen- uus,° C

ToB ( 3) {ﬂ ﬁ' )

nnr-500 1000 484 29 80
nnr-1000 1500 54,3 186,0 80
NIr-2000 2500 96 85 60
2500 14.0 139 80
2500 17.0 183,7 125
Hir-3000 3500 82 109 80
T MI-1000 1500 48.3 214,0 80
[ITMI'-1000+4-1,4- 6y
Tananon (3 40 000 60,3 984.0 80

Key: (1). oligoether/esterdioi. (2). given by relationship/ratio of
components. (3). kg/cm2, (4). elongyation. (5). temperature of

solidification. (6). butanediol.
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The kinetic curves of the reactions, vwhich lead to their obtaining,
also are very similar (see Fig. 71). Apparently, with one and the
same molecular weights ct etaner/esterdiol, but with their different

chesmical nature cross-lanked polyurethane have very close structure.

During the comparison of the structures of specimen/samples, it
is polyurethane (electron-microscope photographs) on the basis of

et her/esterdiol of different molecular veights (Pig. 81, see insert)
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focuses attention that that the specimen/sample on the basis of diol
with large molecular weight (Fig. 81a) virtually has no structure. In
specimen/sample on basis PPs-2000, are pronounced the structures in
the fora of the deformed spherical bodies which consist of the
aggregated globules (Fiy. 81b). According to mechanical indices
wunstructured® specimen/sample is considerably better tham the

specimen/sample with the clearly expressed structure (see Table 41).

The method of obtaining of cross-linked ones is polyurethane it
also affects their supermolsecular structure. Polyurethane are
obtained using the two-stage method which consists in the fact that
they first synthesize macro-diisocyanate on the basis of diisocyanate
and ether/esterdiol. Macro-diisocyanate - addition product of two
molecules of diisocyanate of two aydroxyl groups of ether/esterdiol,
Then macro-diisocyanate by triatomic alcohol is joined into
three-dimensional/space grid. In this manner we obtained all
specimen/sanples. With siagle-stage method mix in the appropriate

relationship/ratios simultaneously all three components,

There is no fundamental difference between kinetics of the
course of reaction with aono- and two-stage methods [ 17]; however, in
the structures of such specimen/samples, is noticeable certain
difference (Fig. 82, see insert). Polyurethane in both cases are

synthesized at one temperature ot 80°C on basis PPG-2000. As
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diisocyanate are taken 4,4'-diphenylmethanediisocyanate, crosslinking

agent - trimethylol propane. In the specimen/sample, obtained by

single-stage method, virtually lack the signs of structure, whereas
the specimen/sample, obtained using two-stage method, has pronounced
globular structure. Pigure 81b well shows the aggregates of globules,
tightly arrange/located relative to each other. According to
mechanical indices "single-stage" specimen/sample is better than

» "two-stage" (see Table 41),
Thus, the data of electron—-microscopic examinations will agree
with the results, obtained during the study of solecular weights and

forms of macromolecules in the course of polymerization. With the

course of step polymerization, probably near the point of gel appear ]

the globular formations which are aggregated depending on conditions

of polymerization into more appreciable structural forams. During

formation of cross-linked ones, it is polyurethane directly in the
I aggregation can occur the rare cheamical cross-linking of formations.
!
E

Page 149,

This is deterained the low mechanical strength of the
specimen/sanples, obtained using two-stage method, and, possibly,
also the dependence of mechanical indices on the teaperature of

[ reaction and the distance netveen the nodes of cross-linkiang M.
|
»
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With the course of reaction using mono~ and two-stage methods,
the formation of suprasolecular structures occurs simultaneously with
increase in the molecular chains and formation of microgel. Both of
processes are interconnected as for crystallizing monomers [ 35, 108].
In tvo-stage process in the beginning of the formation of grid the

system, it is probable, more ordered than in single-stage.

The formation of structures in polyurethane systems is caused by
strong intermolecular interactions which are characteristic for these
systems. With the tvo-stage method of obtaining, it is polyurethane
condition for the realization of intermolecular interactions more
favorable than with single-stage. This is connected with the fact
that vith two-stage method tne formation begins in the system, more
unifora in molecular weights than with single-stage. Therefore with
tvo-stage method, probably, there is large ordering in system, than
vith single-stage, which determines differences in ultimate

structures.

The given results are proposed to show that in polyurethane, as
in other polymeric systeams, the kinetic conditions for the formation
of polymeric molecules to a certain extent determine the formation of

superaolecular structures. The foraation of polyurethane grid occurs
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from oligomeric molecules, which introduces certain specific

character into this process.

On the basis entire presentea earlier it is possible to
formulate series of probleas waose solution very is substantial both
from the point of view of the development of the theory of the
connection of the aechanisa of the formation of macromolecules and
superstructures and for the adsiaistration of the supersmolecular

structure of polymeric material.

We here note three c¢f taea.

1. Study of process or interglobular cross-linking which occurs,
apparently, at deep stages of reaction. The solution of this problenm
is important in connection with the fact that interglobular
cross-1linking must give to an increase in the mechanical strength of

polymeric material. Until now, tais process is not virtually studied.

2. Establishment of possibiiity of cross-linking within globular
structures vhich, accordiny to our opinion, must compulsory occur,
and also study of this process. The structure of globular formations

and their strength must play large role with deformation of material.

3. Search of conditions, under wvhich oligomeric molecules before
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cross-linking would be spread out, and then were fix/recorded by
chemical bonds in the form of cross-linked structure, Reaction
kinetics in %"oriented® state and formation of superstructures under
these conditions, until now, is not virtually investigated, although

this is important for polymeric chemistry as a whole.




