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STRUJCTURE AND PROPERTIES OF POLYURETHANES.

Tu. S. Lipatov, Yu. Yu. fierchd, L. M. Sergeyeva.
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In the book are examined the basic properties of class it is

polyurethane', bonded with the specific character of the structure of

polymeric molecules and their intermolecular interactions.

SNOTE TO THE READER: 7hrughout this document, whenever the terms

"it is polyurethane" or "Is polyurethane" appear.,:, please read "of

polyurethanes," when applicable. END NOTE.

This book - the first in world literature, 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 tne tic'.iility 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 manirestation by polyurethane of that

combination of properties which determines their wide practical

application/use in the form of rubbers and rubbers, coatings, fibers

and other materials.

Monograph is calculated in scientific workers, aspirants and

workers of industry, who specialize in the region of chemistry, the

physical chemistry and technolotl of polymeric materials.
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PREFACE.

Among a large number of polyaeric materials, utilized in

national economy, special position they occupy polyurethanes. This is

determined by the very valuable and specific combination of the

properties, developed by polymers, which makes possible their

application/use in the most different branches of industry and in

private life. Really/actually, we do not know another class of

polymers on basis of which it is possible to obtain virtually all

technically valuable polymeric materials - rubbers and rubbers,

sealing compounds and sealing compounds, rigid and elastic synthetic

fibers, glues and coatings, foamed plastics and many others. The

possibilities of obtaining the such different materials are laid with

the special feature/peculidrities of chemical structure it is

polyurethane and not limited the possibilities of the regulating of

their structure.

In world literature is known a large number of investigations,

in which are examined questions of synthesis, technology and

processing/treatment it is polyurethane. These works are generalized

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

L__
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language.

As a result of the conducted investigations, are created ten and

hundreds of polyurethane connections and numerous technically

valuable materials on their oasis. However, to these ones on we have

available the very limited intormation about the bond between the

chemical structure and Froperties 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. in the literature there are no

generalizing data according to the relationship/ratios between the

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

investigations of the physicochemical and physical character devoted

to the properties of foamed plastics on basis is polyurethane. On

separate questions of the physical chemistry, it is polyurethane

(flexibility of chains, property ol solutions and fusion/melts, etc.)

there is very few investigations in comparison with data for other

classes of polymers.

Everything presented deteruined that problem which the authors

placed before themselves in present monograph. It consists in the

generalization of existing Knowledges 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

i
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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 with preassigned combination of

physicochemical properties.

Page 4.

Primary task of physics and physical chemistry it is

polyurethane - the establishment ot the basic regularities, which

join properties and structure with their specific special

feature/peculiarities and w ich are determining the ways of their

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

work.

As the basis of monograpa, are assumed the data, published in

world literature, and the results of the investigations, conducted in

the section of physical chemistry of the polymers of the institute of

the macromolecular chemistry of AS UkSSR by the authors and their

coworkers.

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

Yu. Tu. Kercha, Chapter V - by L. H. Sergeyeva, Chapter VII - by Yu.

S. Lipatov and L. M. Sergeyeva.

|4
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The problems of the bond between the conditions of the synthesis

reaction of polyurethanes dnd tue superuolecular structures, which

appear with synthesis, wera studied by T. E. Lipatova, who wrote

chapter VI.
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CHAPTER 1.

BASES OF THE CHEMISTRY CF POLURETk*ANES.

Physical and chemical properties it is pclyurethane they are

determined by the presence in the polymer chains of different types

of chemical bonds and functiondl groups. This is caused by the fact

that for synthesis it is polyurethane and polyurethane materials it

is used considerably more initlai of connecticns, than for other

classes of polymers. Therefore it is, first of all, necessary to

examine the basic methcds ot syarnesis it is Folyurethane and

obtaininq on their basis ot different technical materials, in order

to connect their properties with tne conditions of synthesis and

processing/treatment.

GENERAL PRINCIPLES OF SYNflii[S OF POLYUJRETHANES.

At the basis of obtaining, it is polyurethane it lie/rests the

reaction of the step poiymeri~ation, by which is understood the

reaction as a result of whicn during the addition of di- or

polyfunctional reactants are formed the macromolecules without the

i,
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splitting of the fragments of the reacting groups. For this type of

reactions, is characteristic the migration of the atom of hydrogen at

each step/stage, which gives grounds to call reaction also migration

polymerization [47].

Formation it is uretnane bonued with the addition reactions of

isocyanates, described long ago oy Wurtz (345],

R-N = C = 0 -'- R'-0Ii - R-N-C-OR'
0H O

For it is urethane it is characteristic the grouping of the atoms

0 C-N-

01

The method of obtainiag a. poiyurethane it is developed in

Germany (286] and by the USA J285J simultaneously it is based on the

reaction of isocyanates with giycois, as a result of which occurs the

formation of linear polyurethdne by the overall diagram

nHO-R-OH + O = C = N-R'-N = C = O -

OH H O

Page 6.

The polymers of this structure have many common/general/total

properties with polyamides dna other linear polymers, which

predetermine- the potential possioilities of their application/use.

With the aid of the selection ot components (diisocyanates and

e..
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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 polymer chain makes it possible to

obtain on basis it is pollurethane materials with the most different

properties.

For obtaining the higa-molecular products, it is necessary to

take the initial components of the high degree of purity in strictly

equimolecular quantities. It 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. Thie 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 wir the formed urethane groups.

The examined above metaod of obtaining is polyurethane is most

common 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

diamines (267]:

nCICOOR-OOCCI + nNH,-R'-NH, -

-- -R-OOCNH-R'--NH-COO-,, + HCL.

i6.-
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Dichlorocarbon ether/ester of glycol is obtained during reaction

with phosgene. Thus, this method includes the reaction of some

component with phosgene as obtaining diisocyanates, based on the

reaction of amines with phosgene, Dut it not found wide acceptance.

It is necessary to note that the searches of the ways of synthesis it

is polyurethane without the application/use of isocyanates and

synthesis of isocyanates without the collaboration of phosgene they

are of great practical interest; aovever, at present 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

polymers 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/, etworx depending on molar ratio of the

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

Page 7.

On their reactionary character are based the methods of the

elongation of chains or outaining of the block copolymers. So, during

the reaction of two molecules it is polyurethane, obtained with the

excess of diisocyanate and uaving terminal isocyanate groups, with

water occurs the elongation of chain and the emergence of the uric

bond

2OCN-NCO + HOH - OCN--NH-CO-NHNCO + CO,.

The analogous elongation of chains with the formation of uric

grouping occurs during the reaction of this pclyurethane with

diamines
OCN-NCO + HNRNH2 + OCN-NCO -. OCN--NHCONH-R-

-NHCONH--NCO.

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

which are alternated uretudne and uric groupings.

During obtaining of concrete polyurethane materials, especially

three-dimensional structure, in tue main chain of polymer can be

present other types of bonds. This is explained by the fact that

during formation it is pclyurethane they occur/flow/last and other
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reactions. which have the technical value

R'NH, -, R-NH-CO-NH-R'
R'COOH -s R-NH-CO-R' - CO.

R-N -C ==O+ HOH - RNH-COOH - RNH, -C -

R-N =C =O 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 with the formation of the new

groupings

S. ................... .

R-NH--CO--OR - R-: ;-N-CO--O--R

ype'aK I S-NH- I-R'

LA Sao4amart.a rpynfla

RNH-CO-NH-R + R'N- C =0 R-;---N-CO-NH-!-R'
p CO-NH- -R
II .............................

( typeToma rpyflna

R--NH-CO-R R--N-C--R'
aMI , I I

MCO-NH-:-R'

(Caiuvqe3IuuaaaSMrpyrn

Key: (1). urethane. (2). aliopaanate group. (3). urea. (4). biuret

group. (5). amide. (6). acylurea roup.

Page 8.

Further diversity introduces tue reactions of the dimerization of

1L -
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diisocyanates, which lead to the formation of the uretdione ring

NCO O

- CH-(.N N \/CH,I --% --- --\C/ -X -

NCO

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

polymers 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.

For 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 we will examine separately. However, it

should be noted that diisocyanates depending on their chemical

structure possess varying reactivity - with minimum speed enter into



DOC = 79011101 PAGe 4"5dy

reaction aliphatic diisocyanates, while the aromatic, especially

containing electron-acceFtor suostituents (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 20-800 C in essence occur the reactions of

diisocyanates with glycols, water and diamines, then at the

temperatures of higher than 100 0 c occur the side reactions, which

lead to the formation of Dranchings and cross-linkings. The rate of

these reactions grow/increases with 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 - organic basis/bases,

diamines, piperidine, piperazine, hydroxide of alkali metals, acetyl

acetonates of copper, beryllium and vanadium, naphthenate of lead and

cobalt, tributylol and many others.

Page 9.

The action/effect of catalysts is propagated not only to the main

.'I
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reaction of diisocyanates with glycols, but also to the side

reactions, bonded with the formation of urea, allophanat, biuret

groups, with the polymerization or isocyanates into isocyanurate,

etc. [3331. All this leads to the great variety of reaction products.

From short survey/coverage of the basic Frinciples of synthesis,

it is polyurethane evident taat it is based on the application/use of

connections with the isocyanate groups, which are characterized by

unique reactionary character and capability for many chemical

reactions. Macromolecular chemistry are not known other monomers,

except isocyanates, capable or such a large number of different

chemical reactions. This speciiic 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 one class of connections - it is

polyurethane - to obtain mdteraials 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 CAOUTCHOUCS (NATURAL RUBBER] AND RUBBERS.

Urethane caoutchoucs are very promising in the region of

practical utilization it is polyurethane. Polyurethane elastcmers are

it
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characterized by unique properties - extremely high strength for tear

and abrasion, by high strength and elasticity.

Polyurethane elastomers; obtain on the basis of oligomeric

polyether/polyesters, which contain the terminal hydroxyl groups, and

diisocyanates. Term "oligoner" designates the low molecular polymer,

obtained during the reactions ot radical telouerization or with the

polycondensation, conducted with large excess of one of the

components. oligomers are viscous ±iquids, 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 IUOO-.JO.

For the synthesis cf polyurethane elastomers, can be used both

simple and polyesters. in the ca of simple polyesters, use

extensively different copolymers - oxide of ethylene and propylene,

their copolymers with tetratiyarofuiran and so forth, etc. From

polyesters are most common poiyether/polyesters on the basis of

different glycols (ethylene glycol, diethylene qlycol, etc.) and of

adipic acid. Basic dLisocycadtes, which are used for synthesis, are

toluene-2,I4-diisocyanate (2,d6-TDI), 1,5-naphthylenediisocyanate.

4,4II-diphenylethanediisocyanate, t,6-hexamethylenediisocyanate

(GHDI), etc.
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The synthesis of polyuretan6 elastomers occur/flow/lasts in two

stages (2971.

Page 10.

During the first stage from 2 acles of oligomeric polyether/polyester

and 3 soles of diisocyanate obtain so-called macro-diisocyanate, or

prepolymer:

OCN-R-NCO+HO---OH +OCN-R-NCO+HO--OH+OCN-R-NCO

OCN-R-NH-CO--O"-"(ONH-R-NHCO--ONHRNCO,

where surging line desiqndtes the molecule of oligoester or

oligourethane (macro-diisocyanate).

Prepolymer - viscous li4uia or easily softened solid. Terminal

isocyanate groups make it possible to elongate chain with the aid of

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

During the reaction ot macro-diisocyanates it is diamine

initially are obtained linear poJyurethaneurea

OCN--NCO + H N-R--NH, + OCN-NCO + HN-R-NH,

--OC-H'--NH-CO--HNR-NH-CO-HN--NHCONHH__H

The excess of macro-diisocyanate, which did not enter the

reaction, causes the cross-liakinq of chains. During this

cross-linking uacro-diisocyanat is added according to the

* '
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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-CO-HN--NH-CO-HN-R-NH-

-OC-HN--NH-CO-N-R-NH-CO-HN-NH--CO-HN-R-NH-
14-'

CO

NH
--&mypeTO3MUW

NH

-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 ior 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.

Elastomers with analogous properties are formed also when

instead of diamine for cross-lining is taken water. With splitting

'9
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COa, initially is formed lineaL 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

with diatomic alcohols, for example by butanediol,

OCN--NCO +r HO-R--OH - OCN--NCO - HO-R-OH

-OC-HN-NH-CO--0-R-O-CO-HN .... NH--CO--O-R-O-

NCO

NCO

+
-OC-i-N .... NH-CO-0--R-0-CO-HN .... NHI- CO-O-R-O--

4
--- N-CO-O-R-

Co
I

NH

I
Co

--- N-CO-O-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-linus polymer chains because of reaction

with the atoms of hydrogen ot uretuane groups. In this case, appears

one additional type of bonds in chains - allophanate.
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Combination of the examined methods gives the possibility to

widely vary the structures ot the grid of rubbers and, thus, to

change their physicomecuanical or characteristic, especially if one

considers that as the variables, which are determining properties, it

is possible to select oligoaers of different chemical structure and

molecular weight and different diisocyanates.

There is also yet anotaez possibility of obtaining the

cross-linked polyurethane elastoners 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

trimethylol propane. in this case, is formed branched

polyether/polyester.

Page 12.

In the course of its reaction with diisocyanates simultaneously with

a chain growth occurs the cross-linking of the free hydroxyl groups

of the introduced triatomic alconoi.

From that presented it is evident that the chemistry of

polyurethane elastomers has in eftect unlimited possibilities of
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changing the chemical structure o polyurethane elastomers. Common

for all, however, remains tha presence of four basic types of bonds

(urethane, uric, biuret and allopnanate) and the alternating in the

chain of the blocks of oligomeric component - oligoester or other

hydroxyl-containing connections - and the blocks, introduced by

diisocyanate component.

POLTURETHANE FIBERS.

Fibers on basis it is polyurethane they are separated into two

basic classes. The first includes the fibers, analogous to other

thermoplastic fibers of the type poliamide, polyether/polyester, etc.

This of fiber not to basis iinear thermoplastic crystalizing it is

polyurethane. the chemistry of obtaining such fibers consists in the

synthesis of linear produc-s ducing the reaction of the

dihydroxyl-containing short-chain connections (ethylene glycol, di-,

triethylene glycol, 1,4-outanediol) with different diisocyanates. The

most widely used type ct polyurethane fibers - perlon U - is obtained

during the reaction of butaneaiol-1,4 with hexamethylene

diisocyanate. Varying the components, used for the synthesis of the

fibre-forming polymers, it is possible to change the melting points

of polymers and their physicomechanical of characteristic [231.

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 uave analogs among other classes of

polymeric compounds. The alastomeric fibers into which enters not

less than 85o/o it is polyurethane, there were for the first time

published in the USA at the end of 1960 because of their chemical

structure they they possess high extension at break (500-800o/o)o by

low module/modulus of elasticity and high elastic deformation.

The chemism of the tormation of elastic three-dimensional

polyurethane fibers and three-dimensional polyurethane rubbers is

analogous. In present time tnere are various forms of polyurethane

elastomeric fibers, kncwn under different firm designations (Lycra,

Spandex, Virayn) [48]. Lor their ontaining are used different

polyether/polyesters with terminal hydroxyl groups (simple and

complex) and diisocyanates - toluenediisocyanate,

diphenylmethane-4,4'-diisocyanate, 1,5-naphthalenediisocyanate, etc.,

i.e., the compounds utilized also during obtaining of polyurethane

rubbers and rubbers.

Page 13.

Differences in the methods of ootaining bear not so much chemical as

technological nature and are associated with special spinning
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conditions of the filament which can be realized by th wet and dry

method. Highly elastic polyurethaae fibers depending on the type of

the reactions, utilized for their obtaining, have three-dimensional

and linear structure. The vital difference for these fibers and

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

physical nodes in grid.

The basic special tedture/peculiarity of the structure of

polyurethane elastomeric tioers is alternating the blocks of

different chemical nature, which makes it possible to give to fiber

the necessary textile and mechanical properties. In detail questions

of the chemistry of elastomeric polyurethane fibers are examined in

works [48, 298, 303].

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

adjacent chains to a certain extent replaces chemical cross-linking.

The rigid segments, which contain urethane bonds, are the nodes of

the three-dimensional physical grid whose elastic properties are

determined by pure/clean po.Lyether/polyester blocks.

POLYURETHANE COATINGS.

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

it is polyurethane, to tnem it is possible to give the most different
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properties. from three-dimensional ones it is polyurethane, in which

the blocks of hydroxyl-containing component sufficiently rigid in

comparison with the same in rubbers, it is possible to obtain

three-dimensional polyuretaane films and coatings. The presence of a

large number 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 bdsed on the utilization of polyfunctional

connections, which ensure the formation of three-dimensional

three-dimensional/space grid. As polyfunctional connections are used

ter- and tetratomic alcohols, branched polyether/polyesters and their

combinations. During the formation of polyurethane coatings, cccur

virtually the same reactio s, 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 polyurethane usually it occurs under

conditions for contact wita moisture of air.

Page 14.

Since the poly-functionality of initial compounds is the necessary

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

the components of reaction is used the adduct toluenediisocyanate

L
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with trimethylol propane and diethylene glycol

NCO
/

CHV0 1 NH \_C~

/ /

\ /ClI
/NCO

CI,-!CH,0CNH-d\\CH

CH0CNH' \\CHS

and

OCN

CH-" '--NH-COO-CHI-CH 2-O-CH,-CH, -

NCO

-0-CO-NH-- \\-Cl

Is known at present a large number of most different

compositions, used for obtaining the polyurethane coatings, which

make it possible to obtain tne coatings, which correspond to the most

varied requirements. however, at the basis of all methods, lie/rest

one and the same chemical principles of obtaining three-dimensional

structures.

Obtaining the polyuretaane adhesive compositions virtually in no

way differs from the principles ot obtaining coatings. In each

individual case the chemical nature of components and the conditions

of the solidification ot composition select so as to ensure the

necessary viability of compositions, the temperature conditions of

solidification, rate of processes, etc.

I•
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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.

Jhe 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, polyauides or polyacrylates.

Really/actually, by the only common/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,

which relate to different classes. In this sense there is no problem

it is polyurethane as such, but there is a problem of initial

connections for the synthwsis of the polymers, which contain urethane

groups.

1. "
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Page 15.

Chapter It.

THERMODYNAMIC PROPERTIES OF SOLUTIONS OF POLYURETHANES.

In the examination of the special feature/peculiarities of

physical and molecular structures, it is polyurethane, first of all,

necessary to dwell on the zlexioility of molecular chains. The

flexibility of chains as the cnardcteristic, which is inherent only

in hiqh-molecular compounds, determines the basic physicomechanical

and physical properties of polymers. The information about

flexibility can be obtained eir-ber during the analysis of the

properties of dilute polymer solutions or from 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 formation. is alternating in the polymer chain

of the sections of different chemical 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-caroon ones, bonds of the type C-O-C in glycol

and simple polyether/polyesters, Dond C-0- in pclyesters, bond

0

-NH-CO-O- and so forth. The diversity of heterobonds must

significantly affect the tiexioility of polyurethane chain. The

flexibility of chain determines the basic physicochemical and

physicomechanical properties o polymers. It is known that the reason

for the flexibility of chain is 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 accoLdin4 to internal rotation in organic

molecules (16] shows, in particular, that the internal rotation

around bond C-0 is facilitated in comparison with rotation around

bond C-C. Therefore it is possiole to assume that the polymer chains

with heterobonds of the type polyethers will possess the increased

flexibility.

I

J.
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Page 16.

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 types of ounds determines the complex character

of the dependence of the flexibility of chains it is polyurethane on

their chemical nature.

On the basis of the data on size/dimensicns and geometric form

of macromolecules in solutions, can be determined the thermodynamic

(equilibrium) flexibility or polymer chain, which is characterized by

ratio/relation of the not disturbed by reaction with the solvent

size/dimensions of chains (i)'"t to the size/dimensions which would

have the polymeric ball auriag completely free running of all links

(R.)" For determining this value, it is necessary to know the

size/dimensions of chain in ideal tnoninteracting) solvent. Value

(jj3)f. is usually determined by calculation, also, for the chain, which

comists of n of valence bonds, by length with constant valency

angle x- and free running,

fi 4-I COSO
I - cos0

B.

I1
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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 low molecular polymers, which limits the possibility of

applying the method of ligat scattering for determining of the

dimensions of chain. They possess 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 size/dimension of chain under the

condition for free running cannot ue determined from the equation,

which considers only C-C-bond in main circuit. Sizing of the chains,

in which 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 makes 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 prepolymeLs on tae basis of

polydiethyleneglycoladipate (molecular weight 4100) and

toluenediisocyanate, and also polyurethane on the basis of butanediol

fA
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and toluenediisocyanate [9b].

ror low-molecular prepolymers it is not possible to directly

determine value (!,'), therefore they were applied the graphic method,

proposed by Stockmayer and Fixman [3233.

Page 17.

They showed that the known equation of Flory, joining intrinsic

viscosity with molecular weigkt and size/dimensions of chain,

easily is converted:

I1 = 0 (hi,M)".A"' + 0,510BM,

B -v= ( - 2x,)/VNA,

where v - a partial specific volume of polymer in solution, V, -

molar volume of solvent, X, - tne thermodynamic parameter of

reaction.

This relationship/ratio makes it possible to determineI R/M)" and

B by initial ordinate and slope/inclination of direct dependence

lqJI/M" on M"' (Fig. I). Atter assuming that Flory's constant does not

depend on the quality ot solvent, and after accepting 0= 2,8 102, we

find value (6K'Alt', in benzene and acetone, equal to 0.9 and 0.86, but

p.
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value (h;h. ) -- 1,57 and 1.50 respectively. During such a calculation of

value (h,.)- was not considered the effect of urethane bonds and

benzene rings on the size/dimensions of chain, since bulk of chain

consists of polyether/polyester segments. That establish/installed

for the prepolymers of difterent molecular weight in by the

dissimilar relationshiF/ratio ot urethane groups linear dependence

Ig~IT1 o IgAM, shows that IqJ the investigated specimen/samples is

really/actually determined only oy glycol component that it makes

possible calculation (h0I!A)'.

On the basis of the theory ot Stockmayer and Fixman [323] are

investigated the soluticns or the polyurethane, obtained from

polyoxyethyleneglycol (mci. weight 2000 and 1000) and

toluylenediisocyanate it wds established that value (Q0/i*,)/. = 1.54, is

comparable with the appropriate values for it is polysiloxane and

rubbers [153].
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0,004- 1,6-

-. 24032 1,2-

4002 0,8,
- ------ 0 Z0 40 T,;c-

0,2 46 1,0N 7-0-

Fig. I. Dependence IqiA' 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.

For calculation (h/M)"', it is possible to also apply the equation

of Flory, if is known value [qJe Data [96] showed that in equation

1,9= I(M, 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 Irl/M''-(M') and

known to values v=0.900 (for benzene) and 0.887 cm3 /g (for acetone)

value X, composes 0.16)and 0.226a respectively. Since

IqI , M"at/! 12111 (t - parameter, wonded with volume effects), then the

degree of swelling a can be determined by equation

=(5oc- 3).

L-
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PVse for both of solvents e=0,133, which brings to z=1.33. Knowing a,

it is possible to calculate [257] [q]e and, consequently (Ri2?M)';, from

the ratio/relations

a = ([Iqllle)2.43,
=RM M%.

Calculations give (R,'M)"-=o,88 and 0.84, which agrees well with value

Thus, corrected value (hsh,)' shows that the flexibility of the

chain/networks of low-molecular prepolymers exceeds the flexibility

of vinyl polymers and is comparaDle with flexibility it is

polysiloxane and rubbers L25 7].

For a prepolymer wita M. = 1,35 IO1 is also measured the

temperature dependence oL intrinsic viscosity in benzene and

methylethylketone. As can De seen from Fig. 2, the intrinsic

viscosity of prepolymer in benzene falls from an increase in the

temperature. The value of temperature coefficient d- - - 1,09. 10-

is characteristic for polymers in the good solvents where the

thermodynamic reaction of polymer with solvent insignificantly is

changed with temperature, and basic effect on

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

interaction. In methylethylKetone fi calculation with an increase in
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the temperature and ± 4.16- 10- 3 . It is obvious thata] dT-

methylethylketone is poor solvent. Attention is drawn to also the

high value of the constant ot duggins K' (Fig. 2)which in benzene in

the investigated temperature interval is not virtually changed, but

in methylethylketone shdrpiy it talls from a temperature rise.

Transition to linear polyurethane in which glycol component has

a small size/dimension, must, oviously, lead to stiffening of chain.

For linear ones it is polyurethdne on the basis of butanediol and

toluenediisocyanate (ool. weight 0.2-0.96e10') this same by method

are determined the values oi the equilibrium flexibility of chains.

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

(h'0Ih-) 2,0.

Page 19.

This 4ndicates that an increase in the concentration of urethane

groups in chain leads to s.ynaiicant lowering in its flexibility,

which in this case is compdtranle with the flexibility of the chains

of common vinyl polymers.

The given data really/actuaily make it possible to consider that

the flexibility of the 1clyurethane chains is characterized in

essence by the flexibility o£ oliomeric polyether/polyester

S
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component. In connection with this arises a question concerning the

flexibility strictly of cligomer±c molecules. The study of the

behavior of oliqomers 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 nydrodynamic characteristics of

oligomers, it is possible to determine their size/dimension,

configuration and reaction with solvent.

Works on the investigation or diffusion and

ductility/toughness/viscosity of oligomers it is very little, but

information about the properties o the oligomers of the esters,

which 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 wita a molecular weight of from 2000 to 430

(971. The curves of the dependences of the coefficients of diffusion

and intrinsic viscosity on aoiecular weight have a slope/inclination,

close to 0.5. The correspondiny data are represented in Table 1, from

which it is evident that the absolute values of

ductility/toughness/viscosity in acetone are somewhat more than in

ethanol. This, probably, it is caused by different effect of solvents

on the skeletal/skeleton hdrdness (close-range interaction) of
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chains, but not to volume attects (remote action) . Values a, close to

0.5, indicate that the jarameter ot swelling A approaches unity.
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'able 1. Hydrodynamic characteristics of oligooers.

(1 du,- ( j D. I I (. ' AI/4

AuPTOV 3Tauo, 1

430 0,0360 0,0300 10. 3.0 2:3.0 21.0 12 7, 2 4
600 0.0:386 0,0350 8,9 2.4 26.0 25. 2.N5 2,71,
800 0.0463 0.0400 7.45 2.22 31.0 2l0 2.80 2.h51200 0,05i50 :16.6 34,5 2.6 2.W

2000 0.0737 0.0o10 5.1 1.3i 45.5 46.0 3,03 2X

Note. A.=!.M(','" where . - viscosity of the solvent.

Key: (1). Acetone. (2). .LBtdnol. j3). d%/g. (4). cM 2 /s. (5). erg/deg.

Paqe 20.

Probably, with low molecular weight the reaction polymer - solvent

does not exert a substantial intluence on the conformation of

molecules. The absence ot an increase in the exponent with M with the

decrease of molecular weignt spedKs that for the chain molecules even

of this light molecular weigan is characteristic small hydrodynamic

flovability. This differs them roam semirigid molecules of the type

of derivatives of cellulose [148J. 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

persistent model in the hydrodynamic theory of Kirkvood-Riseman [247]
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makes it possible to determiue the persistent length of molecule,

vhich characterizes its t1ezioi.ity. The conducted for the oligomers

in question calculations showed that for the chains of

oligodiethyleneglycoladipdte tue persistent length is 8-8.6 A.

Findings also attest to tue 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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'able 2. Characteristics ot oligomers in acetone and ethanol.

0m

OAlromepV 3z

n-omf,TflJ- 1,00 0,060 - 5A9 - 40.0 - 9,3 2,15 17.8 0,5ef.n- 12,00 0,086 - 4,15 - 57,0 . . .

lHHa- a

llo.-Inati- 0,43 0.035 0.0.3 10.00 3,04 23,0 21.0 8,0 L,8 16.2,0.5
,TtiAeH- 0.60 0.0:3S6 0.035 8,90 2,4, 26,0 25,8 -

NIIOl- 0.80 0,0403 0.040 7.45 2,22 31,0 29,0 -

[.tiO~b- l~n a- -- ,-

an, naT 041,86 36.6 34.5 - 14,1 (0,
(Flar %) 2.001 0.07371 0,061 5.10 1,39 45.: 46,0 - - -r , 00 00 50 - 06.15 - 39,00 - 8.0 2,0 17.4 0.5

Tf 2,00 0,08 4,30 - 57,0 - - -_ -

K0I baI H- I

ITHIlaT

([13A)

oAHJoNc- .100 0.0765 00 5,67 - 42,0 11,5 2,25 23,0 0,5
Tepm-2,02 0.078 - 4,350 - 5850 - - - - -

TIeHrimfI-
KOJI

(IOTMr) -

Key: (1). Oligomer. (2). in acetone, dl/g. (3). in ethanol, di/g.

() . in acetone, cmZ/s. (5). Ln etuanol. (6). in acetone. (7). in

ethanol. (8). Polyethyleneglycolacipate (PEGA). (9).

Polydiethyleneglycoladipate (PDEGA). (10).

Polytriethyleneglycoladipate (P'LGA). (11).

Polyoxytetramethyleneglycol (POTMG).

Page 21.

This gives the possibility to use the relationship/ratios, which join

I
I.
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the diffusion coefficient and the size/dimensions of the diffusing

particles (p), = 2.6. I-' 7T
veD

for determining of the dimensions of the molecules of oligomers.

6alculated values (ii)' for tae oligomers of diethyleneglycoladipate

are represented in Table 1. Value (h"' in ethanol is somewhat less

than in acetone, which will agree with differences in the

ductility/toughness/viscosity. adio/relation (h/h,)'" equal

respectively in acetone and ethanol 1.83 and 1.76, is close to the

values, obtained for ccaaon higa-molecular rubbers.

Thus, the investigation of diffusion and intrinsic viscosity of

oligomers they shoved that tne hydrodynamic characteristics of these

molecules will agree well with the same for the model of the

n6o .loceJE iq Gaussian oalls, although this and not Gaussian

balls in their common form due to an insufficient number of links in

molecular chain.

In work [98] is undertaKen the more detailed investigation of

the properties of different oliqomers and low-molecular it is

polyurethane, obtained on tneiL oasis, by the methods of diffusion

and intrinsic viscosity. were studied oligomers of

ethyleneglycoladipate, diethyleneglycoladipate.

triethyleneglycoladipate, hyaroxytetramethyleneglycol and
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polyurethane on the basis oi these oligomers and

toluene-2,'&-diisocyanate. Tables 2~ and 3 depict the characteristics

of the investigated objects and the obtained results. From dependence

IgliIJ on ig 14 (Fig. 3) it is evident that the slope/inclinations of

straight lines for all oligoners are equal to 0.5. For a comparison

this same figure, gives dependence Iglii-IgM for polyurethane on the

basis of diethyleneglycolddipate and 2,4-TDI.
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0 

7

2,6 3,0 3,4 3,8 4,2 4,6 .qM

Fig. 3. Dependence Igtill on .Ly fl for the soluticns of the oligomers of

hydroxytetramethyleneglycol in acetone (1) and methylethylketone (2);

PEGA in acetone (3) ; PTEGA into acetone (4) ; PDEGA in acetone (5) and

standard (6); polyurethane on the uasis of diethylene glycol and

2,4-TDI in acetone (7) and benzene (8); polyurethane on the basis of

POPG and 2,4-TDI in benzene j9) ana methanol (10); POPG (11) and

polyurethane (12) in e-solvent.

Page 22.

The values of the irtrinsic viscosity of oligomers depend on the

nature of solvent. This, proDably, it is caused by the effect of

solvent on the skeletal/saeleton nardness of molecular chain, but not

volume effects, since the value oi the exponential in equation of

type Jqj = I(M' (equal to 0.5) shows that the parameter of

thermodynamic swelling a=l, and testifies to small hydrodynamic

flovability of all investigated molecules. From 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 in chain in accordance with determining of the

dimensions of chains from the coefficients of diffusion (see Table 2

and 3).

Upon transfer to polyurethane (see Fig. 3) a change in the

intrinsic viscosity by whole depends on structure and properties of

oligomeric component. The value of exponent with f in the equation of

Mark-Hewing is more than 0.5, which is caused by the effect cf volume

effects on intrinsic viscosity, but not by an increase in the partial

flowability of balls upon. transter from oligcmer to polyurethane. The

points of dependence ]gjq]j on Ig M tor oligomers it is polyurethane in

e-solvent they are stacked to one straight line (see Fig. 3). This

confirms the absence of the eftect of urethane groups on the

thermodynamic flexibility ot chain for the case it is polyurethane on

the basis of oligomers. Tae thermodynamic flexibility of chains was

determined according to the method of Stockmayer-Fixman, value

ore given in Table J.
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fable 3. The characteristics of solutions it is polyurethane in

acetone and benzene.

Ct -

40 0

- 4700 0,24. - 2.70 88.0 1.1 -
i2000 4400 0.2:4 0 0 i2.80 84,5 -, .n,2a3rA -. 4000o13 0:7o5o,,J s, L 5

-nT.U1. 001300, 0.390 0,440 - - 07 a505 0,7
14000 7500 0.260 0,280 - - 0,5 - -
1 800 6600 0.23 - 2.44 98.0 1.1 - -
I0, 5200 0.200 280 82,5 13 0)05.5 0,7

14000 500 0.1901 0,230 - - 11 - -
14000 50001 0,186 0,218 - - 1,33 - -
(4000 4350 0.185 0,195 -202.0 - -

nf rr.A -- I 900 5000 0230 - 2.90 82,0 1.1
- T:IHU 2020 4700 0.200 - 3.32 70.0 II -
nOTMr 12000 15600, 0.630 - 1.31 181,0 1.1j -

T. oU 10006700 0.3M , 2,02 318.0 1.1 - -

Key: (1). Polymer. (2). oligomer. (3). polymer. ( ). in acetone,

d,/g. (5). in benzene, dl,/e. (6). in acetone, cm2 /s. (7). acetone.

(8). benzene.
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During calculation (ia)"' they 4uiregarded the contribution of

urethane groups on the basis of the fact that the points in

direct/straight 7 Fig. J were obtdined for polyurethane from

diethyleneglycoladipate and 2@4-TOL whose oligomeric components have

different molecular weight ifrom 8)0 to 4000) and nevertheless they
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are stacked well to one straight line. As another confirmation serves

the fact that dependence Ig111 on ig M for polyurethane on the basis

of polyoxypropyleneglyccl and 2*4-TDI is described by one straight

line for oligomer and polyuretdane.

The method of Stocxmayer-Fixman is applied also for evaluating

the undisturbed size/dimensions tor linear PU on the basis of

ethylene glycol and 4,4'-dipnenyimethanediisocyanate according to the

data of viscosimetry at 6-point which was created with the aid of

binary solvent [ 172]. In this case for nine fractions, is found

relationship/ratio i'll 3.61 l- j() -1.7, which is very close to the

results, presented above. index a=0.62-0.66 for linear PU on the

basis of 4,4'-diphenylmetnauediisocyanate and polycaprolactone is

determined in (298]. The results or the investigation of those

branched it is polyurethane [304] they will agree with general laws

governing the properties of solutions of PU.

The flexibility of polyurethanfe chain is determined in essence

by the properties of units - oligoesters, and therefore the study of

their behavior in solutions and in mass has important value for

understanding of structure of FU.

Are studied some parameters (intrinsic viscosity, specific

volume and second virial coefticient) of polypropylene glycols
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depending on the molecular weight, which lies within the limits from

300 to 5000 [310]. For finding ot constants in e-point, is used the

equation of Stockmayer-fixman. According to

ductility/toughness/viscosity dad molecular weight, are determined

the size/dimensions of the oalls ot the branched and linear molecules

which in tetrahydrofuran do not depend, but in toluene they depend on

branching.
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logo

S2 1+3

46.

Fig. 4. The dependence of tne size/dimensions of the balls of

polypropylene glycols ca molecular weight: 1 on the basis of

2,3-propyleneglycol in tetrahydroiuran, 2 - propyleneglycol and

glycerin in tetrahydrofurda, 3 - &1,3-propyleneglycol in toluene.

Page 24.

So, Fig. 4 gives dependence onQ solecular weight of the

size/dimensions of balls ia toluene and tetrahydrofuran during sizing

according to the fquaticn h Jill Al ,Is

in which

0 = 0 @  1- 2.67r+ 2860, @= 284 .1023, e= 2,3(a --0.5).

I where a -an exponent of the t qudtion of Mark-Hewing. in this case,

/,

€,,

2"5 30 3-5 LogI'•
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it was reveal/detected that upon transfer from the low- to

high-molecular products occurs a change in the conformation of

molecules. is very important, trom our point of view, the molecular

association in toluene with molecular weight cf less than 800, which

was reflected in the dejeudences et 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 tor tree running, with the for accurate

estimation of all types of bonds both in the oligomeric unit and in

diisocyanate. Such calculdtions are sufficiently difficult. The

examination of configuratLon statistics of the poliamide chains,

simpler in comparison with poiyuLethane which, however, contain a

large number of different Douds within each monomer unit, it showed

the contribution of these bonds to the size/dimensions of chains

[2161. Subsequently it is expedient to transfer the proposed in this

work calculation methods on polyurethane. Given data make it possible

to consider that for obtai iny the information about the properties

of oligomers and prepolyiars it is possible to 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 macromolecules 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 the result of its own flexibility of the

molecules of oligomers. The flexibility of polyurethane chain is

really/actually determined in essence by glyccl component, since its

properties can be well explained independent of a number of short

rigid units in molecules by the theories, developed for linear

networks.

SORPTION PROPERTIES OP POLYURETHANES.

Oligomeric molecules wita 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 groups in chains. The latter influence the

equilibrium flexibility of chain, also, to greater degree - to the

nobility 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 o 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, waicn consists in the calculation of the

value of the segments c± chain molecule. By value of seguent, is

understood the value of molecular weight, which they must have

molecules of polymer so tnar the polymeric system would be

subordinated to common for low-molecular bodies thermodynamic law

[1321. Finding the value of segment from thermodynamic data is based

on the measurement of tue sorption of vapors of solvents by polymers

and determination according to the law of Raoult of the effective

(seeming) molar fraction of polymer in soluticn, whence is calculated

effective molecular weight of pclymer or segment. A. A. Tager and

coworkers for it is polyurethane different degree of reticulation,

but with the identical concentration of urethane groups, were studied

the sorption isotherms of dLoxane, 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 chemical nature, but not from the degree of

reticulation, which was regulated in such a way that molecular weight

of the cut of the chain between network points varied from 2000 to

27000.



DOC 79011102 PAGE G °.A.-

Are studied polydiethylenesuccinate urethane,

polydiethyleneglycoladiinate urethane and

polybutyleneglycoladipinate urethane with application/use for

synthesis is polyurethane 2,4-TDi L131]. The flexibility they judged

by the calculations of change of entropy of mixing for different

systems (Fig. 5). The course of changing the entropy indicates a

regular increase in the flexibility of chains with an increase in the

number of methylene groups netween ester bonds. The authors [1311

set/assume, that this conclusLon/derivation is confirmed by the

values of thermodynamic segments, equal for polydiethylenesuccinate

600, polydiethyleneglycoladipate 4UO and polydiethyleneglycolsebacate

300. These values are less tuan tue size/dimensions of the

thermodynamic segments of poiyLsoautylene, polyethylene, etc., which

indicates the great flexibility of chains it is polyurethane, caused

by the presence of flexatle members C-O-C.

I/
II

__ _ __ _ _
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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: (1). J/g.
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The thermodynamic parameters or yrids do not depend on their

denseness, and the authoLs this join with the low value of

thermodynamic segment, since the minimum distance between network

points composed 2300, which considerably exceeded the size/dimensions
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of thermodynamic segment. iowever, they did not use their data for

calculating the value ct tue segment of chain in grid, but actually

was 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. Furthermore, it is

well known that by the specific line of structure is polyurethane it

is the large contribution or physical reactions to effective network

density, as a result of whkica te effective network density,

calculated by physical methods, always considerably more than that

that is determined from the stoicniometric relationship/ratio of the

components, undertaken for synthesis. 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 and change in the flexibility of

chain with its entry into grid, since flexibility depends on

intermolecular interactions and bond between chains.

For explaining this question, are investigated sorbing vapors by

polyurethane on the basis of different oligomers and

I,
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toluenediisocyanate (Table 4) L71].

Network density was evaluated in contrast to (1311 on the basis

of data according to equilorie elasticity modulus, which made it

possible to consider chemicdI and physical network points. As can be

seen from Fig. 6, the sotption isotherms of dioxane by the studied

polyurethane take the S-shaped form and differ from those obtained in

work f131].

I _______________
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-able 4. Characteristics it is polyurethane. investigated by sorption

method.

n.CiUnamout.I Mo(A.moe zarewr? cooTHoweune N.

I I |i1eH.,I!KO.lbaI1nH I- TIt- PiTaHola- 1 : 1; 1 : 0,035 3700
HaT-i600 m1 H- + Hlita-

SHOAaMHN

*(1,5: 1)
2 l.JljiTIeHr'HKo.1ba HnH- To *e (V I : 1.2 : 0.100 2600

j ) V ro6 taaiieH.A.o.a-1600 I ptaHoaamN 1 1.68: 0.4 2400
4 JjiHroH03onptHi ,lo.'-2000 To ie (.2 I 1,68 :04 ,.,j.

Key: (1). Specimen/sample. (2). Polyether/polyester. (3).

Cross-linking agent. (4). ijolar rdtio. (5). experimental. (6).

Diethyleneglycoladipate-lbOt. (7). Triethanolamine + diethanolamine.

(8). Diethyleneglycoladipte-lbOO. (9). the same. (10).

Oligobutadienediol-1600. (11). Triethanolamine. (12).

Oligoisoprenediol-2000. (13). The same.
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The analysis of isotherms snows that for polyurethane 1 with the

greatest ,Mc (see Table 4) is observed the greatest sorption. For the

specimen/sample of the same nature, but with smaller M: the value of

sorption is smallest. Tt should be noted that the value of the

sorption of dioxane by polyucet ane 3 and 4, in spite of their

different nature, they axe closE to each other with comparatively

4

i
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small pressures of vapors (to 50o/o). With Pj/P 0=50o/o value of the

sorption of dioxane these polyure~tane they are characterized by.

For the investigation of temperature effect on sorption, are

obtained the isotherms at 25 and 400C (Fig. 7). In all cases the

initial sections of isotherms with 400C lie/rest above the same with

250C, i.e., in this case wito an increase in the temperature, occurs

the increase in the sorption of dioxane which usually is observed for

polymers and is explained Dy an increase in the mobility of the

segments of macromolecules. With the large vapor pressures the

sections of isotherms with 250C lie/rest above than at 400 C. This can

be caused by existence in solid polyurethane of the conformational

transition near 400C, waicn is caused by the partial destruction of

intermolecular hydrogen bonds. it is obvious, with the vapor pressure

of approximately 50o/o, concentrations of dioxane in system reach its

critical value, after which occur the changes in the structure of

those cross-linked it is polyurethane.

01
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70 60

Fig. 6. Isotherms of sorption o± dioxane of polyurethane on the basis

of DEGA and TDI (1, 2) , oJ.±gobuztddienediol and TDI (3) and

oliqoisoprenediol (4) at 250C.

0060 to0 20 60

Fig. 7. Sopinisotherms of dioxane of polyurethane with 250C

(unbroken curvesj and 40 0 C (dotted curves). a) polyurethane 1 (1);

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

Page 28.

Since polyurethane are characterized by the presence of a large

number of physical bonds, it can Do assumed that during selective
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reaction with solvent (with its specific concentration) occurs the

redistribution of physical bonds in the three-dimensional/space grid

of polyurethane. This leads to the appearance of a structure, which

differs from initial, and to a change in its behavior during

sorption. This mobility and L"ghtness/ease of the rearrangement of

three-dimensional/space grid - one of the specific special

feature/peculiarities of tae structure of three-dimensional onel. 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 to

50o/o of relative vapor pressure which corresponds to the beginning

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

In connection with the fact that a change of the enthalpy in the

investigated cases is consideraule 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

determined not only from a change in the number of chain

conformations, but also from d change of the energy barrier of the

rotation of the cuts of chains in grid, that is reflected in AH.

Therefore a change in the flexiaility of chains, can be judged from a

change in the partial specific enthropy of polymer TASz (Fig. 8). For

polyurethane on the basis ot oligouiethyleneglycoladipate, a change

iJ
I,
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in the entropy depends on the degree of the cross-linking: TAS 2 is

more for polyurethane vith tne smaller degree of cross-linking. This

indicates an increase of the flexibility of the cuts of chains in

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

i I
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Fig. 8. A change in the jart3.al specific enthropy it is pol~yurethane

during the sorption (designations see in Table 3).

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

of vapors by polyurethane.

AF, YA' /Z (i I AF 2 ."

2 2 i 2

0.025 0,975 0.976 0,975 0 976 ') -11,23 -12.39 -13.80 -0,03 -0,05
0,050 0,953 0.952 0.952 0,953 -931 -7,92 -8.85 -9.37 -0,16 -0,12
0,075 0,93'0 0.930 0.930 0.930 -7.70 -6.56 -6,89 -7.101 -0.27 -0,21
0.100 0.910 0,909 0,909 0,908 j -6.53 -5,38 -5.78 -4,94 -0,37 -0.31
0.125 10 881j 0,889 o , 8 o,8 -5,86 -4,42 -469 -4,82 -0,45 -0,460o1,0 0,8701 - . . -48o-- -,56 -

KaA,'" AH -,AH, + ,,AH,, xaA/e rAS, KiOtA'

3 1l 4f i 2J 4l 11 21 3~ 4_

-0,07 -0.06 3.71 3,73 2,73 3.40 1,09 0.96 0,74 1.09
-0,18 -0.2 - 6.64 - - 2.67 - -
-0,26 -0,4 4.89 9,48 6,57 5.97 6,64 - 356 2.87
-0.39 -- 0.46 5.33 12.05 6,30 8.64 11,20 2.53 4,08 6.70
-0.54 -0,61 5,21 14,23 6.90 10,71 16.27 4,70 6,29 9.18

5.68 - - - 19.19 - - -.

Key: (1). cal/g.
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The dependence of flexiollity on tne nature of oligomer can be traced

based on example it is jolyurethane on the basis of oligodienediols

which are characterized by ouly the nature of oligomers. Change TAS2

for it is polyurethane on the b4sis of oligoisoprenediol less than

for oligobutanedienediol, i.e., the flexibility of chain is less for

the three-dimensional/space grid of polyurethane on the basis of

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

S
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oligoisoprene of methyl group, which purely geometrically limits the

flexibility of chain. However, the effect of the nature of

oligodienediol the degree of fiexiwility affects not as strongly, as

a change in the degree ol 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 gLa1. Hence it fellows that the

estimation of the flexibility of chains, produced for linear

molecules, cannot be transferred to the systems, in which the

molecules are cross-linked anu wA.11 form three-dimensional grid.

Really/actually, the more number oi conformations accepts chain, is

those more it pliable. It is logical that with entry into grid a

number of possible conformadious is limited. In the case in question

the presence of intermolecular interactions, which depend on chemical

network density, changes the potential threshold of rotation and,

correspondingly, the flexibility of the cuts of the chains between

nodes even when the distance between them exceeds the value cf the

thermodynamic segment, fcund for the uncombined in grid

high-molecular chains. It is impiied that the chain/network as is

uniform in the ratio/relation to flexibility, i.e., is not examined

separate effect on the socption ot rigid and pliable units. This
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approach is permissible for obtaining the common picture of behavior

it is polyurethane during the investigation of the sorption of the

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

"ore strictly one should examine and demarcate sorption by

separately rigid and pliable sections. Such data can be obtained

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

Page 30.

For example. during diffusion CU, in polyurethane [178] it is

establish/installed, that the ditfusion coefficients in them are

considerably lower than in otner rubbers. This is bonded with the

fact that, in spite of significdnt flexibility of the individual

sections of chains, strong intermolecular interaction as a result of

the formation of hydrogen aonds is 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 water through po±yurethanU films with different nature of

pliable unit [3111.

It is necessary to note that in the examination of the

il
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properties of polyurethane SdteriAilS We ye can clash with the case

when the flexibility of polymer caains in material is determined also

by the special feature/peculidrities of material, for example for

those filled it is polyurethane or polyurethane coatings. in work

(471 are investigated changes in the thermodynamic functions cf

polyarethane coatings on tue basis of polyetherglycol

(tetrahydrofuran +250/0 propy-lene oxide) of mol. weight 2000 and 1000

and of adduct of trimetbylopropane with 2*'4-TDI, and also

polyurethane on the basis or oiiyouydroxybutyleneglycol and TDI,

obtained during the reaction or T'Ii with tetrahydrofuran also of

filled with 20o/o colloidal graknite (Fable 6).
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,fable 6. The characteristics ot some it is polyurethane.

O.mmro34mpraiKU, b I W 3 M M Sr II Ton TepA oI me.

OaiHr0oKCH6)ym.eHrJAn~ojb 3,3'-AThmuop- -260

ITo we 20% JCOJIOHA. -

I-. lioro rpad~u-

flTF4)- 1000 2250, onl TpKfMeTH.'wAnPonaF( J 460
A.'IomHHfenaR 300

IIOAJioKa
nrcF2000--256, On x - W 800

nAjione ag 70

Key: (1). Oligoetherglyco.. (2). Crosslinking agent. (3). Type of

rigid surface. (4). oiiyciydrozybutyleneglycol. (5).

Dichloro-I.4'-diamilophZnyloei. (5a). The same. (6) . colloidal

graphite. (7) . Trimethylol propane. (8) . Aluminum base.

FOOTNOTE 9. Value Mis determined according to swelling.

ENDFOOT NOTE.
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Fig. 9. Sorption isotherms it is polyurethane on the basis of

oligohydroxybutyleneglycol and toluenediisocyanate with 300C (2, 4)

and 400C (1, 3): 1, 2 - filled with 20o/o of colloiial graphite; 3, 4

- not filled.

Page 31.

Isotherms of the sorption of toluene by the studied polyurethane

are represented in Fig. 9. The isotherms. which characterize sorpticn

with 400 C, lie/rest in entire interval of the relative pressures of

the vapors higher than analogous isotherms with 300C. % similar

increase of sorption with an increase in the temperature is

characteristic for polymers and it is caused by an increase in the

mobility of the segments of macromolecules.

We noted that duriny the sorption of vapors of dioxane by some

I
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polyurethane at different temperatures was observed the intersection

of isotherms at 40 and 250 C with the specific pressure of the vapors

of dioxane. Taking into account that the fact that dioxane is capable

to form hydrogen bonds with urethane groups (12], is made the

assumption about the redistribution of physical bonds in the

three-dimensional/space grid oi polyurethane as a result of reaction

vith solvent with its specitic concentration, which leads to the

emergence of the effective three-dimensional/space grid, different

from initial, to a change in rue behavior during sorption. Toluene,

in contrast to dioxane, is latent solvent with respect to

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

Introduction to polyurethane on the basis of

oligohydroxylutyleneglycol and toluenediisocyanate 20o/o graphite as

filler leads to an increase in the sorption of toluene (Fig. 9, 1,

2). From the comparison of the sorption isotherms of toluene ty free

polyurethane films and films on the aluminum foil it is evident that

the presence of rigid surface contributes to the decrease of sorption

(Fig. 10)

I.
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Fig. 10. The sorption isotherms of toluene by polyurethane on basis

7ryF-1O0O-25o/o OP (a) and TGF-2000-25o/o OP (b) at 300C (2, 4) and

4100C (3): 1. 2 - free film; 3, 4 - film on foil.

Page 32.

on the basis of sorption data, are calculated changes in the

thermodynamic functions - partial free energy of polymer and solvent,

enthalpy and entropy of polymer and solvent. On a change of the

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

I." ''
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entropy of polymer TAS2 (Fig. 11). Changes in the partial specific

enthropy of polymer are more tor the filled with graphite

specimen/sample, than for that not filled (Fig. 11a). on the other

hand, TAS 2 is greater for free fiis, than for the films, molded in

the presence of rigid surface (Fig. 11b). Consequently, the effect of

rigid surface the flexibility of chains in grid dissimilarly affects

in the described cases. For the exjlanation of this effect, it is

necessary to take into consideration following: the introduction of

filler to polymerizatioc limits the mobility cf polymer chains and,

therefore, must decrease their coniormational collection and change

in the entropy during sorption. Sut 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 smaller number of chemical nodes in comparison

with the grid, formed in the absence of filler (63, 681, which causes

an increase in the entropy of polymer. It is obvious, when strongly

extended surface of filler is present, an increase in the entropy of

polymer due to the defectiveness ot the generating grid prevails

above its decrease, caused limitation of mobility of chain in qrid,

bonded with their reaction with filler. Therefore the sorption of

toluene by the filled pclyaer in comparison with that not filled is

increased and simultaneously less is changed TAS2 . With the formation

of polyurethane film 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 to an increase in the

sorption of toluene with tree polyurethane film. At the same time,

change TAS2 is greater in free fils, than in the same on base (Fig.

11c).

EMM
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TA 5S111/i

S 9 to 48 09 1.0 48 49 1
a

Fig. 11. A change in the partial specific enthropy it is polyurethane

on the basis of oligohydroxyoutyleneglycol and toluenediisocyanate

(a) TrF -1000 25o/o oP (u) and TGF-2000-25o/o OP (c): 1 - free

film; 2 - film on foil.

Key: (1). cal/g.
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Findings tell about the fact that the presence of hard surface

with shaping of polyurethane three-dimensional grid affects the

structure of the latter and conditions 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 with 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 NOOBOLECULAR LAYERS OF OLIGONERS OF

POLTURETHANES.

It is known that at present iron 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 Siager [3, 41, which examines the state

of macromolecules on the phase ooundary, on the basis of the theory

of the solutions of the polymers of Huggins [2331. Singer introduced

the equation = A - x- ,
An  ) N In (I ZAI

where Z - coordination nuuoer of monomer units in chain; A0 - value

of the specific surface area of monomolecular layer at a zero

pressure; x - degree of polymerization; A - surface area at surface

pressure w. Equation is modified by Davis [200], who introduced into

it the conventional characteristic of the flexibility of chain w,

taking values from 0 to 2 upon transfer from rigid to the completely

flexible chain:

a=2 in(l 2 A "

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

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

MOVE
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flexibility of the chains of oligomers it is polyurethane on the

phase boundary and the explanation of its dependence on reaction with

base [1401.

For investigation were undertaken low-molecular

polydiethyleneglycoladipate of difterent molecular weights and

polyurethane, obtained during the reaction of these oligomers with

204-TDI. In such chains are contained the groupings, capable of the

formation of hydrogen bonds. The properties of monomolecular layers

are studied in four types of the bases: distilled water (base 1), 3-n

solution HC1 (base 2), 40o/o solution (NH,) 2 SO (base 3) and mixed

solution of 30o/o of sultate ammonium and 10o/o HCI (base 4). The

selection of bases is bondea witU the fact that base 2 can form

strong hydrogen bonis with monomolecular layer when, in the pclymer

chain, corresponding groups are present, (346); on base 3, is raised

the common/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 (Fig. 12, 'fable 7).

p.
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Fig. 12. The isotherms cf the compression of the monomolecular layers

of polymers on water (a), 3-n hydrochloric acid (b), 40o/o solution

of sulfate ammonium (c) ana an the mixed solution of 30o/o of sulfate

ammonium and 10o/o of hydrocaloric acid (d): 1 - polyurethane

I -2200); 2 - polyurethane (-. -oo); 3 - polyether/polyester ItNR- 640);

4 - polyether/polyester 2 (1. -soo).

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

bond, £.

Page 35.

Monomolecular layers it is polyurethane the length of

polyether/polyester unit they i.dependent of give the identical

isotherms of compression, and only on base 4 these polyurethane have

somewhat different isotnerms. At tne same time the isotherms of the

compression of the monomolecular layers of polyether/polyesters on

all bases very differ duriaq a caange in the length of chain (141].

During the comparison of the isotherms of the compression of

monomolecular 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.

I

S
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The identity of the isotherms of the compression 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/pulyester unit does not affect density

of the packing of molecule in mono-layer. An increase in the reaction

between chains is revealed also uy direct measurement of surface

tension is polyurethane by the metaod of hanging drop (158], since

these products are high-viscosity fluids. N1easurements showed that if

the surface tension of polyetner/polyesters composes value on the

order of 40-42 dyn/cm [142], tuen it is polyurethane - 46-47 dyn/cm,

in spite of a small concentration of urethane groupings in chain (one

urethane bond to 7.4 ester oonds for a polyether/polyester unit with

M 8.=80 and one to 15.7 for a unit with M1 700).
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-able 7. The density of pacxing and the flexibility of chains it is

polyurethane and polyether/polyesters on different bases.

N ' (2,,=.n o ,p xom , ,
XApKTep*Tm

mnei o , .o O6paieu (40"%fml 30%
cA03o x H,O 3.-. tC I (NH,),SO-+

("1 ( -)
nfao aub nJoT- f-o.mHypeTali 1 25,5 25 40 40

HOg0 ynaoB- noImt'peTau 2 25,5 25 40
Kit, A. floA qHp 1(/ 10,0 25 37 22

flonrtH g p 2 40,0 40 46 38(71_ ,
rH6KocM uenH -loaJlvpeTa.V 0,12 0,28 0,28 0.56

no.w-HpCTat 2 0,12 0,28 0.28 0,88
I-Io;4p Q I - 1.00 0
flo q,4Hp 2 0,20 0,30 1,00 0.47

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

Specimen/sample. (3). Surface. (4). Area of tight packing, 12. (5).

Polyurethane. (1). Polyether/polyester. (1).

Page 36.

The protracted length of acnomolecu]li: layers it 's polyurethane

on the bases, which contain acid, it makes it possible to

unambiguously establish tnat the strong interaction between chains,

caused by the appearance ot urethane groupings, presents reaction of

the type of hydrogen bond L2 68].

Especially clearly these regularities are developed in the

examination of the density of ydeking and and the flexibility of

chain it is polyurethane on ditterent bases. Monomolecular layers it
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is polyurethane they have the difterent density of packing on bases

with the weak and strong interaction (see Table 6), moreover the

density of packing is changei dimost double, although this difference

for it is polyurethane with tne diLferent length of

polyether/polyester unit it is aasent. At the same time the density

of the packing of the monomolecular layers of polyether/polyesters is

changed both from the lengta of chdin and from the type of base.

These changes just ds change in the flexibility of chain, are

explained as follows. An increase in the flexibility of polyurethane

chain on base 2 is bonded with the fact that the strong hydrogen

bonds of base partially eliminate a similar reaction between chains

in mono-layer. In this case, there is in mind lateral cohesion

between the molecules of polymer dad 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 groups of polymer. An increase in the

adhesion of the monomolecular layer of polyurethane to base 3 sharply

decreases the density of packiang; iiowever, the presence of the

hydrogen bond between chains leads to the fact that the flexibility

of chain remains the same as on base 2. At the same timn the

flexibility of the chain of polyether/polyesters where are absent

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

that monomolecular layer it is polyurethane on bases 1 and 2 have
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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 urethane groupLng is so strong that to the packing

of molecules in mono-layer does not affect different length of

polyether/polyester unit. Only by mixed base 4 flexibility of

polyurethane chains grow/increases so, that is revealed different

behavior of molecules depending on the length of the

polyether/polyester unit: chains with the smaller concentration of

urethane groups are more pildlue, since the hydrogen bonds of base

eliminate the reaction between chains in mono-layer. The absence of

this bond in polyether/Folyesters leads to another behavior of their

monomolecular layers on nase 4: idlls 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 inn 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 reaction.
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Chapter III. NATURE OF CHEMLCAL AND PHYSICAL MOLECULAR BONDS IN

POLYURETHANES.

The flexibility of caains is polyurethane - one of the factors,

which are determining the lundamental characteristics of polymer.

However, it is *ecessary to consider during the study of the

properties of poiymers tna nature of the molecular bonds between the

polymer chains which determine tue physical and phase state of

polymer and its basic meceanical properties. The diversity of

functional groups in chain it is polyurethane creates great

possibilities for the emergence of the molecular bonds of different

energy and chemical natuie - from hydrogen ones to van der Waals

ones. The role of intermolecuiar 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 tiso the possibilities of crystallization

it is polyurethane, the temperature ranges of melting or transitions

of one physical state tc adother and the like.

In present chapter we will examine the existing data by the
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nature of chemical and physicail bonds in polyurethane, bearing in

mind that the collaboration of one or the other groups of chain in

the formation of chemical cross connections limits their

collaboration in the formation of physical bonds.

Types of chemical bonds in cuains.

During the reaction of those obtaining at the first stages of

the reaction of urethane, uric dnd amido groups with isocyanates, is

possible the formation of aiucat l}), allophanate (II) and acylurea

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

CO-NH-

-NH--COO -NCO \ -N-COO-

CO-NH--

I

-NH-CO-+-NCO - -N-CO-

CO-NH-

Page 38.

It is most convenient to identify different types of bonds in

the cross-linked polyuretane with the aid of infrared spectroscopy.

This method is applied tor tae dnalysis of the types of chemical

bonds in expanded polyuretaanes of different chemical structure

[2681.

1
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Different structural units in polyurethane give in IR spectra

the characteristic frequencies of oscillations, known for the

appropriate low-molecular analogs. Therefore via the selection of the

adequate/approaching lcw-aoiecular connections (for example,

U,9.-diphenylurea, N,N',H"-tripenylisocyanurate, 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 ot other groups. The authors (268]

examine the strips which are given in Table 8 and give the typical

spectrum of the solidified expanded polyurethane on the basis of

desnophen and Desuodur wits tae addition of other components (Fig.

13) .

These data indicate tae complexity of conducting the

quantitative analysis it is polyurethane in the intensities of

characteristic frequencies. Raaliy/actually, if the first tvc groups

to identify is sufficiently easy, then to distinguish ester,

urethane, allophanate and ottier bonds by the oscillations of carbonyl

is virtually impossible, since tue simultaneous presence of different

groups leads to the expansion of the strip of the oscillations of

carbonyl group. Therefore the results of work (268] can be applied

L

[

-7

_ T
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only for the establishment ot the presence of one or the other groups

only when on the basis of thie 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.

(V) CTPYKTYPuas rpynna M.Z {v rr

(,
-- N=C=O (KyuyjiHpoBauMwe ABoAb.e cmH)j 4,40-4,46 2270-2240
-N=C=N- (KyMyHpoaHHbie aoftue con-

3W) 4,72 2120/Co\ (re
/ \oV

-N N- YperaooBoe KoAbuo (gap-

\co/
6oHH ) r.,J 5,62-5.72 1780-1755

NH-CO-O C. owHoi HpuaR rpynna (Kap6o- 5
HHJt) 5,71-5,43 1750-1717

(')YpemaoeaR rpynna. m3ouHaHypanroe KOARO,
6HypeToBaR rpynna (Kap6oH.) 5,81-5,92 1720-1690

(7. A.uiO(4aiiamavi rpynna (Kap(owaI) 5,71-6.06 1750-1658
(VMoqenHnHHaR ii amMpf4si rpyiiimi (icap6omm() 6,10-4.2D 1640-1610
( Ype~aMOHOnoe KOJAbUO (KOle6aMs Kojbna,) 7,04-7.14 1420-1410

f/eH ouHanypaTHoe Kom. lo (Kojie6aHRi KoIbA1a) 7.00-7,11 1428-1406

Key: (1). Structural group. (2) y. (3) cumulative double bonds. (4).

Uretedione ring (carbonyl). (5). Ester group (carbonyl). (6).

Urethane group, isocyanourate ring, biuret group (carbonyl). (7).

Allophanate group (carbonyl). (d). Uric and amido groups (carbonyl).

(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 possible to in more detail determine the

position of separate functional groups in the spectra of

I
I.
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low-molecular model substances dad polymers. However, to distinguish

separate strips is 1ifficult, that together with the unsatisfactory

reproducibility of intenasities does not make it possible to conduct

quantitative estimation, but the obtained material gives the

possibility to trace only qualitatively 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 la spectra it is polyurethane and them

derivatives f321 and for tneir more full/total/complete

interpretation studied the absorption spectra in the homologous

series of alkyl-N-phenyluretuane and some of them derivatives (table

9). Are calculated frequencies and forms of normal oscillatory mode

for purpose of the identiiication of the structural units in

polyurethane. The selection of alkyl-N-phenylurethane was determined

those that in the majority of the cases the pclyurethane, which are

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

It is establish/installed, that in dilute solutions all

alkyl-N-phenylurethane nave a strip with 3446 cm-'. The out-of-plane

deformation vibration N-B is characterized by strip with 535 cm-1.

The strip of the stretching vibration of the carbonyl group of

alkyl-N-phenylurethane has £requency 1745 cm-', 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 cunclusion 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 co-' together with

intensive strip in region 1515-154U cm-1, the corresponding to

deformation vibration gioup N-H.

P.
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6 2 3 5 7 8 9 10 it 12 13.M

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

of polyether/polyesters and 4,4-diphenylmethanediisocyanate.

Key: (1) p.

Page 40.

Are selected analytical strips tor the identification of allophanate

and biuret groups. In the spectra of polymers, allophanate structures

are masked with the bonded NH-gzoups of urethane. On model of

allophanates it is shown [to 49j, 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-1.

Thus, on model substdnces it is possible to identify different

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

not solved problem.
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To considerably more easily determine by the method of III

spectroscopy isocyanate group, which allows according to its

disappearance in the course of reaction to investigate kinetics

formation it is polyuretiane. This reaction was investigated on the

absorption band of the isocyanate jroup of 2270 co-' (169, 279] and

urethane of 6750 cm- (2591, dLtd adso on the disappearance of

hydroxyl groups (50]. The mecaanisa of the reactions of formation of

polyurethane elastomers by te method of IR spectroscopy is studied

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

Until now, the method ot LB spectroscopy does not give the

possibility to quantitatively determine the relationship/ratio of the

types of bonds in the cross-linKed polyurethane.

ti
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Table 9. The normal bands of ausorption, in reference to the

oscillation/vibrations of Lretane group in alkyl-N-phenylurethane

(Ph-SCOO-P).

() qaCToBra o.ne62MMA, C., --
H

4nJekc-____ __-

noJiorbJ -CH, -C. -CH(CH&), -C(CH 8 ),

I 3446 3446 3446 3446

1750 1745 1743 1742

21529 1582 1528 1520

1450 1445 1443 1443

' 1312 1312 1311 1312

1213 1210 1212 1222

v'V 1068 ' n6 11097' 1048. Ill' 1055. 1171"

770 770 765 770

538 537 540 .545

*Strip is disintegrated because of reaction with the

skeletal/skeleton oscillation/viaorations of alkyl radical.

Key: (1). Index of strip. (.). Frequency.
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From this point af view gredt interest are of works (283, 324], in

which conducted detailed iavestqadtion of the resonance regicn of

protons for the nitrogen-oearinq 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 sharp signals of WHN in

polar solvents of the type or dinmethyl sulfoxide (DMSO),

dimethylacetamide (DNA), pyr.Wne, etc. Is synthesized the

series/number of the special conuections, 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/strength of the fields, by which appear

the signals of NMR, strcngLy they differ for different types of

bonds. This makes it possiale to use a method for the quantitative

determination of bonds in poiyuretaane. Really/actually, the analysis

of the prepolymers, obtained trom polypropylene glycol and

diphenylmethane diisocyanate, it showed, that is observed the good

agreement between the NMR spectrd of model substances and

investigated prepolymers (taie 11). During the comparison of data

for prepolyners on the basi.s or polypropylene glycol and

toluenediisocyanate with data tar 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,s-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.

For the analysis of tue types of bonds, the authors [283, 324]

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

S
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polyurethane with the aid of amines. Were investigated the

polyurethane, obtained on the oasis of polypropylene glycol (ol.

veight 1000) and diphenylaethane-4, 44-diisocyanate.

Are studied also the model suostances, which contain substituted

urethanes, ureas, allophanates dnd biurets. The authors in this case

proceede4 from the fact that under the influence of amines on the

cross-linked polyurethane the aLiophanate and biuret bonds

disintegrate consideratly Laster than uric or urethane ones.

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

substances.

( 0, ' Xn.MMqec4VC A CaBsr. M. A.

a :1MCO 
B .1MA

.Mo4eB;InHaB 5.70-8.58 5,9:3-8.77
Y pe'raoa (-) 8.60-9.70 8,57-9,88
BHvpearoaa9 '1 9,60-10.25 9,85-10.55
AAAo aaa H 1 10.62-10.67 10.70-10.87

Key: (1). Bond. (2). Chemlcdl shiitt/shear. m.d. (3) in (4). Uric.

(5)'. Urethane. (6). Biuret. (7). Allophanate

Page 42.

This makes it possible to convert the cross-linked polymer into the

soluble state and accordinj to the analysis of the formed end groups

to conduct the quantitative 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 prepolyner and cross-linked it is

polyurethane, obtained durzng different relationship/ratios of the

undertaken for synthesis components and under the varied conditions

of cross-linking specifically percent ratio of allophanate and biuret

groups to a total number oi nitrogen-bearing functional groups in
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polymer is establish/instaied that in certain cases it reaches

15-20o/0. Thus, is shown the possi.bility 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 polymer chain of molecular weight of

approximately 10 000 (with accuracy of analysis 10-20o/o).

Conducted detailed investigation of the IR spectra of

polyurethane oligomers on the basis of hexamethyleie diisocyanate and

1, 4-butanediol (351] (table I14).
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Table 11. NmR of group H-H ot prepolymers is polyurethane.

Oopnojamuep CTpyKlypa 5-;) O

9 A1MCO a M

I -OOCHN--CH-CH-C 6 H- 9.41 9,47

rinr-iooo- 1.9 -NHCOO-"
,MflH 2,0 CH3  CH3  9.51 (a) 9,60 (a)

2.1 1 1 9,33 (B) 9.43 (B)
/ \ - _NCO /\ f_NHCOO .... 8 83 (c) 8 92 (c)

() 8,57 (e) 8,57 (e)
\/ 9.51 (a) 9,60 (a)

NHCOO- NH-CO- 9,33 (B) 9,43 (a)
(a) (6) 8,83 (c) 8,92 (c)

2,0 CH, 8,70 (d) 8.72 (d)
flI-fF*-TIH*' 1,5 OCN-"--NHCOO-- 8,55 (e) 8,55 (e)

I (C) 9,60 (a)

CH3 9,43 (s)
nlnr*-2.4 2.0 -OOCHN-/ - (c)Tin4 (d) I I " (O) - (d)

(d /5 (e)

* CpAmequCAemHIdA wo. sc 1000.

Cmuecb 80 : 2D 2.4- N 2.6-maomp. (7)

Key: (1). Prepolymer. (2). molar ratio of isocyanate to PPG. (3) .

Structure. (4). Chemical shift/shear, m.d. (5) in (6). * Numerical

average mol. weight 1000. (7). ** Mixture 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 polymers, 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

I'
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three-dimensional ones it is polyurethane and to quantitatively

determine changes in the concentration of urethane groups during the

cross-linking and other chemical transformaticns. 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 connections.

Hydrogen bond in polyurethane.

The chemical structure of polyurethane chains and the presence

of different functional groups determine great possibilities for

formation in polyurethane of molecular bonds, including hydrogen

ones. It is well known that the 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

form of ether/ester oxygen in simple ether/ester bond and in carbonyl

group) determine the pcssibilities of hydrogen joining.
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Table 12. Reference of frequencies in oliqourethane.

- I V) I I-)
e, ¢f

- |  
nuiNTemn IIOen Koat6,ammil

3325 Cin~a (3) N-H-saaieMue
3060 OqeHb cqaaR (%) AmHA If a pe3oauce OepMx c

() NH-rpynnofi
2%5 Cej.ean AHTxcuumeTpHIuIe CH,-oaaeim- (I))

2860 CpeaHAR CmuaeTpINwre CH, W
1690 OqeHb CUAbHaR () Amu, If j
1540 A Amu 1

1474-1414 Cpejaao Ao c~na- CH%-AebopMaLLott bie )
6o11 (11)

1340 CpetR ) OC-Ae4iOpumaoHHbie Q9
1265 OqeHb cHxbHaR () ANNA III
1244 CHAb--aS d AMTMCimMeTpHquuie COC--mae1(k

He
1180 OteHb cia6am (V CHMMeTpHHbie COC-BaJ.eHTHwe(V
1137 CKUlbHas ( CN-BajiexTnae f6)

1065 pe a"
783 C---e( P MaUIt HHb dle

748 CMia (1) CHt-MaTeSo.-e. ttern (CH,), (if)
730 __ CH,-maXTH.Kei-e, uene (CH ).

Key: (1). Intensity. (2). Oscillation/vibrations. (3). Strong. (4).

N-H-valent. (51. Very weak. (6). lu resonance Fermi's aside II with

NHl-group. (7). Average. (8). Symmetrical CH 2 . (9). Very strong. (10).

Aside. (11). Average to weak. (12) deformation. (14). Antisymmetric

COC-valeet. (15). Symmetrical CUC-valent. (16) valent. (17). Weak.

(18). C42,-pendulum, chain.

Page 44.

Schematically three basic types of hydrogen bonds can be presented as

follows:

4,'

I,
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N 0 \ =O

. . . . .. 0 ....... HN/

0....... H-N

/0

and ...... - N-H ........ O=C

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

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

Realization in polyuretaane of one or the other type of hydrogen

bonds depends on the hardness of molecule, determined by the length

of oligomeric unit or chain/network of glycol, the concentration of

urethane groups in chain, density of the three-disensional/space

grid, which limits the mooiity of the cuts of the chains between the

nodes of chemical grid. Zhartov [32] assumes that since elastomeric

polyurethane cat be considered as the peculiar "solution" of urethane

groups in polyether/polyester, the predominant type of hydrogen bonds

will be form It.

For the investigation of hyarogen bonds, is used the method of

It spectroscopy, since during the formation of the hydrogen bonds of

the frequency of the stretching of groups N-H and C=0 they are

shift/sheared to the side ot lower frequencies. & number of works in



DOC = 79011103 PAGE 49

this direction is small.

With the aid of IR spectroscopy are studied the hydr...,n bonds

in the urethane elastomers, obtained on the basis of complex and

simple polyether/polyesters, and also on model substance -

N-phenylurethane [12].

For evaluating the Frooability of forming one or the other type

of bond, was determined the riative electron-donor capacity of

proton-acceptor groups during the comparison of the constants of the

molecular association oi 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 (metayletaylketone, ethylacetate,

isobutylbutyrate, tetrahydrofuran, dioxane, etc.).

From the IR spectra of urethane elastomers in region 3200-3500

and 1600-1800 cm-' (Pig. 14) it is evident that for all elastcmers

are observed the wide absorption bands (3300, 3310 and 3347 cm - 1),

the relating to absorption grouks N-H, by the excited hydrogen bond.

Strips 3450 and 3445 cm-' are related to free N-H--group.

Page 45.

I)'
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The data (121 on the equilibrium constants of the formation of

the hydrogen bond of N-Ehenyluretnane with the molecules, which

contain proton-acceptor groups (carbonyl of urethane group, ester

group and oxygen of simple ester group) (table 13), made it possible

to estimate energy of hydrogen bond in associates (2-3 kcal/mole);

however, due to small differences in 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

with the collaboration of oxygen of simple ester groups.

For model substances difterent types of hydrogen bonds

considerably differ by the dmount of the frequency switch of the

stretching vibration N-H. So, during the formation of hydrogen bond

urethane - ester is obseLved the shift of strip v(N-H) to the side

of lower frequencies on 80-90 cm-', and for a bond urethane - ether

shift is 120-140 cm-1. Tha prazerred type of hydrogen bond in

polymers depends on the relative content of different proton-acceptor

groups and their three-dimensional/space arrangement in chain.
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3Y5 300 3300 3200 1800 1700 Vcm-1

Fig. 14. The IR spectra of urethane elastomers in region 3200-3500

(a) and 1600-1800 cru-1 (b.I: 1 - jolyoxypropylurethane; 2 -

polyoxytetrauethylurethane; 3 - polydiethyleneadipinate urethane; 4,

5 - solution of N-phenyiurttdne in CCl, (C=3.0 and 0.1 mole/i

respectively).

Key: (1). Passing.



DOC - 79011103 PAGE -.d-/d L

Page 116.

Table 13. Equilibrium constants and frequency svitch (Av)N-H during

the formation of hydrogen bond by m-phenylurethane.

j g) PAC,- "O N COeu ., ] .Ct&9A 0X .
WP"M- Eaiuee DpoAoMoaK. CN ,-I
?ab I t enTopul.e rpynlw I_|_ -

(,5-) /OR

Cd 4 4
0 HHMpeTaN -N-H.. .O=C 2,0 -

\NH

/R,

MenmgrHmeTom -N-H... O=C 1,5 88
• \R2

/ORl
.rTHAau'raT -N-H. ..O=C 1,5 88\R,

/ORI
I3r0yTHA6yTHpaT -N-H.. O=C 1,7 b9

\R,

(9, /ORI
CsI "1 2H MeTmI.ia 1in IHaT -N-H..O=C 1,2 81

(/o) /R,

CC, I6yT,.I0BWA 34Hp -N-H.. .0 I, 140
\R1

/RI
C#Hj IIaMeTHMlOBIA 94,p -N-H ... 0 0,7 " 126

J I M 1T H m eB ~ r Ji m mO 1 \ R ,
I

'/3) /R

TerparPAPo4YpaH -N-H ... O 4,3 142
\R

jJ.NoxcaN -N-H. ...O 0 128
\R

*Corrected values correspond to K, divided into a number of

acceptor groups in molecule.

V
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Key: (1). Solvent. (2). connection, which contains proton-acceptor

groups. (3). System of hydrogen oond. (4) 1/mole. (5).

Phenylurethane. (6). Methyletnylketone. (7). Ethylacetate. (8).

Isobutylbutyrate. (9). Dimetnyladipinate. (10). Dibutyl ether/ester.

(11). Dimethyl ether of dietnylene glycol. (12). Tetrahydrofuran.

(13). Dioxane.

Page 47.

The comparison of spectra it is urethane on the basis of simple

and polyesters shows (Fig. 14a) large difference in the frequencies

of the absorption of N---9roup, agitated by hydrogen bond, which

indicates different forms ot communication in these systems. In ester

polyurethane, obviously, the basic means of hydrogen bond is the bond

with carbonyl of ester group. :he tormation of hydrogen bond is

accompanied also by the sniit oi strip C=O into the region of low

frequencies, that it is possible to use for evaluating the

collaboration of group C=O in ayurogen bond. This strip has maximums

1725 and 1728 cm-' (polyoxypropylene urethane and

polyoxytetramethylene urethane). The shift of maximum into the region

of lower frequencies indicates the collaboration of C=O -group in

hydrogen bonds. Thus, it is possiole to make a conclusion about

preferred formation in ester polyurethane of the hydrogen bond

between N-H of urethane link arid ester group, but in elastowers on
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the basis polyethers - between N-d and C=O of urethane links. The

small role of bonds N-H with C=O urethane groups is explained by

their low content, and the insiuniticant portion/fraction of bonds

with simple ether/ester oxygen - by steric factors.

The investigation of hydrogen bonds in the polyurethane,

obtained on the basis of diisocyanates with the mixtures of high and

low-molecular diols (32], made it possible to establish/install one

additional interesting speciaL teature/peculiarity of these bonds in

polyurethane. The collacrdtion of diols in reaction disturbs the

regular arrangement of urethane groups in the chains of the obtained

polymer. An effective chanye in thb 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 snown (to 32], that with the high

concentrations of urethane groups the specific reactions between them

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 hydrogen bonds in

polyurethane.
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For purpose of obtaining tne information about the role of

hydrogen bond in polyuretnane elastomers [326] by the method of IP

spectroscopy is investigated the reaction between N-phenylurethane

(I) and diphenylamine (I1) as proton donors and by di-n-butyl

ether/ester and polyoxyethyleneglycol (ool. weight 6000) as by proton

acceptors in solution CC14.

Page 48.

With the aid of Wilson-wells',s method (339] are determined the

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

solutions of different concentrations for both of components. The

formation of hydrogen bond shift/snears the absorption band of the

deformation vibrations N-k to the side of low frequencies.

on the basis of experimental spectra with the utilization of

integral absorption coefticients, are calculated the concentrations

of free N-H--group in all investigated systems in dependence on the

summary and separate concentration of the investigated components.

Was also examined a question concerning equilibrium in the solutions

between bonded and free N-H-/roup and were determined the apparent

equilibrium constants. Actual equilibrium constants cannot be

determined due to different degrees of association of molecules with

joining by hydrogen bond.

I'

V
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It is establish/installed [Jib], which N-H in I and II can form

the hydrogen bond with simple etaer/ester oxygen, which, however, is

characterized by the low value ot equilibrium constant and therefore

it is weak in comparison with bond 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=O. Findings shoved that in dilute

solutions is formed the hydrogen bond with simple ether/ester oxygen,

if its concentration in system is sufficiently great. With an

increase in urethane, concentration becomes possible the association

of its molecules on C=O--group, and with the high concentration of

urethane, is realized only last/latter 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=O 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. in that case secondary interchain bonds are

scattered throughout entire volume of polymer. If the concentration

of N-H/-group in low-molecular pollether/polyester is great, then are

localized bonds of the type N-H..C=O. Hence is created the

possibility of changing tne chain configuration in grid during a

change in the concentration of urethane groups. In ester systems

predominates the strong acceptor C=O and here again appears

4,
I.
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probability that bonds NH... C=O are not/localize in volume even

with the high concentration of urethate groups.

With purpose of the investigation of the nature of hydrogen bond

in polyurethane, some manifestations of this bond 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 contain simple and ester bonds, and also

investigations of ductility/tougnness/viscosity and dielectric

polarization the conclusion is made that in polyurethane as a result

of the high content of siaple and complex ester groups reaction are

determined predominantly by the reaction of urethane groups with

ether/ester ones, but not with each other.

Page 49.

For it is polyurethane Dy tne method of IR spectroscopy studied

absorption in the region of the oscillations of group N-H (327]. It

occurs in region X=3 y, waica is interpreted as absorption by

N-H -qroup, bonded by hydrogen onads, 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)

'2
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Investigated also the effect of solvents on the spectra of

absorption of linear ones it is polyurethane and it is

establish/installed, that during dilution occurs the dissociation of

hydrogen bonds. For those cross-linked it is polyurethane the

insignificant dissociation of hydrogen bonds it is noted in the range

of temperatures of 20-1000 C. Partial dissociation was observed also

with the stretching of siecimaen/samples.

In connection with tne tact 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/numoors it is polyurethane the general

formula
I- (CH2)-OGONH-- (CH,), -

-NHCO0-,,

with y=4-10, including the linear and cross-linked polymers, and also

their models - diurethane. Tane tree oscillation/vibrations of

U-H--group occur, as it was saown above, with 2.9 i (3448 cm-1).

Typical spectrum in this region Lor 6,8-polyuret on is given in Fig.

15. Spectra are removed in the range of temperatures of 20-3000 C.

The intensity of tne oscilldtions (Fig. 15) of free N-H group

grow/increases with a temperature rise (spectrum 2). However, the

J4
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authors did not find difterences in the degree of hydrogen joining

for even and odd was polyuretaane, or polyamides. At room

temperatures in linear ones, it is polyurethane less than lo/o free

N-H--group (0.8O/O for 6,d- and b,9-homologs and 1.5O/O for 6,6- and

6,10-copolyurethanes). It is Interesting 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/coamlete joLning. For 6,8-polyurethane with

175 0C, the content of tue uncombined groups composes only 15O/o.

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 system are absent.
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2 1

(,)

2,8 Z,9 3,0 AIM)(

-/g 15. Spectrum of polyurethaae in the region of oscillations N-H at

22 0 C (1) and 100 0 C (2).

Key: (1). Passing. (2) i.
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For the examination of the role of hydrogen bond in polyurethane

there is great interest in a question concerning the possibility of

evaluating energy of this bond. For this estimation it is possible to

use the absorption of groups N-H. The corresponding calculations are

given in t321. Equilibrium constant between the unconbined and bonded

hydrogen bond group N-H is determined by the expression

K=-. D
Is Dg'

vhere t, and t. - molar aasorption coefficients. D, and Dm-

optical densities of absorption bands of bonded and free N-HL-group.

I
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Calculated from values K at two different temperatures, energy of

hydrogen bond (AH) in pclyurethane was 4.8+-1 kcal/mole. According to

[2201, this value for bond l-H... OC is equal to 8.36 -1.6 kcal/mole.

It is interesting to note tuat ia 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

distinguished by their energy. Absorption band (N-H) with frequency

3444 cm-' is related to the urethane group whose

three-dimensional/space arrangement contributes to the formation of

hydrogen bond, while strip .1460-J463 cm-1 answers the urethane group

whose three-dimensional/space arrangement impedes the formation of

such bonds. Because of t&his in polyurethane elastomers, can exist

uncombined by the hydrogen bond of N-H/-group. 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 tnat the auto/self-association of urethane

groups cannot be the determining tactor in the formation of hydrogen

bonds in polyurethane on the basis polyethers (32]. High value has a

bond between urethane group and etner/ester oxygen.

In real polyurethane elastomeric systems must be observed more

complex picture. On one hand, 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 0 ..... H-N
C C=O

/ I,

0

The formation of allophanate and other groups even more greatly

changes conditions and the possibility of the formation of hydrogen

bonds.

On the other hand, their emergence depends substantially on the

chemical nature of polyurethane 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 mobility. So, work (3241 shows the

possibility of the formation of intramolecular hydrogen bonds for

allophanates and it is biuret and it is establish/installed, that the

hydrogen joining is more intensive in biuret.

H H
/ \

O /N\ N., N NC\0

Page 51. 
\ C \ co

I~ I I I
N, N,

H H

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

spectra of high resolution. For it is biuret the authors they give

the following diagram of the tormation of the hydrogen bonds: -th

the allowed transitions between twu structures.

The information about hydrogen bonds in polyurethane thus far

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

is very important for the detailed understanding of the properties of

polyurethane materials. So. in work (121 is assumed that different

means of hydrogen bonds cdn lead to the specific differences in the

packing of molecular chains in complex ester polyurethane and

polyurethane on the basis polyetbers. The authors proposed the

diagram of the formation of hyarogen bonds in urethane elastomers

(Fig. 16). The bond between uretnane and ester links is set no

limitations on the mutual arrangement of the urethane sections of

chains (Fig. 16a). The emergence or the hydrogen bonds between two

urethane links requires their specific mutual arrangement in chain

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

w
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Pig. 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 proulem concerning the role of hydrogen

bonds, one should, according to our opinion, bear in mind, that their

value in the physicomechauical iroperties of Folyurethane elastomers

is small. This is bonded with tae tact that in elastomeric systems

the relative concentration or the capable of formation hydrogen bonds

of urethane groups is small and descends with an increase in

molecular weight of polyetner/polptster. 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 that the presence of many functional

groups in polyurethane caain leads to the significant van der Waals

iavnde al
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reactions between chains, considerably greater than in the case of

common (nonpolar) rubbers. Tnereiore there is great interest in the

investigation of intermolecular interaction between the component

units of polyurethane chain ana common 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/yeneral/total combination of properties

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

Different picture is observea for crystalline ones it is

polyurethane. The formation of hydrogen bonds has vital importance

for those crystallizing it is pclyurethane, especially on the basis

of low-molecular units. Inese 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 poLyethe/polyesters it is pclyurethane they

are described in works [81, 82]. These objects are capable of

existing in two crystalline forms, if in the chain/network of the

structure 0 0II II
I-C- (CH,), -C-O- (CH,), -O-Ar-O- (CH,), -0--L,

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 capable of staDi.Lizing crystalline modifications.

These works indicate the value of hydrogen bonds in the crystallized

polymers of urethane series/number.

Por capable of crystallization polyamidourethanes the IR spectra

are compared with roentgenographic investigations (29]. Taking into

account that the hydrogen aonds between separate molecules affect

both the conformation ot molecules themselves and their packing in

crystal structures, and that besides the principle of tight packing

must be observed the principle of the maximum saturation of hydrogen

bonds, is proposed the pLouaole model of the arrangement of

macromolecules in the crystaliine regions of Folyamideurethane.

Page 53.

In the literature there are some data according to

intermolecular interactions in the connections, which are components

it is polyurethane. Are investigated intra- and intermolecular

hydrogen bonds in glycols [555, 25k], with the aid of spectroscopy

are studied the intramclecuiar bonds in some polyoxyalkylenediols

(31]. For polyoxypropyleneylycol and poly-tetrahydrofuran of

absorption band 3480 and -45# cm-1 , they are referred to the

oscillations of the OH-groups, included in hydrogen bond, but 3640
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cm-1 - to free OH-group in poly-tetrahydrofuran. From the temperature

dependence of the absorptiou coefficients for the strips of the free

and bonded by hydrogen bond OH-groups, is calculated the energy of

intramolecular hydrogen bond accoJaing to method (331. It is

establish/installed, that this energy for the investigated systems is

2.1-2.8 kcal/mole. However, it is necessary to bear in mind, that

these reactions are determiaed iii essence by end groups.

Thus, the application/ue of spectroscopic methods to

investigation it is polyurethane it makes it rossible to give the

qualitative characteristics botn oi the chemical structure of grid

and some types of intermoiecular interactions in polyurethane

amorphous and crystalline stcucture. Nevertheless, the creation of

the ordered theory of properties it is polyurethane, that is based on

detailed qualitative and quantitative spectral analysis, it remains

the business of the futuLe.

*
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Chapter IV. VITRIFICATIOh ASO P&SE TRANSFORATIONS IN LINEAR AND

THREE-DIMENSIONAL POLYULkTHANES.

VITRIFICATION OF AMORPHGUS POLIURETHANES.

It is known that the temperature of vitrification (Td of

polymers is defined by norn the internal mobility or flexibility of

polymer chains and by forces ot intermolecular interaction, to a

considerable degree which depend on the presence in the chains of

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

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

modified by fillers or plasticizers polymeric systems).

All factors indicated foL it is 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 cbaih in essence must determine T, it

is polyurethane.

I.
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Is studied dependence T, of polyester-urethane elastomers on

the structure of initial glycols, in particular, from the presence of

simple ether/ester bonds in m4in chain and its lateral suspensions,

and also from a number at methylene groups in glycol (93].

Together with T, which determined on the tool, described in

[1131 on pendulum elastomec KS [5J, investigated elasticity of

polyurethane elastomers on the basis of complex oligoester and

toluene-2,4-diisocyanate with an averaqe molecular weight of

approximately 20 000. According to the minima of the curves of the

temperature dependence at elasticity, they calculated the temperature

of the minimum of elasticity (T..) (table 14).

From the data of table 14, it is evident that the increase of

the concentration of C-O-C--group in the main chain of polymer leads

to successive reduction T,. The constant for this series/number of

polymers difference between T, and T... testifies to the clearly

expressed quantitative bond Detween these two values.
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Table 14. Temperatures of the transitions of polyurethane elastomers.

noamnep r. r..
no.J ,Je' .,.~~ r I I --1

n0A~HAH 0THJaemaAHnHHaTyperaH 01 --39 -13
FIwIMIRqpkrfAenaA~flH#aTyperaH 1I -42 -16
noAreKca . ,r , ieHe Tnn ryperam () 1 -44 18

Key: (1). Polymer. (2). Polydietayleneadipinate urethane. (3).

Polytriethyleneadipinate ureatnane. (4). Polyhexaethyleneadipinate

urethane.

Note: For all polymers T-T- -rve = 26C
.
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The observed character of chauge T, is explained by weakening

intermolecular interacticr as a result of the decrease of the

concentration of strongly polaK complex ester groups in polymer chain

with an increase in the leagth ot the monomer unit of initial glycol.

Based on the examFle or polydiethylene- and

polypentmethyleneadipateuretnane, which are characterized by only the

presence in the glycol linKs ot CU2-group instead of ether/ester

oxygen, it is shown, that adsence of C-O-C-group leads to reduction

7" . This is explained by tne possibility of the joining of

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

the mobility of chain.



DOC = 79011104 PAGE ,J./

At the same time fcr polypropyl- and

polymethoxymethylethyleneadipateurethane, which are characterized by

only the structure of the lateral groups

-- NHCO-- [O-CH-CH.,OCH,OCO (CH,), CO-,--.

ICH,

C.H,CH3

--- NHCO- IO-CH -CHOCH.,OCO (CH,) 4 CO--

CH,

0

the absence in the side chain of ether/ester oxygen does not affect

vitrification temperature wich Lotr both of polymers is identical.

Study T, it is polyurathane, obtained on basis glycols with the

even and odd sequences of aethylene groups with the general formula

-- NHCO- 10 (CHt).OCO (CHI- 2)OC01-

where n=2, 3, 4, 5. it showed that the polymers with odd number n

have lover T., than with even (Fig. 17)

Is investigated dependence T, of polyurethane elastomers on the

basis of polyoxypropyleneglycol and toluene-2,4-diisocyanate or

hexamethylenediisacyanate on the mole concentration of urethane

groups (317] (Fig. 18)
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As can be seen from F.g. 1, T,. for both it is polyurethane

linearly it increases vita an iscrease in the concentration of

urethane groups. For an elastomer 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 simultaneous increase in the concentration both

of urethane and phenylene groups; the latter also increase rigidity

of chains. However, extrapolation to curve Tc-C to C=0 for both of

elastomers gives T,, the approplate same for high-molecular

pol yoxypropylenegl ycol.

Page 56.

Analogous dependence T, on C is found for polyurethaneacrylate

[1281 on the basis of cligohydroxypropyleneglycol.

toluene-2,4-diisocyanate and mono-methacrylic ether/ester of ethylene

glycol. However, in this case slope angle straight line T-C is more

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,

which condition the lower mobility of polymer chains with the same

concentration of urethane groups. as in the compared elastomer.

|, .
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We investigated T, in the series/number:

oligodiethyleneglycoladipate (0,B), linear oligourethane (prepolymer)

and cross-linked polyurethane elastomer f65]. As diisocyanate

component served the mixture of isomers 2.4- and of

2.6-toluenediisocyanate (TOILs), but by the crosslinking agent - an

equimolar mixture of di- and triethanolamine. Vitrification

temperature was defined by the differential-thermal analysis as in

[38].

The influence of molecular weight of oligoester on T€ is shown

on Pig. 19, from which it is evident that higher than molecular

weights 400OAis not practically cadnged.

If we, according to fb], consider that constancy T, is reached

at molecular weight, which corresponds to such for a mechanical

segment chain, then it is possible to assume that for

polydiethyleneglycoladipate mechanical segment is the cut of chain

with a molecular weight of approximately 4000.

Were studied prepolymers and elastomers whose oligoester units

had molecular weight 1600 (Ok-1) dnd 4100 (OE-2) (fable 15).

-t

ii
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Fig. 17. Dependence T, on a quantity of CH2-group in the glycol

segment of polyurethane chain.

-20-

-40-

2

-60-

-50
0 0A5 10 1,5 2.0 2., CM-fo10/0001

Fig. 18. Dependence T, on solie concentration of urethane groups (C)

of polyurethane elastomers on basis of oligohydroxypropyleneglycol

with toluene-2,4-diisocyana (I) and oligohydroxypropyleneglycol

with 1,6-hexamethylene diisocydnate (2).

Key: (1). mole/1000 g.
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Consequently, in one of them molecular weight corresponds to the

length of mechanical segment, but in another it is more than twice

less.

From 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

units linearly grow/increasea not with an increase in molecular

weight, but with an increase in the molar fraction of diisocyanate

component in the molecule of prepolymer.

P'
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Tc

-40-

oo iOO 5000 to 0oooM

Fig. 19. Dependence T, on molecular weight (H) of

polydiethyleneglycoladiFate.

Table 15. Relationship/Latio oi initial components and characteristic

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

Moilb"a o" O KOM-
(2) fl OmeHTOS
p!a- O6paseu M

I O.ro a4ip I - - - - 1600 -60 -51 -55,5 9
2 JIHro3(p 2 - - - - 4100 -50 -45 -47,5 5
3 Oopnoimmpep Ha 2,0 1.00 - 0,50 3430 -46 -38 -42 8

ojrnroqctrnPe I
4 .'jJ 2,0 1,50 - 0,75 3500 -43 -33 -.38 10
5 1,0 1,00 - 100 6300 -42 -31 -36,5 i1
6 1,5 2,00 - 1.33 4500 -39 -26 -32,5 13
7 1,0 2.00 2,00 1990 -33 -20 -26,5 13
8 PopnoamaMep na 2,0 1.00 - 0.50 7500 -50 -40 -45 10

o.nHroqpspe 2
9 4)OpnoaHMep ma 2.0 150 - 0,75 13500 -45 -. 38 -41,5 7/ o ..,.ro94 .pe 2 s

10 (O 1,0 1,00 - 1,00 5500 -45 -38 -41.5 7
I! 1,5 2.00 - 1,33 5000 -46 --35 -40.5 9
12 / (U) 1,0 2.00 - 2.00 4800 -44 -35 -39.5 9
13 9iacoMep Ha 1.0 1.07 0.017 1.07 - -44 -26 -35 18

14 1.0 1,10 0,035 1,10 - -41 -25 -33 16
15 1.0 1,15 0.070 1.15 - -40 -24 -32 16
1 6 O 1,0 1.20 0.100 1.20 - -39 -24 -31,5 15
17 3.acIp m 1,0 1.15 0,070 1.15 - -45 -34 -39,5 9Som'ro 4.pe 2

18 1,0 1.20 0,100 1,20 - -45 -34 -39,5 9

Key: (1). The mole fraction of components. (2). lumber of

w
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specimen/sample. (3). Specimnen/sdaple. (4). Cross-linking agent. (5).

start. (6). end. (7). average. (6). oligoester. (9). Prepolymer on

oligoester. (10). Elastcour on oligoester.

Page 58.

At the same time curve 1 lie/rests above and has greater slope angle,

than curve 2. This phercuenon is explained by the higher

concentration of urethane groups per unit of volume of prepolymer,

which contains the oligoester units of smaller molecular weight, and

by a more significant increase in 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 frdction ot diisocyanate gives T,=-47"C, which

corresponds such mechanical segment of polydiethyleneglycoladipate

(see Fiq. 19).

The curve of dependence T, on the mole concentration of

urethane groups for prejolymers (Fxq. 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 down on one and the

same curve, which indicates the dominant role of the concentration of

i,
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urethane groups in change T, in polyetherurethane.

In turn, the transition from prepolymer to the cross-linked

elastomer is not accompanied uy tuis significant increase T,. 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 jualitative change in the properties of

the molecule, in which the properties of initial units seemingly

partially are lost. New moiecule (molecule of prepolymer) is the

independent kinetic unit/one, wnxwi is characterized by its own

mobility.
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8000

r, Or .6000

-20 4
1 4000

-40 2

-60,

Fig. 20. Dependence T, (I and 2) and molecular weight (3 and 4) from

solar ratio of oligoester and diisocyanate for prepolymers on the

basis of oligoester with N=160 (1, 3) and 4100 (2. 4).

T,J'C

40

80
0 0 8 45 .2 1.6 CAWf//OOe, 0I

Ii)
Fig. 21. Dependence T, on mole concentration of urethane groups (C)

of prepolymers on basis ot uE with M=4100 (1) and 1600 (2).

0
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Key: (1). mole/1000 g.

Page 59.

Otherwise the loss of mobility by such system would occur into two

stages - first mobility ieli uecause of the joining of the sections

of chains of polar uretnane gLoups, but from the

preservation/retention/maintaininy of the mobility of oligomeric

unit; further at lower temperature occurred the loss of the mobility

of oligomeric units. In this case, we must cbserve two as for

block copolymers [1591.

From the value of the ditterence between T. oligoester and

prepolymer, prepolymer and elastoner (table 16) is evident that the

dominant role in increase T,, anu it means in a reduction in the

mobility of oligoester units into elastomer, Flays not crosslinking

agent, i.e., not transverse Donds, but polar urethane groups or

physical cross connections. Consequently, the basic contribution to

the three-dimensional/space grid ot polyurethane elastomers introduce

not chemical, but physical cross connections (115].

An increase in prepolymers of molecular weight of the oligoester

S
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units (see Table 15) is accompanieo together with reduction T, by

narrowing the temperature Laterval 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 T, are given the

thermomechanical investigations of the systems (Fig. 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 comparison, thermomechanical curve elastomers

on the basis of oligoesters with different molecular weights shows

that for an elastomer on the Uasis of oligoester with large molecular

weight it is observed together with highly elastic and certain

plastic deformation, which is explained by the smaller concentration

of chemical and physical cioss connections in specimen/sample.

. .. . . . . . . .. . . . . . . . . ...
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'Table 16. Contribution of d3Jisocydnate and crosslinking agent to an

increase in the temperatur, of the vitrification of oligoester.

(3) (Y) ~ (5)

Hoap I' c-I col '('P Torac

________ I aHO). C

13 1,07 0,017 -36.0 -350 19.5 1.0
14 1,10 0,035 -35,5 -330 20,0 I,5
Is 1.15 0,070 -35,0 -32.0 20,5 3.0
16 1.20 0,100 -34.5 -31,5 21.0 3,0
17 ills 0,070 -41.5 -395 6.0 2.0
18 1,20 0,100 -41.0 -39.5 6.5 5,0

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

agent. (3) . prepolymer (calculdtei), of 0C. (14).* elastomer, OC. (5).

Cross-linking agent.

Page 60.

Entirely another picture we uoserve in the case of polyurethane

elastomers with carbon-chdin (oiigjoisoprene and oligobutadiene)

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

elastomers indicated as diisocyandte component, vas used

toluenediisocyanate, and as the crosslinking agent served

tr iet hanoi amine.

It is very substancidl, r.uat the elastomers, synthesized both on

oligoisoprene and on oligooutadiene begin to devitrify at the same

temperature, as their component oligomers, only in the wider

temperature range.,
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50 1 3 6 16 28 a 5 Its

-50 -40 0 too 8o -40 0 1oo 140 TC

rig. 22. Thermomechanical curve of oligoesters vith M=1600 (a) and

4100 (b) and synthesized on their basis prepolymers and elastomers: I

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

(number they correspond to the numbers of specimen/samples table 15).

Table 17. The temperature ch&Lacteristic the vitrification of

polyurethane elastomers and their oligomeric components.

COOTHLoenie i#cXOA- U

HFX KOMJOHeHTOD o

0 U

I3e U CThO z b)

(1 k.'IroH3onpeH-I (M = 2000-
(IaCTOMep H3 OH-I I 3,6 0,4 -- 0 -34 26g) mnmoaonpeN-2 (M = 5500) - - - -61 -50 11

nct aaoep ma OH-2 1 1,68 0.4 -60 -45 15(qjOaxro6%thaAeH (M = 2000) - - - -80 -61 18
(j 3 M cTomep ma 06 1 1,68 0,4 -80 -60 20

Key: (1). Relationship/ratio of initial components. (2). Substance.

(3). Oligomer. (4). Crosslinxiu ayent. (5). it began. (6). end. (7).

oligoisoprene. (8). Elastomer on. (9). Oliqobutadiene.

OVgiopee

Elstae
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The comparison of the data of fable 15 and 17 shows that the

replacement into the elastomer of the oligomeric unit of ester nature

to hydrocarbon leads to the essential difference for the character of

vitrification of these forms of polyurethane elastomers. Difference

is in an intermittent increase in vitrification temperature upon

transfer from the esterglycols to Volyurethane elastomers, which

indicates a sharp reduction in the mobility of oligoester unit in the

composition of elastomeE. Transition from oligodiene glycols to

polyurethane elastomer is uot accompanied by an abrupt change in the

mobility of oligomeric units, aDout which tell the identical

temperatures of the beginning or the devitrification of oligodiene

glycols and elastomers.

An increase in the interval of the vitrification of the

investigated elasto4 ers with respect to initial oligoglycol is

explained by the presence in them of the rigid cuts of the polymer

chain, formed by the diisocyanate component, which, interacting with

each other, increase the hardness of system, impeding the course of

relaxation processes. All tais in the final analysis affects also the

relaxation time of polymer chains. An increase of the relaxation time

1.
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in turn, leads to the expansion oi an interval of the vitrification

of elastomer. This explanation or an increase in the interval of

vitrification in elastomers is coniirmed by the fact that an interval

of vitrification in elastomers is lowered 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

17).

The special feature/pecuiiarity of the behavior of polyurethane

elastomers on the basis of oiigodiene glycols one should explain by

the ne-polarity of oligodiene units.-the absence of polar groups in

the chain of oligodiene uiirs mae it 0to enter 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

oliqomeric unit in the composition of elastomer, as this occurred for

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

The comparison of the temperature intervals of the vitrification

of the elastomers, obtained on oliyoisoprene with molecular weights

of 2600 and 5500, shows tuat the elastomer with the units of larger

molecular weight 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 same in elastomers with the units of hydrocarbon

nature.

Page 62.

In the first intermolecular iateraction 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-caains dissociate in sufficiently narrow

temperature interval. In the second because of nonpolar nature units

intermolecular interactiLon is Kealize/accomplished in essence by the

dispersion forces.

The wide collecticn o0 the interatomic distances of adjacent

macromolecules, caused ty their relatively small polarity, causes

formation between the chains of polyurethane of the dispersion bonds

of different intensity whose destruction must occur/flow/last in

significant temperature interval. In connection with this we assume
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that the differences in caange T, upon transfer from oligomeric

units to the cross-linked elastoaors for polyurethane elastomers with

ester and hydrocarbon nature are explained by a difference in the

character of the physical grid, which is generated in polyurethane

elastomer In turn, in polyurethane elastomers with the ester nature

of oligomeric units the predominant contribution to the effective

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

Thus, Tc amorphous is polyurethane it is predetermined by both

the chemical nature, structure and molar fraction of components of

polyurethane diisocyanates and glycols and by molecular weight of the

latter. The basic contribution to increase T, cross-linked is

polyurethane in comparisoa with initial oligoglycol it introduces not

spatial structure it is polyurethane, but the presence in them of the

urethane groups, which play the dominant role in the formation of

secondary physical bonds.

".. ,
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PHASE TRANSFORMATIONS AND ViTHIFICATION OF LINEAR ALIPHATIC

POLYURETHANES ON THE BASIS OF LOW-MOLECULAR GLYCOLS.

Properties it is polyurethan they depend substantially on that,

will be it glycol comprised monomer or oliqomer. In the case of

monomeric glycols, the generatin9 polyurethane in essence are

crystallized, whereas caFability for crystallization it is

polyurethane with oligoglycol units it is not the necessary result of

the chemical nature of chain. Therefore it is expedient to examine

the questions, bonded with phase transformations, for each form it is

polyurethane separately.
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IT-oc

200

160

NO1401

' 4 10 ni

Fig. 23. The dependence of melting point it is polyurethane on the

basis of butanediol and linear aliphatic diisocyanates from a number

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

I .4-BymHANUw (41 193 Olieft XopoWo (~
BUwx54ae~rcg
B HHTb

1,6rel(aHH0o.7 10, 180 To me(1
l'lO-eKaHAHOJ1 1*9) 171 *I
1.3-llponaHAnoJ (9) 167 *
i.5-fleHraH1LHoJ1 (1) 151
1,9 -HoHIammoA 00i 147
OHCH-,CH2-O--CH 2CH OH 120
OH (CH ),-O (CH )Ofi 124 p3
CH,-C?-CHCH2 -QZH-CH, 104

OH

OH(CH) 2 <)/'\ (CH,)sOH 158

OH(CH,)S (CH,),OI- 129-134 ,
OIH(CH,),S (CH,),0H 120-125 s

-IH14 1,4-ByiaHAiioJI 160 *
1 -3-By~awzwOAl 77-82 PaOMOAo6HWA (1-1)
i ,f-rKCaKAHOA fi 153 Oqern. XopoUo (M

BbITnrFmaeT-

(151 CH B HHTb

O1-/-- -OH (TpauC. umc) 215-220 Xopowo SLITS1 J4

rumaeTCs. B
HxTb, Xpynl-
KNA

OH-'---OH (Tpaic) 250-255 Pa3,IaraeTCs 14

OHCH-// \-CHOH 168 flioxo BLIT~rm-
maercsi a
HHTb

OH(CH)-// )-(CH,O0H 20-212 BwU~rHaaenos Bn i

I(H)9 ,4-BYT3AHuoau C 136- 140 ODiem xopouzo
ahIT5rRnaeT-

I .411 D-ByrawmAHOJ 121 -125 To wce
1,-lwauuoi(~ 143-146 2 s

- - 1,-yauuorC# 260 Pa3JaraeTCSR.
:(H11 2-flonexaHsAJ 64q 128 Oqe:&,XOopoo 6

-~~%.1 1~. l,0-JLeKasj~wuoaC 215-219 BoQbow0oopa3y- ,

emouxpyn- 0
CH, CHO3  N

-(CH,) S(CH,)a, - 1.4-ByiuwPOA 126-133 To ate

___________________ ______________h________________ ______________
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Key: (1). Diisocyanate. (i). klycoi. (3). Properties. (4).

Butanediol. (5). Very well it as pulled out. (6). flexanediol. (7).

The same. (8). Decanediol. (9). Propanediol. (10). Pentanediol. (11).

Nonanediol. (12). Horn-li~e. (1J). trans-, cis-. (14). Well ropy,

brittle. (15). trans-. 116). it is decompose/expanded. (17).

Badly/poorly ropy. (18). Ftopy. (19). Dodecanediol. (20). Forming

fiber, brittle.

Page 64.

Linear polyurethane on the basis of low-molecular glycols have

much in common with analogous poiyamides. 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 observed d zigzag change in the melting point

with a change in the nuater of aetnylene groups between the polar

groups of chain (Fig. 23). nelting point it is polyurethane with even

number of methylene groups aine r than in their nearest polymer

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 table 1d [ 170J.

Let us pause at the presentation of existing in literature

information which concern separate aliphatic ones it is polyurethane.

Polyurethane on the basis of l,b-nexaaethylenediisocyanate and

1,4-tetramethyleneglycol (perloa-U).

Known a significant 4uantity of crystallizing aliphatic ones it

is polyurethane, but is solid y studied the structure of polyurethane

on the basis of 1,6-hexamethyleuediisocyanate and 1,4-butanediol

(perlon-U or 4.6-PU). This is explained by the fact that this

polyurethane already found practical application/use as the

fiber-forming material.

For the first time structure of 4,6-PU described Brill (1771,

then Zahn and inther (J49, 350), and also Borchert (174].

Diagrammatic representation oi the structure of unit cell of

4,6-PU, proposed by Brill, is given in Fig. 24. The authors indicated

assign to this polyurethane aaorthic lattice with the following

parameters of unit cell:

-1i
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9,5 19,10 8,4 90 63-65 77 1349, 3501
4.95 10,10 8.23 90 60,2 73 11741
9.56 19.10 8.23 90 63 73 1243, 441

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

grids" [147, 170] whose adjacent macromolecules are connected through
I C,±ted lI ne ). Lr'\ -iorr\ 1-xe *"P \0o-n e. Ak S"C-_Z;A 0-c Vc ec c"/
the regularly repeated sections by N-bridges (Fig. 25, A each other,

is formed three-dimensiona. lattice.

Page 65.

Thus, 4,6-PU it is pacxed according to the type of layer

lattice. In this case, at tae direction of chains (axis c) lie/rest

main valence bonds, in "Ilat/pldne grid" (axis a) act the hydrogen

bonds. Between "flat/plane grids" the bond is realize/accomplished by

van der Waals forces (axis c).

The usually crystallizing polymers do not form ideal crystalline

systems and always contain sections with mono-, two- and

three-dimensional by the disturonance/breakdowns of crystal lattice.

Crystal structures with mono- and two-dimensional lattice

imperfections call pseudo- or paracrystalline ones. Similar

structures can be formea also in polyurethane, especially in the

initial (primary) stage of crystallization.

e
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H % NH --- 4 N

0-- 0 C -

C 0 - - -

CM2

CM2

0C 0

-- N n MN

tNH

Fig. 24. Diagram of the part of elementary cells of '.6-polyurethane.

For determining the deg~ree of order (crystallinity) in 4,6-PU

according to the data of X-.iay studies Kilian and Yenkel (243, 2411

calculated the integral Gogrea of the crystallinity

a -L- I, (IV, 1)

the partial crystallinity, chardcterizing the hydrogen bonds
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I .O I,dO. (IV,2)
2W0

and the partial crystallinity, cadracterizing the van der Waals bonds

(XV =T IO (IV,3)

(002)"

where I - the total intensity of interference, E, and 0.. - angles

of reflection of interference (20Oj and (002) respectively; I , and

I, - intensity of the interference of the crystalline part of the

spectrum when e, and ",-

The diffraction curves of 4,o-PH (Fig. 26) show that with a

temperature rise the intensity of van der Waals bonds is lowered and

their characteristic peak prdeticaily disapFears at the melting point

of polymer. The intensity ot Itydrogen bonds practically does not

change up to melting point.

This phenomenon very visudl4y reflect/represents the character

of the curves of the dejeaaence of the integral and partial degrees

of crystallinity of 4,6-PU on temperature (Fig. 27), calculated by

formulas (IV.?; IV,2 and LV,JJ.

Thus, is observed difterena temperature dependence of the

intensity of interference (200), that corresponds to 'an der Waals
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bonds. This dependence testiiies to the strength of "flat/plane

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

bonds, remains unchanged up to mailting point.
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CO ..."HN
0  N I ---o eCo .....

C¢k 7 CHI 0

CHI 'kCHI

rHCH 2  CH~

CHI " c CHI

0 CH

NH. ..OC 07 N 7
INH...0D

ZC CH2  NH. ..

CH l CHI CSCH,

CHI
a?2  ( Hz C S2

HN

CH2  0 ' L

4,95 A

Fig. 25. Structure of the "flat/plane grid" of 4,6-polyurethane.

Page 67.

Simultaneously with tn decoaeosition of "flat/plane grids"

occurs the spontaneous decomposition of interFlanar van der Waals

bonds; however, a gradual reduction in their intensity with a

temperature rise is observed already considerably lower than the

melting point (-OOC)
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The diffraction curves of the exposed/persistent at different

temperatures hardened/tempered specimen/samples of 4,6-PU (Fig. 28)

show not the identical temperature dependence of hydrogen and van der

Vaals bonds in the course of its crystallization from highly elastic

state. The integral and partial crystallinity, which are

characterized by Van der Waais vonds, in the range of temperatures of

0-100 0C coincide (Fig. 29). fligner than 100 0C integral crystallinity

sharply grows on because of an increase in the partial crystallinity,

caused by the emergence of hydrogen bonds. However, splitting of the

maximum of the diffraction curve (see Fig. 28) is observed at lower

temperatures, which is especially clearly evident from the curves,

given for 4,6-PU (141. Ihis phenomenon indicates the emergence of

three-dimensional crystalline tormations already at the lower

temperatures (see Fig. 29).

At the same time crystallization of 4,6-PU from highly elastic

state bears in stages character. To temperature of 100 0C,

macromolecules are stackeU in essence into two-dimensional

pseudocrystalline structure ana only higher than this temperature is

formed modern crystal structure with intermolecular hydrogen bonds.

if
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1600Cr

1 770C

2 N 188.5 0C

Fig. 26. The diffraction curves of the thermalization/heat-treated at

high temperatures specimen/sampie of '4,6-polyurethane: 1 -N-bond; 2

- van der Waals bonds.

301 1

2
20-

3:

Fig. 27. Temperature effect on degree of crystallinity of

4,6-polytirethale: 1 -integrdl; - partial according to van der

Vaals bonds; 3 -partial ou kd-tond.
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20*

600C

105 0C

14 00C

2 ~174*C

Fig. 28. Diffraction cuxves, of tiaernalization/heat-treated at

different temperatures hardeneda/tempered specimen/sample of

4,6-polyurethane: 1 - N-bond; 2- van der waals bonds.

20.

+/

0
0 50 f00 150 72-C

Fig. 29. Temperature effect on dayree of crystallinity of

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

according to van der Waals bonds; J3 - partial on N-bond.
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I"I

- I I

-So 0 50 00 15o 200 T,C

Fig. 30. Temperature dependeace CP for 4.6-polyurethane.

Key: (1). cal/gedeg.

Page 69.

The influence of thermal eftect on structural transformations in

4,6-PU is investiqated [39, 43] by the method of differential-thermal

analysis (DTA) and of differeatial micro-calorimetry (19].

Figure 30 gives temperatare dependence Cp for a crystalline

(annealed) specimen/sample ot 4,6-PU in the range of temperatures

from -50 to 2000C. Is below given Cp (cal/godeg) in the investigated

temperature interval:

:1
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(I 1 (2110 'OT AO -10C C1 ,= 0,42 +15.10 3 T
OT 45 Ao 1200 C Cp - 0.495 -+ 1,85. 10- 1 T
OT 195 Ao 210'C Cp =0,665

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

In the range of temperatures of 10-40 oC in the curve of heat

capacity (Fig. 31) is observed the lift, caused by the emergence of

the segmental mobility of macromolecules, the caused by transition

amorphous parts of the polymer trom glassy into highly elastic state.

Higher than 120 0C increase in tue neat capacity significantly is

accelerated and temperature coarse C, describes the peak, which

corresponds to melting the crystalline formations the melting point

of which 183 0C.

Calculated according to the data of the vicro-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-PU with lower melting

point (173 0C), render/snowed 22.3 cal/g. This divergence/disagreement

can be explained by the greater crystallinity of the last/latter

specimen/samples of the polyurethane, which possesses smaller

molecular weight, and also greater error for the quantitative

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

DTA) at rate of cooling cf 40 C jier minute is 19.8 cal/g.
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104

tOO 137,50

1450

200

/73 °

Fig. 31. Thermogra! of heating amorphous ,6-polyurethane.

Page 70.

The thermal behavior amorphous specimen/sample of 4,6-PU,

obtained by the quenching of smaii quantities (0.05d) of fusion/melt

by liquid nitrogen, can be judged also from theruogram (Fig. 31).

At temperature of 380 C 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

I.
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apex/vertex with 104 0C. helting fozmed crystal structure is

characterized in essence by the subsequent endothernal peak with

apex/vertex with 173 0C. The which precedes it small endothermal peak

with apex/vertex with 1480C also cuaracterizes of melting, but less

modern crystalline formations whose emergence is caused by the

rigorous conditions for crystal1ization. This phenomenon indicates

both the commensurability of the areas of the exothermic peak of

crystallization from such Doth ot endothermal peaks of melting and

coincidence of the temueratures of the beginning of small peak

(1370 C) with the temperature ox the beginning of melting the initial

crystalline specimen/samle, which has the same character as the peak

(see Fig. 30) [391. Consequently, the data of micro-calorimetry and

DTk are in good agreement wita the data of X-ray analysis. So, for a

crystalline specimen/sample of 4,6-PU in region of 130-160oC heat

capacity initially relatively slowly, and then sharply it is raised

(see Fig. 30). This behavior is explained by the anisotropic

character of crystal lattice for which the first region of increase

C, corresponds to the gradual aisappearance of van der Waals bonds,

and the second - to relatively rapid decomposition of the hydrogen

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

Fig. 31 also shows well the mechanism of crystallization of

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

higher than 100OC reflect/represents the formation of modern crystal
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structure with intermolecular hydrogen bonds. The beginning of

maximum characterizes the emergence of the pseudocrystalline

structures whose part does not manage to be organized in

three-dimensional structure and subsequent melting of which it is

record/fixed with endothermal peax with 148 0C.

However, all thermograms of heating indicate the higher

temperatures of vitrification o± 4,6-PU, than this escape/ensues from

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

Kinetics of the crystallization of 4.6-polyurethane. Essential

interest are of data on kiaetics or the isothermal crystallization of

4,6-PU, which make it possiDle to draw conclusions both about the

temperature dependence of the crystallization rate and about the

character of structurization in polymer.

Page 71.

Kinetics of the crystallization of many homopolymers is

completely satisfactorily described by equation of Abrami (88]

a = I -e-Ke", (IV,4)

where a - a share of the substance, which 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

I

t.
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structures, is taken value from 1 to 4; Ko - rate constant.

Kinetics of the isothermal crystallizaticn of 4,6-PU from

fusion/melt was studied ty the method of weighing the "weiqhts of

density" (3001 and differential micro-calorimetry (21]. The procedure

of the micro-calorimetric studies of kinetics of the crystallization

of polymers is described in L17, 18]. Figure 32 in semilogarithmic

coordinates depicts the isothezms of crystallization of of 4,6-Pg,

the constructed according to data micro-calorimetry.

However in order to judje kinetics and type of the growing

structures, one should determine K0 and n. The latter are determined

via the presentation/concept oi experimental results in the proposed

by Abraii coordinates

6 --- 71i -- ~ -- I t
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Fig. 32. The dependence ot thie degree of the perfection of the

thermal effect of the cLystallization of 4,6-polyurethane on the

logarithm of the time ot crystallization at temperatures (OC): 1-

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

Lg[-t1 e

Fig. 33. isotherms of crystall.zation of 46-polyurethane in
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coordinates of Abrami at temperatures (OC): 1 -162; 2 -163; 3-

165; 4 -167; 5 -169.
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Page 72.

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

Ig [-Ig (I -a)I = IgO0,434K, + nIgt.

On slope/inclinaticu towdrd tue axis of abscissas by the

obtained in the coordinates indicated straight line is easy to

determine value n, while according to cutting off intercept/detached

by it on the axis of ordindaes - value Ka,.

Kinetics of crystallizdtiou 4.6-PU is described by equation (IV,

4) only in range of values a not nigher than 0.25, after which are

observed systematic devidtions trom theories. Really/actually, the

observed degrees of transformation are less than theoretical (Fig.

33).

Values n, determined on tha oasis of the straight (88]

corresponds to the formation eitner of flat/plane structural

cell/elements on heterayeaic wanryos or linear structures on

homogeneous embryos (Table 19).



DOC = 79011105 PAGE -,L/6/

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 answers 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-polyuretuane really/actually flat/plane.

As a result of the investigatLon of kinetics of crystallization

4.6-PU with the aid of weijhing, tae authors (300] come to the

conclusion that n=2.3 wnica contrauicts other data (21].

Polyurethane on the basis oi nexamethylene diisocyanate and

ethylene-, diethylene- and trietnylene qlycols.

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

and linear aliphatic polyuretnane on the basis of ethylene glycols.

I,
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table 19. Characteristics oi crystallization for 4,6-polyurethane.

Txp. 'C AT- n I K0 T .0,, mu
- Trp I

162 21 -1,51 1,95 6,0
163 20 -1,99 1,88 10,5
165 18 -2,60 2,00 18,5
167 16 -3,10 2.06 27,5
169 14 --3,61 2,08 59,0

Key: (1). min.

FOOTNOTE 1. Melting point 4.t-PU of 1830C.

Page 73.

So, X-ray diffraction analysis investigated of melting and

crystallization it is pciyurethane on the basis of hexamethylene

diisocyanate and ethylene-, dietiyiene-, triethylene glycols (141.

The authors (14 1 come to the conclusion that changes in nature

and structure of glycol ao 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 Lelzinq and crystallization two-stage.

Are different only temperature intervals of these processes which
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depend on nature and length of the composing polyurethane units.

However, in [141 the data on the character of crystal structure of

separate forms it is pciyuretnane they are not given; by analogy with

4.6-PU they ascribed anortnic lattice.

These authors in ( 15j note that depending on crystallization

conditions polyurethane on tne basis of ethylene- and diethylene

glycol are capable of forming ditterent crystalline modifications. on

the characteristic features of crystallization and melting, it is

polyurethane on the basis oi dletnylene- and cf triethylene glycols

testify the data of differential-thermal analysis (43, 451 and of

micro-calorimetry [19, 201.

In contrast to 4.6-PU for is polyurethane on the basis of

diethylene- (PUDEG) and o7 trietnylene glycols (PUTEG) in the region

of melting is observed the complex course C4, which is evinced by the

presence of two maximums (Fi. 34). This form to curve C, in the

region of melting indicates the course of two successive processes to

each of which corresponds tue specific thermal effect. In the case of

PUDEG these thermal effects divide, could not be, and in sum they

were equal to 19.8 cal/g. The sum of the thermal effects of melting

PUTG 15.3 cal/g from which 12.d cal/g answer the first, and 2.5

cal/g - to the second thermal effect.

I
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Heat were calculated According to the data of the heat capacity

which for the crystalline annealed specimen/samples varied within the

limits:

.. (1) Q -. tr
o? -504o -5C C, = 0.422 + 1,5. 0-3 T;

0 50 2 1000C C = 0,512 + 1,5.10 - 3 T;
.r 140f 160CC C,,= 0,623;

oT -5, o -- 20 C C, _ 0,422 + 1,5.10-3 T;
OT0 o0 oc -,.308 + 2. 10- T;

C3, ao 12 o31 o C C,"= o,631.

Key: (1). For PUDEG. (2). from. (3). to. (4). For PUTEG.

It should be noted thdt on the curved temperature dependence of

the heat capacity of the annealed specimen/sample of PUDEG in the

temperature range of vitrification are visible two distinctly

expressed lifts: the first in the range of temperatures from -5 to

+100 , by the second frcm JO to 450C. For PUTEG is observed only one

lift in region from -15 to -10oC.

Page 74.

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

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

curves 2) shows that in range trom -50 to -50C temperature course

C. analogous such of crystalline (annealed) specimen/sample. In

range from -5 to 100C, the heat capacity sharply grow/increases,

II
b'
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which is caused by the transition of specimen/sample from glassy

state to highly elastic. kfter 200c is observed the sharp decrease of

heat capacity. This is bonded witn the crystallization of the

sections of macromolecules, sufficiently pliable ones for the course

of this process. On completion ot the process of crystallization C

becomes somewhat less than for the same temperatures in crystalline

specimen/sample, after 850 again it begins to decrease, passing

through the minimum at temperature of 103 0C.

On the basis of the shape of the curve of heat capacity, is made

the assumption that in temperature interval of 50-I00OC proceeds the

slow crystallization process, which after 850C becomes completely

noticeable. Higher than 1100C formed in the course of heating crystal

structure begins to be decomposed; in this case, as in the case of

crystalline specimen/samle, 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 o intermolecular interaction in these

two states.

Given data of distances to the authors [191 basis/base for

following conclusions in the ratio/relation to to crystallization and

mlting PUDIG.

i'.

I; ... l
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-j6 0 a)5o too M50 -50 0 5 o 100 vc.

Fig. 34. Temperature dependence cO

for PUDEG (a) and PUTEG (D): 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 20-45oC crystal structure is formed in essence because of

the emergence of hydrogen uonds in planes (emergence of

pseudocrystals). Higher than 500 c order in pseudocrystals is

increased, and in interval of 85-1100 C are crystallized the

ether/ester links, which up to this torque/moment acquired sufficient
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mobility, simultaneously begins the gradual decomposition of crystal

lattice. The first peak in fusion curve of Pig. 34 corresponds to the

decomposition of bulk of crystals, while 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]. However,

for final conclusion/dervations are necessary detailed structural

investigations.

Are of interest results on tue 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 290C they

crystallized during the specific time under isothermal conditions and

again they hardened.

During the analysis the vLtLification of the specimen/samples,

subjected to dual quenching, besides the temperature dependence of

heat capacity (Pig. 35a) are examined the change with temperature and

functions C.IT (Fig. 35b), foL which Dol and the coworkers [156]

0
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proposed the name encraty and designated through L. Values Q indicate

the values of thermal effect (cal/9), fixed before the second

quenching.

Table 20 gives the maximum values of a change of encraty in the

region of vitrification AL, and also T,, which defined as the

temperatures by which encraty accepted the half its maximum value and

AC, during vitrification.

From the data of table 20, it is evident that with an increase

in the depth of crystallization ol PUDEG the temperature of its

vitrification somewhat is mLsaligned into the region of higher

values, and the temperature inurerval of vitrification is expanded.

For the annealed specimen/sample (see Table 19) are obtained results

separately for the first and secund lifts on the temperature

dependence of the heat capacity (see Fig. 34). For the completely

amorphous specimen/sample, in which Q=0, is calculated the value of a

change in the heat capacity uring vitrification to I mole of links

in accordance with ( 343]. in the case C. in question with

vitrification, it was 0.196 cai/gedeg. Rolecular weight of the

repeated section of the macromolecule of PUDEG is equal to 274.3.

According to (3431, this section contains 17 kinetic links, whence

Ac,(M/17)x C=---.Ac, =16,3.0,196=3,16 cal/moleodeg, where K - average

molecular weight of kinetic link.

'p

!.
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Calculated value AC, will a ree well with theoretical (2.97

cal/mole X deg), obtained on the bdsis of the hole theory of

vitrification and with the value oi 2.7 cal/moleedeg, found during

the analysis of these for d Large number monomeric and organic

glasses (230, 243].

It should be noted that rae shift T. of PUDEG with an increase

of the depth of crystallization into the region of higher

temperatures and the expan-ion of the temperature interval of this

process they indicate constant cange in the structure of amorphous

zones. Together with completely amorphous sections, apparently,

appear the mesomorphic regions, which condition the character of

transition indicated.

I'
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23-

17.

250 2'70 290g 1

Fig. 35. Temperature dependence C,, (a) and AE (b) for

specimen/samples PUDEG i.n the temperature range of vitrification

after dual quenching at Q (cal/y9': 1 -0; 2 -7.6; 3 -9.5; 14-

14.35: 5 -16.3; 6 - 4.6=pu.

Key: (1). cal/gedeg. (2). ca1/yedaq2.

Page 77.
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The fact that in the specimen/sample, to annealed, the first lift 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 second lift in the curve of heat capacity

of the annealed specimen/sample in field of 30-450C is explained by

the additional mobility of tae individual sections of macromolecules

PUDEG. Since in 4.6-PU is observed one lift approximately in this

same temperature range, is made assumption about the fact that the

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

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

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 considerably larger difference between

the temperatures of the maximuws of peaks in fusion curves and

somewhat changes the relationsuip/catio of the temperatures cf the

maximums (see Fig. 34). for PUTEG this relaticnship/ratio depends on

the heat treatment of specimeu/sample.

The temperature dependence oL heat capacity and encraty in the

temperature range of the vitritication of the subjected to dual

iI
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quenching specimen/samFies PUTE is given in Fig. 36. The basic

quantitative data, which characterize the vitrification of PUTEG, are

given in Table 21. Calculaed value AC, comprised for PUTEG of 3.42

cal/noleodeg.

For the specimen/samples PUTEG, 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 crystaliizatIon trom fusion/melt and solution. The

isotherms of the crystai1izatiou ot fusion/melts PUDEG and PUTEG in

coordinates Avrami are represented in Fig. 37, 38. The calculated on

their basis values lgKo and ia, are given in tables 22.
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table 20. Characteristics of the vitrification of PUDEG.

-Z

0 -1 6,6 0.196
7,60 -1 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: (1). cal/g. (2). cal/g.deqz. (3). cal/godeg.

Table 21. Characteristics of the vitrification of PUTEG.

,, -c I  _

0 -13 7,3 0,215
6.2 -13 5,8 0,178

10.3 -13 4,9 0.153
15.3 -13 3.35 0,107

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

Page 78.

C-. From the character of isotherms and data of Table 22, it is

evident that for both of polymers Kinetics of crystallization in

entire temperature interval is suDordinated to equation of Avrami. In

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

6-.
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effect equal to two, which gives grounds to assume about an increase

in the lamellar crystallites during the crystallization of this

polyurethane from fusion/melt.

Value n=3 for PUDEG formally indicates an increase in the

flat/plane structural cell/eieaents on homogeneous embryos or

volumetric ones on hetercgenic 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 70. On basis of this, the

conclusion is made that cry daiS in this polyurethane are formed by

macromolecules with folding structure. Consequently, it is possible

to assume that value n=J corresponds to the fcrmation of lamellar

crystallites by the mechanism oi homogeneous nuclei forming. An

increase in three-dimensional structures on heterogenie embrycs is

less probable, on thus tar stiil it is not possible to give simple

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

crystallizing PUDEG.
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Fig. 36. Temperature dependence c, and AiL f or specimen/samples PUTEG

in the temperature range ot vitriLfication after dual quenching atQ

(cal/g) : 1 - 0 2 - 6.2; 3 - 10.3; '6- 15.3.

Key: (1) . cal/gedeg. (2). edl/godae2 .

Page 79.

They were conducted opticai-microscopic investigations of

spherulitic structure of PUTEG L206]. Were studied the films,
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obtained by isothermal crystallization from the 1o/o 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 80-400C. It is

shown, that in interval ot 80-60oC increase the ring spherulites,

which have the single rings of extinction, moreover the sign of the

double refraction (DL) ol ring is positive. At temperature of 550 C,

increase the ring spherulites, which have the dual rings of

extinction and alternating/variable sign DL alcng the radius of the

spherulite: wide bright ring has positive sign, and narrow bright

ring - negative (Fig. 39a, cm gluing-in). With a temperature decrease

of crystallization to 500C, sbarply is changed the picture of

spherulitic crystallization - taey appear the mixed spherulites. At

Tp-50oc increase predominantly the spherulites with ring center and

radial periphery (Fig. 46.b), waile at T -40oC - the mixed

spherulites whose center takes the spherulite-like form, and

periphery radial (Fig. 39c). At this same temperature increase the

virtually completely radial spherulites, in which fairly often is

observed the vividly glcwing cantez (Fig. 39d). Sign DL of radial

spherulite negative, and center is predominantly positive.
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Fig. 37. Isotherms of the crystallization of PtDEG from fusion/melt
4 - 1 .Is~;

in coordinates of Avrami. 1 - 9!; 2 - ci ; 3 - i0C ;45 - 105; 6 -

107.7; 7 - 109 0 C.

Pig. 38. Isotherms of crystiiization of PUTEG from fusion/melt in

coordinates of Avrami: 1 - b ; ,- 72; 3 - 75; 4 - 78; 5 - 81; 6 -

850C.

Page 80.

Isothermal crystallizatioz trom fusion/melt was conducted in the

range of temperatures frcm 99 to 750C. It is reveal/detected that in

temperature range from 99 to 930c increase the spherulites, which do

not have the cross of extinction (kig. 40a, see insert). In the

1tf:1
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cell/elements, directed along the radius of spherulite, positive or

negative sign DL almost all its over length. The regular arrangement

of radial structu-.7al cell/elements is not observed.

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 spherulites seemingly begin to be collected

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

predominantly positive. Most clearly this is developed at Tp--90O0C

(Fig. 40b).

A temperature decrease of crystallization to 890C leads to

engendering of the rings ot extinction and appearance of a cross.

More regularly the rings oi extinction in spherulites are observed at

crystallization temperatures from d5 to 800C. The cross of extinction

in these spherulites has z1z9S-a form (Fig. 40c). At 750C rings of

extinction, apparently, are so narrow that they are not permitted in

optical microscope, but the cross of extincticn becomes straight

line. According to their appearance these spherulites (Fig. 40d) are

similar to radial ones, obtained by crystallization from solution,

but in contrast to the latter they have positive sign DL.

'p

-t
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table 22. Characteristics of the crystallization of PUDEG and PUTEG

from fusion/melt.

TRp

nyA3r

95 38 -3,24 3,02 10,5
98 35 -3.82 3,00 16,0
to0 33 -4,17 2,97 23,0
103.5 29.5 -5,20 2,95 51,0
105 28 -5,90 3.00 81.0
107 26 -6.73 3,02 148,0
109 24 -7,54 3,00 288,0

flYT3r

69 44 -1,86 2,02 7,0
72 41 -2,13 1.97 10,5
75 38 -2.51 2.00 15,5
78 35 -2,84 2,00 22.5
81 32 -3.33 2.04 36.0
85 28 -3,79 1.99 71,0

Key: (1). min.

FOOTNOTE 1. Melting point of PUDE; 133, of PUTEG of 113 0 C.
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Fig. 39. Superuolecular structures in thin gauge sheets of PUTEG,

obtained from solution at cryst~t1ization temperature: a) 55; b) &r
C,
a) 500C (x750).
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Fig. 4&0. Supermolecular st.Luctuies in thin gauge sheets of PUTEG,

obtained from fusion/melit at crystallization temperature: d) 93; b)

90; c) 89-80; d) 75 0 C (x280).
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Fig. 41. Supermolecular structuzes in thin gauge sheets of P0TEG,

obtained at temperature ot crystallization of 890C in dependence on

the thickness of film: a) 10; b) 2%.J; c) 30(x280) ; d) 30 p~; (x750).

*Il
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Fig. 53. Structure of spherulites OEA. a) in reflected light (1200);

b) the same section in the passing polarized light; c) electron

microphotography of replicas (1-3 - x30000, 4 - x20000): 1-

fine-crystalline structure; 2 - Ladial 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

1j on the generating supecaolecular structure at temperature of 890 C,

by which increase ring spheruLites.

With the thickness of tilm 10 y, are observed in essence the

"sheaves", which have positive sign DL (Fig. 41a. cm gluing-in).

"sheaves" are oriented by ratio/relation to each other in essence at

angle 900° lo the treatment of this phenomenon the7 are necessary

additional electron-microscopic examinations.

40'4.th an increase in the tuacKness of film to 20 p "sheaves" begin

to form spherulites, moreover in some of them is developed the

sufficiently developed cross ot extinction (41b). In separate

"sheaves" begins the irregular torsion of fibrils. Sign DL remains

previous.

Basic changes in the structure of spherulite occur in the films

with a thickness of 30 V. As can be seen from Fig. 4Ic, d ring

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

Thus, the structure of ring spherulite depends on the thickness

of file. The last/lattex series of photographs allowed the authors

(2061 to assume that the "sheaf" is the laminated flaky

pseadocrystal, which possesses the properties of unitary single

crystal.
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Fig. 42. The isotherms ot crystallization from the highly elastic

state of PUDEG in coordinates ot Avrami: 1 - 28.2; 2 - 27.2;

3 - 25.6; 4 - 22.J; 5 - 20.3; 6 - 17.8; 7 - 16.2; 8 - 14I.20C.

Fig. 43. Isotherms of crystaAkization from highly elastic state of

PUTEG in coordinates Of AVraini: 1 - 26; 2 - 24.5; 3 - 22; 4 - 19: 5-

16.1; 6 - 13.6 0C.

F Page 82.

It is obvious, analogous "lsteaves"l compose "spherulite-like" centers

of the radial spheruiites, havin4 grown from the solution (see Fig.

39), and positive on sign UJL the Ladial cell/elements of the

spherulites, obtained from ftasica/melt in the temperature range of

94-930C (Fig. 40). Negative on sign DL the radial elements of the
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structure of these spherulites are the same "sheaves", but oriented

so that the plane of hydrogen bonds is approximately parallel to the

plane of specimen/sample. With a temperature decrease of

crystallization, predominate the structures, Fositive on sign DL,

and, finally under specific conditions appear more or less correct

ring spherulites with the ziqzay cross of extinction. The results of

calorimetric and optical-microscopic investigations are in good

accord, and it is possible wirt confidence to speak that during the

crystallization of PUTEG from rusion/melt occurs an increase in the

lamellar crystallites.

Isothermal crystallization trom highly elastic state. The accord

of theory with experiment in the case of the isothermal

crystallization of PUDEG and PUTEG of the highly elastic state is

considerably worse than tor crystallization from fusion/melt (table

23).

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

(Fig. 42). In the initial sections of isotherm, they are described by

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

three) of constant n.
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'fable 23. Characteristics of the crystallization of PUDEG and PIITEG

from highly elastic state.

TK .A TP- g( 10)

nya'3r
28.2 24,2 -240 2.82 5,5
27.2 23.2 -2.72 2,80 7.2
25.6 21.6 -3.20 2,86 10
22.3 18.3 -33,79 2.44 22
20.3 16,3 -4,00 2.38 32.4
17.8 13.8 -4.32 2,31 50
16.2 12.2 -4.77 2,36 66
14.2 10.2 -507 2,38 93

lY T 3 r
26.0 39 -2.498 2.86 6.5
24.5 37,5 -2.81 2,62 10
22.5 35 -3.48 2,78 16
19.0 32 -4.04 2.78 22
16.0 29, -4,61 2.64 49
1:3.6 26,6 -479 2.55 66

Key: (1). min.

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

-1 30 C.
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Vith &=0.05 occurs the accel~eratiaon of crystallization, and after a
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it reaches value by 0.7 sets in the retarding/deceleration/delay of

the process whose degree depends substantially cn temperature. If at

the relatively high teuferatures, sufficient distant from

vitrification temperature, retarding/deceleration/delay not such

sharp, then in proporticn to a temperature decrease it becomes

significant. This bears out toe fact that the crystallization in this

case occur/flow/lasts muca more complexly than this is provided for

by theory.

The analogous character of kinetics of the crystallization is

observed also for PUTEG (Fig. 43); however, systematic deviation from

theory is expressed much weaker, so that the observed mechanism of

crystallization to a certain degree is caused by the specific

character of the molecular structure of data it is polyurethane, that

contain in polymer chain the 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 ci investigated it is polyurethane.

Copolyurethanes on the Lasis of hexamethylene diisocyanate,

diethylene- and triethylene glycol.

Copolymers on the basis of hexamethylene diisocyanate,

IP
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diethylene- and triethylene glycol, i.e., such initial homopolymers

of which are PUDEG and PUTEG, were investigated by

differential-thermal, thermomechaaical and infrared-spectroscopic

methods (46).

Thermograms are obtained for the specimen/samples of initial

honopolymers and some copolymers (Fig. 44), crystallized from

fusion/melt by cooling with a velocity of 10C per minute.

The thermograms of EUJER and PUTEG have the same character, as

the thermogram of already described homopolysers [19, 20, 43]. In

this case for PUDEG, is observed one peak of melting, which precedes

the exothermic peak, whica 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 endothermic

peaks in the region of aelting polymer.

In the character or tne tuermograms of copolymers, are developed

their special feature/peculiarities, which depend on the

relationship/ratio of hoaopolyaers in copolymer. As can be seen from

differential curves 2 and 3 (see Fig. 44), introduction to PUDEG to

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

of crystallization before melting of copolymer. simultaneously is

.o

1 A
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observed a temperature decrease and areas of the peaks of melting. An

increase in the portion/fraction of PUTEG to 40 mol. ones o/o leads

to an abrupt change in the character of thermograms and a temperature

decrease and area of the basic peak of melting copolymer. Thermogram

has the same character as the thermogram initial of PUTEG: the

exothermic peak of crystallization before melting is absent; besides

the basic peak of melting, are present other, higher-temperature

endothermal peaks.

Page 84.

However, with further increase in the portion/fraction of PUTEG, the

high-temperature peaks indicated no longer are developed. In this

case, minimum temperature or melting is observed in copolymers from

70 and 80 mol. o/o PUTEG, out in copolymer from 90 mol. o/o PUTEG

melting point above approacnes 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 diagram", given on this figure, resembles

diagram with eutectic minimum. Let us note that the "eutectic

minimum" in this case has diffusion character. Furthermore, to

"eutectic" point with 30 and 90 aol. o/o PUTEG to curve are bends
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which are absent from similar curves, given in the literature (88).

For the study of the character of crystal lattice in the

series/number of copolymers, are removed at room temperature the

infrared spectra.

1
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Fig. 44. Thermograms of heatiny PUDEG (1), PUTEG (7) and their

copolymers, vhich contain 90 (2), 70 (3) , 60 (4) , 50 (5) and 10 (6)

mol. o/o PUDEG.
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Specimen/samples took in the torm of the films, obtained from the

solutions vas polyurethane in dimethyl formamide at 55-60 and

40-42oC, and also films from fusion/melts.

V
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The comparison of the spectra of fusion/melts and crystalline

films PUDEG and PUTEG made possible to ascribe to crystal structures

of these was polyurethane the characteristic crystalline strips: for

PUTEG strip 860 cm 1 , fox PUDEG - 830 cu-a.

Is establish/installed, that the strip 830 cm- I is retained in

copolymers with a reduction in the content of PUDEG, molar

relationship/ratio PUTEG: PUDFG= 0.6:0.4, after which occurs the

jump: strip 830 cma- disappears and appears the strip 860 co-', which

is retained in the spectra or 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 copolymer of sections with different chemical

structure, taking into account, which on -he "phase diagram" of the

investigated system of copolymers is observed "eutectic minimum", on

the one hand of which are crystallized only first type polymeric

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 the behavior of the random copolymer.

ig
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Fig. 45. Dependence of the mel.ting point (1) and of logarithmic

viscosity number (2) of the (J.5o/o solution of copolymers in

m-cresole on the relationship/ratio in then of glycols.

Key: (1). mole.

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

of IR spectrum of passing (2) for physical mixture (0.5:0.5) of PUDEG

and PUTEG.

Key: (1) . Passing.
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In the similar cases usually "eutectic" point is misaligned to the

side of the component, which possesses lower melting point, that also

is observed in the system 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,

which contains 0.6 mole tractions of the latter, by steric hindrances

for crystallizing the second component, which create the formed

crystalline regions of PUDEG.

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 (Fig. 46). iaermograms and spectra indicate the

presence of two crystal structures and after cocrystallization.

In proportion to approach/approximation to eutectic minimum,

crystallization ever more hinders, and as a result of the

disturbance/breakdown of the reyuiar distribution of intermolecular
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hydrogen bonds grow/increases the defectiveness of crystal structure

of copolymers. the bends which are observed tc curve I (see Fig. 45)

during removal from central section to edges, they appear, obviously,

as a result of changes in the caaracter of the crystalline

formations, caused by a change in molecular structure of the chain of

copolymer. With low content of one of the components of copolymer, it

statistically is distrinuted 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 regions, formed the second, by the

predominant in the composition ot copolymer constituent. This is

reflected in the melting points ot copolymers; however, not to this

degree as for copolymers with average/mean composition of both of

components where must statistically be distributed the already small

units of PUDEG and PUTEG.

Thus, the mentioned bends tae authors (46] joined with changes

in the character of distribution and the lengths of the composing

copolymer sections PUDEG and PUTzG.

Special feature/peculiarities or crystallization and melting

aliphatic containing fluorine is polyurethane.

In works (44, 84-86] is given the information about synthesis

11
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and special feature/peculiarities of the phase transformations of the

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

polyurethane.

Page 87.

In particular, were investigated polyurethane of the following

chemical structure:

I-HNCH,, (CF,), CHNHCOO (CH,), OCO-I, (fly-i,

-HN (CH.,), NHCOOCH. (CF,), CHOCO-I, (MI'-2),

I-HNCH, (CF2)4 CH 2NHCOOCH, (CF,)4 CH-OCO-I. (HY-3),

and their also nonfluorinated analog

I-HN (Cl-I,), NHCOO (Cl-,), OCO-I (6,6-FlY).

In PU-1 fluorine it is contained in diisocyanate, 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 tae method of interfacial

polycondensation, and remaining two - by mass polymerization, the

latter have smaller molecular weight.

Phase transformations were investigated by the method of the

differential-thermal analysis. Tae character of the thermograms of

il

II
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melting and crystallization 6.b-PU is analogous such for 4.6-PU. Heat

0
of fusion 6.6-PU somewhat lower is 2,.2 cal/g.

Figure 47 shows thermograms PU -1/ reheating they underwent

specimen/samples with different previous history. One was heated

immediately after tie crystallization of fusion/melt, and the second

- after five-day aging at room teaerature.

4Character of the curves ot primary heating and coolings is analogous

such for 6.6-PU. However, the curves of reheating differ not only

from curved primary heating, out also between themselves. The peak of

melting during reheating ot the uncontrollable specimen/sample has

two sharp apex/vertexes, which is explained by emergence under

conditions of crystallizing their aJsion/melt of two types of crystal

structures with different melting points. Exposed/persistent for a

while specimen/sample PU-i aevelops tendency toward the acquisition

of the properties of the initial specimen/samFle.

I.
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Fig. 47. Thermograms of primary heating (1), of cooling (2) and of

reheating (3 - right after crystallization, 4 - after five-day aging

at room temperature) of specimen/sample PU-i.
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It is assumed that formed in the course of crystallizing the

fusion/melt crystal structure with the melting point of 182 0 C is

metastable at room temFerdture ana changes into stable under these

conditions of structures with the melting point of 185 0C.

For PU-2 the peak ot melting primary heating has two sharp

apex/vertexes, and the peaK ot reheating - only one (Fig. 48). In

this case, in the course or rdheating, is not reproduced pain

low-temperature apex/vertex of peax (112 0C). However, the thermogram

of heating the exposed/persistent analogously PU-i specimen/samples

has a character of the thermoyram of primary heating.
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Substantially and that that the peak of melting crystallized

made of highly elastic state specimen/sample PU-L (Fig. 49) also has

only one apex/vertex, but in contrast to the specimen/sample,

crystallized from fusion/melt. the temperature of its 112 0C, i.e., in

this case is not reproduced hLga-temperature apex/vertex (1240C) of

the peak of melting initial specimen. A similar phenomenon we

observed during the investigation by the method of the

differential-thermal analysis ot polyurethane on the basis of

1,6-hexamethylenediisocyanate and ciethylene glycol (43].

Of the anomalies of the caaacter of melting it is polyurethane,

that contain in one of those component fluorine atoms, they testify

to the capability of these polymers for the formation of two types of

crystal structures. This is confirmed still and by the fact that the

specimen/samples of polyuretnane, which contain fluorine in both of

components (PU-3), as theix nontluorinated analog, they have one

melting point.
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Fig. 48. Thermograms of primaary sueating (1) , of cooling (2) and of

-r-FheatL-hg- (3)of specimoin/sampie PU-2.

45 0

Fig. 49. Thermogram of heating amorphous specimen/sample PU-2.
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It is possible to assume that introduction to macromolecules it

is polyurethane fluorine atoms, that is actually the replacement of

ethylene links tetrafluoroatuylene, conditions the heterogeneity of

the geometric structure (tiransition from zigzag coinformation and
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spiral-shaped) of macro-cnaras and contributes to the formation of

different types of crystal structures. Especially clearly this is

developed during the introduction of fluorine to more running glycol

block.

LINEAR POLYURETHANE ON THE d &lS OF LOW-MOLECULAR GLYCOLS AND

AROMATIC DIISOCYANATES.

In industry widely are used the polyurethane on the basis of

toluenediisocyanate (TDI). Usuily 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 ot specimea/samples it is polyurethane on the

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

2,6-isomer 100:0; 80:20; 65:J5; 4U:60; 15:85 (15] showed, then

specimen/samples was polyur atdne, containing in the mixture of more

than 50o/o 2,6-isomer, capaoie ot beinq 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 iiax of polyurethane on the basis of

2,6-isomer in comparison with 2,4-isomer. 2.6-TDI can be located in

polymer chain only in two, and 2.4-TDI - in eight different

configurations.

ko
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The study crystallization with the aid of electron microscope

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 iormation of the more regulated

structures. So, polyurethane with relationship/ratio 2.4- and

2,6-isomer TDI 80:20 and b5:35 zorm globules and piles of amorphous

structure. Polyurethane on the basis of 2.6-TDI, having molecules of

more regular structure, gives as the primary structures of pile with

three-dimensional crystalline order. From piles are form/shaped the

spherulites and dendrites, it polyurethane on the basis of the

mixture of isomers TDI 15:8 and ethylene glycols during the

vaporization of dilute solutions gives spherulites, then for

polyurethane on the basis ot TDL 5:95 and of ethylene glycol ordering

goes further and together wirn spaerulites are formed the dendrites,

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

In contrast to hexametnyiene aiisocyanate polyurethanes on the

basis of 2.6-TDI, diethylene- and triethylene glycol, they are not

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

Page 90.

i
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This is Pxplained by the possibiiity of the emergence of the

irregular hydrogen bonds between urethane and simple ether/ester

groups of glycol components.

In contrast to TDI for dipkenylmethane diisocyanate (DFDI) the

crystallizing polyurethane are obtained not only on the basis of

ethylene-, but also diethylene- and triethylene glycol. However,

capability for crystallization is lowered upon transfer from ethylene

glycol to triethylene glycol on the same reasons, as in the case of

TDI.

During the study ct tke crystallization of those indicated, it

is polyurethane on the basis of etuylene glycol from solutions and

fusion/elt establish/installed, that in both cases is formed crystal

structure of identical mditication. 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 glycol forms the large spectrum of the

morphological structures: spherulites, dendrites, single crystals.

1 .
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The polyurethane, obtained on the oasis of DEG, gives as

supermolecular structure spherulites, while pclyurethane on basis TEG

does not form any sharp morphological forms.

Data according to synthesis and some physicochemical properties

it is polyurethane on the bdsi~b ol ethylene glycol and

diphenylmethane-, diphenyl-, atkiae-, diphenyl propane- and

diphenylbutandlisocyanates they are given in (263].

Polyurethanes on the basis oi enumerated diisocyanates form

crystalline products, that by the confirmed data of X-ray analysis.

Figure 50 depicts the dependence ot the intensity of reflexes on

diffraction angle for sFecimen/sdaples it is polyurethane on the

basis of diphenylmethane diisocydnate, that are crystallized with

different speed.

However, 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

phenomenon is explained by a change in the conformations of

macromolecules it is pc1liarethans.
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2
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Fig. 50. The dependence ot the intensity of reflexes on diffraction

angle (20) for the specimen/sampies of polyurethane on the basis of

diphenylethanediisocyanate: I - amorphous specimen/sample, obtained

by rapid landing; 2 - crystalline specimen/sample, upset from

concentrated solution; J - crystalline specimen/sample, upset from

dilute solution.
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Table 24 gives some properties of those indicated it is

polyurethane. Let us note tnat the valueAofrlatio/relation

does not depend on the chemical structure of macromolecules, but it

is determined by the type of crystal structure of polyurethane.

Work [2401 given data according to the analysis of crystal

structure of polyurethane on the basis of
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4,4I-diphenylethanediisocyaaate and tetramethyleneglycol. It is

shown, which this polyurethane forms a, 0- and y-crystalline forms.

a--form badly/poorly yields to orientation, but with stretching more

than to 300o/o it disintegrates. it appears as a result of annealing

during removal/taking from the specimen/sample of voltage/stress.

Forms f and 7 are easily formed, when the molecular chains of

polyurethane are orientea. Is assumed that a-type has folding

structure, and a-and y--form - trinqed micellar.

Synthesis is polyurethane on the basis of fluorinated and

nonfluorinated 1,4-bis-(p-Uydroxyethoxy) of -benzene, and also the

investigation of some their pnysicochemical 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 tneir aunfluorinated analogs.

I..
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Table 24. Structure and property it is polyurethane on the basis of

ethylene glycol and aromatic diisocyanates.

CTpyKTYpS nojlnypeTaua cCK&A 99S- nTI.. 3 pH
KMUTb 13 30

° 
C.

N ' -, aM A 239 92,71 0,72 1

-NIICOOCHCH,0CO-),
(-NH--'-- --(CH )-- - - 0,70 HSO, 312 116,9 0.67 1.3055

-NHCOOCH,CHOCO-)=

' NH \-(CH 2 ). .// 0,36 ,aMOA 207 74,1 0,72 -

-NHCOOCHCHO)CO--)"

(NH-/- '\-(CH,),- 7 -- 0,46*,-M4A 274 105.7 0,6 -
-NHCOOCHCHOCO-)

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

number '.

FOOTNOTE 1. Ductility/touganess/visCosity of 0,5o/o solution with

300C. (3). Density with 3U0 C of /cm3 . (4). V.

FOOTNOTE 2. Value T, and r,, tney are given in OK.
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Page 92.

PROPERTIES OF SOME POLYAMIDE URETHkANES.

For explaining the specidl feature/peculiarities of structure,

in comparison with polyamides it was polyurethane to study the

structures of polyamide uretaaues. Such some polymers on the basis of

diethylol amides of the secies/numuer of dibasic acids are described

in [1551. Are investigated polyamiue urethanes (PAU) of the following

structure:

1-0 (CH2) NHCO (CH,), CONH (CH,), OCONH (CH), NHCO-I.

where n - a quantity of metnylene groups, which form part initial

dibasic acids. In these PAU a quautity of methylene groups between

amido groups was predetermined compound/composite of acid on basis of

which was synthesized dzethylol aside.

PAU, obtained on basis of diethylol amides of oxalic (n=0),

succinic (n=2), glutaric (n=j), adipic (n=4), pimelic (n=5), azelaic

(n=7), sebacic (n=8) acids, are itkvestigated by the methods of

infrared-spectroscopic, X-ray (29] and differential-thermal analyses

-1
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I401. It is establish/installed, taat PAU develop the properties,

which are inherent in bota the polyurethane and in polyasides. 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

most characteristic changes in them are observed in the region of

oscillating the groups, waica 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-1), but with even n - one (3320

cm-' ) , in this case, the appearance of an additional strip 3260 cm-1

is accompanied by the increase or the intensity of strip 3080 cm-1 .
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N 0 __________

16 20 24 25 ?f' 19 23 27 29
a '

Fig. 51. Intensity curves at scattering X-rays for PAU with even (a)

and odd (b) n.

Page 93.

Based on the example of PAU wita a=3 reveal/detected that in

specimen/samples (films), ootdinea by the dissolution of polymer in

formic acid with the subsequent removal of the latter, in spectra

disappear strips 3260 and looO) cm-&, and also decreases the intensity

of strip 3080 cm-1 . However, aLter prolonged boiling in water and

drying, is formed powder PAU whose spectrum takes the initial form.

These phenomena gave tha touadation for to the authors (291 assuming

existence in the series oi PAU with~ odd n of tvo types of structures

and proposing the probable models of unit cells PAU with even and odd

n.
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Intensity curves of scattering the X-rays of investigated PAU

(Fig. 51) testify to the cnaracteristic differences for the structure

of separate forms P&U. So, in tae X-ray photograph of P&U with n=8

are very clearly visible four mcximums. For the present instance it

is assumed that in polyurerhaat section of chain is realized the unit

cell of polyurethane, ana in tue poliamide section of chain, - a

structure of ?olyamides.

S
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Fig. 52. Thermograms of heating PAU with even (a) and odd (b) n.
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On the basis of the prooaole 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- aa C=-oscillation/vibrations is caused by

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

In contrast to f29]. where actually was studied the structure of

initial specimens PAU, in [4U] was investigated the effect of thermal

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

In all PAU with even nuaer 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 oi melting. On this basis/base is made the

assumption about the capaoility of PAU for the formation of

polymorphic crystal structures, especially for PAU with even n.

PHASE TRANSFORMATIONS AND VITHIFICATION LINEAR AND OF

THREE-DIMENSIONAL ONES 15 PULfUUETHANE 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) units, out also on the length of the latter (4,

15]. So, based on example it is poLyurethane with the

oligohydroxyethylene units of aifferent molecular weight

establish/installed [15], that the 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

with oligoester units in contrast to it is polyurethane with

low-molecular glycol units it does not depend on the structure of

diisocyanate, but it is determined by structure and nature of

a.
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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 increases the share amorphous

structure. However, with iurtnez increase in the oligoester unit,

urethane links begin to play only role of the defective sections

which impede crystallization, out they cannot completely interfere

it. In this case the crystaili-ation occurs only over oligoether

links and the lattice structure oi polyurethane becomes sufficient to

close to the structure of the lattice oligoether.

In connection with 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 us6d the cross-linked polyurethane with

such crystallizing oligoetnec glycol units as

oligoethyleneglycoladipate and oligohydroxytetramethyleneglycol

(polyfurit). Therefore we primary attention will give to these

oligoners, and also to linear and cross-linked polyurethane on their

basis.

Page 95.
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Properties of oligoethylenegLycoladipate and synthesizeU on their

basis of linear ones and cross-linked is polyurethane.

Crystallization in oligoetkyleneglycoladipate (OEA) with M=2000

is thoroughly studied (1341] by te methods of differential-thermal

and X-ray diffraction analyses, I spectroscopy, optical and electron

microscopy (Fig. 53, see insert). For the specimen/sample,

crystallized at -80C, is ooserved fine-crystalline structure (Fig.

53, I., b); the spherulitic character of crystalline grains revealed

well only during electron-microscope increases (Fig. 53, ic). in

temperature range from U to +20 0 C, are crystallized radial

spherulites (Fig. 53, 2a, L), zor which electron microscopy

reveal/detects lamellar structure (Fig. 53, 2c). Higher than this

temperature are formed ring type spherulites (Fig. 53, 4a, b). In

turn, before achievement Dy 400 c spherulites acquire acicular

structure (Fig. 53, 3a, b), to which on electron

microphotography/icropnotograpa (Fig. 53, 3c) corresponds the

surface with a large number seemingly of projecting from it

projections.

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

spectroscopy, it is establisa/installed, what OE& can exist in two
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crystalline modifications - a- aud a-types. In the region of

temperatures from 0 to *,4)0 C, it is stable P-types. but is higher

than 400C - a-type; in intermediate temperature range coexist both of

forms.

Thus, 0-type predetermines tae 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 Dy raythmic crystallization alternately

a- and 0-types OEA. However, during heating of the spherulites,

molded at low temperatures, in them are observed the polymorphic

transformations, fixed/Lecorded oy X-ray and spectrum investigations,

but there are no visible chadges in the forms of spherulites up to

from melting. This testifies to the stability of the supermolecular

structures of higher order, what are spherulites, not changing even

with the rearrangement of the primary structures, which are

determining the character ot te drrangement of molecular chains.

Using calorimetric method are studied OEA, and also the linear

and cross-linked polyuretaane on its basis [1091. The investigations

of this systematic series/number made it possible to estimate the

effect of such parameters as tae tLexibility of the chain of

oligoether, the denseness of physical and chemical grids, to some
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bonded with the mobility of macro-chains properties of the

cross-linked polyurethane alastoaers. Table 25 gives the initial

characteristics of the investigated substances. By diisocyanate

component with synthesis is polyurethane it served

toluene-2, 4-diisocyanate.

1u
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Table 25. The characteristics ot oligoethyleneadipate it is

polyurethane on its basis.

....€.' Olxe ie em.
Be(CTO 0603H aqex. m 8@TeN

aeecysa I r/rn

OjnHIxoTHmr.lef.lKOqbalan~HHaT 03A-i000 1000 -
55bJqHroypeTaH Hal 03A-1000 OY-1000 47000 -

OANroypeTaH Ha 03A.2000 OY-20D0 44000 -
Lt)EmacToMep Ha 03A-1000 3J-I 38 1:3
iaCTOMep Ha 09A-1000 9.1-2 540000 1:1

rJ.nacToMep Ha 03A-2000 9JI-3 - 1:3
0.TOCp Ha 03A-2000 M1-4 - I:!

Note. With asterisk corrected value A.

Key: (1). Substance. (2). Conventional designations of substance.

(3). Relationship/ratio of cross-linking agent DEG/Gi. (4).

Oligoethylene glycol adipinate. (5). oligourethane on. (6). Elastomer

On.

Table 26. Equation C,=f(T) for oligoether/ester, oligourethane and

cross-linked it is polyurethane.

a
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(i) Temneps. Tamep.
Ilojmmep TypI MR HH- TYPHIdI H1.l paexeHme TePBa.,C Vpasme~we Ter'88.1. "(

3A-1000 -0.012-1,49.10- 3 T -60 20 -0.012+1,49. 10- 3 T -60 20
0,462-+- 10-' T 50 100 0,462+I0-4 T 50 100

3A.2000 -0,186+2.17.10- 3 T -70 20 - - -
0,4534- 10- T 60 100 0,512 60 100

OY-I000 -0.125 +1,5.10 - 3 T -30 20 - -

0,320 -0- A T 45 100 0.320+10-4T -30 100
OY.2000 -0.103-;-1,52 10- 3 T -30 20 0.376+10 - 4 T -30 25

0.403+104 T 50 100 0,403+ 10- ' T 50 100
M.11-3 0,195+10--4T -50 -30 0,195+10-4T -50 -30

-0.116-- 1.51.10-3 T -20 10 - - -

0.325 4-I0- T 50 100 0,325+10 - 4 T -20 100
3.TI-4 0,191-4-0T -50 -30 0,191+i0-4T -50 -35

-0.117 - 1 ,5.10-3 T -20 10 - - -

0,315-10 - 4 T 50 100 0,315+10 - 4 T -20 100
3.11-1 0,90-r10-4 T -50 -20 @)To we -20 100

0,306+ 10- 4 T 0 100 -A -20 100
31-2 0,190 - 

10
- 4 T -50 -20 a * -20 100

0,310-,-10- 4 r -5 1oo V -20 100

Key: (1). Polymer. (2). initial specimen. (3). Hardened/tempered

specimen/sample. (4). Equation. (5). Temperature interval, oC. (6).

from. (7) . to. (8) . The same.
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Relationship/ratio NCO:OH in prepolymers (oligourethane) was equal to

1:1. The cross-linked polyurethane elastomers were obtained through

the stage of prepolymer ducing relationship/ratio NCO:OH=2:1;

cross-linking was produced b the mixture of diethylene glycol (DEG)

with glycerin (0 ). Comaon/general/total relationship/ratio

i
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lCO:OH=1: 1.

The curves of the temperature dependence of the heat capacity of

the specimen/samples of all forms of polymers indicated are given in

Fig. 54 and 55. As can be seen trom the figures, the curves of heat

capacities CIT consist of several linear sections, which correspond

to the regions of the glassy, highly elastic, crystalline and viscous

flow states of polymers, and also sections with anomalous deviations

from linearity in the regions of vitrification and phase transitions

(Table 26).

The course of the temperature dependence of heat capacity for

crystalline (annealed) speciaen/samples CEA-1000 and OEA-2000 (Fig.

54) in the wide temperature range, which lies is lower than the

temperature of the beginning ot phase transformations, it is linear.

Beginning with 20 0 C to curvea I oth oligomers it is observed the

lift which for CEA-1000, in passiny by through point of inflection

with 4OC, changes into the peak ot melting with 50 0 C with

C' = 1,95 cal/gedeg. For OBA-2000 this lift is ended by the

eadothermal peak with 40 0 C with C, 0,94 cal/godeg, after which the

value of heat capacity sharply falls to 0.76 with 43 0C and again it

grow/increases, changing in the second endothermal peak (meltings) at

53 0 C with C,- 1,76 cal/odeq. The obtained values of melting point

OEA-2000 coincide with value for high-molecular

I.
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polyethyleneglycoladipinate [221].

At the end melting (bUOC) the heat capacity of fusion/melts of

both of oligomers barely is changed. The thermal effects of melting

the annealed specimen/samples Osk-1O00 and OE&-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/-aamples, subjected to quenching. As can be

seen from Pig. 54a, specimen/sample OFA-1000 does not undergo

quenching, to which testifies tae absence of characteristic curve

knee 2 during vitrification and the linear dependence of heat

capacity on the temperature in range from -60 to 50 C, which coincides

with the same for the annealea specimen/sample. However, at 160C 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 450 C with C,= 1,98 cal/godeg, and it decreases to

0. 193 with 550 C.

During heating of the aarueneu/tempered specimen/sample CEA-2000

(Fig. 54b, curve 2) is cbserved the jump of heat capacity in range

from -62 to -540C, caused oy the transition of oligomer of the glassy

into viscous flow state, and two exothermic peaks of crystallization

at -16 and 20 0 C, after which the heat capacity continuously
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grow/increases to 0.46 cal/gedeg with 530C.
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As in the case of the annealed specimen/samples, heat capacity of the

fusion/melts of the hardened/tespered specimen/samples of both

oligomers only insignificantly they are increased with temperature.

In view of the imposition of the effects indicated it was not the

possible to estimate them quantitatively. However, the approximately

thermal effect of melting the hardened/tempered specimen/sample

OEA-2000 is 1.5 times more than the summary thermal effect of

crystallization.

The curves of the temperature dependence of the heat capacity of

oligourethane and elastomers are given in Fig. 55. In initial

specimens it is polyurethae (curve 1) not reveal/detected

vitrification and their heat capacity linearly increases from low

temperatures to 200C.

-q

V



DOC =79011106 PAGE

z~o.

L,2

-50 0 a 50 100 70 C
Cp, gonle p58 CI
,0 -

U 5- 2 1

to0-

-50 0 50 1oo T,°C

Fig. 54. The heat capacity of oligoethyleneglycoladipinate OEA-1000

(a) and OEA-2000 (b) : 1 - annealed specimen/sample; 2-

hardened/tempered specimea/sample.

Key: (1). cal/gdeg.

Page 99.
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Higher than 200c heat capacities ot initial specimens smoothly

grow/increase and appear the peaks of melting for DO-1000 with 380 C

(C,= 1.02 cal/godeg) and for UU-w00 at 400C (C,= 1,66 cal/g-deg). The

corresponding thermal ettacts are o.9 and 12.8 cal/g. Melting OU-1000

and OU-2000 is ended respectively at 43 and 490C, after which the

heat capacity remains almost constint.

In the hardened/tempered specimen/samples (curve 2) OU-1000 and

OU-2000 are observed the jumps of heat capacity at -36 and 460C

respectively, bonded with transition from glassy to highly elastic

state. Higher than the temperature of the vitrification of heat

capacity of both of hardenea/teapered specimen/samples linearly they

depend on the temperature (see Table 26) up to 1000C; however, in

OU-2000 is observed small maximua with 400C with C,=0,44 cal/godeg.

Higher than 500 C the heat capacity of the initial and

hardened/tempered specimen/samples coincide.

From Fig. 55c, d it is evident that elastomers EL-3 and EL-4 on

basis OEA-2000 are capable o crystallization, to which testify the

peaks of melting initial specimens (curves 1). Temperatures and heat

of fusion of initial specimens EL-J and EL-4 are equal to 360C, 8.95

cal/g and 360 C, 8.20 cal/g vespectively. The presence of the small

Il
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(order 0.02-0.03) lumps of aeat capacity in the temperature range of

vitrification tells about tua iacompletness crystallization in these

systems.
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C".,4 epne (I) CO, H aiwe 2W

1,0.
oJ 2 aS2

0,- ?2r 5,2A

-50 0 50 100-50 0 s0 T. C

Fig. 55. The heat capacity of oligourethane 0-1000 (a), OU-2000 (b)

and cross-linked it is polyuretnaa EL-4 (c), EL-3 (d), EL-2 (e),

EL-i (f): 1 - initial specimen; 2 - hardened/tempered

specimen/sample.

Key: (1). cal/godeg.
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The curves of the heat capacities of the hardened/tempered

specimen/samples consist of linear sections before and after

vitrification temperature, waich for EL-3 and EL-4 is equal to with

respect -27 and -290C. Elastomers FL-1 and EL-2 are not capable of

crystallization (Fig. 55e, i). The curves of the initial and
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hardened/tempered specisen/samplas for these elastomers coincide and

consist of the linear sections, divided by intervals of bends,

corresponding to the temperatures of vitrification (-70C for EL-1 and

-140 C for EL-2).

All investigated specimaen/saples, with exception OEA-1000,

underwent quenching, and for thea were determined the values of some

values, characterizing vitrification ffable 27). In this case as for

systems with oligodiethyleneglycol units, upon transfer from oligomer

to cross-linked elastomer T, regularly it is raised.

Since T, polymers depends on molecular weight, regularity of

structure, flexibility of chain, presence and arrangement of

functional groups, the network density of chemical cross-linkings

etcetera, increase T in linear oLigourethane it is caused either

greater in comparison with initial oligoether by the rigidity of

chains determined thermoaynamic liexibility or the presence in the

last/latter polar urethane groups, which affect the kinetic

flexibility (mobility) of caains. For systems with

oligodiethyleneglycol units, is already shown the indisputable effect

of the second factor.

In this case the ccmpariSon oi the thermodynamic flexibility of

oligoether/ester and oligourethane is carried out on the basis of the

S
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equivalency of form and size/dimensions of macromolecules in e.

-solvent and disordered state. As the measure of thermodynamic

flexibility, is selected ptraseter Ke from the equation of Kun-Mark-

Khuvink for the ductility/toughness/viscosity of polymers in 0.

-solvents, since Ke depends only on structure and conformation of

macro molecule.
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'Table 27. Characteristics tne vitrification of systems on the basis

of oligoethyleneglycoladipate.

..=,0..o~~~ T.,. .r., r..c -. ,×

.A.1000 0.108 8 -57 17.2 1,86
OY-1000 i.132 8 -36 22.4 2,96
OY.2(00 0.130 8 22,4 2,91
9.1-4 0,127 9 -29 22,4 2.85

0.-. 0,1:5 8 -27 22,4 3.02
3.1-2 0.126 12 -4 22,4 2,82
3),11-1 0.120 15 -7 22,4 2,69

Key: (1) . Substance. (2). cal/godeg. (3). cal/moleedeg.

FOOTNOTE t. 1, - interval or vitrification.

2. !: - was defined as temperature by which increment of heat

capacity ci during vitritic4tlon reached half its value.

ENDOOTNOTE.
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Kathey determined according to the equation of Krevelen [252]:

K S A1''S. At'), V,

where R,- molecular weight, which is necessary to one atom of main
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circuit; S.- value, depending on t-e specific hardness, which is

necessary to one atom ot main circuit.

The numerical value of parameter Ko render/showed

K. - (.51I0-'4,14)3= 17,8.10-' and (51.2*10-2/4.15)3=18.8910- 4 for OEA

and OU respectively. Calcuiated value Ke for OA in accuracy

coincides with experimental data, that confirms the authenticity of

the obtained results.

since value Ke for OEA ana oU they are close in value, then

count that the thermodynamic £lexivility of macromolecules OEA and OU

virtually identical. Hence it follows that the presence of

diisocyanate unit does not affect the thermodynamic flexibility of

the chains of linear oligoarethane, and consequently, increase Te

upon transfer from OFA to OU Ls 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 Te on the concentration of urethane groups into OU (Fig.

56).

The presence of chemical cross-linking in elastomers also

considerably decreases the segmental mobility of macromolecules,

leading to further increase T,. 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 groups physical grid (table 28).

Certain increase T. EL-3 and EL-4 can give the partial

crystallization of these elastomers (see Fig. 55c, d). Rigid

crystalline sections also li.mit nobility of chain in the adjacent

regions, producing increase Tl.

It
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-40

- s0o___________

0 0'5 1.0 f.5 2.0 2.5 CMoa./10001

Fig. 56. Dependence T of oligourethane on the concentration of the

urethane groups: -T, it is calculated;, -- r is determined

ex perimeon tall y.

Key: (1) . mole.
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Let us examine now the caracteristic vitrification via the

comparison of the jump of heat capacity during the vitrification of

the separate objects of th&e investigated system taking into account

Wunderlich'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/moleodeg. Table 27 corrected values ACp for the investigated

series/number of polymers, outained on the formula

AC; MC,,

where H-average molecular weight, which is necessary to one "bead";
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AC - observed in experiment jump of heat capacity during

vitrification.

Values AC, for all investigated systems (see Table 27), with

exception 01-2000, they are close to theoretical. Somewhat low value

AC, for OEA-2000 is explained oy the partial crystallization of

oligomer with quenching. This inQicates 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, tor OBA-2000 is close to value (1.5) of

the relationship/ratio of its heat of fusion and crystallization.

According to (343], A Cr is proportional to the specific volume

of energy of the formation of new holes and is inversely proportional

T. It is known (for 343] hdt the cross-linking of polymers is

accompanied by the decrease ot specific volume. At the same time upon

transfer from 00 to cross-linked eiastomers AC, it remains invariable

and T, grow/increases (sea Taole 27). Hence, the presence in

molecular structure it is polyurerhane the grid of physical and

chemical bonds raises energy ot the formation of new holes the

greater, the greater the network density.

lkJ
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Table 28. Contribution of diisocyanate and chemical cross-linking in

increase T in oligodietuyleneglycoladipate.

B)ec'So MO.1b, 1000 , T T Ar c CaeN.
au4). T;WU RaTens

.lII ' -- 1 _ _7 _ _ 2

03A-2000 - - -57z~ -

9J-I1: -9 7 38R 12
-M1-2 1.8 -19 -14 38 5
311-3 3.2 -35 -27 22 8
M.14 3.2 -35 -29 22 6

Key: (1). Substance. (2). mole. (3). calculated. (4). cross-linking

agent.
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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 explained by a decrease of a number of

the vibrational degrees of freedom 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 t~e curves of the temperature

dependence of the heat capacity of the annealed and hardened/tempered



DOC = 79011106 PAGE

specimen/samples OE&-1000 and OhA-2000 (see Fig. 54a, b) it is

evident that the maximums of the peaks of melting hardened/tempered

specimen/samples of both of oligomers are misaligned into the region

of lower temperatures. Furthermore, for the hardened/tempered

specimen/sample OeA-2000 is observed two exothermic peaks of

crystallization. The discovered phenomenon is explained by the fact

that depending on the conditions/mode of heat treatment in the

specimen/samples of OEA are formed different crystalline

modif ications.

The small area of tue peak o! the crystallization of

high-temperature form (at 160 C) and the absence of the peak of the

crystallization of low-temperature form in OEA-1000 indicate its

extremely high crystallization rate which it is not possible to

completely suppress even quenching in liquid nitrogen. The complex

character of the dependence of heat capacity of both of

oligoether/ester in interva± of 20-40 0C (see Fig. 54, curve 1) is

explained by rearrangement and decomposition of supermolecular

structures.

As can be seen from Fig. 55, transition from OBA to OU is

accompanied by the noticeable decrease of the capacity to be
crystallized, to which teitify the significant decrease of the

thermal effects of melt ing initial specimens and the absence of
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crystallization in the hardened/tempered specimen/samples OU. OU are

crystallized only in time moreover OU-2000 is crystallized

considerably faster than an OU-1000.

Crystallizing the polymers can be divided into two stages: the

formation of the metastable two-dimensional-regulated state (without

a change in intermolecular iateraction) and the spontaneous

transition into final state with three-dimensional order, which is

accompanied by an increase in intermolecular interaction. For the

polymers, which do not have polar functional groups, the capability

for crystallization is determinea in essence by the thermodynamic

flexibility of chains, and therezore for them the stages of

crystallization indicatea it is not possible to experimentally

divide. However, the properties of macromolecules OU are determined

not only by the thermodynamic, out also kinetic flexibility, wxich

depends on the concentration oi urethane groups. In this case the

intermolecular hydrogen bonds which are formed during the first stage

of crystallization, noticeably staDilize two-dimensional-ordered

pseudocrystalline state, as a result of which under the temperature

conditions indicated tt.e secoina stage of crystallization

occur/flow/lasts for a ion4 time C276, 266].

Page 104.
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Since the concentration or urethane groups in OU-2000 is less

than in OU-1000, capability for crystallization, i.e., the smaller

duration of the first stage of crystallization, in OU-2000 it is

more. On the other hand, aLtuough the energy density of cohesion into

OU 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 gceater defectiveness of crystal lattice

OU, 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 OUJ-1000 is consideraoLy less than in OU-2000. Since the

concentration of units 2.4-Tiu in uU-1000 is more than in OU-2000, it

is possible to expect that a temperature decrease of melting in

OU-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 hi.u melting point OU-1000 is caused by

small entropy of fusion, as a result of an increase in the entropy in

crystalline state because or the disordering action/effect of links

2. 4-TDI.

Transition to the cross-linked elastomers is accompanied by

further reduction in the capability for crystallization as a result

of steric limitations, applied on mobility of chain by the nodes of

chemical grid. Capability for crystallization they retain only EL-4

and EL-3 (see Fig. 55), network density in which is considerably 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 density. An

insignificant (order of 20 c) temperature decrease of melting EL-3 and

EL-2 is explained so by small network density which the

exception/elimination or the cross-linked sections of chains from

crystal lattice leads only to an insignificant increase in the

entropy of fusion and it barely affects melting point.

The absolute value or tue neat capacity of the fusion/melts of

studied OEA and OU in the range of temperatures to 100 0 C barely

grow/increases.

In accordance with tree-volume concept [231] the heat capacity

of liquids is composed of ,'oscillatory" and "hole" (bonded with the

formation of new holes) parts. Assuming that melting is reduced to

formation and enrichment ot fusion/melt by holes [143), then the

observed course of the ,neat capacity of the fusion/melts of the

oligomers being investiyated one snould, obviously, explain by zero

contribution of one of the dddend common/general/total heat capacity,

namely "hole" part. This tells auout the fact that energy of the

formation of new holes exceeds energy of the thermal agitation of

olecules in the fusion/melts of ORA and OU.

S
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Properties oligohydroxytetrametlayloneglycol and synthesized on their

basis of linear ones and cross-iuxed is polyurethane.

Some properties it is polyurethane on the basis of

oligohydroxytetramethyleneq.ycoI (polyfurit) they are investigated by

calorimetric method [77) CTaoie 29) . Relationship/ratio OH/NCO for

oligourethane and elas omers wds the same as for such on basis OEA.

As is evident in Fig. 57a, tne heat capacity of the annealed

specimen/sample PF-1000 (curve 1) in range from -70 to -500 C has

constant value and then smoortali it grow/increases, developing small

endothermal peak (thermal etrect of 5.814 cal/g) with maximum with

00 C, after which it is lowered dt b0 C and then sharply it

grow/increases at 130C. in interval of 13-180C, increase ia the heat

capacity somewhat is retarded, and then appears into the basic peak

of melting with 230C. Melting is ended at 330C, after which the value

of heat capacity to 100 0C virtuciily is unchanged. The

common/general/total thermal effect of melting is 28.65 cal/g.

During heating of the hardened/tempered specimen/sample PF-1000

(Fig. 57a, curve 2) the heat capac4.ty increases linearly in the range
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of temperatures from -80 to -2U0 C, after which the heat capacity

rapidly grow/increases, caanging into endothermal peak vith maximum

with 11oC and by thermal eftect of 10.6 cal/g. After decrease with

150 C, the heat capacity again rapidly grow/increases at melting point

with 220 C and decreases up to 320C. The summary thermal effect of

melting is 27.95 cal/g.
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'able 29. The initial characteristic of

oligohydroxytetrauethyleeglycol it is polyurethane on its basis.

0-.

O.lH4)'y pHTr f14)-I00 960
O~mrovpe-a. Ha 10-1000 OYj0 -100 600 -

5)0.Iwro0'%'vpTa Ha -o-2000 ONc0-2000 15600
,,,jRacTo Ntep Ha '00-O00 3-)-I 4600 * 5

(&
3.aCToMel ) Ha I1TV-1000 3,10-2 2540 * 1:AcJ)3JIacroIep na nI4.2000 4,310i3 7950 I IOCamodep Ha r11-2000 3.4-4 4360" 1 31

Key: (1). Substance. (2). conventional designations of substance.

(3). Relationship/ratio of cross-linking agent. (4). Polyfurit. (5).

oligourethane on. (6). jLastomer on.

FOOTNOTE 1. Corrected values M E ENDFOOTNOTE.

Pages 106-107.

The heat capacity of tue annealed specimen/sample PF-2000 (Fig.

57b, curve 1) linearly grow/increases from -70 to -100C and then

smoothly appears endotheiaai peat with 190C (thermal effect of 6.95

cal/g). At 230C heat capacity is reduced then rapidly grow/increases

i _ ,
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and becomes maximum at melting point with 320 C. Common/general/total

thermal effect of melting is ejual 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 range of temperatures from -95 to -800 C,

characteristic for transition from glassy to highly elastic state.

value Te for polyoxytetramet1ylene is equal to -55 on [341], -84 on

(338], -86 0 C on [337].

From results of calorimetric measurements, it follows that T,

the PF-2000 has value on the order of -880 C, which is close to value

of -860 C, obtained by dilatomaetric method (33]7 for a high-molecular

polymer.

From -800 C heat capacity of the quenched specimen/sample PF-2000

linearly grow/increases to -2UOC and it passes through the

endothermal step with 11-15 0 C (thermal effect of 5.45 cal/g),

changing then into the peax of melting with 260 C; melting is

completed at 360C and heat capacity it decreases.

A
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heat capacity barely grow/iucreaes, but beginning with 800C it
decreases, developing exothermic peak with maximum with 135 0C. The

thermal effect of exothera.c process with 145 0C is equal to 64.8

cal/g.

In the curve of the heat capacity of the annealed

specimen/sample OUF-1O00 (Fiy. c, d) is observed the jump in range

from -75 to -640 C, which corresponds to the devitrification of

oligomer, after which the neat capacity retains linear dependence

with insignificant lift to -350C. Further it decreases before the

achievement of exothermic peat with -110C in solidification range

from -35 and approximately to Joc and directly it changes into the

peak of melting with 150C. la view of the imposition of

crystallization and melting, accurate determination of the heat of

these processes was not impossi i . The data of heat are close to

each other and are approXiuately 6.8 cal/g.

Similar pattern is oa.erved also for the hardened/tempered

specimen/sampleoUF-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 DOC)

temperatures with peak at -15ok. At the same time an interval of

melting is expanded (from 0 to 2,0 C), moreover the peak of melting is

misaligned to 130C. The thermal effects of crystallization and

melting are equal to 6.43 and 0.95 cal/q respectively.
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Fig. 58. Heat capacity of the initial (a) and exposed/persistent at

temperature of -400 C (b) speciaen/samples of those cross-linked it is

polyurethane:

I - 9.10-1; 2 - 3J1O*2; 3 - 3.10-3; 4 - 340~4.

Key: (1). cal/godeg.

Page 109.

The curve of the heat capacity of the annealed specimen/sample

OUP-2000 (Fig. 57 c, d, curve I) in low-temperature ones region

consists of two sections of range irom -70 to -40 and from -30 to

0oC, then it passes through tae small lift with maximum with 100C, it

is lowered at 180C and sharply it grow/increases at melting point

with 29C. Thermal effect is 17.35 cal/g.
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The heat capacity of the hardened/tempered specimen/samle

OUF-2000 (Fig. 57d, curve 2) linearly grov/increases from -70 to

-200C, it passes through rue lirt with -10 C and after insignificant

lovering with 60C, rapidly it grow/increases at melting point of

270C. Heat of melting 16.9 cal/g.

Figure 58a depicts the curves of the heat capacities of the

initial specimens of the cross-linked elastomers. These elastomers

are not capable of crystallizdtion at room temperature, to which

testifies the absence of the noticeable peaks of melting, and also

the presence of sharp bends at vitrification temperatures on the

curves of heat capacity in low-temperature ones region. The

temperatures of the vitrification of elastoner on basis PF-2000

(curves I and 2) lie/rest at tae region of lower temperatures, than

in elastomers on basis PF-1000 (curves 3, 4).

Figure 58b gives the curves of the heat capacities of the

elastomers indicated, exposed/persistent long time at temperature of

-4oc.

I.
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-table 30. Equations C,-f() for tae linear sections of the heat

capacities of oligoether/ester, oligourethane and cross-linked it is

polyuret hane.

nompsep "3) 3aaeu n YPHsUR RL fyp a. e-lepa-

(qane TIpnaJC Vpamee t

n-Ioo0 0,2 4 7 +1, 9 7 .10-4 T -80 -20 0.298 -70 -50
0,162+9,8. 10- 4 T 33 100 0,503 ' 2 100

fno-2000 --0.293 +3.610- 3 T -70 -10 0,036-,49 10- T -80. -20
0,550 43 90 0,450 1 36 i 80

OY-1000 0,182+ 9,8 .10- 4 T -60 -35 0,16+98. 10- ' T -60 - 40
0,300+4,95.10- 4 T 23 100 0,148+1,03 10- 1 T 23! 100

OY-2000 0.102+9,6. 10- 4 T -70 -40 -0,083+1,51 1-o- T -70 -20
0,227+1,03- 10- 3 T 40 100 -0.198+2.02 10-  T 35 10

31IJ.1 0,113+9.8.10- 4 
f -70 -54 0 ,1 13 +9, 8 . 10

- 4 T _ -54

0.190+9,8.10 - 4 T -35 100 0,198+9,8. 10- T 1-36 100

W)10-2 0,0)94+9,8.10-4 T -~9( -so 0,094-(-,8. 10-1 T -70 -50
0,137+9.8. 10- ' T -30 100 0,088+9,8.10 -

4 T 30 100
3)I0-3 0,172+9,8.10 - 4 T -60 -40 0,232+9.8 10- ' T -65 -20

0.186+9.8. 10- 4 T 35 100 0,2,32-9,8 10- 4 T 30 100

3J.IO4 0,148s+9,8. 0( ' T -60 -40 0.202+9.8. o10 T 1601
0,186+9,8.10 . 4 T 30 100 0.175+1,05.10- 3 T 1 30 100

Key: (1). Polymer. (2). Annealed specimen/sample. (3).

Hardened/tempered specimen/sdaple. (4). Equation. (5). Temperature

interval, OC. (6). from. t7) . to.

Page 110.

?con curves it is evident tuat under these conditions are

crystallized only the elastoaers on basis PF-2000 (curves 1 and 2) in

sufficiently wide temperature interval from -40 to SOc. Melting these

L I
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specimen/samples is accompanied by the appearance of sharp maximums

of heat capacity with 200c. deat of crystallization and melting

comprise with respect to 5.06 and 5.83 cal/g for ELF-3 and 2.93

and 3.66 cal/g for ILF-'.

Table 30 gives the parameters of equation -(T) 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 19.1.10-'

and 19.4.O0-' respectively. Coasequently, the thermodynamic

flexibility of macromolecules and these oligomers is approximately

identical, i.e., the presence o± the units of

toluene-2,4-diisocyanate is not reflected in the flexibility of chain

and T for these systems is predetermined mainly by a change in the

kinetic flexibility of macro-chain. This corresponds to the data

given in chapter II.

The presence of the grid of chemical bonds also leads to certain

increase T,. However, basic effect cross connections are exerted to

the value of an interval of vitritication, moreover is observed

tendency toward the expansion ot an interval of vitrification during
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an increase in the degree cross-liaking and the decrease of molecular

weight 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 cf tue free space of system in the places of

cross-linking [246), and also by the partial dissociation of

relatively weak hydrogen oonds in polyurethane on the basis of simple

oligoet her/ester.

The values of the increment of heat capacity during

vitrification A C, for studied series/number of polymers (table 31)

are close to the values, calcuLated for organic glasses [343].

Exception is the PF-2000, which is explained by its partial

crystallization with quenching.

i.I



DOC = 79011106 PAGE

Table 31. Characteristics the vitrification of polyfurit and

polyurethane on its basis.

(/) AT -C .. oc hE ( )O6paafeu 'a- C X KfAJIXObX

I xepad I I____&_______

1-2000 - -88 0,062 14,4 0,89
)YO-i000 6 -67 0,116 23,3 2,71

3.110-I 23 -43 0,104 23,3 2,42
3JI0-2 21 -39 0,098 233 2.28
WJ10-3 20 -77 0.113 23.3 2,63

3.11.4 20 -80 0,106 23,3 2,47

Key: (1). Specimen/sample. (2). cal/gedeg. (3). cal/mole-deg.

Page 111.

The value of the increment of heat capacity during vitrification

is proportional to energy ot 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 foraation of new holes grow/increases upon

transfer from initial oligoether to the cross-linked elastomer.

In bond with aforesaid, it is interesting to compare the

parameters the vitrification of polymers of both of investigated

series/numbers. Since Tc is polyurethane on the basis polyethers

(polyfurit) considerably lower than in it is polyurethane on the

basis of polyesters (oligoethyleneadipate), then energy of the



DOC = 79011106 PAG.

formation of holes in the latter accordingly higher. Since

polyurethane on the basis polyetuers differ from 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 terminal hydroxyl groups or NH-groups of urethane link more

strong/durable, than bonds with the collaboration of oxygen of simple

ester groups. This is ccnfirmed oy literature data (13, 327, 332].

For the hardened/tempered and annealed specimen/samples PF-1000

and PF-,00is observed the in stages character of the melting (see Fig.

57). Formally this character of the decomposition of crystal

structure resembles the picture of melting the annealed

specimen/sample OEA-2000 (see Fig. 54), which in crystalline state

can exist in two modifications. However, the results of the X-ray

diffraction analysis of polyoxytetramethylene f183, 236] make it

possible to consider that tor it is characteristic only one crystal

structure and that the observed shape of the curve of melting is

caused by the kinetic conditions of crystallizing polyfurit. In this

case, are noted two special reature/peculiarities. First, melting the

hardened/tempered and anneaied specimen/samples has the analogous

character, which attests to tue 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.

0
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Hence, the nucleation ct crystalline phase has the athermic

character, caused by the existence of micro-heterogeneity in

fusion/melts PF-1000 and ?F-2J00, heated to temperature of 100 0 C.

Such micro-heterogeneity, appaLentLy, are associates from

macromolecules, generatrices necause of the hydrogen bonds between

ether/ester oxygen and terminal hydroxyl groups.

In the second place, in accordance with Flory's thermodynamic

theory (210] the melting poiat or polymer crystalls is determined by

their size/dimensions. in tne 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 crystals .

Page 112.

On obtained curves of heat capacity PF-1000 andPF-9ocothere is several

maximums in an interval of tie 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

which are melted at the temperatures, which correspond to maximums in

the curves of heat capacity. Tuis will agree with the results of the

roemtgenographic and dilatometric investigations of similar in

structure low-molecular polyoxyetnylenes [161], for which is
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reveal/detected the phenomenon oi fractionation in the unit of

flat/plane crystals depending on their height.

In turn, the height of crystallite in low-molecular

polyether/polyesters is determined by the length of macromolecule

(1611. Thus, the observed character of melting can testify

simultaneously to polydispersion low-molecular PF-1000 and the

PF-2000, which depending on synthesis condition can achieve

significant magnitude [63, J34].

Low melting points PF-1I00 and PF-2000 (Table 32) are explained

by the high values of entropy ot rusion. Since the entropy of fusion

strongly depends on the conirmation of macromolecules in the molten

state, is given below the estimation of the contribution of the

conformational entropy of these oligomers upon transfer from

crystalline to liquid state.

The entropy of fusion of polymers can be presented in the form

of following expression (td]:

AS., = ASv + (AS.,)v,

where AS, - the contribution to entropy, caused by volume variation

during melting AV,.;ASnx - tne contribution, caused by a change in

the chain conformation during melting at a constant volume. Value

ASVas determined from the formula

ASv = -!AV'.'V
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where a - a coefficient of volumetric thermal expansion; p -

isothermal compressibilLty.

9!
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Table 32. Thermodynamic parameters of melting.

fo~,.epM L6p' 3e- Tnn-. Ka,/.o X
-OI ~ t 

n a - G"?- ' O A b X zp a 7,

fo-1000 OTOKeHHJ, 23 28,65 2060 6,98
3aKaaieHH7)- 22 27,95 2010 6,83

110-2000 (0TO) ir HHH?&) 32 26,7 1920 6,40
3a~aIeH~bI C7,/ 26 19.65 1415 4,74

OY- 1000 OTOwoKeHH - 15 6.8 557 1,93
3aKa.wHeHIA . 13 8,95 735 2.56

OV-2000 OTo AeHHIdJ 29 17,35 1330 4,40
3ai.a .HI, 27 16,90 1300 4.33

XJ10-3 OTO)K )KeHHbi(,.( 20 5,83 448 1,52
3.10-4 20 3,66 232 0,98

Key: (1). Polymer. (2). Specimen/sample. (3). cal/q. (4). cal/mole.

(5). cal/moleedeg.

EN D & 70 7F

FOOTNOTE 1. Entropy of fusion was calculated frcm formula ASnM=.&H,lr--

(6). Annealed. (7). Harden/tempered.
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Values a and A are undertaken from [313]. Since PF-1000 and PF-2000

with 200C are in the partially molten state, then for calculation

AV, it in not possible to use the experimental values of density

with 200C (Pto). Therefore were used values pOr and P71 for the

PP-3000 from [313], extrapolating them to the appropriate melting

points. The obtained values ot an increase in the volume during

_
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melting are identical for PI-IU0U and PF-2000 and are 0.08 cm 3/=5.76

c 3 /mole, and ASv= -(7,29. 10-4/6,85x 10- 5) • 5,76- -61, 4

cm3ata/degomole=-1. 48 cal/degomole.

Since the contribution of volume variation into entropy of

fusion is not more than 21-23o/o, the high value of entropy of fusion

PF-1000 and PF-2000 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 of flat/plane zigzag in crystalline

state [236, 1831.

For linear oligouretadne, especially for OF-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 OUF-1000 the

concentration of links 2.4-TDI wose presence in chain leads to the

defects of crystal lattic [15], higher than in OUF-2000. On the same

reason the entropy of fusion OUF-1000 is less than the entropy of

fusion OUF-2000 (Table 32).

It is substantial, that the presence of diisocyanate units does

not virtually affect the capacity of oliqourethanes on the basis of

polyfurit (OU) to be crystallized, while OU on the basis of complex

I.
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oligoether/ester Are capanie of aoing crystallized only in time. This

phenomenon is bonded with greater regularity of the molecular

structure of polyfurit and presence in fusion/melts OU on the basis

of complex oligoether/ester of the more strong/durable intermolecular

hydrogen bonds, which impede the formation of three-dimensional

crystal structure. As confirmation serves the fact that the heat

capacity of fusion/melts uJF grow/increases faster than in OU,

probably, as a result of hign energy of the formation of holes in the

latter.

as for elastomers on tne oasis of oligoethyleneglycoladipate,

capability for crystalllzation develop only elastomers with polyfurit

units with a molecular weignt of 2000 (ELF-3 and LF-l), although, as

can be seen from lable 29, tne network density of chemical

cross-linkings ELF-I and ELF-4 elastomer on basis PF-1000) is

approximately identical. Hence it tollows that basic effect on the

capability of polyurethane elastomers for crystallization has the

network density not of the caealc., but physical (hydrogen) bonds

whose number into ELF-3 and k.F-4 is less than into ELF-I and ELF-2

due to the concentration o aretnane groups.

Page 114.

The low value of entropy ot usion ELP-3 and ELF-l is explained by

il
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the small contribution ct configurational entropy during melting.

Comparative characteristic the vitrification of those cross-linked is

polyurethane on the basis of oligoethyleneglycoladipate and

oligohydroxytetramethy leneglycol.

For cross-linked elastoaers of both of series/numbers, is made a

semiquantitative evaluation of tne contribution of inter- and

intramolecular reaction to their Kinetic properties (110].

In accordance with [2JI], transition from glassy state to liquid

is accompanied by the formatlon of the new holes, which are

characterized by molar volume Vh and molar excess energy (in

comparison with initial "aolelessO state) u,. Inergy L,, is bonded

with an increase in the heat capacity by approximate

relationship/ratio [88, 231]
E exp(" e

Tc RT -- ,

E, - molar internal residual steaa-generatiLg beat (energy of

cohesion) at the temperature of vitrification T,." Value E, can be

determined from empirical dependence (182]

=1,73. -v,

where E - molar energy at cohesion; V - molar specific volume at

boiling point; V, - molar specific volume when T,. 3 and V were

calculated from the values of the corresponding increases for

I,
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functional groups [1821.

Values Vc determined by extrapolation V26 to T,,. for which were

used the values of the coefficient of the volumetric thermal

expansion of liquid state a,. determined according to empirical

relationship/ratio Tc.a.=O,164 £313]. Since the macromolecules of

the investigated polymers are alternating very long oligoester and

short diisocyanate sections, in turther calculations M, W and

corresponding molar values for tne repeated structural cell/elements

of those investigated it is polyurethare they determined, considering

polyurethane the block copolymers tfor example, that was being

repeated network element of macromolecule EL-i they accepted that

consisting of 86o/o of link OEA-1000 and 14o/o of link of 2.4-TDI).

Value Vh was calculated from formula [3431

V - IhVc-E,

Page 115.

It is known that the theoretical bases vitrification in the free

space based on assumption about the fact that the transition from

glassy state occurs at the temperature by which the value of free

space becomes greater certain critical value. It is obvious, this

critical free space derends on the value of the structural elements,

which accept collaboration in transition [64]. In turn, forming the

JD I
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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. In this case, the size/dimension of the

generating holes is commensurable with molecular dimensions. During

the devitrification of organic glasses besides an increase in the

medium intermolecular distance, will be changed also the chain

conformation 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. VA) possess the

more flexible chains. Thus, iorming the holes in polymers is bonded

vith the value of both inter- and intramolecular reaction. Since the

value of heat capacity is deterained by the summary contribution of

all forms of the molecular monility, calculated by AC, values Ph

(see Table 33) they will also uepend on the amount of inter- and

intramolecular forces. Froa able J3 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 (iLF-I-ELF-4). Consequently, the

thermodynamic flexibility ot 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. Thormodynamic parameters of vitrificatiom.

0m

4 ~ 4 , Y

92- 73 190,0 141.0 1.38.0 19 9W 17980 21,40 885 6,80 I130.0 -7
3.I-2 178 190,0 141.0 137.0 000 18200 22.40 845 6.35 151.5,-14
9JI-3 175 189.5 140.5 136.0 10450 17600 23.60 770 5,95 12,5 -27
9,TI-4 175 189.5 140.5 135,5 10450 17800 22.20 845 6,40 132.0 -29

J10-1 81 101.0 73,0 70,0 4800 8480 8.17 1080 8.90 121.5 -43
9.103-2 81 201,0 73,0 70,0 4800 8480 7.95 1100 9.06 121.3 -39
MJ203 77 99,0 73,0 66,5 4363, 8055 8.70 945 7.80 121,0 -77
3*-4 77 99.0 73.0 66,5 4365 8065 8.15 975 8.05 121,0 -8

Key: (1). Slastomer. (2). cs3/sooe. (3). cal/mole. (4). cal/noleodeg.

(5). cal/cm3.
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Analogous conclusion is made as a result of investigations of the

dilute solutions of linear ones it is polyurethane identical nature

[98]. Value e, 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 poiyurethane 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 polyuretaaue on the basis of simple
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oligoether/ester ([able 33). Ihis absence of the correlation between

the thermodynamic flexibility of chain and the temperature of

vitrification once again tells about the fact that the latter depends

mainly not on thermodynamic, but on the kinetic flexibility of

chains, which is determined by the concentration of the polar groups,

capable of the formation of aecondary bonds, or by relative strength

(intensity) the latter. Since tna concentration of urethane groups in

the appropriate polyurethane is viztually 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 "h(l j able 33).

Ratio/relation hIVh. 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 molecular bonds. The comparison of

the values of the "hole" energy 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 ot otaer oligoether glycol units.

Investigation of the effect ot the chemical structure of

polyether/polyesterurethane for their capability for crystallization

[941 showed that the polymers, synthesized on the basis of ether

glycols (di-, tri- and hexaetAyieneadipateurethane), and also
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polymers with lateral groups (mathoxymethyl- and

propyleneethyleneadipateurethanej are amorphous. At the same time

polymers on the basis cf gIycols of polymethylene series/number

(ethylene-, trimethylene-, tetramethylene- and

pentmethyleneadipateurethane) are the crystallizing polymers.

From the comparison or tue 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

polytetramethyleneadipateuretiane (Fig. 59) . On the basis of this, is

made the conclusion that polyurethane indicated possesses the maximum

speed of crystallization, hin is confirmed by dilatometric data

[94].
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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 copolymers of the following general formula:

(-A--OCONHRNHCOO-)I_i (-B-
-OCONHRNCOO--).,

wbere A - a unit of the aiiphatic polyester:

polyethyleneglycoladipate (PEA) or polydiethyleneglycoladipate
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(PDEA) ; C - unit of ester on oasis o-, a-, and n-bis

(0-hydroxyethoxy) phenyleneadipiaic acid

-OCHOCHOC2HOCOC HtCO- i , ,

designated subsequently o-, a- and n-PFA.

Were investigated the series of the block copolymers on the

basis of the following pairs of poiyether/polyesters: PEA - n - PFA,

PEA - s-PPA, PEA - o-PFA, eDEA - a-PFA, PDEA - o-PFA. For each series

of copolymers n, it was changed trom 0 to 1. Value T, was determined

by thermonechanical 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 i'A to another and only transition from

PEA to PDEA produces change for the specimen/samples,

exposed/persistent in the course or six months at room temperature.

To dependence Te for copoiyaers PDEA - s-PFA on molar ratio of

units it shows that Tc for all copolymers they lie down well on the

straight line, which unites values T, for homopolyurethane on the

basis of PDEA and m-PFA (Fig. bOa).

On the basis of observed linear reduction Te in the copolymers

from an increase in the content of units PDEA, obtains satisfaction
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the conclusion about the plasticizing effect of the latter on the

units of m-PF&. In this case, it is considered that the units of PDEA

are not capable of crystallization, but the units of m-PFA easily

form crystalline phase.

In connection with this is examined the series of copolymers PEA

- a-PF& in which to both units is specific the formation of

crystalline phase (Fig. 60a), ana in this case only for the

amorphized specimen/samples characteristically linear magnification

Tc with an increase in the content of PFA. However, for the

exposed/persistent in time specimen/samples picture is changed.

e!
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Fig. 59. The temperature course of the dynamic modulus: 1 -

polyethylene glycol-adipinarieurethane, 2 - polytrimethylene glycol

adipinate urethane, 3 - polytetcamethylene glycol adipinate urethane,

4 - polypentamethyleneglycol ddipinate urethane.

Key: (1). kgf/cm2 .

Page 118.

So T, copolymers with the predominant quantity of PEA (not less than

60o/o) becomes equal to T- of polyurethane on the basis of PEA,

whereas for the copolymers where the content PEA is lower than 60o/o,

T, remains equal to T, of the amorphized specimen/samples or

somewhat below.

To the observed phenomenon is given following explanation. For

the copolymers where the unit A is in amorphous state,

B
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characteristically uninterrupted decrease Tc from B- to an

A-urethane, since the units of the latter are the plasticizing agent

with respect to the aryl-coataininy units B. Since the plastification

must 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-oloct is 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.

I
The microregions where are grouped the units of one nature, must

develop the properties, wnich ar£i inherent in this component in the

form of homopolymer and, in particular, to have it T. Therefore in

the copolymers where the aliphatic unit PEA (on less than 60 tol.

ones o/o), T, copolymer arter prolonged storage becomes equal to

T, of polyurethane on the basis o± PEA. Increase T: in tho

copolymers with the content or FFA-blocks of more than 40 mol. ones

o/o is explained by the absence in them the crystalline formations of

units PEA.

Thus when in the seciaensamples of copolymers does not occur

the liberation/isolaticn of aliFhatic units A in the form of
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independent crystalline phiase, them T, is determined T, B-blocks,

plasticized by units A.
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Fig. 60. Dependence Tc on tAe composition of the copolymer of the

series of PDEA - m-PFA (a) and PLA - m-PFA (b): 1 - amorphized

specimen/samples; 2 - exposed/persistent six months at room

temperature.

Key: (1). Aromatic unit, mol. o/o.

Page 119.

This explanation ot special Leature/peculiarities T, of the

exposed/persistent specimen/samples of the coFolymers of the series

of PEA - u-PFA explains the tact taat the prolonged holding of the

specimen/samples of the copolymers of the series of PDEA - m-PFA does

not give and to their change Tc in comparison with initial ones.

Dependence Tc of a-PFA and aomopolyether/polyesterurethane on

their basis on molecular weight of n-PFA shows adiabatic nature of
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change Tc in the series/nuaoer of polyether/polyesters and

homopolyether/polyesterurethane will agree well with the given above

data and once again testifies to tae which is determining roles

concentration of urethane groups in change T, in polyether urethanes

(Fig. 61).

It is substantial, that eveu with molecular weight of

polyether/polyester units, equal to 2000, the block copolymer not of

one of the investigated series reveal/detected two Tc. This,

obviously, it is explained aigher by the values of molecular weights

of the mechanical segments of polyether/polyesters. as can be seen

from Fig. 62, experimental values Tr will agree well with T,

calculated in Fox's formula 21dJ for the copolymers

rc = TCATCB "(OWA T B -- oA),

where T A and T B - tenmjratures ot the vitrification of homopolymers

A and B: OA and wb - their weight fractions in the appropriate

copolymers.

Thus, Tc 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,

which are determining tendency toward crystallization and

concentration of the polar groups, which condition emergence Letween

the macro-chains of polyuretaane ot the physical bonds of different

degree of intensity.

J! I
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Fig. 61. Dependence T for n-PFA tI) of different molecular weight

and polyether/polyesterureta4ae t2) on their basis.

Key: (1). M-polyether.
TC,0C

0

-50

0 50 il5 100
fl0A-MooA , 6ec.%

Fig. 62. Dependence Tc on composition of copolymers of series of PEA

- N-PFA with molecular weight of units 2000: 1 - experimental data

for amorphized specimen/samples; - data, calculated by formula of

Fox.

Key: (1). PFA-block, weight 0/0.

Page 120.
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It is shown [to 26], what separate units of the copolymer of

PEA-n-PF? are capable of torniAg independent crystalline phases, and

that this capacity falls in tne series/number of the copolymers of

series 2000, 1000 and 600. For the copolymers of series 2000,

constamcy T., of PFA-blocks is retained up to the content of latter

on the order of 50 weight o/o. L the region of average/mean

compositions, is observed melting the two types of the crystalline

formations, which correspond to crystallization of each of the

assembly views. In the copolymecs of series 1000 and 600, occurs

change T,A which reminds eutectic type diagrams, and only copolymers

with the predominant content of PEA have T.., equal to T.. of

honopolymer. The decrease of the value of a PFA-block is accompanied

by the emergence of less modern crystal structures and by narrowirg

the region of independence Tc from the composition of copolymer.

Thus, the decrease of the length of the component block copolymers of

polyether/polyester units produces the appearance of properties of

the random copolymer.

Vere investigated some monomeric and oligomeric glycols, which

can be used for synthesis it is polyurethane [41]. In particular, on

the basis of the thermogram o± heating the copolymers of

tetrahydrofuran and oxide of propylene with different content of the

"4
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latter it was established that the capability for crystallization is

lowered with an increase in the content of propylene oxide. However,

even with the 25o/o content of propylene oxide copolymer is still

capable to be crystallized.

For those cross-linkea it is polyurethane at the same time on

the basis of mixture 2.4- and 2.6-TDI and copolymer of

tetrahydrofuran with ditferent content 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.,

with 12o/o (15]. This tells about that which diisocyanate component

impedes the course of the process of crystallization in polyurethane

elastomers.

The investigation ot poiyuretuane elastomers on the basis of

toluenediisocyanate with different relationship/ratio 2.4- and

2.6-TDI copolymer with 10o/o ot propylene oxide showed that the

transition from 2.4- to 2.o-TDI does not change the lattice structure

of polyurethane, but increases the crystallization rate and the final

degree of the crystallinity of polyurethane elastomer.

From 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 oiigomeric units must exceed certain

critical value. Crystal structure of polyurethane elastomers is

formed 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 tae grid of amorphouss it is

polyurethane.

CHARACTERISTIC OF THE GBIDS OF TkHRE-DIMENSIOnAL POLYURETHAIES.

Obtaining polyurethanes with the utilization polyfunctional

connections leads to forLmation of polymers with

three-dimensional/space structure, or the so-called three-dimensional

polymers. Simplest criterion of tormation of polymers with

three-dimensional grid - its insolubility in the series/number of

solvents. The junctions of the segments of chains are called nodes or

branch points.

The special feature/peculiarities of the chemical structure of

polyurethanes determine the possibility of the existence in them

themselves 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

-4
I:a

.1. . . . - __. .
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polyol, (I, II), or branched isocyanate (III, IV)

cdH,

"-HaC--CH-CH. .. HC

I , II

if

0

C

--- N N--

O=! 0=H \N/

Thus, in polyurethanes is iormed the whole collection of different

types of the chemical bonds, dhich possess different strength.

Tobol'skiy and coworkers [ 8U, 330] conducted the investigations

of stress relaxation in tne cross-linked polyurethane elastomers,

which 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

flow, which testifies to the break of chemical bonds.

Page 122.

Is studied the chemical relaxation polyurethane and
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polyether/polyester rubbers, which contain the bonds of different

types, and are calculated tAe values of relaxation times (Table 34,

Pig. 63).

As can be seen from given data, weakest weak bonds in

polyurethane are uric and biuret.

Further investigations in this direction showed that stress

relaxation in the cross-linaed polyurethane it is possible to

represent in sun two processes [335] the energies of activation of

which were equal to with respect 37+-3 and 42+-2 kcal/mole. However,

the results, obtained during tue study of stress relaxation, did not

allow Tobol'skiy to give cheMicdJ treatment to the discovered

processes.

I

iT



DOC = 79011107 PAGE ILf

Table 34. Times of the chemicdl relaxation of polyurethane and

polyether/polyester rubbers with 120 0 C.

Bpems
Pe3mHa Txn c€gn peAKCa-

LkH". 4,)2 C? M -
1 34Hpsa. ypeTao,., Moqe- 2,1

BMHHaf. 6Hypeonan (LI)
2 CnoXHo4HpHaX. ypaoan. 3,0

Mo'eBH.HaR, 6myJerosa I J
3 Co"iu.o . .pxar(- - 500
4 CIoxHo3 :pHa, ypeTaioaaa 14,0
5 v, p 9.7
6 Cqn)Kmo3O pHax. ypeTaHo as, 1,6

MotieDHHHaR. 6xypeToau8R

Key: (1) . Rubber. (2). Type of bond. (3) . Relaxation time, h. (4).

Ether/ester, urethane, uric, aiuret. (5). Ester, urethane, uric,

biuret. (6). Ester. (7). Ester, urethane. (8). Ester, urethane, uric,

biuret.

t
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V,4

Fig. 63. Chemical relaxation of stress with 120 0C of different

polyarethane rubbers and polyester rubber. (numeral they correspond

to ordinal number of rubbers in Taole 34).

Key: (1) .

Page 123.

It is possible to speak Only about different strength of the chemical

bonds, which compose the grid ot polyurethane elastomers.

The presence in polyurethane of different chemical bonds and

large number of polar gxoups leads to formation in them together with
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the chemical ones of stronj/duraule physical bonds (hydrogen and van

der Waals), of caused by reaction polar groups with each other.

The investigation of the structure of grid it is polyurethane

the extremely complex proules, necessary for explaining the numerical

ratio between the structure and physical properties.

Most in detail studiea rae structures of cross-linked ones was

polyurethane Tanaka and Vokoyaa [325, 326, 347, 348] on system

polyol - diisocyanate - etaanolamine. Diagram of the formation of

cross-linked product in tnis case following:

Ho----OH- OCN-R-NCO(,i) n..... A.4ok, ~ T2

OCN---OCONH.-..NCO
*oPnoaj3im+{)

HOCHCYL Ni.

-- NH -C-NC CO NH..

NCO

.... NCONH---
CO

NIH-CO-NCONH--

Key: (1). polyol. (2). diisocyanate. (3). prepolymer. (4).

ethanolamine.

L.
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The molar relationship/ratio of components is represented thus:

MoabHOe coMpwHe NCO-rpynn s mw3oawa'()
K = umb co~pna&Nue OH-rpynn a nomewJ

mwoICJ toAeA 97amommaM a
M -= mobJoe coAepakaHm NCO-rpynn n a m yK m .

Key: (1). the molar conteat ot NCO--group in diisocyanate. (2). molar

content of OH-groups in polyol. (3). number of moles of ethanolamine.

(4). molar content of NCO--group iu adduct.

Before fit/approaching the descrLption of three-dimensional grid, the

authors (348] examine obtaining prepolymer, taking into account of

the equations, which describe tue reactions of polycondensation. The

average/mean degree of polymerization

K-4-1-2 (I - p) + (K-I)

where p - degree of the perfection of reaction. With p=1

X=K+J
K-I

Paqe 124.

Average/mean degree of polymerization x,, shovs how many molecules of

polyol and diisocyanati they form ome molecule of prepolymer.

Distribution according to degrees of polymerization is described by

the equation

* IK
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where X - a degree of polymerization. The share of the molecules of

diisocyanate, which remains in adduct after the completion of

reaction P1 , while the Fortion/fraction of the molecules, which

contain polyol, 1-p1 =1/K. A numaer of molecules of prepolymer with

= v 0 (K- 1),

where v0- number of molecules of polyol. Then a number of molecules

of prepolymer, which contain polol,

v. v0(K-I)
M

It is assumed that the brought out equations are valid with the

distribution of molecules accordiug 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 then

of the amino- and hydroxil groups which form uric ones and urethane

ones during reaction with the excess of isocyanate groups.

Consequently, ethanolamine can De considered as trifunctional agent.

At the first moment of reaction, is correct the

! p. .
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relationship/ratio OHI, =IUI= the initial concentration of

ethanolamine where [U] - the concentration of uric groups. The

reaction rate constants of the formation of the urethane and uric

groups, which take place simultaneously, let us designate Kt and Kz:

-NCO + -- OH -oqeaa,

-NCO + -NHCONH - 5typeosaf±)

Key: (1). uric. (2). biuret.

Then

IOHI = UI

Since branch point, or network point, is the molecule of ethanolamine

whose all reaction groups react, the number of nodes
f,).

N=qncao MoieyA 3TaHO,,aM4HHa) POHPU,

Key: (1) . (number of molecules of ethanolamine).

where Po and pu- probability of reactions OH- or of uric groups

respectively.

Page 125.

They can be calculated, if are Known values [o] and Kt/Ks. A number
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of chains whose ends are converged into nod*e v,= 33/2. In this

examination the forhation of grid, is difficult to determine K, and

K2. 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 degree of the

perfection of reaction, equal to one.

1. M=1/3. All uric groups react with NCO- group. In system it

does not remain free isocyanate groups.

2. M<1/3. All uric groups react with isocyanate ones, but the

latter remain in excess.

3. M>1/3. The part of the uric groups reacts with NCO- group,

free WCO- 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 from the molecules

of adduct. With M=1/3 a number of internal circuits both of ends of

E.1
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which are bonded with branca points, is equal to a number of

molecules of the adduct

V,- v v(K - I).

Last/latter equation considers a quastity of remaining molecules of

diisocyanate. & number of chains into which enter the molecules of

polyol as component unity, is expressed by the equation

V 'V, - vS(K-)
K

Here chains do not have tree ends and grid can be considered modern.
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--.- n1eviu, ap,,,,,&) N~~lh

Fig. 64. Structure of grid for three different relationship/ratios of

components with the degree of the perfection of reaction, equal to

one.

Key: (1). Uric groups. (d). continuation of grid. (3). group.

Page 126.

1ith M<1/3 there is an excess of NCO--group; therefore is formed

a smaller number of interadl circuits in comparison with the

preceding case. There are chains with the free ends whose number is

equal to excess quantity of ICO--jroup: then

2v - 2v'3M,vi . v - v, -v9 ( - 1) (6Ma --1),
v. (K - I) (6M - 1)

K

If R>1/3, a number of molecule ends which are formed during the

1b
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reaction of elongation by addact,

2v - 2 • 2vM = 2v (I - 2M),

and number of molecules -v (1-25). At this point a number of uric

groups is equal to a number of molecules of ethanolaiine, 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 number of additions. Then a number of internal circuits

vi - v(l -2M) + 2v(I -2M) =3%,(K- 1) (1 - 2AI).

Grid in this case viii he modern.

Value .v is calculated somewhat otherwise. The portion/fraction

of the molecules which are not added to ethanclamine, p1=1-2M.

Quantity of molecules of diisocyanate, which are located in adduct,

v-v' = V0(K- l)(1 -

A number of molecules ot diisocyanate in prepolyser, which do not

interact with ethanolamine, is equal

v, (K- 1) (1 - -(I-2M),

whence

v= 3v, (K - Ii (I - 2M4 - v,(K - 1) ( 1-7( 2M)

v ', (K- 1) (2± +) (I - 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. 5ometiaes 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 cell/elemnta (v) or

the number of effectively lianed chains according to Flory [2111,

which most completely characterizes three-dimensional

three-dimensional/space grid.

Value v, for case a>/I/J is expressed by the equation

v, = 212v - (v + 2vM - I)] = 2v (I - 2M) = 2v, (K - I) (I - 2M).
With 11<1/3

v, = 2[6vM- (v + 2vM ) 2v(4M - I) 2vo (K I)(4M- I).

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 consider some factors, for example

entagling of chains.
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For the check of the given eluations experimental determination

of the concentration of effectively linked chains conducted in

polyurethane on the basis ot polyol, toluenediisocyanate and

ethanolamine. ks polyol are used polyethylene glycol, polypropylene

glycol, polyethyleneadipate, polyethylenesebacyanate , etc.

Experimental determination v. *as coaducted according to the

equation of the kinetic theory of high elasticity

where v - a voltage/stre.. d/c,-v2_._ a concentration of the

effectively linked chaina per unit of volume; a - degree of the

stretching of specimen/sample. This equation it is possible to

rewrite in the form

E = 3RT v" = 3RT P  (VXI)

where R - a module/modulus of higk elasticity.

Equation (V, 1) is derixved only for equilibrium systems with

following assumptions [2b4, 331]: 1) the chains, which generate grid,

have identical overall length; 2) spacing distribution between the

ends of chains in the undeformed state is represented by the formula

of Gauss; 3) volume during deformation remains constant; 46) changes

in the projections of the distance between the ends of each chain

I
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during deformation are similar to changes in the size/dimensions of

the deformed specimen/sample of rubber.

Although these conditions in essence are observed only for the

natural rubber, for the comparative characteristic of the degree of

the cross-linking of the tiree-dinensional grids of equation (V, 1)

they use to many other systems, including to polyurethane (3261. It

is known that if dependence aS ony(a= , ' where S -

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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201 2

10

4

o0 -- o -
0,5 for

Fig. 65. Dependence &S on I for polyuretnane on the basis of

polyethylene glycol (M=1540): 1 - K=2.45;2 - =. -,Ju:,j---J--a_ J

K- 1.21.

Key: (1) . kgf/cmz.

Page 128.

The dependence a S on 7 for polyurethane on the basis of

polyethylene glycol molecular at the different values of K [96] is

represented in Fig. 65. Slope/inclination log V from log TS composes

approximately unity (Fig. 66). Consequently, the condition of

equilibrium is observed in tauis case which gives the possibility to

use results of determining tae module/modulus for the experimental

finding of the effective density of cross-linking.

Figure 67 depicts the relationship/ratio between V-, calculated
U

I
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according to equations Taudka and Yokoyama, and -. observed for is
VV

polyurethane on the basis polyethers. Almost in all cases

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 M-1/3 value _, that observed and calculated, is almost

identical. Somewhat more disagreement in the case it is polyurethane

on the basis of polyether/polyesters of smaller molecular weight.
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3 4

taSr -vo -0,5 0

pig. 66. Dependence log aS on log T polyurethane on the basis of

polyethylene glycol (designdtion the same as in Fig. 65).

(,),0- /

.0 123

/N //

0

) f-

V tO4fqKCn). MLft61M3

Pig. 67. Conparison of theoretical and experimental values - it is

polyurethane on basis of 2.2-TDI and different glycols with R=1/3; 1

-POPG-5145; 2 - POPG-1950; J - OkAG-154O; 14 -PEG-L4O00; 5- PEG-4000

(H-0. 3) (designation see i.n Table 36).
4,,-
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Key: (1). (theor.) mole/cu 3 . (2e. axp. (3). (Theor.) (4). (exp.),

Sole/c3.

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 N<13

M = KoH.eHTpau,. saHO mam (1 )
imcmo NCO-rpynn . ayiTe (- )

Key: (1). ethanolamine concentrat.on. (2). number of NCO--group in

adduct.

that observed -- becomes more than calculated Tanaka it joins this
V

with the fact that the free terminal isocyanate groups, are added to

uric and urethane ones and increase experimental -,- in comparison
V

with that calculated.

RELATIOpSaIP BETWEEN CHEMICAL AND PHYSICAL NODES IN GRID OF

POLTURETHANES.

If when deriving the equations for the calculation of the

effective network density of polyurethanes is not considered the

I.
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possibility of the formation of physical bonds; which exist in this

specific grid, it is not possible to search for the coincidence of

calculated and calculating vaLue - -. Their coincidence can be only

accidental. as a rule, .-L, experimental will be more than theoretical
V

to the force of the given above reasons. The experimental results,

obtained by some researchers, confirm this (317, 198]. Theoretical

calculation -r- most frequentiy is conducted cn the basis of

assumption about the fact that during the utilization of the

trifunctional crosslinking agent each mole of the latter gives 1.5

moles of the cross-linked chains, i.e.,

-= 3/2Cr, 1V.2)
V

where C- - concentration of the trifunctional cross-linking agent,

mole (133, 198]. They in pardllel experimentally determine that ---

according to the module/modulus oi high elasticity or according to

the method of Flory-Rener [211).

The comparison of values -L, conducted specific according to
U

module/modulus of high elasticity and calculated by equation (V, 1)

for it is polyurethane on the basis of polyoxypropyleneglycol and

tolu,.nediisocyanate, it showed, tuat('-), 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

investigated it is polyurethane, which deperis on the nature of the
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catalysts used and conditions for obtaining.

Page 130.

In other words, the less the effectiveness of solidification

polyurethane, i.e., the more defective grid, the more !-
V

experimental differed from that calculated experimental <-

theoretical). With an increase in the effectiveness of solidification

because of a change in the conditions of obtaining the polymers

(introduction of catalyst, etc.) experimental value v Z approached

theoretical or exceeded it five-six times. Thus, the comparison of

the effective density of cross-linxing, found experimentally and by

computed, shows that _ experimental, 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, determined

experimentally.

Frequently network density tuey calculate according to the

method of Flory-Rener [2111, whica is convenient and simple in

experimental sense. In this case is used the equation of form (198]

-- n (I - v,) + v, + TvI1 l -- v , '- v 3 V

'I

IV
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where vA - the volume fraction of polymer in the swollen gel; Y -:

parameter of reaction polymer - solvent; v, - the molar volume of

solvent and f - a functionality of the crosslinking agent. Equation

is derived on the basis of the thermodynamic examination of the

swelling of the veakly-vulcanized natural 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

establish/installed. Flory experimentally showed that being relative,

this method is more convenient for determining the network density by

studying swelling of one and the same polymer in one and the same

solvent. Other researchers use it Lor 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 values or the real density of cross-linking

is difficult, since there is no at present yet method of obtaining

the cellular polymers with the dccurately assigned structure.

Flory's method is based on the 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 strongly differ

during a change in the thermodynamic quality of solvent, especially

as into the equation of Flory-Bener is introduced the parameter :ps,

which considers the reaction of polymer with the studied solvent.

Unfortunately, the investigations in this direction were not

conducted. The effective density or cross-linking usually is

determined in one solvent which is selected purely empirically.

Sometimes the density of cross-linking, determined with swelling in

two different solvents, Eroved to ne close [19].

The effect of solvent on tae results of determining the density

of cross-linking is investigated only 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 with the decrease of

the polarity of solvent. Were not observed at the same time the

correlations between the densities of links by the physical

characteristics of the solvents of different classes.

In this case obviously, it is necessary to consider the presence

of a large number of physical bonds between rubber and filler. The

dissociation of bonds under the action/effect of solvents occurs

I
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differently depending on the nature of solvents. Therefore the

density of cross-linking, determined in different solvents, proves to

be dissimilar.

For determining the density of cross-linking in polyurethane

from the method of Flory-aener, it is necessary to take into

consideration the specific character of the latter. The presence in

chains it is polyurethane the sections of different polarity and the

capacity it is polyurethane to toraation of hydrogen bonds leads to

emergence in polyurethane togetner with chemical strong/durable

physical grid, to which the solvents depending on nature will act

differently. Some solvents are capable of giving complexes during

reaction with urethane group (3, 5]. The strength of such complexes

is different. [lost strong/durable complexes are formed with swelling

it is polyurethane in dioxane and tetrahydrofuran. lt is possible, in

this case with swelling, is obtained new reticular structure,

different from 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 areak 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

I'
p.
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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 (7) 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, which do not interact with

functional groups it is polyurethane. Spectrum investigations showed,

[51 that for such solvent will be polyurethane benzene; probably, and

toluene is suitable for this purpose.

During the investigation oi the swelling of polyurethane on the

basis of oligodi-ethylenepycoladipate in toluene at different

temperatures, we reveal/detected that the swelling in this case is

reversible (Fig. 68). The sane picture was observed also for benzene

[5]. In acetone and cyclohexane, which are caFable of entering into

specific reaction with polyaretuane, swelling 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 utilizaton of such solvents it is difficult to

assume that they do not act on molecular bonds in polyurethane.

Therefore the method of Flory-Renear 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, moisture of air,

medium.

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 actu~l value of network density can be

estimated is only in the presence of specimen/samples polyurethane

with the accurately known chemicdl degree of cross-linking, which

presents difficult problem, tdkiny into account the complexity of

processes, taking place wita syntuesis it is polyurethane. However,

the calculation of network density on the basis of stoichiometric

composition and the comparison ot the obtained results with

experimental can give useful intormation about the nature of

three-dimensional grid it is polyurethane.

Ve conducted (115] the comparison of the results of determining

the density of the cros6-liuft,. v& Voiyurethane elastomers with the

aid of equations (V, 1 and V, 2), and also for the method of

I

.
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Klaff-Gleding (185] (Table 35), at basis of vhich lie/rests the

equation

V 1  AS p

vhere Ae - area of the traasverse section of specimen/sample; H - gas

constant; hg - height of the undeformed ne-swollen specimen/sample; S

- slope/inclination by direct/strai~ght, presenting by themselves the

dependence of the amount of strain from load.
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45

0,2' 4;uin6e*KtaMOH

1o 20 30 T C

Fig. 68. Dependence V2 on teaperdture for polyurethane on the basis

of the oligodiethylene glycol adipinate.

Key: (1) . Toluene. (2). Acetone. (3). Cyclohexanone.
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Elastomers are obtainad on the basis of

oliqodiethyleneglycoladipindte (aoL. veight 2000) and of TDTs. As the

crossliuking agent served the mixture of di- and triethanolamine in

molar ratio I: 1.5.

As can be seen from Taole J5, value M,, the calculated on the

basis of stoichiometric relationship/ratios, largest, and of

equilibrium module/modulus - sadliest. The prevalence of the values

of the effective density oL cioss-linking, determined experimentally,

above the density, found theoretically, is explained by existence

MMM
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besides the chemical secondary physical bonds, determined by the

interaction of chains uitu eacn otner.

Seems at first glance surprising nonconformity to the effective

density of cross-linking, determined from these according to

stretching ne-swollen specimen/sdmples and to compression of those

swelled. 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]. However, most frequently this is related to

the case when physical bonds are formed by wrappings 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

which is capable to break secondary physical bonds. It is possible to

assume that in our case during test work for compression of the

swollen specimen/samples the solvent weakening physical bonds what is

prerequisite/premise for their decomosition during strain. In this

case, it is necessary to cousiuez the specific character of the

structure of the polyurethane chain, in which are alternated the

sections of different polarity. T-e solvents used differently

interact with different sections oz polymer chains, acting on

different physical bonds.

On the basis of data on the erfective density of cross-linking,

a
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determined theoretically it is experimental, it is possible to

approximately estimate the contriaution of each bonds to

common/general/total network density (Eable 36).

I
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-Fable 35. Comparison of values _ and Me. determined by different
V

methods.

CM&aHe Ha- Pdcmk~4elme.
2 Cyexinom#ypu. Oyu. o6pa3 ea- 6yxuoi t

TaU. . __y o - _________

O . t

a W . __MC____0.__ M
U V 91 1 V I___

1,10 0'05 0,35 133800 0.30 33000 3,2 3700
1.15 0,070 0,50 24000 0.49 25000 34 3300
2,20 0,100 0,70 20000 0,51 24000 4,7 2600

Key: (1). mole. (2). Crossiznking agent, mole. (3). Stoichiometric

method. (4). Compression or swollen samples. (5). Stretching of

non-swollen specimen/sawmles.
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The value of the effective density of cross-linking in polyurethane

of the datum of nature is determined mainly by the physical secondary

bonds, which are generated during the reaction of chains with each

other.

It is known that the criterion of this reaction is the energy

enrg
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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

parameter of solubility in a wide interval. Figure 69 depicts the

dependence /'Inl-. on 6, where Q.. -a value cf swelling (g/g) in the

best of the investigated solvents; Q - value the value of swelling

for remaining solvents; 6 - pazameter of the solubility of solvent.

Parameter value of solubility tor it is polyurethane on the basis of

diethyleneglycoladipinate it composes approximately 9.8. To this

value corresponds the energy density of cohesion of approximately 96

cal/cm3 . This high density tells about the strong interaction of the

cuts of polymer chains in grid, bonded with the presence of different

physical bonds.

For the approximate estimation of the portion/fraction of

physical bonds in common/general/total network density [335] are used

the results of the dependence of module/modulus on temperature. It

was assumed that with an increase in the temperature the physical

bonds dissociate, chemical remain invariable in certain temperature

range. The modulus of elasticity they calculated according to the

equation

g = J -'-' - RT ARTe- E.TI' + (-2L) RT,V V

where g - modulus of elasticity; v, concentration of secondary
V

bonds; v* - concentration of primary ones, or chemical, bonds; E.,

-esergy of the activation of bond.

-I
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Table 36. Structural components of the effective density of

cross-linking for diethyleneglycoladipinateurethane.

,++,,.,,.. . o- C (+M O") Y -3
06pa3eu - _ .io. C2_

XMAM 'eC. $Itsi ,Mec. 1 / klll mllec. I P 41manfe
-

(K) " ,. a 01I "'a "i"

0 35 2.,85 3.2 II 892 0.50 2,90 3.4 is 8,5
3 0.70 4,00 4,7 16 84

Key: (1). Specimen/samFle. (2). Value. (3). Cross-linking, o/o.

(4). chemical. (5). physical. to). common/general/total.
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It is establish/installed, waich in polyurethane on the basis of

simple and polyesters is containeu in dependence on the degree of the

chemical cross-linkinq of eldstomers from 20 to 57o/o of secondary

bonds. The decrease of chamical cross-linking leads to an increase in

the contribution of seconiary bonas to common/general/total network

density. This logically, since the greater the distance of the chains

between nodes, the more flexibility they they possess, as a result of

which the larger possible number of contacts of the cuts of chains

with each other, of the leading to the formation strong/durable

i,,, i.- . '" ............ ... . M E...
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physical bonds.

One should expect change in the contribution of physical bonds

to common/general/total networK density and during a change in the

nature of polyurethane chain, for example oligoester unit. Ve this

shoved during the determination of the network density of

polyurethane elastomers on the DaSIS of oligoisoprene and

oligobutadiene [127] (Table 37).

The values of the effective density of cross-linking, defined

experimentally, also, as in the 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 etfect or the nature of oligodiene on the

effective density of the cross-linKing of the obtained elastoners.

'S
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4241
416-

a.
8 to 12 14 8

0

-0,16

Fig. 69. The dependsence on the parameter of solubility

(6) for specimeu/sample 1 (designation see in Table 39).

Table 37. Comparison 74, and !L for it is polyurethane on the basis

of oligodiene.

(z) OAT ~ i S~cfeAbRe

3~Ornrouep TAU T3A M, 7 T

I Q0txro~wopeV 1:1,2: 0,100 14800 0,65 10300 0,94
2 To mce(~7 1:1.3:0,133 10250 I0,95 5400 1.79
3 .I1:1,45:0,234 60D01 1,65 3600 2.71

4 1:1,68:0,400 360 2.71 3200 3,05

Key: (1). Specimen/sample. (2). Qi.Lgoner. (3). oligomer. (14).

Theoretically. (5) . It is experimental. (6). oligoisoprene. (7). The

same. (8). oliqobutadiene.

'p. /
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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 oasis ot oligoisoprene with one and the

same quantity of introduced crosslinking 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

common network density, but the dominant role in this case belongs to

chemical bonds (Table 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 complex

oligoether/ester of a large numoer of physical bonds as a result of

the reaction polar of C=0--group with other functional groups of

polymer chains.

From Fig. 70 it is evident that the amount of deflection V

experimental from theoretical ones depends on a quantity of

introduced crosslinking ageat. Mith the smallest and greatest

contents of triethanolaline, experimental value -Le approaches
V

theoretical.

w
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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.

"ljwuu " .L . (21 Cu=.c. % (.
Odpaa,44 i0 _

I " 0,65 0,29 0,94 69 31
2 0.96 0,84 1.79 53 47
3 1,65 1.06 2,71 61 39
4 2,71 0,34 3.05 89 II
5 2,77 1.26 4,03 67 31

Key: (1). Specimen/sample. (2). Value. (3). cross-linking. (4).

chemical. (5). physical. (6). common/general/total.

(,)
A_ 04(.xcnj ( 3/p~

V/
/

,1 //
2 /1

2 /
/

2..

00*
1 2

-- . O 4(moprn4N. ,icM 3

Fig. 70. Comparison of theoretical (1) and experimental (2) values

-!'- for polyurethane on basis of oligoisoprene.V •

II
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Key: (1). (exp.), mole/cm. (2). (theoretical), mole/ca3.
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Uith the content of triethanolamine from 0.133 to 0.234 mole are

observed the greatest deviations. it is obvious, with this content of

the crosslinking agent, are created the most favorable conditions for

the formation of physical bonds in a three-dimensional grid of such

type. But all the same in polyurethane elastomers on the basis of

complex oligoether/ester the role of physical bonds is much more than

in polyurethane on the basis ot oiigodiene. It is possible, by this

are caused the values of other Fazdaeters, for example for it is

polyurethane on the basis of oligodiene the energy density of

cohesion it is 81 cal/cm'. The value of the energy density of

cohesion for these specimen/samules less than for it is polyurethane

on the basis of polyesters, out it is more than, for example, for

polybutadiene and natural rubber (66 cal/cm 3) . Tensile strengths

oscillated in the limits of 10-20 kg/cm2 , ultimate elongation - about

30o/o, while for polyurethane on complex oligoethers it by an order

higher (to 700o/o). It is possible, deterioration in the

characteristics it is pclyurethane on the basis of oligodiene bonded

with a smaller quantity of paysical bonds in these elastomers in
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comparison with poly diethyleneglycoladi pinateuret ha ne. 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 maximua lengjth with break it is polyurethane on

complex oligoethers.

Iln work (1281 is investiLgated tuxe structure of a grid of the new type

of polyurethane-polyurethaneacrylate, obtained on the basis of

oligoether/ester, diisocyanates and nono-methacrylic ether/ester of

ethylene glycol. The results of tne calculations of the contribution

of chemical and physical bonds to comon/general/total network

density it is polyurethane on the basis of polyoxypropyleneglycol of

different molecular weight they are represented in Table 39.



DOC = 79011107 PAGE 34

-fable 39. Structural components of the effective network density of

polyarethaneacrylate.

Mflorw N) N .. 1.0.[ xvmqe- I tr Man ziglqIe- OIna qe-

400 20,4 234,8 255.2 8 92
400 23,1 331 354 7 93
400 41,5 419,5 461 9 91

1000 14.6 37,3 51,9 28 72
1000 20.7 42,2 62,9 33 67
1000 25.7 54 ,8 80,5 32 68
2000 iI,! 5.8 16.9 65 35
2000 16,1 7.0 23.1 70 30
2000 20 15 35 57 43

lote. Mnonr- molecular meight of polyoxypropyleneglycol.

Key: (1). Value. (2) . Cross-iL&nnjg. (3) . chemical. (4). physical.

(5). common/general/total.
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With an increase in molecular weiyat of initial oligoether, the

contribution of physical onds to common/general/total network

density decreases. This is bondea, obviously, with the decrease of

the concentration of polar uretuane groups per unit of volume and,

therefore, with the decredse of a quantity of physical bonds.

I
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Some researchers, noting the large role of secondary physical

bonds in polyurethane, consider that the primary meaning in these

polymers belongs hydrogen oonds 1330, 335]. The last/latter works of

Tobol'skiy and of the coworkers J189, 190] according to viscoelastic

properties it is polyurethane different nature and copolymers of

butadiene with styrene they showed that the role of hydrogen bonds in

polyurethane is strongly exaggerated, in any case, during the

explanation of temperature transitions. Polyurethane, in the opinion

of the authors, one should consider as the block copolymers, moreover

with improvement of structural transitions in low-temperature ones

region it is necessary to consider the reaction of pliable oligomeric

units, and in high-tempeLature range - rigid. It is obvious, the

authors give preference to van der Waals bonds. In the direction of

the identification of physical Douis, are necessary further

investigations, although the proolem 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 together with chemical cross, introduced

with synthesis. Sometimes the effective density of the cross-linking

of polyurethane elastomers is det rmined in essence by physical

bonds. This specific character of the structure of grid predetermines
basic both physico-chesical and mechanical properties is

polyurethane.

16
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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 superuolecular structures and the

physicomechanical properties of polymers. Hence, naturally, appears

the problem of learning to rule obtaining one or the other type of

structures for purpose o± etfect on the combination of the

physicomechanical properties of polymeric materials.

Before being stopped on questions concerning the formation of

supersolecular structures in cross-linked polyurethane, 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. Thereiore we is presented the results of

investigations in this direction, carried out under the

11b'k
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management/manual of T. E. Lipetova.

The special feature/peculiarity the formation of polyurethane

grids is the fact that they are form/shaped from the oligomeric

molecules which are characterized by the large forces of

intermolecular reactions (the hydrogen bond and other means of

physical reactions). The iormation of supermolecular structures, if

it occurs, must occur under conditions for strong intermolecular

interactions simultaneously witit toe course of chemical reaction,

which leads as the final result to the formation of the cellular

polymer. Berlinyy with cowor ers 70] during the study of the

three-dimensional polymerization of oligoester acrylates is

establish/installed the seriu /nuamer of the kinetic effects,

produced by the preliminary ordering of the chains of crystallizing

oligoether/ester and is descrioea the type of the supersolecular

structures of polymeric Froduct. In the literature almost there is no

information about the interrelation between the kinetic conditions

for formation of polymers during the reactions of polycondensation or

of step polymerization and the character of supermolecular

structures.

First of all, arises too 4uestion concerning engendering of

supermolecular structures during formation of polymers. In the works

of Plate, Kargin and others L35, 108, 159] was placed a question, is

i4
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the formation of the reyuiated aggregates of macromolecules in

polymerization general regularity and are such the conditions, which

facilitate the structurization of polymers. For this purpose, was

carried out the electron-microscopic examination of the products of

the radiation polymerization of 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 parameter 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 structures on the condition of the course of

process it made it possible to maKe the conclusion that the chemical

polymerization reaction ano 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, out immediately the bundles of chains.

In these works is made one additional interesting observation.

Supramolecular structures of the polymers, which are generated
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directly in the course of polymerization, are very close (occur the

multistage aggregates of tue same morphological forms) to the

structures of the same poiymers, obtained from solutions. This shows

that formation conditions !or structures at the torque/moment when

macromolecules themselves aLe built in chemical reaction, are very

favorable for the formatiou of the regulated supermolecular

structures.

Researchers' attention was, first of all, directed to kinetics

of the formation of polymers and supermolecular structures in them

for the crystallizing initial objects both monomeric and oligomeric.

However, greatest interest are or amorphous cellular polymers, but

for them the bond of kinetics and of suparmolecular structures it is

not yet investigated.

K
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Fig. 71. Kinetic curves of reacti.ons of macro-diisocyanates on basis

of PPG-2000 and 4,4'-diphanylmethaaedlisocyanate with trimethylol

propane at different tenjeratares: I1-200; 2 -80; 3 -60-C.

Key: (1) . h.
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We wili examine this based ou tme dxample of the mechanism of the

formation of the polyurethane grids, obtained on the basis of

macro-diisocyanates into which entered glycols of two forms -

polyoxypropyleneglycol 4kPPG) and polytetramethyleneglycol (PTMG) of

different molecular weights (SW). 1000 and 2000). In all cases for

the synthesis of *acro-diisocyainaces, was used

441a-diphenylmethanediisocydnate; 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

transformation, close to the point of gel [59].

From Fig. 71 and 72 it Ls evident that the kinetic curves take

the form, characteristic tor reaction of second order. As a result of

processing kinetic data under the assumption of bimolecular reaction

mechanism, it is establish/installed that the reaction rate ccnstant

insignificantly or virtually is changed in no way depending on length

and chemical nature of etaer/esterdiol to degree of conversion of

approximately 70o/o (Fig. 73).

In some works [ 12, 57] it is shown, that in the process of the

course of reaction of foLmatlon it is polyurethane it occurs the

redistribution of hydrogen bonds.
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Pig. 72. The kinetic curved react.Lons of macrc-diisocyanates with

trimethylol propane at temperature of 800 C on the different bases: 1

- PPG-500; 2 - PPG-2000; 4, 4 - PPG-1000 and RTMG-1000.

Key: (1). min.

4 .
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Pig. 73. Dependence of spacific r4te (equ. NCO/1000 gemin.) of

reaction of reaction of uacro-diisocyanates on basis of different

ether/esterdiol with trimetnyiul propane on degree of conversion

(t=800 C) ; 1- PPG-500; 2- PPG-10UO; 3- PPG-2000.

Page 142.
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This tells about chango in tae course of reacting intermolecular

interactions, which in turn, must affect some physical

characteristics of system Lbu]. The investigation of a change of

viscosity of system in the course of reaction shoved (Fig. 74)that

beginning with degrees of conversion 50-60o/o is observed its sharp

increase. In connection with this it was interesting to trace a

change of molecular weights in polymerization.

Veight-average molecuidc weignt ,M and z- average/mean

molecular weight M [145] are determined by the method of

approach/approximation to eguiliDrium of sedimentation on

ultracentrifuge G-120 in metnyletuylketone. By the measured

coefficients of forward/pro4ressive diffusion and intrinsic viscosity

17J are also calculated tua root-mean-square radii of inertia (RZ)

and of ratio/relation (R')"1/M, depending on degree of conversion (Fig.

75). In the region of transformation, close to the point of gel,

occurs a sharp increase ot molecuiar weights (curves 4 and 5).

Increase M,/M. indicates the sacrp widening of the curve of MVB 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 Fig. 75, it is possible to make following

C.

I,
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conclusions. Approximately with 60o/o of transformation, begins the

intensive process of chain oranching. To this, testifies significant

decrease RQ'/M, (curve 1) with the increase of molecular weight of

chains (curves 4 and 5) .I
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Pig. 74. A change of the ducct..ity/toughness/viscosity of reaction

mixture in the course of the process the polymerization: 1 -

vacro-diisocyanate on basis PPG-500; 2 - macro-diisocyanate on basis

PPG-1000; 3 - uacro-diisocyanate on basis PPG-2000.

Key: (1). poise.
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About the formation of the strongiy branched macromolecules, tells

the value of index b in tue eguation

D 1(<M/b,

where D - a diffusion coefficient; M - molecular weight. For all

named previously systems b=U.384, which is characteristic for

strongly branched polyfunctional chains [145].

4u
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Near to the point ot gel (eginning approximately with 60o/o of

transformation) growth it occurs with the

preservation/retention/salntaining of the similarity of particle

shape, which is close to spherical. This is ccnfirmed by small

decrease of intrinsic viscosity near the point of gel (curve 3) and

by decrease of ratio/relatio. R2/Mw (curve 1).

Near the point of gel, the curve YHR is widened (increase in

ratio/relation M,/MP., curve 2). The formation of the branched

molecules, which is acccmpan.ed by a sharp increase of molecular

weight, is observed in the coaparatively 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 Flory for the processes of the equilibrium polycondensation

of monomers. This it was to De expected, since each event/repcrt of

reaction in the case of reactions with oligomers considerably

increases molecular weight of the growing chain (to 500-2000 and

more) in comparison with the reactions of monomer systems.
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rig. 75. Some parameters of system depending on degree of conversion:

Key: (1). Transformation.
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A sharply irregular chain growth near the point of gel,

apparently, is bonded with tae very intensive increase of the

ductility/toughness/viscosity of system because of strong

intermolecular interactions wach are characteristic for it is

polyurethane. Hence the grid, which appears immediately after the

point of gel, must be characterized by the large nonuniformity of the

distances betveen nodes. In order to check these assumptions, it is

necessary to investigate specimen/samples after the point of gel.

F W
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For the given systems the point of gel lie/rests at the region

71-73o/o degree of conversion dand satisfactorily will agree with the

value, calculated according to Flory. The points of maximum in of

some curves of Fig. 75 correspond to the point of gel. During the

extraction of specimen/samples after the point of gel even with 93o/o

of transformation the weigat fraction of sol-fraction composes 58o/o.

In this case, the gel fraction presents not mcnolithic system, but

microblocks. The completely cross-linked product (during the complete

cure the weight fraction of sol-fraction is approximately 4.5o/o) 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 ot system after the point of helium (see

Fig. 75) indicate the narrowing by the curve of MYR after gel

formation. Ratio/relation M,iM " virtually becomes equal to initial

(curves 2 and 4). Consequently, into gel fraction are drawn in the

predominantly strongly rdanched large molecules. In this case, is

continued an increase in the molecules of sol-fraction (increase M.,

curve 5) with the preservation/retention/maintaining of the

similarity of form. To this, they testify the invariability of values

|i (curve 3) and R 2 /M (curve 1).

It is logical to expect that a change of the molecular structure
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of reaction system in the course of polymerization and the appearance

in it of cell/elements of grid must affect its relaxation

characteristics.

Really/actually, upon transfer from the linear polymer to that

cross-linked, is observed increase in vitrification temperature, and

also characteristic expansion of an interval of vitrification (1601.

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 some changes in the relaxation

properties of system. It is establish/installed, which in the curves

of heat capacity in an interval of transiticn from 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 degrees of conversion, and then it is not

virtually changed to deejer stages (Fig. 76).

In the region of transformations 50-60o/o, is observed the

significant expansion of the temperature interval of vitrification,

which then is not virtually changed, although the region of

vitrification is misaligned to the side of higher temperatures. This

shift for macro-diisocyanate on basisfp)P-1000 occurs in the limits

of transformation 85-95o/o.
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The obtained results will agree well with the system

characteristics in molecular weights and viscosity. The region of

transformations 50-60o/o is characterized by a sharp increase in

molecular weight and by the expansion of the curve of HYR, which is

developed in the expansion of the temperature interval of

vitrification.
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Further, after the point of 4el system is exfoliated and appears gel

fraction. In this case, tae temperature interval of vitrification and

the temperature of vitrification are not changed, although occurs the

implication in the grid of the iarge branched mclecules and the curve

of MVR becomes narrow. Only in the region of transformations 85-95o/o

for our example occurs the shitt ol an interval of vitrification to

the higher temperatures as a result of the formation of monolithic

grid.

Arises the questicn concerning that, such as mechanism of the

formation of grid after the point of gel and that they are the

microblocks, from which is form/shaped the cellular polymer. All

given experimental data make it possible to speak about the

transition of reaction trom homogeneous conditions to

micro-heterogenic ones, and then into macro-heterogenic ones. In this

fI
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case the factor, which are determining the rate the formation of

grid. can render/show the interface, and as the final result the

reaction rate can be determined tue value of this surface.

Really/actually, beginning with the specific degrees of conversion

reaction it ceases to be subordinated to equation of second order.

The application/use of this equation leads to absurd results,

although itself process consists only in the reaction of ICO--group

with OH-groups.

For explaining laws governing the reaction after the point of

gel, is applied calorimetric metnod (61]. During calculation

thermogram they divided in two independent sections: before and after

the point of gel. The section of curve after 70o/o of transformation

they treated as independent tnemokinetic curve, assuming according

to Flory [1191 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

can be considered as the centers, around which after the point of gel

instantly appear the emuryos of three-dimensional structure

(microgel). On the basis of titese presentation/concepts, for

describing kinetics of the formation of cross-linked polyurethane it

is possible to apply equation of Avrami - Yerofeyev (30, 165]

a = I --exp(Ke ),

where a - share of the substance, which was subjected to
transformation; Ko - specific rate of process; t - time; n - index,

depeding on geometrically the form of embryo.
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Fig. 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 of the suostance, 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 (fable 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

weights and insignificantly it is changed with the value of molecular

weight.

The application/use of equation Avrami - Yerofeyev to the

p
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reaction of the formation ot polyurethane grids after the point of

gel was the attempt to decipher the mechanism of this reaction. The

obtained results tell about the tact that the reaction

really/actually changes under aeterogenic conditions in the specific

stage of the formation of polyurethane grids. In connection with this

logically arises the question adbout the fact that they are the

particles of microgel, which geuerate the interface, which,

apparently, determines reaction rate after the point of gel.

The electron-microscop3.c examinations of polyurethane grids

showed that they in the majority of the cases (for was polyurethane,

obtained through macro-diisocyaaates) they are characterized by

globular structures [56]. Specimen/samples were remove/taken in the

form of replicas with atter splitt.ng off after their etching by

active oxygen [93.
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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

different ether/esterdiol: I - PPG-2000, t=700 ; 2 - PPG-2000, t=70 0 ;

3 - PTMG-1000, t=700 ; 4 - PPPG-2UUO, t=80 0 ; 5 - PPG-2000, t=90°C; 6 -

PP-500, t=700 C.

Table 40. Specific rate (Ko) the formation cf cross-linked

polyurethane and index n tor macro-diisocyanates, obtained on the

basis of different ether/eatecdiol.

3 4IHpAH TypeIPO ji N O A-. 10
mecca. '

fllro.2000 70 1,00 5,79
80 1,13 7,29
90 1.01 15.90nrF-50 7 0,95 13.60ITMr.2000 70 1.00 5,40

1TMr-i0o 70 1,06 7,96

Key: (1). ether/esterdiol. (2). temperature of process.

'I

L
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Globular formations on photograph (Fig. 78, see insert) have a value

approximately by an order more tuan the value of particles, designed

by diffustion method in the course of reaction. This can be bonded

with the aggregation of Eroyenitors in more appreciable globular

formations (37].

Of all given data it follows that the polyurethane grids,

obtained on the basis of macro-diisocyanates, are the globular

formations, cross-linked wita 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. Figure 79a, b

(see insert) depicts the electron-microscope photographs of

polyurethane on the basis oi macro-diisocyanate, obtained from

PPG-2000 both 4,4'-diphenylietaanediisocyanate and trimethylol

propane at 60 and 1250C. On them aLe 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 Fig. 79a.
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Apparently, an increase in tae temperature contributes to the

aggregation of globules and, possialy, also to their chemical

binding, which must lead to an improvement in the mechanical indices.

This really/actually occurs, as can be seen from the results of

strength for break ((able 61). With an increase in the temperature of

solidification, the strength of specimen/samples increases,

remaining, however, sufficient low, which is explained by their

globular structure. The relaxation properties of those cross-linked

it is polyurethane also taey are explained well from the point of

view of the formation cf glooalar structures.

During the electron-microscopic examination of the polyurethane

specimen/samples, obtained under identical conditions, but on the

basis of ether/esterdicl ot different chemical structure and

identical molecular weight, it is evident (Fig. 80, see insert), that

their structures are similar and close the size/dimensions of

globular formations.

I!
p.
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'able 41. Some mechanical characteristics of specimen/samples it is

polyurethane.

aaaah 
.  

Teunepa-
OCroTp- a pasp. YAAIe. TyP& o0-

noevne- .al;cu one % BCPw .e-

flhr1- 1000 484 29 80
nr-woi000 1500 54.3 186,0 so

mr-2ooo 2500 9,6 85 60
2500 14,0 139 80
2500 17.0 183,7 125

ni r 300 3500 8.2 109 8o
IITMr-I000 3500 4&3 214,0 80
nITMr- 1000+ 1,4- 6¥-• rKmupoA (-N 40 O0 60,3 W84.0 so

Key: (1). oligoether/esterdiol. (2). given by relationship/ratio of

components. (3). kg/cm2 . (4). elongation. (5). temperature of

solidification. (6). butanediol.
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The kinetic curves of the reactions, which lead to their obtaining,

also are very similar (see Fig. 71. Apparently, with one and the

same molecular weights ct etner/esterdiol, but with their different

chemical nature cross-linked polyurethane have very close structure.

During the comparison oi the structures of specimen/samples, it

is polyurethane (electron-microscope photographs) on the basis of

ether/esterdiol of different molecular weights (Fig. 81, see insert)
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focuses attention that that the specimen/sample on the basis of diol

with large molecular weight (Fig. 8la) virtually has no structure. In

specimen/sample on basis PPG-2000, are pronounced the structures in

the form of the deformed spherical bodies which consist of the

aggregated globules (Fig. d1b). According to mechanical indices

*unstructured" specimen/sample is considerably better than the

specimen/sample with the clearly expressed structure (see Table 41).

The method of obtaining oi cross-linked ones is polyurethane it

also affects their supermolacular structure. Polyurethane are

obtained using the two-stdge method which consists in the fact that

they first synthesize macro-diisocyanate on the basis of diisocyanate

and ether/esterdiol. Nacro-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/samples. With sigle-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 mono- and two-stage methods [17]; however, in

the structures of such speciawn/samples, is noticeable certain

difference (Fig. 82, see insert). Polyurethane in both cases are

synthesized at one temperature or 800C on basis PPG-2000. As

1.
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diisocyanate are taken 4,44-diphenylaethanediisocyanate, 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. Figure 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 molecular weights and

forms of macromolecules in the course of polymerization. Vith the

formation of cross-linked ones, it is polyurethane directly in 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 forms. During

aggregation can occur the rare chemical cross-linking of formations.

Page 149.

This is determined the low mechanical strength of the

specimen/samples, obtained using two-stage method, and, possibly,

also the dependence of mechanical indices on the temperature of

reaction and the distance netween the nodes of cross-linking M,.

j..O
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With the course of reaction using mono- and two-stage methods,

the formation of supramolecular 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 two-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 two-stage method of obtaining, it is polyurethane

condition for the realization ot intermolecular interactions more

favorable than with single-stage. This is connected with the fact

that with two-stage method tae formation begins in the system, more

uniform in molecular weights than with single-stage. Therefore with

two-stage method, probably, there is large ordering in system, than

with single-stage, which determines differences in ultimate

structures.

The given results are proposed to show that in polyurethane, as

in other polymeric systems, the kinetic conditions for the formation

of polymeric molecules to a certain extent determine the formation of

supermolecular structures. The formation of polyurethane grid occurs

I V
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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 problems waose solution very is substantial both

from the point of view of the development of the theory of the

connection of the mechanism of the formation of macromolecules and

superstructures and for the adjaistration of the supermolecular

structure of polymeric material.

We here note three of them.

1. Study of process oi interglobular cross-linking which occurs,

apparently, at deep stages oi reaction. The solution of this problem

is important in connection with the fact that interglobular

cross-linking must give to an increase in the mechanical strength of

polymeric material. Until now, tais process is not virtually studied.

2. Establishment of possibility of cross-linking within globular

structures which, according 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 which oligomeric molecules before

ph

-S
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cross-linking vould be spread out, and then were fix/recorded by

chemical bonds in the form of cross-linked structure. Reaction

kinetics in "oriented" state dad formation of superstructures under

these conditions, until now, is not virtually investigated, although

this is important for Folymeric chemistry as a whole.


