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Chapter VII. PHYSICOMECHANICAL PROPERTIES OF POLYURETHANES.

CONNECTION BETWEEN BASIC PHYSLCOMECHANICAL PRCPERTIES OF

POLYURETHANES AND STRUCTURE.

Interest in polyuretanane is determined, first of all, by those
physicomechanical indices whicn possess the materials on their basis,
High resistance to abrasion and siynificant mechanical strength make
it possible to use rubbers from urethane rubbers in the
machine-building and other braanches of industry as structural
material. Recommended vwell themselives polyurethane glues and

coatings, polyurethane rcams, fibers.

Obtaining materials oa pasis 1t is polyurethane with this broad
band of properties caused by appiication/use uwith their synthesis of
the chemical compounds of difrerent class. Therefore to questions of
the bond between the structure it 1s polyurethane and their basic
physicomechanical properties devoted large number of works and

survey/coverages [ 167, 175, 287, 290, 305, 306, 317]).




DOC = 79011109 PAGE = S48

Since these questions are illuminated in detail in the monogragh
of Saunders and PFrisch [114 ], theu we mainly will only examine the
influence of the nature of tae couprising components on basic
physicomechanical properties it is polyurethane, using the data,

published in recent years.
Effect of the nature of polyetner/polyester and its molecular weight.

The properties of polyuretsane elastomers to a considerable
degree depend on structure and soiecular weight of basic comfponent -
polyether/polyester, Studied the ctffect of the structure of polyester
on the properties of elastomers oa the basis cf
1,5-naphthylenediisocyanate { 175, 305] (¥able 42) it is pclyurethane
on the basis of diphenylmetanane aiisocyanate and 1,4-butanedicl [287]

(Fable 43).

As can be seen from yiven data, the mechanical properties it is
polyurethane they affect an increase of the quantity of methylene
groups in polyether/polyester ana the presence of side chains in
glycol component, which to niga deyree decreases the strength.
Deterioration in some mechanicai cmnaracteristics in these cases is

bonded with a reduction in the cuncentration of ester groups, which

e
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decreases a quantity of moiecular bonds, caused by the reaction of

these groups with other poiar gyroups in chains is pclyurethane.

Page 151,

Analogously are lowereu the paysicomechanical properties it is
polyurethane during the replacement of polyester on simple, which, as
showed Smith and Magnusson [ 318]), 1S bonded with the absence of ester
groups in polyurethane on the basis polyethers, They studied
elastomers on the basis ot simple and polyesters,
2,4-toluenediisocyanate and trimetnylol propane. As polyether was
taken PPG, as complex cnes served polyether/polyester, obtained
during copolymerization methyl-e- and e-caprolactone. During the
comparison of some characteristics of both, it is polyurethane it
turned out that if the moduius orf elasticity cf polyurethane cn the
basis of PPG was 9.1-12.2z xy/cw2, then during the replacement of PPG

by polyester it was raised to 1v.5-28.3 kg/cm2,

. - N L PIPT ORI 3, e i ale, i WS FNNC TR
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Table u2. Dependence of tas properties of polyurethane elastcmers on

the structure of polyesters.

(3 | ofdad s)
Hn Mpenen | yeppnoe | Mpenen
L Q) npotKoc- yanwke- | npounoctu
oL Kuerora THonpH | fme npw | ua pasaup.
m':u. et | Paspuee. | azicwt
Itunencankom © fntapuan ) 273 625 119
Axnnnrosas (8 350 640 158
( Llur.vluxo.nesau(ﬂ) 266 570 147
1,2-[Tponuaenrauxons -l Apununonan 217 480 91
2,3-Byruaenraukom (1" » 179 630 91

Key: (1) . Glycol. (2). Acid. (3). Tensile strength, kg/cm2. (4).

Elongation at rupture. (5). Limit of strength to tear, kg/ca2. (6).
Ethylene glycol. (7). Succinic. (d8). Adipic. (9). Diglycollic. (10).

Propyleneglycol. (11). Butylemeglycol.

Tabla 43. Properties of poiyurethane elastomers on the basis of

complex polyetherdiol.

< . 3
: @1, il Lo T
3 (» 8z | 538 | 3x | =23 %% ) 2 =
! CaoXumfi noansdup s8¢, E 55l £% 2EET| = 2y £
HEER[ EmEg) ER FEZE)| SE. | £E3
v EFxel Ea orels -7 gcx
L Sid:|58z8| 8. 25| 88 | A2k
MoanatTHACHAAKNHHAT (0 483 590 25 108,5 432 60
Monu-1,4-6yTunenaaunuuar (d 420 510 15 | 133 48,6 70
! [Moau-1,5-nexnTameTnaCHAHIH-
Hat (It) 44! 450 10 126 10,8 60
Moau-1,3-6yTrnenaznn nar@ 224 520 15 7 18,0 58
Toaustuaencyxnnuar (i) 476 420 40 | 224 36,0 75
s Noan-2,3-6ytraencykumunar (] 245 380 105 — 93,6 85
i Doanneonentnacyxunnat (12> | 182 400 70 140 414 7
i
' Key: (1). Polyester. (2). Tensile strength, kg/caf. (3). Elongation
! . .

i at rupturét'o/o. {(4) . Permaneat eiongation. (5). Modulus of
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; elasticity with 3000o/0 elongation, kg/cm2. (6). Limit of strength to
tear, kg/cm2., (7). Shore hardness (scale B). (8).

Polyethyleneadipate. (9). Poliy-1,4-butyleneadipate. (10).

Poly-1,5-pentmethyleneadipate. (11). Polyethylenesuccinate. (12).

Poly-2,3-butylenesuccinate. (13). prolyneopentylsuccinate.

Page 152.

According to [208], poiyuretaane elastcmers on the basis of
polyesters (polyethylenegylycoiadipate) possess large strength, wear
resistance, stability to tae actions/effect of solvents, than
polyurethane on the basis pulyethers (polytetramethyleneglycol and
polyoxypropyleneglycol). Fanis telils about the great effect of ester
groups on mechanical prcperties it is polyurethane. The strength of
the molecular bonds, fcrmed vy yster groups with other groups of
polymer chains, is so great which rrequently succeeds in obtaining
the linear polyurethane eiastomers, which pcssess excellent

mechanical properties at room tempaerature [306].

¢ A change in molecuiar weiynt of polyester insignificantly
affects initial properties it i1s polyurethane, as shown in the
g example of polyethyleneglycolauaipate [175, 305) (!Eble 44). During
storage elastomers on tane wasis ot polyether/polyesters with large

j molecular weight it is siow tney are crystallized., With the smallest

m'hm«, .

it ]
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of studied molecular weigyats (1385) was observed the smallest
capability for crystallazatiou, but strength to tear and elasticity
they were small. A change 1n moiecular weight from 2160 to 4680 did
not virtually affect the mecnanicai properties of polymeters on their
basis, but from 1180 to <160, 1t i1ucreased strength by tear and

elongation.

In accordance with tiudings, optimal molecular weight of
polyethyleneglycoladipate useu ror synthesis is polyurethane,

considered molecular weigyat ot oruer 2000.

The study of the physicomecnanical properties of polyurethane
vith different molecular weignts ot polyisophthalate, which presents
the mixture of poly~1, U-aminobutyiecneadipate (PBA),
poly-1,S-amyleneisophthaldtep(PAl), polyethyleneisophthalate (PEI)
[196’] showed that molecular weiynt of polyester considerably changes

physical properties it is polyurethane (¥able 45).
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TFable 44. Dependence of the properties of polyurethane elastomers on

molecular weight of polyetaher/poiyester and quantity of diisocyanate.

m . >, s .(“-) & o 65 > o 7)
» 833, a,:( 248 géié‘ 120 ‘ (%
M C8cf | B8B83 SEce | 2238 Enl L] Eg_“
nomapupa| $35% | 3%, | BREL | 8RR | £3¥ ) B | &E:
$2%5 | £558 | Ege8 | Hoei | s5e | 8§ | £
23FE | T2AF | S2Fa | Zam: ¥4 a8 -
2990 152 392 680 93 189 58 | 6571
3500 119 346 560 130 249 65 67—73
3100 12,6 305 610 11 172 59 6873
2440 146 | 350 645 112 186 59 | 71—76
2080 162 385 635 130 186 60 | 71—76
1385 | 2l 371 645 109 125 50 | 74—77

Key: (1) . polyether/polyester. (2). Quantity of diisocyanmate, g/100

ml of polyether/polyester. (3). Tensile strength, xg/cm2, (4).

Elongation at rupture. (5). Moduies/modulus of elasticity during

kit

3000/0 elongation, kg/cm2. (o). Limit of strength to tear, kyscm2.

(7). Blasticity. (8). Sanore hardness (scale A).

Page 153.

Specimen/samples witn the yceatest tensile strength are obtained
on the basis of polyiscpnthalate with a molecular weight of 600. An

increase in molecular weight to 2000 decreases the tensile strength

it is polyurethane. |
{

In work [266] investigyated tue effect of molecular weight of the

polyester of adipic acid and wixture of ethylene- and propyleneglycol
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{(molecular ratio 70:30) on tne vaiue of module/modulus it is
polyurethane, It is shown, wnica with an increase in solecular weight
of polyether/polyester tioama 1400 to 3200 values of module/modulus

wvith 100, 200 and 300o0/0 @longyation is lowered.

The effect of molecular wWweigat polyether on mechanical
properties of polyurethanes [ 107 ] is studied on prepolymers with
2,4-TDI and PPG of different molecular weight with relationship/ratio
NCO:0H=2:1; hardener - metnylene-bnis-o-chlorapiline., It is
establish/installed, that tne tensile strength, module/modulus and
some other characteristics are improved with smaller molecular weight
{Fable 46) . with an increase in molecular weight of PPG, descends the

abradability and increases elasticity it is polyurethane.

Polyurethaneacrylate (poiyurethane materials on the basis of
cligoester, diisocyanates and mono-methacrylic ether/ester of
ethylene glycol) possess the pest tensile strength with light
molecular weights both ot siaple and complex cligoester [86] (Ihble

47) . Wwith an increase in moleculiar weight, the strength decreases,

but increases relative extensiou 4t break.
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FTable 45. Dependence of tne paysical properties of polyurethane

prepolymer on numerical averagye aolecular weight of polyisophthalate.

(l) p) Komnonexta, an) Qﬁ) )
::o;:ﬁ:.a- uocTb Ha | Yaamme. | T l:;"l)"“"

) nBa NAH n3u Padree | MR yonnuey
600 40 10 50 398 575 50
600 40 20 40 454 533 57
600 40 30 30 244 650 53
600 30 10 60 245 400 77
600 30 20 50 362 457 68
600 30 35 35 238 288 66
600 30 50 20 517 463 39
600 20 50 50 348 10 9N
2000 60 10 30 232 567 52
2000 60 20 20 139 603 48
2000 50 10 40 194 573 46
2000 S0 25 25 381 513 60
2000 50 40 10 111 585 5}
2000 40 10 50 227 445 86
2000 40 20 40 226 428 68
2000 35 15 50 293 450 I 62

Key: (1). ¥ of polyisopathalate. (Z2). Component. (3). By tensile

strength, kg/cm2. (4). Elongatrion, o/o. (5). Hardness per HWellas.

Page 154,

During the investigation or tne effect of molecular weight on
the mechanical properties ot polyureaurethane on the basis of TDI and
polyoxyethyleneglycol (PEG) 1s calculated the content of uric and
urethane groups [229]). It was established that an increase in
molecular weight of oliycester 1s accompanied by the decrease of the

content of urethane and uric ygroups, which causes a reduction in the

strength, but increases elasticity and elongation (¥able 48).
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The analogous effect of tune wolecular weight of oligoester on
mechanical properties is ooserved also for polyurethane coatings

{102, 103, 119, 120, 1233
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Table 46. Mechanical properties ot elastomers on the basis of PPG and

2' Q-T DI .
(0 Mnar
Caofictso

1000 l 1250 i 1500 l 2000

(2OMpenen npouHoCTH M pacTsmennH, K2/cH? 353 | 315 245 84

ATHOCHTEbHOE YA THICHHe NDH pasphise, 9§ — | 860 -— —

{43Moayae ynpyroctu upu 300Y,-Hom yanuHenuu, xz/cat | 147 | 70 42 28

(SN 1pounocte na pasaup (no Ipefiecy), xe/cu? 56 | 43 40 20
{ &ITeepaocts no Llopy (wkana A) 8| 77 67 60 u

(">Norepa maccw npu mcTupannu uepes 1000 nrkaoB 8 | 60 25 8

(no Tabepy), »
)’Teuneparypa xpynkoctH (no Tuuuycy — Onceny), C | —40 | —50 | —55 | 50
Y3nacTHYHOCTL N@ OTCKOKY (no Bawopy), % 24 20 22 3

Key: (1). Property. (2). Tensile strength, kg/cm?. (3). Relative

elongation with detachment. (4). HModule/modulus of elasticity during M
3000/0 elongation, kg/cm?. (3). Strength to tear (per Graves}),
kg/cm2, (6). Shore hardness (scale A). (7). Loss of mass during

abrasion through 1000 cycles (per Taber), mg. (8) . Brittle pcint (per

Tinius~Olsen), °C. (9) . besiilience (per Bayshcre), o/o0.

Table 47. Some physicomechanical properties of polyurethaneacrylate.

3) O'n(igc)u- ($)
nsenea
[] TeAbROE
Onnrosdmpon(ngxonb Mo3ar Iluu:so(:;«znar "z;uu“:c;c'f zﬁ:"n";; p"::fm.w_
T’:";:::'" paa;;uae. tov
%) ) 3
TloAnOKCHREONHACHE TH- 400 | 4.4’-Idudenun- 650 i2 386 }
KOAb METaH,1 HH3OUK-
aHat
1000 | To me & 130 112 565
q) 2000 » > 60 120 920
A AUNMHOBAR KHCAOTA H 630 2,4-TOL 200 60 413
ITHACHTTHKOAb
1000 > 80 140 535
1360 > 90 145 656
1600 » 80 130 672

" . N L imabii b
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Key: (1) . Oligoesterglycol. (). wiisocyanate. (3). Tensile strength
of kgq/cm2. (4). Elongation at rupture. (5). calculated. (6).
Polyoxypropyleneglycol. (7). Diphenylmethane diisocyanate. (8). The

same, (9) . Adipic acid ana ethylene glycol.

Page 155.

Thus, a change in wmolecuiar weight of initial oligoester makes
it possible to vary the properties of polyurethane materials, which
is bonded with different coucentration of polar groups at different

length of oligoester block.

The value of optimal molecular weight of initial
polyether/polyester depends ou tne nature of cligoester and is
determined mainly by the flexibility of the latter: the more the
flexibility possesses the wolecuie of oligoester, by the fact with
smaller molecular weight it 1s possible to obtain polyurethane with

optimal properties,

Structure of diisocyanate.

Properties it is poiyuretnane they depend on the nature of
isocyanate, utilized with syuthesis. Table 49 shows the effect of the

structure of diisocyanates ou tne properties of elastomers on the

- RN ]
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basis of polyethyleneglycoladipate of molecular weight 2000 [ 175]), as

hardener served water.

| It was established that the bulky aromatic groups of

i diisocyanates to a considerable deyree contribute to an increase in
; strength of elastomers. These results will agree with data [ 287]
{€able 50) . Module/modusus, strenygth by tear and hardness are
increased both during the introduction of rigid aromatic structures

i
i
f
! and in the case of diisocyanates without methylene substituents.
§
¥
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Table 48. Characteristics of polyureaurethane films on the basis of

TDI and polyethers.

(T) (J-) Honwkon
CooficTBo
Nar-200 | nar-«00 | nat-1000
&?’)Conepmauue yperaHoBsx rpynm, % 21,4 156 8.8
4 XCoepaHHe MOYEBMHHHX Tpynnm, % 10.5 7.7 43
%I)Codepmanne apoMaTHUECKHX Fpynn
Y. % 2.2 199 1l
(LMaxcumaawnas npouocTs npu  pac-
TRKEHUH, K2/cM? 2620 210,0 21,0
{1)Makcumansioe yuaunenne, % 0 4000 1000,0

Key: (1) . Property. (2). Polyoi.

(4) . Content of uric groups.

{3) .

Maximum tensile strength, kys/cm2.

(7).

Content of aromatic groups.

Maximum elongation.

(3) . Content of urethane groups.

(6) .

Table 49. Effect of the structure of isocyanates on the properties of

polyurethane elastomers.

n(:l-) Otk 3)"_ ‘(H )
n po“’" nﬁ:ﬁ o] Teavnoe [ fipeaen
Aunsd unanar Dy pac- | Yoy ",;‘;;, :50;:2;:;’
"‘,::;c':',"' pls;.)/:ine , K2 cMd
2.4-Tosywrenaunsonnanar &) | 200249 730 83
1.5-Hadruaenaunsounanar (& 308 765 166
2,7-bayopennnnsounanar (1) 434 660 141
Key: (1). Diisocyanate. (2). Tensile strength,
Y

Elongation at rupture. (4).

Toluenediisocyanate. (6). Naphtanyienediisocyanate.

Fluorenediisocyanate.

Limit of strength to tear,

kg/cm2, (3).

(n.

[ PUSCIR SONE, S e

kg/cm2,

(5) .
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The mechanical progerties or elastomers are determined not only
by the nature of diisocyanate, but also by the relationship/ratio in
it of isomers [290). Investaigated the effect cf relationship/ratio
4,4°- and 2,4*-diphenylmethaneailsocyanate on mechanical properties
it is polyurethane on the basis of polycaprolactone (mol. weight
1050) and of butanediol (Fiy. 83) and it is establish/installed, that
the fundamental characteristics worsen with an increase in the
content of 2,4'-isomer. This pnenomenon is konded with a change in
the symmetry of polymer caains during a change in the isomeric

composition of diisocyanate.

Effect of the nature of tne structure of grid and types of cross

connections on properties 1s polyurethane.

Examining the effect of the nature of components on mechanical
properties it is polyuretanane, one should, first of all, investigate
their role in the structure of tae grid of polymers, since to the
nature of cross connectioas in polyurethane, their quantity,
reqularity of the construction ot three~dimensional grid are the wmain
thing by the factors, whica condition the physicomechanical

properties of polymers.

v

v .

. e, el
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Many researchers studied tne influence of the network density,
calculated theoretically or by tanat determined experimentally, to
mechanical properties was poiyurethane [ 130, 186, 224, 287, 305,
317). Por example, is represented the dependence of some mechanical
properties of polyurethane ruabber SKU-V (on the basis of complex
polyfunctional polyether/polyester P-Y and 2,-TDI) on the

relationship/ratio of Tvi: polyetaer/polyester.

o y RSP TAR ASM it S0 <8 e
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Table 50. Effect of the structure of diisocyanates on the properties I

cf polyurethane elastcrers on tne oasis of polyesters (hardener

glycol). i
: P9 W B g @
.= (&8ss Lo ca> 223
\‘) EE8% TES £= >»Eg . EoS £
Nuusounanar seg¢ | ERE" §§ 2r8E, s=g | &
SEEXI €754 nE | 28s5%| %E. | &2
S88%| £5%83| o= CeIv| &gg | &£
Ezaw 5::0. O »e? §n.«,qx EER ==
Hadrmenauusounanar @2 | 301,0 | 500 85 210,0 360 | 80
®ennneuanusounanar @) 4475 600 25 161.0 54.0 72
2.4.Toayunenanusounanar (0} 322, 600 1 245 27,0 40
4.4"-J1ndenniMeTaH 1HH30U Ha-
war (W 5525 | 600 10 112,0 48.6 61
3,3"-dumeTua-4,4"- tudenn.ive-
TaHAHH30UHAHAT 13 3710 500 0 42,0 7.2 7
4,4’-ﬂu¢eﬂunn:~;oneonnnnu-
H3oUHaHaT \» 2450 | 700 10 21,0 16,2 36
3,3’ -Numetun-4.4’-Tony naen-
Aun3olunaHat (14 280,0 | 400 10 161,0 324 70
'

Key: (1). Diisocyanate. (2). Tensile strength, kg/cm2, (3).
Elongation at rupture, (4). Pecimanent elongation. (5). Module/modulus
of elasticity during 3000/0 eloangation, kgs/cm2, (6). Limit of

strength to tear, kg/cm2, (7). Saore hardness. (8).

Naphthylenediisocyanate. (9). Phnenylenediisocyanate. (10).
Toluenediisocyanate. (11). Dipaeunylmethane diisocyanate. (12).
Dimethyl-4,4'-diphenylsetnanediisocyanate. (13).
Diphenylisopropyldiisocyanate. (14).

Dimethyl-4,4'-toluenediisocydndate.

Page 157.
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During ar increase in tue reiationship/ratio of
TDI:polyether/polyester trom 0.8 toc 1.1 values M,, determined
according to the equilibrium modulus, it varied froa 41500 to 1650,
tensile strength was increased, and relative elongation continuously

fell (Fig. 84).

In other cases the caaracter of the deprendence of mechanical
properties on network deansity is more complex [287, 135]. Table 51
gives the results of studyiny the effect of network density on the
basic physicomechanical properties of elastcmers on the basis of
polyethyleneglycoladipate, diphenylmethane diisocyanate and
trimethylol propane [287]. Value M. is calculated theoretically from

stoichiometric compositica.

Decrease M, from 21000 to 5300 leads to softening, strength
with extension, elongation, moauies/modulus and streangths by tear, is
increased at the same tise elasticity. According to [287]), during an
increase in the maturing degyree oecause of primary chemical Lkcnds
hinders the most advantageous foir i1ntermolecular interaction
arrangement of chains in space, woich decreases the effectiveness of
intermolecular interaction. Conseyuently, great effect on mechanical

properties it is polyurethane i1s exerted secondary molecular bonds.

¢
e 8 . T, it sl ahaidiniipicd i Mad it At st el
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Fig. 83. The dependence ci isomeric composition and physical
properties of elastomers on tae basis of polycaprolactone,
butanediol, 4,4'-MDI ana 2,4'-MDI: 1 - tensile strength, kgf/cm2
(x70) ; 2 - module/modulus duriny 3IV00/0 elongation, (kgf/cm2 (x7);: 3

- ultimate elongation, o/0 (x10U).
Key: (1). mole.

Pig. BU4. Dependence of physicomecaanical properties of polyurethane
SKU-V on initial relaticmnsnip/ratio of TDI/polyester: 1 - breaking

strength; 2 - relative eloagyation.

Key: (1). Relative elongation. (2). Breaking strength, kgf/cm2. (3).

TDI/polyester, mole/mole.
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Page 158.

Purther increase in tne denseness of cross-linking (decrease

M, from 5300 to 2100) leads to an increase in the module/modulus,
vhich indicates the prevaiiiny erfect of primary cross connections on
a change in the mechanical properties. During the study of mechanical
properties, it is polyuretanane on the basis of polyesters, TDI and
trimethylol propane it usas owuserveua the extreme dependence of
breakdown stress from tne degyree of reticulation, determined
experimentally [130], (Fig. d85), which will agree with other data [ 1,

118.

We consider that, explaining the extreme dependence of
mechanical properties on netWork aensity, it is necessary to consider
a change in the flexibility of chains frcm network density. So, with
large ones M, when the tlexinility of the cuts Lketween network
points is great, is possinie thue approach of the cuts of chains and
the formation of a large number of molecular bonds because of the
presence in polyurethane of tme polar groups c¢f different types.
Obviously, with large cunes M. wuen the contribution of secondary
bonds to coammon network density is polyurethane on the basis of
polyesters it is great [ 118 ], tne mechanical groperties of these

polyurethanes will be determined mainly by the concentration of

solecular bonds (¥Table 5%).

—— e
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Table 51, Effect of maturing deyree on the properties of polyurethane

elastosers on the basis c¢f polyesters,

; NEY ; e
TSRS HS
/) c&= <z s Sy . g8 |2 2
M, Saac- =E§ g5z rE axof c2% |5 .
towepa | Rzx% | gREg | B | ERIEY) g% | Eed
PRV Lo u = LS a x
£es% | otEI | 5. |gzEEy| Ppg st
2100 126.0 170 0 389 5.4 57
3100 122.5 200 (1] 29,4 45 53
4300 101, 280 0 21,0 5.4 44
5300 196.0 350 0 189 54 46
7100 315,0 410 0 23.1 7.2 51
10 900 392.0 490 5 32,2 10.8 35
21000 |, 3850 510 10 35,0 25,2 56

Key: (1) . elastomer. (2). Teasile strength, kg/cm2. (3). Elongation

at rupture. (4). Residual, elongation. (5). Mcdule/modulus of

elasticity during 1000/0 eionyation, kg/cm2, (6). Limit of strength
to tear, kg/cm2. (7). Shore aardness (scale B).

6,uryem? (1 :
i

],
7’- 10 % mons sem3 (B

Fig. 85. Dependence of breakdown stress from degree of reticulation:

i
B o iy Y
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1 - Polydiethylenesuccinate uretnane; 2 - Polydiethyleneadipate

urethane; 3 - Polydiethylenesevacdte urethane.

Key: (1). kgfs/cm2. (2). mole/cul.

Page 139,

Decrease M. leads to a reauctaon an the flexibility of the cuts of
chains and an incidencesdrop in tae number cf secondary bonds in
common/general/total networKk density. Purther increase of the number
of nodes in grid because of tane i1ntroduction of the trifunctional
crosslinking agent so decreases tae flexibility of the cuts Letween
nodes, that a quantity ot secondary cross connections very falls. The
dominant role from this point on, pbelongs to the chemical cross
connections an increase in yuantity of which contributes to an

increase in module/mcdulus [ 287 ].

The comparison of the data ot table 51 and 52 shows that value M
it is polyurethane the basis of ditferent polyether/polyesters it
dissimilarly affects their mecnanical properties. So, dependence on

M. the module/modulus ct haraness, elongation at rupture in range
from 2000 to 5000-6000 is 1deuticai for simple and polyesters. At the
same time, if in the case of polyesters tensile strength with change

M. from 2000 to 3000 decreases, tunen for polyethers - it leads to an
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increase in the tensile strengyth. this can be bonded with the fact
that in elastomers the pasis poiyethers the intermolecular forces do
not play this role as in elastomers the basis of the polyesters in
which the presence of caroonyl gyroup contributes to the emergence of

a large quantity of molecuiar bonuds.

Sometimes the dependence between the structure and properties it
is polyurethane on the basis polyethers the same as for polyesters,
vhich was observed duriny the study of the interrelation of structure
and properties of the elastomeis trom prepolymer on the basis of
poly-1,4-hydroxybutyleneglycol, soiidified by aromatic diamines [ 163,

164 7.

R e e i R
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¥able 52. Effect M, on tne wecnanical properties of elastomers on
the basis of prepolymers from poly-1,4~hydroxybutyleneglycol and
diisocyanate with a molaecular weight of approximately 2000,

solidified by the mixtures of diol and triol.

h 3]
$| S npe\?e% o"&éu). yrné#-m:u G3) g’ )
Kouuectnd otrepan- M npoquqcru \T;;::(;e npy casu- | Teepaocts E‘p(l’li;f;:‘,ly
T;;;n.:\am:u:?‘ ¢ T, | me moH oo o Hlopy 4 oS Focines
p: T Ao | panuse, nP&pM:- (Wwhaaa A) | e cn
. WHK, Ke/eM? I
Texcantproa 1.0 {7 20% 332 235 17,50 55 &1
Moaunokchnporinaes-
Tpron (M -700) (%\
1,0 3700 38,8 380 1190 43 7.2
NT 0.6 - neytanam-
on 04 (&) 5800 66.6 645 735 3% ' oI5
fIT 0.6 + noanok- ‘
CHITPONUACHT /K-
Koab (M - 425)
0.4 ()03 6150 93,8 625 5,60 37 117

Key: (1) . Quantity of harasner on 1 gram equivalent of prepolymer.
(2) . Tensile strength, kg/cm?. (3). Elongation at rupture. (4). Shear
modulus during 1000/0c strain, £y/cuw?2. (5). Shore hardness (scale A).
(6) . Strength to tear fper srace, ky/cm2, (7). Hexanetriol. (8).
Polyoxipropylenetriol. (Y). pentanediol. (10).

Polyoxypropyleneglycol.

Page 160,

With an increase in tne portion/fraction of aromatic part, such

elastomers acquire the largye part of the strength because of

molecular bonds similar to etastomers on the tasis polyesters.
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During the determination or the modulus of elasticity of
expanded polyurethanes on the basls of simple (POPG) and comglex
(polyesteradipate) polyetner/polyesters depending on A, [176] it
turned out that the character of a change of the module/modulus with
network density in both cases was identical. At the same time, at one
and the same temperatures expanded polyurethanes on the basis of
polyester possess greater streadth during compression and large
modulus of elasticity, thaa expauued polyurethanes on the basis
polyathers, which, in addition 1s caused by different quantity of
molecular bonds during the utilization of polyether/polyesters of

different nature.

Is investigated the ertect or the degree of cross-linking,
calculated theoretically anu oy that determined experimentally, to
some physicomechanical froperties of polyurethane coatings [ 53, 90,
100, 102-104, 119-123]. Taple 53 gaves the derendence of the
properties of polyurethane coatiuys for the basis of the copolymer of
tetrahydrofuran with 2%0/0 of os4i1de of propylene (mol., weight 1200)
and of adduct of TDI and trimetaylol propane on value 4. by that
designed theoretically ty metnoa or Sandridge [302]. Here are
represented the results orf tne cailculaticn cf the concentration of

urethane [U] and uric [ M ] yroups under the assumption that the

e i A

e
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isocyanate groups react wita tue tormation cnly of urethane and uric

bonds [259)].

The dependence of scme paysicomechanical characteristics of
polyurethane coatings on the basis of copolymer indicated previously,

adduct, but with the adaition 509/¢ trimethylclrropane [122] is shown

on Fig. 86.




DOC = 79011109 pacE 7o 373 ;‘

£7 6p, kI7cm2 (1)
20045001
P08
400
o
0,6
1504300,
2
- 0,4 §
200; +‘\\\ s@
3 \+‘\ - 0,2 ~ |
moJ, 1004 Sy |
! ] - . 1o
y 125 1,50 1,75 NCO/OH

Pig. 86. The dependence or streayts with the treak op. of ultimate
elongation () and relative anacrdness of coatings on
relationship/ratio NCO/UH: 1 - relative hardness; 2 - breaking

strength; 3 - ultimate eiongation.

Key: (1) . kgf/cm2. (2). Hardaess.

Page 160a.

Pig. 78. Structure of cross-linked polyurethane, obtained fron

macro-diisocyanate on basis PP&-50u with 80°C.

B UL TN

" N PO L'l‘-jn_._w.-;_ i doacis
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Page 160b.

Pig. 79. Structure of crcss-linkea polyurethane on basis of PPG-2000

at 60° (a) 1259C (b} .

Pig. 80. Structure of speciman/samples of cross-linked polyurethane

on basis PPG-1000 (a) and Pprme 100U (b) at 80°C.
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Page 160c.

Pig. 104, X-ray photograpa or poiyurethane on basis of
polydiethyleneglycoladipate: a} wneiore stretching; b) after

stretching to 1000/0.

Page 161,

The last component is introduced for reducing the ex€=2ss of isocyarate
groups in the initial compositions.

The given results teil about the fact that an increase in the
network density of polyuretnane coatings on the basis of simple

oligoester causes a monotouic increase in hardness and strength of

coatings, decreasing ip tais case relative elcngation.

For coatings on the wasis ot complex [102] and silicon-bearing
oligoester, the character or a cnange in the physicomechanical

properties with network deusity is analogous such for coatings on the

basis of simple oligoester (Yable 54, Fig. 87).

WreTa— B it it dlahl ihnaaliaatiicfaliidlnie duaiiasats
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Table 53. Physicomecharical properties of polyurethane coatings on

the basis of the copolymers or tetrahydrofuran with oxide of

o propylene and adduct of Tuil and THP.
; . \ -

' H \:‘ = \ Yo %
' " @ =@ B il ed
| Y = T cén i
i Coctar noaudbuporankons | NCO/OH 2 . = .S' 8 b) E E: § g
' ~% =% G - Py
2z s +§ | 518 S5

“ Tre — 111400 — 239, OI1} 21 233 | 046 | 4400 | 018 120 | 660

501 253 | 063 | 3900 | 0.40 | 250 | 390

4:1 266 | 0,79 | 3400 | 045 | 320 | 350

Trd — 111400 — 159, ONY 2:1 2,37 | 039 | 4200 | 014 107 | 766

311 256 | 064 | 3800 | 030 | 225 | 289

| 4:1 26% | 080 | 3300 | 040 ] 260 | 241

Key: (1). Composition of polyesterylycol. (2). mole/g. (3).
calculated. (4). Relative nardness on M-3, (5). Strength with break

(20°c), kg/cm2. (6). Ultimate elongation.

Table 54. Physicomechanical properties of the polyurethane coatings
containing silicon.
@ ®c) 3
1 ELY N g L T.orE2 2
Coctas Kg).\%no:muun Ncojon| % E E,_® [P z g_‘;‘: I
‘% e N - X I

(CH4),Si(OCH,CH,OH), + ' 1.00 - — | 1580 0.56 | 160 |106,0
-- a31yKT 6uypeToBoi 1.25 3.42 1,57 1 1443) 0.72 | 247 35.4
crpyktypa () 1,50 | 3.00 199 11320] 081 | 427 | 312
175 | 270 | 269 13{ 085 | 500 | 290
200 | 245 | 243 [1230' 085 525 | 27,0

C,H,Si(OCH,CH,OH); - Tor | 100 | — — |7l oes) — | <
we apaykT Iy 1.25 2,85 2,14 665; 0.73 ] 325 | 29.0
& 150 | 230 | 250 rm! 086 | 516 | 270
175 1 222 | 279 | 600) 091 535 ) 200
200 | 200 | 3 530] 086 | %0 | o
Si(OCH,CH,OH), - 10T ke | 1.00 — — | 550 066 | 80 |2020
vkt @ 125 | 253 | 246 | 560 0.2 | 487 | 270
150 | 220 | 2,79 | 5701 04| 626 | 27.0
1,75 | 195 | 304 | 579. 0.86 | 650 | .32.0

200 | 175 | 329 | 58| 078 | — | —
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Key: (1). Composition cf composition. (2). mole/g. (3). calculated.
(4) . Relative hardness cobn M-3. (5). Strength with break of kgscm2.
(6) . Ultimate elongaticn. (7). adauct of biuret structure. (8). the

same adduct,

Page 162,

An increase of the quantity of cneamical nodes in the
three-dimensional/space grid or polyurethane is led to a certain
degree for the decrease o¢f the effect of physical bonds on mechanical
properties it is polyuretnane. Tunerefore if fcr elastomers on the
basis of complex and simple oligoester with large ones M are
observed differences in a chanyge of physicomechanical property with

change M, to certain limit, tanen with further decrease M., when the
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contribution of physical ounds to commons/general/total network
density becomes less, these ditterences are smoothed. It is otvious,
on the same reason for the coatings where the effective density of
cross-linking is much more tauan in elastomers, it is not noticed
essential differences in tne cnaracter of a change in the basic
mechanical properties witn usucetwoik density during the utilization of

oligoester of different nature.

Thus, the degree or reticulation determines to a considerable
extent the physicomechanical properties cf polymers. Another

important factor, especially witu increased temperatures, is the

nature of cross connections in three-dimensional/space grid it is
polyurethane, that depends on the nardener used., As a result of the
investigation of effect, it i1s diamine [274] and water [279] as the
hardeners to the properti2s ot polymers on the tasis of different
diisocyanates it is estapliish/installed (¥able 55), that strong
intermolecular interaction ian pciymers leads to the fact that the
elastomer acguires the high values of module/modulus and strength for
tear as a result of forminy the uric groups during solidification by

dialihes.

The presence of riyid segmeats in chain (bulky aromatic
diisocyanates and aromatic diamines, used as hardener) also provides

the high values of aoduie/moaulus and strength for tear. The presence
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of pliable groups in haraener, tor example thioester, lovered tensile

strength, strength to tear, wodulesmodulus and hardness.

Consequently, application/use it is diamine as hardeners is led
in a number of cases to an iwprovement in the mechanical properties

as a result of the formation of strongly polar uric groups.
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6p,nl/cM? Q )

400 et —
300 / 1
2001 ¥ 3
rao{
0

100 125 150 175 NCO/OH
Pig. 87. The dependence of tme ureakdown stresses of free films on

the basis of oligodiethyleneglycoiadipate (ODA) from

relationship/ratio NCO,/CH: 1 - UDA~400; 2 - ODA-600; 3 - 0DA-800.

Key: (1). kgf/cm2.

Page 163.

Investigated [ by 247) tne eriect of structure it is diamine, in
particular quantity of caruvon atoss in them, to the mechanical
properties of the polyester-uretaane fibers, cbtained on the basis of
complex oligoester (oligoethylenejliycoladipate with a mol. weight of
2000) and of diphenylmethane dilsocyanate., Fiters developed
rubber-like properties, im spite or the absence of cheaical cross

connections, which is cdused by tne formation of the sufficiently

strong/durable grid of physicali oonds. The fibers, obtained on basis
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it is diamine with the odd nuwver of atoms of carbon (Fig. 88), they
have higher breaking streuyth aud yreater elongation; reverse picture
is observed for a modulesmoduius. it is possible to assume that this
abrupt change in the propartias it is polyurethane with the ccntent
of a number of carbon atcas oonded with the fcrmation of different
nuaber of secondary physical ovonds in the polymers being investigated
in the case of even and odd yuantities of carkon atcms in diamine.
For proof of this, are necessary turther investigations with the
attraction of the fine/thinner paysicochemical methods of studying

the structure of polynmers.,

Claff and Glading [137] iavestigated effect of the type of cross
connections on the properties ot urethane elastomers on the Lkasis of

simple oligoester. The studied lipear polyurethane

0 o}
! it
— (OCH,CH,CH,CH.),,,—O—E—-N—CH,CH,-N—é—
|
(ISH, (CH,i,

(ISH,OH ¢H = CH,4,
are synthesized from bis-chloroforaate of

poly-1,4-hydroxybutyleneylycos and N-2

hydroxyethyl-1-pentaneyletnyicneaiamine,
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Table 55. Effect of harueners on tae properties of polyurethane

elastonmers.
RIS
(J-) 2% ga» 28% s ~
(l) Mpegen npowno- | €2 . ::gg‘ sy 7 £ <
Otsepinrenn cmu:ﬂ? L’?if.?x"' ; ;gl_ ; gt;,'i %5 x E f i;%
feipz| ZoPEY| fxt Ty | ESZ
Tz | FERsgw =g -z !r—=:
(2}
24.T o(?_\' HACHAHHIOUNIHAT
HOuannsnamn Q) 273.0 635 315 | 1820 a7 l 54
2.4-Toqynaenpnamny| () 2800 720 | 350 | 1435 ] 51 | 60
Boaa lym 199,5—-248.5 730 — 82,5 B
V)
FexcavMeTuaenainnszounanar
4.4’-,’1uamuuo:xu?e«
wiaveran _03)) 269,5 680 | 805 | 2100 5.4 90
Ruanuzugns G 217.0 650 | 503 | 1015 | s | 77
2.4-Tonywpeyana- !
MHH '@ 266.0 710 Y 399 143.5 5T 69
24T 1260 707 25.9 1120 5170
Boaa (3 234.5 1000 — 57.5 24—

Note. Last/latter two polymeis are obtained on the basis of
poly-1,2-propyleneadipate, remaiuiung - on the basis of
polyethyleneadipate; molecuiac weigyht of both of polyesters is equal

to 2000.

Key: (1) . Hardener. (2). Tensile strength, kg/cm2. (3). Elongation at
rupture. (4). Module/mcdulus or eiasticity during 3000/0 elongation,
kg/cm2, (5). Limit of strenyta to tear, kg/cm2, (6). Elasticity. (7}.
Shore hardness (scale A). (8). Toiluenediisocyanate. (9). Dianisidine.
(10). Toluenediamine., (11). Water. (12). Hexamethylene diisocyanate.

(13). Diaminodiphenylmetanane.

Page 164,
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As the acceptor of acid, is undelLtdaken the water/aqueous carbonate of
sodium. In the molecules of sSuch polymers twec reactive centers,

because of which can be tormed the cross connections: the lateral

hydroxyl groups, capable of i1nteracting with isocyanates, and the
lateral vinyl, which enter in ieaction with gray. With the synthesis
of the three dimensional polymer, were used following hardeners:
3,3'-dimethoxy-4,4'-bifenitendiizogyianta; pregolymer with terminal
isocyanate groups (mol. weight 50U0), obtained during the reaction of
4 moles of poly-1,4-hydroxywutyieneglycol (mol. weight 1000) and 5
moles of 3,3'-dimethoxy-u4,4'-pipuenylenediisocyanate; the

sulfur-containing mixture.

It vas established that the module/modulus, hardness and
elasticity depend either on cnemical nature or cn the length cf chain
of hardener. However, witn tue same density of cross connections,
neasure of contraction duriny compression (22 h at 70°C and 70 h with
100°C) for the elastomers, solidiried gray, is higher than in the
elastomers, solidified ty i1socyanate. This difference is bonded with
the fact that the cross connectioas, formed because of sulfur,
especially disulfide type ovond, are less thermostable, than urethane
type bond. The type of cross coniections has small effect on

sechanical properties it is poiyurethane at rcom temperature [228,

3171,
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Pig. 88. Effect of a number of atums (n) of carton in diamine on the

module/modulus of slasticity duriany 300o/0 elcngation (a), streangth

{(b) and ultimate elongation (c) ot polyurethane fibers.

Key: (1). g/denier. (2). Strengyta with break, gydenier. (3).

Elongation.

Page 165.

On the other hand, tone melting point of polymers is above,
cross connections are formed because of tricl or triisocyanate,

it is below, if cross-linkiug gyoes because of the excess of

if

and
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diisocyanate. This, obviousiy, it i1s caused by the fact that in the
latter case are formed the unontuerLwmostable allorhanate or biuret

groups.

The effect of ne-thuerwostauvle biuret and allophanate bonds on
some properties it is pciyuretnan¢ shown for the example of the
spongy materials, which coataain 9y, 100 and 1200/0 of diisocyanate
(isocyanate index with respect 9u, 100, 120) from that required at

the designed values M, froa 600 tou 1730 [302).

It is establish/instailed, tnat the spongy materials with index
120 disintegrate with amiline witn 140°C much faster than with index
90-100. To the reactions or tae uestruction of allophanate and biuret

groups can be represented in the following diagras:

0 |
é! 140 C

-+ =N—C—NH— ... + ArNH, —-

O 0

l
10C.-. ~NH—C—NH_ ... 4 ArNHCONH— . -+ —N—b—0 ... _
;
(¢} CONH
.. HoC ((J:
+ANH, == .. ~NH—C—O— ... 4+ ArNHCONH— ...

After the processing/treataent by aniline, the spongy materials with
index 120 much mora strongiy wiil swell in dimethylacetamide (DMA)

with 259, than polyuretuane witn index 90 and 100, which indicates

more rapid destruction ot cross counections in spongy material with

index 120.
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These results are closely reiated to the character of the curves
of modulus of torsional shear 1or the same spcngy materials (Fig.
! 89) . The spongy materials Jith 1socyanate indices 90 and 100, which
contain a very small quantaty or biuret or allophanet Jroups, have
relatively flat curve chanygyes 10 tne module/acdulus up to temperature
of 160-1709C. In the case uf expanded polyurethanes with index 120,
is observed the break foi curve ana sharp lcwering in the

nodule/modulus with 110-1309C,
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Modyns, kl/cr?

5

e e

=70 -30 10 50 90 130 170 1,°C

Fig. 89. The curves of the dependences of modulus of torsional shear
on temperature for expanueda poiyutecthanes on the basis polyethers: 1
- isocyanate index 120; M =uwt 2 - jsocyanate index 100, M =1 3 -
isocyanate index 120, M.=1350. § - isocyanate index 100, M =160 § =~

isocyanate index 90, M, = 2000

Key: (7). Module/modulus, kyr/cam2,
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It is assumed that the latter 1s caused by the destruction of
allophanate or biuret groups. according to [2U49]) the dissociation of

allophanates becomes noticeable aiready at temperature of 106°C.

It is investigated [2487 ] the aependence c¢f modulus of torsional
shear on t2mperature it is poiyurethane on the basis of

polyethyleneglycoladipate, cross-linked with trimethylol propane and
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solidified by different mixtures ot trimethylcl propane (TMP) anrd of
aromatic glycol multrathane X (¥ig. 90). The modulus of elasticity of
the specimen/sample, whica does not contain chemical cross
conrections (curve 1), has tne hiyh value with 259C, but rapidly it
decreases at 130~150°C. buringy repiacement by 70o/0 of diol by triol
{(curve 2) the modulus ¢f alasticity at room temperature is less and
insignificantly it is cnangyed with an increase in the temperature to
170~-190°C. The full/total/coupiete replacement of diol by triol leads
to even greater expansion of tue temperature interval, by which

occurs lowering the module/modulus (curve 3).,

The observed character of a caande in the module/modulus with
temperature is explained by the fact that the secondary physical
bonds wmuch more easily aisiuteyrate under the action/effect of heat,
than primary valence ones. Tue eliastomer, which has is many physical
bonds (curve 1), it is more strongsdurable and it is harder at room

temperature, but its stabiiity 1s iower than in the polymer,

cross-linked with triol.

For it is pclyurethane taue maik/brand Durethane U, obtained on
the basis of hexamethylene wilsocjanate and butanediol-1,4 [2041}, is
observed a significant incidence/arop in the module/modulus with
temperature, especially atter sy%C, which is explained by destruction

physical and, possibly, weax cucmical, the tyge of allophanate bonds

R AR L ST ‘

dee et add e o - s . j
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(Fig. 91). Thermoplastic pulyuretnane of another nature [270, 342]
possess excellent properties at low temperatures - high wear
resistance, stability to tne action/effect of ozone, radiation, oils,
aliphatic solvents. At pijn temgeratures in these, it is polyurethane
considerably they deteriordate mechanical properties as a result of
the dissociation of physicai uvonds. Por their improvement is

reconmended the vulcanization witn peroxides and epoxies.

Consequently, the physicomecnanical properties it is
polyurethane they are determineu to a considerakle extent by the type

of the bonds, which compose taree-dimensional/space grid.
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Pig. 90. The dependence ¢if moduius of torsional shear on temperature

for =lastomers on the basis oif poiyethyleneglycoladipate and
diphenylmethane diisocyanate: 1 - Uo/o of TMP; 2 - 700/0 of TMP; 3 -

1000/0 of TMP.

Key: (1). Modulus of tcrsionali saear, kgf/cm2,
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Especially sharply is developad tae dependence cf propertias it is
polyurethane on the nature of oonds with an increase in the

temperature.

The structure of tne tuiee-dimensional grid of polyurethane is
determined by synthesis conditions for polymer. For example, the
formation of grid will cccur uitierently in the case of obtaining

polyurethane by mono- and two-stayge method. During formation through

e A ket e aam e e e e ¢ Ao i A
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the stage of prepolymer (two-staye method) it is possible to expect
the emergence of more reyular yriu which must lead to an improvement
in the properties of polymers. 5o, during the investigation of the
properties of elastomers on the wvasis of polyexypropyleneglycol, TDI
and 3,3'-dichloro-4,4'-diaminodipucnylmethane (MOSA), obtained by
prepolymer and single-stage aetaod [166], it turned out that the
first have greater tensile streagyta, hut smaller strength to tear,
module/modulus of elasticity, elasticity and contraction during

compression.

The polyurethane ccatings on the basis of polyesters,
synthesized by single-stage metaod with 209C, had smaller hardness
than obtained through the preposiymer (adduct cf trimethylol propane
with TDI) [ 100]. But at tne nigner temperature cf solidification

these differences disappeared.

The polyurethane elastomers ou the basis of polyesters,
synthesized by prepolymer method § «90), had smaller hardness and
tensile strength, than copbtaianed by single-stage method. Especially
noticeably the method of synthnesis was reflected in the melting point
which proved to be considerawniy aoove in the case of "single-stage
ones" was polyurethane, Tais ygave the basis tc the authors to draw a

conclusion about the greater degree of the crystallinity of these

polymers.
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As can be seen from the coupaiison of data on the effect of the

method of synthesis on properties it is polyurethane, it is difficult i
to drav a simple conclusaon apout the advantages of that or another
method. It is obvious, necessary tue additional experimental
investigations in this direction, which make it possible to explain
the effect of the method of ovotaining on the structure of the
three-dimensional grid c¢f polyucetanane and, in connection with this,
to their physicomechanical properties.

E dunsem? (1)

’010‘
10

10°

101 T Ri T ™ T
A =40 0 40 60 12071
Pig. 91. The dependence of the aodulus of shear of polyurethane of

the mark/brand "Durethane® U on the temperature: 1 - the additionally
dried out specimen/sample with 499C; 2 - specimen/sample, saturated

by 8o/0 of water and then driad outr at 4°C.

Key: (1) . dyn/ca2,
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Page 168.

The results of the 1nvestiyation of the effect of the nature of
components on structure and properties it is fpolyurethane they
indicate that the physicochemical properties of these materials, just
as other polymers, are determined oy molecular weight of initial
components, by effectiveness of intermolecular interaction, by
hardness of the segments, walcu compose polymer chains. Polyurethane
can be considered as blocx copoiymers [307]) with the soft segments of
simple or polyester and tane rigyiad segments, fcrmed by urethane or
urea urethane blocks. Sctt segyments conditicn an increase in the
elasticity and ultimate elouyation. An increase in the concentration
of rigid segments contratutes to strengthening intermclecular
interaction and therefore raises tame hardness of polyurethanes, their
strength by break, melting points and vitrification, but decreases
elasticity and ultimate eloagjation. A change in the nature of soft
and rigid segments and type oif cross connecticns makes it possible to

obtain polyurethane materials witn the assigned properties.

TEMPERATURE DEPENDENCE OF SOME PROPERTIES OF POLYURETHANES.
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The examination of some puysicomechanical properties of the
polyurethane elastomers and otuer materials showed that they develop
the series/number of the speciric properties, which differ them fronm
other polymers, Hovwever, tne reasoans for specificity, until now, are
investigated very little. From tuis point of view interesting to
study the temperature depenacuce or some properties it is
polyurethane in soluticn ana olock. It is important to also explain a
question concerning what progerties of the isclated/insulated

macromolecules are transmitted to pgolymeric body and as this occurs.

1t is reveal/detectea that in polymers besides the basic
transitions, bonded witn vitriiication, there are additional
temperature transitions, which are develcped in the form of the
anomalies of the temperature uepenuence of some properties [ 138, 139,
152, 197, 209, 295, 301, 331, 34s)j. This type of transitions are
reveal/detected both in the pure/ciean polymers and in solutions
{139, 152, 209, 295]. So, tane aadational conformational transition of
polystyrene in block is revealed 1w the form cf the washed awvay
maximum of approximately 50°C an tne curve of differential-thermal
analysis [344]; a sharp incidenceszarop in the internal pressure (i.e.
energy of cohesion) [301)]; increase in the Bragg distances between
phenyl groups [246]; brecak on diiatometric straight lines [197). In
solutions analogous transitions were detected in the form of an

anomalous dependence of intrinsic viscosity and size/dimensions of
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balls [ 152, 295]; the dieiectrac power factor [ 138, 139);
incidence/drop in the aunisotrupy or chain with temperature [ 152]; the

jump of surface tension | 209].
Page 169.

For ether/est2rs o& ceiluiose, is found the collection of
transition temperatures and the conclusicn is made that the latter
are caused by a change in tae moiecular mechanism of the moticn of
macromolecules [ 197]. Sc, tane lowest temperature of transition
ansvwers a minimum number of possipble conformations, and in proportion
to an increase in the temperature a number of ccenformations and free
space are increased by cooperative method, i.e., these tramnsitions

can be considered as ccnrormdtionad.

Is made the attempt to comnect temperature transitions in dilute
solutions, reflecting ccnformational transformations in the
isolated/insulated macromoieculies, with temperature transiticns in
polymeric block, that tear cooperative character {95]. The authors
tried to reveal/detect conformational transitions for wvas
polyurethane different type. It was assumed that the presence in the
polyurethane chain of twc types oi sections (pliable ether/ester or

glycol compon2nt and riyid urethaue groups), capable of forming

intra- and intermolecular nyarogea bonds, must in a specific manner




EEE———

DOC = 79011110 pace 397

affect the temperature dependence of some properties of polymers. Are
carried out dilatometric uweasurements, differential-thermal analysis,
and is also peasured the caaracteristic viscosity of the solution of

some polyurethanes,

Are investigated two specimens/samples c¢f prepolymers on the
basis of polydiethyleneylycoladipate (mol. weight 1600 and z:gz) and
of mixture of isomers 2,4~ and «,b~TDI (corresponding mol. weight it
is polyurethane 3200 ana 13 5SVv), and also polyurethane on basis of
1,4-butanediol and 2,4~-Tvi (Z,4-PU, mol, weight 9000) ., Are measured
volumetric expansion coetficients zor the first two specimen/samples
in benzene, methylethylketone (MEK) and in these solvents with the
addition of dichloroacetic acid (VKhUK) and also in pure DKhUK (Fig.
92, Tabl. 56). For 2,4-pPU as soiveuts, are undertaken cyclohexanone,

direthyl formamide (DMF) and their mixtures with DKhUK (Fig. 93).

Volumetric expansion coetficients were calculated froa the formula

o = AV/V,AT, (V1LY

vhere AV - Vipscrmops — Vpacrsopwreans Vo — - an original volume of polyamer in

solvent; AT - difference i1a teamperatures T-T,.

Table 56. Volumetric expansion coetficients (a) it is polyurethane.
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(1)

(7) M noans- 2 M n87ns-
PactsopuTen ‘m? ::::enn - a Pacrsoputens m?:,::‘"of.‘u i ]
™ i T
h
(+/) Bewson 1600 | 0.00065 | (& M3K 4100 | 0.0107
4100 0,00100 ¥ M3K -- ANYK: 1600 0.0077
(5) benson +XYK| 1600 0.00084 4100 0.0095
4100 0.00193 OXYK 1600 0.0026
(#)M3K 1600 0.00770 4100 0.0047

Key: (1). Solvent. (2). o4 of polyethers/polyester componeat. (3).

Solvent. (4). Benzene. (5). Beuzene + DKhUK. (6). MEK.

Page 170.

For the same specimen/samples are taken the curves of the

differential-thermal analysis (Fig. 93).

As can be seen from Fi1g. 9¢, for solutions it is pclyurethane an
increase in the volume of tne dissolved polymer it cccurs linearly in
all cases., The calculated value a (see Table 56) increases in all
solvents with an increase in the length of polyether/polyester
component, Value ¢ ip Mrk two tiwmes more, in ccmrarison with Ltenzene,
which, probably, is bonded wictn the quality of solvent. MEK is poor
solvent for it is polyurethane [ 95); therefore in it an increase of

the volume of polymer witn temperature must be more than in Lkenzene
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(good solvent). addition of Daunuk, with capable of the formation of
hydrogen bonds, does not iead to change a in MEK. This it is possible
to explain by the small contraipbution of the urethane groups, which
condition the appearance of ayaroyen bonds. Really/actually, value a
in benzene is close to tue same tor pure/clean polyesters of
different structure (a=0.,00074-0.00084 with mol. weight 790-2200).
The addition of DKhUK into penzene makes solvent worse, since DKhUK

itself - a poor solvent tor is poiyurethane.

Thus, for it is pclyuretnane with a small concentration cf
urethane groups (three or rour to one molecule of polyurethane with a
mol. weight of 13 500) the possibie destructicn of hydrogen Lkcnds
does not virtually affect a cnange of the vclume of polymer in
solution, but difference in a tor different sclvents, probably, it

depends on a quantity ot lattec.

For polyurethane 2,4-PU, tne picture of dilatometric

measurements in differeut soivents is dissimilar (see Pig. 93).
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Pig. 92.

Fig. 92. Dependence i1, }, on teaperature for prepolymers on basis of

polydiethyleneglycoladipate (mol. weight 1600) and of TDI:

1 - in benzene; 2 - in tenzene witn addition of DKhUK; 3 - in MEK: 4

- in MPK with addition oz DiauUk.

Fig. 93. Dependence ivy,v, on temperature for polyurethane on basis

of 1,4-butanediol and 2,4-toluenediisocyanate:

1 - in cyclohexanone; 2 - in VUMF; 3 - in cyclchexanone with addition

of DKhUK; 4 - DMP with addition or DKhUK.
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Page 171,

From curved AV/AV, from T in cycloanexanone and DMF is visible
explicit conformational transition of approximately 40°C. In this
case the concentration or uretnane groups in chailn is considerably
higher than in preceding; tnerefcre their effect on the properties of
polyurethane must be sigmificant. Since the additiomn into
cyclohexanone and DMF or tas diculoracetic acid, capaktle of the
formation of hydrogen bcnd, leaas tc the disappearance of the
conformational transiticn, which exists in pures/clean solvents with
409C., it is possible tc assuawe tnat it is caused by the break of
hydrogen bonds. The data of tue airferential-thermal analysis (Fig.
94) indicate also the ccniormational transition in region of W40°C in
all cases for this polymer, waile zor pure polyether/polyesters of
the same it is not observed. It is characteristic that the analogous

transition is observed also an wviock polymers (Fig. 94, curves 7, 8).

The thermomechanical investigation of elastomers on the basis of
polyethyleneglycoladipate wita chain length greater than their
mechanical segment, and toluyienediisocyanate, also shows that with
T=~40°C begins the irreversivle strain. The dependence of intrinsic
viscosity [n] of 2,4-PU on the temperature in cyclohexanone shovws
that in region of 40-509C ductility/toughness/viscosity sharply is

lowered, and this, probabiy, it 1S bonded with the break of
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intramolecular hydrogen ponds. Iancrease 1,/ during dilution,
according to [327)], is bondeu with the dissociation of hydrogen

bonds.

From aforesaid it foliows tmat the conformational transition in
region of 80-509C is caused oy the break of hydrogen bonds, which

occurs in dilute soluticos and blocke.

Both in the solution d4na in olock besides transition in region
of approximately 40°C for Z2,4-PU are observed additional maximums in
region of 10-12° and by Z09C. dowever, in pure/clean DMF and in
cyclohexanone with the addition ot DKhUK transition with 20°C.
disappears, while at 10-12°C it is retained. For solutions of PU in
benzene with 25°C, also cccurs tne transition, tut in pure/clean PU
it is absent. The presence of tnese transitions, probably, is caused
by the manifestation of the wooniiity of other ccmponents of urethane

chain (besides urethane groups).

N e . -
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Fig. 94. Thermograms of heatany: 1 - 2,4-PU in cyclohexanone; 2 -
2,4-PU in DMF; 3 - 2,4-PFU 1n cyclonexanone with addition of DKhUK; 4
- PU in benzene; 5 - PCEGA; b - PU; 7 - 2,4-PU; and thermogram of
cooling 2,4-PU in cycloiexauone (numeral in curves they correspond to

transition temperatures).
Page 172.
Differential cooling curve (see Fig. 94, curve 2) for 2,4-PU in

cyclohexanone, shows that aii processes - both break of hydrogen

bonds and other conformational transitions - are reversible,

| Thus, the analysis ot experimental data makes it possible to

make the conclusion that tae anomaly of the temperature dependence of
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some properties of polymecrs in plock state is closely related to the
conformational transitious, whacn exist in dilute solutions, and is

causad by the properties oz individual macromolecules.

It is very interesting to compare results presented above with
the data of the direct study of tae temperature dependence of

mechanical properties,

From the classical thneory ot auigh elasticity, it is known that
for the flexible chains, between which are absent specific reactions,
the equilibrium modulus ¢t high elasticity E. is bonded with
molecular weight of the cut of the chain between network points M,

and temperature by the tollowiny relationship/ratio:

E..=3RTp M,,

wvhere R -~ gas constant, p - uJdensity. Was investigated the
applicability of this egquation ror describing the properties of sonme
polyurethane elastomers | 7). 4n the sufficiently wide temperature
range, is found the linear depeandence of module/modulus on
temperature; however, during the extrapolation of experimental
direct/straight before intersectioun with axis temperatures, they do
not pass throuyh the oragin, as this follows from the equation of
kinetic theory, but the transverse axis of abscissas at the

temperatures, distant froam absoiute zero. Consequently, extrapolation
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into low-temperature ones region 1t proves to be not substantiated
for it is polyurethane, 1ln gyeueral form this can be explained by the
fact that lower than vitrificaticn temperature the character of
thermal agitations in polymer is analogous to the character of
thermal agitations in ccmmon solids and it is not bonded with the
flexibility of chains. ln this teaperature range, the strain bears no
longer highly elastic, wut truly eiastic character and, therefore, it
cannot be described by the Kinetic theory of elasticity. It is
possible that the determineud accoruing to intersection with the axis
of abscissas temperature cocresgonds to the brittle point of
elastomer and can serve as additicmal characteristic. On the basis of
this into equation, it 1s possipble to introduce the correction, which
considers the results of tae extrapolaticn of the experimental

straight line

Ew = 3—";5 (T —T,).

The obtained equation is in the best acccrd with experiment, and
parameter T, can be connected with brittle point, since the latter

begins when completely cease all segmental movements.
Page 174,

Are establish/installed some temperature anomalies of the

mechanical properties ot polyuretanane rubbers, in which distinctly is

R i
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developed the specific character or their behavior [70]. Was ;
investigated temperature dependeunce of the value of equilibrium
highly elastic strain and moaule/uwodulus of high elasticity, and also
the strength of polyurethane ruobers on the basis of
diethyleneglycoladipate of ditftereat molecular weights and TDI,
cross-linked with triethanolamine and which are characterized by the

presence or the absence of plasticizer - ditutylphthalate.

Figure 95 gives the curves ot creep of the nonplastic and
softened rubbers at difrerent temperatures. The temperature ccurse of
these dependences is cleariy ancuwalous, and the minimum value of

highly elastic strain is observed at temperature of 35°C for

nonplastic and by 40-509C ror thnat plasticized polymers.
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Fig. 95. Curves of creep of the nonplastic (a) and softenedntubber:
=0 5 — 20 3 — 40, 4 — 66 5 — 20: ¢ — 35; 7 — 40; 8 — 530°C.
Enlyen? “ é.ul/cme (' ) &%
324 | 1600
1] 28 - H 1400
307 244 \ 1200
251 2 201 L 1000
I 16 1 L 800
145 VN3 12 L 600
a"_ 0- 2 ’ '400
4] 200
0 T J ° 0 ——r—— 0
20 40 T ¢ 20 40 60 80T
Fig. 96. rig. 97.

Fig. 96. Dependence of sodulus ot elasticity on temperature: 1 -
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M=2%500, with plasticizec; 2 - M=1990, without plasticizer; 3 ~

M=1900, with plasticizer.
Key: (1). G/cm2,

Pig. 97. Dependence of streaugytu (1) and of elcngation at rupture (2)

on temperature.
Key: (1) . kg/cm2,
Page 174,

The temperature course oif mouule/modulus also develops anomaly
and is characterized by tane clearly expressed maximum at temgeratures
of 35-40°C (Pig. 96) ., Finally, in the temperature range of 35-40°C
are observed extreme pocints ia tue curves of the temperature

dependence of strenqgth and elongyation at rupture (Fig. 97).

According to the ciassicai tneory of high elasticity, which in
the majority of the cases correctly describes the temperature
dependence of the propeities or unatural and synthetic rubbers, the
equilibrium mwodulus of hignly elastic strain must grow/increase with
temperature as a result of an i1ncrease in the energy of the thermal

agitation of chains. At the same time, the amount of equilibriue
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strain little depends on teaperdature.

As can be seen from gjiven data, the value of module/modulus
passes through the sharjly pronounced maximum, that does not make it
possible to characterize the vehavior of polyurethane rubbers with
the aid of kinetic thecry. A cnange in the mechanical properties
(strength and elongation at rupture) also bears nonmonotonic
character. The investigation of the temperature dependence of
module/modulus for it is posyuretunane, oktained on basis
polyather/polyesters of different molecular weight, it showed, that
the common/general/total anowmaly of temperature dependence is
retained independent of molecuiar weight and presence or absence of
plasticizers. In this case, the tcmperature range of the

manifestations of anomaly i1s not changed.

Analogous results are obtdined during the study of the
temperature dependence ot tae value of the equilibrium module/modulus
of high elasticity for polyuretnane elastomers on the basis of
polydiethyleneglycoladipate of difterent molecular weights (Fig. 98).
Pindings give to us the roundation for considering that the
tesmperature anomalies of amecnanical properties it is polyurethane

they are bonded with the spwcitic molecular processes, which take

place in the temperature ranye of 40-50°cC.

ekt
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Fig. 98, The dependence ct tue eguilibrium modulus of high elasticity
of polyurethane elastorers on tne temperature: 1 - on the basis of
polydiethyleneglycoladigate (noi. weight 815) and of TDI
(crosslinking agent diethylene ylycol ¢+ glycerin = 1:1): 2 - on the
basis of polydiethyleneyiycouiadipate (mol, weight 1750) and of TDI
(crosslinking agent diethyiene glycol + glycerin = 1:3); 3 - on the
basis of polyethyleneglycciadipate (mol. weight 1000) and of TDI

(crosslinking agent diethylene ylycol + glycerin = 1:1),

Key: (1) . G/mnm2,

Page 175.
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It is interesting tc note also data on the temperature
dependence of module/mcuulus eiasticity of the rigid polyurethane
films, which are used as protective coatings (FPig. 99). In contrast
to elastomers in the initial period of an increase in the
temperature, is observed a4 coswon ror the glassy polymers reduction
in the module/modulus with a temp.erature rise. Further shape of the

curve is analogous to shape of tue curve, given in Fig. 96.

Thus, in +temperature range near 40°C occur changes in the
properties, bonded with tae conformational transitions, caused by the
decomposition of the part orf the wolecular bonds, first of all
hydrogen. The significant coatriwvution to properties is polyurethane

it introduces also the reaction petween polyether/polyester blocks.

Weakening molecular bonds with an increase in the temperature leads
to an increase in the mopiiity or nlocks and a manifestation with

them their own flexibility.

Thus, the effect ci temperatuie produces change in the total
number of intermolecular nydrogyea and van der Waals bonds. The

decomposition of the gria ot tanese bonds is equivalent to an increase

in the distance between the nodes of the three~dimensional/space
grid, formed as a result of pnysical reactions and which plays the
dominant role in the propertises of polyurethane elastomers [ 115].

Because of this, and also aue to au increase in the mobility of the
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cuts of chains occurs tue cowmmun/gyecheral/total increase of the strain
in temperature range of higher toau 40°C and the bonded with it

reduction in the module/modutus.

For the plasticizea polymer the region of anomaly is
shift/sheared to the side or aigjuexr, but lover temperatures, as it
could seem at first glance. 1nis 1s caused by
preservation/retention/maintainlny in the plasticized polymer of the

durable bonds, which are decomposed at higher temperature.
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1 - on basis of tetrahydrofuran with oxide cf propylene and adduct of
trimethylol propane wita Tul; Z - on basis of
oligodiethylenesuccinate (moi. weiyht 800), trimethylol propane and

TDI; 3 - on basis of oligyouiethyleneglycoladirate (mol. weight 800).
Key: (). kgf/cm2,
Page 176.

Thus, decomposing the graia or physical bonds and caused by this
change in the flexibility ot the cuts of polymer chains, i.e., the
factual rearrangement ot tae structure of grid uitﬁ temperature,
determine the anomalies of tue physicomechanical groperties,
components the essential featule 0L polyurethane elastomers. It is
completely possible that thuis mculiity of structural grid and
lightness/ease of its rearrauyesdent under the effect of external

agencies determine many specirsc pioperties it is polyurethane.

THERMODYNAMICS OF THE HauHoLY ELASTIC STRAIN OF POLYURETHANE

ELASTOMERS.

During the explanation of the bond of the mechanism of strain
with the structure of fpoiymer special importance have the cases when

very structure of body underjoes cnange during strain.

b
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The characteristic teatures ot elastic properties and behavior
it is polyurethane duriny strain, the expressed in capability for
auto/self-curing defects during tae development of cracks and high
resistivity to voltage/stresses, in many respects they are determined
by the type of three-dimensioaal/space grid. It differs from the
common vulcanization the fact that the contrikbution of physical
reactions to effective network density is extremely great.
Possibility of redistriktutiny the wolecular bonds in polyurethane
rubbers during strain - one of tne reasons for manifestation by these

polymers of special prcperties.

Therefore it is ipterestiny to investigate the thermodynamics cf
the highly elastic strain or polyurethane elastomers and to
establish/install the contripution of inner energy and entropy tc the
elastic force, which apgears during the strain of elastomer. In this
direction are known only severali works [69, 72, 75, 1%, 192, 325,

326, 328}, carried out, in essence, in recent years.

As is known, the calculatious of entropy and energy components
of the equilibrium voltagye/stress, applied to the specimen/sample of

rubber with its stretchiny, are conducted through the straight lines

of the dependence of equiliorium voltage/stress from the temfgerature
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during different elongation, Cailed thermo-elastic. In this case, is
F used the common/generals/total <juation of kinetic theory of rubber

elasticity [ 137, 211)]

vhere U - inner energy: S - entropy: 1 - length of specimen/sample; £
- tensile force; fu- elastic cowponent of equilibrium force; f.—-

entropy component of equilibraium rorce.

Changes in the inner eneryy of rubbers usually are very
insignificant and if they are developed, then with the high amounts

of strain.

Page 177.

Conway [192], investigatiny tne contribution of energy and entropy
components of polyuretbhane ruwvper on the basis of
polyoxypropyleneglycol, also noted an insignificant change in the
inner enerqy during sliyht deformations. However, in all further
works (69, 72, 75, 117, 325, 32v, 328), which concern thermodynamics
it is polyurethane, it is indicdateua significant changes in the inner

energy even during slight deformations. So, Tanaka and coworkers

-t
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(326], studying the dependence of voltage/stress from the temperature
it is polyurethane on the pasis ot complex and simple
polyether/polyesters in tane ranye of temperatures of 40-70°C, they
showed that during straip it occurs both the decrease and an increase
in the inner energy it is polyuretaane depending on the nature of the
latter. The dependence ot tae coatribution of energy component into
common/general/total equiliucium voltage/stress ff{' from the degree
of stretch of elastomers i1s cChndngyed in absolute value and on sign
with an increase in the degree oif stretch and a change in the nature
of components is polyuretnane (Figy. 100). In essence is observed the
decrease of energy component of eqguilibrium voltage/stress. The
obtained results are explainea oy a change in the chain ccnformations
during the strain of elastomers. For polyurethane on the basis of
naphthylenediisocyanate (curve Z) abrupt change fuf with the degree
of stretch is explained by crystallization; hosever, there are no

experimental proofs.

Is investigated the taermouynamics of the highly elastic
deformation of linear cnes it 1s polyurethane, developing highly
elastic properties in an intecval temperatures of 20-70°C at large
stretchings [289], and okLtained the dependence of equilibrium
voltage/stress and its components with the degree of stretching for

some it is polyurethane ([325] (Fiyg. 101).
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Fig. 100. Dependence of fU/f on the quantity
deformation of polyurethane elastomers (‘):

1 - based on TDI and TMP polyethylene glycol
adipinate; 2 - based on polyethyene glycol
adipinate, naphthylene diisocyanate, and
butane-diol; 3 - based on TDI and TMP
polypropylene glycol adipinate; 4 - baced

on TDI polyethylene glycol adipinate and

ethanol amine; 5 - based on TDI polypropylene
glycol and ethanol amine.
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Table 57. The composition of studied polyurethanes.
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Key: (1) . Specimen/samfle. (). Poiyether/polyester. (3). Isocyanate.
(4) . Crosslinking agent., (b). Molar ratio. (6). PDEGA (mol. weight

1600) . (7). Polyol 1.

FOOTNOTE !. Polyol on the pdasis or adipic acid, glycerin and

diethylene glycol. ENDFCOTNOI&L.
(8)» The same. (9). Glycerin. (1V). 1,4-Butanediol.

FOOTNOTE 2.M, they did nct determine due to the crystallization of

specimen/samples.

Page 180. In this case it 1s ovserved both increase in the inner
enerqgy with the stretchiny of the investigated specimen/samples (Fig.
101b) and decrease (Fig. W1la). Last/latter fact is bonded with
crystallization during the deformation, confirmed by X-ray method.
With the stretching of golyurethdaune on the basis of polycarbonatediol
vhen occurs increase of inaner eneryy during deformation,

crystallization was not noticed e€ven with stretching to 5000/0.

We studied the thersodynamacs of the highly elastic deformation
of polyurethane elastcmers on the vasis of simple and polyesters [69,

72, 75, 117). As polyesters are uandertaken linear and branched

polydiethyleneglycoladipate (PDiGA) and polyethyleneglycoladipate
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(PEGA), as simple ones - poulyoxitetramethylenediol (PTMD) and
polyoxypropylenediol (PCED); are used such diisocyanates, as mixture
2,4- and 2,6-TDTs(T-102), nhexamethylene diisocyanate (G-102),
diphenylmethane diisocyanate (DMI). The crosslinking agents were
trimethylol propane (TMP), mixture of 1,4-butanediol with TMP, polyol
on the basis of adipic acid, diethylene glycol and glycerin, mixture
of triethanolamine and dietaanolamine (TFEA+DEA). The characteristics
of the invastigated specimen/samples, and alsc the value of average
molecular weights between network points (M), calculated by the value

of the equilibrium modulus of aigyn elasticity, are given in Table 57.

G kliem? () G rr/emd @
f
J £
40 : 40 f
301
30
5
201 264
£
10 104 “
4 5 6 o
0 A A 1 . A 5 -5 -+
12 3 4 F o
-10 - A ¥)
fu
-Z'.”{
a s &)

Fig. 101. Change in equilibrium voltage/stress and its components
from degree of stretchiag tur i1s polyurethane on of polycaprolactone

diol and m-xylylenediamine (a); polycarbonate diol and
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ethylenediamine (b). ;

Key: (1) . kg/cm2,

Page 181,

The dependence of stress level from temperature was measured on
a relaxometer designed accordiny to type [27]. Por maintaining the {
constancy of relative elciugyation i1n the course of measurements, it

was necessary to know a chanye iu the lengths of the unstressed

specimen/sample with temperatuie waich render/showed insignificant.
Therefore subsequently during yreat lengthenings these changes they
disregarded, but during smali extracts (to 10c/0) in the calculations
of the values of the equilivrium voltage/stress were considered
changes in the length of the unstressed specimens/sapple with
temperature. Energy and entropy components calculated from
thermo-elastic straight lines (dependence of equilibrium
voltage/stress from temperature), using equation (VII, 1). Prom the
dependence of equilibrium voltagye/stress and its components from
tenperature (Fig. 102) and deyree of elongaticn (Fig. 103) it is
evident that with stretcainyg it is polyurethane, as for common
rubbers, is observed the decrease of entropy, bonded with the
decrease of a number of cnain ccniormations during extract. But in

contrast to the majority of ruovers where a change in the inner

‘
P PV . adbar e de Codid ab ke, A Lok ) ik
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energy during extract is close to cero (with stretching to 1000/0)

e e v - e e -

(137)], for is polyurethane dirteieut nature relative elongaticn

8-100/0 already it causes tae suary decrease of inner energy in all
cvases. The decrease of twuae inner euergy of the natural rubber occurs
during the extract of higher tuan 3000/0, which is explained by

crystallization [137].

The roentgenojraphic medsurements of the deformed polyurethane
specimen/samples did nct reveai/detect crystallization in the range
of deformations from 0 the 1uVo/0 (Fig. 104, see insert). Therefore,
the ohserved decrease ¢t inner emergy during deformation to 1000/0 it

is not bonded with crystaliizatiocn, as is assumed [ 325, 328].
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Key: (1) . G/nm2,
Page 183.

Fo: the explanaticn of tne onserved decrease of inner energy
vith stretching, it is poiyuretnane one should consider that the fact
that in the latter together wita chemical ones is a large number of
physical bonds, which contrioute tae significant contribution to
common/general/total density ot tne three-dimensional grid.
Really/actually, earlier we examined a questicn concerning the nature
of molecular bonds and establishea that the diversity of functional
groups in chains determipes the existonce of the collection of the
bonds, which differ in streagth from common van der Waals ones to
hydrogen ones. At different temperatures and with voltage/stresses,
occurs the decomposition of these vonds, which as a result of their
diversity can cccur/flcusiast in tue wide temperature range and be
gradual. This lability cf these bonds, and alsc different effect of
external voltade at this temperature on the change of the strength of
bond play the significant role in the thermodynamic properties of
t~~ma elastomers, The siecial rfeature/peculiarities indicated
‘e*<rmine the lightnesssease ot the rearrangement of

©sa - tiwmeasional Jrid it 15 posyurethane during the deformation of

ey ——————

R e
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the latter. Tensile strain contriobutes to the approach of the cuts of
the chains between nodes, waich causes the formation of the

addit ional physical bonds becrwean them and thereby the decrease of
inner energy which is ctservea in the case amcrphous polyurethane

elastomers a2ven with the small degrees of stretching.

It is obvious, an 1ncrease 1n the flexibility of the cuts of the
chains between nodes as a vesult or an increase in molecular weight
of oligoester block or M, because of a smaller quantity of the
crosslinking agent will increase tue possibility of the formation of
physical bonds during derorwaticn as a result of the approach of the
cuts of chains with each otuner. tuc dependence of the contribution of
energy component into tne common/yeneral/total voltage/stress fros
the degqree of the stretchiny or polyurethane cn the basis of
polyethyleneglycoladipate or uirferent molecular weights confirams

this assumption (Fig. 105).

From dependence f,f on value p_ for it is polyurethane on the
basis of complex and polyethers (Fig. 106) it is evident that fulf
correlates with M. During decrease M, i.e. during an increase in the

network density, the degree ot a cumange in the inner energy becomes

less.
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Fig. 105. Dependence of tane contributicn of energy comgonent

into equilibrium voltage/stress from value deformation.

Page 184.

Probably, during the defcrmation or the streongly cross-linked
elastomers as a result ct tue grecater hardness of the cuts of the

chains between nodes, decreases the possibility of shaping of

additional physical bonds.

For it is polyurethane on tue basis of polyesters change j,j it
is more noticeably than in poiyurethane on the basis polyethers. The
reason for the observed pnencmenon consists in a difference in the i

portion/fractiod'of chemical and physical cress-linkings in the

common/general/total network aensity of these elastomers. If in
5 polyurethane on the basis or polyesters the dcminant role in grid
belongs to physical bonds, tnen in elastomers on the basis polyethers

the contribution of physical bonds will be less.

The analysis of Fiy. 10op shows that a change of the inner
energy in polyurethane on the basis of oligoethylene- and
oligodiethyleneglycoladipate 1s approximately equal, in spite of

{ di fferent values M. Probaoiy, the yreat flexibility of the cuts of
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chains in polyurethane oL tus vasis of oligodiethyleneglycoladipate
contributes to the formation or a large number of molecular bonds in
the course of tensile straiu even when smaller M, than in it is
polyurethane on the basas ox oliyoethyleneglycoladipate. This causes
a greater change of the inner emergy in the first case, than the
secondly despite the fact that M, polyurethane on the basis of

oligodiethyleneglycoladipate 1s less,

oo
— ®
3 4 o)
1 -
4 8 12 16 20 24 M o107
0- 3 1 i’ — L. 4 8
+
- 14 8 H\
~24

-3 I.ﬁ”
Pig. 106. Dependence ./ on M tor amorphouss it is polyurethane on

basis of complex (a) and simple (b) polyether/polyesters with

stretching from 10 to 600/0.

Page 185,

Ananim il
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Some of those investigyated py us it is pclyurethane they were
spontaneously crystallized in tne course of time [75]). Was studied
the thermodynamics of the detormation of these specimen/samples (Fig.
107), which is accompanied by an 1ucrease in both entropy and inner
enerqy. It is possible tc count tnat in this case occurs the
destruction of crystalline formations, i.e., the decrease of degree
of order, which leads tc aun increase in the entropy. In this case,
logical to expect the increase an the inner energy that usually

occurs during the deformatiou of crystalline todies.

Thus, findings tell avout tue fact that a change in the inner
energy during the deformation or polyurethane elastomers depends both
on nature and network deusity ot polyurethane and on the phase state

of the latter.

It is obvious, the aerormation of the elastomers indicated in
the range of higher temperatures will lead to a change in the
thermodynamic functions, since it is known that the physical bonds
wvhose concentration is great in polyurethane, it is very sensitive to
temperature etfects. Theretore vwe investigate the thermodynamics of
the deformation of polyurethane amorphous elastcmers in the range of
temperatures of 100-609C [ 117 ] and will compare the character of a

change of the thermodynasic tunctions in this case with the same in

the range of lower temfperatures (Z2u-60°C).
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Preliminarily was conducted the isometric heating of the
specimen/samples being investigated with different loads for the
establishment of the temperature range, in which does not occur the
decomnposition of the grid of chemical bonds, as a result of which
were obtained the curves or the iscometric heating of polyurethane
elastomers (Fig, 108). ibnitially occurs the increase in the
voltage/stresses in specismen/sampies, caused by the effort/force of
the thermal agitation of caains with an increase in the temperature.
With an increase in the originali lcad on specimen/sample, a change in
the voltage/stress in pclyurethane with a temfperature rise becomes
more noticeable., Then in tane ranye of temperatures of 100-120°C"

(depending on load on speciwen/sasple) begins a sharp voltage drope.

It is known that polyurethane are characterized by the presence

of the chemical bonds ¢t dirtereat types. It is assumed that biuret

and allophanate bonds least stroay/durable ([302].
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Pig. 107. The dependence or the equilibrium voltage/stress-f and of
its components 't and i from the degree of elongation for

specimen/sample 18 (designation see in Table S57).

Page 186.

There are data about the fact that at temperatures of 106°C or above
begins the dissociation of the allophanate bonds [249]). It is
possible, this causes a sharp voltage drop at temperatures in higher
than 100°C. For the confirmation of the fact that in this case occurs
the decomposition of chemical ponds, is investigated the

reversibility isometric heating (Fig. 109). On the isometric curves

is observed hysteresis. In the teaperature range of 20-100°C, value
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of hysteresis is insigniricaut. Lakge hysteresis in interval of

20-130°C testifies to tne irreversibility of deformation, bonded vith

the irreversible decomfposition ot the grid of chemical bonds.
Consequently, the thermodynawics o1 deformaticn can be traced only to
100°C, i.e., to the temperature, at which yet does not disintegrate

the chemical grid of bouds.

The analysis of thermo-eiastic straight lines for polyurethane
on the basis of polyester (¥iy. 110) and of dependence of the
equilibrium voltage/stress t aud of its components from the degree of
elongation (Fig. 111) shows tnat during the deformation of

polyurethane elastomers occurs tne decrease of both entropy and inner

enerqgy.




DOC

Fig.

on the basis of PEGA (specimen/samgle 13, table 57); b - on the basis

= 79011110 PAGE .}3‘
6,xl/cme )
10
68.7%
8'
29,7%
ﬁ..
27,0%
4
14%
Z-M
10,6 %
a T L ¥
40 a0 120 T, °¢

4

of PDEGA (specimen/sample 10).

Key:

Fig.

(1. kgf/cn2,

109. Curves of iscometric heating for specimen/sanmple 1

6,r/7mm?

2

(i}

6,

24

’]
.

37

)
kl/cm® @
//’z>z
1259,
14 * v -~
87%
T,

0 . . .
20 40 60 80
A &

108. The curves of isometric neating for it is polyurethane: a -

305%

20 40

60

80

w00 120 T°

(table




f

DOC = 79011110 paGE 437

57) in different temperatuire ranyes: 1, 2 - lift and decrease in
temperature in interval ot 2uU-1009C; 3, 4 - 1ift and decrease in

temperature in interval cf 2u-1309C.
Key: (7). G/mm2,
Page 187.

On the other hand, thermo-elastic straight lines in the range of
tenperatures of 100-60°(C lie/rest pelow than at 60-20°C. It is
obvious, heating specimen/sample to 1009C leads to the dissociation
of the greater part of the paysical bonds. Otherwise, we deal with
the three-dimensional/sgpace grid, which possesses the smaller

concentration of physical bonds, which leads to the decrease of the

effective density of cross-iiunkiny and, therefore, to an increase in
the affective flexibility of the cnains between chemical network a

points.

We note that during tne detformation of polyurethane elastomers

vith the less density ct cross-iinking a change in the inner energy

during deformation is considerably more than in the case of
elastomers with the high demsity ot cross-linking, It is analogous,
the deformation of elastomers at high temperatures is accompanied by

a large change im the inner eneryy, than at lcw temperatures (Fig.
111, 112a).
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57) in different temperature intervals.
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from amount of deformaticn (specimen/sample 14, table 57):

fu
N andAin region s 1w c 1.5

and /& in region of 20-609C.
Key: (1). kgf/cm2,
Page 188.

This is explained by the fact tnat with the drawing of
specimen/sample in the hiyn-temperature range when the part cf
physical bonds is destrcyed and tae cuts between nodes possess
greater flexibility, is created the great possibility of reducing the
old ones and the formaticns of new physical bcnds during the approach
of the cuts of chains, wnilie energy component of equilibrium

voltage/stress grow/increases.

buring the deformation of poiyurethane elastomers on the basis
polyethers at elevated temperatures, a change in the inner energy is
also more than in the ranje of low temperatures (Fig. 112a, b). The

sharper difference betveen values f/f in different temperature

intervals during the defcrmation ot polyurethane with the less

i A e A




DOC = 79011110 PAGE 440

effective density of cross-iiakiny (Pig. 11Zb, c) is logical in light
of consideration about a cuauge in the flexibility of the cuts of
chains at the different densities cf the cross-linking of

three-dimensional qgrid.

It is known that tihe measurement of the dependence of the
egquilibrium voltage/stress or tae elongated pciymeric specimen/sanmgle
from temperature is the basls or the method of calculation of the
temperature coefficient of the sizesdimensicns c¢f free polymer chain
in undisturbed state [z1c-414). Method is based on the theory of the
elasticity of rubbers, wnhicn dassumes the independence of
intermolecular interacticn rroa detormation, and cn the principle of
additivity [215] of the coatrivuctions of free energy of separate
chains to common/generalstotal fiee energy cf system. Calculations

are based on the equaticn

f,/fT = —(d1n (}/T)idT),, = dInF/dT.

If measurements voltaje/stiess - temperature are conducted at a

constant pressure, this eguatioa is record/written in 'the form

(V11,2)

[—din(f;T)dT),, = dInF2dT + w2,

where dln?ot/dt - temperature coefiicient of the root-mean-square
distance between the ends 0of cnain; B - cubic coefficient of the

expansion of elastomer; A -~ dejree of stretch of elastoamer.
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Pig. 112. Dependence /.// on the degree of stretch A for it is
polyurethane on the basis of coaplex (a) and simple
polyether/polyesters (b, c): a ~ specimen/sample 14; b -
speciamen/sample 23; c - specimen/sample 22 (designations see in Table

57) .
Page 189,

Processing/treatment [b69] of the obtained by egquation (VII.2)
data will show (table 58)that the values of value ,fT were negative
in all cases, which indicates the decrease cf sizes of the
und isturbed polymer chain to temperature. Together with value fu/fT
strongly they are distinguished by absolute value, vhich would seen
completely natural, if we consider different composition of those
investigated was polyurethane. But these differences are retained
also in the case of one and the same by the qualitative composition 1;

cf polyurethane (specimen/samgles 14, 15) with the different degree

i
bl
H
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of cross-linking. Dependemnce [, [T on the degree of cross-linking is
observed even when the cbjects of study will be polyethylene,

polypropylene and their copoljymers [284].

The method of calculation or the temperature coefficient of the
size/dimensions of free polymer chain is based on the assuaption that
a change in the inner eneryy duriny the deformation of elastomer is
caused by a change only in intramolecular reaction; a change in
intermolecular interaction is nct considered. Meanwvhile it cannot be
assumed that the significaut cuaange in the inner enerqgy, observed
with stretching it is pclyurethane, it is caused by an increase in
the intramolecular reaction, since the drawing cf the cuts of polymer
chains contributes to the rewmoval of polar grcugs in chain from each
cther and is decreased thbhe prooawility of their intramolecular
reaction., Probably, in the process of extract, it is polyurethane it
occurs the approach of the cuts of the chains between nodes, which
leads to the formation of adaitional physical nodes in grid due to
the reaction of the polar groups orf adjacent chains. Thus, the
decrease of inner energy duriny the extract cf polyurethane
elastomers is caused, in the first place, by a change in
intermolecular interaction or the cuts of polymer chains. The change

in the inner energy the yreater, tne greater the distance between

nodes in grid.
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In connection with that presented for it is polyurethane it is
not possible to obtain the plausivle values of changes in the
root-mear-square distance betveen the ends of free chain from given

voltage/stress - temperature.

The conducted investigatiouas show that the presence in
polyurethane of the physical bonus of different types leads tc
another behavior under tne derormations and the temperature
influences of this class of rubpers in comparison with natural and
other rubbers [ 72, 325, 32b. 328). The given special
feature/peculiarities are bonded with the presence of movable grid of
physical bonds and with its rearrangement in the course of the
deformation and temperature effecrs, by which appears the new
structure, which corresgonds to state of strain. When the rates of
deformation and rearrangement of gyrid will be ccmpared, is
establish/installed new ejuiliobraium in system, which is very
important in the examination of tne mechanism of the deformation of

polyurethane elastomers.

|
1
|
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1
Page 190.
Table 58. Equilibrium voltaye/stresses and their components of ]
{
polyarethanes of different degree of cross-linking. "
i
(1 "V s
Obpasea ’ f. klfcad :S s | ot M,
35 318
“l:’ o lD S . 4
P |2
1 1,12 101 _240 | —1,39 | —137 | 15400
1.24 153 ~478 | —325 | —2.12 o
1.44 226 | --7.17 | —a91 | =217
1,76 362 | —14.14 | —1052 | —29
2 1.19 0.97 _452 | —355 | —294 | 11800
1,53 2,83 —679 | —39 | —1.39 :
*1.80 3,80 —9921 | —541 | —142
2.00 413 | —1350 | —937 | —227
3 113 1.16 —430 | —314 | —270 | 11500
1.20 1,36 —524 | —388 | —2.85
1,32 217 833 | —6.16 | —2.84 )
1,84 337 | —1386 | —7.02 | —290 ,
4 1,29 2,90 —790 | —43 | —1.48 | 10200
1,35 3.51 _800 | —449 | —128
145 49 1._1070 { —580 | —118
1.60 530 | —1370 | —840 | —1.58
i 5 1.03 1.19 150 | —040 | —9.34 6000
1.08 2,30 _o87 | —057 | —025
.13 3.37 —4.12 —0.75 | —0,22 |
117 425 _534 | —109 | —026
1,33 898 | —1117 | —219 | —0.24
6 1,04 131 | —234 | —1.03 ] —078 | 2000 1
: 1.06 2,28 —436 | —208 | —091
\ 1.07 318 | 59 | —278 | —-087
113 4,50 —824 | —374 | —083 ]
7 1.07 13 | —170 | —040 | —030 4500
1.09 1.55 _243 | —088 | —0,57
I wn 2.10 —340 | —1.30 | —062
1.24 2,98 —466 | —168 | —056
8 1.04 160 | —141 019 { —0.12 2250 !
1,08 3,30 353 | —023 | —0,07
117 6,85 —752 | —067 | —0.10
1,23 7.60 —932 | —172 | —023
131 876 | —1075 | —199 | —0.23
9 1,06 1o | —125 | —015 | —0,14 4200
1,09 1.90 -280 | —090 | —0,50
121 4,60 —630 | —1,70 | —0.37
1.26 485 —662 | —177 | —037
1,33 540 | —8.14 | —274 | —050
10 1.06 110 | —125 | —015 | —0,14 4200
1.09 1,90 —280 | ~090 | —050
1.21 4,60 -—6,30 —1,70 | —037
1.26 4.85 —662 | —1.77 | —037
. 1,33 5,40 —814 | —274 | —05
Key: (1) . Specimen/sangle. (2). kyf/caz.
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Continuation ¥able 5S8.

#
() (» g o
O6paseu A I. x[icus ‘(;E~ s fulft M.
— | El_‘.
IR
11 1.03 0.78 0 0,78 1.0 6200
108 1,70 —2.51 —0.81 —0.48
1,15 290 —4,10 | —1.20 —0.4!
1.21 4.50 —7.75 | =325 —0.72
135 6.15 | —1018 | —4.03 | —0.66
12 1.02 1,18 —135 | —0.15 —0.13 2600
1.06 270 | —3.19 | =049 | —018
113 4,50 -—5.50 —1,00 —0,22
13 1,10 1.25 —1.44 —0,19 —0.15 6600
1.14 1.70 —2,12 | —0.42 —0.25
1.26 2.88 - 3.62 -0.79 —0.28
1,42 4,25 —6.74 —2.49 —0.59
1,52 5,60 —8.61 —3,01 —0,54
14 1,06 1.80 —1.66 0.15 0.08 4400
1.16 3.10 —3.22 0.12 —0.,04
1.28 525 —6.47 | —1.22 —0.23
144 756 | —931 | —175 | —023
15 1.16 0.40 —112 —0.72 —1.80 23 800
1.39 0,90 —2.7 —1.88 —2.10
1.58 1.20 —4,18 —2.98 —2.4¢
2.09 160 | —563 | —403 | —252
16 1,10 0.65 —1,16 | —051 —0.8 7700
1,26 1.68 —4.63 —2,5 —1.7
1.49 2.85 —846 | —5,61 —1.9
17 1,008 3.06 1749 | 2055 671 . «pucrar- g )
1.009 4,80 19,92 24,72 5,15 | mpuecxun
1,020 6.40 21.80 28,20 44!
18 1,010 2,95 6.87 9,72 3,29 | Kpucranr-
1.015 4,70 11.00 15,70 334 | audeckuit @
1,018 593 12,31 18,84 3.07
1,031 6,62 18,23 24,85 3,75
1,039 6,65 20,55 27.20 4,09
19 1,11 1,36 -3,05 | —1,69 —1.24 5100
1,32 298 —6.18 -3,20 —1,07
1.43 3,78 —7.687 -3,79 —1.00
1.67 5.27 —1050 | —5.23 —0.99
2 1,04 0.96 ~254 | —1,58 —1.64 4300
1,10 2,17 —4,78 —2.61 —1,20
1,15 3,31 —7.33 | —4,02 -—1.21
169 | 825 | —1534 | —7.09 | —0:86
21 1,05 248 =373 | —1,25 —0.50 1900
1,10 4,48 —6,28 1 —1,80 —0,40
L17 6,69 -§,66 | —1,97 -—0,29
Key: (1). Specimen/sanple. (2). kygscm®. (3). Cr ystalline.
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EontinuvationFable 58.

oy - (2 E "
| Tl B R
f O6paseu 1N f, xFjcur gi'-i 1l 2 Sk U M, |
T S :
) i i |
:
22 1,07 1,23 —32 | —198 | —160 | 10060 i
1,22 385 —724 | —339 | —088
1.30 530 | —1115 | —585 | —1.10
1.47 600 | —1307 | —633 | —096
1.71 820 | -—158 § —762 | —093
; 23 1.04 1,85 —1,36 0,49 0.26
l 1.09 3,55 —456 | —100 | —028
f . 116 6,50 ~956 | —306 | —0.47
| 1.21 98 | —1470 | —4.80 | —0,49
'7 2 1.20 135 | —290 | —155 | —1.15 | 13000
1.22 1.82 —367 | —1.86 | —1.02
130 | - 255 —564 | —300 | —121
| 1,38 3.60 —808 | —448 | —1.24
t
25 1.14 0.65 —129 | —064 | —092 | 18300
1.33 1.30 —296 | —166 | —130
- 1,39 1.65 —390 | —225 | —1.40
5 i
r
|
Key: (7). Specimen/sample. (2). kJr/cm2,

Page 192,

Reallys/actually, in the presence of movable grid at each stage of
deformation, is necessairy further aecompositicn of grid in contrast
to other elastomers where the detormation is not accompanied by the
reduction of the initially destroyed bonds., We assume that the
comparative lightness/ease oi decomposition and reduction of grid

explains the capability it 1s poiyurethane for the curing of defects
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during deformation, which can pbe considered as a thixotropic chaage 1

in the three-dimensional/space grid.

THERMAL EFFECTS DURING DEFORMATLION OF POLYURETHANES.

! It is known that the mechanical deformation of polymers is

i invariably accompanied by the thermal effects whose sign depends on
E the form of deformation, panase and physical states of the polymer
t

being deformed.

: Studies of the thermal ertects of deformation is of essential
interest, since it gives iaportant information about thermodynamics
and to the molecular nature of this process. However, works in this
direction it is small, which i1s caused by the difficulties of the
gquantitative determinaticn ot tne thermal effects, which accompany

deformation, because their values are very insignific:.nt. the first

essential vorks in this direction they are made by Mueller/Muller and
coworkers [99, 275], who developed the gas-filled differential

microcalorimeter.

Page 193. ]

We carried out the determination of the thermal effects, which

accompany the deformatico of golyurethane elastcaers [47, 75]), on the
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special block, which makes it possible to simultaneously record/write
differential temperature siope and change in the voltage/stress with
deformation and relaxation ot specimen/sample. As the subjects of
investigation serve polyurethane on the Lbasis of 2,4-DTI and
polyethyleneglycoladipate (PEGA) or different wmolecular weight (f%ble
59).

PEGA easily is crystallized, which can lead to crystallization
and is polyurethane on their basis. However, as it is noted in [15),
spontaneous crystallization was polyurethane, containing the

crystallizing oligoester blocks, it occur/flow/lasts only at the

v,

sufficient length of the oligyoester blocks when the rigid
diisocyanate blocks of macro-chaiu no lcnger can interfere

' crystallization.

Really/actually, even after semiannual aging at room temperature

spontaneous crystallization is observed cnly for specimen/sample by 3
(see Table 57). Specimen/sample 3 (see Table S57). To this, testifies

i the character of thermcgrams [42, 75].

The character of the therwmai effects of the deformation of

specimen/sample 1 (Fig. 113) is analogous such for the highly elastic

deformation of other polymeric systems, i.e., the stretching of

specimen/saaple is accompanied by heat liberation. This is explained

e " M . - x o bt fosdin il S PIOPw SN .
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by the decrease of the entropy of system, which occurs as a result of
the decrease of a number cr coniformations of macromolecules in
polymer in the course c¢f tne process., Relievirg stress and
abbreviation in the specimen/samsple is accompanied by heat
absorption. Consequently, tne ipvestigated polyurethane during

deformation develops the properties of an entropy-elastic material.

Figure 114 gives the juantitative dependence of the areas of the
peaks of the thermal effects oL stretching on the temperature in two

successive deformation cycles for specimen/samples 1 and 2.

During the repeated cycle of tensile strain, of both of
specimen/samples is acccapanied Dy large excthermic effect than with
primary stretching; grcw/increase the values of thermal effects,

also, with a temperature rise.

Table S9. The characteristic of taose investigated it is

polyurethana.
(V) Y ‘ (Zmunalgl{n
O6pareu Moanapup arewt (130 + M
-~ FIHUEPHN)
|
1 I3ra-1000 1:3 3800
2 T3r A-1000 I:1 5400
3 T3r A-2000 1:1 2.3 800

Key: (1). Specimen/samgple. (<). Polyether/pclyester. (3).

s s 5 o0
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Crosslinking agent (DEG + gyiycerine).

Fig. 113. Thermogram of stretchiny and abbreviation in

specimen/sample 1 (fable 57).

P N
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Page 194,

For it is polyurethane witn a significant quantity «¢° physical
bonds of a difference in tac tnermal effects during repeated cycles
or with an increase in the temgerature it is possible to explain by
the fact that after the primary process of the decomposition of
bonds, accompanied by heat abscrpgtion, in the second cycle
predominate only entrory cuanges. The sawe takes place, if the part
of the physical bonds disinteyrates with with an increase in the

temperature.

Since in our case deformation thermodynamically unbalanced, is
observed certain difference 1n the thermal effects of stretching and

abbreviation.

The character of tne tnermograms of specimen/samples 1 and 2 is
analogous; however, due to the less density of chemical
cross-linking, last/latter specimean/sample mcre is elastic, which
conditions the larger values or thermal effects and the smaller

values of the voltage/stress of specimen/samgple with the identical

C e amy et
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degrees of deformation.

Even the semiannual agyinj or specimen/sasples 1 and 2 at roonm
temperature does not ledd tu a caahge in the crigimnal character of

thermal effects with their deiormation.

Moreover the character of -hermal effects during the defcrmation
of specimen/sample 3 depends surstantially cn the duration of its
aging, which undoubtedly is causeud by development in polyurethane in
the course of time of crystai structure of different degree cf
per fection, In the initial staye (immediately after obtaining or
heating with 509C) the character of the thermal effects of the
deformation of specimenssamples 1, 2 and 3 is identical, i.e.,

polyurethane behaves as eatropic-elastic material.

However, after semimonthiy agying the character of the thermal
effects of the deformatiou of specimen/sample 3 substantially is

changed (Fig. 115).

In contrast to speciuacn/sample 1 stretching of specimen/sample 3
is accompanied heat abscrption. Tuis phenomencn can be bonded with
the simultaneous course tane elastic deformaticn, occurring in the
initial stage of stretcniny and caused by the presence in the

specimen/sample of 3 crystaidine puases, and the decomposition of
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crystalline phase, which can occur/flow/last with stretching and it

is also accompanied by heat apscorption.
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.s,MH 2 )
3401

2201
300+
2607
260~
240+

220-

200+

2 30 4 7
Pig. 114, The temperature dependence of the areas of the exothermic
peaks of the stretching c¢i specimeu/samples 1 (curves 1, 3) and 2

(curves 2, 4)., Solid lines ~ L cycle of stretching, brokenm - II cycle

of the stretching (desigynations see in Table 57).

Page 195,

In this case, in contrast to specimen/samples 1 and 2 after the
rapid stretching of specimen/sample 3, is observed stress relaxation,
which is accompanied by heat liberation, about which tells wide
exothermic maximum on dairterentiai in temperature slope. This

indicates that together wita the described prccesses in the course of

e e e e R e o e o o
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stretching is developed, in proportion to an increase in the content
of amorphous phase, the coamon process of highly elastic deformation,
vhose heat is first completely compensated for by heat the indicated
above two processes, which are prevailing in the initial stage of

deformation.

However, the decomposition or crystalline phase stops in the
course of time, and the aevelopmeunt of hiqghly elastic deformation is
continued, that also is retiected in the character of the

fixed/recorded by thermcygram thermal effect.

Consequently, specimen/sample 3 with stretching behaves

simul taneously both eneryy~ and entropy-elastic material.

However, an abbreviation in deformed specimen/sanple 3, and also
in specimen/samples 1 ana 2 is dccompanied ty heat absorption (Fig.
116), i.e., after the assiyned detormation, which leads to the
decomposition of crystalline phase, to poly-urete it behaves as

entropy-elastic material.

It is interesting that tae more prolonged aging (four months) of

specimen/sample 3 leads to a uew cnange in the character of the
thermal effects of its deformatiou (Fig., 116) . 1n this case, as for {

specimen/samples with semimonthly aging, stretching is also

e ——— e
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accompanied by heat abscrption; nowever, abbreviation occurs already,

on the contrary, with heat liveration.

¢
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F

Pig. 115. Thermogram of the deformation specimen/samples 3,

exposed/persistent two moantas at room temperature,

Pig. 116, Thermogram of deformation specimen/samples 3,

exposed/persistent four months.

Page 196.

This phenomenon is caused py further increase in the degree of
crystallinity and perfection of the crystalline phase, which leads to

the fact that the thermal etfects of the deformation of polyurethane

are determined already predominantiy by the presence of crystalline

phase.

Thus, basic process, cailiny endothermal effect during

is elastic derormation. The nonccnforaity of the areas
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of peaks with stretching and awvpreviation is bonded with an
abbreviation in the partially awmorphized specimen/sample. It should
be noted that the higher and wore wodern crystallinity of
specimen/sample 3, exposed/persistent in the course of four months,
indicate the increased values of voltage/stresses, corresponding to
the same degree of stretchiny, as in the specimen/sanmrple,

exposed/persistent in tme course or two months.

Since with this degyree of stretching the decomposition of
crystalline phase proceeds not so/such deeply, logically that it
limits the development ¢f niynly elastic deformation. This
escape/ensues from the absence of the clearly expressed exothernmic
effect after stretching, aad also irom the prevailing course cf the
exothermic process of the reversible elastic deformation during an
abbreviation in the specimen/sampie. Thus, specimen/sample 3 after
four month o0ld aging at room teumperature behaves with stretching and

abbreviation predominantly as an energy-elastic material.

From that presented it follows that an increase in cross-linked
polyethyleneglycoladipateurethane of the length of oligoester block,
conditioning the course 1a 1t of crystallizaticn grocesses, leads to

a change in the character of thneir deformation and molecular

mechanism of this process. Cunaracter and mechanism of deformation for

is polyurethane with sutficiently long oligocester blocks strongly it




DOC = 79011111 FAGE #b’q

depends on the depth of crysctaliization processes and perfection of

the formed crystalline phase.
RELAXATION PROPERTIES OF PULYUKELHAANES.

Although many specitic speciai feature/peculiarities it is
polyurethane they are tcnded with their relaxation behavior, works in
this region it is small. Relaxation processes in polyurethane
elastomers on three followiny reasons must differ from the same in
other elastomeric systems the larye contributicn of physical
reactions into effective network density; the possibility of the
rearrangement of the structure or yrid during deformation; the
special feature/peculiarity or the structure cf polyurethane chain,

which is actually the mclecule or block copolymer.

In numerous works accordiny to mechanical properties, it is
polyurethane they are brougyat the 1solated information about stress
relaxation in one or the otuer materials, but these results de¢ still
not give the presentaticn/concept of the special
feature/peculiarities of relaxatiou behavior and its dependence on
voltage/stress, effective network density, temperature, lengthk and

nature of oligomeric block, etc.

Page 197.
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Meanvhile the study of this proviem of the importantly not only
understanding of specific cnaracter it is polyurethane, but also froa
the common/general/total positicns of the thecry of the
viscoelasticity of reccnstructiny yrids [135]). The chemical
relaxation of polyurethane rubocrs are bonded with the decompcsition
of the chemical bonds, whicn yemerate three-dimensional/space grid,
and with caused by this tactor reiaxation of stresses [ 188, 282]. So,
for six types of rubbers, in whica are realized different bonds, are
obtained the curves of the relaxation, from which are calculated the
times of the chemical relaxation (see Fig. 63, Fable 34). These data
show that weakest weak pcands 1ia pulyurethane rubbers must be bonds of
the type of disubstituted urea or piuret. The increase of the time of
chemical relaxation with 1209 ten times can te reached during the
replacement of these bonds to otaers. It was established that stress
relaxation has identical speed poth in the elastcmers on the Lbasis
folyethers and in elastcmers oun the basis of fpolyesters, i.e., ester
groups do not affect the rate of tne relaxaticn cf voltage/stresses

{188, 2827.

on low-modulus polyuretnane composition with high transparency
and double refractive seasitavaity, is carried out the comparison

pechanical and optical relaxatiau, based on the application/use of
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principle of temperature-time superposition and theory of
Williams-Landell-Ferri (ViF) [ lo<]. For such specific and
nonrepresentative in whole for it 1s polyurethane system they are
calculated the value of relaxation module/mcdulus, factor is given
a: and other characteristics, dectermined by theory. The results of
the comparison of experimeuntal data will coincide with those
calculated by the theory of ViF. Consequently, work shows the
applicability of the thecry ot VLF to the systems of polyurethane
series/number, but general rejuiarities or special

feature/peculiarities are not estaolish/installed.

Some dynamic mechanical properties are investigated for it is
polyurethane on basis c¢i poly — ¢ - caprolactcn [202]). The study of
mechanical losses at difrerent temperatures will make it possible to
connect them with molecular weigat of polyester block. Interestingly
that in this case is okserved tne peculiar deprendence of mechanical
losses on temperature (yrowth and achievement of maximum when 7,
further deacrease and again gycrowta). In the region of higher tham the
temperature of the vitrification ot polyether/polyesters of lcss,

they increase with the decrease ot molecular weight.

Are prepared polyuretaane in the form cf hcmologous series in
ratio/relation to the conceatration of polar groups and to the

density of nodes, and in tane region of transition from glassy to




DOC = 79011111 PAGE ¥ i
v

elastic state are investiyated taneilr viscoelastic properties. It is
establishysinstalled, that tae temperature of vitrification and the
slope of the region of viscoelastic dispersior decrease with an
increase in the concentration of urethane and biuvret bonds and
density of cross-linkiry. ia eacn case revealydetected large
disagreement between the values anad coefficients of the expansion of
free space, calculated accordiny to the thecry of VLF and the

equation of Doolittle (parameter B is accepted as unity).
Page 198.

For the explanation of these aisayreements, it is possible toc assume
that B decreases with temgztature as a result of the therwmal
dissociation of the seccndary bonds between pclar groups, the
lovering value of network element, vhich participates in molecular

motion.

In vork [280) are studied tor the first time the relaxation
properties of cross-linked ones it is polyurethane on the basis
polyethers with purpose or connectaing them with chemical nature and
molecular weight of polyetner/polyester, and also with the conditions
of the synthesis reaction in the course of which is laid the
structure of polyurethane, As objects are selected the cross-~linked

polyurethane on the basis ot siaple oligoester of different chemical

—ar e e s v -
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nature, 4,4*-diphenylmethanediisocyanate and trimethylol propane

(THP).

Obtaining is polyurethdne it 1s possible to divide into two
stages: synthesis of macro-diisocyanate and the formation of
three-dimensional grid as a cesuit of reacting MDI from TMP. For the
synthesis of MDI, use PEG (moi. weight 500, 1000, 1500, 2000 and
3000) , and also polyoxytetrametayleneglycol (PTGF, mol. weight 645,
960, 1450, 1930, 3000) and 4,4'-diphenylmethanediisocyanate, taken in
relationship/ratio 1:2 [28V]). Cross-linking it is polyurethane is
conducted as a result of reactingy MDI and TMP in the molar

relationship/ratio NCO/CH=1,

On the relaxation properties of those crcss-linked, it is
polyurethane they judge oy weasurewent data of relaxation of stress
of film specimen/sanmples at the constant deformation of
unidirectional tension and room temperature. For this purpose are
remove/taken relaxation curves, from which are calculated the
parameters of relaxaticn oenavicr according to the equation of i

Kohlrausch [ 250]

K

K __fL)
‘ L ¢ ) ’ (\'””

oit) =0, — Oy =¢E. 4-eEee

vhere o () - an equilibriuam pait of the voltage/stress (modulus of

elasticity); ¢g(Eg) - the reldaxiny part of the voltage/stress
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{(modulus of elasticity); vr - raeliaxation time; ¢ - relative

deformation of specimen/saaples; K - constant of material,

Measurements conduct on relaxometer with the rigid dynanmocmeter,
ensuring the constancy c¢f uerformation during experiment, and by the
automatic record of the measured values. Experimental value A1, and
F%\,deternine fros equatioa (V, 1) by the values of the equilibriun
modulus of elasticity g, theoretical values M., and -%w calculate

T

from equation (V, 2).

From the experimental curves of stress relaxation during
constant deformation fct two series of the specimen/samples of those
cross-linked, it is polyurethaae trom different by network density
(Fig. 117) employing prccedure [ 10, 124] they are calculated the

parameters of the equaticn of Kohirausch.
Page 199,

In terms of the obtained values or these parameters, are obtained the
stress levels at different mowent of times (pcint on graphs) . As can
be seen from Fig. 117, the calculated values satisfactorily coincide
with experimental curves, wnich indicates the applicability of the
equation of Kohlrausch itor description of stress relaxation in the

investigated polyurethane. Position and character of relaxation
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curves show that the leuytn or oiLigyoester block in the investigated
polyurethane grids has siguaficaut effect on the parameters of

relaxation properties. Let us cxawine last/latter in more detail.

Prom the dependence of the egyuilibrium modulus of elasticity
E. from molecular weight ot oliycester for it is polyurethane on the
basis of PTGF and PPG (Fiy. 114) is evident that a change in
molecular weight of cligyoester bliock exerts a substantial influence
cn the equilibrium modulus ot elasticity. This is bonded with a
chanjge in the denseness ¢f the three-dimensional/space grid, which
depends on the length ot cliyoester link. An increase in molecular
veight of oligoester block (decrease c¢f network density) from 500 to
3000 leads to the gradual decrease of the equilibrium elasticity of

three~dimensional/space graa 10-13 times.

e EARAR O i T i bk At A
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Fig. 117. Experimental the curves of stress relaxation it is

polyurethane on the basis ot Pltk (a) and PPG (b): 1 - with molecular
weight 650; 2 - 960; 3 - 1450; 4 - 1930; 5 - 3000; 6 - 500; 7 - 1000;

8 - 1500; 9 - 20003 10 - 30uv.

Page 200.

It should be noted that woth curves are very close to each other,
i,e., the equilibrium mcdulus ot elasticity dces not virtually depend
on the chemical nature ot tne ether/ester component of those
investigated it is polyuretunane. Yhis result will be in complete
agreement with the coenclusionsaerivations of the kinetic thecry of

high elasticity according tu whicn the elasticity of molecular
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network is bonded only with network density.

In Fig. 118 it foliows tuat rur both it is pclyurethane sharpest
lowering in the equilitrium wmodulus it proceeds during an increase in
molecular weight of oligoester p.ock from 500 to 1500. Purther
increase Mos from 2000 to 3000 insignificantly decreases E.. From
this it follows that at value My3=2000 and above equilibrium
elasticity does not virtually depend on the size/dimension of the

oligoester comprising tnree-dimcasional grid cf polyurethane.

The kinetic parameters or the equation of Kohlrausch (relaxing
part of the module/modulus oi elasticity Eq,, relaxation time r and

parameter K) depend subkstantialliy on My (Pig. 119).
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Fig. 118. The dependence of tme eyuilibrium modulus of elasticity

E. on molecular weight of oiriyoester M,, for it is polyurethane on

the basis of PTGF (1) ana PPu (<) .

Key: (1). kgfscm2,
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Fig. 119. EBEffect of molecular weigyht of oligoester M,, on relaxing

part of module/modulus ci elasticity E, (a), relaxation time (b) and
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parameter K (b) for it ais poliyuietunane on basis: 1 - PTGF; 2 - PPG.
Key: (1) . kgf/cm2, (2). min.

Page 201.

However, in contrast tc¢ module/modulus E,, which proved to be
insensitive to a change in tae cnemical nature of oligoester
component, these parameters depenad on the latter. The relaxing part
of the module/sodulus of elasticity E, (Fig. 179a) sharply decreases
during an increase M, for both it is poclyurethane. In range cf
values Mo from 15000 to 3000, tuis is expressed weakly; however, E,
for is polyurethane on the wvasis of PTGF considerably higher than
corresponding values for it is poiyurethane on the basis of PPG,
especially in range of values My from 500 to 1000. This difference

is gradually decreased wita an iancrease Mos.

Although the modulus of eliastacity for a polymer and is not the
constant (it it depends cu speed or duration cf deformation),
nevertheless this is the i1mportant characteristic of polyaer, which
makes large physical sense. It is the measure of
three-dimensional/space cf cross-linking of polymer. In terms of the
values of the relaxing part of the modulus cof elasticity, it is

possible to judge the speed of the course of relaxaticn processes,

. i PR
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limited viscosity, etc. 1ln coanunection with this we have made the
attempt to obtain the analyticdl expressions cf the bond of these
parameters with molecular weiyht 0L oligoester link. For this, the
dependences E. and Bg on My (see Pig. 118 and 119a) are rebuilt in
coordinates |IgE. (lg E,—lgMos (Fige 120). It turned out that they have

the linear character:

g E.. = A — Blg Mos,
lgE, = A, — B, 1g Mos.

e
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Pig. 120. Logarithmic dependence by equilibrium to E_ (1, 2) and
relaxing Eo (3, 4) of the parts of the modulus of elasticity of My

for is polyurethane on the basis ot PTGF (1, 3) and PPG (2. 4).

Page 202.

The determined from curves of Fig. 120 constants of equations
comprise A=6,03; B=1.42; A,=10.44; B,;=2,93 for is polyurethane on the
basis of PTGF and A=6.62; 8=1.63; Ay=10.7; B,=3.15 for is

polyurethane on the basis or PPG.

Molecular weight of oiigyoester affects also the relaxation time
v, which is the characteristic or the speed of the relaxation
processes (see Pig. 119b)., wWitn an increase Mg; relaxation time for

both it is polyurethane sharply it descends in range of values
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Mos = 500—130), approaching egjuiiiprium during further increase Mps With
i1y, close to 1200, relaxation time and, consequently, also speed
relaxation processes fcr both 1s pclyurethane they are identical;
lower than this value Mys reiaxation time has greater value fcr
polyurethane on the basis of PTGF, but it is higher than it - for
polyurethane on the basis ot PPy. Apparently, with molecular weight
of oligoester more than 1400 becomes possible the ordering of the
sections of the pacromolecules petween nodes for polyurethane grids
on the basis of PTGF as a resuit oL the more regular chemical

structure of the latter.

Parameter K of equation reveals more critical dependence on M.,
for it is polyurethane cn the basis of PTGF, monotonically descending
from 0.55 to 0.29 during an increase A» from 645 to 3000. Its values
for PU on the basis of PP aecreasce linearly frcm 0.32 to 0.24 during

an increase My, . from 500 to JUV0U.
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fable 60. The experimental and taeoretical values of average
molecular weight of segment (M., and M. ,) and of effective density of

cross-linking it is polyuretnane on the basis of PTGF and PPG.

| | §
‘"\)3! M, "i "—e|3 10, "“c. T ‘BS\L R EEL / 2)
' Mo in {u‘(l]! noasfemd a vosbvrr
Nnrro
630 1 TT4 1430 1195 928 1.54
o0 L L0 0 w05 | 1505 7.07 1,14
vl 479 ees 5,10 0.94
150 0 3405 2,86 | 2475 4.01 071
000 L WUT0 | 16! | 3545 2,77 0,58
nor
500+ S0% ¢ 230 U043 11,20 205
N ERE TS I 707 1.06
1+ ol 3.8 2045 5,02 0.80
2000 ! 1170 | 122 | 2545 392 0.57
U0 L BUDD 1.6 3345 ] 278 0,58
|

Key: (1). mole/cm3.

Page 203.

From the experimental values of equilibrium modulus and density
pe is calculated molecular weigat of segment Mos and effective
density of cross-linking L%fb(tabxe 60) . For a comparison are
represented theoretical values i . and({}L.deterlined according to

equation (V, 2), on the basis ot the stoichicmetric

relationship/ratios of the initidal products,

is polyurethane,

undertaken for synthesis
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As is evident, for bota is polyurethane with small ones M.
(500-1000) experimental values .V and(%%g will prove to be
respectively less even larjer thap theoretical, but for was
polyurethane with large Mi s (2000—30t0)) =~ cecnversely. This dependence,
apparently, is bonded either with a change in the character of the
defectiveness of chemicali gyrid (tor example, Lty transition frcm the
lashing of chains into PUNU ' waouse action/effect analogous with the
action/effect of the chemicai oonds, to a large guantity of
ne-cross-linked sections and ends of the chains for PUVO ! which
nothing they introduce iato tae elasticity ¢f molecular network), or
with the special feature/peculiliarities of the supramolecular

structure of these it is poiyurethane.

FOOQTNOTE *. PUNO and PUVG - polyurethane on the basis of
lov-molecular and high-mclecular oligoesters respectively.

ENDFOOTNOTE.

The discovered anomaly satistactorily is explained with the pcsitions
of the supermolecular structures of those investigated it is
polyurethane, which leads to tue need for the examination of their
mechanical bhehavior for close connection with ccnditions for

synthesis and kinetics ct tae process of cross-linking.




DOC = 79011111 PAGE 4 5
o1

Examnining the obtained result from this position, it is rpossible
to state/establish that tae CLehavicr of those investigated it is
polyurethane with the larye iength of oligoester block bonded with
the incompletness of the rormaction of chemical grid. It is obvious,
in this case of conditicn and cthe xinetic sgecial
feature/peculiarities of tae process of cross-linking are such, that
is impossible the realization or tne comglete cure of MDI in
conformity with stoichicmetry of initial products. Therefore the
defectiveness of grid fcr data 1t 1s polyurethane it is characterized
by a smaller number of cross-linkings per unit cf volume, than it
follows from theoretical considerLations, and by a large nuaber of

free ends of the chains.

For explaining the reasous for the discovered anomaly cecnducted
calorimetric investigation of xanetics of the process of
cross-linking, which showsa that tne speed c¢f the cross-linking of
MDI decreases with an incicase Mo» However, even in the case of
high-molecular oligoester the duration of solidification does not
exceed 6 h, that illustrates well the curve of the dependence of the
parameter of the perfection of tae process of cross-linking on the
thermal effect of reactica on time (Fig. 121). Hence it follcws that

the selected by us time for soliqarication it is polyurethane
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completely sufficiently and 1s not the reason for the incompletness

of the formation of grid.

T. B. Lipatova and S. A. Zuoko have shcwn [ 61], that the
formation of the grid of tae poiant of gel formation is described by

equation of Avrami [ 165].
Page 204.

It is interesting to note that tune value of the specific rate of
formation of gel fraction Ky, determined from this equation,
correlates with the value or tue egyuilibrium modulus of elasticity.
Por both of types, it is polyuretnane to the high values K, they
correspond and the high values or the equilibrium modulus of
elasticity (fable 61). From these data it follows that between the
parameters of relaxaticn properties and the characteristics of
kinetics of the process or cross-iinking it is polyurethane there is
the specific bond. Theretore setting up of the invaestigations,
dedicated to this bond, has largye of value for explaining the special
feature/peculiarities of tne structure of polyurethane elastcmers and

explanation of the anomalies of tneir mechanical behavior.

For studying the structure at supramolecular level, carried out

electron-microscope investigjation (on electron sicroscope YUeMyvy-100
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according to the method of oxygyen etching in gas discharge [9))
objects (Fig. 122, see insert), wnich showed that they possess
globular structure. Simijar gloouldr structures are observed in the
case of other polyurethane elastic systems of reticular structure
[58], and also in cross—liinked elastic pclyalkylmethylsilcxane [ 125],
in cross-linked polyacrylates [ 37), phenol-formaldehyde and cther
polymers of spatial structure [ 34, 207, 319]. The globular structure
of polymer networks is sufficieatly distributed for many
three~-dimensional/space amorphous polymers toth in glassy and in

highly elastic states,

That establish/installied py us the deviation of the experimental
values of the density ct cross—linking({fl and of average molecular
veight of the segment frcam taea ot the theoretical values (see Table
60) is possible satisfactorily to explain from the positions cf the

globular structure of the investiyated pclyurethane grids.

<t iR

s
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Pig. 121. Kinetic curve the formation of polyurethane grid on the

-

basis of PPG of molecular weigyht 2000 at the temperature of

cross-linking by 80°cC.
Key: (1) . the degree of transforamation. (2). sin.

Table 61. The kinetic parameter of the process of cross-linking and
the equilibrium modulus of elasticity for are polyurethane on the

basis of PTGF and PPG.

My | Xe 0| Eag
nun-'(/‘ Ke.cm
nrTro

960 l 7,98 71

1930 5.40 l 20

nnr
500 13.60 168
2000 ' 5,79 ' 16

Key: (1) . min-t. (2). kg)cn.
Page 205.

Really/actually, during ootaininy of PUNO, are formed the glcbules of

smaller size/dimensions than in the case of PUVO, that confirms the

electron-~microscope observations. Por small globules in comparison
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with large-globular structure, tuere is large probability that
NCO-—~group, which participdate in tue reaction of cross-linking, are
arrange/located on ther surrdace or near it. In large-globular
structure the arrangement of reactive NCO—~—grocup is more protably
within the volume of glopuies, tnan on their surface, as a result of 4

high size/dimensions. This ieads to the formaticn of defective grid

with a large quantity of unceacting functional groups, and
consequently, with a large numouer of free en’s of the chains cf grid.
Thus, incomplete soliditicdtion ana incompletness of the formation of

chemical grid in PUVO is a result of their glcbular structure.

And finally, in the exaaination of the sfpecial

feature/peculiarities of tae stiucture of the investigated by us
grids and their bond with a@echanical behavior it is necessary to take
into consideration the positioun of the urethane groups in grid, which
are the main reason for strony pnysical reaction. It is obvicus, the
urethan2 groups, arrangeslocated ian chemical network points, have
smaller possibility for the trormation of hydrogen bonds, since their
mobility is suppress by stronyg caemical bonds., However, the degree cf
the collaboration of these ygroups in the formation of physical bonds
is changed upon transfer troa PUNO to PUVO. Really/actually, in the
case of application/use for tae synthesis of lcw-molecular
oligoester, is formed the polyuretuane fine-globular structure, which

has more developed inteitace, wanica conditicns a stronger physical
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reaction between globules with 4 waximally possible (for the given
size/dimension of globudes) uenscuness of the chemical grid, which
approaches theoretical. lu spite oL the fact that urethane groups
"are enslaved" in chemical network points, their possibilities in the
formation of hydrogen kcnds to tne certain degree grow/increase
because of a large quarnticty of audjacent small/fine globules. This,
apparently, and leads tc tne laiger experimental values of the
equilibrium moduli of elasticity, effective density of cross-linking
and the swmaller values ot average wolecular weight of segment, in

comparison with theoretical for PUNO.

With the synthesis of PUVYU, is formed the chemical grid with

more appreciable globules, whica possesses puch smaller interface. In

connaction with this occurs iacouwgpiete solidification it is
polyurethane and the formation ¢f wore defective chemical grid with a
smaller guantity of chemical pouads per unit cf volume. Furthermore,
the value of physical reaction as ainimum due to a smaller guantity
of physical contacts between 71ore appreciable globules and swmaller
possibilities for the fcrmation or hydrogen bonds, by the "enslaved™

in chemical nodes urethane Jrougs.
Page 206.

"Consequently, in this case tue contribution and chemical, and

L—"'—__—-————-————-.—
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physical reactions into ejuiliurium elasticity is minimal, than are
explained the obtained Ly us cousiderably lcwer experimental values
of the equilibrium modulus ot elasticity, effective density of

cross~linking and the higner values of average molecular weight of

segment in coamparison wita taeoretical ones,

The chemical nature or olijoester block does not virtually
affect the equilibrium eidsticity (see Pig. 118,'thb1e 60), and also
average molecular weight or sejuweut and effective density of
cross-linking; however, is aad noticeable effect on kinetics of

relaxation process (cm, Figy. 119).

Thus, the study of tue relaxation properties of cross-linked
ones it is polyurethane on tue casls polyethers in connection with by
their molecular and supermoleculat structures and conditions for
obtaining it will make it possiple to establish/install some special
feature/peculiarities ot structure and mechanical properties. During
an increase in the length ot cligyoester block, decrease chemical and
physical reactions and, coaseyuentliy, also equilibrium elasticity,

wvhich is caused by the gylooular structure of polyurethane grids,

The obtained results suow tnat the chemical grid of those
investigated it is polyuretnane it is characterized by the

significant structural aeteroyeneity, which exerts a substantial

i b M it Lt e hean ! ) Mk o Al L e e e e bt b eimEm g e s
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influence on the mechanicdal oehavior of polymeric body. Therefore it
is necessary to reexamine tuec mecnanical conducting of such systesms
on the basis of the new presentaticn/concepts of them globular

structure.

The results of this investiyation are related to polyurethane,
in which the role of physical bonds is relatively small. Meanwhile
interest are of relaxaticn, bonded also with deccmposition and
reduction of physical networx pcints. Such fprocesses to a certain
degree are analogous chemiCal reiaxation, Frcocm this point of view, is
isportant the study of tne ilinear amorphous "meristic®" elastomers in
molecules of which there 1s a segyuence of pliable and rigid segaments
[193]. In such eslastcmers largye strength and kigh modulus of
elasticity are higher than tne temperature of vitrification 7, where
other elastomers had properties of viscous liquids. The authors [ 193]
assumed that the rigid segments play the role of fillers and cross
connections. The region of tne increased moduli of elasticity between
T, and the temperature or tne vatrification of the bonded rigid
segments T, {is caﬁsed by the association of glassy blocks of
elastomers. Based on the example of polyesterurethane, which contains
plasticizer (polyethylene yiycoi with a mol. weight of 200), it is
shown, that the latter soivates predominantly the segments of
polyether/polyester and it desceads 7, without decreasing the

modulus of elasticity atoveT7, 1f we take dimethyl sulfoxide, then
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it solvates rigid segments, loveraug the module/modulus between 7,
and 7. for such systems were investigated viscoelastic properties

and temperature dependence ot mcdules/modulus.
Page 207,

In their time Bartenev ana Vishnitskaya [8] investigated the
relaxation properties ci filied ruvbers and established that stress
relaxation in them is determined 4y three processes - relaxation of
chains, relaxation, bonded witu tne breakaway of the chains cf rubber
from the particles of the filler, and by the rearrangement of very
particles of the filler. Returning to polyurethane, it is possible to
assume that in them reaily/actualliy must be realize/accomplished the
processes, bonded with the relaxation of physical nodes (to
equivalent bonds rubber - tiller in commcn rukbers). Such processes
are really/actually reveal/aetected during the study of dielectric
and spin-lattice relaxation in oiirgyomers and polyurethane [76). As
objects are selected oligonydroxycetramethyleneglycol,
oligodiethyleneglycoladijate and adduct on the basis of trimethylcl
propane and TDI, and also polyuretnane on the basis of
oligodiethyleneglycoladipate and aimer cf TDI,
oligohydroxytetramethylenegiycoi and oligodiethylene glycol and

sentioned above adduct.
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T T

~200 -100 0 00 1.°C

Fig. 123, The dependence of the time of spin-lattice relaxaticn on
the temperature: 1 - oliyoaydroxytetramethyleneglycol; 2 -

oligodiethyleneglycoladitdte; 4 - adduct on the basis of trimethylol
propane and TDI; 4 - cyclunexanoae.
Key: (1). ms.

Page 208.

Pigure 123 depicts the temperdature dependence of time T, of the

spin-lattice relaxation ct protcns for
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oligohydroxytetramethyleneglycoi, vligodiethyleneglycoladipate and
adduct on the basis of trimetunylcl propane and toluenediisocyanate,
but also for pure/clean cyclonexaunone, since in its adduct being
investigated are containea about 3U00/0. As is evident, for
polyether/polyesters is cbserved ovue relaxaticn process: for
polyether with -25°C, fcr coaglex - with - 89C. It is known, [96],
that in oligomeric molecules is aueveloped its own flexibility of
chain. Since polyether/fpclyesters peing investigated are linear and
do not contain lateral and CHz~—ygroup, then is obvious that the
existing relaxation preccess i1s ponded only with the motion of the

segments of molecular chains; tneir mobility is greater for

cligohydroxytetramethylenegylycol, than for
i oligodiethyleneglycoladipate. Tae retardation of the motion of the
molecules of polyester is explained by the presence in the chain of
the additional polar groups, waich lead to more strong/durable

structural physical grid. Tapbie 62 corrected values of the energies

of the activation of relaxdticn grocess.

Adduct is characterized oy two (a and PB) relaxation processes
(Fig., 123, curve 3) at 7U and -49°C, caused by the motion of the
associates of two types, wuich develop relaxation at higher and lower
temperatures. Por a- pracess 1s opserved the break in the curve of i
dependence 1. = ¢(1/T}, moreover strdaght line with smaller

slopesinclination is virtually parallel to the appropriate straight

= b

,
: i

e
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line for a p-transition and it dirters little from the
slope/inclination of straiyht line for cyclohexanone (Fig. 124),
which gives virtually the identical energies cof activation (2.4;
2.57; 2.95 kcal/mole.'fable 62). L one considers that the
B-transition of adduct and relaxiny of cyclohexanone occur/flow/last
almost at identical temjeratures (-48 and ~ -529C), then it is
obvious that B- process and dependence igr.=g¢ - with smaller
slope/inclination they are caused by the presence in the adduct of
cyclohexanone, but a-process i1s caused by the molecular mobility of
the associates, formed bvecause of the presence in the adduct of a

large quantity of urethare and cthner groups.

o arate e g st |
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1;ble 62. Values of the emeryy of the activation (kcal/mole) of

initial components.

Kownonent (') &?.:)::";.e a-flpouecc | Tumne °C
@ )
e

[poctoit T3 6,10 —_ —255
Cromumii XY | 7,34 — 80
Anavkr (@ — 13,75 (2.57) | —700
—48,0

sk aorexcanond —_ 2,95 —-52

Key: (1). component.

simple. (S). complex

(2). motion oL segments. (3). process. (4).

« (6). adduct. (7). cyclohexanone.

Note. The energy of the activation of B- process of adduct is equal

to 2.4 kcal/mole.
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Fig. 124. Dependence it oa 1/T: 1 -

oligohydroxytetramethylenegiycol; « - oligodiethyleneglycoladipate; 3

i - a- process of adduct; 4 -~ p- process of adduct; 5 - cyclohexanone.
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20
-200 —100 0 100 1%
Pig. 125. Dependence of time of spin-lattice relaxation on

temperature: 1 - PU rubber; ¢ - #U on basis simple PE; 3 - PU on

basis complex PE.
Key: (1) . ms.
Page 210,

From the temperature depenaence of the time of spin-lattice
relaxation T, (Pig. 12%) is evident that for those investigated are
polyurethane it is observed tbhree relaxation frccesses:
lov-temperature (from -138 to -141°C), bonded with motion CHz—group;

the process, caused by seymeatal aobility of chain; fcr polyurethane

O i —
} ! } . '
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rubber (20°9C) of polyuretanane on the basis simple PE (-10°C) and
polyurethane on the basis complex PE (35°C), and also process at the
higher temperatures, which presents for polyurethane systems the
special interest., If fcr polyurethane rubber (Fig. 125, curve 1) of
this transition it is nct observed, them already for PU on the basis
simple PE (curve 2) theie is a ctend - weakly expressed minimum of
relaxation which is well visipole for it is polyurethane on the basis ;

complex PE (curve 3). The eueryy ot the activation of this process

tvo times exceeds the same tor seymental movement and is 4.29

kcal/mole (Table 63) . This process can be caused by the

o e ——

redistribution of moleculiar oonds and by the mobility of the nodes of

physical three-dimensicnal yrid, tmnat it is possible to present as i
follows: with an increase in tue temperature in the field of the v
superimposed perturbing loads, the part cf the segments of chains,
bonded by the nodes of thbree-dimeasional physical grid, is

free/released, in conseqguence ot wanich are formed new nodes and is

developed the mobility ot sufziciently large structural units.

Apparently, this process is impossible tc relate to

decomposition or possikle rearraungement [114] of biuret, allogphanate

and uric groups, since for their rearrangement is required the
activation energy from <0 to 50 kcal/mole, and, according to [254],

dissociation is biuret it pecomes noticeable cnly with 120, |

i allophanates - at 106°C. Accorainy to data [294], the biuret react
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with amines with 1509C., TIne resuits of the investigation of
dielectric relaxation (Fiy. 1<0) sanow that relaxing the nodes of
physical three-dimensional gyrid at frequency 10 Hz occurs at 40-50°C
(curve 2) for it is polyurethane on the basis simple PE, 45-75°C
(curve 3) for is polyuretahane on tue basis complex PE and it is not

developed for polyurethane rubber (curve 1).
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fable 63. The values of tue euneryy of activation (kcal/mole) it is

polyurethane,
Toauy peTau (’) n?;;;ié‘""’ r:;}:"::;‘- l-;-[1;»0 ecc ﬂ-n@oﬂ:
[ MUHTO H
-, | 3 (¥
- !

Ny savuyk (5) _ 59 | 1500 -
T1¥ na ocHape npocro-

ro ﬂ3't"\ 0.8 438 8,24 13.25
MY Ha ocHoBe c.a0K- '

oro I3 () 1.1 205 | 1880 | 21,0

Key: (1). polyurethane. (). wotion of grougs. (3). motion of
segments. (4) / process. (5). rupwer. (6). on Lasis of simple. (7).

basis of complex.

Note. The enerqgy of the activataioca of the motion of nodes for

polyurethane on the basis of polyester is equal to 4.3 kcal/mole,

Page 211,

Por polyurethane rukbbsr tase the place two processes of the
dielectric relaxation: dipoie- segyumental a* -20°C and dipole- group
at -95°C. It is known that the region of relaxing of segments and
chains (a—absorption) for it is poiyurethane it is observed
approximately at -40°C [ 150, <34, <35). Upon transfer from
polyether/polyester to the appropriate polyurethane, occurs the
displacement of dielectric relaxation to the side of positive

temperatures (in this case ot ~209C). Analogously for the

on
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spin-lattice relaxation cf polyurethane rubber (see Pig. 125, curve

1) displacement composes 319, For those cross-linked it is
polyurethane also it occurs tae displacement cf the spin-lattice
relaxation of segments to tane side of high temperatures in ccmparison
with transition for polyetunecr/pclyesters, but this displacement
considerably does not exceed the temperature of the high-temferature

relaxation prccess of adauct (FTaplie 64).

Thus, the relaxation or segymeuts in polyurethane is developed at
the temperatures, which exceeu tane temperature range of relaxing
corresponding initial pclyetner/polyesters, but it does not exceed
the same of the high-temperature relaxation process of adduct. This
is bonded with the decrease or wmopility as a result of the
cross~linking of pliable oiigomeric chains by the rigid associates of
adduct, by a change in the value or kinetic segment and, in essence,
vith the formaticn of structuial pnysical grid, since the shift of
the region of relaxaticn for 1s poiyurethane cn the basis comglex PE
almost three times more than snift for pclyurethanes on the basis of

simple PE (fable 64).

BExamining now dielectric reiaxation for those cross-linked it is
polyurethane (Pig. 126, curve ¢ ama 3), it is possible to say that
dipole-segmental process must uve revealed .n the temperature range of

higher than -40°C at the trequencies of below 100 Hz.

Ll el et alen
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Table 64. Shift of the minima or spin-lattice relaxation processes

upon transfer from polyether/polyesters to the appropriate

polyurethane.
. Cme ux("g;v * M u‘x?«’;
.1 Nno oTHo- ne oTao- ¢
Hauweuoaauue TNHH . K INCHARKY W Wy HHKO K
I‘) noansbhu- | aaavary,
— py. epud Lvad
(@)
IMpocroit M3 2475 — } —
Y wa OCHOBe, npocTe- i
ro M 5 \ 263 155 | 80
Croxuawmii M3 € 265 - | =
MY ua ocHose caummo- ’
ro N3 ("J 308 430 1 3

Key: (1). designation. (2). shift with respect to
polyether/polyester, dey. (3). snirt with respect to adduct, deg.
(4) . simple. (S5). on basis or simple. (6). complex. (7). on basis of

complex.

Page 212.

Prom *he results of the investigjation of a- process, it is evident

that for polyurethane rugve:r thne transition is observed at -95°C, for

is polyurethane on the basis siaple PE with -120°C and for is

polyurethane on the basis coapiex PE with -108°C. Furthermore, in the

cross-linked polyurethane occurs another B- process (for polyurethane
on *+he basis simple PE witn -059C and for polyurethane on the basis
of complex PE with -759(), wnacn can be explained by the motion of

kinetic unity (groups ot atoas), waich have the size/dimensicns of
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more than those that are neavy-duty/critical for dipole-group motion,

but are less than the size/dimensions of the segments of chains.

Thus, if for polyuretnane ruboer, as for the other linear
noncrystallizing polymers, i1s ouvserved only tWc processes of
dielectric relaxation, thei in the cross-linked pclyurethane their
quantity is increased because Orf the presence of the wider spectrun

of kinetic unity.

From Pig. 127 it is evident that the slofeszinclination of
dependence gr(:zq(%r) PU peiny investigated decreases upon transfer

from linear to the cross-linkea poiyurethane cn the basis complex PE.

3
Bl




DOC = 79011111 PAGE & %QL

Itgé‘laz

() 9\/
o -npoyecc B-npodécc

=160 ~120 —-80 —40 0 40 80 T,°C

Pig. 126. Temperature dependence tgs: 1 - PU rubber; 2 - PU on the

basis of simple PE; 3 - PU on tue vasis complex PE.

Key: (1). process.




poc = 79011111 race & 4971

Page 213.
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Pig. 127. Dependence igr, on 1/T for segmental movement of

spin-lattice relaxation: 1 - PU ruwber; 2 - PU on basis simple PE; 3

- PU on basis conmplex PE.
[9fm

50 55 60 7107 (W)
F7q. 128. The dependence igj, on 1/T fcr a- process: 1 - PU

rubber; 2 -~ PU on the tasis siample PE; 3 - PU on the basis complex

PE.
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The decrease of the eneryy of the activation (see Table 63) can be
explained by expansion ot tne spectrum of the relaxation times of
kinetic unity in the crcss-linked polyurethane and, therefore, by the
decrease of the energy parrier of activation. Figure 128 depicts also

dependence lghf=¢(%,3 for a- process of dielectric relaxation.

Thus, relaxation behavior it is polyurethane it is
reallysactually defined by both tne flexibility and properties of
oligomeric block and by fpresence of the rigid units and of the nodes
of physical grid. This typically also for those filled it is

polyurethane,

Dielectric relaxaticn in polyurethane is investigated also for
purpose of the determination of the character cf a change in
intermolecular interacticans upon transfer frcm polyether/polyesters
to polyurethane and the detecrmination of their temperatures of
vitrification [151]. Strictly tue wechanism of relaxation processes
the authors do not exawine, but f£indings will give the foundation for
connecting the manifestation ot tae forces of intermolecular

interactions (physical networx points) with the formation of the
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bonds between polar CO~-gygroups 1n <ster pclyurethane and with the
hydrogen bonds between urethame gyroups for was rolyurethane c¢n the

basis polyethers,

We will examine the relaxation phenomena in the polyurethane

elastomers, containing pliaole unmnits.

et - -
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Fig. 129. The temperature depeandence of the real and imaginary parts

of the complex module/mcdulus (' and G") and of the mechanical

losses tg6 at frequency 1 Hz for polyurethane on the basis of

1,4-butanediol.
Key: (1)« dyn/cm2,
Page 215.

Hovever, interest are ot the reiaxation properties of linear ones it

is polyurethane on the fasis or low-molecular diols, for exawile on

the basis of hexamethylene diisocyanate and 1,4-butanediol,

1,6-hexanediol, 1,10-decanediol aund 2,5~hexanediol [238]). The data of
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the dependences of mechanical lLosses and module/moduli G* and G" on
temperature for polyuretundaue vo the basis of 1,4-butanediol give two
region of relaxation with -1359C (y~ maximum) and to ¢40°C (main or
a- maximum) (Fig. 129). Tne first is caused by the mobility of
CHp—group, and the main tainy corresponds to the temperature of
devitrification, i.e., tc the beginning of micro-Brownian mobility of

chain in amorphous zones.

An increase in the losses and a strong incidencey/drop in the
module/modulus are higher than 150°C bonded with melting of the
crystalline regions of polymer. The temperature dependences of losses
for it is polyurethane the pasis of different diols (Eig. 130) they
indicate the shift of tue temperature positicn of principal maximunm
approximately on 5°C duvring an 1i1ncrease in the length of chain by two
carbon atoms. The authors treat taneir results cn the basis of the
presentation/concepts oi nydrogen poridges in the amorphous zcnes of

those investigated it is polyurethane, which act as cross

connections.
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Fig. 130. The temperature dependeance of the mechanical losses tgé for
it is polyurethane on tue pasis of hexawmethylene diisocyanate and
different glycols: 1 - 1,4-putanediol; 2 -~ 2,5-hexanediol; 3 -

1,6-hexanediol; 4 - 1,10-decanediol (frequency 1 Hz).

Page 216.

In this case, the elongation of chain decreases a number of hydrogen
bonds by the unit of lengtn of chain, in consequence of which

grov/increases the flexibility ana is changed relaxation behavior.

Is investigated the etrect orf thermal fprevious history on the

position of the maximum ¢i losses and its time/temporary dependence

A e s v s i e e -
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vith constant temperature [<398 ). Ine changes, which in this case
occur, were bonded with crystallization, that, in particular, it will
make it possible to examine alsc isotherwmal crystallization in the

terns of equation of Avrami rfrom dependence lg tgs on time.

FLCW PROPERTIES OF OLIGCME&S.

Many most important properties it is polyurethane they are
determined by the same of tne oliyomeric units (for example, see data
on vitrification, flexikility, atc.). By this is explained interest
in the study of oligomeric systeas. The significant contributiom to
understanding of behavici is polyurethane we can introduce the
rheological investigaticns of oligomers. This region is developed
very little. In this section we will attempt to show the
interrelation between tne tlicw properties of cliqomers and prcperties

it is polyurethane.

Yu. S. Lipatov and coworxers will establish/install for the
first time some essential ancmalies of the rheological behavior of
oligomers (66 ). They investigate tue flow properties of some
oligomeric polyether/pclyestars, waich were being used for the
synthesis of polyurethane elastomers. As objects are selected
polytetrahydrofuraneoxygropylenegylcols with a molecular weight of by

1000 and 2000 (content of propylene oxide in copolymer 20-250,0) and
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polyesters - polydiethyleneyiycciadipate with molecular weights of
790 and 2050, and also polydictnyleneglycoladipinatetrimethylgropane
(desmophen) with a molecuiar w¥eight of 2200. Furthermore, are studied
the concentrated soluticns or the oligomers indicated in acetcne
(concentration 70, 80 and Y90o/0). The ductility/toughness/viscosities
of oligomers are measure¢d in tne range of temfperatures of 20-60°C,
and their solutions - at 20~-3u%C cn rotational viscometer in the

range of shearing rates trom 4elu™¢ to 1.5¢102 s~ ! (Fig. 131).

Analyzing the shape of the curve of
ductility/toughness/visccsity, it 1s possible tc establish that all
systems are characterized vy tihe danalogous course by rheological
curve, on which it is pcssiple tc separate three sections: AB - the
ascending branch of anti-tanixotropgy or structuring, BC - the region
of the decomposition of structure, also, in certain cases - branch CD
- zone of flow with the destroyed structure with constant
ductility/toughness/viscosity. Depending on the type of oligomer and
temperature of experiment, tue individual secticns of curves are
expressed less or more cleatrly. iu certain cases the part of the
sections is misaligned accordiny to the scale of shear stresses

beyond the limits of the investigyated region.

The discovered ancmsalous snape of the curve of

ductility/toughness/viscosity us explained as follows.
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In section AB under the activa/efLect of the shift voltage/stresses
of the molecule of oligcacr, they are oriented relative to each other
and as a result of strenytueniny or the reaction of the oriented
polecules, appears the determwihate structure. This process is
analogous examined in {b«, 219, .39] and can be named
anti~-thixotropy. During turther increase in the shear stress,
beginning with critical value P,,, occurs the decomposition of
structure (section BC) and then 1s realized the flow of completely
destroyed structure (sectioa ¢b), which in certain cases possesses
greater ductility/toughness/viscosity than reference system at point

A,

Consequently, with small snedl stresses cligomers develcp the
anomalous ductility/toughness/viscosity in the field cf transverse
gradient, which reminds an increase in the effective
ductility/toughness/viscosity witn the superpcsition of shift and

longitudinal flow [66].
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- Fig. 131. Rheological curves of polydiethyleneglycoladipate (mol. |
veight 790) .
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The analysis of other analogjous curves shows that the effects of
viscosity abnormality are expressed more sharply for the oligcmers of
smaller molecular weight. This, possibly, it is bonded with the
increased hardness and the yrwater mobility of more short chains. For

low-molecular systems structuire toimation occurs in proporticn to an *
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increase in the temperaturs, begiuuing with higher shear stresses, as
one would expect, taking into account the thermal agitation of
molecules, but the decomiositica of structure begins at higher values
P., (for example, in Pigy. 131 at 2u and 30° tranch AB is not

developed, but there is cnly section BCD),.

In system with larye wmolecular weight, tranch AB appears already
at room temperature. A change i1a molecular weight of oligomer leads
to a change in the dependence P, on temrerature. For a low-molecular
oligomer P it increases with an increase in the temperature, while
for higher-molecular - it ralls. similar pattern is observed for two
polyesters of different moieculat weights. Pinally, for the branched

oligomer - desmophen - a temperature rise leads to decrease Py,

Such changes P,, with temperature can be bonded with differences
in orientation and flexikility o1f small and large molecules cf
oligomers. It is completeiy procavie that in the first case occur
only effects of orientation, wnereas for higher-molecular

specimen/samples have already pbeen developed and deformation [149].

Let us pause now at tne ductiiity/toughness/viscosity of the
concentrated acetone sclutioas or oligomers (Fig. 132). In the more
concentrated solutions ot viscosity abnormality, they are retained,

vhile a reduction in the coucentration or an increase in the

T A e v e et T

5 .
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temperature leads to their degeneiration (up to transition to
Newtonian flow). For the niymer-wmoiecular specimen/samples of

viscosity abnormality, they are retained during high dilution.

It is obvious, viscosity apnormalities are bonded not siaply
with the orientation cf molecules an flow, but also with the
associated strengthening or tae reaction between them. Pindings
cannot be explained by tne unwinaing of chains in the field of
longitudiral gradient, as this 1s cbserved in [62, 219], because the
possibilities of changiny tue ccuformations in the molecules cf
oligomers are consideraktiy iesSs tadn in high-mclecular polymers.
Purthermore, if anomalies weie LbLoaued with the deformation of
oligomeric molecules, tney orignter vere expressed for

higher-molecular specimen/sauplese

These results indicate tune aneed for the account the anomalies of
the flow properties of oliyomers with prccessingstreatment and
synthesis of polymers. Frow taes it also follcws that intermolecular
interactions between oliyomerlc units exert a substantial influence
on the properties of the poiyamcis, obtained on their tasis. It is
possible, this will make it possivie ts explain scme properties it is

polyurethane, for which usually are considered only intermolecular

interactions, determined py the zcimation of hydrogen bonds.
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It is until recently cousiuered that the highly elastic
deformation was inherent ouly in nigh-molecular polymers, and high
elasticity is considereu as one or the signs cf polymers. The low
molecular polymers, which are lccated under normal conditions in
viscous flow state, do not ueveiop the specific properties of
polymers and on the basls of tais sign they are separate/liberated
into the group of oligomeric compounds. Their mclecular weight
usually is within the limits of moiecular weights of the mechanical

segments of macromolecules.

Is investigated in detail tne deformaticn Lbehavior of such

oligomer whose molecular weiyat coincides or close to values not of

et it e DA

the mechani:al segment ci poiymer | 146). As objects are selected two
specimen/samples of the polyesters: linear polyether/polyester on the
basis of adipic acid ard dietayleue glycol with a molecular weight of

approximately 2000 (1) and brancned polyether/polyester of the type

desmophen with molecular weigat approximately 2500 (2).
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-1 b ! 2 tghp
Pig. 132. Rheological curves of tne concentrated acetone solutions of

polydiethyleneqlycoladijate (mol. weight 2050).

Page 220.

The deformation behavior or tne oligomers indicated is studied
according to the method, pased on kinetics of the development of the
deformation of infinite shitt/sane¢ar in the narrow gap of coaxial
cylinders [111]). Investigation is reduced tc cbtaining of family of
curves ¢ = ¢ (t)p at shear stresses 4.6-43,.8 dyn/cm? and temperatures of

20-70°C (Fig. 133).
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Curves 1, 2 (Fig. 1334, b) correspond the conditions for

explicit plastic flow with tne low section, which corresponds to

elastic deformation and with the sagnificant fcrtion/fraction of

residual deformation after the removal of load at point P=0.

In proportion to grcewth P (cuirves 3, 4; Fig. 133a, b) is
observed an increase in the porticn/fraction cf elastic deformation
with the degeneration ot straiyat portion by curve, that corresponds
to plastic flow, i.e,, the phencmenon, contradictory what occurs in

dispersal systems and structurea liquids [ 111, 119].

With an increase in tne temperature to 50 and 60°C, system loses
yield despite all the assiyned conaitions of deformation, and curves
¢ ¢@(v)r correspond to the deformation mcdel of the outline/contour

of Kelvin ( Fig. 133c).

From rheograms for clijyower 2 (Fig. 134) it is evident that with

shear stresses 21.9-36.5 dyn/cm2 tane given curves are analogous by

curve 1, 2 Pig. 133.
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FPig. 133. Dependence of kinetics ot the develcpment of shearing

strain for complex linear poiyetnar/polyester with different shear
stresses (dyn/ca?):

a—t= 20" ¢ -~ 2385 2 —7.30; 3 — 10,95, 4 — 14,60; 6 —t = 40°C, | — *.’
;) — 511,38 — -

!
7.30. 4 14008 —t =00°C, /1 — 7,30, 2 — 14,60, 3 — 29,20, 4 —43 v .

Key: (1). min.
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Pig. 134. Dependence of kinetics of development of shearing strain
for complex branched polyetaers/polyester at temperature of 20°C and
with different shear stresses (dyn/ca2):

| — 21.90: 2 — 29,20; 3 — 36,50, ¢ — 48.80. 5 — 51,10.

Key: (1). min.
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‘ Pig. 135. Dependence of kinetics of the develcpment of shearing 1

strain for polyether/polyester 1 with P=7.30 (a) and 14.60 (b)

dyn/cm2, 5 h and different teaperatures:

{1 —20; 2 —30; 3 —50 4 —t=060°C.

Key: (V). min.

Page 222,

{ However, during an increase in tane shear stress to 43.8 dyn/ca2,

occurs brittle break in contrast t¢ linear pclyether/polyester, for

which with increase of P was increased the portion/fraction of
elastic deformation (curves 3, ¢ ¥i1q. 133). With an increase in the ’

temperature, the strength or structure decreases and it disintegrates
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respectively at the smaller values of shear stresses as this shown
below:

T.°C 20 30 40 50 70
P 438 365 202 219 146

14
For the development/detection of the structural units, which are
determining the deformatiou peuavior of the systems indicated, is

determined the effect cn the elastic properties of the latter of the

stress level of shift/shear, teumgperature and heating time.

It is shown, that in tae rangye of temperatures of 20-509C for
specimen/sample 1 the elastic derormation decreases with an increase
in the temperature and respectiveiy is increased elasticity modulus
under the comdition of taking ot rheogram for 3-4 h after the
establishment of the required temperature (Fig. 135). In this case,
the equilibrium modulus, calculdated as E==é%, is not invariant at

different values of P, 1.e., it 15 not the constant of the

time/temporary elasticity of systen.

The dependence of equiliwvriuwm modulus E cn P (Fig. 136) was
calculated from with experimental curved e = ¢ (1)s, taken at the
temperatures indicated and snear stresses. From curve r:= ¢ (1), of
energence and decrease in tane detormation (Fig. 137), obtained the
method of fractional loads - univadings it is apparent that both the
direct/straight and back stioke by this curve it is nonuniform for

the equal portion/fractions of load, which will agree with the data
on the dependence of elasticity modulus on shear stress.

p—— ) i PR S RTVL:  N SU SEP I T NP
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Fig. 136. Dependence of the eguilibrium modulus on shear stress for

polyether/polyester 1 at tempeiatures 20 (1), 30 (2), S0 (3), 60°C

(4) for unsteady state and 90°C (5) after the achievement of

equilibriunm.

Rey: (%) . dyn/cm2,

Page 223.

Temperature of 50°C can te counted for this cligomer of critical,
since with its further increase (to 60°C) elasticity modulus does not
increase, the strain susceptibility of system sharply is increased
(see Pig. 135b, curve 4), but the equilibrium modulus becomes

invariant with different snhear stresses (Fig. 136, curve 4).

The described state not 1s stable, and the prolonged holding of
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{ system at the assigned temperature is accompanied by a change in the
strain susceptibility of systea with the achievement of the state of

equilibrium through the speciric time interval (Fig. 138).
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Fig. 137. Dependence of kinetics of the develcpment of shearing
strain for polyether/pclyester 1 under the ccndition of fractional

loads (Py=14.6 dyn/cm2) at tempecature of 50°9C for unsteady state.

Rey: (1). min.
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Fig. 178. Change of strain susceptibility of polyether/polyester 1 in

+ v

equilibrium establishment with 50°C and P=14.60 dyn/cm2: 1 - heating

time to 150 h; 2 - heatiny tiame are more than 200 h.
Key: (1). min.
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Table 65 depicts the appropriate values of equilibrium modulus
E, calculated from curves ¢ (), with different shear stresses
(from 7.3 to 43,8 dyn/ca2) ana of time of heating (from 30 to 400 h)

for temperature of 50°C.

The temperature dependence of kinetics of the development of
shearing strain (Fig. 13Y) was 1investigated also under conditions of
achieving the state of equilibrium at each assigned temperature, in
contrast to data of Fig. 135, where curves &= ¢ (1) vere
remove/taken immediately atter the establishment of the corresponding

temperature.

Thus, the investigation or the elastic properties of the viscous
flow oligomer made it possible to establish that the oligomeric
liquids are thixotropic-structured systems, in which is possitle the

development of the eslastic reversible deformations. These data and

results of studying the properties of the moncmolecular layers of
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oligomers [140] and of properties of dilute solutions [97] make it

! possible to consider that tne oiigomeric molecules possess their own
flexibility and capacity and to changes in the form under the

action/effect of voltages/stressese.

e LT T T T I

The dependence of the value of module/modulus from the
voltage/stress (see Fig, 136) can pbe interpreted as the result of
existence in the oligomer ot rfiuctuation amorthous grid/network with
the intermittent contacts, causea by the presence of unitary or
multiple van der Waals reactions { 144). An incidence/drop of modulus
vith an increase in the voltage/stress is typical for the structured
systems and it is bonded wita tne thixotropic decomposition of

fluctuation grid under the action of shear stresses.

At temperature of ¢09C or under conditions of prolonged holding
at the lower temperatures wnen maximally disintegrate or are loosened
fluctuation structures, to the foreqround project/emerge the
deformation properties of the pliable molecules of oligomer, which is
developed in distinct emergence ana subsequent decrease after to
unloading elastic time/temporary strain. In this case the viscous

flov polyether/polyester accoruing to the flow properties is

such/siailar to the stagynant specisen/sample of the elastomer,

de formed by the loads, not caliiny plastic flow of specimen/sanmple.

TR — it o e il i s ia sl
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'(able 65. Dependence of shear modulus on voltage/stress.

‘ (I SE :dun‘cu') NPH HATPHKEHHAX, Tun, cM?

-

l 13 ] e 12w ] 36,5 | 43,8

l 610 810 ’

30 - — _
60 | 6090 | 2030 ; 277 | 320 | 2390
80 — | 2440 | 286 | 289 —
150 — | 2440 | 216 — | 1590
200 | 472 | 680 129 — | 1350
400 | 386 | 952 103 87 97,5

Key: (1). E (dyn/cm2?) with voltage/stresses, dyn/cm2.

Page 225,

However, oligomers have other specific properties, which are of

great interest for understandiny of structure it is polyurethane.

During the analysis ot the viscoelastic behavior of 100-300/0
solutions of desmophen, wele observed the same effects, as for
pure/clean oligomers. Elastic piroperties completely disappeared only
with the concentration ct sulution of less than 30o/0. Consequently,
the elastic properties ct oiigyomers and their capability for the
formation of grid are deveioped also in solutions. This indicates the
nev type of the structure-formaiuny systems toc by short polymeric
molecules, the occupying tae intermediate position between by
concantrated solutions and jeilies polymers, on one hand, and capable

of structurization by colloid solutions of low-molecular substances,




T " o P T PN

DOC = 79011112 PAGE H 4 QA

on the other hand. The existence ot such structures in oligomers it
is very importantly for understanding of properties polyurethane on

their basis.

It is necessary, however, to keep in mind that in low-moclecular
systenss the effects of interaoicecular interaction are caused also by
the presence of polar end Jroups, moreover this factor will manifest
itself greater, the lower molacuiar weight of oligomer, which follows
from the thermodynamic analyses of the solutions of the properties of

monomolecular layers [ 140, 174].
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Pig. 139. The dependence of kimetics of the development of shearing

strain for polyether/pclyester 1 at different tempeoratures fcr the

state of equilibrium: 1 - 30; 2 - 50; 3 - 60; 4 - 70°C,

Key: (1). =min.

Page 226.

It is establish/instalied, taat between the molecules of
oligomers there are signiticant conesive forces and that during the
cnepression of the sonosclecular layers of oligcmers occur the
~r rosses, honled with tue tiexiviliity of oligomeric chains and the

@8t r 1t *the g 11Te74tes VL Ciljomer molecules (140). The

- * . - a®i". .n tau aviutions of polyethylene glycols are
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described in works {168, 205].

Findings indicate the need tftor the account the anomalies of the
flov properties of oligcmers during processing/treatment and
obtaining of them of poiymeric materials. As the interesting
illustration of this pc¢sition can serve following phenomenon [118].
The effect of anti-thixctropy was used during obtaining of
three-dimensional grids in thne course of their synthesis under
conditions of act/effectiny the snift voltage/stresses for 80-120°C.
Three-dimensional and linear polyurethane are obtained on the basis
of diethyleneglycoladipate aud polyfurite directly in
rheoviscosimeter with the rotation of jacket prior to the beginning
of gel formation and at snearing rates 0.07 and 0.04 s™'. Pigure 140
gives the curve of the aependence of ductility/toughness/viscosity cn
the shearing rate for biocked macro-diisocyanate, on the basis of
which are selected those shearing rates, by which is observed the
increase of ductility/toughness/viscosity. Table 66 gives data on the
pechanical properties of those ubtained it is polyurethane whose
three-dimensional/space ygyrid is formed by chewmicil and physical
bonds, and also for a comparisou tne data on the properties of the

same systeam, synthesized under normal conditions.
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‘ Pig. 140. Dependence of the ductility/toughness/viscosity of model

system on the velocity Jradient.

Key: (1). s™t,
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As is evident, is observed the significant anisotropy of mechanical
properties in flow direction and i1t is perpendicular to it. This
anisotropy is not developed, 1t tne synthesis of news with the higher
velocity gradients, which correspond to the descending branch to

curved Fig. 140. This indicates tnat as a result of the orientation i

of oligomeric molecules in the field of shift voltage/stresses

shaping of cross connections (chemical and physical) occurs
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predominantly in the directioan, perpendicular to the axis of the
molecule where the probability of the formaticn of such bonds is more i
than in the direction ct tiow. This effect leads to the anisotropy of

the obtained grid.

ADHESION of POLYURETHANES TO RIuvLID SURFACES.

Polyurethane widely are used as glues, and also for the coating
of wood/tree, metals, paper, clotas, glass, skin (11, 55, 126, 171,
180, 194, 199, 201, 248, 3.0-3<¢, 336, 340). Polyurethane coatings
possess a good adhesion to ditfereat surfaces, light- and are
resistent to atmosphere, they retain well gloss, they possess good
electrical properties and luw yas permeability, and it is also
resistant to the actionjeirect ot solvents. Glues are used for the
cepenting of glass, wood/tree, plastics, rubbers, polyethylene, wool,

fibers, metals, skin {80, <223, <3¢, 241, 261, 277, 278, 288, 315,

316 1.

In connection with larye practical application/use it is

polyurethane it appears tne need ror the investigation of the
processes, which occur with the formation of polyurethane film on

surface, effect on these processes of nature and relationship/ratio

of the components, which compose coating, temperatures, presences of

the additions and some other factors. In this direction known only

several wvorks, vhich concern the investigation of adhesion are

‘ polyarethane to rigid sucface { 133, 291, 292].

3 AN S —
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‘(able 66. Tensile strenyth ot the specimen/samples of polymers

(kg/ca?), of synthesized in field shift voltage/stresses.,

. ) l)rpuuenr CNOPOCTH CABHFa.
(, (‘la_l
COCT8R NOMIIUIHUKH
0 l 0,798 ] 0,0715
) R i i .
OnuroanITAACHT MKONba AMNKHKAT-2050 . T -63 : cum- 6.82 ¢ 20.,_ .
) Bareab = | : 1,15:0.08 6.82 » 107 -
nuropyput-1680:2.4 - TAH : MOCA=1:1:1 76,0 ¢ 1330+ | 1770+
’ 76,0~ 181,0 » | 1050 »

Note. Rifleman/pointers sahowed the direction of cuttings of
specimen/saaples made of polymer (4 along the axis of cylinders,

~>» along flow).

Key: (1) . Composition ot composition. (2). Gradient of shearing rate
s™t., (3). Oligodiethyleneyiycoladipinate-2050: T-65: cross~-link. (4).

Oligofurite.
Page 228.

Is studied the adhesion of polyurethane coatings on the basis
polyethers depending on taa structure of latter and nature of the
fillers, introduced into tilws, by the method of the breakaway of
fila from aluminum base at anygle ot 180°, but sometimes 90° for the
film of different thickness. Tane dependence of the value of adhesion

from thickness was straigat lines whose slopeyinclinations, according
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to [292, 293], vere bonded with the hardness of the film: the greater
the slopey/inclination, the yreater the hardness. Extrapolaticn of
straight lines to zero thickness yave the values, which were the

characteristics of the adhesion of the investigated materials.

Por studying the depeadence of adhesion on the structure of
polyol used it is obtaimed tfiim on the basis of polypropylene glycol
(series P), polyoxyprorpylene derivative of trimethylol propane
(series TP) and polyoxypropylene derivative of glycerin (series GP).
All glycols and polyol had difrerent molecular weight. Films broke

avay under tvwo angles with speed of breakaway 0.25 ca/s.

As can be seen from Fiy. 14il, the greatest adhesion have
coatings on the basis cr polypropylene glycol P-410, smallest - on
basis TP-740. The value of adamesion is more with breakaway at angle
of 90°, During the comparison of data according to adhesion and
mechanical characteristics, 1t turned out that the filas have with
high adhesion great ultimate elongation and the smallest
nodule/aodulus during 100o/0 elonyation. The author [ 292, 293) comes
to the conclusion that the fiims oan basis P-410, having the smallest
hardness, more easily are adapted to rigid surface and due to this
adhesion grow/increases. The application/use of the branched polyol
leads to the formation of grid thicker and, therefore, with the

greater hardness of the cuts ot chains, which decreases the adhesion
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(see Pig. 11).

The utilization of stereoregular polypropyleneglycol
considerably increases adnesion [<493] in cosparison with the atactic
of the same molecular weight. BReason can be the tendency of isotactic

polymers to be crystallized in winding structures,
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rig. 141, Dependence of the adnesion of polyurethane films on the

nature of polyether/polyester aad angle of the breakawvay:

I — 90° 11-410; 2 — 180, 11.410; 3 - 90",
T-410: TP-740, 4 — 180°, M-410 : TP-740;
§ -~ 90°, TMN-740, 6 —180 . TM-740.

Key: (1). Resistance to stratafaication, 2 on 1.58 cnm.

Page 229.

In this case polar groups camn pe located on the external surfaces of
such spirals and therefciria are created possibilities for foreing a

large quantity of van der Waals and hydrogen bonds with oxide film on

the surface of aluainusm.

A similar effect was observed for polymethyl methacrylate {222,

272). The polyol, which contain fluorine, decrease adhesion, in spite

T - -
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of small differences in the unardness of filas on the basis of the

fluorine~bearing polyol and jenerally accepted polyol.

Is investigated the etfect of the nature of diisocyanate on the
adhesion of coatings on tue basis of xylylenediisocyanate, TDI and
diphenylmethanediisocyanate [293) and is establish/installed, that
coating on the basis of diphenylmethane diisocyanate, in spite of
their high hardness, they possess the greatest adhesion to aluminum

base. Explanation to this efrect tane authors do not give.

The investigation of the dependence of adhesion on the
relationship/ratio of NCO/0OH~-group on the coatings, obtained on the
basis of polyol TP-700 witbh different content of TDI showed [294)]
that with increase of the reiationship/ratio of NCO/OH--group the
adhes ion decreases, but increases module/modulus with 1000/0
elongation and tensile strengta. The decrease of adhesion with an
increase in relationship/ratio NCU/OH and, consequently, alsc network
density it is joined with an increase in the hardness of polyurethane

Eile.

On the other hand, i1t is reveal/detected that an increase in the
content of urethane ones and, especially, uric groups leads to an

increase in the adhesion, in spite of the increase of the density of

cross-linking.
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For the establishment or ettect on adhesion, it is polyurethane
both of factors is simultaneously studied the adhesion of films on
the basis of glycols and brancned polyol of different molecular
weight. An increase in molecular weight poly-ode gives and to the
decrease of the maintenance o0f urethane groups and network density
simultaneously. The same dependeuce is obtained for glycols (Figqg.
142) and branched polycl. Accordiayg to [292], in this case an
increase of the adhesicn as a resuit of an increase in the content of
urethane groups is considerably covered with its lowering because of
the increase of the haraness of rilm, caused by an increase in the
density of cross-linking. If this then, then adhesion will achieve
maximum value with some averagjes/mean content of urethane groups,

vhich ensures the optimal elasticity of film.

puring obtaining of polyuretnane coatings, are used different in

their nature solvents.

Aot
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Fig. 142,

- P-2010;

Key: (1).

na 0.254.

Page 230.

It is known that dependiny on the thermodynamic quality of the
solvent of the molecule of poiymers they have different conformation
in solution. The degree of the contacting of rolymer chain with rigid
surface depends on form of the chain and, consequently, also the

nature of solvent. All this aust affect the value of the adhesion of

polymer network,

1
48 o e
T e o 1

n
401“

r——ﬁﬁﬁ‘%%?
324 2

|

npomubnenue gmenaubanur,
///Cap 2Ho 1.58cm

16 —'r—”"'fz
N 4 8 !
0 \): Torviuna,mum 0,254

The effect of woleculai weight of glycol on the adhesion: 1

2 - P-1310; 3 - P-410,.

Resistance tc stratification, g on 1,58 cm. (2). Thickness,

in this case ot polyurethane, to rigid surface.
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The effect of the solvent, utilized for obtaining the varnish,
on adhesion is investigatsed in work [293). Polyurethane coatings were
obtained on the basis ct polypropylene glycol, trimethylol propane
and TDI. As can be seen froa tne dependence of the value of adhesion
from the nature of the solvent (Fig. 143) used, the greatest adhesion
possess the films, obtained with tne utilization of cyclohexanone,
smallest - with the aprlication/use of xylene. The author joins this
vith a change in the eneryy density of the cohesion of solvent. But
for cyclohexanone, dioxane and acetone the energy density of cohesion
is identical, but adhesion 1s ditferent, consequently, this

explanation is unacceptable.

One of the reasons ftor tae dependence of adhesicn on the nature
of solvent, according to {<93], dirferent rate of evaporation of
solvent during the solidification of coating. It seems to us ty most
correct this explanaticn the ettect of the nature of solvent c¢n
adhesion, which considers tne depeadence of chain conformation on the

nature of solvent.
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Pig. 143. The dependence or adhesion on the nature of the solvent: 1
- cyclohexanone; 2 - dioxane; 3 - acetone; 4 - chloroform; 5 -

benzene; 6 - xylene.

Key: (V) . Resistance tc stratificacion, g on 1.58 cm. (2). Thickness,

nm ¢0.254.,

Page 231.

It is known that in 4 Jood solvent the polymer chains are more
unwound and, therefore, is providea to greater degree their ccntact
with surface. After the vaporization of solvent, one should expect

large adhesion. In the poor solveats (chloroform, xylene and benzene)

resen ot el raan
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of molecule, they are displaceua, wnich impedes their contact with

surface and decreases the adhesion.

During the analysis ot the aahesion of pclyurethane coatings
there is a definite interest in tae dependence of adhesion on nature
and concentration of fillers and audition, introduced into films is
polyurethane. Study of the etrect of some fillers for the adhesion of
polyurethane coatings tc alumianum | 292] showed that the intrcduction
to dioxide of titanium decieases tne adhesion of coatings by tasis
POPG- 1300, polyoxypropyleae derived trimethylcl propane and TDI to
1So/c, but talc - to U8Doso. The dependence of the value of the
adhes fon of £film on basis P-2010, ¢P-1540 and TDTs from the nature of
other fillers is represented in Fiy. 144, from which is evident slope
deviation of the direct dependence of adhesion on the thickness of
film. The author explaians tnis py the fact that the film becomes
harder with the introduction of the filler on nature of which depends
the slope/inclination. Introduction Zn0 and CaCO3; leads to an
increase in the adhesiocn 1n contrast to TiO, and of talc. An increase
in the adhesion was observed also with an increase in the adhesion
not symbatically with an increase in the concentration of such
fillers as Pe,0, and CacO3; (Fiy. 145). A maximum increase in the
adhes ion is observed with the optimal content of filler. For Fe,0,

and CaC0; this value is 15 voi.0/0. An increase in the content of

oxide of chromium in fila leads to monotonic lowering in the
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adhesion.

The effect of fillers on tue value of adhesion according to
[292] depends on the particle snape of the filler. The author also
assuses that the fillers are capavle of changing the wettability of
polyurethane coatings with respect to metal, although no experimental ;

data on this question are gyiven.
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Fig. 144, The dependence of adhesion

on the nature of the fillers: 1 i

- Zn0; 2 - CaCO33 3 - Cal0; cabic form; % ~ TiO,; S5 - BaS0,43: 6 -

without filler.

Key: (1) . Resistance to stratitfication, g on 1,58 cm. (2). Thickness,

mae0,224,

Page 232.

The affect of fillers on adaesion in this case can be explained, on

the basis of different reaction of fillers with polymer chains or,

it

is more accurate, with the cuts of the polymer chains between nodes,
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the vhich changes structure polymer. Purthermore, it is necessary to
consider the effect of different nature of fillers on the course of
reactions during the formation of polyurethane coatings, which also
is reflected in the structure of film and, consequently, also in its
adhesion to base., Works in this direction, unfortunately, were not

conducted.

The adhesion it is polyurethane it affects the structure of
metallic base (154), in particuldr the state of crystalline structure
of copper. The study of tne adhesion of polyurethane coatings
(varnish OUR-930 and varnish on the basis of adduct KT) to the
surfaces of the cold-rolled and electrolytic copper foil showed that
the adhesion to the cold-rolled foil is much higher than to

electrolytic.

Roentgenographic investigjation of both of forams of the ccpper
foil shoved difference in the state of crystal structure of copper.
This, possibly, and conditioned sharp difference in adhesion was
polyurethane to the surrace ot tue cold-rolled and electrolytic

copper foil.

As is known, polyurethane compositions are used as glues. The
strength of cementing affect the same factors, as for the adhesion of

polyurethane coatings: the nature of polyether/polyester,

i —e
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poly-isocyanate, etc. Iu work [ 308} is explained the effect of
hydroxyal number of polyetner/polyester and the addition of different
joints on the strength ot jiuing of duralumin of polyurethane
composition on the basis ot "pesmodur TN
{(2.4-TDI+trimethylolpropaune) and "bDesmophen-800", showed that with
the decrease of the hydroxyl numoer of "Desmophen-800" is increased

the strength of cementiny, which is characterized by the value of

shearing strength.

Introduction to the polyuretnane composition of different
additions led both to an increase and to the decrease of shearing
strength in dependence on the nature of addition. So, the addition of

aliphatic glycols considerably decreased the shearing strength,
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Fig. 145. The effect of conteut Fep03; on adhesion it is pclyurethane.

Key: (1). Resistance to scaliang, g to 5/8 inches with zero thickness.

Page 233,

Inverse effect is reached duriny the addition to polyurethane of

mono- and dioxybenzene, dimethylnydroxybenzene and especially methyl
and phenyl-substituted of etaoxysilane. The influence of additions on
the strength of cementing tue authors explain by the catalytic actien

of some of then.

The study of the dependence ot the strength of the cementing of
duralumin by polyurethane on teaperature showed that with an increase

in the temperature, at whicha is conducted the cementing, is increased
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shearing strength, reaching the amaximum value with 130°9C. The
investigated bonds are unstabie to the action/effect of many crganic
solvents and water. So, in acetoune the strength of bond falls on 100,
in benzene - to 70, m-cresole and water - to 60, also, in gasoline -
to 7o0/0. These results are contradictory to the data, which relate to
the adhesive strength cf expanded polyurethane to the metals and its

dependence on temperature and action/effect of water {133].

Thus, application/use of polyurethane compositions as coatings
and glues gives good results and depends on a number of facters.
Primary meaning has a fresence of polar urethane groups. This
conclusion/derivation asserts 1tself in the examination of the
investigations, which concern aa improvement in the adhesion cf
synthetic and natural rubbers to metal and wood dAuring the addition
to them of isocyanates {253 ]. vcod results are obtained during the
treatment of the cemented objsct/subjects (frcm metal and wocd)
triisocyanate and by the subseguent deposition of glue from rubber.
The adhesion of some polymers tc different surfaces is improved with
their mixing with poly-isocyanates [231, 299, 309), especially with
the optimal impuritysadmixture of triisocyanate. It is obvious,
isocyanate groups in a small quantity form the insufficient
concentration of the bonds between surface and qlue, but, on the
other hand, the application/use ot large quantities of isocyanate

hardens composition, decreases the flexibility of polymer chains and
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thereby impairs the adaptabilicty or the latter to rigid surface.
Therefore the best results on adhesion will be always observed with
some optimal content of isocyanate, used as impurity/admixture to

other glues [253] and polyurethane compositions.

survey/coverage of works on the adhesion of polyurethane
coatings and glues bears surrace cnaracter, In the examination of the
effect of components (pclyetner/polyester, diisocyanate,
concentration of different groups) on adhesion not in one case was
studied the effect of these components to structure was polyurethane.
Meanvhile the structure of three-dimensional grid, wvwhich appears
during solidification it is polyurethane on rigid surface and defined
as by the nature of comgonents it is polyurethane, so also nature of
the rigid surface, on which occurs the formation of coating, it is
the basic factor, which are determining adhesion. Therefore during
the investigation of the adhesion of polyurethane coatings tc
di fferent surfaces, one should appioach/fit this question from the
point of view of the degendence ot adhesion on the structure of
three-dimensional grid. It is, rirst of all, necessary to investigate
the effect of rigid surrace on tue structure of three-dimensional

gria.

Page 234,
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Surface has noticeable eftect on the character of the forming grid as
a result of the fact that tne cuts of the chains between chenmical
netwvork points, possessiny noticeable flexibility, are capable of
being adapted to surface and of 1nteracting with it. In this case,
are formed the additional physical bonds polymer - base whose

concentration depends on nature and relationship/ratio of comfponents.

For investigation of a chanye in the structure of grid, it is
polyurethane in the presence of riyid surface was studied the
effective density of files, which were being located on base, and the
free films, obtained under the analogous conditions of solidification
[67, 116]. As the subjects of investigation served polyurethane
coatings on the basis ot the copolymer tetrahydrofurane with 250/0 cof
oxide of propylene (TGF - 250/0 of OP) of the different molecular
weight of oligodiethyleneylycoladipate (ODA),
oligodiethyleneglycolsepacate (ODS), and also of silicon-bearing
polyol. As isocyanate component were taken the adduct of trimethylol
propane from TDI (adduct 1) and polyisocyanate of biuret structure

{adduct 2).

Simplified foramulas of adducts following:




"
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o CH,
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CH,_NH_(LO—<_'>_ NCO
: Lﬂ Aanyxt |
NH (CH,),—NCO
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N— (CH,}¢—NCO
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\NH (CH,),—NCO
M Anavkr 2

Key: (1). Adduct.

Free filmws it is polyuretnane they are ottained by casting the
composition on Teflon or yiass, pre-processed so as to bring together

the adhesion of film tc surrace to minimum. For deteramining the

netvwork density in the presence or the rigid surface of coating, they
brought in to aluminum tfoal with a thickness of 14 u. The value of
the effective density of cross-liinking they characterized by the

value of average molecular weight petween network points M.

Are obtained dependences M, of free filas and films on the base
of polyurethane coatings on the basis of TGF - 250/0 OP on molecular
veight of initial polyether/polyester during relationship/ratio
NCO/OH=3:1 (Fig. 146), and also on the relaticnship/ratio of

RCO/ORA--group with molecular weight of polyether/polyester indicated
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above, equal to 1000 (Fig. 147).

Page 235.

Netvork density on base is always wore (less M), than free films,
vhich indicates the emergence of additional, physical bonds the
polymer - base. With an increase in molecular weight of initial
polyether/polyester (see Fiy. 14b) with one and the same
relationship/ratio NCO/0H by the decrease of the content of
NCO--group per unit of vciume and, therefore, with the decrease of a
nusber of the molecular boands, cdaused by the interaction of the polar
groups with each other and with base, With an increase in
relationship/ratio NCO/OH, 1s 1ncreased the effective density of
cross-linking, which is completeiy regular, but furthermore decreases
the difference between M. free £f£iim and fils on base. During
relationship/ratio NCO/OH=4:1 a1r poth cases M wvirtually it is
egqual. It is obvious, during the smaller relationship/ratios NCO/0OH
(vith a smaller quantity of introauced chemical network points) the
adaptability of the cuts of the caains betwvween nodes to rigid surface
is more than during the larye relationship/ratios NCO/OH, when the
presence of the excess of NCO--yroup contriktutes to rigidity of
chains, as a result of the course of secondary reactions with the
formation of allophanate and biuret bonds. Therefore with smaller

RCO/0H is possible the tormation of a greater quantity of bonds
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polymer - base.

The decrease of a dirfereunce between M, in the free film and
film on base occurs, alsc, uuring introduction to polyurethane
composition on the basis oi TsF - 250/0 of OP of the additional
structuring agent - trimethylol propane (féble 67). The differ- 1ce
betveen M, free film and plate/bar on base decreases with an

increase in the quantity of introduced trimethylol propane.
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Pig. 146. Dependence M: of fiims on the basis of TGF - 250/0 OP on

molecular weight of polyether/polyester: 1 - free film; 2 - film on

base layer.

Pig. 147, Depe

on relationshi

ndence M. ot f£ilws on basis of TGF - 250/0 of 0P-1000

p/ratio NCO/0H: 1 - rree film; 2 - film on base,
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Page 236.

Somewhat different aftects the effect of base the network
density of polyurethane tilims on tne basis coeplex cligoesterglycol.
The introduction of the latter tov gyrid must give in to an increase in
the number of intermolecular gnysical bonds due to the presence of
the carbonyl group, capabie of reaction with the urethane grcups

through hydrogen bonds.

Dependence M, of films on tahe¢ relationshigp/ratic of
NCO/0H--group for it is polyuretaaue on basis of ODA of different
molecular weight (Fig. 148} saows that fcr pclyurethane on basis of
ODA of molecular weight ouu the network density of free film is more

than on base.

During an increase in woleculddar weight of ODA to 800 effective
density of the cross-linking oz tree film decreases, which is
regular, but value M, of free iisws and films on base identical.
This is bonded, obviously, with tue fact that the stronger the

interaction with the surface of initial oligomers changes shaping
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conditions for grid.

On one hand, with shapang cf tilm on the surface, it is
sufficient strongly with it wnacn interacts, cccurs the formation of
physical bonds polymer - surtace, that contrikute the specific
contribution to overall networLx uensity. On the other hand, the
reaction of oligomers and jyrowany chains with surface leads tc the
limitation of their mckildaty. In tais case, is possible the
deactivation of reacticn centers and the increase of the velccity of
the break of reaction chains cun surface, as a result of which the
denseness of the generatiungy yLid decreases and the latter will become
more defective. The preseace oi uefects in grid logically depends to
a considerable extent cp tne rflexipility of units in polyurethane.
So, with smaller molecuiar weiynt of cligoester the flexibility of
the chain betwveen nodes ia yrid uecreases and should expect the
greater defectiveness ct yrid. Tnerefore netwcrk density in film on

base can prove to be less tnan ain tree film, that also is observed.
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fable 67. The effect of tae addition of trimethylol propane on the
effective density of crcss—-linkinyg it is polyvrethane on the tasis of

the copolymer of tetrabydroturan with 250/0 of propylene oxide.

M, cBoO- ) M, nnenkn

™I, -, Goanon HA NOAJIOX -
MIeHKH {2} ke
0 2230 1100
25 600 460
50 450 300

Key: (1) . free film. (2). film oca bpase.

M
200 4

100 =0

T T T T
125/t 450/t 4,75/1 NCO/OH

D
Pig. 148, dependence p, of faims on basis of ODA on

relationship/ratio NCO/OH: 1 - tree film on OLA (mol. weight 600); 2
- film on base (mol. weiynt 600); 3 - film on base and free film on

ODA (mol. weight 800).
Page 237.

An increase in moleculai weiynt of oligoester raises the flexibility

of the cuts of chains, increasiang their mobility and even when to the
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decrease of the defectiveness or yrid. In this case, is increased a
number of bonds polymer - base as a result of the best adaptability
of more flexible chains to riyid surface. Under specific conditions
it is possible that the efrective uensity of cross-linking on base
can become equal to the sume for a free film, that also is okserved
for it is polyurethane cn basis or ODA of molecular weight 800,
During further increase in moleculiar weight of oligoester, it can
seem that M., on base willi pecowe less tham M, free film, i.e., will

be observed the phenomenon, aunaiogyous examined for simple oligoester.

It is interesting tc trace tne effect of the nature of complex
oligoester with identical molecular weight on the network density of
the formed on their basis poayurethane films. 1Is establish/installed
dependence M, on the relatiocaship/ratio of NCO/OH--group for
polyurethane coatings cn tue basis of ODS (Fig. 149). The analysis cf
Pig. 148 and 149 shows that wita cne and the same molecular weight of
oligoester the effective density or cross—-linking for ODA is more
than for 0ODS. Replacement or ODA wy ODS leads tc the decrease of the
content of carbonyl grcups per unit of vclume and, therefore, to the
decrease of the concentiation cf secondary bonds, which affects the
common/general/total network density. In the case of the smaller
relationship/ratio of NCO/0H--group, the effective density of
cross-linking on base is consideranly more than free film, which will

agree with above-stated presentaticn/concepts.
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The study of the effect of aluminum base on the effective
density of the cross-liukiuy 0r coatings on the basis of
glycoxysilanes showed [78) taat tne network density is determined by
the structure of glycoxysilane, vy its degree of kranching. At the
same time it is reveal/detected that after the solidification of
coatings the denseness cf tnear gyrad in the presence of rigid surface
is changed during long time (Piy. 150)., M, free films do not depend
on time, while M, fil®s ou vase somevhat decreases. Probably, in the
presence of rigid surface, snapingy of grid continues slowly, that
also is characterized by proionged change M, in time. Is possible
also the redistribution cf oonds 1n the course of time in quite

polymer film.

PRI
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Fig. 149, Dependence A, of codtinys on the basis of 0ODS (mol. weight

600) on relationship/ratio NCUO/0d: 1 - free filw; 2 - film on base.
Page 238.

Por the investigation of tne uependence of the effactive density
of cross-1linking on the nature Gt poly-isocyanate, are obtained the
films on the basis of tetradietnyleneglycoxysilane with the
utilization of adducts 1 and 2. it is shown, that absolute values

M, of films on the basis or adduct 1 are mcre than on the basis of
adduct 2. This is bonded with the smaller content of NCO--group per
unit of volume in the first case. On the other hand, if in films on
the basis of adduct 1 M, on pase it is more than free films, then in
coatings on the basis ot adduct 2 is observed reverse picture. It is
possible, the presence in tane molecule of the adduct of 2 methylene

groups leads to the formation ot tue more pliable cuts of chains in

three-dimensional/space gria, wnat provides a greater quantity of
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bonds polymer - base. Tne presceuce of aromatic groups in adduct 1
contributes to greater rigidity of chains in grid, what decreases the
possibility of the formation or pouds polymer - base conditions the

formation of more defective grid.

Thus, the effective uensity or the cross-linking of polyurethane
coatings in the presence or vase is determined by the nature of
oligoester, by its molecular weiyht, nature of utilized isocyanate
and by relationship/ratic of NCU/0H--group. The factors indicated
affect the flexibility or caains it is pclyurethane, determining
thereby the relationship/catio of physical and chemical nodes in

grid.

. With the formation ot grid on surface cne should consider the
simultaneous course cf two processes: the fcrmation of the physical
bonds polymer - rigid surtace, which must increase network density;
the limitation of the motility ot yrowing chains as a result cf their
reaction with rigid surtace, which leads to the formation of the more
defective grid, which is cndracterized by a smaller number of nodes,

than such of free filnm,
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Fig. 150. Change M. in time for polyurethane coatings on the basis
of dimethyldibutyleneglycoxysiiane during different
relationship/ratio NCO/OH: 1 -1.5:13 2 - 1.75:1; 3 - 2.00:1 (O~

free film; @®- filnm on nase) .
Key: (1). days.
Page 239.

In the case of the prevalence of tne first process above the second,
wve obtain M, the film, rormeu in the presence of rigid surface
smaller than free film, wnican occurred fcr coatings on the basis of
simple oligoester. The increase ot rigidity of chains because of an
increase in relationshigsratio NCU/OH and in introduction of

oligoester units with the gyroups, capable of reaction with urethane

A Ak e A 18 - b
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ones (for example, ester units), contributes to the course of the
second process, i.e., tc the torwation of more defective grid
conditions increase M, of tne rila in the presence of base in

comparison with free fila.

A change in the structutre or r£ilm under the effect of rigid
surface affects its adhesion. By us is studied the dependence of
adhesion it is polyurethane on the network density and nature of base
[79) and it is made the attempt to determine the value of adhesion
vhich does not depend cn tue secondary factors: the thickness of
coating, velocity of its stiatarlcation and in connection with this

electrostatic phenomena 3 J.

Is investigated the adnesion of coatings on the basis of TGF -
250/0 of OP of molecular weigyat 1200 and of adduct 1 to aluminum,
brass, steel and glass bases [79]. Energy of adhesion is determined
on the adhesion meter A4S-2 {51), an which was changed strength
measuring part and the place of strengthening testing rollar is
located on dynamometer. Ine coating being investigated will be
brought in from soluticn to testiany roller during its rotation and is
solidified at temperature of 309 . Testing rollers were made from
metal and glass and they nave free running because of which the angle
of breakavay alwvays remaius constant and equal to 90°. The position

of the boundary/interface of breakaway also is constant relative to
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the stratifying effort/fcrce. Duriang testing the edge of the strip of
the coating being investiyated toey reinforce in the clamp, which was
being moved with given speea whicn can be changed within the limits

Of 00 025‘0.3 Cll!/S.

During testing with grven specd of stratification, occurs a
smooth increase in the fixed/recorded effort/force (Fig. 151ad), and
then the effort/force cI wtedkaway remains almost constant (Fig.
151hsoc).. This effort/force corresponds to the voltage/stress of
stratification in known uastick speed (P,). From the averaged stress

level with breakaway, is determined the energy of adhesion of coating

at the given velocity ci stratitfication, in reference to the unit of

the width of filnm.
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Fig. 151. Change in the efrort/rforce of stratification in time at

given speed of stratificatioa.

Key: (1). Bffort/force of stratafication.

Page 240,

If we after the determination of the effcrt/force of breakawvay
with the known velocity of stracirication stop the
displacement/movement of clamp, tnen the stratification of film it is
continued as a result of ifeiraxation of the voltage/strasses in the
film, vhich leads to akbreviation ior the latter, Stratification
occurs to those pores, while the voltage/stresses in film will not be
equallized by the forces of iuteraction of the coating being
investigated with the surface of roller - adhesive forces (Figqg.
151ed), after which the stratirication ceases (Fig., 151, point D).

The value of residual voltaye/stress, in reference to the unit of the
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width of film, the authois Caii yuasi-equilibrium energyy of adhesion. f
Figure 152 gives typical tns curves of stress relaxation in filsms,
from which are calculated tue values of gquasi-equilibrium energy of

adhesion (¥able 68).
Energy of adhesion diwinishs in series/number steel > brass >
dural > glass, also, durinj an increase in the network density u

(increase NCO/0OH, decrease M, grow/increases in all cases.

Introduction to coatingys ana ylues of the compounds, which

contain isocyanate groups, usually leads to an increase in adhesion
[251, 299, 309). Therefore,tue increase of adhesion with growth
NCO/0H and, consequently, also network density it is logical result.
For clarity is represented tane dependence of energy of adhesion on
network density (Fig. 153). For coatings with greater network
density, is observed criticali dependence of adhesion on the nature of
base despite the fact that a cnange in the network density during a
change in the type of rigid surface is small. It is possible that 1

sharp increase in the adnesion with a change in the nature of surface

can be explained by difirereunt reaction of bases with the investigated
coatings due to the dissimilar character of the joining of functional
groups, which are located oun tue surface of metals, with

polyurethane,
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13b1e 68. Dependence of the eneryy of adhesion (Ae10-5 erg/cm2) of

polyurethane coatings ou tue nature of base, network density and
unstick speed.

(1

NCO/OI . 2 NGO 4 [ NCO OH-=2:1 ¢ avfankoft 50, TMIT
e e _. . W S €
(i‘ y3) A npu ckopocTy Papnonee- A NPH CROPOC T OTPBI~ Pamdone o _A npw CKOPOCTH 0T | pypicacc.
fMoanokka OTPHRA, cM/ceK ,,;.: al‘:qu{_ M, ; ha, 1\1'::«' N "Ta'" Sl’l(:“ M, @ pun:l. (M LEK “:; :"::,(:n M
4,3 i 0,1 ‘ 0,025 Jf.";',,; 0,3 0,1 0,025 ?,-’:fjf:»m l 3 ‘ 0,1 0,025 ":m:,""
an® | 470 | 370 290 | 047 | — | 690 600 480 | 107 — | 900f 730 ] 00| 295 —
ggdri\l'ub(“ 4:50 375 | 2,65 0.34 350 6,50 | 4,90 | 4,50 1,50 250 l?,50 lll.-'r)O ?.80 3,92 l-")O
L[loham; o 330 265 200 0,34 450 315 300 290 0.75 220 3,50 -3.-‘50 3,20 0,67 130
Crekao ($) 2:90 290} 200 0,27 —_ 2601 245 220 0,30 — 280 | 2,60 | 2,40 0,59 120

Note. Energy of adhesion at uastick speeds 0.025-0.3 ca/s is

related to the thickness ot Velil=0.12 nm.

Key: (1). with addition. (4) « vase. (3). A at unstick speed, cm/s.
(4) « Equilibriunm energy oi adaesiou, ergscmz, (5)+ Steel. (6). Brass.

(7) . Dural, (8). Glass.

Page 241,

During the explanation tu dependence of adhesion on the nature
of base, it is necessary to consider following. It is known that the
surface tension of the materials oi the bases being investigated
diminishs in the same craer as the energy of adhesicn, determined ky
us for these bases [ 129, 273) (Fabie 69) . Substances with large

surface tension possess greater surface energy, which, possitly, and

e st e g
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causes stronger interaction of 1uvestigated polymers with metals (in
particular, with steel), tuan with glass. The analysis of results
15ble 69 shows that the eneryy or adhesion derends on the velocity of
stratification. Furthermcre, with an increase in the thickness of
coating increases energy or adhesion (Fig., 153, curve 1). An increase
in the work of breakaway witn au 1ucrease in the thickness is
observed usually during tue utiiization of a method of stratification
{3) and it is especially canaracteraistic for elastic coatings. This
phenomenon is bonded with tue voltage/stresses, which appear with
bend, and also with defcrmation ci film according to thickness with
its breakaway from base. The woiLk, spent on the deformation of film,
is increased with an incredase 1n tue deformation rate and the
thickneSﬁ(ff film, affectingy tuneireny the work cf the breakaway of
coating. éhus, for obtaininy the comparable results in the capacity
of adhesion it is necessary to investigate the coatings of identical
thickness with the same veiocity or stratification. The procedure of

obtaining the films of 1aentical thickness is very coamplex.
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Pig. 152. A change in tne efrort/iorce of stratification in time
because of the voltage/stressces, wanich arose in film with its
stratification, at a rate Or U.uvc¢5 Ccm/s for a coating with
relationship/ratio NCO/CH=4:1 ana with additicn 50o/0 TMP: 1 - steel;

2 - dural; 3 - glass.

Key: (1). Effort/force ot strataiication. (2). min.
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Fig. 153. Dependence of quasi-equilibrius enerqgy of adhesion on

network density: 1 - brass; 2 - dural.
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Key: (1). Yequilibrium w»oLk" 0L aanesione10™S, erg/cm2. ,
Page 242.

Furthermore, for evaluating the aahesion of the coatings of one
nature, but different network deusity even the identical thickness of
films always can ensure€ obtaininy the comparable results, and since
the mechanical properties ot these films are not identical, then also

the work which proceeds witu taneir deformation with breakaway, it

will be different.

The values of quasi-ejuilipiium energy of adhesion do not depend
on the thickness of coatinys and iunitial velocity of breakaway (Fig.
15“,'15b1e 70), what is completely regular result, since character
and strength of joining polymer - rigid surface is determined by the
structure of a comparatively thin layer of pclymer, adjacent to
surface [ 64 ), Therefore adhesion is determined not by the thickness
of coating, but by the nature of pase and by the structure of

polynmer.

In terms of absolute vaiue the value "of equilibrium "energy of ;

adhesion, as can be seen from-Thule 68, composes 10-400/0 of energy
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of adhesion, detersined at final unstick speeds, which will agree
vith conclusion/derivation {91] avout the decisive contributicn of
the work of deformation to the tctal balance of the work of

stratification.

On the basis of the avove it is possible to expect that the
value of the quasi-equiliprium eneigy of adhesion during
determination of which are removeystaken the effects, bonded with the
thickness of coating, its deformation, velocity of stratification and
in connection with this e€lectrostatic phenomena, it more correctly
characterizes the value of intermoiecular interaction on interface,
than the determined usvally werk of peeling rclymeric coatings from

rigid surface.

It was noted that the riyid surface exerts a substantial
influence on the effective aensity of the cross~linking of

cross-linked ones it is poiyuretnane. It is interesting to explain,

at what depth stretches the actionseffect of base in the investigated
E case, Por this purpose, is carried out the definition of the

l effective density of cross-linking both free files (obtained via

= infusion to film from fluoroplastjand films on the materials cf

different nature [S4]. The tnickness of filas varies from 10 to 300

MPe
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Table 69. Values of the surrace teusion of some metals and glass.

(3
(L Tenfnfp;v- 3 r ‘('U
BemecTso T}g{'&:‘:_’- V. Ounicm pf:::,,“:
°C
5)
Keneso *'| 1267 9146 H,
) 1310 917 Hy ¢
Amomunufi 700 840 Bosayx
706 494 Mapt (8)
. aMOMHHUA
Crekno W 550 | 135—170 [5;Bosayx

Key: (1). Substance. (2). Temperature of definition, °C., (3). dyn/cna.
(4) . Boundary of secticn. (5)« iron. (6) . Aluminum. (7). Air. (8).
Vapors of aluminum. (9). GLaSs.
Table 70, Change in the eneryy of adhesion with the speed of
stratification.
(2 s K‘”sﬁﬁT
n CropocTb Pair;i )a(n t‘:&l:)efca“t'hlr
no,u,no)xxa OTCAAHBR - )I, ;’0—5 preauu ;
HUR, CM CEK ape;‘mi x 1075,
ape.cmt
Cram® | 0300 6.84 0,56
0,100 4,68 0.60
0,025 3,73 0,54
J]aT)’l;t : 0,300 5,98 097
0,100 5,10 0,98
0,025 3,04 0,88
Key: (1). Base. (2). Velocity ot stratification, cm/s. (3). Energy of

adhesion x107S, erg/cm2. (4). yuasi-equilibrium energy of adhesion

x10™3, erg/cm2, (5). Steel.

\

Page 243,

Brass.
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As can be seen frcs tne depenuence of value M. froa the
thickness of film on basis or 0ODA-1200 (Fig. 155), the effective
density of the cross-linking of rre> film, i.e., the film, ottained
virtually in the absence of reaction polymer - solid surface, in an
interval beiny investigatea 1t does not depend on thickness. Value
M, of films on bases to 4 consiuelrable degree is determined not only
by the presence of rigid surrace, but also by the nature by the
latter. In films on steei and prass, the adhesicn of polyurethane
coatings to which is higher than to aluminum, difference in value
M, with free film is scmewaat nigaer than for aluminum. This is
obvious, it is bonded wita tne fact that in the case of brass and
steel is formed a larger nuaper or contacts of polymer chains with

surface, which decreases M.,

With an increase in tne tnickness of coatings, the difference
betwaen M, free films and rilms c¢pn base decreases also with the

thickness of 120 y and above M, im both cases they become identical.

These results ccnfairm coaclusions about the fact that the effect
of rigid surface substantially is reflected in structure of both
linear and cross-linked folymers 1t stretches at the significant

depth of polymer depending on nature and physical state of the latter
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f64). Therefore by us for obtainlay the comparable results during
determination M, of filss on base are used films in thickness to 40
u [S54, 78). 1Is investigateu the degendence of the adhesion of
polyurethane coatings on tae nature of oligoester, and also its ‘

molecular weight and petwock density [78]. ‘
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Fig. 154. The dependence or emeryy of adhesion on the thickness of

the coating of base made of sceel with NCO/0OH=2:1:

1 - unstick speed 0.025 ca/s; & - yuasi-equilibrium energy of
adhesion.

Keys (1). Work of adhesione10™S, erg/cm?2. (2). Thickness, nm.
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Fig. 155. Dependence M. on tnickness of film on basis of ODA-1200:

1 - free film; 2 - on steel; 3 - on brass; 4 - on duralj




:
p
[
:
i
{
i
|
|
E
|

DOC = 79011113 PAGE a’ﬂa

Key: (1) Thickness o 1y3, nma.

Page 244.

As oligoesters are taken olilgodietayleneglycoladipate cf molecular
weights 600 and 120 (ODA-oUU and UDA-1200) and TGF - 25¢0/0 of

OP-1200.

The dependence of value M, from relationship/ratio NCO/OH,

wvhich characterizes the cnemical density of cross-linking for

coatings on basis of ODA-1200 (Fig, 156), shows that in all curves is
observed the more or less expressed minimum in region NCO/OH=2:1,
Obviously, initially witb growta NCO/OH cccurs an increase in the
effective density of cross-iinking, which was observed and it is
earlier [73, 79). With MO/0OH=4:1 effective network density falls as
a result of certain decrease of a number of chemical and physical
nodes. It is bonded with tne formation of defective chemical grid due
to the strong limitaticn of mooilicty of chain at deep stages cf
reaction. With NCO/OH=2:1 the ettective density of cross-linking is
greatest. This is reflected alsc 1n the value of the
quasi-equilibrium energy ot adhesion, determined for the present

instance. As can be seen rroa Fig. 157, there is an extreme

o 5 . . ; § - - aaitah o o iteesiiniaimiihisinaliit
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dependence between the valiue oL aunesion and the chemical density of
cross—linking., With NCC/Ch=,:1 (saall M, occurs the greatest
adhesion. But if we present tac acpendence of adhesion on the value
of the coamon/general/tcotal, eirective density of cross-linking,
which encompasses chemicdi and panysical nodes, then is observed the

symbatic dependence of e¢neryy or aahesicn on M, (see Fig. 157).

Oon the basis of Fiy. 150 aau 157, it is fossible to draw a
conclusion about the eftect or the nature of btase on the adhesion:
polyurethane coatings cun tne pasis of oligodiethyleneglycoladipate
(pol. weight 1200)as coatinyg vn taoe basis of simple ocligoesters [79],
possess high adhesion tc wvases witan the greater surface energy

(steel, brass).

Is interesting to ccumpare tae results according to the adhesion
of coatings on the basis of complex oligoester with the adhesion of
coatings on the basis of simple cligoester of the same molecular
veight. Table 71 depicts data according to guasi-equilibrium energy
of adhesion it is polytrethane on oasis of 0DA-1200 and of copolymer
to tetrahydrofurane oxide or propyiene from which it is evident that
the system of a change ¢f tne capacity of adhesion in dependence on
the nature of base is identical. At the same time the adhesion in the
case of simple oligoester is higaer than for the same complex

molecular weight. This can pe, cbviously, ccnnected with difference
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in interaction energy ot polymet conains with each other in both

cases.
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Fig. 156. The dependence of vaiue M. from the relationship/ratio of

NCO/0B--group for coatings on basis of ODA-1200:
1 - steel; 2 - brass; 3 - dural; 4 - free filnm.
Page 245.

It is known that interwoleccuiar interaction in polyurethane on
the basis of complex oliyoester is considerably more than in simple
ones [114]. It is logical tnerertore that the flexibility of the cuts
of the chains between nodes tor coaplex oligoesters is less and,
therefore, their adaptasilaty tc surface vorse than the cuts of
chains it is polyurethane on tne pasis of simfple oligoester. In
connection with this a numper or contacts polymer - the surface of

coatings on the basis of compiex oiigoesters will be less than on the

basis of simple cnes, whicu leads to the decrease of adhesion first.
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It is necessary to still oear in wind different reactivity of simple

and complex oligoesters, tnat must be reflected in the structure of

the grid of those formed 1t i1s polyurethane and during the adhesion ]

of the latter to diifereut suriaces.

Por the investigation ot tae effect of mclecular weight of

initial complex oligoester on adhesion, are cttained the coatings on i

the basis of oligodiethyleneadipate of molecular weights 600 and

1200.
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Fig. 157. The dependence of quasi-equilibrium energy of adhesicn on
relationship/ratio NCO/GH (a) aud values M. (b) for films on basis

of ODA-1200:

1 1 et PO A2 €5 5 3T et -

i 1 - steel; 2 - brass; 3 - dural; 4 - glass.

Key:s (1). Quasi-equilitrium eneryy of adhesion e 107%, erg/cnm2.

Page 246.

Table 72 depicts the value or the yuasi-equilibrium energy of

 {

MR N SR
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adhesion of coatings on wvasis or VUA-600 and CDA-1200. Energy of
adhes ion for ODA-600 in alli cases is more than for coatings on basis
of ODA-1200, An increase ofi tae concentraticn c¢f polar groups per

un it of volume because oi tue aecrease of molecular weight of
oligqoester and an increase oI tne possibility of the formaticn of

bonds polymer - surface 1is tne reason for the observed differences.

Let us examine the bonu petween the determined experimentally by

value AQ and adhesion ot coatinys on basis of 0DaA-600.

a change in experimentdli value ﬂ% with growth NCO/0OH for filas
on basis of ODA-600 in tne presence of different bases (Fig. 158)
shows that the effective Jdensity or the cross-linking of free film is
more than films on the surtface of prass and of dural, but it is
somew hat less than on glass ana steel. On the decrease of the
effective density of filams on the pasis cf complex cligoesters of
light molecular weights an tue presence cf rigid surface in

comparison with free fils, has aiready “een ccmmunicated [61).

1
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qable 71. Dependence of the juasi-equilibrium energy of adhesion
(1073 erg/cm?) of polyuretnane coatings cn nature of cligoester,

relationship/ratio NCO/CH auu or type of rigid surface.

al 51 & — 25% ON-12
T OAA- 1200 T - 25% ON-1200
o ohasasalea fea| 20 | e

, Cram'®| 023 08| 028 028 | 047 | 197
: Jaiyus'?l 022 (0261023020 0,34 1,50
; Topgad!l 0116 (0231025 {0017 ) 034 | 075

Crekao 017 [025 026 018|027 | 030

Key: (1) . Base. (2). Steel. (3). Brass. (4%). Dural. (5). Glass.

Table 72. Quasi-equilibriuw eneryy of adhesion of polyurethane

coatings on the basis cf coaplex cligoester.

tn KmrasnpasuoBecian pabota
(2 (NCO] - 10%, apreaun - 105, spajcat
Oanrospup | NCOOH Al MO/ M T T I ~175
Craap | Jdatyds | Awpanb i Crerao
01A-1200 1.25: 1 117 023 0,22 0.16 0.17
1,5:1 1.24 0.28 0,26 0,25 0.25
2:1 1,50 0,28 0,23 025 0,26
4:1 2,16 0.28 0,20 0.18 0,18
OJ1A-600 1,25:1 185 064 — 0,32 0.68
15:1 2,04 1,24 0,59 1,24 1.18
20:1 2,22 1.45 1,24 1,27 1,33

Key: (1) . Quasi-equilibrium eneryy of adhesion e 1073, erg/cm2. (2).

Oligoester. (3). moleycm<. (4). steel. (5). Brass. (6). Dural. (7).

Glass.

Page 247.
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This anomaly they relate wita tue effect of rigid surface on the
polymerizing processes, leadiny to the formaticn of more defective

grid.

On the other hand, it 1s pcssible to assume tnat an increase in
the hardness of polymer cndins uuiing the decrease cf molecular
weight of oligoester ccantributes to sSmaller number of their contacts

with surface. The latter ract cau ve checked during the determination

of adhesion. So, value Nhl in rijms on brass and dural is almost
identical and it is more taan rree film, as can be seen from Fig.
158. However, adhesion tc¢ duzal they are investigated coatings
considerably higher than to prass (Fig. 159) . Consequently, with the
formation of coatings cn trass decreases a nurker of contacts polymer
- surface, in the case ct uuial, tnhe increase in the number of
contacts of polymer chains witn suiface, which leads to an increase
in the adhesion in comparison with brass, is simultaneously

él accompanied by the decrease of a number of nodes in volume, which is

reflected in value mc-

Concerning steel anag jlass, in these cases is observed the
greatest adhesion of fiims on ODA-000 and the greatest effective

network density (see Tabple 71, Fiy. 161),

Thus, the decrease cf wmoliecular weight of 1nitial oligoester
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leads, on one hand, to an incredse in the adhesion, on the other - is
changed order in the se€ries/numper by the nature of bases,
establish/installed earlier tor oligoesters or basis of ODA~1200 and
simple oligoester [ 73]. So, if aunesionL was changed in series/number
steel > brass > dural > glass and was located in accordance with the
value of the surface epeiyy of tae materials teing investigated, then
in the case of coatings cn pasis ot ODA-600 this series has the

following form: steel > glass > uwural > brass.
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Pig. 158. The dependence of vaiue ﬁk_ from the relationship/ratio of

NCO/OH--group for coatings on basis of ODA-60C:

1 - brassy; 2 - dural; 3 - glass; ¢ - free filnm.
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Pig. 159. Dependence of quasi-eyuilibrium enerqy of adhesion on value

’«C for coatings on basis of 0Da-000:
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1 - steel; 2 - brass; 3 - uural; 4 - glass.

Key: (1). Quasi-equilibriuu eneryy of adhesion ¢ 107¢, erg/cm2,

Page 248,

The authors [54 ] assume that this inversion in series/number,
just as the depandence ot adaesion on the nature of the bases being
investigated, to a considerasle deyree can te bonded with
structurization, which cccur on ianterface with rigid surface,
determined by the nature of the latter and by structure initial

component of polyurethane.

Thus, the analysis of scarce c¢f works, dedicated to the study of
adhesion is polyurethane, 1t speaks that the adhesive properties of
the coatings being investiyated are determined, in the first rlace,
by their chemical structure, aad namely by the nature of oligomeric
units, isocyanate, crosslinkiny ayent; the secondly, by the structure
of grid, which is generated duriny the solidification of coatings on
base. The application/use of units of different flexibility in chains
it is polyurethane and the bases of different nature - all this

changes the structure ct yrid, tne relationship/ratio of physical and
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chemical bonds in it and at the sawec time determines the adhesive

properties of polyurethane coatinys.
PROPERTIES AND STRUCTUR: Of ELASTOMERIC POLYURETHANE FIBERS.

Recently there have becn deveioped new materials on the basis of
the linear polymers, developinyg unaer specific conditions properties
of elastomers, but under tne elevated temperatures or the ianfluence
of the solvents of those oenaviny as common thermoplastic materials.
The discussion deals witn tine polyuwers which in the conditions/mode
of exploitation develop elastic properties in the absence of the
sufficiently strong/duratlie chemical bonds, which unite separate

macromolecules into single three-uimensional/space grid.

Such a high elasticity 1is wponded with the flexibility of the
chains of the macromolecules, wuaicin contain the groups which under
conditions of operation are founa as at the temperature of lcwer than
the temperature of the vitrification of these sections of polymer
chains, These systems will pe callied the common/general/total
elastoplastics. A typical example of elastoplastics are the linear
and weakly cross-linked folyurethane which serve as initial material
for obtaining highly elastic polyurethane fibers. The schenmatic
structure of such molecules 1s represented in Fig. 160. The soft

segeents, formwed by linear networks, for examgle ty the chains of
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oligoesters, which form part ot jolyurethane molecule, are under the
conditions for exploitation in highly elastic state. The temperature
of the vitrification of the rigjiad segments of the sections of
isocyanate component unaer notrmal conditions is considerably higher.
Thus, rigid segments ccmpose tae nodes of physical
three-dimensional/space gyrid, wnicu as a whole is capable of the high
reversible elastic deformations and it is not capable of flow at

comamon temperatures,
Page 249,

An increase in the temperature leaas to the decomposition of physical
nodes, and sometimes alsc weak chemical (for example, allophanate or
biuret), and system acquires cagasility for viscous flow, which makes
it possible to process this polywer by the common methods, used for

thermoplasts.

The methods of obtaining and some properties of thermoplastic
ones it is polyurethane with the labile chemical bonds, which
disintegrate at high temjieratures and are restored at low, they are

presented in work [342].

The described princaple ot the construction of chain is the

basis of the synthesis of tne linear or weakly cross-linked
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polyurethane elastomers trom whican by the methods of dry or wet
molding are the fibers (oL type spandex, Lycra, etc.), which possess
high strength (0.6-0.8 ysdenier), by high reversible elongation
(500-8000/0) and by module/moduius, two or three times exceeding the
rodulus of elasticity cf rubber fipers. The differemce for such
fibers from others synthetic ones, for example rolyamides, is in the
fact that the latter after extract acquire the coriented stable
structure, which does nct disappeat after the release of temsile
stress, while polyurethane tfiuvers are capable of spontaneous

reversible reset.

For a comparison aie gJiven tae curves of the dependences of
voltage/stress from defcrmation ror the criented poliamide,

polyurethane elastic ana cuopber ripers (Fig. 161).

- ——
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(1] Henpalaenue Bsimawmxu

SRYLSTwe )N

(2) Maexueceamenmer

(3) Mecmuue ceamenmsi

Fig. 160. Principle of the construction of the meristic urethane

elastomer from rigid and sort seygments.

Key: (1). Direction of stretcaing. (2). Soft segments. (3). Rigid

segments.

Page 250,

Elastic pclyurethane fibers caun be obtained on the basis of the
three-dimensional/space cross—-linked :.nd thersorlastic polymers. They
strongly differ in their elastic properties and are characterized by

high strength and elongation.
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Ys shown the possivility or optaining on the basis of linear
ones it is polyurethane tne ripers, vwhich possess the properties,
intermediate between highly elastic polyurethane draw plates and
fibers of the type perlon. ¥anis is bonded with alternating in the
polymer chain of the poiyetuwr/polyester and glycol units of
different nature and enteriny tue compositicn of polymer in different

relationship/ratios [23, 24 ).

FPibers from elastic ones it 1s polyurethane it is possible to
obtain, as already mentioned, on the basis c¢f linear ones and those
partially cross-linked, was polyurethane. The process of
cross-1linking in such systems, uowever, does not change the character
of the solution, in which occur/{iow/lasts the synthesis and which is
used then for processing/treatment, i.e., in solution is not cbserved
the gel formations, which i1mgedes obtaining fiber. This fact of weak
cross~-linking, characteristic for cobtaining highly elastic
polyurethane fibers, is the addational confirmation of the fact that
the role of the nodes ot taree-~dimensional/space grid, which are
determining elasticity and absence of flow, perform the physical

nodes, formed by the redaction of rigid segments.

Difference to maturiny degreces in spinning solutions it is
possible to illustrate as tolliows | 297]. Let us examine the

dependence of ductility/touynness/viscosity on the concentration of
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the solution of polyurethaue 1un dimethyl formamide (Fig. 162) [297].
Curve 1 is characteristic 1oi tue polymer, oktained under soft

conditions during the reactioun ot the mole cf polyether/polyester

(mol. weight 2000) and cf wmole or uiphenylmethane diisocyanate.
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Pig. 161. Failure diagram is - elongation fcr different fibers:

1 - oriented poliamide; ¢ - poiyurethane; 3 - rubber.

Key: (1). Voltage/stress, y/denier. (2). Elongation.
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Pig. 162. Dependence of auctility/toughness/viscosity on

concentration of soluticn of polyaer in dimwethyl formamide:

1 - on basis of polyethyienegiycoladipate (mol. weight 20000) and of
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diphenylmethane diisocyandate; < - the same polyurethane, cross-linked

with hydrazine bridges.

Page 251.

Curve 2 characterizes tne properties of the solution of
macro-diisocyanate, obtaineu frow the same initial groducts, tut
connected by hydrazine triages. lua this case the
ductility/toughness/viscosity increases considerably faster with
concentration, which is explained oy the greater degree of branching
and intermingling of the coiled molecules as a result of the
cross-linking of chains witn each other. The differences indicated
are even more visual, if we compare the ductility/toughness/viscosity
of the dilute polymer scluticms iu hexamethylphosphoramide after
heating at different temperatures. The
ductility/toughness/viscosities of 10/0 solutions are virtually
identical, although initially tuere are noticeakle differences., This
is caused by the fact tnat in the case of the weakly cross-linked
polymer during heating 1is feasiuvle the break c¢f weak weak bonds under
the action/effect of scivent. ine requlating of the maturing degree
of fibers in spinning process by applying different crosslinking
agents gives the possibility to chnange the prc¢pertizss of the chbtained

fibers.
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Let us examine now some wecudnical rproperties of elastic
polyurethane fibers. Let us eionyate, for example, highly elastic
fiber to the specific value (to 20V0/0) and after this let us dump.

In this case, is observed nysteresis, shown in Pig. 163, for fibers

of Lycra.
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i Fig. 163. Failure diagram is - eloungation for fiber of Lycra.
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Fig. 164. Failure diagram - elonyation for fibers of different degree

of stretch with repeated drawing:

1 - Lycra; 2 - Viryne; 3 - rubper (unbroken curves with loading,

broken - during removal cr load).

Key: {1). Voltage/stress with elongation 1%500,0, g/denier. (2).

Common/general/total degyree or stietch, o/0.

Page 252.
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With repeated stretchiny the curve of the loading of the first cycle
no longer is reproduced and Lie/rests considerably below. This
indicates that the structure, wnicn arose with the formation cf
fiber, with the first draviuy strougly is changed, as a result of
vhich descends the voltaye/stress, necessary for repeated drawing of
the fiber. If according to ulagytam elongaticn - voltage/stress for
fibers with different deyree ot st.etch is compared the value of the
voltage/stress, necessaiLy tuf Lepewated drawing of the fiber tc 1500/0
in dependence on the ccumwon/yeueraistotal deqgree of stretch (Fig.
164), then for different elastomers graphs sukstantially differ. Vﬁth

repeated stretchings hysteiesis yradually disappears.

These phenomena resemple the known effect of Mullins [32] for
the filled elastomers, and they aiso correspond to the effects, which
have described we in the exauwlnation of the dependence of the
properties of polyurethane elastowers on temperature and solvents.
Differences in the elastic properties of polyurethane and rubber
fibers are visible alsc from Figj. 165 [281], where they are shown to
the dependence of voltagye/stress from time during the different
assigned elongation, tc¢ agying duczaing this elcngation during 30 s and
to unloading. As is evident, in polyurethane fibers at the initial
moments after unloading, wmore rapidly prcceed the relaxation
processes, especially duriay higher original elongaticn. Figure 166

gives dependence of the values of elongation from time with constant
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load for polyurethane ana ruvber and some data on the amounts of

residual deformations.

From data on temperature aependence of mcdule/modulus and
elastic after-effect after douvle stretching to 300c/o0 after 30 s
after unloading (Fig. 167) it 1s evident that the elastic properties
of rubber little vary with teusperature, and fcr pclyurethane such
changes are very significant. deally/actually, if for rubber
vitrification temperature lie/rests at regicn of -50--70°C, then fcr
the rigid units of pclyuretuane tuae region of vitrification is
located considerably above. This explains more high tension, are
necessary for the deformation of iibers the smaller values of elastic
after-effect. Moreover, until now, clearly are not
establish/installed the temperatures of the vitrification of the

so-called rigid units.
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Pig. 165. Trajectory in the voltayge/stress with different degree of

stretch for polyurethane and cubber.

Key: (1). Voltage/stress, uwy/deusier. (2). Time., (3). Polyurethane.

(4) . Rubber.
Page 253.

Thetefore)the given reasocaings osear thus far even qualitative
character, although some Juantitative dependences of change cf the
temperatures of the vitriticatiou of elastic cnes it is polyurethane
with a change in the nature ot unit, molecular weight and quantity of

arethane groups they are givea in Qhapter IV,

The data on the dependeance or the physical properties of 1

polyarethane elastomeric tipers on their chemical nature it is small,
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since,the majority of fibers is the property of firms and their
chemical composition is not kanown to sufficient degree. However, it
is interesting to bring some pruperties of fibers with an increase in
the concentration of riyid segments (Fig. 168) [298]. As is evident,
in this case, grow/increases tne module/modulus and falls elongation,
is increased also heat tes.stance (in this case the temperature, to
vhich it is retained the stapility of sizesdimensions). The same
factors determine the restorability of fiber after the removal of

load.

The data of regularitlies aie not specific in ccmparison with the
effect of the same factors to tne properties cf polyurethane
elastomers and therefore, further to stop on them is inexpedient.
Hence, it follows that in elastomeric fibers is inherent the
characteristic feature it i1s polyurethane: the structural grid,
formed by mobile service, 1s cdpapie of rearrangement under
deformation or effect of temperature, which determines its mechanical

properties,

In connection with tne special feature/peculiarities of the
mechanical behavior of eiastic polyurethane fibers presented it is

necessary to examine the scarce presentation/concepts of the

structure of such fiberse.
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Is up to now carried out actually only one detailed analysis of

the structure of fibers cf tae type of Dorlastan [ 173, 298]. The

presentation/concepts of structure are based in the diagram of
alternating in the chain of the riyid and soft segments, which

generate the regulated and aisordered regions (Fig. 169).
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Fig. 166. the curves of the relaxation of the deformation of

different elastomeric fiters.

1 - Lycra; 2 - spandex; 4 - Viryne; 4 - rubber.
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Fig. 167. Temperature dependence of module/modulus and permanent

elongation of different clastomseric fibers:

" 1 - elastic reduction atter stretcning to 300c/0 for rubber; 2 - for

Lycra; 3 - module/modulus or ruoner; 4 - module/modulus of Lycra. ‘
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Key: (1) . Module/modulus wita 3JVvu/0, mgsdenier.

-

Page 254.

This diagram completely corresponsds to the very old diagram of the

amorphous crystalline structure or polymers, conducted even by Alfrey
[2] and based on model Germaus - vernogross. Hcwever, in old models it
is assumed that the ordersa and disordered regions were formed by the

links of the same chemical nature.

Bonart investigates polyuretndne with the rigid segments of the
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These rigid segments are cross-linked with soft units by
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ethylenediamine or hydrazine. Sort segments in that case are mixed

polyesters (I) or polyethers (l1i). The author will remove/take X-ray

photographs was polyurethane type a~I, B-I and B-II, since a tolyser

of the type A-ITI is badly/poorly solute.
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Fig. 168. The dependence of the mechanical rroperties of elastomeric

fibers on the content cf tue riyid segments:

1 - elongation; 2 - module/mouulus; 3 - heat resistance; 4 -

permanent elongation.

Key: (1) . Module/modulus wita J40VU0/0, yg/denier. (2). Heat resistance,
°C. (3). Elongation. (4). Residual elongation. (5). Quantity cf

diisocyanate on 100 g cf polyester, g.

Page 255.

The X-ray photographs of the nonstretched and not to i

heat-treated specimen/samples snow wide amorphous halo with two

interferences.
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During elongation 5000/0 iu polyurethane B-1I, appears the X-ray
photograph, characteristic tor fiver as a result of crystallization
vith the stretching of the soft segments of chains. In rigid segments
(Fig. 170) the arrangement of type 1 with four hydrogen bridges is
energetically more preferavie tundu arrangement 1" with two bridges.
In real system can occur aiternating different arrangements of chains
relative to each other (for example, 2 and 2'). The same picture is

possible for segments of tne tyfpe B.

The complex picture of tae three-dimensicnal/space arrangement
of rigid and soft segments ieads to the fact that during the extract
of polymer the orientaticn of sott and rigid groups can be different.
Bonart will show that during sicngation to 200-3000/0 rigid segments
vere oriented predominantly slopingy to the direction of deformation,
whereas soft - along the direction ¢of orientaticn (Fig. 171a).
Purther stretching leads to tne reorientation of the rigid units of

chains (Fig. 171b).

It is interesting that durainy the heat treatment of oriented
filament are observed reldxation, which lead to the almost
full/total/complete discrientation of soft segments; the orientation

of rigid segments is nct disturbed.
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Fig. 169. Diagram of the structure of the me-elongated fiber.

Pages 256-257.

The thermal stabilizatiow or rioer, obviously, is bonded with the
decomposition of the part of ¢ross connecticns in such a way that the
rigid seqments begin tc Le turpmisued along the direction of
orientation. The deccmposition or the part cf the bonds during
extract leads to the increase iu the elongaticn resistance tc which
does not correspond tc largye restoiing fcrce, which is bonded with
the known phenomena of scfteniny under the actionyseffect of
voltage/stress, analogcus to nystelesis with lcad and unloading. In

this case one must take into accouut not only hydrogen bonds, but

L.
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also possibility of the forwmation of nodes as a result of the
reaction of the wm-electicus of cenzene rings. According to
. roentgenographic data, lattice pdrameters in this case a=5, b=4,

c=12.51, 7=67°.

However, in the X-ray photoyraphs of specimen/samples of the
type A-1I or B-I, is cbservea oniy paracrystalline arrangement of soft
segments instead of the crystaliication, caused by stretching. This
picture corresponds to cmne equatorial reflex, which is joined with
the statistical arrangement ot links in the chain/network of
undertaken polyether/pclyester. Tae intensities of the observed
reflexes can be changed duraingy dirterent processing/treatment of
specimen/samples (during neating in water in the elongated state,
etc,) . X-ray picture is chanjed also upon transfer from polyurethane
B-T to B-II. If for B-I rerliexes are bonded with the specific
orientation of soft segments, and with heat treatment this
orientation disappears and appear the reflexes, caused by the
ordering of rigid segments, tnen tor B-II scft segments give only
amorphous halo, and rigid seyments are characterized by noticeable
orientation. In order tc obtain inrormation akcut the requlated
arrangement of one or the other forms of the segments of chain,
Bonart will develop some prainciples of the thecry of interference and
vill make the specific assuamptions, concerning the arrangement of

these segments in space during the orientation c¢f polymer.
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Fig. 170. Possible arraungement or the rigid segments A (a) and B (b),

that leads to the formation of anyurogen bridges.

Page 258.

Crystal structure ci linear oues it is pclyurethane as

polyamides, it is substantially determined by the system of the

hydrogen bonds whose arraungjement in the case in qu2stion also must be
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regulated in space. Figuie 172 gyives the possible diagrams of the
layout of hydrogen bonds, wvased on Pig. 170, which can be ccmrared
with the results of roentgjenoyrapiic investigation for segments of
the type "A "and B. As can ve seen from diagrams, most different

possible arrangement of tne hyarogyen bonds Letween chains.

The X-ray analysis or thne structure of elastomeric polyurethane
fibers is given also in work [226]. The authors will examine the
structure of the linear polyurectnane elastomers, formed from rigid

and soft units on the basis ot siwmple and polyesters with molecular

weights of 1000 and 4000.
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Fig. 171, Diagram of the fiber, elongated approximately to 200 (a)

and 500 (b) o,o0.

Page 259,

In the disoriented state o:r tue X-ray phctograph of polymers,
show diffusion halo and aosence oif structure. With stretching appear
the discrete reflexes, wnich disappear during the removal of load.

The authors assume that the rweason for the high strength of fiber in
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*he elongated state is tihe crystaiiization with the stretching of the
soft segments which coxpose 7u-gduos/o of entire polymer. Let us recall
that Bonart observed on andalogjous elastomers during elongation to
2000/0 virtually full/totaiscumpliete crystallization of soft segments
and the systematic distripution oi hydrogen bcnds. The quantitative
bond between the degrees of the crystallization of soft segments and

drawing depends on the chewaicdli nature of pclymer.

However, the authors consider that the appearing with synthesis
regular arrangement of soit dand riyid segments in chain and appearing
with the stretching of fiver picture make it possible to expect the
specific ordering, alsc, in tae ne~elongated material.:rn this case,
they assume that with the stretchaing of chain they slip relative to
each other, while the stiong dipoie eactions between rigid segments

do not begin to impede this siiding.

Por the check of this nypotuesis X-ray investigations at the
small angles of elastcmers on simple (Lycra) and on it is complicated
(Dorlastan) polyether/pclyesters. On the diagrams of the small-angle
scattering of fibers with uninterrupted scattering for the
ne-elongated preparaticns, are visible crescent-shaped reflexes at
equator, which correspona to perioas 60 f for Dorlastan and 47-50 :
for Lycra. Por Dorlastan tnere aie two additicnal wide sickles on

(24
meridian, corresponding to distance 71 A. In spite of this the

.
s i il i i ‘MﬁJ
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authors are not inclined to consaiuer initial materials as those
regulated.':::fﬁJafter their three-hour extraction by methanol the
reflexes indicated disappear. They, obviously, are bonded with the
extracted substance. But the extracted preparaticns develop all the
same discrete small-angle scattering. 5Such meridian reflexes can be
bonded with the periodic oscillations of density in the direction of
fibers whose averages/mean periodicaity comprises 95 i for Dorlastan
and 130 A for Lycra. With stretching appear sharp reflexes. This
gives to the authors the toundatiou for concluding that in
polyurethane elastomeric tibers there are scme types of structures,
vhich depend on the comgosition of polymer and degree of its

stretching.

g In connection with the propiea of elastcmeric fikers, again
arises a question conceiuningy hydrogyen bonds in the polyurethane
elastomers which in large measure determine the structure of fiber.

\ However, it should be noted that, ror example, Rink [ 298] together

with hydrogen bonds is added specitic value tc the common van der

Waals reactions between tae soit segments which, in his opinion,

determine the effects ot repeated aueformaticn. It considers that for

the overcoming of these bonas, which do not disintegrate comgletely
during deformation, is speut the additional effort/force as a result
of the preservation/retention/maintaining cf certain degree cf
cross-linking according to the paysical bonds which after the reamoval

of load prevent the reduction of iaitial sizesdimensions, ;

- AR A
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Page 262.

Presentation/concepts Rink will agree well with our about the
thixotropic structural grid whican determines Lasic properties it is
polyurethane, and with tne results of the rheclcgical investigations,
which indicate the important roie of common physical reactions in the
elastic properties of cligomers i1t is polyurethane. Really/actually,
Rink it considers that wita an increase in the temperature the
strength of hydrogen bonds ralis, moreover for rigid segments this is

developed especially stzongiy at 130-190°C, in consequence of which

RSTRETRe SE ARAS e ————————————_—____ SO

physical bonds disintegrats, put taey retain capability for reduction
during a temperature decrease. Wde already ncte that this is - typical
special feature/peculiarity of exastoplastics/which determines the
possibility of the formation of riwers and thermal stabilization of

the structures, appearing with ®oiding.

We will reveal/detect aiso tae effects, tonded with the
decomposition of bonds im rejion of 409C, substantially affecting the
properties of elastomers. Specifaic properties it is polyurethane (for

example, high resistance to aorasion), that are inherent in bcth the

A M R S U § R EY SaT At g8

rubbers and thermoplastic fipers of the type perlon, characteristic

for elastic fibers. In the opinion Rink, high resistance to abrasion

and decomposition under the efiect of the voltage/stresses of

polyurethane fibers in ccaparison with common ones is the result of i

e ————— <o oo
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further cross-linking as 4 resuit of the formation of hydrogen
bridges in rigid segments. Under the effect of mechanical stresses
the partial possible decomposition and the reduction of the bcnds
between rigid segments, which is iuwpossible fcr the chemical bonds

vhich after decompositicn no longer are reduced.

Consequently, the rcrmatiom otf the physical structural grid
vhose irregularity as a result of the structure of chain and
structure of rigid segment 1s counsiderably more than in ccmmcn

]
; rubbers, determines the kasic physical properties of polyurethane
} elastomeric fibers.

s A e e X B e e
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Page 263.

CONCLUSION.

The problem which place to tnemselves the authors in this
monograph, is the estatiisument of the physicochemical special
feature/peculiarities ot peunavicr was polyurethane and the
explanation of the reascns, difrering this class of polymers from
others. The study of this guestion is important, first of all,
because polyurethane are tne oniy class of the polymeric compounds on
basis of which it is pcssiple to owstain virtually all valuable types
of polymeric materials - rupbbers and plastics, common and elastomeric
fibers, glues and coatings, sealiny compounds and foamed plastics,

etc.

The analysis of structure is polyurethane, the explanation of
basic laws governing their rormation, the study c¢f the mechanical and
physicochemical properties of liuear ones and three-dimensional it is
polyurethane and the prcperties of insulated circuits they make it
possible to nowvw establish/instatl the reasons on which the

polyurethane occupy special position among other polymers. It is

P
i




o

DOC = 79011114 PAGE é/‘

determined by two basic factors: aiversity of the chemical structure
¢f polyurethane chains and by specific structure of the polymer

chain, which is determininy tne structure of polymers in unit.

Distinctive features oi canemical structure it is polyurethane
they are determined by application/use for their synthesis of
diisocyanates which are unijue in the diversity of the chemical
reactions in which they can accept collatoration. The use of
diisocyanates of different chemical nature (alighatic, aromatic,
cyclic, etc.) consideratly expands the possibilities of the variation
of the chemical structure of tnose synthesized it is polyurethane.
Application/use as the secouud component of the pclyfunctional
compounds of the most varied classes - from low-molecular glycols to
cligomers and copolymers wita uyaroxyl end grcups - leads to this
diversity of the final cnemicai structure of polymers, whatever is
observed in one of other classes of polymers. Entry in the chain of
polyurethane many types of functional groups and structural units it
makes it possible to widely vdary tue properties of polyurethane

materials.

The additional possaviiities of changing the properties it is
polyurethane they are bcndea with application/use for their
cross-linking of different ia tneir chemical nature compounds,

capable of interacting with the 1socyanate or hydroxyl groups. As a
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result this content in the end proguct of the reaction of urethane
groups it can be very insigyniricant. From this point of view,
polyurethane generally camnaot ve considered the single class of
polymers (as, for examfple, polyamiues or polyacrylate), since only
common/gdeneral/total siyn 1s tne presence in the chains of urethane

grouping.
Page 264,

Another special feature/peculiarity of chemical structure it is
polyurethane it consists 1u tmne ract that for their synthesis are
used the oligomeric units, «hich are actually the low molecular
polymers and independently possess the combination of the
physicochemical properties, to the inherent pclymers. Application/use
of oligomeric units cf dicfereant cnemical nature and, therefore,
different flexibility or polymer cumain gives grcunds to consider
polyurethane as the blcck copolymers in chains cf which are
alternated pliable and rigia units. Alternating the units of
different chemical nature makes it possitle to widely change
properties it is polyurethane, tnat also determines the possitility
of obtaining of them ar entire yamma of polymeric materials.
Meanwhile the principle cif aiternating units, specific for is
polyurethane, still 1little used in practice. Is insufficiently

carried out investigaticns ia the development of the methods of the

e SRS A e e




DOC = 79011114 race /%

synthesis of poly-block ones it is polyurethane, in which together
with alternating of cliyoweric and diisocyanate unit on chain is
realize/accomplished anctael alternating of units themselves -~

simple, ester, copolymer, ctc.

By certain demonstration ot the principle of alternating units
for the modification of properties it is polyurethane it is the
introduction to polyurethane of upnits on the kasis of oligodiene with
the terminal hydroxyl grcups, waica leads to cttaining of elastomers.
Obtaining oligourethaneacrylate with terminal double bonds will lead
to the appearance of a uew class or polymers - polyurethaneacrylate,

matching properties was polyurcetnaue and polymerizing plastics.

Thus, the special feature/peculiarities of chemical structure
and the possibility of impartiny tc polyurethane different properties
are determined, first cf all, oy the wide circle of the initial
compounds, used for synthesis it 1s polyurethane and relating to
different classes. It is possibie to say that there is no problems it
is polyurethane as such, exists the problem of initial compounds for
the synthesis of the polymers, wuich contain urethane groups.
Reallysactually, in view of the uiversity of the chemical structure
of the molecular units, waich pelong to different classes

(polybutadienes, polyether/polyesters, etc.), the polyurethane,

obviously, cannot be considered as single class, on they must be
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considered more widely as the group of the polymers of different
classes, for which common/jeneialystotal is the presence in the chains
of rare urethane groups - NCOU -. Even collabcration in the synthesis
of diisocyanates - not necessary conditions fcr obtaining it is

polyurethane, since are 1»ssioie nonisocyanate methods of synthesis.
Page 265.

In the examination c¢r tnc special feature/peculiarities of
physical and molecular structures, it is polyurethane, first of all,
necessary to focus atteation on the flexibility of polymer chains and
intermolecular interactigon between them. The nature of glyccl and
isocyanate units determines flexipility of the individual sections of
chains and intermolecular 1uteractions between them. This leads to
manifestation with polyuretnane of the properties of elastoplasts ot
thermoplasts. In the case of poiyurethane elastomers, a change in
molecular weight of poljyether/polyester unit serves as one of the
basic ways ~f the regulatiny ot tne properties of three-dimensional
grid. The capability of unit for crystallization, which depends on
s2lecular weight and chemical nature, in the final analysis
te*ermines the phase state oi poiywers and the level of their

+rem-lacylar orqanizataion.

‘.evezrsity of the naterooond in chain of polyurethane it

N T

et he v, gt < s ATy o s S R . o - »

s




DOC = 79011114 VTR ¥ 24

substantially affects thear flexinility. The examination of data
according to internal rotation 1n organic moclecules showuws, in
particular, that the internal rotation around C-0O-bond is facilitated
in comparison with rotaticn arounua bond C-C. Therefore it is possible

. .5)/;’4 of
to assume that the polymer cndins with heterobond of the

polyethers possess increasea flexaibility.

On the other hand, tne presence of the strengly interacting
groups in chain must cause da increase in the barriers of internal
rotation and becoming rigid Of canain. The ccmiination in one molecule
of different types of tonds, most typical for it is polyurethane, is
determined the complex character or the dependence of the flexibility

of chains it is polyurethaue on taeir chemical nature.

Great effect on the capacity of molecules it is polyurethane to
a change in the conformations is aad its own flexibility of
oligomeric units whose ccatriwnution to the flexibility of chain is
predominating. This very is substaatial from that pecint of view, that
the manifestation of the fiexiwviliity of molecules in polyurethane
grids is not the exceptional resuit of the cress-linking into long of
the sequence of short ciigyomeric cnains, but the result of its own
flexibility of oligomers. Its own tlexibility of oligomeric units and

possibility of strong intermolecular interactions between units is

represented by essential creature it is pclyurethane,
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In three-dimensional/space yrad it is polyurethane they are
possible together with tae cnemical and hydrogen bonds between
urethane and other grougs tae ccumon Van der Waals reactions between
the cuts of chains in radiny-crop. The presence in the grid of such
reactions whose degree depends on the chemical network demnsity,
changes the barrier of rctaticn ana, thus, the flexibility of the
cuts of the chains between node& even when the distance between nodes
exceeds the value of thermodyuamac segment found for the nct tonded

in grid high-molecular chains.

A question concerning the role of intermclecular interactions in
polyurethane very important, put specific character is polyurethane
in this respect it is deveioped i1s only in the examination of

three-dimensional cross-ilinkxed ones polyurethane,

Page 266.

The diversity of functional groups in chain creates great
possibilities for the formation of the molecular bonds of different
nature and energy from nydrogyen ones to yan der Waals ones. The

significant role of such intermoiecular interactions in the

three-dimensional grid especialliy characteristic of pclyurethane
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elastomers. It is obvious, sucn ieactions are not eliminated also for
other rubberlike materiais. It snould be noted that if to the problenm
of intermolecular interactioas in the linear polymers was given
alvays much attention, then tneseé Juestions were insufficiently 1lit
in connection with three~dimensional polymers. The examinaticn of the
defects of grid and formation of wrapping and engaygyements of chains
to a certain degree consider taese reactions; however, not frcm the
point of view of the formation ot wmolecular bcnds. Polyurethane are
the system in which the role of intermolecular interactions in grid

project/emerges especialiy distainctly.

One of the basic special feature/peculiarities of the structure
of the grid of three-dimeusiounal ones it is pclyurethane it consists
in the fact that in it tne w@wain roie belongs nct to the chemical, but
physical nodes, formed as a result of intermolecular interaction with

the collaboration of dirferent tunctional groups of molecules.

The effective density of cross-linking in polyurethane is
determined mainly by the seconuary physical bonds, which are
generated in three-dimensional yrid aAas a result of the reaction of
chains with each other. 1na ilarye role of physical reactions is
confirmed by the determinations or the energy density of the cohesicn
cf polyurethane rubbers wnuse values are higher than for common

rubbers.
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The strong molecular ponus, wnich generate in polyurethane
uninterrupted three-dimensionai/space grsid, ir the specific cases
lead to the fact that the iinear polyurethane, "cross-linked" only
with physical bonds, develop tne properties, usually characteristic

only for the chemical cross-iinked linear networks.

Another special features/peculiarity of the structure of

three-dimensional/space grid it 1s polyurethane it consists in its

high mobility, i.e. capability tor rearrangement under the influence
of temperature or the mechanical etfect. This conclusion follows from
the anocmalous temperature dependence of the elasticity modulus of
such grids and from data of thermodynamics highly elastic
deformations. The decompcsition cof molecular bonds in grid during
heating or deformations leads tc dau increase in the distances between
network points, The carapility cr grid fecr decompcsition and
rearrangement under the efrect of temperature, solvents and
mechanical loads gives grounds to examine a similar grid by analogy
with the thixotropic structures, well studied in colloid chesmistry.
This presentation/conceft wili ayiee well with the results of the
investigation of the flcw properties of oligomers and
macro-diisocyanates wvhicn confirm the high degree of thixotrcpy

already in oligomeric systeas.

e v ———
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Page 267.

The presence of mcoile structural grid in polyurethane
conditions many specific properties. It is obvious, by the
comparative lightness/ease ot decoaposition and subsequent redaction
of grid it is possible tc explain capability of polyurethane for
gelf-healing of defects auring detformaticns. Reallys/actually, with
deformation, which especiaily intensively is developed in the places
of stress concentration, occurs the noticeable decomposition c¢f grid,
as a result of which occurs seeminyly thixotrcpic transition of
polymer of the highly eiastic to viscous flow state. Possible under
conditions of act/effectinyg tne ueformation flow leads to the curing
of defects in the most strained places. In this case, the load is
distributed again more evenly aud again are reduced the destrcyed

bonds.

The mobility of grid contraputes, obviocusly, and to
comparatively rapid equilibrium establishment and new structure,
vhich corresponds to state ot strain. This will occur, if the rates
of deformation and rearrangement or structure are compared. Then in

system during deformaticn is establish/installed the new equilibrium

as a result of which at each staye of deformation will have to spend
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vork not only on the strectcniny of chains, but also on the j
decomposition of network poiats. Tanis differs polyurethane from other
g elastomers where the decomposition is bonded predominmantly with the

deformation of chains.

The account the special feature/peculiarities of the
physicochemical behavior is pclyurethane it makes it possible to
fit/approach the explanation of tne reasons, which lead to the
increased strength and resistance to abrasion. We assume that here
the way to resolution cf proplea lie/rests through the study of
mechanical and other prcierties ot surface layers is polyurethane. It
was recently establish/installed [ 22), that wear with fricticn are

acconpanied by the noticeanle rearrangements of the structure of the

" surface layer of polymer. Unaer certain conditions this rearrangement
t‘ leads to the structure, more resistant to abrasion. Mclecular
mobility in surface layers and structure of the surface layers of i

polymers differ from the same¢ iu volume [64, 76)], which is bonded

vith the isotropy of the distripbution of molecular bonds in vclume
and its absence in surface layer. These facts together with the
consideration of the speciai roie of physical reactions in

polyurgthane grids make it possivle to present abrasion it is

ﬁ polyurethane as the specific reiaxation processes in surface layers,

bonded with thixotropic decoaposition and reduction of the structure

of surface layer.
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The examined in this wonoyrapn laws governing the change of the
properties it is polyuretahane with structure variation ard
explanation of the series/nusoer oi the reasons for their specific
behavior they give the possipility to disseminate the principles of
the construction of polyuretnane cnains to cther materials, and the
realization in them of the series/unumber of the characteristics,
which are inherent in polyuretanane, will make it possible to
fitsapproach the creatican or the wide circle cf polymers and
polymeric materials of different cunemical nature which will possess
the most valuable properties, whica are inherent in polyurethane, and

will be deprived of their aericieancies.

Page 268.
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