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Chapter VII. PHYSICOMECkiANICAL PROPERTIES OF POLYURETHANES.

CONNECTION BETWEEN BASIC PHISICOMCHANICAL PRCPERTIES OF

POLYURETHANES AND STRUCTUHE.

Interest in polyurethane is uatermined, first of all, by those

physicomechanical indices whica possess the materials on their basis.

High resistance to abrasion and siqnificant mechanical strength make

it possible to use rubbeLs trom urethane rubbers in the

machine-building and other orduches of industry as structural

material. Recommended well themselves polyurethane glues and

coatings, polyurethane zcans, riers.

Obtaining materials on oasis it is polyurethane with this broad

band of properties caused Dy apxication/use with their synthesis of

the chemical compounds of dLfterent class. Therefore to questions of

the bond between the structure it is polyurethane and their basic

physicomechanical properties devoted large number of works and

survey/coverages [167, 175, idT, 290, 305, 306, 317].
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Since these questions are illuminated in detail in the monograph

of Saunders and Frisch [114], taeu we mainly will only examine the

influence of the nature or tne comprising components on basic

physicomechanical properties it Ls polyurethane, using the data,

published in recent years.

Effect of the nature of polyettier/polyester and its molecular weight.

The properties of polyuretuane elastomers to a considerable

degree depend on structure and aoiecular weight of basic component -

polyether/polyester. Stuaied tne affect of the structure of polyester

on the properties of elastomers oa the basis cf

1,5-naphthylenediisocyanate L17 5, 305] (Table 42) it is pclyurethane

on the basis of diphenylmetaane uiisocyanate and 1,4-butanedicl [287]

(Table 43).

As can be seen from given darn, the mechanical properties it is

polyurethane they affect da increase of the quantity of methylene

groups in polyether/polyester and the presence of side chains in

glycol component, which to niga degree decreases the strength.

Deterioration in some mechanical cuaracteristics in these cases is

bonded with a reduction in tue concentration of ester groups, which
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decreases a quantity of molecu.lar bonds, caused by the reaction of

these groups with other poiar groups in chains is pclyurethane.

Page 151.

Analogously are lowereu tht paysicotmechanical properties it is

polyurethane during the ieplacauent of polyester on simple, which, as

showed Smith and Magnusson Lild), is bonded with the absence of ester

groups in polyurethane on tho basis polyethers. They studied

elastomers on the basis or simple dnd polyesters,

2,4-toluenediisocyanate anda trimetliylol propane. As polyether was

taken PPG, as complex ones served polyether/polyester, obtained

during copolymerization uetkayl-e- and e-caprolactone. During the

comparison of some characteristics of both, it is polyurethane it

turned out that if the mouus o! elasticity cf polyurethane cn the

basis of PPG was 9.1-12.2 jgcw 2, tLhen during the replacement of PPG

by polyester it was raised to Id.5-24.3 kg/cm2 .
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Table 42. Dependence of tae properties of polyurethane elastcoers on

the structure of polyesters.

(pee TeAb"Oe fnpAeA
npommoc. YAHse- IIpo4oeCT

ranKOi1b KMcjOT TM np H e ripU Ha pa3ARp.
paCTSIuKe- pa3p ile. A2,'CM

1Hnf, Aw/CAI %

3TN~evuio~~ RI HjapnaR b7) 273 625 119
AmxinHoBaR (9) 350 640 158

(1fl4arjiHKojieaaEiq) 266 570 147
1,2-IlponHAeurauHon,.5 ' AAHrnRiona 217 480 91
2,3-BYrHaekrnifKonb (it) o 179 630 91

Key: (1). Glycol. (2). Acid. (3). Tensile strength, kg/cM2. (4).

Elongation at rupture. (5), Limht uf strength to tear, kg/caz. (6).

Ethylene glycol. (7). Succxaic. (d). Adipic. (9). Diglycollic. (10).

Propyleneglycol. (11). butjleaegiycol.

Table 43. Properties of polyurethaae elastomers on the basis of

complex polyetherdliol.

C.1owwil no.IHOP q C _______ __9=2

FIOAt,4M~cHaAmnifmar (fl) 483 590 25 108'5 43 4.2 60
nloaM-1,4-6yT.iueHaaHnHHaT (4 420 510 15 133 48.6 70

ojiH- 1,5-rieHTaMeTICHaAHIIH- |
SaT (It) 441 450 10 126 10,8 60

noaH-1,3-6yTH.neHaaHn HaT1 224 520 15 77 18.0 58
nloaNTH.eHCKUHHaT 8() ] 476 420 40 224 36.0 75
n'Odlx-2,3-6yTISqneHfCYKgN"8T /. 245 3W 105 - 93v6 85
nloanneonew1cy Know (1 182 400 70 140 41.4 67

Key: (1). Polyester. (2). Tensile strength, kg/cmc. (3). Elongation

at rupture, o/o. (4). PerSdUtan elongation. (5). Modulus of

4 .... .... --= ..
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el~asticity with 300o/o elongdt2.on, kg/ca 2. (6). Limit of strength to

tear, kg/cM2 . (7) . Shore hardlness (scale B) . (8).

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

Poly-1,5-pentmethyleneadip~te. 111). Polyethylenesuccinate. (12).

Poly-2,3-butylenesuccinatfd. (13). Polyneopentylsuccinate.

Page 152.

According to (2081, po.Lyureuadne elastcmers on the basis of

K polyesters (polyethyleneqycoiadipate) possess large strength, wear

resistance, stability to ta~e act.Lun/effect of solvents, than

polyurethane on the basis puiyethers (polytetrauetkiyleneglycol and

polyoxypropyleneglycol) . £Rais tells about the great effect of ester

groups on mechanical propeLries it is polyurethane. The strength of

the molecular bonds, fcrmed ay viter groups with other groups of

polymer chains, is so gredt whzichi Lrequently succeeds in obtaining

the linear polyurethane eidstomezs, which possess excellent

mechanical properties at room temperature [306].

A change in molecuiar waigat of polyester insignificantly

affects initial properties it i.s polyurethane, as shown in the

example of polyethyleneqlYC0IdUIk~de (175, 305] (rable 44). During

storage elastomers on tne adss L polyether/polyesters with large

molecular weight it is slow tney are crystallized. With the smallest
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:1 of studied molecular weiyats (l3b5) was observed the smallest

capability for crystalllzatiOU, Duc. strength to tear and elasticity

they were small. A change in molecular weight from 2160 to 4680 did

not virtually affect tht: mecadnical properties of polymeters on their

basis, but from 1180 to kl6U, it increased strength by tear and

elongation.

In accordance with tiaiuings, optimal molecular weight of

polyethyleneglycoladipate useia zur synthesis is polyurethane,

considered molecular weiynr ut oraer 2000.

The study of the physicomecanical properties of polyurethane

* with different moleculaL weignts ot polyisophthalate, which presents

the mixture of poly-1,4-aminonbuty±.4neadipate (PBA),

poly-1,5-amyleneisophthalate (PAlJ), polyethyleneisophthalate (PEI)

[196f ] showed that molecular weijat of polyester considerably changes

physical properties it is poiyurethane (Table 45).
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Table 44. Dependence of the pL'operties of polyurethane elastomers on

molecular weight of polyeLher/po.ester and quantity of diisocyanate.

3100 2,6 35 10 Ik4! 172 (-7)

at4 14, R50 4 I1 18 59 716 --76N

M ;rI
no~mMa I-

2290 15.2 392 680 93 189 58 165-71
3500 11.9 346 560 130 249 65 I67-7.3
3100 12,6 305 610 MI 172 59 I68-73
2440 14,6 350 645 112 186 59 I71-76
2080 16.2 385 635 130 186 60 71-76
1385 21.6 371 645 109 125 50 74-77

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

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

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

300o/o elongation, kg/cia. (O). Lmit of strength to tear, kg/cm2 .

(7) . Elasticity. (8) . Snore hrdaness (scale A).

Page 153. I
Specimen/samples wita the greatest tensile strength are obtained

on the basis of polyiscpnthalata with a molecular weight of 600. An

increase in molecular weight to 2UO0 decreases the tensile strength

it is polyurethane.

In work [266] investigatea tua 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 tn vdiue of module/modulus it is

polyurethane. It is shown, wnicn with an increase in molecular weight

of polyether/polyester trom 1ZOO to 3200 values of module/modulus

with 100, 200 and 300o/o elongation is lowered.

The effect of moleculdr weigyt polyether on mechanical

properties of polyurethanes L lbYJ is studied on prepolymers with

2,4-TDI and PPG of different soiscular weight with relationship/ratio

NCO:OH=2: 1; hardener - metaye ien-ois-o-chloraniline. It is

establish/installed, that tne tensile strength, module/modulus and

some other characteristics dze iuroved with smaller molecular weight

ITable 46). With an increase in molecular weight of PPG, descends the

abradability and increases eldsticity it is polyurethane.

Polyurethaneacrylate (poiyurethane materials on the basis of

cligoester, diisocyanates dad mono-methacrylic ether/ester of

ethylene glycol) possess tne oest tensile strength with light

molecular weights both ot simple and complex cligoester [86] (Table

47). With an increase in molecuicr weight, the strength decreases,

but increases relative extensiou at break.
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Table 45. Dependence of tru puysical properties of polyurethane

prepolymer on numerical average molecular weight of polyisophthalate.

(I) XjOMflOCH18 . ___

IT PAHo~Taia M A n40Cf Hil a YA.'IHIW-

600 40 10 50 38 575 54)
600 40 20 40 454 533 57
600 40 30 30 244 650 52
600 30 10 60 245 400 77
600 30 20 50 362 457 68
600 .30 35 35 2:38 288 6ti
600 30 50 20 517 463 59
600 20 50 50 348 10 94
2000 60 10 30 232 567 52
2000 60 20 20 1:39 603 48
2000 50 10 40 194 573 46
2000 50 25 25 381 513 60
2000 50 40 10 111 585 51
2000 40 10 50 227 445 86
2000 40 20 40 226 428 68
2000 35 15 50 293 450 62

Key: (1)N. of polyisopathalate. t2). Component. (3). By tensile

strength, kg/cm2 . (4). loaydtion, o/o. (5). Hardness per Wellas.

Page 154.

During the investigation oz tae effect of molecular weight on

the mechanical properties o jo.Lyueaurethane on the basis of TDI and

polyoxyethyleneglycol (PEG) .s ctculated the content of uric and

urethane groups (229). it wAs estrilished that an increase in

molecular weight of oligoester is dccompanied by the decrease of the

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

strength, but increases eidsticitj and elongation (Table 48).

' 1.. ....... ... .. . ........... 111111..... i M........ I ......... Ii
"

..................... ... ": ... ' . .. .. ...... ...
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The analogous effect oitaza molecular weight of oligoester on

mechanical properties is ovservtd also for Folyurethane coatings

[102, 103, 119, 120, 12j].
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Table 46. Mechanical propartids ot elastomers on the basis of PPG and

2. 4-TDI.

(.-3rlpen flFO4HOCTm iipi paCT$O4KeHHH, KZ'CA1
2  353 315 245 84

??.-)( THoCHTeJnbHoC )y.IHUheHHe 11pH pa3pbZB, % - 860 - -
('4).Noaynb ynpyrocTHf rnpi 300(,%-H0I )y.qjlieHrnl, KZC,t2 147 70 42 28
(S)flPo4HocTb. ua pm3aHp (no rpe~Bcy), xe/c* 2  56 43 40 22
(WTnepaocm no liopy (wLa.'ia A) 88 77 67 W~
t2)FloMpaI Maccu nl't HCTHpaHmH 'lepe3 1000 nAHc.,oB 85 60 25 ?8

S (no Ta6epy), mz
fOUemneparypa xlwynKOCTHl (no Timycy - OJnceHy), 'ci -40 -50 -55 -

(M:'MaCTM~ocTb no OTCKOKY (no Bawopy), % 24 20 22 3e'

Key: (1). Property. (2). Tensile strength, kg/cm2 . (3). Relative

elongation with detachment. (4) . Moule/modulus of elasticity during

300o/o elongation, kg/cma. (5). strength to tear (per Graves),

kq/cm 2. (6). Shore hardness (sa~le A). (7). Loss of mass during

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

Tinius-Olsen) , 0O. (9) . hesiiigvnce (per Bayshcre), 0/0.

Table 47. Some physicomectianical properties of polyurethaneacrylate. I

nP*1a)T Teaynone A?~
Oji tfro34 i:poi A H KOJ~b Mo3r an~IK~a lKPaC YANie p nc'

flolIHoKc:inronHleHr~nH- 400 4.4'-21mweHHJ1- 650 12 386
hJ(0Ib hMeTaH,TJHJ301LH-

1000 To we 1.30 112 585
(4) 2000 1P60 120 920

AamnmHoBaR KMCJIOTa H 630 2,4.TTII 200 60 413

Iwo0 80 140 535
1360 90 145 W5
1600 1 80 130 67n
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Key: (1). Oligoesterglycoi. (4). Jiisocyanate. (3). Tensile strength

of kg/cm2 . (4). Elongation at Lupture. (5). calculated. (6).

Polyoxypropyleneglycol. (J). Dppnenylmethane diisocyanate. (8). The

same. (9). Adipic acid ana etnyiene glycol.

Page 155.

Thus, a change in moldcuiar weight of initial oligoester makes

it possible to vary the ji operties of polyurethane materials, which

is bonded with different coacentration of polar groups at different

length of oligoester block.

The value of optimal mojeculat weight of initial

polyether/polyester depenas ou tne nature of cligoester and is

determined mainly by the tiexiLoility of the latter: the more the

flexibility possesses the aolecule of oligoester, by the fact with

smaller molecular weight it is possible to obtain polyurethane with

optimal properties.

Structure of diisocyanate.

Properties it is poiyuretnane they depend on the nature of

isocyanate, utilized with syntkhesis. Table 49 shows the effect of the

structure of diisocyanates ou toe properties of elastomers on the
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basis of polyethyleneglycuiaddpdtae of molecular weight 2000 [175], as

hardener served water.

It was established thd±L the iaulky aromatic groups of

diisocyanates to a consideraoie ue~ree contribute to an increase in

strength of elastomers. These results will agree with data [287]

* ~ (Table 50) . Module/modujus, strenjth by tear and hardness are

increased both during the introduction of rigid aromatic structures

and in the case of diisocyandres without methylene substituents.
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-Table 48. Characteristics ot polyureaurethane films on the basis of

TDI and polyethers.

c~oACo I Ir.2oo Inri-~o ni .iooo

[
3
)CoAepwaHe yperaHoBbix rpynn. % 21,4 .15,6 8.8

kiCoAepwafite MoqeBHt]HHx rpynn, % 10.5 7.7 4,3
6)CoAepWaHfe apo.MaThecKIIx rpynn

p(Clls), 0 o O 27.2 19,9 31,1
(.. MaKCHMaJ~aRa npoRHoerb npit pac-

TstwesK,, Ke /C,
2  262.0 210,0 21,0

1)Mackmaabnoe yA itmeiee, % 0 400,0 1000,0

Key: (1). Property. (2). olyol. (3). Content of urethane groups.

(4). Content of uric groups. (5). Content of aromatic groups. (6).

Maximum tensile strength, kq/cm2 . t7). Maximum elongation.

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

polyurethane elastomers.

npea npe~ e

(13 npo4HOCTH re b no 4He c
,1.H 30 UtHMT "PH PaC YAK He- nP04HocTlw

Tr~ip. pa p t ee i. Xea/p3'p
T[eIC t H H , .

2.4-ToyHAeA.,3o0UajaT (s.) 200-249 730 83
1.S-HavwineHAH1GH3ou a HaT (.' 308 765 166
2

,7-AyopeHAHH3oUHaaT () 434 660 141

Key: (1). Diisocyanate. (2). Tensile strength, kg/cn2 . (3).

Elongation at rupture. (4). ,imit of strength to tear, kg/cm2 . (5)

Toluenediisocyanate. (6). Naphtryienediisocyanate. (7).

Fluorenediisocyanate.

- J
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The mechanical propertiLs ot elastomers are determined not only

by the nature of diisocyanata, but also by the relationship/ratio in

it of isomers [290]. Invesriate( the effect cf relationship/ratio

4,4*- and 2,4'-diphenylmethaneuiLsocyanate on mechanical properties

it is polyurethane on the oasis of polycaprolactone (.ol. weight

1050) and of butanediol (Fi.L. 83) and it is establish/installed, that

the fundamental characteristics worsen with an increase in the

content of 2,4'-isomer. This pnenosenon is bonded with a change in

the symmetry of polymer cadins during a change in the isomeric

composition of diisocyanate.

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

connections on properties is polyurethane.

Examining the effect of the ndture of components on mechanical

properties it is polyuretadne, one should, first of all, investigate

their role in the structure of tne grid of polymers, since to the

nature of cross connections in polyurethane, their quantity,

regularity of the construction 0 three-dimensional grid are the main

thing by the factors, whica conlition the physicomechanical

properties of polymers.

, £
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Many researchers studied tue influence of the network density,

calculated theoreticallyj or Dy triiL determined experimentally, to

mechanical properties was polyurethane [130, 186, 224, 287, 305,

317]. For example, is represantel the dependence of some mechanical

properties of polyurethae raboer SKU-V (on the basis of complex

polyfunctional polyether/poilyestdr P-V and 2,-TDI) on the

relationship/ratio of TDIl: Volyetaer/polyester.
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Table 50. Effect of the stracture of diisocyanates on the properties

cf polyurethane elastcffeirs an tue aasis of polyesters (hardener

glycol).

4- ' 7
.4 I v 41 26~Rhg3IL~a~t 16

H4TteHH3owIIaT IV 301,0 500 85 2 10,0 36,0 80
0bemH~eHArnisowiaHaT Q) 447,5 600 25 161.0 54,0 722 .4-TwyHJiqeiiAH3HaHaT 4It" 322,0 600 1 24,5 27,0 40
4.4 '-RHi4eH~j1meraHAHHi30UHa-

HOT a 1 552,5 600 10 112.0 48.6 613
,3',l1nMemJi,,-4,4'-uu4eH.I~e.

TaHAHH3oUHa~aT kil) 371,0 500 0 42,0 7,2 47
4,4'AurIHrJHni onnN H- '7.

HXRIaH8Ht r 11 245,0 00 10 21,0 16,2 56
3,3'-ALHmeTnM-4,4' -To.WH~mneH-16. 324 0

AIIH3OUIBHaT (4 5, 280,0 400 10 60 324 7

Key: (1) . Diisocyanate. (2) . Transi.1e strength, kg/cuR. (3).

Elongation at rupture. (4). Pa.za4Uent elongation. (5). Module,/modulus

of elasticity during 300o/o eioagdtion, kg/cm2. (6) . Limit of

strength to tear, kg/cM2. (7). .Snoze hardness. (8).

Naphthylenediisocyanate. (9). iPeiylenediisocyanate. (10).

Toluenediisocyanate. (11). Ui~paiuy1nethane diisocyanate. (12).

Dimethyl-4.4-diphenletadnei.Loyanate. (13).

Diphenylisopropyldiisocyanta. (14).

Diuethyl-4.L4@-to luenediisocy4ndtLd.

Page 157.
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During an increase in tue relatonship/ratio of

TDI:polyether/polyester trom 0.8 to 1.1 values , determined

according to the equilibrium modulus, it varied from 41500 to 1650,

tensile strength was increased, dnd relative elongation continuously

fell (Fig. 84).

In other cases the cadracter of the dependence of mechanical

properties on network density is more complex (287, 135]. Table 51

gives the results of studying Lne effect of network density on the

basic physicomechanical properties of elastomers on the basis of

polyethyleneglycoladipate, aipaenylimethane diisocyanate and

trimethylol propane (287]. Value A, is calculated theoretically from

stoichiometric composition.

Decrease M ,, from 21000 to 5300 leads to softening, strength

with extension, elongation, moaule/modulus and strengths by tear, is

increased at the same time elasticity. According to [287], during an

increase in the maturing degree Decause of primary chemical tonds

hinders the most advantdgeous £0o intermolecular interaction

arrangement of chains in space, waich decreases the effectiveness of

intermolecular interaction. Consequently, great effect on mechanical

properties it is polyurethane is exerted secondary molecular bonds.
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1300 29

7100. 't25 .

_ (v)~ 000 .21 * *

t4 0

~700 IT7

20 400 50 8 0 . . ,1 f
2 0 4 0 , N 75 0 5 0 7 0 0n A 3 0 P 0 7 0 .9l b -

Fig. 83. The dependence 0i isomeric composition and physical

properties of elastomers oa tae bdsis of polycaprolactone,

butanediol, 4,414-MDI anu 2,L4'-tlI: 1 - tensile strength, kgf/cm2

(x70) ; 2 - module/modulus duciag 100o/o elongation, (kgf/Cn2 (07); 3

-ultimate elongation, o/o (xIUU).

Key: (1). mole.

Fig. 814. Dependence of physicomecaanical properties of polyurethane

SKU-V on initial relaticnanip/I.ario of TDI/polyester: 1 - breaking

strength; 2 - relative elongdtiou.

Key: (1). Relative elongation. J,4). Breaking strength, kgf/cu2. (3).*

TDI/polyester, mole/mole.
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Further increase in tna aeusnuess of cross-linking (decrease

Mc from 5300 to 2100) leadu to da increase in the module/modulus,

which indicates the prevai.iin etect of primary cross connections on

a change in the mechanical properties. During the study of mechanical

properties, it is polyurethaue on the basis of polyesters, TDI and

trimethylol propane it was oiserveu the extreme dependence of

breakdown stress from tae degree ot reticulation, determined

experimentally (130], (Fig. d5), which will agree with other data (1,

1181.

We consider that, explaining the extreme dependence of

mechanical properties on networy aensity, it is necessary to consider

a change in the flexibility of chains frcm network density. So, with

large ones M , when the Ilexiailiry of the cuts between network

points is great, is possinie thae approach of the cuts of chains and

the formation of a large number or molecular bonds because of the

presence in polyurethane of tae polar groups cf different types.

Obviously, with large cues M wen the contribution of secondary

bonds to common network uensity as polyurethane on the basis of

polyesters it is great J118), tue mechanical Froperties of these

polyurethanes will be determined mainly by the concentration of

molecular bonds (Table 54).
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Table 51. Effect of matuzing aegre on the properties of polyurethane

elastomers on the basis ct polyesters.

2100 126.0 170 0 38.9 54 57
3100 122.5 200 0 29.4 4.5 .3
4300 101,5 280 0 21,0 5.4 49
5300 196.0 350 0 18.9 5,4 46
7100 315.0 410 0 23.1 7,2 51

30900 392.0 490 5 32.2 10.8 5.
21 000 * 385.0 510 10 35,0 25.2 56

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

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

elasticity during 100o/o eioagation, kg/cmz . (6). Limit of strength

to tear, kg/cmz. (7). Snore aairducs (scale B).

150

4-0

+ 2 +

0 - n

2 4

Fig. 85. Dependence of bxeakdown itress from degree of reticulation:
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1 - Polydiethylenesuccinate uretnane; 2 - Polydiethyleneadipate

urethane; 3 - Polydiethyleneseoacdte urethane.

Key: (1). kgf/cm2 . (2). ole/ca 3 .

Page 179.

Decrease M,. leads to a reuuctioii in the flexibility of the cuts of

chains and an incidence/drop in Lae number cf secondary bonds in

common/general/total networK density. Further increase of the number

of nodes in grid because ui Lae introduction of the trifunctional

crosslinking agent so decreases tae flexibility of the cuts tetween

nodes, that a quantity or Seconddry cross connections very falls. The

dominant role from this uoint on, aelongs to the chemical cross

connections an increase in quantity of which contributes to an

increase in module/modulus L287].

The comparison of the ddta or Table 51 and 52 shows that value M

it is polyurethane the basis or ciiferent polyether/polyesters it

dissimilarly affects their mecaanical properties. So, dependence on

Al, the module/modulus cL naruness, elongation at rupture in range

from 2000 to 5000-6000 is clieatica. for simple and polyesters. At the

same time, if in the case oi polyesters tensile strength with change

Me. from 2000 to 3000 decreases, tuen for polyethers - it leads to an

-- " ..... L i
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increase in the tensile Lrength. This can be bonded with the fact

that in elastomers the Dasis po.Lyethers the intermolecular forces do

not play this role as in eldstumer6 the basis of the polyesters in

which the presence of carDonyi Loup contributes to the emergence of

a large quantity of molecu~.ar bonus.

Sometimes the dependence between the structure and properties it

is polyurethane on the basis polyethers the same as for polyesters,

which was observed during Lae stuay of the interrelation of structure

and properties of the elastoaens tiom prepolymer on the basis of

poly-1,4-hydroxybutylenegiycol, solidified by aromatic diamines [ 163,

164 J.

:1-
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Table 52. Effect M, on tie itcnajacal properties of elastomers on

the basis of prepolymers from ioly-1,4-hydroxybutyleneglycol and

diisocyanate with a molecular weiyht of approximately 2000,

solidified by the mixtures of diol and triol.

.) Orj MAy.'b - )
kO~lKeI. ln fPfAJI Tet bHOe ynpyroTK (51 ner-m*XO.1"qej"1O OTPepAH- nPO4HOCTS ) ;,Ile. p A. Tse|pOCTb I, M

Te.151 Ha I e-396~ M, np. pacH Y~t A-1 r_ n |, no llpy
4)opnon *mepa THMe m., Pa +Plbe, O 

o 
''.u1 I F flU .

K, CM, AeOPa -
11H14.A.'CMI

reCaHTpHOJ? 1.0 '7) 2090 33,2 235 17,50 55 81
fO.1HOKcHnpoI:H ieH-
TPHOA (M -700) (J) I
1.0 3700 38.8 380 1190 43 7,2

rIT 0.6 -' neillaH~AN-0I 0,6 f ) 5800 66.6 645 7,35 38 15.1

FIT 0,6 + JIozHoK-
cHn1ponHjieHrjiH-
Ko0Jb (M- 425)
0,4 6150 03,8 J 625 5.60 37 H1.7

Key: (1). Quantity of haraene on 1 gram equivalent of prepolymer.

(2). Tensile strength, xg/cm z . 43). Elongation at rupture. (4). Shear

modulus during 100o/o strain, &9/cmz. (5). Shore hardness (scale A).

(6). Strength to tear FeL Grace, K9/cm2 . (7). Hexanetriol. (8).

Polyoxipropylenetriol. j. peunanediol. (10).

Polyoxypropyleneglycol.

Page 160.

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

elastomers acquire the iarge drat of the strength because of

molecular bonds similar to w±astowers on the tasis polyesters.
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During the determination or the modulus of elasticity of

expanded polyurethanes on the asis of simple (POPG) and complex

(polyesteradipate) polyetnre/poiyesters depending on Al, (1763 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 expanueu polyurethanes on the basis of

polyester possess greateK strenytn during compression and large

modulus of elasticity, than ex d aued polyurethanes on the basis

polyethers, which, in auaiion is caused by different quantity of

molecular bonds during the utlLization of polyether/polyesters of

different nature.

Is investigated the exteut or the degree of cross-linking,

calculated theoretically anu ay that determined experimentally, to

some physicomechanical iroperties of polyurethane coatings [53, 90,

100. 102-104, 119-123]. Liule 53 gives the dependence of the

properties of polyurethane coatiajs for the basis of the copolymer of

tetrahydrofuran with 25o/o ot oiAdo of propylene (tol. weight 1200)

and of adduct of TDI ana trimetaylol propane on value Al,, by that

designed theoretically ty ietnou or Sandridge (302]. Here are

represented the results or the calculaticn cf the concentration of

urethane [U] and uric (M) jroups under the assumption that the
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isocyanate groups react wita tue triation cnly of urethane and uric

bonds [259].

The dependence of scme Vaysicomechanical characteristics of

polyurethane coatings on tne bdsis of copolymer indicated previously,

adduct, but with the adaition 5Uo/,u trimethylc1propane (122] is shown

on Fig. 86.
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100 -10W8
.0s

1 25 300 0 1.5 C2O

Page 10+

Fig. 86. Tructpeder e of cross-iia wolthrthe otaine (u) froltmat

elat-iiocy(0andel aise adcaneOu oit cotng.a
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-4

Fig. 79. Structure of crcss-lin~ea polyurethane on basis of PPG-2000

at 600 (a) 125 0 C (b)

.44 Z~ aT*1

Fig. 80. Structure of specim~en/samples of cross-linked polyurethane

on basis pp&-1000 (a) ana prmel-1UOQJ (b) at 80 0 C.
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to~
14,

, rp

Fig. 81. Structure of cross-11axed ones it is polyurethanew obaise

by stngedil of ) difant 20isCU.A.1meht ()8 0C .
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Fig. 104. X-ray photograpa uz po~yurethane on basis of

polydiethyleneglycoladipate: L) j~drore stretching; b) after

stretching to 1000/0.

Page 161.

The last component is introduced for reducing the exCess of isocyarate
groupS in the initial compositions.

The given results teil duoui the fact that an increase in the

network density of polyuretnaae codtings on the basis of simple

oligoester causes a monotoiiic iaccease in hardness and strength of

coatings, decreasing in tais cd, :e Eelative elcngation.

For coatings on the iasis ot complex [102) and silicon-bearing

oliqoester, thq charactez uL a canxge in the physicomechanical

properties with network auuity is analogous such for coatings on the

basis of simple oliqoester (Table :A, Fig. 87).
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'able 53. Physicomechanical properties of polyurethane coatings on

the basis of the copolymers or tetiahydrofuran with oxide of

propylene and adduct of Tul and TMP.

lOC 0IH(4Mflt~r.1lKJ9 7COOi
C) rCO/OH -' -

TF(P -rn- 1400 -- 25 O 2 2,33 0,36 4400 0.18 120 660
3.1 2.5', 0.63 3900 0.40 250 390
4 2.66 0,74 3400 0.45 320 350

TF, -- 11.1400 - 15% O1 2 2,37 0.39 4300 0.14 107 766
3. 1 2.6 0,64 3800 0.30 225 289
4 :1 2.0 0,80 3300 0.40 260 241

Key: (1). Composition oi polyestezylycol. (2). mole/g. (3).

calculated. (4). Relative nardness on M-3. (5). Strength with break

(20 0 C), kg/cm2 . (6). Ultimate elongation.

Table 54. Physicomechanical properties of the polyurethane coatings

containing silicon.

CCTae t[0.fl3HUHit NCO/Oil 7-

(CH3 )2Si(OCH 2CH2OH)2 - 1.00 - - 1580 0.56 160 106,0
-- aaa)yKT 611'I)eTOBO0 1.25 3.42 1.57 1443 0.72 247 354
c'pyKTypW 1.50 3,00 1.99 1320 0.81 427 31.2

1.75 2,70 2.69 13 0.85 500 20
2.00 2.45 2.43 12'0 085 525 27,0

C2H5Si(OCHCH 2OH)3 -- TOT 1.00 - 720 0.64 - -
me aAAyKT 1.25 2,85 2,14 665 0.73 )25 290.

1,50 2.50 2,50 627 0.86 516 27.0
1.75 2,22 2.79 600 0,91 55 2t..0
2.00 2,00 3,00 5301 0.86 5110 .) ].

Si(OCH 2CH2OH), TOT we 1 1.00 - - 550 0.66 80 202.0
aUVKT 1,25 2.5 2,46 560 0.82 487 27.0

1.50 2.20 2,79 570 0.84 626 27.0
1.75 I.Q5 3.04 579 0.86 650 .32.0
2.00 1.75 3.29 5861 0.78 - -
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Key: (1). Composition ci couqpositiOn. (2). mole/g. (3). calculated.

(4) . Relative hardness on M-3. (5) . Strength with break of kg/cm2 .

(6). Ultimate elongaticn. (7). adauct of biuret structure. (8). the

same adduct.

Page 162.

An increase of the quantitj oi~ caemical nodes in the

three-dimensional/space grid oz polyurethane is led to a certain

degree for the decrease oi the effect of physical bonds on mechanical

properties it is polyuratnanea. Taefore if fcr elastomers on the

basis of complex and simile oiLquaster with large ones Al are

observed differences in a caa~d of physicomechanical property with

change M, to certain limit, then with further decrease Mr. when the
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contribution of physical oond- to common/general/total network

density becomes less, these diiterences are smoothed. It is obvious,

on the same reason for the coatings where the effective density of

cross-linking is much more tudn in elastomers, it is not noticed

essential differences in tae character of a change in the basic

mechanical properties wlta uetwokK density during the utilization of

oligoester of different nature.

Thus, the degree or reticuldtion determines to a considerable

extent the physicomechanicai properties cf polymers. Another

important factor, especially witu increased temperatures, is the

nature of cross connections ia three-dimensional/space grid it is

polyurethane, that depenas on the nardener used. As a result of the

investigation of effect, it is diamine (274] and water (279) as the

hardeners to the properties or polymers on the basis of different

diisocyanates it is estadlist/iastdlled (Table 55), that strong

intermolecular interaction in pclymers leads to the fact that the

elastomer acquires the higa values of module/modulus and strength for

tear as a result of forminj tae uric groups during solidification by

diamines.

The presence of rigid segments in chain (bulky aromatic

diisocyanates and aromatic diamines, used as hardener) also provides

the high values of module/moaulus and strength for tear. The presence

'9.
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of pliable groups in hardaer, tur example thioester, lowered tensile

strength, strength to tear, iAuuid/modulus and hardness.

Consequently, applicdtion/use it is diaiiine as hardeners is led

in a number of cases to an impkrovement in the mechanical properties

as a result of the formdtion of strongly polar uric groups.
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400-

300-

1001

1.00 125 150 1. 75 NC0/OH

Fig. 87. The dependence of tue ura-4kdown stresses of free films on

the basis of oligodietbyieneglyco.Ladipate (ODA) from

relationship/ratio NCO/Oki: I - Ui)a-400; 2 - ODA-600; 3 - ODA-800.

Key: (1) . kgf/cra 2 .

Page 163.

Investigated (by 217j tne erLect of structure it is diamine, in

particular quantity of carjon droas in then, to the mechanical

properties of the polyestai:-uretadae fibers, obtained on the basis of

complex oligoester (oliyoethyiaeglycoladipate with a uaol. weight of

2000) and of diphenylmethdae c.Laocyanate. Fibers developed

rubber-like properties, iD Spite OL the absence of chemical cross

connections, which is cdused by mzle formation of the sufficiently

strong/durable grid of jdysicd! saonds. The fibers, obtained on basis
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it is diamine with the oad uumaer of atoms of carbon (Fig. 88), they

have higher breaking strength dad qreater elongation; reverse picture

is observed for a module/moauius. it is possible to assume that this

abrupt change in the proaerties it is polyurethane with the ccntent

of a number of carbon atcms inaoed with the fcrmation of different

number of secondary physicii jouds in the polymers being investigated

in the case of even and odd quantities of carbon atcms in diamine.

For proof of this, are necessdry Lurther investigations with the

attraction of the fine/tunnuer paysicochemical methods of studying

the structure of polymers.

Claff and Glading [I7] iavestigated effect of the type of cross

connections on the properties or urethane elastomers on the basis of

simple oligoester. The studied linear polyurethane

0 0

(OCHCHCHCHj-0-C- N-CHCH2-N-C--

0H2OH & CH, ,

are synthesized from bis-chlorotormate of

poly-1,4-hydroxybutyleneglyci± dnd N-2

hydroxyethyl-1-pentane yletnyLneuiamine.
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Table 55. Effect of harueneis on tae properties of polyurethane

elastomers.

( )~ ~ ~ ~~ .! =' ( ) r.4141) , [

OTepAHeab CTH npI pa "T e- et

2.4-To Ml i elel ll ; 13o UllaHaT

2HaHH3HAHH ) 273.0 635 31.5 182.0 5
2.4-ToIy, eHahaMHnH 280.0 720 35.0 14.5 51 60

Boa 1) 199,5-248.5 730 - 82.5 -

re K c a Mel" i ,e Hall If 3 0 U if a H a T

4.4' -.:1HaMKHOAH(%e-
HHIeraH W .a 269,5 680 80.5 210.0 5. 90

ZIllaHl.3MSAnH T 217.0 650 50.3 101.5 5.i 772A4-To.1 y, .Al'm- |
M y 266.0 710 39.9 143.5 . 65

2.4-T1IA 126:0 707 25.9 112.0 54 1 70
Bona 05 234,5 1000 - 57.5 2 -

Note. Last/latter two polyeis are obtained on the basis of

poly-1,2-propyl-neadipate, rmi~am g - on the basis of

polyethyleneadipate: molecuiaL wdight of both of polyesters is equal

to 2000.

Key: (1). Hardener. (2). Tansilg strength, kg/cm 2 . (3). Elongation at

rupture. (4). odule/mcdulus or e.asticity during 300o/o elongation,

kg/cmP. (5). Limit of stranyjta to tear, kg/cm2 . (6). Elasticity. (7).

Shore hardness (scale A). (d). ToLuenediisocyanate. (9). Dianisidine.

(10). Toluenediamine. (11). Water. (12). Hexamethylene diisocyanate.

(13). Diaminodiphenylmetnan.

Pagp 1614.
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As the acceptor of acid, 16 ad.=rtdken the water/aqueous carbonate of

sodium. In the molecule,- of such polymers two reactive centers,

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

hydroxyl groups, capable o: interacting with isocyanates, and the

lateral vinyl, which enter in reaction with gray. With the synthesis

of the three dimensional polymer, were used following hardeners:

3, 3'-dimethoxy-4,4'-bifenileadiizoqianta; prepolymer with terminal

isocyanate groups (mol. weint 5UUU), obtained during the reaction of

4 moles of poly-1,4-hydroxy utyineglycol (mol. weight 1000) and 5

moles of 3,3'-dimethoxy-4,4 '-oDl.enylenediisocyanate; the

sulfur-containing mixture.

It was established tndc. the module/modulus, hardness and

elasticity depend either on cnem1cdl nature or on the length of chain

of hardener. However, wita tae sdae density of cross connections,

measure of contraction auriny coApression (22 h at 700C and 70 h with

100 0C) for the elastomers, soiiaizied gray, is higher than in the

elastomers, solidified ry isocyandte. This difference is bonded with

the fact that the cross coanectioas, formed because of sulfur,

especially disulfide type Dond, art less thermostable, than urethane

type bond. The type of cross couaections has small effect on

mechanical properties it is poiyurethane at room temperature [228,

3171.
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E, 2/deHbe 0)

0,11
S0,3.

C.9 n' l

820

S740

S660

5801

1 3 '5 7 n

Fig. 88. Effect of a numbar ot atuas (n) of carbon in diamine on the

module/modulus of Plasti.city duri.nj 300o/o elcngation (a) , strength

(b) ind ultimate elongatioa (c) oL polyurethane fibers.

Key: (1) . g/denier. (2) . Sti:9ayta with break, g/denier. (3).

Elongation.

Paqe 165.

On the other hand, tae~ ieliaqn point of polymers is above, if

cross connections are formea~ t~caise of trici or triisocyanate, and

it is below, if cross-llaKlng ques because of the excess of
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diisocyanate. This, obviouiiy, it is caused by the fact that in the

latter case are formed tae uontueie&iostaale allophanate or biuret

groups.

The effect of ne-t ezosta~Le biuret and allophanate bonds on

some properties it is pciyuuetnauu shown for the example of the

spongy materials, which coutain 90, 100 and 120o/o of diisocyanate

(isocyanate index with respect 9u, 100, 120) from that required at

the designed values AM, from O00 to 1730 [302].

It is establish/instillea, tuat the spongy materials with index

120 disintegrate with aniline wita 1400C much faster than with index

90-100. To the reactions oz cue ,e.truction of allophanate and biuret

groups can be represented in tae following diagram:

0Ii140 C

-N- -- NH- .. + ArNH.
0 0

140 C... -NH-4-NH- .. + ArNHCONH ....... --- O

0 CUN I-
140-C-ArNH2 ... NH-- O.. + ArNHCONH-..

After the processing/treataeot ny aniline, the spongy materials with

index 120 much more strongliy dii swell in dimethylacetauide (DNA)

with 250 r,, than polyurtueane wvit index 90 and 100, which indicates

more rapid destruction ot cross connections in spongy material with

index 120.
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These results are clo. ely raated to the character of the curves

of modulus of torsional shaaLt zor the same spcnqy materials (Fig.

89). The spongy materials d.irh Lsocyanate indices 90 and 100, which

contain a very small quantity oL uiuret or allophanet groups, have

relatively flat curve changes in tne module/ucdulus up to temperature

of 160-1700C. In the case it exianaed polyurethanes with index 120,

is observed the break toz. cuzvc dna sharp lowering in the

module/modulus with 110-1300 C.
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-70 -30 70 50 90 130 170 TC

Fig. 89. The curves of the depe-deaces of modulus of torsional shear

on temperature for expanuea puiyuc--thanes on the basis polyethers: 1

- isocyanate index 120; M, S(?; J - isocyanate index 100 , 1oO0. 3 -

isocyanate index 120, M,= 1350. 4 - isocyanate index 100, Mfc 1600. 5 -

isocyanate index 90, MC= 2000.

Key: (1). Module/modulus, 1yz/cm2 .

Page 166.

It is assumed that the latter Is caused by the destruction of

allophanate or biuret goup-. According to [2'49) the dissociation of

allophanates becomes noticeale already at temperature of 106 0C.

It is investigated [2d7j the d1ependence cf modulus of torsional

shear on temperature it is poiyurethane on the basis of

polyethyleneglycoladipate, cross-linked with trimethylol propane and
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solidified by different mixtures or trimethylcl propane (TMP) and of

aromatic glycol multrathiad_ I (kiyq. 90). The modulus of elasticity of

the specimen/sample, whica does not contain chemical cross

connections (curve 1), has tue nhyu value with 250C, but rapidly it

decreases at 130-1500C. Jjurian iz=jpacement by 70o/o of diol by triol

(curve 2) the modulus ci aiasticity at room temperature is less and

insignificantly it is cnaugea with an increase in the temperature to

170-190oC. The full/total/camijete replacement of diol by triol leads

to even greater expansion oi Le temperature interval, by which

occurs lowering the module/moualus (curve 3).

The observed character or a c"ange in the module/modulus with

temperature is explained by the fact that the secondary physical

bonds much more easily aisiuteyrdte under the action/effect of heat,

than primary valence ones. Tae eidstomer, which has is many physical

bonds (curve 1), it is mort strung/durable and it is harder at roos

temperature, but its stahiiizy is iower than in the polymer,

cross-linked with triol.

For it is pclyuretnaie tne mark/brand Durethane U, obtained on

the basis of hexamethylena uiisocianate and butanediol-1,4 [204), is

observed a significant incidence/aiop in the module/modulus with

temperature, especially after dOOC, which is explained by destruction

physical and, possibly, wdx cuuimcal, the type of allophanate bonds
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(Fig. 91). Thermoplastic tat-Yur=tndne of another nature (270, 342]

possess excellent propert±-s at low temperatures - high wear

resistance, stability to tae action/effect of ozone, radiation, oils,

aliphatic solvents. At Ba~g temkeLdtures in these, it is polyurethane

considerably they deteriordte mechanical properties as a result of

the dissociation of physicai uonas. For their improvement is

recommended the vulcanization wata peroxides and epoxies.

Consequently, the physicomecadnical properties it is

polyurethane they are detearminu to a considerable extent by the type

of the bonds, which comiose taLe-aimensional/space grid.

r
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Fig. 90. The dependence ci moduius of torsional shear on temp~erature

for elastomers on the basis ot polyethyleneglycoladipate and

diphenylmethane diisocyanate: I - U0/o of TriP; 2 -700/0 of TriP; 3-

lO0o/o of TriP.

Key: (1). Modulus of torsioudi saear, kgf/cm2.

Page 167.

Especially sharply is deveiopad tuae dependence cf properti& s it is

polyurethane on the nature ot Doads with an increase in the

temperature.

The structure of tue tuze-aiaensional grid of polyurethane is

* determined by synthesis conditions for polymer. For example, the

formation of grid will occur airrerently in the case of obtaining

* polyurethane by mono- and two-stage method. During formation through



DOC 79011109 PA

the stage of prepolymer (two-staqt method) it is possible to expect

the emergence of more regular gr.La which must lead to an improvement

in the properties of polymers. So, during the investigation of the

properties of elastomers on tle uasis of polyoxypropyleneglycol, TDI

and 3,3'-dichloro-4,4'-diamiiodLpiinylmethane (MOSA), obtained by

prepolymer and single-stadg AetUod ( 166], it turned out that the

first have greater tensile screaiytn, but smaller strength to tear,

module/modulus of elasticity, eLasticity and contraction during

con pression.

The polyurethane coatings on the basis of polyesters,

synthesized by single-stage metaod with 200C, had smaller hardness

than obtained through the prepolymtr (adduct cf trimethylol propane

with TDI) [100]. But at tne nig*ner temperature cf solidification

these differences disappeared.

The polyurethane elastomers ou the basis of polyesters,

synthesized by prepolymer metiou 1.490), had smaller hardness and

tensile strength, than obtained by single-stage method. Especially

noticeably the method of syntnesis was reflected in the melting point

which proved to be consioeraiy aoove in the case of "single-stage

ones" was polyurethane. Tais gave the basis tc the authors to draw a

conclusion about the greater uegrea of the crystallinity of these

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

method of synthesis on jLoperties it is polyurethane, it is difficult

to draw a simple conclusion about the advantages of that or another

method. It is obvious, nicesLry tAe additional experimental

investigations in this direction, which make it possible to explain

the effect of the methou ot ootdixuing on the structure of the

three-dimensional grid ci poiyurdtuane and, in connection with this,

to their physicomechanical properties.

E, 0U,/cM
Z (Il

10"
.

2

10

10'
10'. __

-40 0 40 80 1;0 T,0C

Fig. 91. The dependence oi tAe modulus of shear of polyurethane of

the mark/brand "Durethane" U on the temperature: 1 - the additionally

dried out specimen/sample with i9DC; 2 - specimen/sample, saturated

by 4o/o of water and then dried out at 40C.

Key: (1). dyn/cm 2 .
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The results of the investigation of the effect of the nature of

components on structure and properties it is polyurethane they

indicate that the physicocnemicdl properties of these materials, just

as other polymers, are aetermined vy molecular weight of initial

components, by effectiveness of intermolecular interaction, by

hardness of the segments, waicu compose polymer chains. Polyurethane

can be considered as blocL copio±ymers [307] with the soft segments of

simple or polyester and tae rigid segments, fcrmed by urethane or

urea urethane blocks. Sct segments condition an increase in the

elasticity and ultimate elolnyation. An increase in the concentration

of rigid segments contriruLes to strengthening intermolecular

interaction and therefore raises tue hardness of polyurethanes, their

strength by break, melting points and vitrification, but decreases

elasticity and ultimate elouiyation. A change in the nature of soft

and rigid segments and type ot cross connecticns makes it possible to

obtain polyurethane materials witn the assigned properties.

TEMPERATURE DEPENDENCE OF SUME PRUkERTIES OF POLYORETHANES.

.
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The examination of some pulsicomechanical properties of the

polyurethane elastomers ad otur materials showed that they develop

the series/number of the peciLic properties, which differ them from

other polymers. However, tat reasons for specificity, until now, are

investigated very little. From tais point of view interesting to

study the temperature dejaeieuce or some properties it is

polyurethane in soluticn ana Diock. It is important to also explain a

guestion concerning what projeLties of the isclated/insulated

macromolecules are transmitted to eolymeric body and as this occurs.

It is reveal/detected that in polymers besides the basic

transitions, bonded wita vktri&.Lcdtion, there are additional

temperature transitions, wnicu are developed in the form of the

anomalies of the temperdture uepenuence of some properties ( 138, 139,

152, 197, 209, 295, 301, 331, 34/j. This type of transitions are

reveal/detected both in the pure/ciean polymers and in solutions

[149, 152, 209, 295]. So, tae auditional conformational transition of

polystyrene in block is reveaied ii the form cf the washed away

maximum of approximately UOoC in tae curve of differential-thermal

analysis [344]; a sharp incience/arop in the internal pressure (i.e.

energy of cohesion) [301); iacrease in the Bragg distances between

phenyl groups [246]; break on di.atometric straight lines r197]. 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, 2951; the dieldctr.c power factor [ 138, 139];

incidence/drop in the an sotLoup or chain with temperature (152]; the

jump of surface tension L20o].

Page 169.

For ether/estirs or cellulosw, is found the collection of

transition temperatures dad the conclusicn is made that the latter

are caused by a change in Lue moiecular mechanism of the motion of

macromolecules [ 1971. So, tua lowest temperature of transition

answers a minimum number or possinle conformations, and in proportion

to an increase in the temperatuze a number of conformations and free

space are increased by cooperative method, i.e., these transitions

can be considered as ccntormdtionai.

Is made the attempt to connect temperature transitions in dilute

solutions, reflecting ccniormltioadl transformations in the

isolated/insulated macromoecule, with temperature transitions in

polymeric block, that tear cooperdtive character (95]. The authors

tried to reveal/detect conformational transitions for was

polyurethane different type. It wa6 assumed that the presence in the

polyurethane chain of two types oL sections (pliable ether/ester or

glycol compon~nt and riyia urethaub groups), capable of forming

intra- and intermoleculdr njuroyen bonds, must in a specific manner
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affect the temperature depeadjinc, of some proFerties of polymers. Are

carried out dilatometric wadsukements, differential-thermal analysis,

and is also measured the cadracrcezistic viscosity of the solution of

some polyurethanes.

Are investigated two speci&eu/samples cf prepolymers on the

basis of polydiethylenegiycoaua.u te (mol. weight 1600 and 1488) and

of mixture of isomers 2,4- dnd z,t-TDI (corresponding mol. weight it

is polyurethane 3200 and 14 50u), and also polyurethane on basis of

1,4-butanediol and 2,4-Ti). (2,4-PU, mol. weight 9000). Are measured

volumetric expansion coeficiants ior the first two specimen/samples

in benzene, methylethylketua jMLK) and in these solvents with the

addition of dichloroacetic dcid (iKhUK) and also in pure DKhUK (Fig.

92, Tabl. 56) . For 2,4-PU as soivents, are undertaken cyclohexanone,

dilethyl formamide (DMF) and LheII mixtures with DKhUK (Fig. 93).

Volumetric expansion coetficients were calculated from the formula

- AV/VAT, (V1, 1)

where AV VPa(TPoPa - 'paRop,,; Vo - - an original volume of polymer in

solvent; AT - difference in temperatures T-To.

Table 56. Volumetric expansion coetficients (a) it is polyurethane.
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(4)HP A 4)" Il(lHPnlOa
Pa TOpl Te.ib Iuwo" wlON PaCpTOP eHTt b koMnoH i-

Thl TbI

(q) .eHIOJI 1600 0.00o65 (i, M3K 4100 0.0107
4100 0,00100 ,M3K ,- aXs'K 1600 0.0077

W be.3oji -i-,aX Ki 1600 0.00084 4100 0.0095
4100 0.00193 IXYK 1600 0.0026

t&)M3K 1600 0,00770 4100 0.0047

Key: (1). Solvent. (2). d of joiyether/polyester component. (3).

Solvent. (4). Benzene. (5). Beizeule + DKhUK. (6). MEK.
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For the same specimen/sdmples are taken the curves of the

differential-thermal anaiysis (kiy. 93).

As can be seen from eig. 92, tor solutions it is pclyurethane an

increase in the volume ot tue d.&ssolved polymer it occurs linearly in

all cases. The calculated value a (see Table 56) increases in all

solvents with an increase in t%: length of polyether/polyester

component. Value a in Mh two ti.s more, in ccmparison with tenzene,

which, probably, is bonaci wia the quality of solvent. ZEK is poor

solvent for it is polyurethane £)~]; therefore in it an increase of

the volume of polymer witn teimprLrure must be more than in tenzene
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(good solvent). Addition of DkunJK, 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 cont iution of the urethane groups, which

condition the appearance or ayarogin bonds. Really/actually, value a

in benzene is close to tih SdMz tor pure/clean polyesters of

different structure (a=O.OU74-J. UU084 with mol. weight 790-2200).

The addition of DKhUK into Denzwni makes solvent worse, since DKhUK

itself - a poor solvent Lo is euiyurethane.

Thus, for it is pclyuretnane with a small concentration of

urethane groups (three or rour to one molecule of polyurethane with a

mol. weight of 13 500) tha poss±J±e destruction of hydrogen bonds

does not virtually affect d cnanji of the volume of polymer in

solution, but differenct in a cr uifferent sclvents, probably, it

depends on a quantity ot latteL.

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

measurements in differenit suoveats is dissimilar (see Fig. 93).
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Fig. 92. Fig. 93.

Fig. 92. Dependence Al'ntv0 on temperature for prepolymers on basis of

polydiethyleneglycoladipate jaol. weight 1600) and of TDI:

1 - in benzene; 2 - in 1"zena witn addition of DKhUK; 3 - in IIEK; L4

- in MEK with addition ot D~aUK.

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

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

1 -in cyclohexanone; 2 - la iMFIij - in cyclohexanone with addition

of DKhUF; 4 - DM7 with addition ut DKhUK.
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From curved AV/AVD from T in cyclouexanone and DM7 is visible

explicit conformational transition of approximately 400C. In this

case the concentration oz urdtnane groups in chain is considerably

higher than in preceding; tneret re their effect on the properties of

polyurethane must be significant. Since the addition into

cyclohexanone and DMF ox tac dicaloracetic acid, capable of the

formation of hydrogen bcnd, leaus to the disappearance of the

conformational transiticn, whica exists in pure/clean solvents with

400C. it is possible tc assuwae rtht it is caused by the break of

hydrogen bonds. The data oi tue airferential-thermal analysis (Fig.

94) indicate also the ccnormationdl transition in region of 4O0 C in

all cases for this polynez, waix1e zor pure polyether/polyesters of

the same it is not observd. it 16 characteristic that the analogous

transition is observed a1So In bock polymers (Fig. 94, curves 7, 8).

The thermomechanical investigation of elastomers on the basis of

polyethyleneglycoladipate witn cni n length greater than their

mechanical segment, and toluyieneaisocyanate, also shows that with

T=-40 0C begins the irreversinle strain. The dependence of intrinsic

viscosity (1] of 2,4-PU on the temperature in cyclohexanone shows

that in region of 40-5OOC ductilit/toughness/viscosity sharply is

lowered, and this, probabiy, it is bonded with the break of
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intramolecular hydrogen rDonus. Increase %,,/C during dilution,

according to [327], is bonded wit the dissociation of hydrogen

bonds.*

From aforesaid it tuilows tuat the conformational transition in

region of 40-500 C is caused al thie break of hydrogen bonds, which

occurs in dilute soluticns dad Diock.

Both in the solution dfla in ialock besides transition in region

of approximately 400 C fUL. 2,4-PU ad-e observed additional maximums in

region of 10-120 and by 2U'0C. dowever, in pure/clean DMF and in

cyclohexanone with the additiJon or DKhrJK transition with 200C.

disappears, while at 10-104 it 16 retained. For solutions of PU in

benzene with 250C, also cccurs too transition, but in pure/clean PU

it is absent. The presence or thoese transitions, probably, is caused

by the manifestation of the &wooiiity of other components of urethane

chain -(besides urethane groups).
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Fig. 94. Thermograms of hed ing: I - 2,4-PU in cyclohexanone; 2-

2,4-PU in DMF; 3 - 2,4-PU in cyclouexanone with addition of DKhUK; 4

- PU in benzene; 5 - PDEGA; b - PU; 7 - 2,4-PU; and thermogram of

cooling 2,4-PU in cyclohiexahone (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 polymers in olock state is closely related to the

conformational transitions, WhIcn exist in dilute solutions, and is

caused by the properties oz individual macromolecules.

It is very interestiag to comeare results presented above with

the data of the direct study of tae temperature dependence of

mechanical properties.

From the classical taeory ot -igh elasticity, it is known that

for the flexible chains, between which are absent specific reactions,

the equilibrium modulus c£ high elasticity E. is bonded with

molecular weight of the cut of tue chain between network points Ac

and temperature by the tollowiny relationship/ratio:

E- = 3RTp M,,

where R - gas constant, p - density. was investigated the

applicability of this eguation ruo describing the properties of some

polyurethane elastomers L7). in tie sufficiently wide temperature

range, is found the linear dependezce of module/modulus on

temperature; however, during the extrapolation of experimental

direct/straight before intersection with axis temperatures, they do

not pass through the origin, as this follows from the equation of

kinetic theory, but the transverse axis of abscissas at the

temperatures, distant from absoiute zero. Consequently, extrapolation
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into low-temperature ones region it proves to be not substantiated

for it is polyurethane. In geueral form this can be explained by the

fact that lower than vitLizication temperature the character of

thermal agitations in polymer is analogous to the character of

thermal agitations in ccmmon solius and it is not bonded with the

flexibility of chains. in tais temerature range, the strain bears no

longer highly elastic, but truly tastic character and, therefore, it

cannot be described by the xinetic theory of elasticity. It is

possible that the determineu according to intersection with the axis

of abscissas temperature cocresionds to the brittle point of

elastomer and can serve as additioaal characteristic. On the basis of

this into equation, it is jossiDle to introduce the correction, which

considers the results of tne extrajolaticn of the experimental

straight line

3RT (T -- T,).

The obtained equation is in the best acccrd with experiment, and

parameter To can be connectea with brittle point, since the latter

begins when completely cease all segmental movements.

Page 174.

Are establish/installwd some temperature anomalies of the

mechanical properties ot poiyurttadne rubbers, in which distinctly is
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developed the specific cha~dcreL ot their behavior [70]. Was

investigated temperature depenatance of the value of equilibrium

highly elastic strain and aouule/modulus of high elasticity, and also

the strength of polyurethane Luabers on the basis of

diethyleneglycoladipate o.t dftereit molecular weights and TDI,

cross-linked with triethdUUnolie and which are characterized by the

presence or the absence ot pidsticizer - ditutylphthalate.

Figure 95 gives the cuzves ut creep of the nonpiastic and

softened rubbers at diftereat temperatures. The temperature ccurse of

these dependences is cleariy dnowalous, and the minimum value of

highly elastic strain is observeda t temperature of 350C for

nonpiastic and by 40-500C to tnat plasticized polymers.
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IFig. 96. Durepedsc of reep of t elasticty) nd temertered 1 rubr
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M=2500, with plasticizeL; 2 - M=1900, without plasticizer; 3-

M=1900, with plasticizer.

Key: (1). G/cm2 .

Pig. 97. Dependence of strength (I) and of elcngation at rupture (2)

on temperature.

Key: (1). kg/cm 2 .
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The temperature course oi oaule/modulus also develops anomaly

and is characterized by the clearly expressed maximum at temFeratures

of 35-40 0 C (Fig. 96). Finally, in the temperature range of 35-40 0 C

are observed extreme points in tile curves of the temperature

dependence of strength ana elongation at rupture (Fig. 97).

According to the classicai tneory of high elasticity, which in

the majority of the cases correctly describes the temperature

dependence of the propeties oi natural and synthetic rubbers, the

equilibrium modulus of niquiy elastic strain must grow/increase with

temperature as a result of ani increase in the energy of the thermal

agitation of chains. At the same time, the amount of equilibrium

i !
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strain little depends on reuleidture.

As can be seen from ivea lata, the value of module/modulus

passes through the sharkly pconouuced maximum, that does not make it

possible to characterize the aenavior of polyurethane rubbers with

the aid of kinetic theory. A cnaue 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 poLyurethane, obtained on basis

polyether/polyesters of difterent molecular weight, it showed, that

the common/general/total anoadiy oi temperature dependence is

retained independent of mo.Lecu.ar weight and Fresence or absence of

plasticizers. In this cAse, the temperature range of the

manifestations of anomaly is not cnanged.

Analogous results are obtained during the study of the

temperature dependence of tne vdlub of the equilibrium module/modulus

of high elasticity fcr polyuretana elastomers on the basis of

polydiethyleneglycoladipate of different molecular weights (Fig. 98).

Findings give to us the .ouuatation for considering that the

temperature anomalies of aenanical properties it is polyurethane

they are bonded with the spcitic molecular processes, which take

place in the temperature rdaue of 40-500 C.
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Fig. 98. The dependence ct te equilibrium modulus of high elasticity

of polyurethane elastomers on tne temperature: 1 - on the basis of

polydiethyleneglycoladiatea (wol. weight 815) and of TDI

(crosslinking agent ditniye1ne glycol + glycerin 1: 1): 2 - on the

basis of polydiethylenegijcuiipate (ool. weight 1750) and of TDI

(crosslinkinq agent diethyi ne glycol + glycerin = 1:3); 3 - on the

basis of polyethyleneglYccialdjJdt (tool. weight 1000) and of TDI

(crosslin king agent diethiene glcoi + glycerin 1:1)

Key: (1) . G/m z .

Page 175.
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It is interesting to note d.so data on the temperature

dependence of module/mcaulus eidsticity of the rigid polyurethane

films, which are used a6 1rotectxve coatings (Fig. 99). In contrast

to elastomers in the initiad pdziod of an increase in the

temperature, is observed d common ror the glassy polymers reduction

in the module/modulus with d temearature rise. Further shape of the

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

Thus, in temperature :Lnye near 40 0C occur changes in the

properties, bonded with tac con£ormational transitions, caused by the

decomposition of the part or the molecular bonds, first of all

hydrogen. The significant contriuation to properties is polyurethane

it introduces also the reaction Detween polyether/polyester blocks.

eakening molecular bonds witn da increase in the temperature leads

to an increase in the mooiiry or ulocks and a manifestation with

them their own flexibility.

Thus, the effect cr tamneraruie produces change in the total

number of intermolecular nydrogeu and van der Waals bonds. The

decomposition of the gria or tanse~ bonds is equivalent to an increase

in the distance between the oodes of the three-dimensional/space

grid, formed as a result or puysicdl reactions and which plays the

dominant role in the prokerrei of polyurethane elastomers [ 115].

Because of this, and also aue to du increase in the mobility of the
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cuts of chains occurs tie coma/,'/tgneral/total increase of the strain

in temperature range of higaeL tnaa 400 C and the bonded with it

reduction in the module/modluus.

For the plasticizea polymer tde region of anomaly is

shift/sheared to the side iL "igaeL, but lower temperatures, as it

could seem at first glance. In±s is caused by

preservation/retention/mdiitai.nj in the plasticized polymer of the

durable bonds, which are decomposed at higher temperature.
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Fig. 99. Dependence of zoaulus oi elasticity cf polyurethane films on

temperature (NCO/OH=2:1):
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1 - on basis of tetrahydrofuLan with oxide cf propylene and adduct of

trimethylol propane witn TL1; 2 - on basis of

oligodiethylenesuccinatz (mo.L. weight 800), trimethylol propane and

TDI; 3 - on basis of oligouietayleneglycoladipate (ool. weight 800).

Key: (1). kgf/cm2 .
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Thus, decomposing thd gria oL physical bonds and caused by this

change in the flexibility ot tne cuts of polymer chains, i.e., the

factual rearrangement or tae structure of grid with temperature,

determine the anomalies or tu phyicomechanical properties.

components the essential iedture oL polyurethane elastomers. It is

completely possible that tAis mciiity of structural grid and

lightness/ease of its rcar a.yem-at under the effect of external

agencies determine many spec.L£c poperties it is polyurethane.

THERMODYNAMICS OF THE Hiwd-Y LLASTIC STRAIN OF POLYURETHANE

ELASTOMERS.

During the explanation oi the bond of the mechanism of strain

with the structure of Folymer spcial importance have the cases when

very structure of body undergoes caange during strain.
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The characteristic leatures ut elastic properties and behavior

it is polyurethane duriny strain, the expressed in capability for

auto/self-curing defects aurian tnu development of cracks and high

resistivity to voltage/ tresses, ix many respects they are determined

by the type of three-dimznsioaai/space grid. It differs from the

common vulcanization the ftct ndt the contribution of physical

reactions to effective netwozK density is extremely great.

Possibility of redistrituting tne molecular bonds in polyurethane

rubbers during strain - one of tne reasons for manifestation by these

polymers of special prcperties.

Therefore it is interesting to investigate the thermodynamics of

the highly elastic strain ot poiyurethane elastomers and to

establish/install the contzioution of inner energy and entropy to the

elastic force, which apiears duriag the strain of elastomer. In this

direction are known only severai works [ 69, 72, 75, 117, 192, 325,

326, 3281, carried out, in essence, in recent years.

As is known, the caiclatious of entropy and energy components

of the equilibrium voltage/stress, applied to the specimen/sample of

rubber with its stretching, are conducted through the straight lines

of the dependence of equiliarium voltage/stress from the temperature
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during different elongatiou, clivid thermo-elastic. in this case, is

used the common/general/totdi eiuation of kinetic theory of rubber

elasticity (137, 211]

f = fu + fS = (-I-.)rV - T( ds-T -- 1T

T II T. vd 'T p.x

where U - inner energy; S - entropy; IL - length of specimen/sample; f

- tensile force; fu- elastic coiaponent of equilibrium force; f.s-

entropy component of equilibrium iorce.

Changes in the inner eergy oi rubbers usually are very

insignificant and if they dre developed, then with the high amounts

of strain.

Page 177.

Conway (192], investigatinj tne contribution of energy and entropy

components of polyuretbne ruoei on the basis of

polyoxypropyleneglycol, also noted an insignifirant change in the

inner energy during sligtht deiordmtions. However, in all further

works (69, 72, 75, 117, 32j, Jeb, J28], which concern thermodynamics

it is polyurethane, it is ia.lcdmea significant changes in the inner

energy even during slight deforuations. So, Tanaka and coworkers
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[326], studying the depenueuc-a ot voltage/stress from the temperature

it is polyurethane on the oasis or complex and simple

polyether/polyesters in tne range of temperatures of 40-700C, they

showed that during strain it occurs both the decrease and an increase

in the inner energy it is polyuretuane depending on the nature of the

latter. The dependence or tue coutribution of energy component into

common/general/total equilibrium voltage/stress 1,tf from the degree

of stretch of elastomers is cnangea in absolute value and on sign

with an increase in the degree oi stretch and a change in the nature

of components is polyurethane (Fi4. 100). In essence is observed the

decrease of energy component of equilibrium voltage/stress. The

obtained results are explaania uy d change in the chain ccnformations

during the strain of eldstomers. Yor polyurethane on the basis of

naphthylenediisocyanate (curve -) abrupt change fuf with the degree

of stretch is explained by crystallization; however, there are no

experimental proofs.

Is investigated the uaermouy amics of the highly elastic

deformation of linear cnes it is polyurethane, developing highly

elastic properties in an interval temperatures of 20-700 C at large

stretchings (289], and ottaiaed tae dependence of equilibrium

voltage/stress and its components with the degree of stretching for

some it is polyurethane [345] (Fig. 101).

A
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Fig. 100. Dependence of fu/f on the quantity

deformation of polyurethane elastomers (5):
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 - baaed

on TDI polyethylene glycol adipinate and

ethanol amine; 5 - based on TDI polypropylene

glycol and ethanol amine.

____________i
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Table 57. The couposition of studied polyurethanes.

I I .O~ 1et r~lll )~l FIiojana? ClUiu n iUft arenlT N

(7)
I Flhl3FA 2,4-TAH I loJH.n. 15400

"(Moil se 1600)

2 To me (I) To *e j) J13A - T3A (1: 1,5) 1.0: 1.2:0.1 1 800

3 a * To we () 1,0: 1,3:0,13 11500

4 a, a 1,0: 1,4:0,20 10200

5 nl3rA 2,4 -TAIH - FMiJ flloHoJ * 1,0: 1.4 :0.20 6000
5 G (Mo. Bec 800) (20: 80)

6 nI3rA To we 4) r.,epim - ;-13r (3 I) 1,0: 1,4:0.20 2900
6 ( (toj. aec 1600)

7 (A. Pa3We-.ne..bnA .I,3rA 2.4-T111 - 1,0:0,85 4500

8 na3rA 2,4-TRH C' rVmiepM. + A-)3r (1: 1) - 2250
C(moj. aec 900)c

9 To me C1" To *e rvmuep,+113 17 (3: 2) - 4200

i0 r[1J3rA To we 4i - 4200
(U) (mon., nec 1750)

II rna3rA :r aI.lepHH -+ .Rir (1: I - 6200
(Ioa. Bec 900)

12 ULJX rA 2,4-T1h (4 )FmnuepIH I ; (:1: I) - 2600
(&oji. sec 900)

II
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13 11)rA To ece ra r uep 21- (1:1) - 6600
(moil. sec 1000)

14 Towe( ri p + 13)1r (3: I) -- 4400

15 nqrA rAmuepia + 13r (I : i) - 2380015 o (mo.R. sec 2000)

16 To me ( )t rimuepim + L13r (3: 1) - 7700

1700 p r.fllueppH + +13r (1:l) -

18" p 0 riepmH + 13r (3:1) - -

19 frTML TMl 1: 2: 1 5100
(moA. Bec 1000)

20 To we e1I1H To 1(. 1:2: 1 4300

21 2.4 -Tavi 1 )1.4.iYTaMHOA + T- 1:2: 1 1900
CI, (Mo!. sec 1540)

22 nTMa To we( )'.,,,epHH + jl-)r (i: 1) 10060
& (moq. sec 960)

23 To me i . iiH (3: 1) 3350

24 110111 /rmuepm, 4r .13r (I :3) .- 3000G4 . (NIoJ. Rec 1010

25 o11111 To we ( 18300() (mo.. sec 2050)
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Key: (1) . Specimen/samFia. (2). Po.Lyether/polyester. (3) . Isocyanate.

(4). Crosslin king agent. pl). ftoldr ratio. (6). PDEGA (mol. weight

1600) . (7) . Polyol I .

FOOTNOTE 1. Polyol on the asis ox adipic acid, glycerin and

diethylene glycol. ENDFCOTNUlt.

(8). The same. (9). Glycerin. (1U). 1,4-Butanediol.

FOOTNOTE z.file they did nct determine due to the crystallization of

specimen/samples.

Page 180. In this case it is ooserved both increase in the inner

energy with the stretching of thie investigated specimen/samples (Fig.

101b) and decrease (Fig. 11). Last/latter fact is bonded with

crystallization during the def~ormation, confirmed by X-ray method.

With the stretching of polyuretaue on the basis of polycarbonatediol

when occurs increase of inner enervy during deformation,

crystallization was not noticed even with stretching to 500o/0.

We studied the thermodynamics of the highly elastic deformation

of polyurethane elastomees on thae uasis of simple and polyesters [69,

72, 75, 1171. As polyesters are undertaken linear and branched

polydiethyleneglycoladipacte (PD,6GA) and polyethylenegly coladipate
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(PEGA), as simple ones - poiyoxi.tetramethylenediol (PTMD) and

polyoxypropylenediol (PCP) ; die used such diisocyanates, as mixture

2,4- and 2. 6-TDTs(T-102j, naxediertlylene diisocyanate (G-102),

dipheanylmethane diisocydnri (D61) . The crosslinking agents were

trimethylol propane (TMI?), mi.xture of 1,4-butanediol with TMt'. polyol

on the basis of adipic aicid, di.ethylence glycol and glycerin, mixture

of triethanolarnine and dietaaaoaine (TEA+DEA) . The characteristics

of the investfiqated speci a/.sdmnoes, and alsc the value of average

molecular weights between ndtworx p~oints (M(.), calculated by the value

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

40 4
40 1

30- 30-

201 20-

to 10-
23 4 5 6 d

to 
123 

1

Fig. 101. Change in equilibrium voltage/stress and its components

from degree of stretching tic it polyurethane on of polycaprolactone

diol and m-xylylenediamane (d) ; po.ycarbonate 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 accota.ng to type (27). For maintaining the

constancy of relative elcagrtion in the course of measurements, it

was necessary to know a chduge in the lengths of the unstressed

specimen/sample with temjeratue waich render/showed insignificant.

Therefore subsequently uuring great lengthenings these changes they

disregarded, but during small extracts (to 10c/o) in the calculations

of the values of the equalibrium voltage/stress were considered

changes in the length ot the unstressed specimen/sample with

temperature. Energy and entroky components calculated from

thermo-elastic straight lines (dependence of equilibrium

voltage/stress from temierature), using equation (VII, 1). From the

dependence of equilibrium voltaqe/stress and its components from

temperature (Fig. 102) and degree of elongaticn (Fig. 103) it is

evident that with stretcinag it is polyurethane, as for common

rubbers, is observed the decrease of entropy, bonded with the

decrease of a number of cadin ccnrormations during extract. But in

contrast to the majority of ruboers where a change in the inner
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energy during extiact is close to zero (with stretching to 100o/a)

[137], for is polyurethane aira~~iit nature relative elongaticn

8-l0o/o already it caustas tati 6udr decrease of inner energy in all

cases. The decrease of ttwA innez eiiergy of the natural rubber occurs

during the extract of hiyn*er ttian iO0o/o, which is explained by

crystallization £137].

The roentgenographic wedsurements of the deformed polyurethane

specimen/samples did nct raveci/aetect crystallization in the range

of dqformations from 0 the 1w~o/c (Fig. 104, see insert) . Therefore,

the observed decrease ci Lnner aeegy during deformation to lO0o/o it

is not bonded with crystaLizatioi, as is assumed £ 325, 328].
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100- 30,6%

1 22, 6

60 -1 5J.4%

42,3%

4 0 8,4"%

25,7%o201" 14,1/6~10, 1

or, 350 T°H

Fig. 102. Dependence of equiiitrium voltage/stress (a) from

temperature for specimen/sdmp es 8 and 13. (designations see in Table

57) .

Key: (1). G/mm2.

Page 182.
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6,f/NM6,

20 80-

80 A
40-

40 /
*20 40 60 e, %

0- V. I

20 a i
-40 -4

-. 80- 4AJ

160-

0- 19
12 0-22 I

40-

0- 2 0 410 60F,%

-40- 4~

-80 (A
Fig. 103. The dependence of wjuilibrium voltage/stress and its

components from the aucunt of aetormation (a) for specimen/samples 1

(a) , 8 and 13 (b),* 19 ana 2U (c) (designations see in Table 57).
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Key: (1) . G/mmz .

Page 183.

Fo:: the explanaticn of tue ooserved decrease of inner energy

with stretching, it is poiyuretnceaI one should consider that the fact

that in the latter together witn chemical ones is a large number of

physical bonds, which contriiute tue significant contribution to

common/general/total density ot tue three-dimensional grid.

Really/actually, earlier we examined a questicn concerning the nature

of molecular bonds and estadoliheu that the diversity of functional

groups in chains determines the exstonce of the -ollection of the

bonds, which differ in streaytn Iom common van der Waals ones to

hydrogen ones. At diffetent temieratures and with voltage/stresses,

occurs the decomposition of these uonds, which as a result of their

diversity can ,c7cur/flcw/iast in the wide temperature range and be

Iradual. This lability cf these uoads, and also different effect of

Piternal voltage at this temperature on the change of the strength of

bond play the significant role in the thermodynamic properties of

,-'- lastomers. The sjecial reature/peculiarities indicated

.-.rsnp the lightness/ease of tne rearrangement of

S. ti issional_ Irii it is tpuyurethane during the deformation of
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the latter. Tensile strain contrioutes to the approach of the cuts of

the chains between nodeb, waich causes the formation of the

additional physical bonus bitweea them and thereby the decrease of

inner energy which is ctservea in the case amorphous polyurethane

elastomers even with the small degyees of stretching.

It is obvious, an incceasie in the flexibility of the cuts of the

chains between nodes as a iejsuit or an increase in molecular weight

of oligoester block or M, because of a smaller quantity of the

crosslinkinq aqent will increaue tue possibility of the formation of

physical bonds during deroraaticn as a result of the approach of the

cuts of chains with each otner. Tun6 dependence of the contribution of

energy component into tne common/yeneral/total voltage/stress from

the degree of the stretcaiin or poiyurethane cn the basis of

polyethyleneglycoladipate oL aaazteent molecular weights confirms

this assumption (Fig. 10b).

From dependence fu'f on value M for it is polyurethane on the

basis of complex and polyethers (Fig. 106) it is evident that full

correlates with M.During decrease M, i.e. during an increase in the

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

less.



0, 04 ,6 0,8 f d,%

o- 13
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Fig. 105. Dependence 01. tae contribution of energy conFonent

into equilibrium voltage/st~ress tz~oa value deformation.

Page 184.

Probably, during the detcrisation ui the strongly cross-linked

elastomers as a result ct tile greater hardness of the cuts of the

chains between nodes, decreases the possibility of shaping of

additional physical bonds.

For it is polyurethiane on tue basis of polyesters change fuiitit

is more noticeably than in poiyurethane on the basis polycithers. The

reason for the observed jpencmenou consists in a difference in the

portion/fraction of chemi1cal. and hijysical cross-linkings in the

common/goneral/total netwurx aensity of these elastomers. If in

polyurethane on the basi5 or polyesters the dominant role in grid

* belongs to physical bonds, r.uen in elastomers on the basis polyethers

the contribution of physical bonds will be less.

The analysis of Fig. FWoD shows that a change of the inner

* energy in polyurethane on the basis of oligoethylene- and

oligodiethyleneglycoladipdte is approximately equal, in spite of

different values M,. Probdaiy, tkie great flexibility of the cuts of
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chains in polyurethane or t,, basis of oligodiethyleneglycoladipate
contributes to the formation oz d Large number of molecular bonds in

the course of tensile stradi even when smaller A4, than in it is

polyurethane on the basis or oiluethyleneglycoladipate. This causes

a greater change of the inner eaergy in the first case, than the

secondly despite the fact that M, polyurethane on the basis of

oligodiethyleneglycoladiiate is less.

-33

4 a f2 16 20 24 c0

-2-

-34

1

*Fig. 106. Dependence f L",f on m, tor amorphouss it is polyurethane on

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

stretching from 10 to 600/0.

Page 185.

I -3 -
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Some of those investigated oy us it is pclyurethane they were

spontaneously crystallized in tne course of time (75]. Was studied

the thermodynamics of the aerormation of these specimen/samples (Fig.

107), which is accompanied by an increase in both entropy and inner

energy. It is possible to count tadt in this case occurs the

destruction of crystalline tormations, i.e., the decrease of degree

of order, which leads to ai increase in the entropy. In this case,

logical to expect the increase in the inner energy that usually

occurs during the deformatioU ot crystalline bodies.

Thus, findings tell anout tue fact that a change in the inner

energy during the deformation or polyurethane elastomers depends both

on nature and network density or polyurethane and on the phase state

of the latter.

It is obvious, the aerormation of the elastomers indicated in

the range of higher temueratures will lead to a change in the

thermodynamic functions, since it is known that the physical bonds

whose concentration is great in polyurethane, it is very sensitive to

temperature effects. Theretore we investigate the thermodynamics of

the deformation of polyurethane amorphous elastcaers in the range of

temperatures of 100-600L [117) d1 will compare the character of a

change of the thermodynamic runctions in this case with the same in

the range of lower temperatures (2U-600 C).
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Preliminarily was condiucted the isometric heating of the

specimen/samples being invastiqdtau with different loads for the

establishment of the tes aratuLe zdnge, in which does not occur the

decomposition of the grid uf chemical bonds, as a result of which

were obtained the curves of u risometric heating of polyurethane

elastomers (Fig. 108). Initially occurs the increase in the

voltage/stresses in speci13en/sampiJes, caused by the effort/force of

the thermal agitation 0f cadins with an increase in the temperature.

with an increase in the oritjiud.l load on specimen/sample, a change in

the voltage/stress in Fclyurethdne with a temperature rise becomes

more noticeable. Then in tne zaane of temperatures of 100-1200 C-

(depending on load on siciae/saple) begins a sharp voltage drop.

It is known that polyurethae, are characterized by the presence

of the chemical bonds cl diitazent types. it is assumed that biuret

and allophanate bonds least strony/durable (302].
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320-

240.

200

160-

'zo-

00

Fig. 107. The dependence ot thie eqjuilibrium voltage/stress-f and of

Ther ar daa aoutthe fdct tat at temperatures of 1060C or above

begns he issciaionof the allophanate bonds [249]. It is

possible, this causes a sharp voltage drop at temperatures in higher

than 100 0C. For the confirmation oi the fact that in this case occurs

the decomposition of chemicai Dands, is investigated the

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

is observed hysteresis. In the temperature range of 20-1000C, value
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of hysteresis is insignizicaut. La~rge hysteresis in interval of

20-1300C testifies to tnie irreversibility of deformation, bonded with

the irreversible decomposition ot the grid of chemical bonds.

Consequently, the therm~odynamaics 01 deformaticn can be traced only to

100 0C, i.e., to the temirezdtuLe, atr which yet does not disintegrate

the chemical grid of boads.

The analysis of thermno-eiastic straight lines for polyurethane

on the basis of polyester (Ikiy. 110)) and of dependence of the

equilibrium voltage/stress r dud ot 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

energy.
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6, Nr/cH2

10 -

2, 7% ,rc 2 G

1751

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

on the basis of PEGA (sjiecizen/sdaple 13, table 51) ; b -on the basis

of PDEGA (specimen/saupirs 10).

Key: (1) .kgf/cm
2 .

20 40 80 80 100 120 1

Fig. 109. Curves of isometric heating for specisen/sample 1 (table
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57) in different temperat=e Langea: 1, 2 - lift and decrease in

temperature in interval ot ZU-10k0 C; 3, 4 - lift and decrease in

temperature in interval at 2J-IJOO.

Key: (1). G/mm2 .

Page 187.

On the other hand, tlermo-elabtic straight lines in the range of

temperatures of 100-60 0 lie/,dst Delow than at 60-20 0C. It is

obvious, heating specimen/sdaope to 100 0C leads to the dissociation

of the greater part of tba pnysicl bonds. Otherwise, we deal with

the three-dimensional/space grid, which possesses the smaller

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

effective density of cross-liaxing and, therefore, to an increase in

the affective flexibility oi the cnains between chemical network

points.

We note that during tue deiormation of polyurethane elastomers

with the less density ct cross-linking a change in the inner energy

during deformation is considerably more than in the case of

elastomers with the high density at cross-linking. It is analogous,

the deformation of elastoaers at high temperatures is accompanied by

a large change in the inner energy, than at lcv temperatures (Fig.

111, 112a).
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-60100*C

28,0% 45,7%

24,4

00

Z75 300 JiY 3150 3 757 K,*

Fig. 110. Thermo-elastic strignr ,Lines for specimen/sample 114 (table

57) in different temperature iatrvals.

Key: (1).. kgf/cm.

2

4O.

21

4 J

Fig. 111. Dependence of equilibrium voltage/stress and its components
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from amount of deformaticn (6,ecimen/sample 14, table 57):

'U

. 2,3 andAin region -, - i b -c

and t. in region of 20-6 0 0C.

Key: (1). kgf/cm2 .

Page 188.

This is explained by the tdct tndt with the drawing of

specimen/sample in the hign-temirLture range when the part of

physical bonds is destroyed dno tun cuts between nodes possess

greater flexibility, is created tte great possibility of reducing the

old ones and the formaticns ot new physical bonds during the approach

of the cuts of chains, wniia ene:yy component of equilibrium

voltage/stress grow/increases.

During the deformation o VoIjurethane elastomers on the basis

polyethers at elevated temeerdtuLeb, a change in the inner energy is

also more than in the ranga of low temperatures (Fig. 112a, b). The

sharper difference between values fulf in different temperature

intervals during the detcrmation oL polyurethane with the less



DOC = 79011110 PAG 440

effective density of cross-.LiaKijn (Fig. 112b, c) is logical in light

of consideration about a caduge Ln the flexibility of the cuts of

chains at the different densities cf the cross-linking of

three-dimensional grid.

It is known that the medsurement of the dependence of the

equilibrium voltage/stress or tne elongated polymeric specimen/sample

from temperature is the basis or the method of calculation of the

temperature coefficient oi the size/dimensicns cf free polymer chain

in undisturbed state [2lz-zl4j. mHthod is based on the theory of the

elasticity of rubbers, wnlcn sumes the independence of

intermolecular interaction Lrom uetormation, and on the principle of

additivity [215] of the contrinutions of free energy of separate

chains to common/general/otdi !Lee energy of system. Calculations

are based on the equation

tuifT = -1d In (fT)idTv., = d In Fi2/dT.

If measurements volta e/stges, - temperature are conducted at a

constant pressure, this equation is record/written in 'th- form

J-d In (f,T) dr~p, = d In P2 /dr+ (VI1,2)

where dln~ot/dT - temperature coetiiciet of the root-mean-square

distance between the ends o cnadin; p - cubic coefficient of the

expansion of elastomer; A - aejree of stretch of elastoser.
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0,2 0,4 1 0,1 0,2 0.4 0, 6 A
0 0-

-2*,20-60C -2-2- ____
60-100tE

Fig. 112. Dependence I./! on the degree of stretch X for it is

polyurethane on the basis ot complex (a) and simple

polyether/polyesters (b, c): a - specimen/sample 14; b -

specimen/sample 23; c - speciaen/ample 22 (designations see in Table

57)

Page 189.

Processing/treatment [b9] ot the obtained by equation (VII.2)

data will show (table 58)taat the values of value fufT were negative

in all cases, which indicates the decrease cf sizes of the

undisturbed polymer chain to temperature. Together with value tu/fT

strongly they are distinyuished oy absolute value, which would seem

completely natural, if we consideL different composition of those

investiqated was polyurethane. aut these differences are retained

also in the case of one and tue same by the qualitative composition

cf polyurethane (specimen/samLIes 14, 15) with the different degree
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of cross-linking. Dependeac f/ufT on the degree of cross-linking is

observed even when the cbjects of study will be polyethylene,

polypropylene and their copollmes (284].

The method of calculdtion or the temperature coefficient of the

size/dimensions of free joiywer chkin is based on the assumption that

a change in the inner energy during the deformation of elastomer is

caused by a change only in intraaolecular reaction; a change in

intermolecular interaction is nc considered. Meanwhile it cannot be

assumed that the significant cnanye in the inner energy, observed

with stretching it is pcijuretanne, it is caused by an increase in

the intramolecular reaction, since the drawing of the cuts of polymer

chains contributes to the remov4i of polar grcups in chain from each

other and is decreased the prooaaxlity 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 additional physical nodes in grid due to

the reaction of the polar groups or adjacent chains. Thus, the

decrease of inner energy during the extract cf polyurethane

elastomers is caused, in the iirst place, by a change in

intermolecular interaction or the cuts of polymer chains. The change

in the inner energy the greater, 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 plausiole values of changes in the

root-mear-square distance nedween the ends of free chain from given

voltage/stress - temperature.

The conducted investigdtIons show that the presence in

polyurethane of the physical Donus of different types leads tc

another behavior under the dezormations and the temperature

influences of this class of ruDiers in comparison with natural and

other rubbers r72, 325, 32b. 328]. The given special

feature/peculiarities are Donded with the presence of movable grid of

physical bonds and with its rearrangement in the course of the

deformation and temperature effects, by which appears the new

structure, which corresionds to state of strain. When the rates of

deformation and rearrangement ot grid will be ccmpared, is

establish/installed new ejuilibzium in system, which is very

important in the examination of tue mechanism of the deformation of

polyurethane elastomers.
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Page 190.

Table 58. Equilibrium vojtjy,/stresses and their components of

polyurethanes of different degree of cross-linking.

1 1,12 1,01 -2,40 -1,39 -1,37 15 400
1.24 1,53 -4,78 -3,25 -2.12
1.44 2,26 -7,17 -4,91 -2,17
1,76 3,62 -14,14 -10,52 -2.9

2 1.19 0.97 -4.52 -3,55 -2,94 I 1800
1,53 2.8.3 -6.79 -3.96 -1.39

01.80 3,80 -9,21 -5,41 I -1,42
2.00 4,13 -13.50 -9.37 -2.27

3 1.13 1,16 -4,30 -3,14 -2.70 II 500
1.20 1.36 -5,24 -3,88 -2.85
1,32 2.17 -833 -6.16 -2,84
1.84 3,37 -13,55 -7,02 -2,90

4 1.29 2,90 -7.20 -4,3 -1.48 10200
1.35 3.51 -8.00 -4.49 -1.28
1,45 4.90 .- 10.70 -5.80 -1,18
1.60 5.30 -13.70 -8.40 -1.58

5 1.03 1.19 -1.59 -0.40 -034 6000
1.08 2,30 -2,87 -0,57 -0,25
1.13 3.37 -4,12 -0.75 -0,22
1,17 4,25 -5.34 -1,09 -0.26
1,33 8,98 -11,17 -2,19 -0.24

6 1,04 1,31 -2,34 -1.03 -0,78 2900

1.06 2.28 -4,36 -2.08 -0,91
1.07 3,18 -5.96 -2,78 -- 0,87
1,13 4.50 -8,24 -3,74 -0,83

7 1,07 1,30 -1,70 -0.40 -0,30 4500
1.09 1.55 -2.43 -0,88 -0,57
I ,11 2.10 -3,40 -1.30 -0,62
1.24 2,98 -4,66 -1,68 -0,56

8 1,04 1,60 -1,41 0,19 -0,12 2250
1,08 3.30 -3.53 -0,23 -0,07
1.17 6,85 -7,52 -0,67 -0-10
1,23 7,60 -9,32 -1,72 -023
1,31 8,76 -10.75 -1,99 -- 0,23

9 1.06 1.10 -1,25 -0.15 -0.14 4200

1,09 1.90 -2,80 -0.90 -0,50
1,21 4.60 -6.30 -1,70 -0.37
1,26 4.85 -6,62 -1,77 -0.37

1,33 5.40 -8,14 -2,74 -0,50
I0 1,06 1,10 -1,25 --0.15 -0.14 4200

1,09 1.90 -2,80 -0,90 -050
1,21 4.60 -6,30 -1,70 -0.37
1.26 4.85 -6,62 -1,77 -O.37
1.33 5.40 -8,14 -274 -0.5

Noy: (1). Speciaen/samn le. (2). £rf/c n .
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Continuation Table 58.

Opa3eu fuI. rT mc

11 1.0 0.78 0 0.78 1.0 6200
1 08 1.70 -2.51 -0.81 -0,48
1,15 2.90 -4.10 -1.20 -0.41
1.21 4.50 -7,75 -325 -0.72
1.35 6.15 -10.18 -4.03 -0,66

12 1.02 1,18 -1,35 -0.15 -0,13 2600
1.06 2.70 -3.19 -0,49 -0.18
1.13 4.50 -5.50 -1-00 -0,22

13 1,10 1.25 -1.44 -019 -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 5,25 -6.47 -1.22 -0.2,3
1.44 7,56 -9.31 -1,75 -0.23

15 1.16 0.40 -1.12 -0.72 -1,80 23800
1,39 0.90 -2,78 -1.88 -2.10
1.58 1.20 -- 4,18 -2.98 -2.40
2.09 1.60 -5.63 -4,03 -2.52

16 1,10 0.65 -1.16 -0.51 -0,8 7700
1.25 1.68 -4.6,3 -2.5 - 1.7
1.49 2.85 -8.46 -5,61 -1,9

17 1,008 3.06 17.49 20.55 6.71 KpCTa.-l- (3)
1.009 4.80 199 24.72 5.15 mieC-KH
1,020 6.40 21.80 28.20 4.41

18 1.010 2,95 6.87 9,72 3.29 KpHcTai-
1.015 4,70 11.00 15,70 3.34 NWIHeCKHiI
1,018 5.93 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 I,11 1.36 -3,05 -1,69 -1.24 5100
1,32 2.98 -6,18 -3,20 -1.07
1.43 3,78 -7,57 -379 -1.00
1.67 5.27 -10.50 -5.23 -0.99

20 1,04 0.96 -2,54 -1,58 -164 4300
1,10 2.17 -4,78 -2.61 -1,20 I
1,15 3,31 -7.33 -402 -1.21
1,69 8,25 -15.34 -7.09 -0.86

21 1,05 2,48 -3,73 -1,25 -0.50 1900
1,10 4.48 -6,28 --I , -0.40
1.17 6,69 -8,66 -1,97 -0,29

Key: (1). Specimen/saI .Le. 12). 9/cms. (3). crystalline.

Al
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Continuation-rable 58.

(.2) -I
-tultr

Odpaeu K . rICm Me--~~f~* P

22 1.07 1,23 -3,2 -1.98 -1,60 10060
1,22 3.85 -7,24 -3,39 -0,88
1.30 5,30 -11,15 -5.85 -1.10
1.47 6,00 -13,07 -6,33 -0,96
1,71 8,20 -15.82 -7,62 -0.93

23 1,04 1,85 -1,36 0.49 0,26
1,09 3,55 -4 56 -1.01 -0,28
1,16 6,50 -9.56 -3.06 -0.47
1.21 9,80 -14,70 -4.80 -0,49

24 1,20 1,35 -2,90 -1,55 -1.15 13000
1.22 1.82 -3.67 -1,86 -1.02
1,30 2.55 -564 -3,09 -1,21
1,38 3.60 -8.08 -4.48 -1.24

25 1.14 0.65 -1,29 -0,64 -0,92 18300
1.33 1.30 -2.96 -1.66 -1.30
3.39 1.65 -3,90 -2,25 -1,40

Key: (1) . Specimen/sampLe. t2). Kgr/c1z .
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Really/actually, in the presence oi movable grid at each stage of

deformation, is necessaLy Lurther decompositicn of grid in contrast

to other elastomers vhere the detormation is not accompanied by the

reduction of the initially destroyed bonds. We assume that the

comparative lightness/ea-ge ot decomposition and reduction of grid

explains the capability At is polyurethane for the curing of defects
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during deformation, which can be considered as a thixotropic change

in the three-dimensional/space 9xid.

THERMAL EFFECTS DURING DEFORSATION OF POLYUREIHANES.

It is known that th mecaanical deformation of polymers is

invariably accompanied by re tnermal effects whose sign depends on

the form of deformation, pnase and physical states of the polymer

being deformed.

Studies of the thermal effectr of deformation is of essential

interest, since it gives important information about thermodynamics

and to the molecular nature of ta process. However, works in this

direction it is small, wich Ls caused by the difficulties of the

quantitative determination o£ toe thermal effects, which accompany

deformation, because ther values are very insignifi :-nt. the first

essential works in this airection 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 deformaticn of polyurethane elastcaers [47, 75], on the
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special block, which makes it possible to simultaneously record/write

differential temperature slope and change in the voltage/stress with

deformation and relaxation ot skeciamen/sample. As the subjects of

investigation serve polyurethane on the basis of 2,4-DTI and

polyethyleneglycoladipate (PEGA) or different molecular weight (fable

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 olocxs, it occur/flow/lasts only at the

sufficient length of the oligoestez blocks when the rigid

diisocyanate blocks of macro-cnain no longer can interfere

crystallization.

Really/actually, even atter semiannual aging at room temperature

spontaneous crystallization is observed only for specimen/sample by 3

(see Table 57). Specimen/sample 3 (see Table 57). To this, testifies

the character of thermcgLams [42, 75].

The character of the thermal 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/sample is accompanied by beat liberation. This is explained
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by the decrease of the enropy of system, which occurs as a result of

the decrease of a number cL coniormations of macromolecules in

polymer in the course ct tue piocess. Relievimg stress and

abbreviation in the spEcimen/sanple is accompanied by heat

absorption. Consequently, the investigated polyurethane during

deformation develops the properties of an entropy-elastic material.

IIFigure 114 gives the 'dantiritive dependence of the areas of the .

peaks of the thermal effects oi stretching on the temperature in two

successive deformation cycies for specimen/samples 1 and 2.

During the repeated cycle oi tensile strain, of both of

specimen/samples is acccpaiusd by large exothermic effect than with

primary stretching; grcw/increase the values of thermal effects,

also, with a temperature rise.

Table 59. The characteristic o£ taose investigated it is

polyurethane.

C*Pa-ju floax1h34In r M'.7

--nrrA.000 13 .3800

2 n."rA1000 I: I 5400
3 rlgA-2000 :I 23 800

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

....................... 1~~-
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Crosslinking agent (DEG + q.Lycai1Lue).

A T

Fig. 113. Thermogram of atretchiny and abbreviation in

specimen/sample 1 trable 57).
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For it is polyurethane with d significant quantity physical

bonds of a difference in tae thermal effects during repeated cycles

or with an increase in the temperdture it is pcssible to explain by

the fact that after the primary jcocess of the decomposition of

bonds, accompanied by heat ansortcion, in the second cycle

predominate only entropy cadnges. The same 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 in tite thermal effects of stretching and

abbreviation.

The character of the neLmog9rams of specimen/samples 1 and 2 is

analogous; however, due to tne less density of chemical

cross-linking, last/latter specimeu/sample mcre is elastic, which

conditions the larger values or thermal effects and the smaller

values of the voltage/Etress ot specimen/sample with the identical
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degrees of deformation.

Even the semiannual aia4 ot specimen/samples 1 and 2 at room

temperature does not ledu to a ciainge in the original character of

thermal effects with their aeLormdtion.

Moreover the character ol -htLmal effects during the defcrmation

of specimen/sample 3 dejends su~stdntially cn the duration of its

aging, which undoubtedly is cduseu by development in polyurethane in

the course of time of cLYstal stIucture of different degree cf

perlection. In the initial stcye (ammediately after obtaining or

heating with 500C) the chardcteL ot the thermal effects of the

deformation of specimen/sduy.leb 1, 2 and 3 is identical, i.e.,

polyurethane behaves as entropic-eiastic material.

However, after semimonthly aging the character of the thermal

effects of the deformatiou oz 6jecimen/sample 3 substantially is

changed (Fig. 115).

In contrast to speciswen/sdmile 1 stretching of specimen/sample 3

is accompanied heat abscrption. Tuis phenomencn can be bonded with

the simultaneous course the elsstic deformaticn, occurring in the

initial stage of stretcnjny did cdused by the presence in the

specimen/sample of 3 crystailiLe puases, and the decomposition of
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crystalline phase, which cau occur/flow/1ast with stretching and it

is also accompanied by hedt az~surjpion.
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J,340" /)

2B01 1

2630-i

240-i 3

220i

2001Lzoo-o

20 30 40 1;.C

Fig. 114. The temperature dependence of the areas of the exothermic

peaks of the stretching ci sjeciseu/samples 1 (curves 1, 3) and 2

(curves 2, 4). Solid lines - i cycle of stretching, broken - II cycle

of the stretching (desiynataons zee in Table 57).
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In this case, in contrast to specimen/samples 1 and 2 after the

rapid stretching of specimen/sampie 3, is observed stress relaxation,

which is accompanied by beat liberation, about which tells wide

exothermic maximum on dj.terfntiai in temperature slope. This

indicates that together witn the described prccesses in the course of
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stretching is developed, in proportion to an increase in the content

of amorphous phase, the common k ocess of highly elastic deformation,

whose heat is first comvletely compensated for by heat the indicated

above two processes, which are prevailing in the initial stage of

deformation.

However, the decomiosirion oz crystalline phase stops in the

course of time, and the aevelopment of hiqhly elastic deformation is

continued, that also is retiected in the character of the

fixed/recorded by thermoyrdm thermdl effect.

Consequently, specimen/sample 3 with stretching behaves

simultaneously both energy- atia enttropy-elastic material.

However, an abbreviation in aeformed specimen/sample 3, and also

in specimen/samples 1 ana 2 is dccompanied by heat absorption (Fig.

116), i.e., after the assiqned deformation, which leads to the

decomposition of crystalline phase, to poly-urete it behaves as

entropy-elastic material.

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

specimen/sample 3 leads to a new cnange in the character of the

thermal effects of its ueformatiou (Fig. 116). In this case, as for

specimen/samples with semimonthly aging, stretching is also
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accompanied by heat abscrption; uowever, abbreviation occurs already,

on the contrary, with heat liueratlon.
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Fig. 115. Thermogram of tka detormation specimen/samples 3,

exposed/persistent two months at Loom temperature.

Fig. 116. Thermogram of datormatlon specimen/samFles 3,

exposed/persistent four months.
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This phenomenon is caused oy furtaer increase in the degree of

crystallinity and perfection oi 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

deformation, is elastic aetormation. The nonconformity of the areas
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of peaks with stretching aa aonceviation is bonded with an

abbreviation in the partially dmorphized specimen/sample. It should

be noted that the higher and more modern crystallinity of

specimen/sample 3, exposed/persistent in the course of four months,

indicate the increased valaes or voltage/stresses, corresponding to

the same degree of stretchinq, as in the specimen/sample,

exposed/persistent in the course or two months.

Since with this degree oi stretching the decomposition of

crystalline phase proceeds not so/such deeply, logically that it

limits the development of ainly elastic deformation. This

escape/ensues from the absence or the clearly expressed exothermic

effect after stretching, dad also Lrom the prevailing course of the

exothermic process of the reversible elastic deformation during an

abbreviation in the specimen/sampLe. Thus, specimen/sample 3 after

four month old aging at room temperature behaves with stretching and

abbreviation predominantly as an energy-elastic material.

From that presented it iollows that an increase in cross-linked

polyethyleneglycoladipateurerhaae of the length of oligoester block,

conditioning the course in it o! crystallizaticn Frocesses, leads to

a change in the character or their deformation and molecular

mechanism of this process. character and mechanism of deformation for

is polyurethane with sutficiently long oligoester blocks strongly it

k ____4
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depends on the depth of cryscalaization processes and perfection of

the formed crystalline khase.

RELAXATION PROPERTIES OF PU&fJF£iANES.

Although many specitic speciai feature/peculiarities it is

polyurethane they are tcnded with their relaxation behavior, works in

this region it is small. Relaxatio" processes in polyurethane

elastomers on three following LKeasons must differ from the same in

other elastomeric systems the idLge contributicn of physical

reactions into effective network density; the possibility of the

rearrangement of the structure oi yrid during deformation; the

special feature/peculiaxity or the structure of polyurethane chain.

which is actually the xclecule ox block copolymer.

In numerous works dccordiny to mechanical properties, it is

polyurethane they are brougnt the isolated information about stress

relaxation in one or the otadr adt-rials, but these results do still

not give the presentaticn/concept of the special

feature/peculiarities ot reidxdtion behavior and its dependence on

voltage/stress, effective network density, temperature, length and

nature of oligomeric bloci, etc.

Page 197.

IA
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Meanwhile the study of this p oulem of the importantly not only

understanding of specific cnaracter it is polyurethane, but also from

the common/general/total jositicns of the thecry of the

viscoelasticity of reccnstruct.ng grids (135]. The chemical

relaxation of polyurethaue -undrs are bonded with the decomucsition

of the chemical bonds, whica generate three-dimensional/space grid,

and with caused by this Zactor reLaxation of stresses ( 188, 282]. So,

for six types of rubbers, in whica are realized different bonds, are

obtained the curves of tne reiaItion, from which are calculated the

times of the chemical relidiron Isee Fig. 63, Table 34). These data

show that weakest weak ncnds iii oiyurethane rubbers must be bonds of

the type of disubstituted urea or niuret. The increase of the time of

chemical relaxation wita 12UoC ten times can be reached during the

replacement of these bonus to otarers. It was established that stress

relaxation has identical speed Doth in the elastcmers on the basis

Folyethers and in elastcmers on the basis of polyesters, i.e., ester

groups do not affect the rdte ot tue relaxaticn cf voltage/stresses

[188, 282].

On low-modulus polyuretnane composition with high transparency

and double refractive sensitivity, is carried out the comparison

mechanical and optical relaxation, based on the application/use of
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principle of temperature-tiin superposition and theory of

Villiams-Landell-Ferri 4VLd) jl. 1OJ. For such specific and

nonrepresentative in whole Lor at is polyurethane system they are

calculated the value of relaxation module/mcdulus, factor is given

OT and other characteristics, uecermined by theory. The results of

the comparison of experimental data will coincide with those

calculated by the theory oi VLF. Consequently, work shows the

applicability of the thecry or VLF to the systems of polyurethane

series/number, but general reyuiarities or special

feature/peculiarities aLE not estaD.lish/installed.

Some dynamic mechanLical properties are investigated for it is

polyurethane on basis ci poly - e - caprolactcn [202]. The study of

mechanical losses at ditterent temperatures will make it possible to

connect them with molecular weight of polyester block. Interestingly

that in this case is otservad cue peculiar deFendence of mechanical

losses on temperature (growth and achievement of maximum when T¢

further deacrease and again gcowta). In the region of higher than the

temperature of the vitrification or polyether/polyesters of lcss,

they increase with the decrease at molecular weight.

Are prepared polyueutaane in the form cf hcmologous series in

ratio/relation to the concentration of polar groups and to the

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

K I
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elastic state are investiyateJ tneir viscoelastic properties. It is

establish/installed, that tne temperature of vitrification and the

slope of the region of viscoelastic dispersion decrease with an

increase in the concentration of urethane and biuret bonds and

density of cross-linkiry. la eaca case reveal/detected large

disagreement between the values aau coefficients of the expansion of

free space, calculated accordiuy to the theory of VLF and the

equation of Doolittle ( araaeteL a is accepted as unity).
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For the explanation of these aisayreements, it is possible to assume

that B decreases with temparature as a result of the thermal

dissociation of the seccuarddy bonds between pclar groups, the

lowering value of network element, which participates in molecular

motion.

In work [280] are studied Lor the first time the relaxation

properties of cross-linAed ones it is polyurethane on the basis

polyethers with purpose or connecting 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 ob]ects are selected the cross-linked

polyurethane on the basis or simpid oligoester of different chemical
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nature, 4,4'-diphenylmetnae.LAsocyanate and trimethylol propane

(TMP)

Obtaining is polyurethane it is possible to divide into two

stages: synthesis of macro-diisocyanate and the formation of

three-dimensional grid as a result of reacting NDI from TMP. For the

synthesis of MDI, use PEG (moL. weight 500, 1000, 1500, 2000 and

3000), and also polyoxytetrametayleneglycol (PTGF, ool. weight 645,

960, 1450, 1930, 3000) and ,4'-dzLhenylmethanediisocyanate, taken in

relationship/ratio 1:2 [28U). Cross-linking it is polyurethane is

conducted as a result ot reacting 8DI and TMP in the molar

relationship/ratio NCO/Gk=1.

On the relaxation Eropertie. of those crcss-linked, it is

polyurethane they judge Dy Aeasureaent data of relaxation of stress

of film specimen/samples at the constant deformation of

unidirectional tension dad room temperature. For this purpose are

remove/taken relaxation curves, from which are calculated the

parameters of relaxaticn Deadvior according to the equation of

Kohlrausch [2501

ait) =o ,a 1<e EE + L , N1

where r yE ) - an equilibrium part of the voltage/stress (modulus of

elasticity); vo(Eo) - the relaxing part of the voltage/stress
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(modulus of elasticity); T - zeaaxdtion time; - relative

deformation of specimen/sdmpes; A - constant of material.

Measurements conduct on relxometer with the rigid dynamometer.

ensuring the constancy ct ue£t adt.Lon during experiment, and by the

automatic record of the measurea vdlues. Experimental value A,, and

(--O determine from equation (V, 1) by the values of the equilibrium

modulus of elasticity E,, theou~eical values MCT and -- T calculate

from equation (V, 2)

From the experimentai curves of stress relaxation during

constant deformation fcr two series of the specimen/samples of those

cross-linked, it is polyuretudae trom different by network density

(Fig. 117) employing procedure [0:), 124) they are calculated the

parameters of the equatica ot Konirausch.
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In terms of the obtainea vdlues ot these parameters, are obtained the

stress levels at different moment of times (pcint on graphs). As can

be seen from Fig. 117, the cdICulated values satisfactorily coincide

with experimental curves, wiizc inuicates the applicability of the

equation of Kohlrausch tor aescription of stress relaxation in the

investigated polyurethane. Position and character of relaxation
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curves show that the length oz oix~oester block in the investigated

polyurethane grids has siyiAizicaut eftect on the parameters of

relaxation propertieF. Let us =xaiane last/latter in more detail.

From the dependence ot tht equilibrium modulus of elasticity

E- from molecular weight oL oligotster for it is polyurethane on the

basis of PTGF and PPG (1. lid) is evident that a change in

molecular weight of olijoester biock exerts a substantial influence

cn the equilibrium modulus o. elasticity. This is bonded with a

change in the denseness ct the thcee-dimensional/space grid, which

depends on the length ct OliyoesttL link. An increase in molecular

weight of oligoester blocL (decrease of network density) from 500 to

3000 leads to the gradual uecrease of the equilibrium elasticity of

three-dimensional/space 9ria 1U-15 times.
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3 3

10 ;5 202 3 5 113

Fig. 117. Experimental tne cucves of stress relaxation it is

polyurethane on the basis ot P i ( a) and PPG (b): 1 - with molecular

weight 650; 2 - 960; 3 - 1450; 4 - 1930; 5 - 3000; 6 - 500; 7 - 1000;

8 - 1500; 9 - 2000; 10 - 30ov.
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It should be noted that Loth curvos are very close to each other,

i.e., the equilibrium mcouius oi elasticity dces not virtually depend

on the chemical nature ot the etier/ester comfonent of those

investigated it is polyuretnane. 1his result will be in complete

agreement with the conclusion/aerivations of the kinetic thecry of

high elasticity according tu wizicl the elasticity of molecular
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network is bonded only bith aetwoz density.

In Fig. 118 it foliows tia.it Lur both it is polyurethane sharpest

lowering in the equilitraum mudulus it proceeds during an increase in

molecular weight of oligoe~ter j.&ock from 500 to 1500. Further

increase Moa from 2000 to 3000 insignificantly decreases E, From

this it follows that at value M0.9=2000 and above equilibrium

elasticity does not virtually depend on the size/dimension of the

oligoester comprising tnree-oaia.iional grid cf polyurethane.

The kinetic parameters or the equation of Kohlrausch (relaxing

part of the module/modulus or elasticity E0 , relaxation time r and

parameter K) depend substantially on Mo3 (Fig. 119).
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Fig. 118. The dependence of tne equilibrium modulus of elasticity

E., on molecular weight ot oiyouster M., for it is polyurethane on

the basis of PTGF (1) ano PP~,. ji).

Key: (1) . kgf/c..
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Fig. 119. Effect of molecular weight of oligoester M0, on relaxing

part of module/modulus cL elasticity E0 (a) , relaxation time (b) and
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parameter K (b) for it as p01yuLbrtaane on basis: 1 - PTGF; 2 - PPG.

Key: (1). kgf/cm2 . (2). min.
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However, in contrast to LQdula/moaulus E., which proved to be

insensitive to a change in rue chemical nature of oligoester

component, these parameters depeau on the latter. The relaxing part

of the module/modulus of elasticity E0 (Fig. 119a) sharply decreases

during an increase M,3 tor botA it is polyurethane. In range cf

values M023 from 15000 to 3000, t.iL.s is expressed weakly; however, Ea

for is polyurethane on the oasas oi PTGF considerably higher than

corresponding values for it is poiyurethane on the basis of PPG,

especially in range of values M03 from 500 to 1000. This difference

is gradually decreased bita an increase Mo.

Although the modulus of eLasticity for a polymer and is not the

constant (it it depends ca speed oz duration cf deformation),

nevertheless this is the importdnt characteristic of polymer, which

makes large physical sense. It as the measure of

three-dimensional/space ot cross-ianking of polymer. In terms of the

values of the relaxing jart of the modulus of elasticity, it is

possible to judge the sj~eea of the course of relaxation processes,

| A
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limited viscosity, etc. in counection with this we have made the

attempt to obtain the analyticdl expressions cf the bond of these

parameters with moleculaL welgat oL oligoester link. For this, the

dependences E. and Eo on Mo, (see Fig. 118 and 119a) are rebuilt in

coordinates igE-(lgEo-gMs (Fig. 120). It turned out that they have

the linear character:

Ig E. = A - B Ig Moa,

Ig E = A, - B ig Mo3 .
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30 

51 M1 t

Fig. 120. Logarithmic dependence oy equilibrium to E_ (1, 2) and

relaxing E0 (3, 4) of the parts oL the modulus of elasticity of MOB

for is polyurethane on the bdsis o PTGF (1, 3) and PPG (2. 4).
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The determined from curves of Fig. 120 constants of equations

comprise A=6.03; B=1.42; Ak=1.44; B1 =2.93 for is polyurethane on the

basis of PTGF and A=6.62; 1.6i; A1=10.7; B1 =3.15 for is

polyurethane on the basis or PPG.

Molecular weight of oiryoester affects also the relaxation time

r, which is the charactezistic or the speed of the relaxation

processes (see Fig. 119b). witn an increase Moa relaxation time for

both it is polyurethane sharply it descends in range of values
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Wo -50O-1,5w. approaching euiliorium during further increase Mo3 With

.I, close to 1200, relaxation time and, consequently, also speed

relaxation processes fcr both is pclyurethane they are identical;

lower than this value Al09 relaxation time has greater value for

polyurethane on the basis of PTGP, but it is higher than it - for

polyurethane on the basis ot PPG. Apparently, with molecular weight

of oligoester more than 1200 becomes possible the ordering of the

sections of the macromolecules netween nodes for polyurethane grids

on the basis of PTGF as a result oi the more regular chemical

structure of the latter.

Parameter K of equation reveils more critical dependence on Al,,

for it is polyurethane on the bdasis of PTGF, monotonically descending

from 0.55 to 0.29 during an increase M., from 645 to 3000. Its values

for PU on the basis of P uecrease linearly frcm 0.32 to 0.24 during

an increase M. from 50U to JUUU.
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Iable 60. The experimental and teoretical values of average

molecular veight of segment (Me. and N,,,) and of effective density of

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

Ie 10 1 10.1I K-! 0,. Me?

'W.AbI CA 11 1 1 T

I IT F

650 774 14.30 1195 I 9,28 1.54
'tt 1'20 8,05 1505 7.07 1,14
I5' 2120 4179 1915 5,10 0.94
1i ;0 34t5 2,86 2.17 4.01 0,71
'00 6070 1,61 3545 2,77 0,58

nIlF r

500 50'I 2 .0 1045 11.20 i 2.05
1o'' 14. , 7.5 1545 7.07 1.06
15, '20 Io% ., 2045 5.02 0.80
2000 170 1.22 2545 3.92 0.57
.,V0 W , 1, 3545 2.78 0,58

Key: (1). mole/cm'.
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From the experimental values of equilibrium modulus and density

p, is calculated molecular weigat of segment Mo and effective

density of cross-linking i-',' |taoie 60). For a comparison are

represented theoretical values .1? and(2 '-), determined according to

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

relationship/ratios of the iaitidl products, undertaken for synthesis

is polyurethane.

It



DOC =79011111 PAGt.l 1

As is evident, for bota is polyurethane with small ons Af_-,

(500-1000) experimental values Vl,., and I-! - will prove to be

respectively less even larder thau theoretical, but for was

polyurethane with large M,).4(2OC)-3(K), - ccnversely. This dependence,

apparently. is bonded either with d change in the character of the

defectiveness of chemicaiL ji. (tor example, ty transition frcs the

lashing of chains into PUNU I whose action/effect analogous with the

action/effect of the chemicdi Doud~s, to a large quantity of

ne-cross-linked sections and ends of the chains for PUVO I which

nothing they introduce into tiu og.asticity cf molecular network) , or

with the special feature/pecuiit~ies of the supramolecular

structure of these it is poiyurethane.

FOOTNOTE 1. PUNO and PUVG - polyurethane on the basis of

low-molecular and high-uolecu~lar oiigoesters respectively.

ENDFOOTNOTE.

The discovered anomaly sar.tsactorily is explained with the positions

of the supermolecular stxuctures ot those investigated it is

polyurethane, which leads to tue need for the examination of their

mechanical behavior for close connection with conditions for

synthesis and kinetics ct tae process of cross-linking.
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Examining the obtainea result from this position, it is possible

to state/establish that tue cehav..r of those investigated it is

polyurethane with the large it~aqt of oligoester block bonded with

the incompletness of the ro matioa of chemical grid. It is obvious,

in this case of conditicn and rte kinetic special

feature/peculiarities of tue process of cross-linking are such, that

is impossible the realizataoa ot tne complete cure of MDI in

conformity with stoichicmerry of initial products. Therefore the

defectiveness of grid fcz datd it is polyurethane it is characterized

by a smaller number of cross-linKings per unit cf volume, than it

follows from theoretical consuleLations, and by a large number of

free ends of the chains.

For explaining the reasons tor the discovered anomaly conducted

calorimetric investigation ot Kinetics of the process of

cross-linking, which showea that the speed cf the cross-linking of

MDI decreases with an increase Moa 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 reaction on tiae (Fig. 121). Hence it follows that

the selected by us time for soliaitication it is polyurethane
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completely sufficiently and i not the reason for the incompletness

of the formation of grid.

T. E. Lipatova and S. A. ZuDxo have shcwn ( 61], that the

formation of the grid of tae poxit of gel formation is described by

equation of Avrami [ 165).

Page 204.

It is interesting to note tnat tue value of the specific rate of

formation of gel fraction K., determined from this equation,

correlates with the value or tue equilibrium modulus of elasticity.

For both of types, it is pollureraane to the high values Ka they

correspond and the high values ot the equilibrium modulus of

elasticity (Table 61). krom tazse data it follows that between the

parameters of relaxaticn properktis and the characteristics of

kinetics of the process or cross-iinking it is polyurethane there is

the specific bond. Therefore setting up of the investigations,

dedicated to this bond, has larye of value for explaining the special

feature/peculiarities ot tne structure of polyurethane elastomers and

explanation of the anomalies o tneir mechanical behavior.

For studying the stLuctU.re at supramolecular level, carried out

electron-microscope investigation (on electron microscope UgmV-100
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according to the method of oxygen etching in gas discharge [9])

objects (Fig. 122, see iuseLq, Which showed that they possess

globular structure. Simiiar gioauidr structures are observed in the

case of other polyurethane elastic systems of reticular structure

[58], and also in cross-Lisied elastic pclyalkylmethylsilcxane [125],

in cross-linked polyacrylates [37], phenol-formaldehyde and cther

polymers of spatial structure [J4, 207, 3191. The globular structure

of polymer networks is suificientlj distributed for many

three-dimensional/space amorphous eolymers both in glassy and in

highly elastic states.

That establish/installed oy us the deviation of the experimental

values of the density ct cross-linKing (-) and of average molecular
V, 3

weight of the segment trcm thiem £o the theoretical values (see Table

60) is possible satisfactoily to explain from the positions cf the

globular structure of the invesriated pclyurethane grids.
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0

60 120 10 240 tmu
Fig. 121. Kinetic curve the foradtion of polyurethane grid on the

basis of PPG of moleculaL waigut 2000 at the temperature of

cross-linking by 800C.

Key: (1). the degree of transformation. (2). min.

Table 61. The kinetic parameter ot the process of cross-linking and

the equilibrium modulus of elasticity for are polyurethane on the

basis of PTGF and PPG.

Mfe 9 K c ' 10', E

I MIh
1

(/ j Ie, C..

lTrO960 7,98 I 71

1930 5.40 20

nrl
500 13.60 168

2000 5,79 16

Key: (1) . min-'. (2). kq/cm.
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Really/actually, during otatining of PUNO, are formed the globules of

smaller size/dimensions than in the case of Puvo, that confirm the

electron-microscope observations. For small globules in comparison

- .. [I
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with large-globular structure, Laaze is large probability that

NCO-group, which participt in tue reaction of cross-linking, are

arrange/located on them suLrdce or near it. In large-globular

structure the arrangement of reactive NCO-group is more protably

within the volume of glonu±es, taan on their surface, as a result of

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

with a large quantity of unreactiny functional groups, and

consequently, with a large numLse of free enCs of the chains cf grid.

Thus, incomplete soliditcdton and incompletness of the formation of

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

And finally, in the exaaiatUiQn of the special

feature/peculiarities of tue s.tucture of the investigated by us

grids and their bond with aechanical behavior it is necessary to take

into consideration the JosILiou o£ the urethane groups in grid, which

are the main reason for strong paysical reaction. It is obvious, the

urethane groups, arrange/located in chemical network points, have

smaller possibility for the tuoration of hydrogen bonds, since their

mobility is suppress by strong caemical bonds. However, the degree of

the collaboration of these groups in the formation of physical bonds

is changed upon transfer from PUNO to PUVO. Really/actually, in the

case of application/use ior taw synthesis of low-molecular

oligoester, is formed the polyuretuane fine-globular structure, which

has more developed inteiztce, waica conditicns a stronger physical
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reaction between globules wLtn d mdximally possible (for the given

size/dimension of glcbuies) aensenatss of the chemical grid, which

approaches theoretical. I" -pita ot the fact that urethane groups

"are enslaved" in chemicdi netwo,4 points, their possibilities in the

formation of hydrogen toaus to tn, certain degree grow/increase

because of a large quartity or aujacent small/fine globules. 7his,

apparently, and leads tc tne 1-iyer experimental ;alues of the

equilibrium moduli of eiastic.t.y, effective density of cross-linking

and the smaller values or dveiae suolecular weight of segment, in

comparison with theoretical ioL PUNO.

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

more appreciable globules. wnhica ossesses ouch smaller interface. In

connection with this occurs iacowpiete solidification it is

polyurethane and the formation cr w ore defective chemical grid with a

smaller quantity of chemical Douds per unit cf volume. Furthermore,

the value of physical reaction as isinimum due to a smaller quantity

of physical contacts between -aoze appreciable globules and smaller

possibilities for the fcLmation or hydrogen bonds, by the "enslaved"

in chemical nodes urethane groups.
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Consequently, in this case tue contribution and chemical, and
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physical reactions into e~ui i"rahum elasticity is minimal, than are

explained the obtained uy us cozijaierably lcwer experimental values

of the equilibrium modulus or elasticity, effective density of

cross-linking and the higner vdlues of average molecular weight of

segment in comparison wira taeozeical ones.

The chemical nature oz oliioester block does not virtually

affect the equilibrium eldsticity (see Fig. 118, fable 60), and also

average molecular weight or sewetiiL and effective density of

cross-linking; however, is add noticeable effect on kinetics of

relaxation process (cm, fig. 119J.

Thus, the study of tae relaxation properties of cross-linked

ones it is polyurethane on taw Ldsis polyethers in connection with by

their molecular and supermoleculaL structures and conditions for

obtaining it will make it possjl4e to establish/install some special

feature/peculiarities or structure and mechanical properties. During

an increase in the length ot cliqoester block, decrease chemical and

physical reactions and, coaseyuenily, also equilibrium elasticity,

which is caused by the gloouldr structure of polyurethane grids.

The obtained results snow tnar the chemical grid of those

investigated it is polyuretadne at is characterized by the

significant structural neteroqvnermy, which exerts a substantial
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influence on the mechanical. oekiviur of polymeric body. Therefore it

is necessary to reexamine tae iecnanical conducting of such systems

on the basis of the new presentaticn/concepts of them globular

structure.

The results of this investiyjation are related to polyurethane,

in which the role of physi.cal. uoaa is relatively small. Meanwhile

interest are of relaxatica, buaeu~ also with decomposition and

reduction of physical netwocx jpcints. Such processes to a certain

degree are analogous chzwical reiaxation. From this point of view, is

important the study of tae linear amorphous "neristic" elastomers in

molecules of which there is d sejuence of pliable and rigid segments

[193]. In such elastcaeLE ldrqe strength and high modulus of

elasticity are higher than tne tempjerature of vitrification T,, where

other elastomers had properties of viscous liquids. The authors (193]

assumed that the rigid seyinents play the role of fillers and cross

connections. The region of tne InCreased moduli of elasticity between

T, and the temperature or ta-a vitiification of the bonded rigid

segments T.. is caused by tne association of glassy blocks of

elastomers. Based on thfi example Of polyesterurethane, which contains

plasticizer (polyethylene 9yiyco.L with a sol. weight of 200) , it is

shown, that the latter soivdttus predominantly the segments of

polypther/polyester and it desceaus T~, without decreasing the

modulus of elasticity shove Ta. it we take dimethyl sulfoxide, then



DOC =79011111 PAkik

it solvates rigid segments, loweziug the module/modulus between T,

and T,. for such systems were invetigated viscoelastic properties

and temperature dependence o mcaule/modulus.
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In their time Bartenev adla Vishnitskaya [8] investigated the +

relaxation properties c! filied rubbers and established that stress

relaxation in them is detzminia Li three processes - relaxation of

chains, relaxation, bonded wit" tae breakaway of the chains cf rubber

from the particles of ti6 filler, dnd by the rearrangement of very

particles of the filler. Returning to polyurethane, it is possible to

assume that in them really/actudlly must be realize/accomplished the

processes, bonded with the Leldxition of physical nodes (to

equivalent bonds rubber - riller iiA commcn rubbers). Such processes

are really/actually reveal/aetectea during the study of dielectric

and spin-lattice relaxation in oi9omers and polyurethane (76). As

objects are selected oligonydroxytetramethyleneglycol,

oligodiethyleneglycoladliate dnd adduct on the basis of trimethylcl

propane and TDI, and also poiyuretnane on the basis of

oligodiethyleneglycoladijate and uaimer cf TDI,

oligohydroxytetramethylenegiyco and oligodiethylene glycol and

mentioned above adduct.
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Fig. 123. The dependence oi the time of spin-lattice relaxation on

the temperature: 1 - oligoaydro~ytetramethyleneglycol; 2 -

oligodiethyleneglycoladiidta; J - adduct on the basis of trimethylol

propane and TDI; 4 - cycIQUoxanoae.

Key: (1). ms.
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Figure 123 depicts the temperdture dependence of time T, of the

spin-lattice relaxation ct pzotons for
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oligohydroxytetramethyleneglycoi, )ligoiiethyleneglycoladipate and

adduct on the basis of trimetnyiol propane and toluenediisocyanate,

but also for pure/clean cycioaexanone, since in its adduct being

investigated are containeci about J4o/o. As is evident, for

polyether/polyesters is coserve cite relaxaticn process: for

polyether with -25 0 C, fcr complex - with - 80C. It is known, [96],

that in oligomeric molecules is ueveloped its own flexibility of

chain. Since polyether/iclyester6 being investigated are linear and

do not contain lateral and CH3-group, then is obvious that the

existing relaxation prccess is Donded only with the motion of the

segments of molecular chains; talir mobility is greater for

oligohydroxytetramethyleneglycol, than for

oligodiethyleneglycoladijadte. Tne retardation of the motion of the

molecules of polyester is explained by the presence in the chain of

the additional polar groups, waicn lead to more strong/durable

structural physical grid. Taoie b2 corrected values of the energies

of the activation of relaxation process.

Adduct is characterized by two (a and 0) relaxation processes

(Fiq. 123, curve 3) at 7U dnd -LidOC, caused by the motion of the

associates of two types, wnich devlop relaxation at higher and lower

temperatures. For a- process is observed the break in the curve of

dependence T,=Vl'T), moreover straight line with smaller

slope/inclination is virtually parallel to the appropriate straight

-I_
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line for a P-transition dnd it UIuers little from the

slope/inclination of stzaijnt iiue for cyclohexanone (Fig. 124),

which gives virtually the iuentacai energies of activation (2.4;

2.57; 2.95 kcal/mole, Iable b2). ir one considers that the

p-transition of adduct and elaxiny of cyclohexanone occur/flow/last

almost at identical temievature (-48 and - -52 0 C), then it is

obvious that 0- process and deenudence ]gr,=q 71 with smaller

slope/inclination they aze causea by the presence in the adduct of

cyclohexanone, but a-process is caused by the molecular mobility of

the associates, formed because or the presence in the adduct of a

large quantity of urethaie and ctuer groups.
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'able 62. Values of the energi ot the activation (kcal/mole) of

initial components.

FOMnOHeHT C er -poe TMHH. *C

n&, 3 6,10 - -25,5
C.1o HuJ 1 7,34 -8,0

. - 13,75 (2,57) -70.0
-48.0

UHxKoreKcaHoH@ - 2,95 -52

Key: (1). component. (2). motion or segments. (3). process. (4).

simple. (5). complex. (6). ddduct. (7). cyclohexanone.

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

to 2.4 kcal/mole.
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3 21

7 F 0

2Y 3,0 3,5 4.0 4,5 T10,0K

Fig. 1214. Dependence lgr 0T, On/T: 1 -

oligohydroxytetramethylaenqy.ycol; ,z - oligodiethyleneglycoladipate; 3

a - process of adduct; 4 - -process of adduct; 5 -cyclohexanoie.
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Fig. 125. Dependence of time of spin-lattice relaxation on

temperature: 1 - PU rubber; 2 - PU on basis simple PE; 3 - PU on

basis complex PE.

Key: (1). as.
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From the temperature depenaence of the time of spin-lattice

relaxation T, (Fig. 125) is .viaent that for those investigated are

polyurethane it is obsexved tbree relaxation Frccesses:

low-temperature (from -1J8 to -141 0 C), bonded with motion CH3-group;

the process, caused by seyautdl mobility of chain; fcr polyurethane
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rubber (200 C) of polyurethane on the basis simple PE (-10 0C) and

polyurethane on the basis complex PE (350C), and also process at the

higher temperatures, which p kzsents for polyurethane systems the

special interest. If fcx polyurethane rubber (Fig. 125, curve 1) of

this transition it is not obseved, then already for PU on the basis

simple PE (curve 2) theie is a Lead - weakly expressed minimum of

relaxation which is weli visiole for it is polyurethane on the basis

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

two times exceeds the same for segmental movement and is 4.29

kcal/mole (fable 63). This pzoces. can be caused by the

redistribution of molecular nonas and by the mobility of the nodes of

physical three-dimensicnai grid, that it is possible to present as

follows: with an increase in the temperature in the field of the

superimposed perturbing ioaus, the part of the segments of chains,

bonded by the nodes of tbree-dimensional physical grid, is

free/released, in consequence of waich are formed new nodes and is

developed the mobility of suificiently large structural units.

Apparently, this process is impossible tc relate to

decomposition or possitle rearLaugement (114] of biuret, allophanate

and uric groups, since for their rearrangement is required the

activation energy from U to 50 Kcal/mole, and, according to (254],

dissociation is biuret it Decomes noticeable only with 120,

allophanates - at 106 0 C. AccoLuing to data (294], the biuret react
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with amines with 150 0C. Infe raeults of the investigation of

dielectric relaxation (ki . lio) snow that relaxing the nodes of

physical three-dimensional jrid dt frequency 10 Hz occurs at 40-500 C

(curve 2) for it is polyurethane on the basis simple PE, 45-750 C

(curve 3) for is polyurethane on zue basis complex PE and it is not

developed for polyurethane rubrer (curve 1).

1.
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-fable 63. The values of taw ear-jy of activation (kcal/mole) it is

polyurethane.

1o.,) P a (,1) " ... _ po1 ec r-rr ccf, ,
IY iay~yv - 5.95 15.00 1 -
11l~ .a o n~e poCTO-

re I3 '- 
"  

0.8 4,38 8,24 1 13.25
fl\ Ha OCHOBe C.iO.-

loro n..i (1) 1.1 2.05 18.80 21,0

Key: (1). polyurethane. (2). motion of grouFs. (3). motion of

segments. (4) / process. (5) . ruD-er. (6). on tasis of simple. (7). on

basis of complex.

Note. The energy of the activai a.o of the motion of nodes for

polyurethane on the basis ot poiyester is equal to 4.3 kcal/mole.
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For polyurethane rutoer tate the place two processes of the

dielectric relaxation: dipole- segmental at -200C and dipole- group

at -950C. It is known that the region of relaxing of segments and

chains (a-absorption) fGL it is poiyurethane it is observed

approximately at -40oC [15U, .J4, d35]. Upon transfer from

polyether/polyester to the approiraate polyurethane, occurs the

displacement of dielectric relaxation to the side of positive

temperatures (in this cdse ot -2 0 c). Analogously for the

[
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spin-lattice relaxation cf poiyurethane rubber (see Fig. 125, curve

t) displacement composes 310. our those cross-linked it is

polyurethane also it occurs tae a6iplacement of the spin-lattice

relaxation of segments to tue sida of high temFeratures in comparison

with transition for polyetaec/pclyesters, but this displacement

considerably does not exceed the temperature of the high-temperature

relaxation process of auuuct ("fanie 64).

Thus, the relaxation OL seiwezats in polyurethane is developed at

the temperatures, which exceea Lae temperature range of relaxing

corresponding initial pclyetaeL/polyesters, but it does not exceed

the same of the high-temperdrure relaxation process of adduct. This

is bonded with the decrease oz moDIlity as a result of the

cross-linking of pliable oliomeric chains by the rigid associates of

adduct, by a change in the vdlue o0 kinetic segment and, in essence,

with the formation of stLuctuadl paysical grid, since the shift of

the region of relaxaticn ior is koiyurethane cn the basis complex PE

almost three times more taan saift for polyurethanes on the basis of

simple PE (fable 64).

Examining now dielectric rLqaxation for those cross-linked it is

polyurethane (Fig. 126, curve e aaa 3), it is possible to say that

dipole-segmental process must be cevealed _n the temperature range of

higher than -400 C at the Lreqyuncies of below 100 Hz.



DOC 79011111 PA~k /qqif

table 64. Shift of the miaumd or 6pin-lattice relaxation processes

upon transfer from polyetare/jolijsters to the appropriate

polyurethane.

no OruO ill U,, IC-
Hadtello~ueO II,'uH I.' , U

Jlpocti 1 247,5 - -
fIY Ha OCHOmer npocTO-

ro 26, 15.5 go
CA*bA 34 265 - 80nozu 113 265 - -

",' Ha OcHoBe C.IdAtHO-ro -13 308 4.3.0 1 35

Key: (1). designation. j2). shift with respect to

polyether/polyester, deg. j3). sfift with resFect to adduct, deg.

(4) . simple. (5) . on basis or simple. (6) . couFlex. (7) . on basis of

complex.

Page 212.

From the results of the investl~ation of a- process, it is evident

that for polyurethane ruzae£ tae transition is observed at -950 C, for

is polyurethane on the nasis simple PE with -120 0C and for is

polyurethane on the basis compiex PE with -108 0C. Furthermore, in the

cross-linked polyurethane occurs another 0- process (for polyurethane

on the basis simple PE wita -obOC dnd for polyurethane on the basis

of complex PE with -750L), waLca can be explained by the motion of

kinetic unity (groups oL atoms), wuich have the size/dimensions of
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more than those that are nedvy-duty/critical for dipole-group motion,

but are less than the sizi/d.iweasions of the segments of chains.

Thus, if for polyurethane ruDoer, as for the other linear

noncrystallizing polymers, is onsexved only twc processes of

dielectric relaxation, tnei in the cross-linked pclyurethane their

quantity is increased becduse oi the presence of the wider spectrum

of kinetic unity.

From Fig. 127 it is evident that the sloFe/inclination of

dependence IgT =(4 --) PU Delnq investigated decreases upon transfer

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

j
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Fig. 126. Tesperature dependence ty6: I -Pg rubber; 2 -PU on the

basis of simple PE; 3 -PU un t~e Dasis complex PE.

Key: (1.process.
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Fig. 127. Dependence Igtr on I/T fo0 segmental movement of

spin-lattice relaxation: I - PU tubber; 2 - PU on basis simple PE; 3

- PU on basis complex P.

3

2

5,0 5,5 TIC ( ti
, 128. The dependence g,, on 1/T fcr a- process: 1 - PU

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

PF.
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The decrease of the energy ot tuid activation (see Table 63) can be

explained by expansion ot ta spectrum of the relaxation times of

kinetic unity in the crcss-linked polyurethane and, therefore, by the

decrease of the energy barrier of activation. Figure 128 depicts also

dependence 1gfmrrT(i for a- process of dielectric relaxation.

Thus, relaxation behavior it is polyurethane it is

really/actually defined by bora tut- flexibility and properties of

oligomeric block and by Fresence of the rigid units and of the nodes

of physical grid. This tykicaliy diso for those filled it is

polyurethane.

Dielectric relaxation in poiurethane is investigated also for

purpose of the determination oi the character cf a change in

intermolecular interacticns upon tkansfer from polyether/polyesters

to polyurethane and the determination of their temperatures of

vitrification [1511. Strictly Le mechanism of relaxation processes

the authors do not examine, but riadings will give the foundation for

connecting the manifestation or tn forces of intermolecular

interactions (physical networx jo.Lints) with the formation of the

- jI
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bonds between polar CO-9zoups in ester polyurethane and with the

hydrogen bonds between uretanae jroups for was polyurethane on the

basis polyethers.

we will examine the reldxa Liun phenomena in the polyurethane

elastomers, containing pliaole units.
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Fig. 129. The temperature dependence of the real and imaginary parts

of the complex module/ucdaus &.' dfnd G") and of the mechanical

losses tq6 at frequency 1 ti Lot polyurethane on the basis of

1, 4-buta ned iol.

Key: 1). dyn/cia. .
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Hovever, interest are o£ tae relaxation properties of linear ones it

is polyurethane on the asis or low-molecular dials, for example on

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

1,6-hexanediol, 1,10-decanediol ad 2,5-bexanediol [238]. The data of

log 000 0
0-"0
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the dependences of mechanicdl loa~es and module/moduli G' and G" on

temperature for polyuretnaue un the basis of 1,4-butanediol give two

region of relaxation with -1J5OC (y- maximum) and to #40oC (main or

a- maximum) (Fig. 129). The first is caused by the mobility of

CH2-group, and the main Lnng corresponds to the temperature of

devitrification, i.e., to the beginning of micro-Brownian mobility of

chain in amorphous zones.

An increase in the losses dnd a strong incidence/drop in the

module/modulus are higher tndn 1500C bonded with melting of the

crystalline regions of jolymez. The temperature dependences of losses

for it is polyurethane the Dasis o different diols (rig, 130) they

indicate the shift of tLe temptrarure position of principal maximum

approximately on 50C during dn increase in the length of chain by two

carbon atoms. The authors treat tneir results cn the basis of the

presentation/concepts or aydrogan oridges in the amorphous zones of

those investigated it is polyurethane, which act as cross

connections.
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Fig. 130. The temperature dependence of the mechanical losses tg6 for

it is polyurethane on tue aasis of hexamethylene diisocyanate and

different glycols: 1 - 1,4-outadnediol; 2 - 2,5-hexanediol; 3 -

1,6-hexanediol; 4 - 1,10-dacaneulol (frequency I Hz).
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In this case, the elongation of chain decreases a number of hydrogen

bonds by the unit of length of chain, in consequence of which

grow/increases the flexibility anu is changed relaxation behavior.

Is investigated the ezect ot thermal Frehious history on the

position of the maximum cL losses and its time/temporary dependence
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with constant temperature [z.d j. 'rne changes, which in this case

occur, were bonded with cryr-dliiiation, that, in particular, it will

make it possible to examine Lsbc isothermal crystallization in the

terms of equation of Avrami from dependence lg tg6 on time.

FLCU PROPERTIES OF OLIGCMEhS.

Many most important properties it is polyurethane they are

determined by the same of the oiigomeric units (for example, see data

on vitrification, flexitility, etc.). By this is explained interest

in the study of oligomeric systems. The significant contribution to

understanding of behavicL is polyurethane we can introduce the

rheological investigaticns of o.Aigomers. This region is developed

very little. In this section we will attempt to show the

interrelation between toe tlcw iroperties of cligomers and prcperties

it is polyurethane.

Yu. S. Lipatov and coworKers will establish/install for the

first time some essential anomalies of the rheological behavior of

oligomers (66]. They investigate rue flow properties of some

oligomeric polyether/pclyesters, which were being used for the

synthesis of polyurethane elastomexs. As objects are selected

polytetrahydrofuraneoxyjropylenegyIcols with a molecular weight of by

1000 and 2000 (content of propylene oxide in copolymer 20-25o/o) and

I
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polyesters - polydiethylenegijccLdlipate with molecular weights of

790 and 2050, and also poildietny1neglycoladipinatetrimethylpropane

(desmophen) with a molecuir weight of 2200. Furthermore, are studied

the concentrated soluticns or the oligomers indicated in acetone

(concentration 70, 80 and 90o/o). The ductility/totughness/viscosities

of oligomers are measured in tne range of temferatures of 20-600 C,

and their solutions - at 20-JO0 C on rotational viscometer in the

range of shearing rates trom 4.1u- to 1.5.102 s-1 (Fig. 131).

Analyzing the shape oi tue curve of

ductility/toughness/visccsity, it is possible to establish that all

systems are characterized oy une danalogous course by rheological

curve, on which it is FcssiDea to separate three sections: AB - the

ascending branch of anti-tnixotzoky or structuring, BC - the region

of the decomposition of structure, also, in certain cases - branch CD

- zone of flow with the dvesrroydd structure with constant

ductility/toughness/viscosity. e~iending on the type of oligomer and

temperature of experiment, rue individual secticns of curves are

expressed less or more clearly. Lu certain cases the part of the

sections is misaligned according to the scale of shear stresses

beyond the limits of the investigated region.

The discovered ancalous snape of the curve of

ductility/toughness/viscosity is explained as follows.
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In section AB under the dCZQa/QiLuCt of the shift voltage/stresses

of the molecule of oligcmar, they are oriented relative to each other

and as a result of stre9tnueanui or the reaction of the oriented

molecules, appears the ukLerm1narU structure. This process is

analogous examined in [6., 211, wj9] and can be named

anti-thixotropy. During LUztheL increase in the shear stress,

beginning with critical value P~,p occurs the decomposition of

structure (section BC) and then is realized the flow of completely

destroyed structure (section C)) , which in certain cases possesses

greater ductility/toughnesj/viscusity than reference system at point

A.

Consequently, with small snead stresses cliqomers develop the

anomalous ductility/toughness/vi.cosity in the field cf transverse

gradient, which reminds an increase in the effective

ductility/toughness/viscosity witn the superpcsition of shift and

longitudinal flow [661.
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rig. 131. RheOlogical curves of jpolydiethyleneglycoladipate (aol.

weight 790).
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The analysis of other anal,).yous cuirves shows that the effects of

viscosity abnormality aic exkresseu more sharFly for the oligcmers of

smaller molecular weight. This, jossibly, it is bonded with the

increased hardness and the greater mobility of more short chains. For

low-molecular systems structure tozkmation occurs in proporticn to an
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increase in the temperature, Dtqiuaing with higher shear stresses, as

one would expect, takiny into account the thermal agitation of

molecules, but the decomkositica ot structure begins at higher values

P., (for example, in Fig. 1II at U and 300 branch AB is not

developed, but there is cnly section BCD).

In system with large muieculr weight, branch AB appears already

at room temperature. A change iii aolecular weight of oligomer leads

to a change in the dependence P.p on temerature. For a low-molecular

oligomer Pp it increases with an increase in the temperature, while

for higher-molecular - it tails. similar pattern is observed for two

polyesters of different moieculaL weights. Finally, for the branched

oligomer - desmophen - a temp-rature rise lads to decrease PKP

Such chanqes P, with tempedature can be bonded with differences

in orientation and flexibility oi small and large molecules cf

oligomers. It is completeiy praiDe that in the first case occur

only effects of orientatioa, wnereas for higher-molecular

specimen/samples have alreauy been developed and deformation [149].

Let us pause now at tnn ductiLity/toughness/viscosity of the

concentrated acetone sclutious or oligomers (fig. 132). In the more

concentrated solutions ot viscosity abnormality, they are retained,

while a reduction in the concntration or an increase in the

' . ... 4
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temperature leads to their adgeneLdtion (up to transition to

Newtonian flow). For the niyuer-muecular specimen/samples of

viscosity abnormality, they die Ketained during high dilution.

It is obvious, viscosity aDnormalities are bonded not simply

with the orientation ct molecules in flow, but also with the

associated strengthening or tee reaction between them. Findings

cannot be explained by tne unwinaiug of chains in the field of

longitudinal gradient, as this is Gbserved in [62, 219], because the

possibilities of changing tue cctiormations in the molecules cf

oligomers are consideraiy Less tuan in high-mclecular polymers.

Furthermore, if anomalies weLe boaaed with the deformation of

oligomeric molecules, taey Drgnater were expressed for

higher-molecular speciml/sdwi sJ-

These results indicaLe tue need for the account the anomalies of

the flow properties of oligomers with prccessing/treatment and

synthesis of polymers. Fiom taes it also follcws that intermolecular

interactions between oliyomei.c units exert a substantial influence

on the properties of the LoiymLs, obtained on their tasis. It is

possible, this will make it po66ijie tp explain some properties it is

polyurethane, for which usudily dr considered only intermolecular

interactions, determineu Dy the LQimation of hydrogen bonds.
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It is until recently cous u.erd that the highly elastic

deformation was inherent only in nigh-molecular polymers, and high

elasticity is considerea as one or the signs cf polymers. The low

molecular polymers, which are located under normal conditions in

viscous flow state, do not ueveiop the specific properties of

polymers and on the basis 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 tnh deformation Lehavior of such

oligomer whose molecular weiyat coincides or close to values not of

the mechani-al segment cL poiymeL L1461. As objects are selected two

specimen/samples of thE joiyesters: linear Folyether/polyester on the

basis of adipic acid ard dietayieie glycol with a molecular weight of

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

desmophen with molecular weigat approximately 2500 (2).
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Curves 1, 2 (Fig. 133a, b) correspond the conditions for

explicit plastic flow with tne low section, which corresponds to

elastic deformation and with toe significant Fcrtion/fraction of

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

In proportion to growth P (cuLves 3, 4; Fig. 133a, b) is

observed an increase in the portion/fraction of elastic deformation

with the degeneration ot strdaya portion by curve, that corresponds

to plastic flow, i.e., the phenomenon, contradictory what occurs in

dispersal systems and Etructuzea liquids [111, 11'].

With an increase in toe temperature to 50 and 600C, system loses

yield despite all the assigaad conaitions of deformation, and curves

F V(x)p correspond to the deiormation model of the outline/contour

of Kelvin ( rj" 133c).

From rheograms for ciioimez z (Fig. 134) it is evident that with

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

curve 1, 2 Fig. 133.
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Fig. 133. Dependence of kinetics ot the development of shearing

strain for complex linear poLyetue/polyester with different shear

stresses (dyn/cma) :

a - t = 20 C. I -- 3,65: 2 - 7.30; 3 - 10.95; 4 - 14,60; 6 - t = 40 C. I -3.
e -1 5) - 730.4 14.bO: f 60 C, 1- 730 2 - 14,60; 3 -- 2920; 4 -4 1

Key: (1). rmin.
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0,35-

0,30

0,24-

0,18.
5 4 3

0,12-

2
0,06-

10 20 30 4C 50 60 70 6U)

rig. 134. Dependence of kinetics of development of shearing strain

for complex branched polyetadr/polyester at temperature of 200 C and

with different shear stresses (du/cm1):

- 21,qO: 2 - 29,20; 3 - 36,50; 4 - 48,80: 5 - 51,10.

Key: (1). min.

I
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Fig. 135. Dependence of kinetics of the develcpsent of shearing

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

dyn/C.'9 5 h and different temperatures:

i - 20; 2 -30; 3 -50; 4 - t =60'C

Key: (1). min.
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However, during an increase in tne shear stress to 43.8 dyn/cm,

occurs brittle break in Contrast to linear pclyether/polyester, for

which with increase of v' was in~creased the portion/fraction of

elastic deformation (curves 3, '4 Jeig. 133). With an increase in the

temperature, the strength ur structure decreases and it disintegrates

........
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respectively at the smaller Ydiuas of shear stresses as this shown

bel ow:
T, C 20 30 40 50 70
P, 43.8 36,5 29,2 21,9 14,6

For the development/detection of the structural units, which are

determining the deformatioa oaudvior of the systems indicated, is

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

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

It is shown, that in tue range of temperatures of 20-50 0C for

specimen/sample 1 the elastic derormation decreases with an increase

in the temperature and respectively is increased elasticity modulus

under the condition of taKing oL rleogram for 3-4 h after the

establishment of the required temperature (Fig. 135). In this case,

the equilibrium modulus, calcuidted as E=--- - is not invariant at

different values of P, i.e., it is not the constant of the

time/temporary elasticity oi system.

The dependence of aquilliuziu modulus E cn P (Fig. 136) was

calculated from with experLimental curved E =p ()p, taken at the

temperatures indicated and snear stresses. From curve = of

emergence and decrease in tue detormation (Fig. 137), obtained the

method of fractional loads - unloadings it is apparent that both the

direct/straight and back stroke Dy this curve it is nonuniform for

the equal portion/fractioas ot load, which will agree with the data
on the dependence of elasticity modulus on shear stress.
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Fig. 136. Dependence of the e4uilibrium modulus on shear stress for

polyether/polyester 1 at tempeLcitures 20 (1), 30 (2), 50 (3), 600C

(4) for unsteady state -and OOC 15) after the achievement of

equilibrium.

Key: (1). dyn/cm2.
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Temperature of 500C can Le counted for this cligomer of critical,

since with its further incredse (to 600C) elasticity modulus does not

increase, the strain susceptibility of system sharply is increased

(see Fig. 135b, curve 4), but the equilibrium modulus becomes

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

The described state not is stdble, and the prolonged holding of
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system at the assigned temperatre~ is accompanied by a change in the

strain susceptibility ot system with the achievement of the state of

equilibrium through the speciric time interval (Fig. 138).
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0,24 -

0,068 P=

,,z

Fig. 137. Dependence of kinetics of the development of shearing

strain for polyether/pclyester I under the condition of fractional

loads (P1=14.6 dyn/cm2) at temperature of 500 C for unsteady state.

Key: (1). sin.

0,12-

0.05

70 20 3/' 4/ 50 60 TM (I

Fig. 118. Change of strain susceptibility of polyether/polyester 1 in

equilibrium establishment withi 5QOC and P=1L4.60 dyn/cm2 : 1 -heating

time to ISO h: 2 -heating tiie dre more than 200 h.

Key: (1). milk
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Table 65 depicts the appropriate values of equilibrium modulus

E, calculated from curves E ( ( with different shear stresses

(from 7.3 to 43.8 dyn/cma) ana o time of heating (from 30 to 400 h)

for temperature of 500 C.

The temperature dependence of kinetics of the development of

shearing strain (Fig. 139) was investigated also under conditions of

achieving the state of equilibrium at each assigned temperature, in

contrast to data of Fig. 135, where curves E =(T)p were

remove/taken immediately atter the establishment of the corresponding

temperature.

Thus, the investigation ot the elastic properties of the viscous

flow oligomer made it possible to establish that the oligomeric

liquids are thixotropic-structured systems, in which is possible the

development of the elastic reversible deformations. These data and

results of studying the properties of the moncmolecular layers of

- ---- -----
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oligomers (1401 and of properties of dilute solutions [97] make it

possible to consider that tue oiigomeric molecules possess their own

flexibility and capacity and to changes in the form under the

action/effect of voltage/stresses.

The dependence of the value of module/modulus from the

voltage/stress (see Fig. 13b) can De interpreted as the result of

existence in the oligomer or ziuctuation amorphous grid/network with

the intermittent contacts, causea by the presence of unitary or

multiple van der Waals reactions L 441. An incidence/drop of modulus

with 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 tbOoc or under conditions of prolonged holding

at the lover temperatures waen maximally disintegrate or are loosened

fluctuation structures, to the foreground project/emerge the

deformation properties of the pliable molecules of oligomer, which is

developed in distinct emergeace adu subsequent decrease after to

unloading elastic time/temporary strain. In this case the viscous

flow polyether/polyester according to the flow properties is

such/similar to the stagnant specimen/sample of the elastomer,

deformed by the loads, nut caiiing plastic flow of specimen/sample.

.
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'table 65. Dependence of sh dr modulus on voltage/stress.

(i'5 E (Oum cmiI flpH .kanpWeKuuo.. duwcW~

7.3 I 14.th 1 2!-.2 36,5 1 43,8

30 610 810 - - -

60 69 2030 277 320 259,0
80 - 2440 286 289 -

150 - 2440 216 - 159,0
200 47,2 68,0 129 - 135.0
600 58.6 95.2 103 87 97.5

Key: (1). E (dyn/cmz ) with voltige/stresses, dyn/cmz.
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However, oligomers have other specific properties, which are of

great interest for underbtandili ot structure it is polyurethane.

During the analysis or the viscoelastic behavior of 100-30o/o

solutions of desmophen, were observed the same effects, as for

pure/clean oligomers. Elastic pLoperties completely disappeared only

with the concentration Ct solutLon of less than 30o/o. Consequently,

the elastic properties cl oii.omers and their capability for the

formation of grid are developed also in solutions. This indicates the

new type of the structure-toraiuy systems to by short polymeric

olecules, the occupying tue interwediate position between by

concentrated solutions and jellies polymers, on one hand, and capable

of structurization by colloid solutions of low-molecular substances,
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on the other hand. The exstauce or 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-molecular

systems the effects of interao±Lacuiar interaction are caused also by

the presence of polar end groups, 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 ( 1i0, 111).

• • - Ilnu'innn IIIn i
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Fig. 139. The dependence ot xLnetics of the development of shearing

strain for polyether/pclyester 1 at different temperatures fcr the

state of equilibrium: 1 - JU; 2 - 50; 3 - 60; 4 - 700C.

Key: (1). min.
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It ;s establish/installed, taat between the molecules of

oligomers there are signiticant conesive forces and that during the

cneprossion of the uonoxciecuilr idyers of oligcmers occur the

•-r *q rh~nrtp1 with t14 LitnL.LjitY of oligomeric chains and thp

* ....... e 1 r'-l8tJJ JL ciijomer molecules ( 140]. The

.. &i, taw ai ji, ions of Folyethylene glycols are
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described in works [168, 205.

Findings indicate tha need tor the account the anomalies of the

flow properties of oligcmess during processing/treatment and

obtaining of them of polymeric materials. As the interesting

illustration of this pcsition can serve following phenomenon [118].

The effect of anti-thixctropy was used during obtaining of

three-dimensional grids in tue course of their synthesis under

conditions of act/effecting the shift voltage/stresses for 80-1200 C.

Three-dimensional and linear polyurethane are obtained on the basis

of diethyleneglycoladipata and 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-1. Figure 140

gives the curve of the aependence of ductility/toughness/viscosity on

the shearing rate for biocked macro-diisocyanate, on the basis of

which are selected those suearing rates, by which is observed the

increase of ductility/toughness/viscosity. Table 66 gives data on the

mechanical properties of those ontained it is polyurethane whose

three-dimensional/space grid is formed by chemicil and physical

bonds, and also for a comparison tue data on the properties of the

same system, synthesized under normal conditions.
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Fig. 140. Dependence of the ductility/toughness/viscosity of model

system on the velocity gradient.

Key: (1) s-1.
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As is evident, is observed the significant anisotropy of mechanical

properties in flow direction and it is perpendicular to it. This

anisotropy is not developed, it the synthesis of news with the higher

velocity gradients, which correspond to the descending branch to

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

of oligomeric molecules in the field of shift voltage/stresses

shaping of cross connections (chemical and physical) occurs

S,
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predominantly in the directioLn, perpendicular to the axis of the

molecule where the probabiiity of the formaticn of such bonds is more

than in the direction Ct ilow. This effect leads to the anisotropy of

the obtained grid.

ADHESION of POLYURETHANES TO RIGID SURFACES.

Polyurethane widely are usea as glues, and also for the coating

of wood/tree, metals, paper, clotas, glass, skin (11, 55, 126, 171,

180, 194, 199, 201, 248, 3i0-3.e, 336, 340). Polyurethane coatings

possess a good adhesion to dittereat surfaces, light- and are

resistent to atmosphere, they retain well gloss, they possess good

electrical properties and iu4 gas permeability, and it is also

resistant to the action/eitect ot solvents. Glues are used for the

cementing of glass, wood/tree, plastics, rubbers, polyethylene, wool,

fibers, metals, skin (80, 223, 131, 241, 261, 277, 278, 288, 315,

316].

tn connection with large practical application/use it is

polyurethane it appears tae 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 works, which concern the investigation of adhesion are

polyurethane to rigid surface ( IJ3, 291, 292].
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-able 66. Tensile strength ot the specimen/samples of polymers

(kq/ca2 ) , of synthesized iii iield shift voltage/stresses.

rgW TCKOPOCT4 cas~ra.

COCTaSR %OM!3HUH fz0r11,181r0.*71

OrOANH3THAeHrJtMKObaAHnHHaT-2050 : T -65 :c,, 6.82 % 20,7-
j'J BaTejb -I: 1.15: 0.08 6.82- 10,7 -
O~mro4ypHT-1680: 2.4 - TUH: M)CA I : 1 76.0 1 0 177.0

76,0- 181.0 105.0

Note. Rifleman/pointers snowed tue direction of cuttings of

specimen/samples made of polymer (+ along the axis of cylinders,

-- along flow)

Key: (1). Composition o composition. (2). Gradient of shearing rate

s- 1. (3). Oligodiethylenegiycola(ipinate-2050: T-65: cross-link. (4).

Oligofurite.
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Is studied the adhesion ot polyurethane coatings on the basis

polyethers depending on tae structure of latter and nature of the

fillers, introduced into ti1ms, by the method of the breakaway of

film from aluminum base at ay.le oi 1800, but sometimes 900 for the

film of different thickness. The dependence of the value of adhesion

from thickness was straight lines whose slope/inclinations, according

A
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to (292. 293]. were bonded with tne hardness of the film: the greater

the slope/inclination, the greater the hardness. Extrapolation of

straight lines to zero thicKness gave the values, which were the

characteristics of the adhesion of the investigated materials.

For studying the dEpendence of adhesion on the structure of

polyol used it is obtained Zilm on the basis of polypropylene glycol

(series P), polyoxypropylene derivative of trimethylol propane

(series TP) and polyoxyjropylene aerivative of glycerin (series GP).

All glycols and polyol had difterent molecular weight. Films broke

away under two angles with speed ot breakaway 0.25 cm/s.

As can be seen from Fig. 141, the greatest adhesion have

coatings on the basis cr polypropylene glycol P-410, smallest - on

basis TP-740. The value of adaesion is more with breakaway at angle

of 900. During the comparison of data according to adhesion and

mechanical characteristics, it turned out that the films have with

high adhesion great ultimate elongation and the smallest

module/modulus during 100o/o elongation. The author [ 292, 293] comes

to the conclusion that the fims on 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 or chains, which decreases the adhesion

" . . . . . . . .. . . . . . .. . . . m i . . .. . .. . . . . .
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(see Fig. 1411).

The utilization of stereuregular polypropyleneglycol

-~ considerably increases adkiasion CZ93] in comparison with the atactic

of the same molecular weight. fiedson can be the tendency of isotactic

* polymers to be crystallized in winding structures.
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Fig. 111. Dependence of the adaesion of polyurethane films on the

nature of polyether/polyerer dad angle of the breakavay:

I - 90 1. f-4 0; 2- 180 . 11 410; 3 - 90'.
n-410: TP.740, 4 - 10. nl-410: TP,740;

6 - 90
'
. Tfl.740. 6 -180 . TI-740.

Key: (1). Resistance to strdtl cation, 2 on 1.58 cm.
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In this case polar groups cda ae located on the external surfaces of

such spirals and therefOLa dre credted possibilities for forming a

larqe quantity of van der Wadals and hydrogen bonds with oxide film on

the surface of aluminum.

A similar effect was observed for polymethyl methacrylate (222,

2721. The polyol, which contain fluorine, decrease adhesion, in spite
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of small differences in the hardness of films on the basis of the

fluorine-bearing polyol and generally accepted polyol.

Is investigated the etfect ot the nature of diisocyanate on the

adhesion of coatings on the nasis of xylylenediisocyanate, TDI and

diphenyluethanediisocyanate [293] and is establish/installed, that

coating on the basis of dipheny1methane diisocyanate, in spite of

their high hardness, they possess the greatest adhesion to aluminum

base. Explanation to this etrect tae authors do not give.

The investigation ot the dependence of adhesion on the

relationship/ratio of NCO/OiI--group on the coatings, obtained on the

basis of polyol TP-700 with clitferent content of TDI showed [294]

that with increase of the relationship/ratio of NCO/OH--group the

adhesion decreases, but increases sodule/modulus with 100o/o

elongation and tensile strength. The decrease of adhesion with an

increase in relationship/ratio NCU/OH and, consequently, also network

density it is joined with an increase in the hardness of polyurethane

film.

On the other hand, it 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 simultaaeously 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 ot urethane groups and network density

simultaneously. The same dependetice is obtained for glycols (Fig.

142) and branched polycl. Accordian to [292], in this case an

increase of the adhesica as a zesuit of an increase in the content of

urethane groups is consideranly covered with its lowering because of

the increase of the haraness of L11m, caused by an increase in the

density of cross-linking. It this then, then adhesion will achieve

maximum value with some average/mean content of urethane groups,

which ensures the optimal elasticity of film.

During obtaining oi polyurethane coatings, are used different in

their nature solvents.
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Fig. 142. The effect of wolecula. weight of glycol on the adhesion: 1

- P-2010; 2 - P-1310; 3 - P-410.

Key: (1). Resistance tc stLatifLication, g on 1.58 cm. (2). Thickness,

mm 0.254.
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It is known that depending on the thermodynamic quality of the

solvent of the molecule of polymers they have different conformation

in solution. The degree of the contacting of Folymer chain with rigid

surface depends on form of the chain and, consequently, also the

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

polymer network, 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 investigated in work (293]. Polyurethane coatings were

obtained on the basis ct poiypropylene glycol, trimethylol propane

and TDI. As can be seen fr3a 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 application/use of xylene. The author joins this

with a change in the enery density of the cohesion of solvent. But

for cyclohexanone, dioxane and acetone the energy density of cohesion

is identical, but adhesion is airterent, consequently, this

explanation is unacceptable.

One of the reasons tor tue dependence of adhesion on the nature

of solvent, according to J.4J], different rate of evaporation of

solvent during the solidificdtiun of coating. It seems to us by most

correct this explanaticn the atrect of the nature of solvent on

adhesion, which considers the dependence of chain conformation on the

nature of solvent.
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Fig. 143. The dependence o.L addtes.on on the nature of the solvent: 1

- cyclohexanone; 2 - dioxane; 3 - acetone; 4 - chloroform; 5 -

benzene; 6 - xylene.

Key: (1). Resistance tc stratitlca.ion, g on 1.58 cm. (2). Thickness,

mm e0.254.
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It is known that in a good solvent the polymer chains are more

unwound and, therefore, is providot to greater degree their ccntact

with surface. After the vaporization of solvent, one should expect

large adhesion. In the oor soivents (chloroform, xylene and benzene)
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of molecule, they are dispiaceu, waich impedes their contact with

surface and decreases the alesion.

During the analysis ot the tanesion 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 eftect of some fillers for the adhesion of

polyurethane coatings to alumanuw L292] showed that the introduction

to dioxide of titanium decreases tue adhesion of coatings by basis

POPG-1300, polyoxypropyleaa decived trimethylcl propane and TDI to

15o/o, but tAlc - to 4no/o. The dependence of the value of the

adhesion of film on basis P-201U, .:P-1540 and TDTs from the nature of

other fillers is represented in Fig. 144, from which is evident slope

deviation of the direct depend1ence of adhesion on the thickness of

film. The author explains tnis oy the fact that the film becomes

harder with the introduction of the filler on nature of which depends

the slope/inclination. Introduction ZnO and CaCO3 leads to an

increase in the adhesion in contrast to TiO2 and of talc. An increase

in the adhesion was observed also dith an increase in the adhesion

not synbatically with an increase in the concentration of such

fillers as Fe0 2 and CaLO 3 (Fig. 145). A maximum increase in the

adhesion is observed with tne optimal content of filler. For Fe203

and CaCO 3 this value is 15 voi.o/o. An increase in the content of

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

The effect of fillers on rtie value of adhesion according to

(2921 depends on the particle sucapa of the filler. The author also

assumes that the fillexs dre Capaole of changing the vettability of

polyurethane coatinqs wit4i respect to metal, although no experimental

data on this question axe given.
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Fig. 144. The dependence ot adesion on the nature of the fillers: 1

- ZnO; 2 - CaCO3; 3 - Caso 3 cubic torm; 4 - Ti2O; 5 - BaSO,; 6 -

without filler.

Key: (1). Resistance to stratitication, g on 1.58 cm. (2). Thickness,

mm-0.224.

Page 232.

The effect 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 which changes structure polymer. Furthermore, it is necessary to

consider the effect of different nadture of fillers on the course of

reactions during the fotmatIon 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 olyurethane it affects the structure of

metallic base (154], in particuldr the state of crystalline structure

of copper. The study of the adhesion of polyurethane coatings

(varnish UR-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 investigation of both of forms of the ccpper

foil showed difference in the state of crystal structure of copper.

This, possibly, and conditioned sharp difference in adhesion was

polyurethane to the surrace of tae 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,
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poly-isocyanate, etc. I work [JdJ is explained the effect of

hydroxyal number of polyetner/polyester and the addition of different

joints on the strength o liuing of duralumin of polyurethane

composition on the basis or "oesmodur TN"

(2.4-TDI+trimethylolpropaue) and "Desmophen-800"1. showed that with

the decrease of the hydroxyl numaer of "Desmophen-800" is increased

the strength of cementiny, waich 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 consiaerably decreased the shearing strength.
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Fig. 145. The effect of contet FezOJ on adhesion it is pclyurethane.

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

Page 233.

Inverse effect is reached duriny taie addition to polyurethane of

mono- and dioxybenzene, diiethyinydroxybenzene and especially methyl

and phenyl-substituted of etnoxyilane. The influence of additions on

the strength of cementing tne 4utklrs explain by the catalytic action

of some of them.

The study of the dejpendence ot the strength of the cementing of

duralumin by polyurethane on temperature showed that with an increase

in the temperature, at wnicn s conducted the cementing, is increased

€I
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shearing strength, reaching the maximum value with 1300C. The

investigated bonds are unstadbie to the action/effect of many organic

solvents and water. So, in acetone the strength of bond falls on 100,

in benzene - to 70, m-cresole dnu water - to 60, also, in gasoline -

to 7o/o. These results are contradictory to the data, which relate to

the adhesive strength ci expanded polyurethane to the metals and its

dependence on temperature and action/effect of water [1331.

Thus, application/use of polyurethane compositions as coatings

and glues gives good results and depends on a number of factors.

Primary meaning has a presence o± polar urethane groups. This

conclusion/derivation asserts itself in the examination of the

investigations, which concern an improvement in the adhesion cf

synthetic and natural rubbers to metal and wood during the addition

to them of isocyanates [253J. Good results are obtained during the

treatment of the cemented object/subjects (from metal and wood)

triisocyanate and by the subsequent deposition of glue from rubber.

The adhesion of some polymers to different surfaces is improved with

their mixing with poly-ibocyanates (251, 299, 309], especially with

the optimal impurity/admixture of triisocyanate. It is obvious,

isocyanate groups in a small quantity form the insufficient

concentration of the bonds between surface and glue, but, on the

other hand, the application/use or large quantities of isocyanate

hardens composition, decreases the flexibility of polymer chains and

jA
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thereby impairs the adaptability ot the latter to rigid surface.

Therefore the best results on adnesion will be always observed with

some optimal content of isocyanate, used as impurity/admixture to

other glues [2531 and polyurethane compositions.

Survey/coverage of works on tue adhesion of polyurethane

coatings and glues bears surrace cuaracter. In the examination of the

effect of components (polyetaer/poiyester, 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 or three-dimensional grid, which appears

during solidification it is polyurethane on rigid surface and defined

as by the nature of components 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 ddhesion of polyurethane coatings tc

different surfaces, one should approach/fit this question from the

point of view of the dependence 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

grid.

Page 234.
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Surface has noticeable eftect on the character of the forming grid as

a result of the fact that tae cuts of the chains between chemical

network points, possess.Lng noticeable flexibility, are capable of

being adapted to surface and of interacting with it. in this case,

are formed the additional physical bonds polymer - base whose

concentration depends on nature and relationship/ratio of components.

For investigation o a change in the structure of grid, it is

polyurethane in the presence of rigid surface was studied the

effective density of films, 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 tue copolymer tetrahydrofurane with 25o/o cf

oxide of propylene (TGF - 25o/o of OP) of the different molecular

weight of oligodiethylenelycoladipate (ODA),

oligodiethyleneglycolsebacate (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 formulas of adducts following:

I
Iq
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0 CH3

CH,-NH-LO-/ \-C

/ CH,S / it

CH,-CH,--C - -- CH.-NH---O- - NCO

\ 0 .CH,
CHn-- -- - NCO

Cl ) A TKt I

NH (CH,)-NCO

N- (CH,),--NCO
0= C/

\ NH (CH,-NCO

Key: (1). Adduct.

Free films it is PolyULetande they are obtained by casting the

composition on Teflon or lass, pre-processed so as to bring together

the adhesion of film tc surzace to minimum. For determining the

network density in the presence oL the rigid surface of coating, they

brought in to aluminum toi with a thickness of 14 p. The value of

the effective density oi cross-linking they characterized by the

value of average molecular weight between network points M,.

Are obtained dependences M, of free films and films on the base

of polyurethane coatings on the basis of TGF - 25o/o OP on molecular

weight of initial polyethec/polyester durinq relationship/ratio

NCO/Oh-3:1 (Fig. 146), and also on the relaticnship/ratio of

NCO/OH--group with moleculdr weight of polyether/polyester indicated

14
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above, equal to 1000 (Fig. 147).
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Network density on base is always more (less M), than free films,

which indicates the emergence of additional, physical bonds the

polymer - base. With an increase in molecular weight of initial

polyether/polyester (see Fig. 14b) with one and the same

relationship/ratio NCO/Ok by the decrease of the content of

NCO--group per unit of vC.ume and, therefore, with the decrease of a

number of the molecular bonds, caused by the interaction of the polar

groups with each other aud with base. With an increase in

relationship/ratio NCO/O, is ineceased the effective density of

cross-linking, which is completeiy regular, but furthermore decreases

the difference between 1. free film and film on base. During

relationship/ratio NCO/B=l4:1 in uoth cases M virtually it is

equal. It is obvious, during the smaller relationship/ratios NCO/OH

(with a smaller quantity o introauced chemical network points) the

adaptability of the cuts ot the caains between nodes to rigid surface

is more than during the large reldtionship/ratios NCO/OH, when the

presence of the excess of NCQ--group contributes to rigidity of

chains, as a result of tha course of secondary reactions with the

formation of allophanate and uiuret bonds. Therefore with smaller

NCO/OH is possible the tormatLon at a greater quantity of bonds
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polymer - base.

The decrease of a diriereace between M, in the free film and

film on base occurs, also, aurinq introduction to polyurethane

composition on the basis oi TLF - 25o/o of OP of the additional

structuring agent - trimetyioi propane (fable 67). The diffei ice

between M, free film and plaLe/bar on base decreases with an

increase in the quantity of introduced trimethylol propane.

*1{
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Fig. 146. Dependence Mc of fiias on the basis of TGF -25o/o OP on

molecular weight of polyerhat/poiyester: 1 - free film; 2 - film on~

base layer.

Fig. 147. Dependence ", ot ri~lms on basis of TGF - 250/0 of OP-1000[
on relationship/ratio NCO/Oi: 1 - ree film; 2 -film on base.
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Somewhat different atrtcts the effect of base the network

density of polyurethane iiiss on tne basis complex cligoesterglycol.

The introduction of the latter to grid must give in to an increase in

the number of intermolecular nysical bonds due to the presence of

the carbonyl group, capable oi reaction with the urethane grcups

through hydrogen bonds.

Dependence Al, of zilms on thii relationship/ratic of

NCO/OH--group for it is polyu-etaaie on basis of ODA of different

molecular weight (Fig. 14d) snows that for polyurethane on basis of

ODA of molecular weight oOj the uetwork density of free film is more

than on base.

During an increase in molecular weight of ODA to 800 effective

density of the cross-linxin o rree film decreases, which is

regular, but value M, ot Iraw Li.Ls and films on base identical.

This is bonded, obviously, with tue fact that the stronger the

interaction with the suttace or initial oligomerL changes shaping
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conditions for grid.

On one hand, with shaping ct tilm on the surface, it is

sufficient strongly wita .i wnacn interacts, cccurs the formation of

physical bonds polymer - surzace, that contribute the specific

contribution to overall networK uensity. On the other hand, the

reaction of oligomers ana gzowiny chains with surface leads tc the

limitation of their mcbility. In tais case, is possible the

deactivation of reaction centers and the increase of the velccity of

the break of reaction chaiUs ou surface, as a result of which the

denseness of the generating qzio decreases and the latter will become

more defective. The preseLlca oL uefects in grid logically depends to

a considerable extent cn tne tiexioility of units in polyuretbane.

so, with smaller molecuiar ,eigat of cligoeEter the flexibility of

the chain between nodes ia gria aecreases and should expect the

greater defectiveness cL grid. Tnerefore netwcrk density in film on

base can prove to be less tnan in Lree film, that also is observed.
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-fable 67. The effect of the addition of trimethylol propane on the

effective density of crcss-IiaiKmg it is polyurethane on the basis of

the copolymer of tetrahyazoturdn with 25o/o of propylene oxide.

AI, CHOi -t, nleKH
TM!!. 60;jon Ma flOAJO)-

n.eHhit ul) KC

0 2230 1100
25 600 460
50 450 300

Key: (1). free film. (2. tiim oa Dase.

200

I ~ 2

,25/1f 1,50/1 1,75/I NCOIO/H

Fig. 148, iependence M, of £i.as on basis of ODA on

relationship/ratio NCO/OH: I - tree film on OLA (ool. weight 600); 2

- film on base (ool. wei t 60U); J - film on base and free film on

ODA (rol. weight 800).
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An increase in moleculaL waiat o! oligoester raises the flexibility

of the cuts of chains, increasiag their mobility and even when to the

I:
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decrease of the defectiveness or grid. In this case, is increased a

number of bonds polymer - base ds d result of the best adaptability

of more flexible chains to zigyd surface. Under specific conditions

it is possible that the effective density of cross-linking on base

can become equal to the same for a free film, that also is observed

for it is polyurethane on Ddsis or ODA of molecular weight 800.

During further increase in molecular weight of oligoester, it can

seem that M, on base will necome less than M, free film, i.e., will

be observed the phenomenon, analogous examined for simple oligoester.

It is interesting tc trace tae effect of the nature of complex

oligoester with identical moleculaL weight on the network density of

the formed on their basis po.yurethane films. Is establish/installed

dependence M, on the reldtionshij/ratio of NCO/OH--group for

polyurethane coatings cn tue b asis of ODS (Fig. 149). The analysis of

Fig. 148 and 149 shows that witn one and the same molecular weight of

oligoester the effective density or cross-linking for ODA is more

than for ODS. Replacement or UDA Ly ODS leads to the decrease of the

content of carbonyl groups per unit of vclume and, therefore, to the

decrease of the concentration cf secondary bonds, which affects the

common/general/total networx density. In the case of the smaller

relationship/ratio of N ./0d--gou4, the effective density of

cross-linking on base is consideranly more than free film, which will

agree with above-stated presenataton/concepts.

-U
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The study of the effect ot aluminum base on the effective

density of the cross-liaxiag or coatings on the basis of

glycoxysilanes showed (78J ttar tn network density is determined by

the structure of glycoxysiiane, "y its degree of branching. At the

same time it is reveal/detected that after the solidification of

coatings the denseness ci tnexr grid in the presence of rigid surface

is changed during long time (Fig. 150). Al, free films do not depend

on time, while M, films ou udse somewhat decreases. Probably, in the

presence of rigid surface, snawing of grid continues slowly, that

also is characterized by pcolongea change M, in time. is possible

also the redistribution cf uonas in the course of time in quite

polymer film.
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Fig. 149. Dependence ., of codtings on the basis of ODS (mol. weight

600) on relationship/ratio MCU/Od: 1 - free film; 2 - film on base.
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For the investigation of the .ependence of the effective density

of cross-linking on the nature oz oly-isocyanate, are obtained the

films on the basis of tetrd(i etayleneglycoxysilane with the

utilization of adducts 1 and 2. it is shown, that absolute values

M, of films on the basis or auduct 1 are acre 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, it in films on

the basis of adduct 1 Mc on oase 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 tne molecule of the adduct of 2 methylene

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

three-dimensional/space grid, what provides a greater quantity of
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bonds polymer - base. The presence of aromatic groups in adduct 1

contributes to greater rigidity oi chains in grid, what decreases the

possibility of the formation or woads polymer - base conditions the

formation of more defective yrid.

Thus, the effective iaasity or the cross-linking of polyurethane

coatings in the presence or oase is determined by the nature of

oligoester, by its molecular weight, nature of utilized isocyanate

and by relationship/:cati ot NCt./ri--group. The factors indicated

affect the flexibility or chains it is pclyurethane, determining

thereby the relationshii/ratio ol jhysical and chemical nodes in

grid.

With the formation ci grid on surface cne should consider the

simultaneous course cf two processes: the fcrmation of the physical

bonds polymer - rigid surface, which must increase network density;

the limitation of the zotiliLy or growing chains as a result of their

reaction with rigid surface, which leads to the formation of the more

defective grid, which is cziaracturazed by a smaller number of nodes,

than such of free film.

A
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Fig. 150. Change M, in time tor polyurethane coatings on the basis

of dimethyldibutyleneglycoxysJane during different

relationship/ratio NCO/OH: I -1.5:1; 2- 1.75:1; 3- 2.00:1 (0-

free film; 0 - film on ease).

Key: (1). days.
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In the case of the prevalence of tne first process above the second,

we obtain M, the film, iormau in the presence of rigid surface

smaller than free film, wnica occurred fcr coatings on the basis of

simple oligoester. The increse ut rigidity of chains because of an

increase in relationshii/ratio Nk.;/OH and in introduction of

oligoester units with the 4roups, capable of reaction with urethane
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ones (for example, ester units), contributes to the course of the

second process, i.e., tc tae toriution of more defective grid

conditions increase M, of tue Lrin in the presence of base in

comparison with free file.

A change in the structure oi iilm under the effect of rigid

surface affects its adhesion. By us is studied the dependence of

adhesion it is polyuretadne on the network density and nature of base

[791 and it is made the attempt to determine the value of adhesion

which does not depend cn t±e secondary factors: the thickness of

coating, velocity of its st~catAticdtion and in connection with this

electrostatic phenomena 3J-

Is investigated the adni on of coatings on the basis of TGF -

25o/o of OP of molecular weiqnt 14OO and of adduct 1 to aluminum,

brass, steel and glass bases [7V]. Energy of adhesion is determined

on the adhesion meter AZS-2 L51J, in which was changed strength

measuring part and the kLdce of strengthening testing roller is

located on dynamometer. Ine coating being investigated will be

brought in from solution to testiug roller during its rotation and is

solidified at temperature of 800C. Testing rollers were made from

metal and glass and they adve tree running because of which the angle

of breakaway always remaius constdat and equal to 900. The position

of the boundary/interface of breakdway also is constant relative to
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the stratifying effort/force. DULing testing the edge of the strip of

the coating being investigatea taay reinforce in the clamp, which was

being moved with given seea whica can be changed within the limits

of 0.025-0.3 cm/s.

During testing with given specd of stratification, occurs a

smooth increase in the fixea/IcecoLaed effort/force (Fig. 151a4a), and

then the effort/force cL ,uea~wdy remains almost constant (Fig.

151WD). This effort/force cocresponds to the voltage/stress of

stratification in known uast±c& speed (Pt). From the averaged stress

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

at the given velocity cf stratitication, in reference to the unit of

the width of film.
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Fig. 151. Change in the etrort/ioLce of stratification in time at

given speed of stratificatioi.

Key: (1) . Effort/force of stratification.
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If we after the determiadti.ou of the effcrt/force of breakaway

with the known velocity of stzatirication stoF the

displacement/movement of cidmjp, tuen the stratification of film it is

continued as a result of ze.aatjou of the voltage/stresses in the

film, which leads to abbreviation ior the latter. Stratification

occurs to those pores. hkaite tti voltage/stresses in film will not be

equalized by the forces ofiat1erdction of the coating being

investigated with the surface ot roller - adhesive forces (Fig.

151e4),* after which the x-t~t.1Cdtion ceases (Fig. 151, point D).

The value of residual voltdye/stress, in reference to the unit of the
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width of film, the authoLs cdIL qadsi-equilibrium, energy of adhesion.

Figure 152 gives typical ta- cuzves of stress relaxation in films,

from which are calculated tau values of quasi-equilibrium energy of

adhesion (Table 68) .

Energy of adhesion aiiainishs in series/number steel > brass >

dural > glass, also, durinj an increase in the network density

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

Introduction to coatiangs ana glues of the compounds, which

contain isocyanate groups, usually leads to an increase in adhesion

(251, 299, 309). Therefore,tn% increase of adhesion with growth

NCO/OH and, consequently, aiso nttwork density it is logical result.

For clarity is represented tne dependence of energy of adhesion on

network density (Fiq. 15-J). For coatings with greater network

density, is observed critica± depndence of adhesion on the nature of

base despite the fact that a cuange in the network density during a

change in the type of rigid 6uriace is small. It is possible that

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

can be explained by difttreant reaction of bases with the investigated

coatings due to the dissim~lar character of the joining of functional

groups, which are located on tna surface of metals, with

polyurethane.
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lfable 68. Dependence of tha eaerj of adhesion (A01O-S erg/cm2) of

polyurethane coatings oL, tiiz dture of base, network density and

unstick speed.

NC/'if 2 I N(.(, 011 4 . I Nco )L 2: I C A1ahKoj 50% TMfl
( jA np CK4PCT P A lie4 CK 44i4), r 1,, 4T PN bI i ' -A flp c.,4OP4)TH 01 P~aocHnoOA a I t P. (M'K 44,44 

LW60 
M 

1 14A. F1 ..api pa6n-

(.3 1 . 0.,25 ... I ...... , 0.25 '..L P" 
o , {,tzp l

r 4.70 3.70 2.90 0.47 - 6.90 6.00 4.80 1:97 - 1 9,00 7.30 6.00 2.25JaTub /,  
4.50 3,75 2,65 0.34 350 6,50 49 4,50 50 250 2,5

.11opaib )3,30 2.65 2,00 0,34 450 3,15 3.00 2,90 0,75 220 3,50 3,30 3,20 0,67 110CTeKaO (1) 2.90 2.90 2.00 0.27 - 2,60 2.45 2.20 0.30 - 2.80 2.60 2.40 0,59 120

Note. Energy of adhesioa at uastick speeds 0.025-0.3 cm/s is

related to the thickness ot 0.11-0.12 mm.

Key: (1). with addition. (2j. oase. (3). A at unstick speed, cm/s.

(4). Equilibrium energy oi aasusiua, erg/cmz. (5). Steel. (6). Brass.

(7). Dural. (8). Glass.
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During the explanation t4 dependence of adhesion on the nature
of base, it is necessary to coasider following. it is known that the

surface tension of the materials o. the bases being investigated

diminishs in the same czaea as tnu energy of adhesicn, determined by
us for these bases (129, 2-13 (tabie 69). Substances with large

surface tension possess greater surface energy, which, possitly, and

A
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causes stronger interaction of investigated polymers with metals (in

particular, with steel), Landf with glass. The analysis of results

Table 69 shows that the eneigj or adhesion deFends on the velocity of

stratification. Furthermcre, with an increase in the thickness of

coating increases energy ou aunesion (Fig. 153, curve 1). An increase

in the work of breakaway with an increase in the thickness is

observed usually during tue utiiizdtion of a method of stratification

(31 and it is especially caaxacterastic for elastic coatings. This

phenomenon is bonded with te voltdge/stresses, which appear with

bend, and also with defcrma ion cz film according to thickness with

its breakaway from base. Thie wok4, spent on the deformation of film,

is increased with an inczease ia te deformation rate and the

thickness of film, affecting ttiLLey the work of the breakaway of

coating. Thus, for obtainiag the comparable results in the capacity

of adhesion it is necessa y to investigate the coatings of identical

thickness with the same veiocity or stratification. The procedure of

obtaining the films of iaeatical thickness is very complex.
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Key: (1). "equilibrium hoL" o al ,esionelO- s , erg/cm2 .

Page 242.

Furthermore, for evaluatLn3 the dcLaesion of the coatings of one

nature, but different networx desity even the identical thickness of

films always can ensure obtadiiny the comparable results, and since

the mechanical properties ot thes films are not identical, then also

the work which proceeds wita Laeir deformation with breakaway, it

will be different.

The values of quasi-ejuiiLi Lum energy of adhesion do not depend

on the thickness of coatin*s aild daLitial velocity of breakaway (Fig.

154, Table 70), what is cowplately regular result, since character

and strength of joining polymek - rigid surface is determined by the

structure of a comparatively tain layer of pclymer, adjacent to

surface (64]. Therefore ddaesiou is determined not by the thickness

of coating, but by the Latuza of Dase and by the structure of

polymer.

In terms of absolute value the value "of equilibrium "$energy of

adhesion, as can be seen from Table 68, composes 10-40o/o of energy

[. I
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of adhesion, determined at ifnal unstick speeds, which will agree

with conclusion/derivation [91J auout the decisive contributicn of

the work of deformation to the total balance of the work of

stratification.

On the basis of the aoove it is possible to expect that the

value of the quasi-equiliorium energy of adhesion during

determination of which are remove/taken the effects, bonded with the

thickness of coating, its detormation, velocity of stratification and

in connection with this clectrostatic phenomena, it more correctly

characterizes the value of intermoiecular interaction on interface,

than the determined usually work ot peeling pclymeric coatings from

rigid surface.

It was noted that the rigid surface exerts a substantial

influence on the effective aeasity of the cross-linking of

cross-linked ones it is poiyurethane. It is iDteresting to explain,

at what depth stretches the action/effect of base in the investigated

case. For this purpose, is carried out the definition of the

effective density of cross-linking both free films (obtained via

infusion to film from fluoroplast)and films on the materials cf

different nature [54]. 1he thickness of films varies from 10 to 300
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'able 69. Values of the surzace toeusion of some metals and glass.

(I1 TeMnf-p- (
BieT0 Ty p a onpe- "pt la

Bemecymo Tyj2e.,O l . duC rp .e~a

)Kee3o (- 1267 936 H.
e4i 1310 917 H2  (7)

Amo.mu.. 700 840 Bo3Avx
706 494 Ila pU' (2)

5W -170C ex.o ,, 135--7 Bo3 yvx

Key: (1). Substance. (21. Tempirature of definition, OC. (3). dyn/cm.

(4). Boundary of secticn. (5). iron. (6). Aluminum. (7). Air. (8).

Vapors of aluminum. (9). G.Lss.

Table 70. Change in the energy of adhesion with the speed of

stratification.

I Kaa pa_,-

S CKOOCTb Pa@a aA. HoBeC2.'
nOAAOJKK8 OTCJI-Ra e- re m

HMR. CMACeK / 10- r
P.'/c 

2  
x 10

- .

C'raA,-1) 0,300 6,84 0,56
0,100 4,68 0,60
0,025 3,73 0,54

JYaTy" 0,300 5,98 0,97
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 x10- s , erg/cm2 . (4). Quasi-equilibrium energy of adhesion

X10 - 5 , erg/cI2 . (5). Steel. (6). Brass.

Page 243.
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As can be seen frcs tne aepeuuence of value Me from the

thickness of film on basis oL ODA-1200 (Fig. 155), the effective

density of the cross-linxing or re film, i.e., the film, obtained

virtually in the absence oZ reacrion polympr - solid surface, in an

interval being investigatea it vos not depend on thickness. Value

,Me of films on bases to d consiaerable degree is determined not only

by the presence of rigia suwdica, but also by the nature by the

latter. In films on steft and brass, the adhesion of polyurethane

coatings to which is higher than to aluminum, difference in value

M, with free film is somiwaat higher than for aluminum. This is

obvious, it is bonded wita tae Ldct that in the case of brass and

steel is formed a larger nuaner or contacts of polymer chains with

surface, which decreases Me.

With an increase in the taicKness of coatings, the difference

between M, free films and rilmu cn base decreases also with the

thickness of 120 i and above M, in both cases they become identical.

These results ccnfarm conclusions about the fact that the effect

of riqid surface substatidi Is Leflected in structure of both

linear and cross-linked joLyMers It stretches at the significant

depth of polymer depending on nature and physical state of the latter

k 0 A
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[641. Therefore by us foL ootain.ia the comiarable results during

determination M,- of filas on Dsa are used films in thickness to 40

[54, 781. Is investigatea the aependence of the adhesion of

polyurethane coatings on tae nature of oligoester, and also its

molecular weight and netwoc densaity [783.

LII
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S2'

0 -

0.,r 0, 13 0,15 0,1f7 0, 19
Toujum,m'v (3)

Fig. 1514. The dependence or eaeLgj of adhesion on the thickness of

the coating of base made of steal with NCO/OH=2:1:

1 - unstick speed 0.025 cm/s; q4- uasi-equilibrium energy of

adhesion.

Key: (1) . Work of adhes.ioa*10F5 , acg/cmz. (2) . Thickness, mm.

14C
300-

220-
14 0 -- 21

0- 3

a 40 00 120 160 Z00 240 280
Tbe7uuwHvaO?Mtf (1)

Fig. 155. Dependence M, on tnicrtnass of film on basis of ODA-1200:

1 - free filmu; 2 - on steei; 3 -oin brass; (4 -on dural;
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Key: (1). Thickness- lu3 , ma.
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As oligoesters are taken olgodjenayleneglycoladipate of molecular

weights 600 and 120 (ODA-oUU and ULA-1200) and TGF - 25o/o of

OP-1200.

The dependence of value M, from relationship/ratio NCO/OH,

which characterizes the cuemical density of cross-linking for

coatings on basis of ODA-1200 (Fig. 156), shows that in all curves is

observed the more or less expressea minimum in region NCO/OH=2:1.

Obviously, initially with growtn NCO/OH cccurs an increase in the

effective density of cross-.Lan&ing, which was observed and it is

earlier [73, 79]. With hCU/Od=4:1 effective network density falls as

a result of certain decrease ot d number of chemical and physical

nodes. It is bonded with tne formation of defective chemical grid due

to the strong limitaticn o" mouilliy of chain at deep stages cf

reaction. With NCO/OH=2:1 tare etfective density of cross-linking is

greatest. This is reflected alc in the value of the

quasi-equilibrium energy ot adhesion, determined for the present

instance. As can be seen trom Fig. 157, there is an extreme

€A
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dependence between the vdiue oL duunesion and the chemical density of

cross-linking. with NCC/C=4:1 (small MA) occurs the greatest

adhesion. But if we present tau ueendence of adhesion on the value

of the common/general/todL, eLLective lonsity of cross-linking,

which encompasses chemicdl and physical nodes, then is observed the

symbatic dependence of enery or auhesicn on M, (see Fig. 157).

On the basis of Fig. 1t aau 157, it is possible to draw a

conclusion about the eftect or tho nature of base on the adhesion:

polyurethane coatings cn tne Dasis of oligodiethyleneglycoladipate

(mol. weight 1200)as coating in tae basis of simple oligoesters [79],

possess high adhesion tc gases wnta the greater surface energy

(steel, brass).

Is interesting to ccapare tae results according to the adhesion

of coatings on the basis of complex oligoester with the adhesion of

coatings on the basis ot simpie oLigoester of the same molecular

weight. Table 71 depicts Idtca according to quasi-equilibrium energy

of adhesion it is polycrehduae on aasis of ODA-1200 and of copolymer

to tetrahydrofurane oxide or projyiene from which it is evident that

the system of a change ci tae capacity of adhesion in dependence on

the nature of base is Identical. At the same time the adhesion in the

case of simple oligoesteL is higaer than for the same complex

molecular weight. This can De, cuviously, connected with difference
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in interaction energy ot polymer cnains with each other in both

cases.
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Me

300
260.

220

180

1 40.
100.1

125: :1, 2,00:1 4,00. f Co0/1

Fig. 156. The dependence ot va±iue A2 from the relationship/ratio of

NCO/OH--group for coatings on basis of ODA-1200:

1 - steel; 2- brass; 3 - aurdi; 4- free film.
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It is known that iLterWo~icu~dr interaction in polyurethane on

the basis of complex oligoesteL is considerably more than in simple

ones (114]. It is logicdl tnvctrore that the flexibility of the cuts

of the chains between nodes tor complex oligoesters is less and,

therefore, their adaptability tc surface worse than the cuts of

chains it is polyurethane an the oasis of simFle oligoester. In

connection with this a numoer or contacts polymer - the surface of

coatings on the basis of compLex oiigoesters will be less than on the

basis of simple ones, wilcn ledas to the decrease of adhesion first.
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It is necessary to still oaea in mind different reactivity of simple

and complex oligoesters, tudt mut be reflected in the structure of

the grid of those formed it is poiyurethane and during the adhesion

of the latter to diiferet suzzdceS.

For the investigation or t"id effect of mclecular weight of

initial complex oligoester on aunesion, are oktained the coatings on

the basis of oligodiethyleneadipatt of molecular weights 600 and

1200.
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0,30

0,20

0,15 4

3 25 1150 12,00.1 4,00:1 NC /0 1 M

17

tx0,30-

C25

Fig. 157. The dependence of quasi-equilibrium energy of adhesion on

relationship/ratio NCO/(DH (a) alid values ,At (b) for films on basis

of ODA-1200:

1 - steel; 2 - brass; 3 - 2aL; 4 - glass.

Key: (1). Quasi-eguilibriuu eenreg of adhesion o n0-. erg/c,?.
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Table 72 depicts the value oz the 4uasi-equilibrium energy of

# .
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adhesion of coatings on oJasis r UD A-600 and CDA-1200. Energy of

adhesion for ODA-600 in all case is more than for coatings on basis

of ODA-1200. An increase ot tna concentraticn cf polar groups per

unit of volume because or LIe aeckease of molecular weight of

oligoester and an incredse uz tnz: possibility of the formaticn of

bonds polymer - surface is tne Leason for the observed differences.

Let us examine the bonu Detween the determined experimentally by

value Mc and adhesion or coatiays on basis of ODA-600.

a change in experiMents± value Al, with growth NCO/OH for films

on basis of ODR-600 in the yresence of different bases (Fig. 158)

shows that the effective Jensity OL the cross-linking of free film is

more than films on the 6urtace ot orass and of dural, but it is

somewhat less than on glass anua steel. On the decrease of the

effective density of films on the oasis cf complex oligoesters of

light molecular weights in the J esence cf rigid surface in

comparison with free fiis, ads already '-een ccmmunicated (673.
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table 71. Dependence of tue ius-equilibrium energy of adhesion

(10-s erg/cm2 ) of polyuLetuauz coatings cn nature of cligoester,

relationship/ratio NCO/Ca dLa ot type of, rigid surface.

(I I. OaA-I2OX rr4 - 25,. onl 
flOA.'~- ___ _______

S1.25 :1 1.5 :1 1 2 :1 4 :1 2 .1 4 : I

CraJ16 '2 ) 0.23 0.28 0,28 0,28 0,47 1,97
Aalafib&( 0.22 0.26 0.23 0,20 0,34 1.50
10topp 0.16 0.25 0,25 0,17 0,34 0,75
C Koot V10,17 0,25 0,26 0,18 0,27 0,30

Key: (1). Base. (2). Steel. (J). brass. (4). Dural. (5). Glass.

Table 72. Quasi-equiliblluw energy of adhesion of polyurethane

coatings on the basis ct complex oligoester.

( ' ~ ~ [ N O • 0 1 )I K n~a 3 pa as o r~c a n p 6 o T a

[N O]- 0-aAre311e 10
- 5 , 

..3p c./,O.1mro-4 p NCO OH Ao,,C' (4" 5 (." ) I ( -7)

CTa ,t b'tTYH ,AlopaJib TCK.1O

O.A-1200 1,25: 1 1,17 0,23 0,22 0,16 0.17
1,5:A 1,24 0.28 0,26 0,25 0.25
2:1 1,50 0,28 0,23 0,25 0,26
4:1 2,16 0.28 0,20 0.18 0.18

OA-600 1.25:1 1,85 0.64 - 0,32 0.68
1.5:1 2,04 1,24 0,59 1,24 1.18
2,0: 1 2,22 1.45 1,24 1,27 1,33

Key: (1). Quasi-equilibrium energy of adhesion 1 0-5, erg/cmz. (2).

Oligoester. (3). mole/cmz. (4). steel. (5). Brass. (6). Dural. (7).

Glass.

Page 247.
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This anomaly they relate with tue effect of rigid surface on the

polymerizing processes, leadia to the formation of more defective

grid.

On the other hand, it is pQ.sible to assume tnat an increase in

the hardness of polymer cnadns uuA.Lng the decrease cf molecular

weight of oligoester ccnttiibuLes to smaller number of their contacts

with surface. The latter Ldct cau be checked during the determination

of adhesion. So, value le in iiijs on brass and dural is almost

identical and it is more tandl Zrree film, as can be seen from Fig.

158. However, adhesion tc duzdi they are investigated coatings

considerably higher than to orass (Fig. 159). Consequently, with the

formation of coatings cn i rass decreases a number of contacts polymer

- surface, in the case ct uuzal, the increase in the number of

contacts of polymer chains with 6uiface, which leads to an increase

in the adhesion in comrarison with brass, is simultaneously

accompanied by the decrease oi a number of nodes in volume, which is

reflected in value

Concerning steel and ji ss, in these cases is observed the

greatest adhesion of films on OD-o00 and the greatest effective

network density (see TaD.Le 71, eig. 161).

Thus, the decrease ci mo.LecCiUr weight of initial oligoester

i.1
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leads, on one hand, to an incruase in the adhesion, on the other - is

changed order in the series/nuuwar by the nature of bases,

establish/installed earliez tur uligoesters or basis of ODA-1200 and

simple oligoester (731. So, Ii dUnUsioi was changed in series/number

steel > brass > dural > j1ss ana was located in accordance with the

value of the surface energy ot tue materials being investigated, then

in the case of coatings on Dasis or ODA-600 this series has the

following form: steel > qids- > uural > brass.
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Mc
120.

10-

60 5' ,6 .I200IN O O

3

40 2

Fig. 158. The dependence of vaiue A from the relationship/ratio of

NCO/OH--group for coatings on basis of ODA-60C:

1 - brass; 2 - dural; 3 - yldss; 4 - free film.

A ,3-

~2ir0,5j

350 70 90 11,0

Fig. 159. Dependence of quasi-ejuLlibrium energy of adhesion on value

C for coatings on basis of ODA-600:
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I - steel; 2 - brass; 3 - auzal; 4 - glass.

Key: (1). Quasi-eguilibrium energy of adhesion * 10-' , erg/cM2 .
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The authors [54) assume tnad this inversion in series/number,

just as the dependence Of adesioa on the nature of the bases being

investigated, to a consideratle degree can be bonded with

structurization, which occur on interface with rigid surface,

determined by the nature of the ldtter and by structure initial

component of polyurethane.

Thus, the analysis oi scarce of works, dedicated to the study of

adhesion is polyurethane, it speats that the adhesive properties of

the coatings being investigated are determined, in the first place,

by their chemical structure, and namely by the nature of oligomeric

units, isocyanate, crosslinKing dyunt; the secondly, by the structure

of grid, which is generated duriny the solidification of coatings on

base. The application/use of unitu of different flexibility in chains

it is polyurethane and the bases of different nature - all this

changes the structure cL grid, tue relationship/ratio of physical and
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chemical bonds in it and at tne same time determines the adhesive

properties of polyurethane coatiuyg.

PROPERTIES AND STRUCTUBt Q1 eALSIOUMERIC POLYUPETHANE HIBERS.

Recently there have be-La dzveloped new materials on the basis of

the linear polymers, develop3iny unuer specific conditions properties

of elastomers, but under tna elevated temperatures or the influence

of the solvents of those aenaviag as common thermoplastic materials.

The discussion deals wita the polymers which in the conditions/mode

of exploitation develop fzastic operties in the absence of the

sufficiently strong/duradle chemical bonds, which unite separate

macromolecules into single threa-uimensional/space grid.

Such a high elasticity is monued with the flexibility of the

chains of the macromolecuies, waicn contain the groups which under

conditions of operation are iouna as at the temperature of lcwer than

the temperature of the vitritcation of these sections of polymer

chains. These systems will De called 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 polyuLethane fibers. The schematic

structure of such molecules is represented in Fig. 160. The soft

segments, formed by linear networKs, for example ty the chains of
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oligoesters. which form Part Gt olyurethane molecule, are under the

conditions for exploitation in highly elastic state. The temperature

of the vitrification of the riiu segments of the sections of

isocyanate component unaer noLmid conditions is considerably higher.

Thus, rigid segments ccmkose the nodes of physical

three-dimensional/space grid, wnica, as a whole is capable of the high

reversible elastic deformations and it is not capable of flow at

common temperatures.

Page 249.

An increase in the temperatuze leais to the decomposition of physical

nodes, and sometimes also weak chemical (for example, allophanate or

biuret), and system acquires caiaoility for viscous flow, which makes

it possible to process this polymer 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 temjeratures and are restored at low, they are

presented in work (342].

The described principle 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 whica by the methods of dry or wet

molding are the fibers (oL typ~e skandex, Lycra, etc.), which possess

high strength (0.6-0.8 y,-deaier), uy high reversible elongation

(500-800o/o) and by module/mociulus, two or three times exceeding the

modulus of elasticity ct ruar L1iiers. The difference for such

fibers from others synthttic ones, for examtle Folyamides, is in the

fact that the latter after extract acquire the oriented stable

structure, which does nct dsape~i after the release of tensile

stress, while polyurethaine tiwdrs are capable of spontaneous

reversible reset.

For a comparison aL6..vtz taVflre curves of the dependences of

voltage/stress from defcrwarion .Lor the criented poliamide,

polyurethane elastic andi cuaber iuers (Fig. 161).
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(t) Hanpagiuetwe 6,/mqwxu

( ) A'cm,~ue ceejfe~mbI

Fig. 160. Principle of the construction of the weristic urethane

elastomer from rigid and sott segme~nts.

Key: (1). Direction of stratcuiagj. (2). Soft segments. (3). Rigid

segments.j
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Elastic pclyurethane fibbrs can be obtained on the basis of the

three-dimensional/space cross-l.Laked :,nd therifoplastic polymers. They

strongly differ in their eiastic properties and are characterized by

high strength and elongation.
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Is shown the possiaility or ostaining on the basis of linear

ones it is polyurethane the iiaers, which possess the properties,

intermediate between highly elastic polyurethane draw plates and

fibers of the type perlon. Tais is bonded with alternating in the

polymer chain of the polyeti tr/poiyester and glycol units of

different nature and enteclng tLae compositicn of polymer in different

relationship/ratios [23, 2 ].

Fibers from elastic ones it is polyurethane it is possible to

obtain, as already mentioned, on the basis cf linear ones and those

partially cross-linked, WdS polyurethane. The process of

cross-linking in such systems, uowuver, does not change the character

of the solution, in which occur/L.Low/lasts the synthesis and which is

used then for processing/treatment, i.e., in solution is not observed

the gel formations, which imieues obtaining fiber. This fact of weak

cross-linking, characteristic ior obtaining highly elastic

polyurethane fibers, is the additional 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 reaction oi rigid segments.

Difference to maturing aeyrfes in spinning solutions it is

possible to illustrate as follows L2 9 7 ]. Let us examine the

dependence of ductility/tougnness/viscosity on the concentration of
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the solution of polyurethi4Lu iu dimethyl foruamide (Fig. 162) [297].

Curve 1 is characteristic LoL taw kolynier, obtained under soft

conditions during the reaction ul the mole cf palyether/polyester

(mol. weight 2000) and cf miole or uiphenylmethane diisocyanatf.
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Fig. 161. Failure diagrdm is - elongation fcr different fibers:

1 - oriented poliamide; - polyurethane; 3 - rubber.

Key: (1). Voltage/stress, 9/denler. (2). Elongation.
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Fig. 162. Dependence of uuctility/toughness/viscosity on

concentration of solution ot polymer in dimethyl formamide:

1 - on basis of polyetbyieaeyiycoldipate (mol. weight 20000) and of
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diphenylmethane diisocyandte; z - the same polyurethane, cross-linked

with hydrazine bridges.

Page 251.

Curve 2 characterizes tae prorCrzis of the solution of

macro-diisocyanate, obtainea frow the same initial products, hut

connected by hydrazine triages. in this case the

ductility/toughness/viscoity iancreases considerably faster with

concentration, which is expliaied oy the greater degree of branching

and intermingling of the coilea molecules as a result of the

cross-linking of chains wibn eacn other. The differences indicated

are even more visual, if we compare the ductility/toughness/viscosity

of the dilute polymer sclutics iu hexamethylFhosphoramide after

heating at different teuferatures. The

ductility/toughness/viscosities or Io/o solutions are virtually

identical, although initially taert are noticeable differences. This

is caused by the fact tnat in tne case of the weakly cross-linked

polymer during heating is ieasiule the break cf weak weak bonds under

the action/effect of scivent. Lne regulating cf the maturing degree

of fibers in spinning process by dpplying different crosslinking

agents gives the possibility to cuange the Frcpert i es of the cbtained

fibers.

k "
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Let us examine now Eoiae wecLudaical properties of elastic

polyurethane fibers. Let us elonyate, for example, highly elastic

fiber to the specific value (to iUi~o/o) and after this let us dump.

In this case, is observed hstertisis, shown in Fig. 163, for fibers

of Lycra.
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ig. 163. Failure diagram is - elooqation for fiber of Lycra.

Key: (1). Voltage/stress, g/ueLA1er.
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Fig. 164. Failure diagram - elongation for fibers of different degree

of stretch with repeateu drawin :

1 - Lycra; 2 - Viryne; 3 - rubDer (unbroken curves with loading,

broken - during removal cz ioaa).

Key: (1). Voltage/stress w.th eiongation 150o/o, g/denier. (2).

Common/general/total deyiee ot stictch, o/o.

Page 252.
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With repeated stretching tue cuive of the loading of the first cycle

no longer is reproduced and ±li/Lejts considerably below. This

indicates that the structure, waIca arose with the formation of

fiber, with the first drawriiA stronigly is changed, as a result of

which descends the voltage/stres6, necessary for repeated drawing of

the fiber. If according to uaizgaa elongaticn - voltage/stress for

fibers with different degree oL -s.etch is compared the value of the

voltage/stress, necessaLy LuL Lepeated drawing of the fiber to 150o/o

in dependence on the cCS&o0/qeCeLaI/total degree of stretch (Fig.

164), then for different eldstomers graphs substantially differ. / ith

repeated stretchings hyste ei 9 adually disappears.

These phenomena resewole the xnown effect of Mullins [92] fIr

the filled elastomers, dna they diso correspond to the effects.which

have described we in the exwination of the dependence of the

properties of polyurethane elastojers on temperature and solvents.

Differences in the elastic properties of polyurethane and rubber

fibers are visible alsc from Fig. 165 (281], where they are shown to

the dependence of voltage/stress from time during the different

assigned elongation, tc agiu durinag this elongation during 30 s and

to unloading. As is evident, in joiyurethane fibers at the initial

moments after unloading, aore rapidly proceed the relaxation

processes, especially durLIg hIgheL original elongation. Figure 166

gives dependence of the values ot elongation from time with constant
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load for polyurethane ana rubbec and some data on the amounts of

residual deformations.

From data on tempexature aependence of mcdule/modulus and

elastic after-effect after douul stretching to 300c/o after 30 s

after unloading (Fig. 10) it is avident that the elastic properties

of rubber little vary with tempaerture, and fcr pclyurethane such

changes are very significant. dtaly/actually, if for rubber

vitrification temperature iie/rests at regicn of -50--700 C, then fcr

the rigid units of pclyuretiuane tie region of vitrification is

located considerably above. This explains more high tension, are

necessary for the deformation ot Libers the snaller values of elastic

after-effect. Moreover, untii now, clearly are not

establish/installed the temperatures of the vitrification of the

so-called rigid units.
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Fig. 165. Trajectory in the voltaqo/stress with different degree of

stretch for polyurethane and ruDDer.

Key: (1). Voltage/stress, mg/dewier. (2). Time. (3). Polyurethane.

(4). Rubber.

Page 253.

Therefore the given reasonings aear thus far even qualitative)

character, although soue 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

urethane groups they are givea in apter IV.

The data on the depeuece or the physical properties of

polyurethane elastomeric tioers on their chemical nature it is small,
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since the majority of fibers is Lkh property of firms and their

chemical composition is not known to sufficient degree. However, it

is interesting to bring some proketies of fibers with an increase in

the concentration of rigid seyaeuLs (Fig. 168) (298]. As is evident,

in this case, grow/increases the module/modulus and falls elongation,

is increased also heat Lts.stance (in this case the temperature, to

which it is retained the staialiy of size/dimensions). The same

factors determine the rstoradbiii y of fiber after the removal of

load.

The data of regularties aie not specific in comparison with the

effect of the same factors tuo tnt jroperties cf polyurethane

elastomers and therefore, further to stop on them is inexpedient.

Hence, it follows that in elasto-eric fibers is inherent the

characteristic feature it is poll uethane: the structural grid,

formed by mobile service, is capabie of rearrangement under

deformation or effect oL tempeLdture, which determines its mechanical

properties.

In connection with the special feature/peculiarities of the

mechanical behavior of eiastic poiyurethane fibers presented it is

necessary to examine the scarce presentation/concepts of the

structure of such fibers.
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is up to now carried out dctudlly 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 rig.id and soft segments, which

generate the regulated and aisordered regions (Fig. 169).
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Fig. 166. the curves of thie reldXdtiOn of the deformation of

different elastomeric fiters.

1 - Lycra; 2 - spandex; J3 - Vicylie; 4 -rubber.

Key: (1) . Elongation. (4). r, hi.

500. 4 r00

~400-1 ~

-60
1 00-

-25 0 20 40 , 0C

Fig. 167. Temperature depeudencce of module/modulus arnd permanent

elongation of different eldstoneric fibers:

I - elastic reduction attar stratcaing to 300c/o for rubber; 2 - for

Lycra; 3 - module/modulus or ruouat; 4 - module/modulus of Lycra.
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Key: (1). Module/modulus wita JUUu/o, mg/denier.

Page 254.

This diagram completely corespoaus to the very old diagram of the

amorphous crystalline stractute at polymers, conducted even by Alfrey

[21 and based on model Gerhan - wernogross. Hcwever, in old models it

is assumed that the orderea and disordered regions were formed by the

links of the same chemical nature.

Bonart investigates polyureainne with the rigid segments of the

following types:

0 0 H H

A.~~~ ~ -0 ---- /\)-N--N-CH-CZ,-N-C-N -
H H H

H
_'--CH / N- ----

\ / f.- -NC 0

0 0 I H

B. --O--N-/-\-CH-/-\_N--N_-NC_ IN-

I IH H

H

- CH N-C--

These rigid segments are cross-linked with soft units by

1 ____MOM_
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ethylenediamine or hydrazizne. sort segments in that case are mixed

polyesters (I) or polyethers (ii). The author will remove/take X-ray

photographs was polyurethdna type A-I, B-I and B-II, since a polymer

of the type A-II is badly/poorly solute.
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Fig. 168. The dependence oi tue mechanical properties of elastomeric

fibers on the content cl tue rigid segments:

1 - elongation; 2 - module/moulus; 3 - heat resistance; 4-

permanent elongation.

Key: (1). Module/modulus wia, JQUo/o, y/denier. (2). Heat resistance,

0C. (3). Elongation. (4). Residual elongation. (5). Quantity of

diisocyanate on 100 g cf polyester, q.

Page 255.

The X-ray photographs of tie nonstretched and not to

heat-treated specimen/saapla saow wide amorphous halo with two

interferences.

K " -
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During elongation 500o/o i- polyurethane B-II, appears the X-ray

photograph, characteristic roz tioer as a result of crystallization

with 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 preferaoi Lnau arrangement 1" with two bridges.

In real system can occur diternatiag different arrangements of chains

relative to each other (tor example, 2 and 2'). The same picture is

possible for segments of toe type B.

The complex picture of tne thkee-dimensicnal/space arrangement

of rigid and soft segments ieads to the fact that during the extract

of polymer the orientation of soft and rigid groups can be different.

Bonart will show that during eicngation to 200-300o/o rigid segments

were oriented predominarLty 6iopLng to the direction of deformation,

whereas soft - along the direction of orientation (Fig. 171a).

Further stretching leads to tae reorientation of the rigid units of

chains (Fig. 171b).

It is interesting that during the heat treatment of oriented

filament are observed reldx~tion, which lead to the almost

full/total/complete disorientation of soft segments; the orientation

of rigid segments is not disturbed.
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Fig. 169. Diagram of the structure of the nz-e-;elongated fiber.

Pages 256-257.

The thermal stabilizatica or tiaeL', obviously, is bonded with the

decomposition of the part ot ccos.- connecticns in such a way that the

rigid segments begin tc L~e lurna.iied along the direction of

orientation. The deccmFosi~io1 or the part cf the bonds during

extract leads to the increase iJa the elongaticn resistance tc which

does not correspond tc 1dr~e testvwing force, which is bonded with

the known phenomena of sciteang uuder the action/effect of

voltaqe/stress, analogcus to ftSreIsiS with icad and unloading. In

this case one must take into accouant not only hydrogen bonds, but
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also possibility of the foratLioA of nodes as a result of the

reaction of the w-electrcas oi nzuzene rings. According to

roentgenographic data, latnice parameters in this case a=5, b=4,

c=12.5A, y=670.

However, in the X-ray paotoyraphs of sFecimen/samples of the

type A-I or B-I, is cbsetveu ouiy Varacrystalline arrangement of soft

segments instead of the crystadlriation, caused by stretching. This

picture corresponds to one equatorial reflex, which is joined with

the statistical arrangement or lians in the chain/network of

undertaken polyether/pclyestez. Tae intensities of the observed

reflexes can be changed dur.ang ditterent processing/treatment of

specimen/samples (during neating in .wter in the elongated state,

etc.). X-ray picture is changed also upon transfer from polyurethane

B-T to B-II. If for B-I eaZleaXes ae bonded with the specific

orientation of soft segments, aau 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 rigia sejmentz are characterized by noticeable

orientation. In order to obtadia inormation abcut the regulated

arrangement of one or the other forms of the segments of chain,

Bonart will develop some p ncaples of the thecry of interference and

will make the specific assumptions, concerning the arrangement of

these segments in space uuring tfia orientation of polymer.
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Fig. 170. Possible arraagamest or the rigid segments A (a) and B (b),

that leads to the formatioa or nparogen bridges.

Page 258.

Crystal structure CL iin~ar oihes it is pclyurethane as

polyamides, it is substantidliy determined by the system of the

hydrogen bonds whose arrajement in the case in quastion also must be

S



DOC = 79011113 PA( 4,- M7

regulated in space. FiguLe 17.z givs the possible diagrams of the

layout of hydrogen bonds, jased oi Fig. 170, which can be compared

with the results of roent~enograpn±c investigation for segments of

the type "A "and B. As can ue seea from diagrams, most different

possible arrangement of tne nyurogen bonds between chains.

The X-ray analysis or tue structure of elastomeric polyurethane

fibers is given also in work [22b]. The authors will examine the

structure of the linear polyurethane elastomers, formed from rigid

and soft units on the basis ot simple and polyesters with molecular

weights of 1000 and 400U.

--- -- --- .
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Fig. 171. Diagram of th,. L~r aiongated approximately to 200 (a)

and 500 (b) 0/0.

Page 259.

In the disoriented state ot rae X-ray photograph of polymers,

show diffusion halo and da)sun'e oL structure. With atretching appear

the discrete reflexes, waictI d1ijapear during the removal of load.

The authors assume that tuie redsoi for the high strength of fiber in



DOC= 79011113 PAAp

+he elongated state is thu ccystaiiization with the stretching of the

soft segments which cosios 10-d o/o of entire polymer. Let us recall

that Bonart observed on andlojous elastomers during elongation to

200o/o virtually full/tutii/cumkete crystallization of soft segments

and the systematic distrLiution uz hydrogen bcnds. The quantitative

bond between the degrees ot the cLystallization of soft segments and

drawing depends on the cheaicdi ndcure of polymer.

However, the authors consid=L that the appearing with synthesis

regular arrangement of sott duo riid segments in chain and appearing

with the stretching of tiaer pictuLe make it possible to expect the

specific ordering, alsc, in r-na ue-elongated material. In this case,

they assume that with the stcetcuing of chain they slip relative to

each other, while the stLOaq uipoie eactions between rigid segments

do not begin to impede this sliding.

For the check of this ypyotue~is X-ray investigations at the

small angles of elastcmers oI simple (Lycra) and on it is complicated

(Dorlastan) polyether/pclyestaLs. On the diagrams of the small-angle

scattering of fibers with uninterrupted scattering for the

ne-elongated preparations, are visible crescent-shaped reflexes at
C C,

equator, which correspona to perioas 60 A for Dorlastan and 47-50 A

for Lycra. For Dorlastan there aie two additional wide sickles on
Ameridian, correspondinq to u/srance 71 A. In spite of this the
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authors are not inclined to cousiaer initial materials as those

regulated, &ao-Im after their tlhee-hour extraction by methanol the

reflexes indicated disappear. They, obviously, are bonded with the

extracted substance. But tne extracted preparaticns develop all the

same discrete small-angle scattering. Such meridian reflexes can be

bonded with the periodic oscillatons of density in the direction of

fibers whose average/mean periodicity comprises 95 A for Dorlastan

and 130 A for Lycra. With stretching appear sharp reflexes. This

gives to the authors the toundation for concluding that in

polyurethane elastomeric tibors there are scme types of structures,

which depend on the comosi ion of polymer and degree of its

stretching.

In connection with tue proui w of elastcmeric fibers, again

arises a question conceiag hydrogen bonds in the polyurethane

elastomers which in large measure aetermine the structure of fiber.

However, it should be noted that, ror example, Fink [298] together

with hydrogen bonds is added specitic value tc the common van der

Waals reactions between tue soft segments which, in his opinion,

determine the effects or repeated aeformaticn. It considers that for

the overcoming of these bonas, which do not disintegrate completely

during deformation, is skeut the additional effort/force as a result

of the preservation/retention/maintaining of certain degree of

cross-linking accordinq to the paysical bonds which after the removal

of load prevent the reduction of initial size/dimensions.
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Pages 260-261.
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Fig. 172. Structure of cross connections between rigid segments A (a)

and B (b).
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Page 262.

Presentation/concepts Hiai will agree well with our about the

thixotropic structural gid whica determines Lasic properties it is

polyurethane, and with tne results of the rheolcgical investigations,

which indicate the important roia of common physical reactions in the

elastic properties of cligomers it is polyurethane. Really/actually,

Rink it considers that witu an increase in the temperature the

strength of hydrogen bonds rails, moreover for rigid segments this is

developed especially strongiy at 130-190 0 C, in consequence of which

physical bonds disintegdta, Dut taey retain capability for reduction

during a temperature decrease. 4e already ncte that this is - typical

special feature/peculiarity oi eastoplasticswhich determines the

possibility of the formation of LiLers and thermal stabilization of

the structures, appearing with moiaing.

We will reveal/detect also the effects, konded with the

decomposition of bonds in region of 400C, substantially affecting the

properties of elastomers. Specific properties it is polyurethane (for

example, high resistance to aDrasion), that are inherent in bcth the

rubbers and thermoplastic Liners of the type perlon, characteristic

for elastic fibers. In the opinion Rink, high resistance to abrasion

and decomposition under the eatec. of the voltage/stresses of

polyurethane fibers in ccmparison with common ones is the result of
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further cross-linking as d res.it of the formation of hydrogen

bridges in rigid segmentz. Under tAe effect of mechanical stresses

the partial possible decomposition and the reduction of the bcnds

between rigid segments, balch is iwpossible fcr the chemical bonds

which after decompositicn no longer are reduced.

Consequently, the tcrmdtion of the physical structural grid

whose irregularity as a result or the structure of chain and

structure of rigid segment is considerably more than in ccmmon

rubbers, determines the tasic physical properties of polyurethane

elastomeric fibers.
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Page 263.

CONCLUSION.

The problem which pldce to themselves the authors in this

monograph, is the estatlishmeut of the physicochemical special

feature/peculiarities ot aeuavior was polyurethane and the

explanation of the reascns, diir.erng this class of polymers from

others. The study of this question is important, first of all,

because polyurethane are tne on±y class of the polymeric compounds on

basis of which it is pcssiole to obtain virtually all valuable types

of polymeric materials - LuDoer6 and plastics, common and elastomeric

fibers, glues and coatings, sealing compounds and foamed plastics,

etc.

The analysis of structure is polyurethane, the explanation of

basic laws governing theiC ZoLmdtion, the study of the mechanical and

physicochemical properties of linear ones and three-dimensional it is

polyurethane and the prcerties of insulated circuits they make it

possible to now establish/instaii the reasons on which the

polyurethane occupy special position among other polymers. It is
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determined by two basic factors: aiversity of the chemical structure

cf polyurethane chains and oy siecific structure of the polymer

chain, which is determininj the structure of polymers in unit.

Distinctive features oz caemical structure it is polyurethane

they are determined by applicctaun/use for their synthesis of

diisocyanates which are uai ue in the diversity of the chemical

reactions in which they can accept collaboration. The use of

diisocyanates of different cnem Lcdi nature (aliphatic, aromatic,

cyclic, etc.) considerably expands the possibilities of the variation

of the chemical structure of tnose synthesized it is polyurethane.

Application/use as the secona component of the pclyfunctional

compounds of the most varied clases - from low-molecular glycols to

cligomers and copolymers wit, yn roxyl end grcups - leads to this

diversity of the final caem.Lcai structure of polymers, whatever is

observed in one of other ciasses of polymers. Entry in the chain of

polyurethane many types oi iunctional groups and structural units it

makes it possible to widely vary tue properties of polyurethane

materials.

The additional possi1ailiies of changing the properties it is

polyurethane they are bcndea with application/use for their

cross-linking of different ii uheir chemical nature compounds,

capable of interacting win the isocyanate or hydroxyl groups. As a
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result this content in the end pcoquct of the reaction of urethane

groups it can be very insignizicdnt. From this point of view,

polyurethane generally cannot ue considered the single class of

polymers (as, for examFe, polyamiues or polyacrylate), since only

common/general/total siin is tnE presence in the chains of urethane

grouping.

Page 264.

Another special feature/peculiarity of chemical structure it is

polyurethane it consists in tae zact that for their synthesis are

used the oligomeric units, waich are actually the low molecular

polymers and independently possess the combination of the

physicochemical properties, to tne inherent polymers. Application/use

of oligomeric units of dizferent cnemical nature and, therefore,

different flexibility or polymer caain 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 madei it possible to widely change

properties it is polyurethaie, that also determines the possibility

of obtaininq of them an entire gamma of polymeric materials.

Meanwhile the principle cf alternating units, specific for is

polyurethane, still little used in practice. Is insufficiently

carried out investigaticns ii tn development of the methods of the
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synthesis of poly-block ones it is polyurethane, in which together

with alternating of clijoseuic and diisocyanate unit on chain is

realize/accomplished anctL diteLnating of units themselves -

simple, ester, copolymer, etc.

By certain demonstration ot the principle of alternating units

for the modification of roerrttis it is polyurethane it is the

introduction to polyurethdnd of units on the basis of oligodiene with

the terminal hydroxyl grcups, which leads to cttaining of elastomers.

Obtaining oligourethanedcryidte with terminal double bonds will lead

to the appearance of a ziew class or polymers - polyurethaneacrylate,

matching properties was jolyurtuiaue and polymerizing plastics.

Thus, the special fedture/peculiarities of chemical structure

and the possibility of impartlng to polyurethane different properties

are determined, first ot all, ay tue wide circle of the initial

compounds, used for synthesis it is polyurethane and relating to

different classes. It is possibLe to say that there is no problems it

is polyurethane as such, exists the problem of initial compounds for

the synthesis of the polymers, waich contain urethane groups.

Really/actually, in view of the aiversity of the chemical structure

of the molecular units, wach belong to different classes

(polybutadienes, polyetner/polyesters, etc.), the polyurethane,

obviously, cannot be considdeKd ds single class, on they must be
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considered more widely az ta qroue of the polymers of different

classes, for which common/enerai/total is the presence in the chains

of rare urethane groups - NCOu -. Even collabcration in the synthesis

of diisocyanates - not uecessdry conditions fcr obtaining it is

polyurethane, since are -,,ss±a± nonisocyanate methods of synthesis.

Page 265.

In the examination cL tae spcial feature/peculiarities of

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

necessary to focus attention on the flexibility of pol~mer chains and

intermolecular interaction betwten them. The nature of glycol and

isocyanate units determines flexiDility of the individual sections of

chains and intermolecular iateractions between them. This leads to

manifestation with polyuretnane oi the properties of elastoplasts or

thermoplasts. In the case of poiyuLethane elastoers, a change in

molecular weight of polyetner/polyester unit serves as one of the

basic ways ef the regulatiny ot tae properties of three-dimensional

grid. The capability of unit ior crystallization, which depends on

mlecular weight and chemical nature, in the final analysis

4-','mines the Dhase state oL polymers and the level of their

r, q,-ular organization.

• ty)f tbc aeteroaood in chain of polyurethane it



DOC = 79011114 PA.E

substantially affects their Zlexiality. The examination of data

according to internal rotation in organic molecules shows, in

particular, that the internal rotation around C-O-bond is facilitated

in comparison with rotation drounu bond C-C. Therefore it is possible

to assume that the polymer cnains with heterobond of the X'"
polyethers possess incredsea flexibility.

On the other hand, tne presence of the strcngly interacting

groups in chain must cause an increase in the barriers of internal

rotation and becoming rigid or cndin. The ccmtination in one molecule

of different types of bonds, most typical for it is polyurethane, is

determined the complex chkarctti. oz the dependence of the flexibility

of chains it is polyurethane on taeir chemical nature.

Great effect on the capacity of molecules it is polyurethane to

a change in the conformations .Ia .ad its own flexibility of

oliqomeric units whose ccnar-iution to the flexibility of chain is

predominating. This very is substantial from that point of view, that

the manifestation of the ftexiaility of molecules in polyurethane

grids is not the exceptional resuit of the crcss-linking into long of

the sequence of short cligomeric cuains, but the result of its own

flexibility of oligomers. its own Llexibility of oligomeric units and

possibility of strong intermolecular interactions between units is

represented by essential ieature it is pclyurethane.

I .
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In three-dimensionai/space grid it is polyurethane they are

possible together with tae cnemicdl and hydrogen bonds between

urethane and other grouis Lae common Van der Waals reactions between

the cuts of chains in riding-crop. The presence in the grid of such

reactions whose degree depends on the chemical network density,

changes the barrier of rotation and, thus, the flexibility of the

cuts of the chains between uode.i even when the distance between nodes

exceeds the value of thermodynamic segment found for the nct tonded

in grid high-molecular chains.

A question concerning the role of intermclecular interactions in

polyurethane very important, ouz specific character is polyurethane

in this respect it is deveioped is only in the examination of

three-dimensional cross-linKed ones polyurethane.

Page 266.

The diversity of functional groups in chain creates great

possibilities for the formation ot the molecular bonds of different

nature and energy from hydrogen ones to Van der Iaals ones. The

significant role of such interaolecular interactions in the

three-dimensional grid especdlly characteristic of pclyurethane
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elastomers. It is obvious, sucn 4etctions are not eliminated also for

other rubberlike materiais. It snould be noted that if to the problem

of intermolecular interactions ini the linear polymers was given

always much attention, then tnese 4uestions were insufficiently lit

in connection with three-dimensional polymers. The examination of the

defects of grid and formation ol wrapping and engagements of chains

to a certain degree consiaer tause reactions; however, not from the

point of view of the formation o molecular bends. Polyurethane are

the system in which the role oi intermolecular interactions in grid

project/emerges especially distinctly.

One of the basic special reature/peculiarities of the structure

of the grid of three-dimeasiouai ones it is pclyurethane it consists

in the fact that in it tne wdan roie belongs not to the chemical, but

physical nodes, formed as a result of intermolecular interaction with

the collaboration of dirzivrnr tuactional groups of molecules.

The effective density oi cross-linking in polyurethane is

determined mainly by the secauary physical bonds, which are

generated in three-dimensiondl jrii As a result of the reaction of

chains with each other. Ihe large role of physical reactions is

confirmed by the determinations o the energy density of the cohesion

of polyurethane rubbers wnue values are higher than for common

rubbers.

Al
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The strong moleculaL 0ooUs, which generate in polyurethane

uninterrupted three-dimensional/space gzid, ir the specific cases

lead to the fact that the iiaedr polyurethane, "cross-linked" only

with physical bonds, develop tae properties, usually characteristic

only for the chemical cross-1inxed linear networks.

Another special feature/pecul..arity of the structure of

three-dimensional/space gri it is polyurethane it consists in its

high mobility, i.e. capability tor rearrangement under the influence

of temperature or the mecadnical effect. This conclusion follows from

the anomalous temperature dependence of the elasticity modulus of

such grids and from data of taermodynamics highly elastic

deformations. The decompcsition of molecular bonds in grid during

heating or deformationE ledds to a increase in the distances between

network points. The capan.iity cL grid for decompcsition and

rearrangement under the etzect oi temperature, solvents and

mechanical loads gives grounds to examine a similar grid by analogy

with the thixotropic structures, well studied in colloid chemistry.

This presentation/conceit wil. agyee well with the results of the

investigation of the flcw projeties of oligomers and

macro-diisocyanates which confirm the high degree of thixotrcpy

already in oligomeric systems.
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Page 267.

The presence of mciia structural grid in polyurethane

conditions many specific properties. It is obvious, by the

comparative lightness/ease or lecomposition and subsequent reduction

of grid it is possible rc explain capability of polyurethane for

self-healing of defects curing d etormaticns. Really/actually, with

deformation, which especially intensively is developed in the places

of stress concentration, occirs the noticeable decomposition of grid,

as a result of which occurs seemingly thixotrcpic transition of

polymer of the highly elastic to viscous flow state. Possible under

conditions of act/effecting tne aeformation flow leads to the curing

of defects in the most strainu jiaces. In this case, the load is

distributed again more evenly dua again are reduced the destroyed

bonds.

The mobility of grid contrioutes, obviously, and to

comparatively rapid equilibrium establishment and new structure,

which corresponds to state ot strain. This will occur, if the rates

of deformation and rearrangement or structure are compared. Then in

system during deformation is establish/installed the new equilibrium

as a result of which at each stage of deformation will have to spend
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work not only on the stretcainy oi chains, but also on the

decomposition of network points. Tuis differs polyurethane from other

elastomers where the decomposition is bonded predominantly with the

deformation of chains.

The account the specidl ieature/peculiarities of the

physicochemical behavior is pc yurethane 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 problem lie/rests through the study of

mechanical and other prcierties ot surface layers is polyurethane. It

was recently establish/installea [22], that wear with fricticn are

accompanied by the noticeaule rearrangements of the structure of the

surface layer of polymer. Uuuer certain conditions this rearrangement

leads to the structure, more rsistant to abrasion. Molecular

mobility in surface layers an structure of the surface layers of

polymers differ from the same in volume (64, 76], which is bonded

with the isotropy of the distribution of molecular bonds in Yclume

and its absence in surface layer. These facts together with the

consideration of the special roie of physical reactions in

polyurethane grids make it possle to present abrasion it is

polyurethane as the specific reiaiation processes in surface layers,

bonded with thixotropic decomposition and reduction of the structure

of surface layer.
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The examined in this wonograpa laws governing the change of the

properties it is polyurethane with structure variation and

explanation of the series/aumJut~i oi the reasons for their specific

behavior they give the ossiDility to disseminate the principles of

the construction of polyuretnaue caains to cther materials, and the

realization in them of the series/uumber of the characteristics,

which are inherent in polyuLetaIae, will make it possible to

fit/approach the creation or the wide circle cf polymers and

polymeric materials of different chemical nature which will possess

the most valuable properties, which are inherent in polyurethane, and

will be deprived of their aezacaencies.

Page 268.
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