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Miscibility of the polyurethane elastomer with poly(vinyl
chloride)
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An influence of interfacial interactions on the morphology, thermal stability and mechanical properties
of the polymer blends derived from oligoethers based poly(urethane-urea)s (PUU) elastomers and
poly(vinyl chloride) (PVC) were studied. The polymer blends were produced via solution-cast technique
using N,N-dimethylformamide as a solvent. In accordance with DSC studies the polymer-polymer
compositions with strong interfacial interactions and a size of dispersed PVC phase of 30—50 nm
which uniformly distributed in elastomeric matrix are characterized by single phase transition
temperature. Otherwise, for the compositions with weaker interfacial interactions were identified two
glass transition temperatures and a size of dispersed PVC phase increases up to 2 Um. TGA thermograms
demonstrate the enhanced thermal stability of the blends in comparison with neat PUU and thermal
degradation process proceeds in three stages. The comparative analysis of experimental composition-
dependent tensile strength at break curves with theoretical (additive) ones has shown an impact of
interfacial interactions on physical-mechanical properties of the compositions. Finally, the tensile
strength values determined for nanoheterogeneous composition with PVC content of 30 wt% grows by
30 %.
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Introduction.

Polyurethane elastomers (PU) that consist of immisci-
ble hard and soft segments are well-known as versatile
polymers because of variety of their compositions and
unique properties, such as biocompatibility, frictional re-
sistance, softness and low-temperature properties. PU
polymers find industrial application as a component of
polymer blends. A special interest attracts the recipes
based on PU and poly(vinyl chloride) (PVC) because of
possibilities of regulation of interfacial adhesion and struc-
ture of the components as well as physical-mechanical
properties of polymer materials in accordance to require-
ments. Miscibility between the components of aforemen-
tioned polymer-polymer blends is controlled by specific
interfacial interactions between 0-hydrogen of PVC and
carbonyl group of another polymer. Binary blends are
characterized by enhanced hydrolysis resistance, long-
term exploitation ability and lower cost compared with
commercial polyurethane based thermoplastic elastomers.
The PU/PVC blend systems are typically used in several
applications such as coatings, artificial leather, adhesives
and materials for medical uses.

The chemical structure of soft and hard segments of
polyurethane block copolymers has a great impact on
phase separation processes, compatibility with chlorinat-
ed polymers and mechanical properties of the composites
[1-6]. Poly(ether-urethane)s synthesized from

poly(oxypropylene glycol) (PPG) are immiscible with PVC
and its blends are characterized by poor mechanical prop-
erties in all compositional range. Poly(tetramethylene gly-
col) (PTMGQG) segments of PUU are partially compatible
with PVC resulting in increased glass transition tempera-
ture of corresponding flexible segments. However, poor
miscibility could be overcome by introducing highly po-
lar urethane-urea hard segments into PUU structure. It
was found a great impact of a structure of both diisocy-
anate and a chain extender of urethane-urea hard seg-
ments on the interfacial interactions of PUU with PVC [7].
Structural asymmetry of hard segments and weak intrado-
main H-bonding in PUU improves interface interaction
energy between PUU and PVC components. Nanopartic-
ulate PVC phase (content 30-40 wt%) playing a role of
physical cross-links in elastomeric matrix improves the
tensile properties of the final composites. Otherwise, in-
creasing thermoplastic PVC content in the polymer blends
reduces an interfacial adhesion and mechanical proper-
ties of composites moderately.

Extensive studies of interfacial interactions and fea-
tures of a formation of nanoheterogeneous structure in
PU/PVC systems are conducted during last years to
achieve novel functional characteristics for polymer-pol-
ymer nanocomposites. Previous experiments show that
strong H-bonding network [7] between polar urethane and
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Table 1. Compositional characteristics of PUU

Table 2 . DSC characteristics of PUU-1 and PUU/PVC

Sample| Oligoether Chain Viscogity D;ensity,3 blends
extender |[n], [m’/kg] 10° kg/m Sample To, °C| Tp,°C T3,°C T0,°C
PUU-1| PTMG DMDA 0,085 1,120 PUU-1 -54 117 - -
PUU-2| PPG TDA 0,062 1,105 PUU-1/PVC| -30 - 78 41
PUU-3| PTMG HMDA 0,125 1,097 PUU-2/PVC 1 - - -
PUU-3/PVC| -4 - 83 -

urea groups of PUU and PVC provide a formation of na-
noheterogencous structure of the composites containing
up to 3040 wt% of PVC.

The aim of the present work was to study an effect of
chemical structure of PUU on morphology, thermal stabil-
ity and mechanical properties of the polymer-polymer
composites containing 30 wt% of PVC.

Experimental.

Materials.

PPG (M, =1000) and PTMG (M_ = 1000) were used as
received. Tolylene-2,4-diisocyanate (2,4-TDI) was puri-
fied by distillation under reduced pressure according to
standard procedure. 4,4’-methylenedianiline (DMDA),
tolylene-2,4-diamine (TDA) and hexamethylenediamine
(HMDA) as chain extenders were used. PUU used in the
studies were produced via conventional two-step pre-
polymer approach in N,N-dimethylformamide (DMF) so-
lution. Compositional characteristics of PUU were sum-
marized in Table 1. Poly(vinyl chloride) (M = 8.0-10%)
with chlorine content of 56.3 wt.% was selected for prep-
aration of the polymer composites. Pure poly(urethane-
urea)s as well as PUU/PVC composite film samples were
prepared by casting of DMF solutions on a Teflon sub-
strate. Obtained films were dried at 50 °C in oven to a
constant weight.

Characterization.

The glass transition temperatures (7' g) of the samples
were measured using a differential scanning calorimeter
DSC-2M in the temperature range from -100 to 200 °C ata
heating rate of 2 °C/min. The morphology studies of the
composites were performed by JEOL JSM 6060 LA Scan-
ning Electron Microscope. Thermogravimetric analysis
was performed on a TG 50 Mettler Toledo analyzer oper-

ating in dynamic mode at heating rate of 20 °C/min. Me-
chanical properties were measured with a tensile tester at
room temperature. The intrinsic viscosity [ ], was meas-
ured at 25 °C in DMF.

Results and discussion.

It is known that the chemical structure of soft and
hard segments PU has a great effect on phase separation
and domain structure of polyurethane block copolymers.
An effect of urea units on domain structure of PUU is
related to differences in polarity of hard and soft seg-
ments as well as hydrogen bonding between C=0 of urea
and NH groups of hard segments. In the case of structural
asymmetry of hard segments a formation of domain struc-
ture could be hindered significantly due to disordering of
the structure.

The miscibility of PUU with PVC (content 30 wt%) was
investigated by DSC (table 2). Phase separation between
soft and hard segments of pure PUU-1 leads to appear-
ance of glass transition temperature of amorphous oli-
goether phase with 7 =-54 °C, T, of the hard domains at
117 °C and a endothermic peak of melting process at the
temperature of 190 °C. PVC component has glass transi-
tion temperature (7 wat about 70 °C. The PUU-1/PVC blend
is characterized by higher T R and appearance of glass
transition of mixed phase (T i ) at41 °C. It means that pol-
ymer-polymer system became a partially compatible. The
T, value is attributed to combined glass transition of do-
main structure of PUU-1 and PVC phase. As we suppose a
growing 7 is due to restriction of segmental mobility of
PVC polymer chains as a result of their intermolecular in-
teractions with hard segments of the elastomer at inter-
face. Enhancing mutual diffusion of macromolecules of

Fig. 1. SEM images of PUU-3/PVC (a), PUU-1/PVC (b) and PUU-2/PVC samples (¢)
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Fig. 2. Deviation of experimental tensile strength at
break from theoretical ones for PUU-2/PVC (/),
PUU-1/PVC (2) and PUU-3/PVC (3) compositions

both polymers because of its interactions improves inter-
face adhesion of compositions studied. The PUU-2/PVC
blend is characterized by a presence of a single glass tran-
sition temperature, which indicates onto enhanced com-
patibility between polymers. Stronger interfacial interac-
tions in PUU-2/PVC compared to PUU-1/PVC composites
was confirmed by FTIR spectroscopy analysis [7]. The
PUU-3/PVC blend has two glass-transition temperatures
due to typical biphase structure of the compositions.

These conclusions were confirmed by the scanning
electron microscopy analysis. The effect of interfacial in-
teractions on a size of PVC phase dispersed within elasto-
meric matrix is shown in Fig. 1.

SEM image of heterogeneous PUU-3/PVC composi-
tion demonstrates an average particle size of dispersed
PVC phase as much as 1-2 pm (Fig. 1a). Enhanced com-
patibility between PUU-1 and PVC reduces averaged size
of PVC particles to 150 nm (Fig. 15). Stronger interfacial
interactions in PUU-2/PVC blend (Fig. 1¢) increase con-
tact surface area and decrease a size of PVC particles to
nanoscale (30-50 nm) and as a result the nanocomposite
forms. Nanoparticulate PVC phase playing a role of phys-
ical cross-links and maximal strengthening effect was
achieved for PUU-2/PVC blends (Fig. 2). For PUU-1/PVC
and PUU-2/PVC composites a difference between experi-
mental tensile strength at break values from theoretical
ones (A 0) reaches 24-30 %. Weaker H-bonding network
in PUU-3/PVC system promotes a formation of biphase
structure.

Conventional polyurethanes are known to exhibit small
resistance to heat, whereas thermal stability of PU/PVC
blends demonstrates contradictory results. Typically PVC/
PU blends have lower thermal stability than neat elas-
tomer [8]. The reason of better thermal stability of some
PVC/PU blends can be explained by analysis of specific
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Fig. 3. TGA curves of PUU-1 (/), PUU-1/PVC (2),
PUU-2/PVC (3) and PUU-3/PVC (4)

interactions between the C=0 groups of the urethane seg-
ments and 0-H of chlorinated polymer or dipole-dipole
C=0---Cl1-C interactions [9, 10]. Thermal stability of PVC
is also enhanced because of favorable interactions of PVC
macrochains and PU hard segments of the elastomer [11].

Thermal stability was evaluated by TGA data. The TGA
curves of PUU-1 and the polymer blends are shown in
Fig. 3. The decomposition curves of PUU-1 and polymer
blends show a typical three-step weight loss. First step of
the PUU-1 weight loss in the range of 232-283 °C is relat-
ed to decomposition of urethane groups. In the second
step (283-446 °C) a degradation of urea groups of the
elastomer at high decomposition rate occurs. The third
step at the temperatures of 446577 °C relates to degrada-
tion of ether segments of the elastomer. The initial decom-
position temperature (7 ), the temperatures of the weight
loss percentage T, ., (temperature of the 5% weight loss),
Tyi0 Damoorr Tamsons Lamsose @0 activation energy (E))
determined by Friedman method [12] are given in Table 3.
A two stage degradation pattern is seen in the case of
PVC [11]. The first stage begins at 180 °C and ends at
375 °C with a weight loss of 59,8 %/ The second stage of
degradation proceeds at 375-490 °C with weight loss of
89,5 %. The temperature of 5 % weight loss for PVC poly-
mer reaches 220 °C. It has been found that the initial de-
composition temperature, the temperatures of the weight

Table 3. Thermogravimetric characteristics of PUU-1
and PUU/PVC blends

PUU-1[232] 246 | 252 | 262 | 281 | 327 | 229
5586 246) 257 | 262 | 269 | 284 | 336 | 303
zp/ggé 241) 252 | 257 | 269 | 299 | 323 | 300
Tpue[239 249 | 255 | 268 | 270 | 329 | 239
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loss percentage and activation energy for PUU-1/PVC
blend is higher than those of the pure elastomer. It should
be noted that PUU-3/PVC sample has lower thermal sta-
bility. The higher thermal stability of PUU-1/PVC and PUU-
2/PVC blends in comparison with PUU-3/PVC composi-
tion can be explained by stronger interfacial interactions
between NH groups of the hard segments of elastomer
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CyMicHICTh MOJIiypeTaHOBHUX €J1aCTOMEPiB 3 MOJIBiHIIXJI0PHAOM

T. JI. Manuwesa, O. JI. Toncmos, O. B. I'pecw

IHCcTUTYT XiMiT BUCOKOMOIEKysipHUX criomyk HAH Yipainu
48, XapkiBchke moce, Kuis, 02160, Ykpaina

Hocniooceno enaue misic@asnux 63a€mMo0iti HA MOPPON02i0, MEPMIUHY CMIUKICMb | MeXAHIUHI
eracmugocmi cymiwiell noniypemanoceqyosunnux eracmomepie (IIYM) na ocnogi onicoemepis i
nonigininxnopudy (I1BX). Cymiwi nonimepie ompumysanu 3 po3uuHy oumemuigopmamioy. 32iono 3
oanumu JICK, nonimep—nonimepHi cucmemu 3 CULbHUMU MINCHAZHUMU 83AEMOOIAMU I PO3MIpAMU
yacmuHnok oucnepcroi gpaszu [1BX 6 enacmomepnivi mampuyi o6ausvko 30-50 vy xapakmepuszyiomscs
OOHUM PeNaKcayiiHum nepexooom, mooi K npu Ciabuux 63aemMoo0isix Ha medxci nodiny ¢as OinapHi
cucmeMmu Xapakxmepusylomocs 060Ma peiaxKCayiiHuMU nepexo0amu memMnepamypu CKIy8anHs i po3mip
oucnepcHoi ¢paszu 30inbutyemocsi 00 2 mrm. Jlocnioscenns memooom TI'A nokazano, wo norimephi
cymiwi y nopienanni 3 IIYM marome niosuweny mepmocmabinbHicms i mepmooecmpyKyis 6i00ysacmucsi
v mpu cmaoii. IlopiHanvHull ananiz exCnepumMenmanbHux i meopemudHux (AOUmueHUX) 3a1eicHocmetl
MiyHOCII NpU PO3PUsI 8I0 CKIAOY KOMNOZUYIT OEMOHCMPYE ICMOMHULL BNIUE MINCHAZHUX 83AEMOOIT
HAa MeXaHiuHI XapaKmepucmuky KOMRO3Umie i MiyHiCMb HAHO2eMePO2eHHOI cucmemu RIO8UUYEMbCsL
na 30 % 3a 30 %-6020 emicmy [IBX.

Kurouesi citoBa: nonimMepHa cyMilll, IToJlypeTaHCe40BHHA, O BIHUIXJIOPH /I, HAHOKOMITO3HT, TEPMOCTIHKICTb.

CoBMeCTHMOCTH MOJINYPETAHOBBIX 3JIACTOMEPOB € MOJUBUHNUJIXJIOPUIOM

TJI. Manvuuesa, A.JI. Toncmos, E. B. I'peco

MHCTUTYT XMMHH BBICOKOMONEKYIISIpHBIX coeanHennii HAH Ykpaunst
48, Xapprosckoe mocce, 02160, Kues, Ykpanna

Hccnedosano enusanue medxnchasnovix 63aumooeticmeuli Ha Moppoio2uio, mepmuieckyio cmoukocms u
Mexanudeckue c8olucmea cmecel NOAUypemanmoiesunnblx snacmomepos (I1YM) na ocnoge npocmoix
oauzeospupos u noausunuaxaiopuoa (I1BX). Cmecu nonumepos nonyyaiu u3 pacmeopa
oumemungopmamuoa. Coenacro daunvim JJCK, norumep—nonumepHvie cucmemvl ¢ CUTbHBIMU
MeAHcPAaZHbIMU 83AUMOOEUCNBUAMU U pasMepom Yyacmuy oucnepcHou ¢asel IIBX 8 anacmomepHoti
mampuye oxono 30-50 Hm xapakmepusyromcs 0OHUM PelaKCAYUOHHBIM Nepexo0oM, mo2oda KaK npu
bonee cnadvix 83aUMOOCUCMBUAX HA MEAHCPAZHOU epanuye ODUHAPHbBIE CUCMEMbl XAPAKMepUu3yomcs
08YMA PeNaKcayuOHHbLIMU Nepexo0amu memnepamypvl CmekI08aHus U pasmep Oucnepcroll gasvi
yeenuuugaemcs 00 2 mkm. Hccneoosanue memoodom TI'A nokazano, umo noaumepnvie cmecu no
cpagnenuio ¢ I1YM umeiom nogviuieniyio mepmocmaduibHOCMb U MepmMooecmpyKyus npomexaem 8
mpu cmaouu. CpagHumenvHulll AHAIU3 IKCNEPUMEHMATbHBIX U Meopemudeckux (a00umusHbslx)
3asucumocmeti NPOYHOCIMU HA PA3PbIE OM COCMABA KOMNOSUYULL OeMOHCMPUPYEm CYUWecmEeHHoe
BIUAHUE MEANCPHAHBIX B3AUMOOCUCMBUTL HA MEXAHUYECKUE XaPAKMEPUCUKU KOMRO3UMOE, U NPOYHOCHIb
Hanozemepozennou cucmemsl nogviuaemcs na 30 % npu 30 %-nom codeporcanuu I1BX.
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