PHY SICS AND CHEMISTRY OF SOLIDSTATE
V. 18, Ne 1 (2017) P. 129-133
DOI: 10.15330/pcss.18.1.129-133

PACS: 72.20.Dp

OI3UKA I XIMIA TBEPAOI'O TUIA
T. 18, Ne 1 (2017) C. 129-133

ISSN 1729-4428

L.S. Dzubenko!, V.P. Plavan®, N.M. Rezanova?, O.l. Orans ka',
0.0. Sapyanenko®, P.P. Gorbyk®

The Plasticing Effect on Structure Forming and Crystallization
Processesin Polymer Blends of Polypropylene-Poly(Vinyl Alcohal)

0.0.Chuiko Ingtitute for Surface Chemistry of NAS of Ukraine, 17, Generala Naumova Str.,
03164, Kyiv-164; e-mail: ryash@i.ua,
2Kyiv National Univercity for Technologies and Design, 2, Nemyrovycha-Danchenko Sir.,
01011, Kyiv-11, e-mail: mifiber s@ukr.net

There is one established, that glycerol’s injection in (7,0 + 15,0)% of mass. amount into polymer blend of
polypropylene/paly(vinyl alcohol) (PP/PVA) of mass equation 30/70% is not changing the structure forming
character of PP into PVA matrix: there are parts, films and external shells being formed al ongside with PP fibers.
When at this, during concentration increase of selective plagtifier, there are PP fiber forming process into PP
matrix gonna being bad, and those are consisting in average microfiber diameters and mass part of films increase.
There are features of structure forming, being linked in plagtifying effect of glycerol on the blend melts, and,
when simultaneously with, in the those decrease of kinetical stability. There are crystallization temperature of
PVA increasing, simultaneously at plagticizer content of 7,0% of mass.,, and there is PP crystallization peak
absent through polymer amorphization. There is crystallinity’s degree of PP decreases, through high dispersion

stete of polymer.
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I ntr oduction

There are cregtion of new materials with pre-
determined properties of, by development of wasteless
and ecologically pure technologies, when using polymer
blends, and then, those are leading world trends in the
area of chemical fibers. There is smple, available, and
also the most effective processing for modification of
polymers exists, named as those mixing of. By this, there
are properties of the two components combined both and
unique effects realized in. There is formation of matrix-
fiber morphology in incompatible systems evokes
considerable interest, so that one gives a possibility for
improving mechanic properties of composite fibers, at
the expense of sdf-reinforcing, and then, in purposes to
obtain the thin-fibrous materials of new characteristics,
due to micron sizes of filaments and unusua structure of
their surface aso [1-3]. There is morphology for
extrudates of polymer blends determined by macro- and
microrheological processes, when during their flow, by
crystallization ability of the dispersed phase components
and dispersion medium, and by conditions also, when at
those thereis process of crystallization occuring in.
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There is the am of the work, consisting in
determination of the addition's influence (glycerol) as
plasticizer, and its concentration on the regularity of
structure formation and crystallization processes, in the
polypropylene/poly(vinyl alcohol) blend of.

|. Experimental

There are objects studied, as
pol ypropylene/poly(vinyl alcohol) blends (PP/PVA) with
their ratio 30/70 mass %. We were used three
substantions of , such as isotactic PP (PP 575 P by
SABIC), the mdting temperature T Of 172° C; PVA
(“Moviol 4-88" ,Kuraray Co,.Ltd., Japan), hydrolysis
level of 86.7 + 88.7 %, contents of flying compounds up
to 5 mass %, contents of ash in calculation to Na,O —
0.5mass %; and glycerol (as chemically pure). There
were injection of additions and polymer mixing, carried
out with the screw-disk extruder combined (LGP-25).
There were glycerol contents (Glyc) in the blends of 7.0;
10.0, and 15.0 mass %. There was viscosity of the melts
of PP (n1), PVA (n), and their blends (ngm), determined
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Tablel

The influence of glycerol contents on structure forming phenomenon for extrudates of PP/PVA* blends

The microfiber characteristics The contents frz;gr;zr;ructuretypas,
The glycerol
Contents’ I Ong Short
mass. % of d, portion, o2, g » | portion, particles films ETFS
2 , um
pum mass. % pum mass. %

7,0 3,0 66,0 2,6 24 20,5 3,8 7,0 2,7
10,0 3,5 73,7 2,1 2,2 17,4 3,6 5,2 8,7
15,0 44 66,8 2,7 2,6 9,8 1,1 14,7 7,6

*at 1=5.69-10" Pa;
Table2

The influence of glycerol concentration on rheological properties of PVA melt and PP/PVA* blends

Thegl | content
© gr%/ggo%cg? s Nar+ NuM2 MNsum By ** B1/B; Bsaum
7,0 350 1,2 130 14 0,9 2,3
10,0 260 0,9 100 1,2 0,7 2,3
15,0 140 0,5 90 1,2 0,7 21
* a v =5.69-10" Pa; **1, = 300 Pas; ***B;= 1,6
with the capillary viscometry method, with the flow, polymer of dispersed phase forms thin streams,

microviscometer (MV-2), in displacement stress range of
7 = (0.1+5.7)-10" Pa, at the temperature of 190° C. There
was the dadticity of the melts, and one appreciated from
the value of swelling (B) for the blend extrudates, when
those were annedled in silicon fluid at 170° C for 5 min.
There were processes of structure formation, and those
were investigated with optical microscopy technique,
carrying out the quantitative analysis of al the structure
types in the remains, after PVA extraction from the
extrudates studied here. There were results processed by
the mathematical statigtics technique, when determining
the mean diameter (d) of microfibers, those homogeneity
distribution (6?), and mass part for every of structure
types. When at investigating the regularities of phase
trangitions for the polymers in composites, we were using
the differentid thermal anaysis tecnique. There was
thermogram recording technique, and one were carried
out with the derivatograph (Q-1500 D, MOM, Hungary).
We were used the platinum crucibles and powder of
Al,Os; r as a standard here. Then, there were samples
milled off, and the weight of specimen studied was
approximately of 400 mg. There was precison of
determination of melting and crystallization temperatures
in £ 2° C of. There was sample X-ray phase anaysis,
carried out by the powder diffractometry technique.
There were diffractograms registered with the
diffractometer (DRON-4-07) in Cu K, radiation, when at
recording with the Bragg-Brentano geometry in
diffraction angle range in 20 = (5+70) degrees of. There
was crystalinity level for the initial polymers, and
extrudates thereof, determined with the Matthews
method.

1. Results and discussion

There were experimental data obtained showing
that, when in the melts of blends to study during their
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which are dretching by flow of the second polymer
(matrix). There is structure of extrudate (monofibers),
which is originating from of die aperture, and this is
the continuous PVA phase, which generdly filled with
the thin streams of PP, and one lefted as a microfiber
shell (MF), after solution of the polymer matrix with
water. There were results of quantitative anaysis of
microstructure of extrudates showed those results
meaning in, increase in glycerol concentration does not
changing the character of structure forming for PP in
PVA matrix: when together with the continuous MF, PP
forms other structure types — the particles, films, short
MF, and external, thin-fibrous shell — ETFS (Table 1).
By this, there isincrease in the addition contents causes
worsening of fiber formation process ( the increase in
the mean diameter for long MF and mass part of films).
There is sdlective plastification, when having influence
on the rheological properties for one of the blend phase,
and thus changes a ratio of viscous-elastic characteristics
of the components, those dispersion ability, and
deformation aong forming streams.

There is process of deformation of polymer drops,
when using terms for hydrodynamics, in polymer-
polymer systems occurs the most effectively, when there
are values of viscosity and easticity for dispersed phase
and dispersion medium close to one another of [1, 4}.
There is investigation of the influence of glycerol
concentration on the rheological properties of PVA melt
shows fact that, its viscosity is regularly reduced (i.e. the
plastification effect occurs). There is easticity for the
melts of initial PVA and the blends does not practically
change in, considering the equilibrium vaues of
extrudate swelling, when one linked with forming of
network hydrogen bonds between the functional groups
of PVA macromolecules and glycerol molecules (Table
2).

There are the decrease in dispersion leve for
dispersed phase component and increase in film forming,
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Fig. 1. Thethermograms for melting (a) and crystallization (b) processes of extrudates: 1 — PP, 2 — PVA,;
3 —PP/PVA(Glyc) 30/70/(7.0); 4 — PP/IPVA(Glyc) 30/70/(10.0); 5— PP/PVA(Glyc) 30/70/(15.0).

due to deviation of the viscous-elastic properties ratio of
the components from a unit and kinetic stability lowering
of blends, because of those viscosity reduction in.

It is known, that forming of microstructure of
extrudates is essentially caused by the crystallization
ability of dispersed phase and disperson medium
polymers of. There is determination of the phase
trangitions temperatures, and this alows one to
appreciate the temperature intervals of processing for
polypropylene MF, and wares based on those ones. It
should be noted that crystallization process stabilizes the
PP streams, which going from the forming aperture. This
promotes formation for the thinner MF in. There are PP
and PVA polymers both, which having the close melting
temperatures of, therefore in thermograms for those
blend extrudates, the melting peaks coinciding on. They
are weakly intensive ones, so that extrudates were
obtained a charp cooling with water. There is
crystallization process going, at low temperature, i.e. one
occurs at conditions far from equilibrium of, and so then
causes low crystallinity level. There are thermograms of
polymer melting and crystallization processes, in
extrudates of the plagicized blends, and pure polymers
shown on Fig. 1.

There is the most important determined regularity of
phase trangitions, for the blends to be studied - the
presence of one crystallization peak for extrudates
PP/PVA(Glyc) with 30/70/(7) ratio. By this, T, of the
first peak does not coincide with T, of initial PVA and
PP, and it is essentialy higher, than those crystallization
temperatures. There is the glycerol concentration of 7.0
mass % is obvioudy critical one, because at glycerol
contents of 10.0 mass %, and there are peaks of polymers
both: at the temperatures of 134° C (PVA) and 114° C,
on the thermogram of extrudate crystallization (PP).
There are pesks weakly intensive and broad ones,
showing the low crystallinity degree, and considerable
size distribution for the crystallites in. There are the
crystallization peaks for polymers both, when available

ones at glycerol contents of 15.0 mass % aso. There is
such influence of Glyc on the process of crystallization
of PP/PVA blend, and one probably consists in that,
when at its contents of 7 % in blend met, when at
forming of associates of PVA macromolecules with
glycerol molecules being reslized as the homogeneous
crystallization nuclel and promoting PVA crystallization
at the higher temperatures. By this PP is amost
amorphous because one, when exids as highly disperse
state of MF, with a mean diameter of 3 um. That's why,
there is no PPs crystallization peak writing on,
practically. When at increasng glycerol contents up to
15.0 mass %, its part migrate into separate phase at the
boundary layer, and one intensifying the plastification
effect, which causes decrease for phase transition
temperatures in. This promotes formation for MF of
larger diameters, and increase in mass film part of.

In purpose for ascertaining the influence of glycerol
contents on structure forming in PP/PVA melt, we were
carried out X-ray structure analysis for extrudates. There
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Fig. 2. The diffractograms for the samples of
extrudates of PP and PVA blends with glycerol
addition in: 7.0 (n3), 10.0 (n4), 15.0 mass % (n5)
and the additive diffraction curve for PP/PVA blend.
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Fig.3. The illustration for redigribution of

crystallinity contribution for PP and PVA in
extrudates of blends with glycerol contents of 7.0
(n3) and 10.0 mass % (n4): 1 — the peaks of PP,
2 —the pesks of PVA.

are on the Fig. 2 diffractograms of extrudates for
PP/PVA blends with glycerol addition of 7.0, 10.0 and
15.0 mass % showed on.

There are peaks observed in positions of peaks of the
initial polymers (Table 2) of the lower intensity, than the
same peaks on the additive curve, which shows the
partial remaining of crystal structure of PP and PVA in
extrudates of the blends with addition of glycerol, and on
this confirms on diffractograms of extrudates on the
background of the two diffuse maximums, at the angles
of 20 and 40 degrees of. There is extrudate containing
7.0 mass % of glycerol hasthe lowest crystallinity extent
amongst the specimens studying therof. This is
confirmed with the calculated values for extrudate
crystallinity extent of: 22; 30; 30 %, for those containing
7.0; 10.0 and 15.0 mass % of glycerol, accordingly.

In comparison with, there is additive curve shown
for PP/PVA blend, calculated on diffraction data of the
initial polymers. There is crystallinity extent, for the
blend of polymers considered as the additive value, and
for the composition given one is 42% of. It should be
noted that, when besides the minima vaue of
crystallinity extent, there is extrudate with glycerol
addition of 7.0 mass % has other ratio for the peak
intensity of PP and PVA (Fig. 3), in comparison with the
extrudates containing of 10.0 and 15.0 mass % of
glyceral, just for increase in part of crystal PVA, when
relatively to crystal PP (Fig 3).

Thisis showing the fact that, when in crystallinity of
the extrudate with glycerol contents of 7.0 mass %, there
is contribution of PVA crystdlinity prevails, and this
explains the absence of therma effect of crystallization
of PP in thermogram of the extrudate given.

Conclusions

There are investigations carried out shows that, when
in polypropylene/poly(vinyl alcohal) blends containing
glycerol (7.0+15.0) mass % as a pladticizer, there is
phenomenon of specific fiber forming phenomenon is
redized clearly in. There is the increase in glycerol
concentration, being accompanied with the mean
diameter growth of polypropylene microfibers, and the
mass film part of. This is explained with fact that, the
selective plastification have influence on the rheological
properties of one phase, and this causes change in all of
the microrheological processes during flow of the blend
melt, namely deformation of the polymer drops in phase
dispersed, those coalescence into the liquid cylinders, the
disintegration of the streams formed, the migration
directed and so on.

It has been determined that, when in the extrudates
of polypropylene/plasticized poly(vinyl acohol) blends,
thereis temperature of PVA crystallization increasing in,
which is caused by that in melt associates form for PVA
macromolecules with glycerol molecules, that are the
homogeneous nucle of crystallization. When at glycerol
content of 7.0 mass %, there is the amorphization of
polypropylene taking place, which is caused by its highly
dispersed state.  When with increasing glycerol
concentration up to 15 mass %, there are associates of its
molecules forming on, that migrate in the separate phase,
and those are the crystallization conditions changing on.

When regarding for the polypropylene/poly(vinyl
alcohol) blends studied, there is viscosity of melts
decreasing in, which is caused by the plastifier contents
growing, and formation of unisotropic structures
(microfibers). There are equilibrium values for blend
extrudate swelling are lower of, than those analogical
ones, and this indicating for the compositions, that the
fiber forming isrealized in flow of.

Thereis practical result of investigations in fact of —
there is use of water soluble poly(vinyl alcohol) as a
matrix polymer giving a possibility to develop the
ecologically safe technology for production of
polypropylene microfibers, and new materials based on
those ones.
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Bruine miiactugikaropa Ha NpoUecH CTPYKTYPOTBOPEHHS Ta KPUCTAJI3aLil y
CyMillIaxX MOJIINPONiJIeH-OJIiBIHJIOBUH CIIMPT
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Bcranosneno, mo Beenenss (7,0 + 15,0) Mac. % riminepuHy y CyMill HONiIPOINiIeH/IOMiBIHUIOBHHA CIUPT
(ITITIBC) 3i cniBBinHomenHsm komioneHTiB 30/70 mac. % He 3MiHIOE XapakTepy cTpykTyporBopeHHs I1I1 B
marpuui I[IBC: nopsza 3 MiKpOBOJIOKHAMHY, YTBOPIOIOTHCS YaCTUHKH, IUIIBKH Ta 30BHIIIHA 000n0HKA. [Ipy npomy
31 3pOCTaHHAM KOHLEHTpalLil CceJeKTHBHOro Iuiactudixkaropa BonokHorBopeHHs IIIT B wmarpuui I1BC
MOTIPIIYEThCS. — 3pOCTAlOTh CEPeIHid IiaMeTp MIKpOBOJIOKOH Ta MacoBa 4YacTka IUTBOK. OcoOIMBOCTI
CTPYKTYPOTBOPEHHS I10B’ A3aHi 3 I1acTU(]iKyBaJIbHOIO AI€0 TIILEPUHY Ha PO3ILIABU CyMilllel Ta 31 3MEHIIEHHAM
ix kiHeTH4HOiI crabinbpHOCcTi. Metomamu JITA Ta peHTreHOo()a30BOro aHaiizy BHSBJICHO BIUIMB IJIIEPUHY Ha
mpoliec Kpucramizamii posmiaBy. 3a BMicTy ruiactudikatopa 7,0 mac. % Ttemmeparypa kpucramizamii [IBC
migBuIyeThest, a mik kpucranizanii 1T BigcyTHiil yepe3 amopdizauito nonimepy. Cryninp kpucranignocti ITIT
3HIDKYETBCS BHACHIZOK TOTO, IO MONIMEpP 3HaXOAUTHCS Y BUCOKOAUCIIEPCHOMY CTaHi.

KoarouoBi cioBa:  mominpomineH, NOJNIBIHUIOBMH CHUPT, PO3IUIaBH CyMilled MoiiMepis, IIILEpHH,
MiKpPOBOJIOKHA, [UIABJICHHS, KPUCTaIIi3aLlisL.
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