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RHEOLOGICAL PROPERTIES OF POLYVINYLACETAL COLLOIDAL SYSTEMS

This study investigates the dynamic viscosity and thixotropic recovery of polyvinylacetal colloidal systems.

Rotational viscometry was employed to determine the dependence of dynamic viscosity () on polymer concentration
and shear stress (v). The rheological properties of the polymers examined exhibited a common pattern: viscosity increases
with concentration as a result of intensified intermolecular interactions.

Detailed analysis of flow curves for polyvinyl butyral solutions revealed pseudoplastic behavior at low shear stresses.
With increasing shear stress, a transition to Newtonian flow was observed, where the dynamic viscosity reached a minimum
and stabilized. This effect is attributed to the breakdown of macromolecular structural conglomerates, which form in the
resting state through hydrogen bonding with water molecules in the dispersion medium.

A key finding is the demonstrated ability of polyvinylacetal gels to rapidly restore their structure through thixotropic
recovery. The degree of thixotropic recovery (o), calculated as the ratio of effective viscosities during reverse and forward
measurement runs, increased substantially with polymer concentration, reaching 94.58%. This property ensures that,
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following mechanical disruption during application, the polymer layer quickly regains its structural integrity and adhesive
performance, which is of practical significance.

The obtained results confirm the high efficiency of polyvinylacetals as adhesives and highlight the prospects for further
research aimed at optimizing their compositions, exploring the influence of external factors, and elucidating adhesion
mechanisms at the molecular level. Such efforts may lead to the development of novel, more advanced materials for the
textile industry.

Key words: dynamic viscosity, shear stress, rotational viscometry, polyvinylacetal, polyvinyl butyral, polyvinyl ethylal,
pobyinyl formal, rheological curve, thixotropic recovery.
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PEOJIOT'TYHI BJIACTUBOCTI KOJOIJHUX CUCTEM MOJIBIHLIJIALIETAJIIB

Y yiti npayi asmopu docnioxcyeanu OUHAMIUHY 6 A3KICMb mMa MUKCOMPONHe BIOHOBNIEHHS KONOIOHUX CUCTEM NOTi6i-
Hinayemanis.

s 0ocsienenns nocmaenenol memu Oyau 3aCmMoCco8ani Memoou pomayitiHol gickozumempii, wjo 003601UN0 BUZHAYU-
MU 3a1eXHCHICMb OUHAMIUHOT 8 s13K0Cmi (1) 610 KOHYeHmpayii nontimepy ma 0OMuUHO20 HARPYHCeHHs, 3¢Y8Y (t). Bcmarnos-
JIeHO, W0 PEONOTUHI 61ACMUBOCIE DOCTIONCYBAHUX NOIMEPIS MAIOMb CXONCULL XapaKkmep: 8 A3KiCmb 3pocmae 3i 3011b-
WEeHHAM KOHYEHMPayii, Wo € HACIiOKOM NOCULEHHSA MIDCMOLEKVIAPHOT 83AEMOOII.

Hemanvhe susuenna Kpusux meuii 0151 po3YUHIE NONIGIHINOYMUPATIO NPOOEMOHCMPYBANO IXHIO NCeBOONIACHUYHY
NOBEJIHKY NPU MATUX HANPYHCEHHAX 3CVEY. 3i 3DOCMAHHAM HANPYHCEHHSL 3CY8Y CHOCHEPi2aembesl nepexio 00 HbIoMOoHI6-
CbKOT meyii, Konu OUHAMIYHA 8 A3KICMb HAOYEAE MIHIMATLHOO | cmabinbHo20 3Hauents. Llell eghekm noscHoemobcs pyii-
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HYBAHHAM CIPYKMYPHUX KOH2LOMEPAMI6 MaKpOMONEK)I, AKi YMEOPIOIOMbCA Y CHAHI CNOKOIO 3A605KU B00OHEBUM 36 ‘A3KAM
3 MONEKYIAMU OUCNEPCIIHO20 cepedosuyd (800u).

Knrouoeum pesyniomamom € usasieHHs 30amHOCHI 2elié NOTIGIHIIAYeMAie 00 WEUOKO2O0 MUKCOMPONHO20 BIOHOG-
nenns ixuvoi cmpykmypu. Cmynine mukcomponto2o 8iOH08NeHHs (0,), pO3PAX0BAHULL K GIOHOWEHHS CYM eheKmugHuUX
8 ’A3K0Cmell Npu 360POMHOMY | NPAMOMY X00AX SUMIDIOBAHHS, 3HAUHO 3POCMAE 3i 30LNbUIEHHAM KOHYeHmMpayii norivepy,
oocsearoyu 94,58%. Lla 30amuicmv 2apanmye, wjo nicis MexaHiuHo2o PYUHYBAHHA CMPYKMYPU 8 Npoyeci HAHeceHHs,
NONIMEPHUL WAP WBUOKO BIOHOBTIIOE C80K) MIYHICTIL MA A02e3IIHI 61ACIUBOCI, WO € BANCTUBUM.

Ompumani pesyromamu niomeepo*Cyoms GUCOKY epheKmusHicms NONIGIHIIAYemAanie AKX a02e3usié i 6KA3VIOMb HA
NepChekmusU NoOAIbUUX 00CTIONHCEHb, CHPAMOBAHUX HA ONMUMI3AYII0 IXHIX KOMNO3UYill, BUSUEHHS 8NIUBY 306HIUUHIX
haxmopie ma mexanizmie adeesii Ha MOLEKYIAPHOMY PiBHI 015l PO3POOKU HOBUX, Dilbil OOCKOHAIUX MAMepianié Os mekK-
CIMUTBHOI NPOMUCTIOB0CHIL.

Knrouosi cnosa: ounamiuna 8 ’ssxicmv, 00muyHe HANPyHCeHHsl 3CY8Y, Memood pomayiiuHoi eickosumempii, noniginina-
yemarnv, NONIGIHIIOYMUPATb, NOTIGIHIIEMULALL, NOTIGIHIIDOPMATL, PEOLOIUHA KPUBA, MUKCOMPONHE BIOHOBNCHHS.

One important area of polymer solution appli- low concentrations behave as Newtonian fluids,
cation is their use as adhesives in the preparatory  albeit with higher viscosity. At higher concentra-
stages of weaving production, particularly for siz-  tions, however, mutual orientation, structuring and
ing warp yarns. The effectiveness of the applied  breakdown of macromolecules occur, accompa-
polymer solution on the yarn determines the qual-  nied by the transformation from laminar to turbu-
ity of all subsequent stages of textile manufactur-  lent flow. The properties of such highly structured
ing. Adhesives are predominantly based on aque-  dispersions depend on both the number of inter-
ous solutions of natural or synthetic polymers and  molecular interactions per unit volume and the
their various blends; among these, polyvinylacetal  strength of interparticle bonding.
solutions have proven to be particularly effec- The presence of water molecules adsorbed
tive. A key property of polymer solutions is their ~ on polymer fragments is critical to the behavior
dynamic viscosity, which depends on temperature,  of polymer solutions. The structure and stability
concentration, and the molecular weight of the of the resulting macromolecular conglomerates
film-forming polymer. Consequently, the study of  depend on the intrinsic molecular properties, the
the rheological properties of polyvinylacetals is of  specifics of their interaction in aqueous medium,
high practical relevance. and the influence of external forces. These con-

The rheology of polymer solutions reflects the  glomerates determine the amount of water they
combined effects of intermolecular interactions retain; when they span the entire volume of the
between macromolecules. Due to their relatively  colloidal dispersion, only a small fraction of free
large geometric dimensions, polymer macromole-  water remains. Under such conditions, low shear
cules in solution undergo a variety of processes  stresses are insufficient to destabilize the system,
under flow conditions — either spontaneous or  and the viscosity of the polymer gel approaches its
externally induced. In solution, macromolecular limiting value (Xu et al., 2024).
aggregates continuously form and disintegrate Polyvinylacetal =~ macromolecules  possess
(Mezger, 2011). extended surfaces capable of retaining large vol-

When a highly diluted polymer solution is umes of water. As a result, the amount of free
examined, its viscosity is nearly identical to that  solvent decreases while the fraction of macromo-
of the solvent. However, even at low concentra-  lecular conglomerates increases, forming a quasi-
tions, under shear stress the viscosity of the system  static structure. When subjected to sufficiently
increases, being directly proportional to the poly-  high shear stress to disrupt these conglomerates,
mer’s volume fraction. flow begins. This point corresponds to the criti-

Upon extrapolating reduced viscosity to zero  cal viscosity and shear stress. Beyond this thresh-
concentration, which corresponds to infinite dilu-  old, the viscosity of the polymer gel decreases
tion, the contribution of intermolecular inter- and gradually approaches a minimum, where it
actions to the hydrodynamic behavior becomes becomes independent of shear stress and the solu-
negligible. In this regime, viscosity is determined  tion behaves as a Newtonian fluid. The decrease in
solely by the intrinsic properties of the macromole-  dynamic viscosity is associated with the progres-
cules and their interaction with the solvent (San-  sive release of water molecules during flow and
groniz et al., 2023). Colloidal solutions at very the effective reduction of polymer concentration.
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However, once shear stress is removed, the struc-
ture of macromolecular conglomerates gradually
rebuilds over time, leading to an increase in vis-
cosity through thixotropic recovery. This property
is particularly important for the use of polyviny-
lacetals as adhesives in yarn sizing (Wang et al.,
2024).

The aim of this study is to investigate the vis-
cous-rtheological properties of polyvinylacetal
colloidal systems. The objectives include analyz-
ing the structure and dynamic viscosity of aque-
ous polyvinylacetal solutions, constructing flow
curves, and determining the degree of thixotropic
recovery of polyvinylacetal gels. Rotational vis-
cometry was employed for this purpose.

The dynamic viscosity n (Pas) of polyviny-
lacetal solutions with a low degree of acetaliza-
tion — polyvinyl formal (PVF), polyvinyl ethylal
(PVE), and polyvinyl butyral (PVB) — was calcu-
lated based on shear stress 1 (Pa), measured using
a Rheotest-2 rotational viscometer.

We established the dependence of dynamic vis-
cosity for PVF, PVE, and PVB solutions on poly-
mer concentration. Solutions were prepared as fol-
lows: water was poured into a beaker, polymer was
added while stirring for 15...20 minutes, followed
by heating to approximately 50°C with continuous
agitation until complete dissolution was achieved.

The rheological properties of PVF, PVE, and
PVB gels (Fig. 1) demonstrated a common trend:
viscosity increases with increasing polymer con-
centration. The higher the concentration, the
stronger the intermolecular interactions (Kaly-
anasundaram et al., 2000).
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Fig. 1. Dependence of dynamic viscosity
on the concentration of aqueous solutions:
1-PVF;2-PVB;3-PVE
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Subsequently, PVB solutions were inves-
tigated at concentrations (g/L): 1) 20, 2) 25,
3) 30, 4) 35, and 5) 40. In the previous experi-
ment, PVB exhibited similar behavior; however,
this polymer is the most readily soluble in water.
Figures 2—5 present the plots of the following
dependencies: n =f{(1), Inn =f(In 1), y =f(n), and
vy = f(t). The viscosity values increase systema-
tically with polymer concentration in the gel.
The flow behavior indicates that at low shear
stresses the system exhibits pseudoplastic char-
acteristics, subsequently transitioning into New-
tonian flow (Sangroniz et al., 2023). However,
concentrated polymer solutions may behave as
Bingham — Shvedov bodies. The corresponding
equation describes this type of flow, where the
strength of the undisturbed gel structure can be
quantitatively recorded.
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Fig. 2. Dependence of the dynamic viscosity
of aqueous PVB solutions on shear stress
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Fig. 3. Logarithmic dependence
of the dynamic viscosity of aqueous PVB
solutions on shear stress



[Ipobnemu ximii Ta cranoro po3Butky, Bum. 3, 2025

Since we have identified the flow behavior as
pseudoplastic, the Ostwald — de Waele equation
describing it can be expressed as:

T=Ky" (1)
where vy is the shear rate under steady-state flow,
[s7'];

K is the consistency coefficient;
n is the flow behavior index.
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Fig. 4. Dependence of the shear rate
on the dynamic viscosity of PVB solutions
at various concentrations

v, Us

1400

1200 / /
1000 / /
800 f

600

o 1)/
/

200

0 -

80 100 120

7, Pa

Fig. 5. Dependence of the shear rate on the shear
stress of PVB solutions at various concentrations

At all concentrations, the flow behavior of
PVB gels is similar; however, in every case, vis-
cosity depends on polymer concentration. The
power-law expression (1) describes pseudoplastic
gels, where n = f(t). Consequently, the obtained
graphical dependencies In n = f(In 1) appear as
lines approximating straight lines. As can be seen
from all curves in Fig. 2, at certain shear stresses
the dynamic viscosity of PVB gels reaches a

14

minimal constant value and no longer depends on
the applied force. In other words, at these levels of
shear stress, and across all studied concentrations,
PVB gels behave as Newtonian fluids (Farmer et
al., 1990). At lower stresses, however, they exhibit
pseudoplastic behavior.

Polymer solutions, which exist as gels in a rest-
ing state, form structural three-dimensional con-
glomerates that involve not only polymer mac-
romolecules but also molecules of the dispersion
medium, namely water. Within the internal structure
of polymer macromolecules, water molecules estab-
lish hydrogen bonds in such a way that the resulting
spatial conglomerate is highly stable at rest (Li-Ping
et al., 2021). When shear forces are applied to such
systems, this structure can be partially or completely
disrupted. Nevertheless, colloidal spatial networks
gradually rebuild their structure over time, under-
going thixotropic recovery.

PVB gels demonstrated a pronounced ability to
restore their structure via thixotropy. The molecu-
lar conglomerates of PVB reorganize, with mac-
romolecules aligning along the direction of shear
stress during flow. The thixotropic recovery pro-
cess occurs rapidly, indicating a high degree of
structural stability of the PVB gel. Attempts to fix
the strength of the system at the point of complete
structural breakdown were unsuccessful, as the
polymeric conglomerate began its recovery almost
immediately.

The greater the PVB content in the studied gel,
the higher the degree of thixotropic recovery. At
such levels of structural self-restoration, the reco-
very of disrupted polymer conglomerates proceeds
even at low shear rates. As a result, the dynamic
viscosity of the gel increases, and this effect
becomes more pronounced with higher polymer
concentrations. The degree of thixotropic recovery
of PVB gels was calculated as the ratio of the sum
of effective viscosity values recorded during the
reverse measurement run to those obtained during
the forward run, as shown in Table 1 and Fig. 6.

The rheological properties of polyvinyl acetal
(PVAce) gels, as vinyl polymers, exhibit characte-
ristics analogous to polyvinyl alcohol, particularly
their ability for thixotropic recovery (Bassan et al.,
2023). During the dissolution of PVAce, the spa-
tial configuration and molecular structure remain
essentially unchanged. This assumption is sup-
ported by the fact that the gel is capable of struc-
tural recovery under small shear deformations,
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while simultaneously orienting its flow in the
direction of applied stress. With increasing thixo-
tropic recovery capacity, the quantitative and quali-
tative performance of the polymer as a film-for-
ming agent improves, which is critical in prepara-
tory stages of textile manufacturing.

Table 1
Dependence of the thixotropic recovery degree
of PVB gel on its concentration

PVB Content, g/L Degrelfe‘;f)g;iyf';"";:mp‘c
20 80.46
25 86.19
30 92.47
35 93.56
40 94.58
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Fig. 6. Flow rheograms of PVB solutions
at various concentrations. Solid line — forward
run of the instrument, dashed line — reverse run

Experimental investigations of aqueous PVAce
solutions confirmed their suitability as adhesives

for textile applications. The dynamic viscosity of
the solutions was found to correlate directly with
polymer concentration. At low shear stresses, the
solutions exhibit pseudoplastic behavior, while at
higher stresses they transition toward Newtonian
flow. This behavior can be attributed to the forma-
tion and disruption of supramolecular aggregates
of macromolecules, incorporating water molecules
bound through hydrogen interactions.

A key conclusion is the pronounced ability of pol-
yvinyl acetal gels to undergo rapid thixotropic reco-
very, which is particularly advantageous in sizing pro-
cesses. The degree of thixotropic recovery increases
with polymer concentration, indicating the high sta-
bility of structural assemblies. This property ensures
that, following mechanical impact (e.g., structural
disruption during application), the polymeric film
rapidly regains its strength and adhesive capacity,
thus providing effective protection for warp yarns.
Structural recovery occurs under relatively low shear
deformation rates, positively influencing the quality
and uniformity of the film-forming layer.

Considering the results obtained, further
research may focus on optimizing the formulation
of composite adhesives based on polyvinyl ace-
tals, particularly through the incorporation of plas-
ticizers or other modifiers. Promising directions
include examining the effects of temperature and
pH on rheological behavior and recovery kinetics,
as well as investigating the adhesion mechanisms
of these polymers to different textile fibers at the
molecular level. Identifying optimal conditions for
maximizing film strength would enable the develo-
pment of novel, more efficient, and environmen-
tally safe adhesives for textile industry applica-
tions (Tkachuk et al., 2025).
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