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Swelling and mechanical properties of quenched polyampholyte hydrogels
based on 2-acrylamido-2-methyl-1-propanesulfonic acid sodium salt (AMPS)
and (3-acrylamidopropyl) trimethylammonium chloride (APTAC)

In our previous paper (Bulletin of the Karaganda University. Chemistry series, 2019, 2(94), Pg35-43)we
considered the behavior of quenched (or strongly charged) polyampholytes based on fully gharged ‘anionic
monomer — 2-acrylamido-2-methyl-1-propanesulfonic acid sodium salt (AMPS) and cationic.monomer —
(3-acrylamidopropyl) trimethylammonium chloride (APTAC) in aqueous-salt solutionsgIn‘the present paper
we report the mechanical properties of quenched polyampholyte hydrogels synth€sized by fiee-tadicalycopol-
ymerization of the same monomers in the presence of N,N-methylenebisacrylamide (MBAA) as crosslinking
agent. The hydrogel samples in dependence of the molar amount of AMPS&ere abbreaviatedfas AMPS-75H,
AMPS-50H and AMPS-25H. The swelling, rheological, and mechanical “propestics of quenched
polyampholyte hydrogels were evaluated for different compositions of copolymess at fixed initial monomer
concentration Cy = 0.5 wt.% and constant amount of [MBAA] = 20/mol.%. The formation of hydrogels in the
course of (co)polymerization of oppositely charged monomers in presence of MBAA was monitored by
rheometric measurements using oscillatory deformation tests at4m angulan, frequency © = 6.3 rad:s ' and
strain amplitude y, = 0.01. The strain-stress curves of as-prepared ‘and\swollen polyampholyte gels demon-
strate that the highest values of Young’s modulus E, fracture stressyg, and’elongation £% are characteristic for
as-prepared AMPS-75H and swollen AMPS-50H samplesThese results are interpreted in terms of polyelec-
trolyte and polyampholyte effects.

Keywords: quenched polyampholyte hydrogels, swelling, rheological and mechanical properties, strain-stress,
Young’s modulus, ionic interactions.

Titroduction

Three-dimensional quenched polyampholytes (QPA) can be divided into two categories: chemically and
physically crosslinked hydrogelsh[1,/2]:%he long-range Coulombic interactions between opposite charges
along the backbone is a govemingfactor of conformational and volume-phase changes of QPA hydrogels.
Swelling ratio at equilibrium Qs for QPA gels prepared from 2-(methacryloyloxy)ethyltrimethylammonium
chloride (MADQUAT )gandhAMPS was studied in pure water and 2 mol-L™ NaCl solution [3]. Similar to lin-
ear QPA, hydrogels of QPA%are in swollen and collapsed states in dependence of the net charges expressed
as Af = f'~f (whéte fand 4™ are the molar ratios of cationic and anionic monomers to the total monomer
concentration, giespectively). As the concentration of the anionic and cationic parts deviates from the
equimolar ones Af#0 the swelling ratio increases rapidly. A reasonable explanation of these results are that
the number offesmotically active ions in the hydrogel phase increases as the molar ratio of cationic to anionic
group§diverges from unity according to Donnan equilibrium. While as the molar ratio of cationic to anionic
groups approaches to unity the excess free counterions that are not needed to satisfy the electroneutrality of
the€hain are effectively «dialyzed» from the hydrogel interior. In 2 mol-L"' NaCl solution the electrostatic
effects are screened and the swelling ratio at equilibrium Q. levels off and gel behaves as a neutral system. At
low ionic strength polyampholyte chains bearing net charges of opposite signs form intraionic complexes
leading to a phase separation. At high ionic strength, the gel swells due to screening of electrostatic interac-
tions and such microscale structure dissolves.

QPA hydrogels based on [3-(methacryloylamino)propyl]trimethylammonium chloride (MAPTAC) and
4-vinylbenzenesulfonate (NaSS) P(IMAPTAC-co-NaSS) [4] and P(AMPS-APTAC) [5] were compared with
polyion complex (PIC) composed of P(MAPTAC) and P(NaSS) [4] The main difference between
P(MAPTAC-co-NaSS) and P(IMAPTAC)-P(NaSS) hydrogels is that the former is composed of oppositely
charged monomers, while the latter is the product of matrix polymerization of NaSS on the matrix of
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P(MAPTAC). The conformation of P(MAPTAC-co-NaSS) can be stabilized by both inter- and intra-ionic
interactions, while PIMAPTAC)-P(NaSS) chains are stabilized by interionic salt bonds. The effects of charge
ratio and monomer concentrations, the molecular weight of polyelectrolytes on the swelling, toughness, self-
healing, and viscoelasticity of QPA and PIC hydrogels were comparatively studied. It was demonstrated that
the PIC hydrogels are much tougher than the QPA hydrogels and exhibit better mechanical properties. This
is due to structural and morphological differences of two systems. The PIC hydrogel shows a more inhomo-
geneous, large segregated structure with large pore size (d = 0.5-3.0 pm), while the QPA hydrogels show
more homogeneous structure with diameter of pores 0.1-0.3 pm.

The swelling properties of AMPS-APTAC were evaluated by continuous monitoring of 60 pmisized
hydrogels with the help of instrument [6]. It was shown that the charge balanced P(AMPS-APTAC) hydrogel
exponentially swells upon ionic strength increases from 5-10~* to 0.15 M NaCl exhibiting antipolycleetsolyte
effect [7] in response to added salts.

A new class of tough, viscoelastic and self-healing hydrogels was designed by authers [8—11] from
supramolecular QPA prepared by random copolymerization of oppositely charged ionic mon@mers at high
monomers concentration and equimolar monomers ratio (charge balance point). These physieal gels contain
the strong ionic bonds that play the role of permanent crosslink and weak ionic bonds that are responsible for
elongation, deformation, twisting, fatigue resistance, internal friction, adhesion, self-healings®shape memory,
anti-biofouling and other important functions. In spite of topological differénce, the QPAyhydtegels are simi-
lar to double-network hydrogels [12]. In both cases, the strong bonds ferm'a primary setwork and the weak
bonds — a sacrificial network. The effect of the charge fraction (f) on théyswelling, yolume ratio (Q,= V/V,,
where V and V, are the volumes of swollen and as-prepared hydrogels), YQung’s modulus E, and the com-
pressive fracture stress G, of the hydrogels MAPTAC-co-NaS) wasgvaluated. The extremums of curves cor-
respond to the vicinity of charge balance point (f= 0.48~0.53), wherejthe Coulomb attraction prevails over
the repulsion and polymer chain collapse to globular state. Insimbalanced region ((f < 0.48 and f > 0.53) the
Coulomb repulsion prevails and polymer segments elongate! The shrinking of the gels near the charge bal-
ance point (f = 0.505%0.025) is accompanied by dramatic mereasein the modulus E and fracture stress Gy,

A series of experiments were carried out to clapifythe effect of specific ions on mechanical and electri-
cal properties of QPA hydrogels on the examples 0f P(MAPTAC-co-NaSS) and various salts [13]. A virgin
sample is represented as inhomogeneous mediumyecompesed of strong ionic bonds that play the role of per-
manent crosslink like covalent cross linker and weakiioni¢,bonds that can be ruptured and re-formed. The cut
virgin sample contains the ruptured strongandiweak’ionic bonds. After contacting of the cut surfaces a large
number of ionic contacts in the vicinityfof'surfaces are re-formed across the interface which leads to healing.

Earlier [14] we have studied thHepswelling properties of a series of QPA hydrogels based on P(AMPS-
APTAC) in aqueous-salt solutions. Theswelling behavior regardless of hydrogel composition, was followed
by Fickian diffusion. The adsesption,and desorption ability of QPA hydrogels was evaluated with respect to
ionic dyes and surfactants.

In the present papes,we report the mechanical properties of QPA hydrogel samples of P(AMPS-
APTAC) in dependence of\the molar amount of AMPS. The rheological, and mechanical properties of
quenched polyampholyte hydrogels were evaluated for different compositions of copolymers at fixed initial
monomer concefitration Cy= 0.5 wt.% and constant amount of [MBAA] = 20 mol.%.

Experimental

Materidls

Commertéially available 2-acrylamido-2-methyl-1-propanesulfonic acid sodium salt (AMPS, 50 wt. %
mywater), (3-acrylamidopropyl) trimethylammonium chloride (APTAC, 75 wt. % in water), N,N’-methyle-
nebis(acrylamide) (MBAA) purchased from Sigma-Aldrich were used as received. Ammonium persulphate
(APS)purchased from Changzhou Qi Di Chemical Co. was used without further purification.

Preparation of polyampholyte hydrogels

Polyampholyte hydrogels were prepared by solution polymerization of the monomers AMPS and
APTAC at 60 + 2 °C in the presence of MBAA as a cross-linker, and 10 mM APS as an initiator respective-
ly. The molar amount of AMPS in the comonomers feed was varied from 25 to 75 mol.% while initial mon-
omer concentration Cy and amount of MBAA were fixed at 5 wt.% and 20 mol.%. Further, the QPA hydro-
gels were coded as AMPS-75H, AMPS-50H and AMPS-25H (where 75, 50 and 25 are the mole percent of
AMPS in initial monomer feed). For example, AMPS-50H was prepared from the mixture of 50 mol.%
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AMPS and 50 mol.% APTAC in the presence of 20 mol.% MBAA. The synthetic protocol for preparation of
AMPS-50H is the following: the mixture AMPS (0.4 g), APTAC (0.2 g), MBAA (0.06) was stirred at room
temperature for 15 min to obtain a homogeneous solution. After the addition of APS (30 mg) and stirring for
1-2 min, nitrogen gas was bubbled through the homogeneous solution for 30 min to eliminate oxygen. The

solution was then transferred into 1 mL volume syringes, placed into oven and polymerized at 60 °C during
24 h.

Methods
Rheological measurements

The rheological measurements were conducted on a Bohlin Gemini 150 rheometer system (Malvern In-
struments, UK) equipped with a Peltier device for temperature control. Hydrogel samples wereprepared be-
tween rheometer plates at 60 °C for monitoring gelation. The frequency sweep tests were camded out overithe
frequency range of 0.1 to 100 rad-s" placing the gel samples between the cone and plates {diameter 40 gim)
at the constant distance between them 150 um. The frequency-sweep tests at strain amplitudeqp = 0.01 were
carried out at 25 °C.

Swelling tests

Hydrogels taken out of the syringes after 24 h reaction time were cut into spdall pieces of about 1 cm in
length, and immersed in an excess of water. After reaching an equilibrium degregfof |swelling, which was
monitored by recording the mass and diameter of gel specimen, the samples wetreytaken out of water and
freeze-dried (Christ Alpha 2—4 LDplus). The fraction of the monomers convertédunto a water-insoluble pol-
ymer, that is, the gel fraction W, was calculated by formula:

W, = _May , (1)
C, xXm,
where my,, and m, are the weights of the gel specimens in dtied and as-prepared states, respectively, and C,
is the monomer concentration (wt.%) in the initial reactiofjymiXture.

The relative weight (m,,;) and volume (V,,;) swelling ratios of as-prepared gels were determined by for-

mulas:

mrel = 5 (2)
Mg
V — dswl 3 (3)
rel do s

where dj and d,,, are the diametéts of as~prepared and swollen specimen respectively, m,, is the weight of
swollen gel specimen.

Mechanical tests
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Figure 1. Typical stress-strain curves of under compression where the nominal stress g, (red curve)

and true stress o, (blue curve) are plotted against the compressive strain €. Dashed lines represent
calculations of the fracture stress oy and fracture strain &, from the maximum in the o,,,.—€ curve
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yThe compression tests were performed at room temperature on Zwick Roell test machine using 500 N
load cell. Initial compressive contact to 0.05 N was applied to ensure complete contact between the sample
and the surface. Load and displacement data were collected during the experiments at a constant crosshead
speed of 3 mm-min’". Compressive stress was presented by its nominal a,,, and true values o, which are
the force per cross-sectional area of the undeformed and deformed specimen, respectively. Assuming the
sample volume remains constant during deformation, the true stress o, was calculated as ;.. = AG,0m,
where A is the deformation ratio (deformed length/original length). The compressive strain is given by the
compression ratio ¢ which is the change in the sample length relative to its initial length, i.e., e =1 — 4.
ure 1 shows the typical stress-strain curves of AMPS-50H, where the o,,, and o, are plotted agai
strain &.

Results and Discussion

Swelling characteristics of QPA hydrogels
Photos of as-prepared and swollen (immersed into water and equilibrated) as well a

AMPS-50H is cloudy and in shrunken state. These results are explamed
25H and AMPS-75H, due to excess of positive and negative chargesgi
osmotically active ions in the hydrogel phase increases leading to swel
50H, the equimolar amount of cationic and anionic charges compensate
counterions (Na" and CI") that are no more needed to satisfy t oneutrality of the chains are effectively
released from the hydrogel interior.
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Figure 2

elation

e dynamics of gel formation was monitored by rheometric measurement using the oscillatory defor-
mation tests at an angular frequency ® of 6.3 rad-s ' and strain amplitude y, of 0.01. Figures 3a, b show the
loss G’ and storage modulus G’ of the reaction solutions plotted vs the reaction time together with the loss
factor tand (G ’°/G’) of the reaction system. As seen from Figure 35 the gelation time decreases with increas-
ing of AMPS content in reaction mixture. This is probably accounted for higher reactivity of AMPS (ramps =
=0.62) in comparison with APTAC (raprac = 0.36) that is responsible for decreasing of gelation time
[15-17].
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a — Storage G’ (filled symbols), loss modulus G" (open symbols) and loss factor tan 6 (reddines) of'the reaction
mixture as a function of reaction time. ® = 6.3 rad-s™. 7= 60 °C. Blue arrows show the gelation point of the system;
b — Gel points £, (tand = 1, open symbols) are plotted as a function of AMPS contént imyreaction mixture.
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Figure 3

Mechanical and rheological properties

Table represents the mechanical characteristics of QPA hydrogels with different AMPS content. With
increasing of AMPS content the mechanical strength (E.) increases' 3 times and fracture stress (oy) increases
2 times.

Table
Swelling and compressive mechanical properties of QPAthydrogels. [MBAA] = 20 mol. %, [APS] =10 mM
As-prepared gel Swollen gel
o,

Code Mhrel HO w9 | W 19, Eipa o, /kPa E/kPa o, /kPa
AMPS-25H 9.240.1 994 098 5.2(0.4) 24 (1) 11.2 (0.7) 6.0 (0.8)
AMPS-50H 0.8240.02 99’5 1.00 12 (1) 30 (2) 23 (2) 147 (12)
AMPS-75H 7.9£0.5 93.8 0.92 19 (4) 55(3) 33 (1) 27 (3)

Figure 4 shows the results,of‘theological measurements: storage G’, loss modulus G’ and loss factor
tan o of as-prepared QPA hydrogels. It is seen that APMS-75H demonstrates stronger mechanical properties
but exhibits the brittlenessy(lines on the third graph are approximated). These results are in good agreement
with the loss factor tano (G /G ") of the reaction system.
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Figure 4. Storage G’ (filled symbols), loss modulus G’’(open symbols) and loss factor tand (red lines)

of QPA hydrogels prepared between rheometer plates at 60 °C for 1 h at 25 °C. v, =0.01.
Hydrogel codes are indicated in the graphs. Note that the green lines are approximated data for AMPS-75H
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The corrected strain-stress curves of as-prepared and swollen QPA hydrogels at various AMPS concen-
tration are shown in Figures 5a, b. The Young’s modulus E, fracture stress oyand fracture strain €% (or elon-
gation) of QPA hydrogels as a function of AMPS content are represented in Figures 6a, b. The highest val-
ues of Young’s modulus £ and fracture stress o, exhibit as-prepared AMPS-75H sample. However, in swol-
len state the AMPS-50H shows significantly improved mechanical characteristics. It should be noted that
dialysis of as-prepared hydrogel samples in pure water plays the crucial role in enhancing the ionic bond
formation whereupon the polymer concentration governs the competition between intra-chain and inter-chain
complexation to form a tough hydrogel [11]. In case of equimolar AMPS-50H hydrogel, the formation of
intra-ionic contacts between oppositely charged monomers leads to toughening of hydrogel sample (Figs. 56
and 6b). Compression tests of swollen hydrogel samples are shown in Figure 7.
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Figure 5. Compressive stress-strain curves of as-prepared (a) and dialyzed (b) QPA hydrogels
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Figure 6. Fhescompressive moduli E. (a), fracture stress oy (b) and fracture strain €% (c) of as-prepared (filled
symbols.and bars) and swollen QPA hydrogels (open symbols and bars) as a function of AMPS content in the feed

Due to the fact that swollen AMPS-25H contains the excess of cationic monomer — APTAC and ab-
sorbs, much water in comparison with AMPS-50H hydrogel, the former is mechanically stable while the lat-
ter is taptured under compression. However, the fracture stress (o) of swollen AMPS-50H is 6 times higher
than as-prepared state. The elongation (¢) values of as-prepared hydrogels are in the same level (62+2), but
for swollen AMPS-50 the value of ¢ (in %) is much higher than that of AMPS-25H and AMPS-75H
(Fig. 6¢). Thus both the fracture stress (oy) and fracture strain (¢) of swollen AMPS-50H are much higher in
comparison with swollen AMPS-25H and AMPS-75H (Fig. 6b, c). The reasonable explanation of this phe-
nomenon is that the opposite charges within AMPS-50H stabilized by intra- or interionic contacts act as
physical crosslinks. Such globular conformation of AMPS-50H is unfolded and extended upon stretching.
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Our data are in good agreement with results of authors [11] who stu ect of the charge fraction
on the swelling degree, Young’s modulus £, elongation &, aﬂhe compressiye fracture stress oy for QPA
hydrogels based on [3-(methacryloylamino)propyl|trimethylaffimo chloride-co-sodium 4-vinylbenzene-
sulfonate.

Conclusion

mpholyte hydrogels were prepared from ani-
BAA. They were characterized by swelling

s. The swelling and mechanical properties of as-
ic to excess or equal numbers of anionic and cation-
as polyelectrolyte and polyampholyte hydrogels.
panied by dramatic increase in the fracture stress o, and frac-
as-prepared hydrogel samples in pure water plays the crucial

Three samples of quenched (or high-charge-densi

prepared and equilibrated QPA hydrogels are
ic monomers In dependence of composition

ture strain €, %. It is outlined that
role in competition between repulsi
polyampholyte effect AMPS-50 intra-ionic complexation between oppositely charged monomers.
Both the fracture stress (oy fracture strain (¢%) of swollen AMPS-50H are much higher than AMPS-
25H and AMPS-75H. This ined by globular structure of AMPS-50H stabilized by ionic bonds be-
tween oppositely charg 0 rs. Upon stretching the globular parts unfold and extend exhibiting im-
proved mechanical p ¢s. Supramolecular QPA prepared by random copolymerization of oppositely
charged ionic
sents a new cl

crosslinks tomm in the shape of the gel the latter as sacrificial network is responsible for elongation, de-
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I'. Teneyrait, 3. CyC.E; KynaiibepreHos

AHHOH MOHOMeEPi aKPHJIAMH/I-2-MeTHIk-1-nPonaHCcyJib(P)OH KbIIIKbLIbI
HaTpuii TY3bl (AMPS) kxdHe KaEMOH MOHOMePi 3-aKpHIaMHI0NIPONIII-
TpuMeTHIaMMOHUI Xaopuii (APTAC) Heri3inae :xorapbl 3apsiATaJIFraH
NoJMaM(pOJINTTI THAPOreJbICPAiH MEXaHUKAJBIK KOHe ICiHY KacueTrTepi

Biznin angpiarsl sxyMmbicta (Kapapansl yHHBepCHTETiHIH XxaOaprmibichl. Xumust cepuscel, 2019, Ne 2(94),
35-43 Ger) 6i3 TONBIK 3apsAATANFaH aHHOH-MOHOMED aKpHIAMH-2-METHII-1-TIpomnaHcyab(OH KBIIIKBUIEI Ha-
Tpuit Ty361 (AMPS) SkeneqiaTiion MoHOMeEpI 3-akpriamMumonpomuI-rpuMeTmiaMmmonnii xiopuai (APTAC)
Heri3inge nondaMponuTrepAiH Cy-Ty3 epiTiHAiIepiHae SpeKeTiH KapacThpAblK. by makanana N,N-meTuieH
6ucakpuiaMuniHig (MBAA) OailnaHbICTRIPYIIBI areHT PETiHAe KAThICYBIMEH €CKepPTIIreH MOHOMEpIepaiH
epKiH JpanuKaiIbl  CONOIIMMEPH3ALHUACH apKbIIbl CHHTE3NCNITCH JKOFapbl 3apsAATaIfaH MOIHaM(OIUTTI
THAPOTelibAepAIHMEXaHUKANBIK KacueTTepi Typaibl OasHmaimMbi. AMPS Monsipibik Mesiepine GailnaHbl-
capmpuposes yiriepi AMPS-75H, AMPS-50H xone AMPS-25H perinne kpickapTeuiabl. JKorapbl
3apsggPaFaH MoIMaM(OIUTTI THAPOTENBACPAIH PEOJIOTHSIIBIK JKOHE MEXaHHWKAaNbIK KacHeTTepi opTypi
COMOMMEpIII KOMITO3HIMSIIAp YIIiH TYpaKThl OacTanksl MOHoMep KoHmeHtpamwmsickl Cy = 0,5 mac.% sxoHe
Typakrsl Mmemmepi [MBAA]=20 wmomp% amsimsl.  Kapama-kapcel  3apsiaTaiqFaH  MOHOMEpIIEpPIiH
COTIONMMEPH3ALIMACH  Ke3iHAe THAPOTelbACpAiH Ty3inyi MBAA KatThicybiMeH ® = 6,3 pagc ' ikoHe
KepHEYAIH aMIITynacs v, = 0,01 Gonranna tepbenmeni nredopmarus TecTTepiH KOIIAHBII, PEOMETPHSIIBIK
enuieyyiep KkeMmeriMeH OakpulaHabl. [ToCTHHTe3#eNreH >oHE iCIHreH NoIMaM(OINTUKANBIK Telblepre
apHaJIFaH KepHEY/IH KUCBHIK ChI3BIKTaphl cuHTe3aenreH AMPS-75H ynrinepi connaii-axk AMPS-50H icinren
KYHIHAE €H JKOFapbl MEXaHHKAIBIK KAaCHETTepiH KepceTTi. by HoTmkenep IOMMAICKTPONIUT IeH
nonuaMOIUTTIH dcepi TYPFBICBIHAH TYCIHIIpiNesi.

Kinm ces3dep: xymTi 3apsarainFad nonnaM(oIuTTep, ICIHy, PEOJOTHSUIBIK JKOHE MEXaHHKAaJbIK KacHeTTepi,
kepHey-nedopmanysi, KOHT MoJyITi, HOHIBIK ©3apa dpeKeTTeCy.
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Swelling and mechanical properties of quenched polyampholyte hydrogels ...

I'. Toneyrait, D. Cy, C.E. Kynaiibeprenon

Mexann4yeckue M Ha0yxawinne CBOMCTBA CHIbLHO3APSKEHHBIX
noauaM@(oJIMTHBIX THAPOresieil HA OCHOBEe AHHOHHOT0 MOHOMepa
2-akpuiaamMua-2-metwii-1-nponancyibGoHoBoii Kucjaorsl (AMPS) n KaTHOHHOT O
MOHOMepa — 3-akpujiaMmuaonponuiaTpuMmeruaiaMmonnii xiiopuaa (APTAC)

B namteii npenpinyieit pabore (Bectuuk Kaparanmunckoro yausepcurera. Cep. Xumus, 2019, 2(94), c. 35—
43) MBI paccMOTpeNH noBeaeHHe «quenched» (MM CHITBHO 3apsDKEHHBIX) TOJHaM(pOINTOB HAa OCHOBE ITOJTHO-
CTBIO 3apsDKEHHOTO AHMOHHOTO MOHOMEpa — 2-aKpHJIaMHUJ-2-METHII-1-IpONaHCyIb(OHOBOM KUCIOTHI
(AMPS) u kaTHOHHOTO MOHOMepa — 3-aKpHIaMHuIoNponIITpuMeTIIaMMonniil xiopuna (APTAC) B B
COJIEBBIX pacTBopax. B Hacrosmel crarbe cooOmaeM 0 MEXaHMYECKHX CBOMCTBAX CHIIBHO 3apshKe
AMaM(OIUTHBIX THAPOTeNei, CHHTe3UPOBAHHBIX ITyTEM CBOOOIHOPAIMKAIBHON COIOIMMEpHU3aL]
MOHOMepoB B mpucytctBuu N,N-metunenOucakpunamuaa (MBAA) B kayecTBe CIIMBAOLIETO are
pasipl THIPOreNs B 3aBUCHMOCTH OT MOJIApHOro konmuectBa AMPS Obumn cokpamieHHO 0003HA

MMaM(OIUTHBIX THUApOrenel ObUIN OLEHEHBI ISl Pa3JIMYHBIX COCTaBOB COMOIMMEPOB mpH ¢
HavyaJbHON KOHIEeHTpanuu MoHoMepa Cy = 0,5 mac.% u nocrosHHOM KonmdecTse [MB
pa3oBaHue rUIporeneil B XoJe CONOIUMEPHU3ALUH IPOTUBOMOJIOKHO 3apsKECHH ICYTCT-

ro YUIMHCHUS Xa-
paKTepHbI sl CHHTE3UPOBaHHbBIX 00pa3ioB AMPS-75H u B HabyxflieM COCTOSIHI PS-50H. OtH pe3ynb-
TaThl HHTEPIPETHPYIOTCS C TOYKH 3peHHs 3P PEKTOB MOTHIIEKT] T onnamdoinra.

Knouesvie crosa: cunbHO3apsHKeHHbIE MONHaM(OINTEI, Habyxal PEOIOTHIECKHIE U MEXAHUUECKUE CBOM-
CTBa, HalpshKeHHe-nedopmanus, Moxyab FOHra, noHHEIE B3anyoge
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