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ABSTRACT

It was determined that silica addition in epoxypolymer is able to activate
swelling processin 11 solutions of the hydrochloric and nitric acids, and to
reduce in water and concentrated nitric acid. By nature of influence on the
swelling process silica are divided on coarsely dispersed (specific surface
50-100 n/g), middle dispersed (100-300 m?/g) and finely dispersed (300-500
m?/g). It was define that the swelling process of composites in 2-5 times
intense in acids solutions than in water, and in nitric acid in 1,5-2 timesis
moreintense than in the hydrochl oric (5-10 % against 3-6 % after 100 days).
The swelling curve does not reach saturation in acids unlike of water me-
dium. It was explained by the processes of decomposing (dissolution), and
in concentrated nitric acidsthe swelling reach 40-60 % and concludesfor 6-
8 days of decomposing producing foam solution. It is shown that the swell-
ing of thefilled composite material can be weaken noticeably in the field of
5wt. % (comparing both with others concentrations, and with unfilled com-
posites), in particular for water, solution of the hydrochloric and concen-
trated nitric acids. By microscopic techniques (SEM, AFM) it is shown that
silica influence on the swelling process can be related to decrease in an
amount of pores and its distribution and also appearance of a structure «
silicaagglomeratesin polymer» and «polymer in silica agglomerates».
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Thereisapermanently necessity of anincrease of
epoxypolymer (EP) material resistance (of decompos-
ing, dissolution, swelling process) invariousliquid me-
diumswhileexplaitation. When usng such materid and
adhesivesin polygraphy their inactivity in organic sol-
vents, in shipbuilding - to salt solution, in automobile
industry - to acid and to akalineconditionsisrequired.

For instance, losses of the adhesive stability of epoxy
adhesivesin polygraph businessresulting to excess ex-
penditurefor restoring of printersand plottersimpact
dot matrix. High stability to acid mediumsisrequiredin
congtruction and transport branches.

Itisknown(*3, that epoxypolymersisquite stable
inthewater, ngphthenic, alkaline conditions, however
arenonres stantinanumber of practicaly relevant me-
diums, for examplein concentrated solutions of the
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hydrochloricand nitricacids. It’s undoubtedly narrows
down afield of their application. Thereforethe prob-
lem of improvement of epoxypolymersitemsand ad-
hesvesgahility invariousmediumisactud. Oneof tech-
nologica simpletechniquesof polyepoxides properties
optimisationisfilling.

Literaturé™ oninfluenceof pyrohenic nanosilica
(S0) and other filling compounds on stability of poly-
mersin liquid mediumsisquiteoften confined by qual-
ity standards, for instance 2-3 mark scale (stable-in-
stable, good-neutral-bad etc)!?. Meanwhile, most of
composite items are exposed to exploiting at atmo-
sphereor inaggressveenvironments. It hasunpredict-
able agency to their properties sometimes. Integrated
investigation of SIO influencewith various particle
dispersty on swelling processin acid mediumswasthe
purposeof thework. Based on surface chemistry® itis
possible to expect that addition of such industrial
nanofiller aspyrogenic high dispersed silicadioxidecan
influencesgnificant to epoxypolymersswel ling process.
Silicasdf-gructurization festurein oligomersand mono-
mersalow supposingthat it could enrich stability of EP
inaggressivemedium even in case of unmodified SO
surface.

EXPERIMENTAL

Standard epoxypolymer template based on ED-
20+ 12.5wt.% of polyethylene-polyamine PEPA was
used asexperimental modds. It wasfilledwith silicas
A-50, A-100, A-175, A-300, A-455 (number corre-
spond to the value of specific surface areain m?/g).
Used silicas: A-50— Degussa (Germany), remaining -
Kdushfactory ISCNASU (Ukraine). The concentra:
tion of filling compoundswas C=1, 3, 5, 10, 20 wt. %.
Aerosswasload into awarm polymer templ ate, mixed
and keep during 1-2 months, periodically redizing ad-
ditiona mixing of awarm composition. Thecomposi-
tionwarmed up, loaded 12.5wt.% of PEPA, intensive
mixed 5-10 minutes after compl etion of ‘ripening’ pro-
cess. Itissgnificant that vacuum pumping of find mix-
ing hasbeen cong dered asineffective, and wasnot made
because of high viscosity of compositions (especially
highfilled) and high speed of primary gelation of pro-
cessof solidification. Mixing of composition wascar-

ryingout by spird motion (‘mini-mixer’) of inert needle.
Then compositionwarmed up (70-90°N) for 2-3 min-
utes for the maximum deleting of the individual
macrobubblesof air. After composition homogeniza-
tionwascuredon air a anindoor temperature and the
subsequent exposure of the solidified samplesunder
normal conditionsduring 3-4 months. After that, with-
out additional thermal processing, formated samples
placed in aliquid medium. The cured sampleswith di-
ameter of 1 cm, width of 2-3 mmand averageweight
0.2-0.3 gwereused for learning of swelling process of
filled compositions. Swelling processwasinvestigated
by samplesweight change (platters 10x1 mm) inwa-
ter, in 11 solutions of nitric and hydrochloric, and also
concentrated nitric acids. Swelling degree measured by
amass change of samples g = ((m,-m_)/m )x100 %
(m,and m_ - current and initial mass of asamples),
dried 40-60 minutesat indoor temperature. Samples
wereinvestigated by SEM and AFM-microscopy by
standard procedure. The structure of the composites
was determined by FT-IR (Thermo-Nicol ett).

RESULTSAND DISCUSSION

Swellingof EPwith SO

Asitisknown, sability of epoxy polymersinwater
ishighlyimportant (thelimiting swelling processranged
in 1-2 %): curves g-t for thissamplesitisshownin
figure 1(e, f). However, inanumber of aggressveenvi-
ronments, first of all inacid, swelling processismuch
moreintensive, thaninwater. Theqindex and theswell-
ing processin acidsarein 2-3timeshigher, thaninwa
ter (Figure 1). The short-term field of outwashingis
appear in water during thefirst hoursof an exposure
(during of thefirst 10-30 minutes g va ueis negative),
that it isnot noticeableat an exposureinacids. Instead
of water medium, in acid mediumsthe common feature
- islack of threshold of limiting swelling processona
curve. Theswelling processescurveq (t) inanacid do
not saturate, but may have inflexion point (Figure 1)
when swelling processdow down (Figure2), after one
growth q (t) isresume- probably asaresult of dissolu-
tion (decomposing) processes. It allows considering,
that two processes - swelling processesand (gradually
accelerated) dissol utions/decompositioniscombinein
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TABLE 1: Dependenceof swelling valueq on concentration of SiO, at an exposur eof 90 days(for thehydrochloric-88, for

water and nitric- 95)

Wt.% A-100 A-175 A-300
hydrochloric  nitric  water hydrochloric  nitric  water hydrochloric  nitric  water
0 2,55 3,19 1,83 2,55 3,19 1,83 2,55 3,19 1,83
1 2,77 4,08 1,76 2,65 3,36 1,85 2,84 345 1,6
3 4,88 3,94 6,27
5 2,38 451 1,38 2,68 5 1,47 2,38 7,65 154
10 3,56 6,04 1,67 2,96 6,19 1,69 454 9,59 1,76
20 4,77 8,87 1,43 6,23 11,94 1,68 4,68 14,21 2,25
A-455 A-50
wt.% - — . —
hydrochloric  nitric  water wt.% hydrochloric  nitric  water
0 2,55 3,19 1,83 0 3,19
1 3,37 5,05 1,76 1 4,57
3 4,76 3 5,92
5 3,24 7,07 1,69 5 5,2
10 3,68 8,19 151 10 7,7
20 4,45 20,19 1,69 20 9,11

acid. Redly, samplesafter 3-4 monthsturnyellow in
HCI, andinHNQO3 - turn brown, takeelasticity, and at
highfillingsup arescattered. Obvioudy, thisdetermines
very fast swelling processwith decomposingin 7-10
daysin concentrated nitric acid (Figure2A). According
tothereceived data, thereisalivelier swelling process
(and decomposing) aggregatesin nitric acid, thaninthe
hydrochloric. So, avirtua velocity of swelling process
andvaueqinnitricacid (especidly at later phases) in
1,5-2timesabove (Figureland 2, TABLE1).

Investigation of dependence of SIO concentration
onswelingvaueq(C) hasshown anumber of interest-
ing regularities. Itisnot linear more often, andin some
casesisnonmonotone. Accurate correlation of decrease
of swellingvaueq(C) with SIO concentrationincrease
isobservefor findy dispersed SO (i.e. withaminimum
size of particles) - A-455 and (for nitric) A-300, in
remaining cases, it is disturbed aready at 5 wt.%
(TABLE 1, Figure2, 3).

Theandysishasshown, that smdl addition (inrange
of 1 wt. %) not waysresult in to an noticeable modi-
fication of aswelling processcurvelineand it amost
coincideswith acurvelineof an unfilled composite
materia (Figure 1a; Figure 2a). But for themgjority of
SiOinHNO3 and HCI (and for high-disperse A-300
and A-455 - alsoinwater, Figure 1), differencefrom
initial (Owt. %) curved linehasdready well noticeable

evenat 1wt. % (Figure2, Figure3, TABLE 1).

Insolutionsof acids(and for water), at 5Swt. %itis
lessintensive swelling processin comparison with ad-
jacent concentrations. It apparently explains by con-
solidation of the polymer net and appearanceof aframe
from SO particles(TABLE 1, Figure 1 and Figure 2).
Regularly watched in most cases(till 25 composites
from 4-5 types of silicain acid and even in aqueous
mediums) swelling degree decreasein range of 5wt.%
can be evidence of the existence of optimum concen-
tration of anaerod|, fromthe point of view of chemical
resistance of compositesto action of aggressive medi-
ums. Tendency of lowering of swelling processinthe
fiedd of 5wt.% dropswith growth of specific surface of
SO, expecidlyitisvisblein IM nitricacid, whereeven
for middledispersed composites A-175 and findly dis-
persed A-300, A-455 swelling processincreaseswith
filling growth (Figure 2b-d). From herefollowsthat at
certain concentrationsof SiO andin dependenceonits
specific surfacethe specific frame of acomposite ma-
terial with heightened polymeric net density can be
formed.

At high C, theswelling degreeincreasein compari-
son both with O wt. %, and with 1-5wt. % (Figure 1,
Figure2) iswatched. Asarule, at transitionfrom5to
10 and especially 20 wt. % clear positive correlation
g~C (Figure1a, b, g, Figure 2 b-d, TABLE 1), some-
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Figure1: Swelling processof epoxy polymer sfrom 0-20wt.% of aer osilsin 1i to hydrochloricacid (a-d), and alsoin water (gf)

timeswith repeated growth g (Figure 1 and, Figure 2
b-d) iswatched. Apparently, adetermining factor of
swellinginacid solutionsat highfillingsbecomesloos-
ening asthe polymer net, and a so aggregate (coagula
tion) frameof particlesof afiller, with availability (the
moreitisthehigher filling) idetsincdlusonof afiller (Fig-
ured). At the sametime, thisrule of proportionality
g~C hasquitealot of exceptions, for example curves
for sampleswith 10 and 20 wt.% A-300in the hydro-
chloricand A-50innitricacid areidentical (Figure 1b,
Figure2A). At growth or lowering of an acid theregu-

larity g~C stopsto show, that isvisible on exampl e of
compositesin concentrated nitric acid and water (Fig-
ure2A, Figure 1d and €). Wewill notice, that swelling
process growth at filling 10 wt. % (compared with O
wt. %) doesnot mean worsening of hardnessof acom-
posite. For exampleunder our data(in articlearenot
brought), compression strength of compaositesand hard-
ness on the adhesive displacement (at pasted together
metd or glass-fiber plates) do not |lower compared with
unfilled polymer.

Systemati sethereceived experimentd dataispos-
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Figure 2 : Swelling process of epoxy polymers from 0-20 wt.% of SiO (unmodified) in 1I to hydrogen nitrate and (for

comparison) theconcentrated nitric

gble, by having parted on character of influenceof SO
on ‘coarsely dispersed’ and finely dispersed’ groups.
Thebehaviorsof compositeswith A-175 (Figure 1 and
2) displays, that can exist also theintermediate group
«middle dispersed» SiO, generalize properties of other
groups. Findy dispersed SO display theinfluenceeven
a small concentrations (especialy for A-455) ismore
often, and dependence g~C which onestrengthenswith
growth of specific surface of SiOischaracteristic for
them. Infact, for finely dispersed SiO asarule, of con-

centration growth givesswelling process growth (Fig-
urel, Figure2). For coarsely dispersed SO, naturaly
comparativedecrease of intensity of swelling process
at 5wt.% when the swelling process curvelaysdown
below curvesfor 3wt.% (Figure 2a, 2b) and even for
Oand 1 wt.% (Figure 1a, b).

Positive correlation of swelling degree and specific
surfaceof filler at 20 wt. %isalsovisible. It was ex-
plained by amplification of aself-aggregationof SOin
polymer and, accordingly, airregular distribution of a
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Figure3: SEM - and the AFM -photos of epoxypolymer (in various scales) unfilled (a-g) and filled. In bracketsyear of

composition manufactureismentioned

filler with growth of specific surfaceof particles.

Apparently from figure 1, swelling degree q of
samplesin HCI (3-5 % after 100 days) in 2-3 times
exceeds indexes g (1.5-2 %) in water. INnHNO3, an
index q4till higher, that isespecially visibleat highfill-
ings, for which after 100 days g=9-15 %, and some-
timesalso 17-20% (Figure 2d). For acids, severa times
higher and value of aeffectiveve ocity of swelling (ac-
cordingly 0,05andto 0,1 %/per day accordingly inthe
chlorhydric and nitric), than inwater (0,025 %/per day).
Similar data q (t) are received for other SIO in the
chlorhydric and nitric acids. Asawhole, fillingintens-
fiesswdlling processin acidswhileinwater (Figure 1d,
e, see als0l¥) weakensit.

Filled epoxypolymer structure

Experimentally observable changeof swelling pro-
cessin consequence of filling should bethe result of
restructuring of polymer under theinfluenceof filling. In
fact, both from SEM-photo, and fromAFM-imagesit
isvisible (Figure 3), that thewhol e surface of unfilled
epoxypolymer iscovered by pores. The porosity isnot

related to application of porophore and to quality of
reagents (itisshowed in samplesfrom different parcels
of resin and acuring agent), and is characteristic for
epoxypolymer received on an ordinary process engi-
neering (in ahousehold activities, on service, on pro-
duction etc). Itispossiblethat, the appearance of pores
isconnected to the presence of micro-bubblesof air
(comingwithan aerosil or during mixing), with pres-
ence of amoisture and admixturesin reagents, local
exothermsat solidification, €c. Init’s microstructure,
aswecan see, polymer israther similar not to astone
monolith, but to a «bread or cheese in a cuty». Pores
represent paraboloida formationswith diameter of cut
0.5-1 of micrometers(by SEM data) and less (according
to AS). Their concentration issizesbleenough - some-
timestill 70-80 per 100 mcm? (Figure 3a), or 20-25
vol. % by Rosivale method (theratio of length of the
cutting asurface segment passi ng through pores, to to-
tal lengtht™). The porosity obviously a so determines
comparatively intensecharacter of swellinginacid me-
diumsunadulterated polymer.

The quantity of pores decrease and influence on
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Figure4: FTIR spectrums(r eflectances) of epoxypolymers- 0% without an exposurein HNO3 (on fig. 4A) and exposure 4
month in 11 HNO3 solution: A) 0, 1,10 and 20 wt.% A-100; B) 0, 1, 10and 20 wt.% A-455

their locating will dlow toreinforce stability of acom-
posite material and to reduce swelling process. Itis
achieved by SiO addition at which, nanoparticlesform
optimum structureof their own framein polymer.
From literary datait isknown®>¢8 that SOisca
pableto form in non-harden polymer and other liquid
mediums proper structures (chains, accumul ations) of
theaggregatesforming agglomerates. Itisvisblefrom
figure3, that injection of littleamountsof an aerosi| (1-
3wt.%) result in visiblelowering of an amount and en-
largement of pores. On AFM-images (Figure 3j, k),
‘nano-islets’ of agglomerates of SiO in the measure-
ment till 0.1-0.5 micrometersdternatingwithrarelarge
poresaredsovisible Thus, thesurfaceof polymer from
porous, but ‘comparatively smooth’ (when the dimen-
sonsof heterogeneitiesdo not exceed 0.3 microns, fig-
ure 3 a, b) turnsinto much morerough (Figure3j, I).
Enlargement of poresisgood noticeablea so on SEM-
photosfigure 3e. Aswesee, evenat 1 wt. % of filling
thecompositemateria hastwo phases: relativelyitis
«Si10 in polymer» (Figure 3e) and «polymer in SiO»
(Figure 3f) - in last SIO agglomerates have spongy
(chondroid) frame. Inaphase «the SiO in polymen» we
can seenoticeably smdller, than in unadulterated poly-
mer, the quantity of poresinwhich individual particles
or SiO agglomeratescan besituated: onfigure3ditis
visiblesuch single poreon square 100 men?. Onmore
large-scal e picture (Figure 3g) both phasesof the poly-
mer compositeareclearly distinguishable.
Itisvisblefromfigure4, FTIR of samplesafter an
exposureinnitric acid noticeably differ frominfra-red
gpectrumsinitid onlyinthefied of 2200-2800and 1757
cmt (intensity increase). Thustheposition of dl signas

does not change, new stripe are not appearing. About
thesametakesplaceafter polymer filling. Influenceof a
fillerisshowedintheway that, comparativeintensity of
somesgnalsischanging (without changeof location) -
for example 1885, sometimes 2200 cm. At thesame
time, intengty of signas 1885 (deformative of benzene
ring'®), 2800-3000 (It - Ni,-, Ni,-), 1610 cm*remains
without changing. From thisitispossibleto conclude,
that an exposure in thin nitric acid inflated
epoxycomposite does not changesits chemical com-
position.

Atthesametime, it ispossibleto speak about ma
jor changes of structure of acompositewith afilling,
swelling processbecomestheir indicator. First of all, it
isaquestion of enlargement of agglomerateswith growth
of afiller concentration. Already at 1 wt. % of filling
agglomeratesareclearly visibleon received SEM - and
the AFM-images (Figure 3). Theinfluence of proper
gructuresof SO at smdll fillings(1 wt. %) isshowedin
visiblegrowth of degree of swelling, especidlyinnitric
acid (Figure 2). Enlargement of agglomerates, possi-
bly, firstly leadsto regulating, and then to enlargement
C - toloosening of the polymer net and aframefrom
aggregatesof afiller. Imposition of thesetwoimpacts-
structuring and loosening, ismost obvioudy displayed
at filling 5 wt. %, when thereisaswelling value de-
crease (and not only in polyepoxides, but also
polyetheracrylates®), and al so at 10-20 % because of
anloosening swelling process strongly increases.

CONCLUSIONS

Thebehavior of unfilled polyepoxidesin 11 acids
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solutionsisdefinesby lack of thelimit degree of swell-
ing: on an swelling process curved linefor 60-80 days
of an exposurethereisafield «quazisaturation » after
which swelling processrenews. Outside of dependence
fromthespecific surface, dl silicasinfluenceon swell-
ing processin each mediuminasimilar way. At the
sametime, itispossbleto evolvethreegroupsof SO -
coarsdly digpersed (specific surfacetill 200 ?/g), middle
dispersed (100-300 m?/g) and finely dispersed (300-
500 m?#g). According to studies, coarsely dispersed
slicasdiffer morestrongly and expressed influenceon
epoxypolymer swelling process (and therefore on struc-
ture), than superfine. At the sametime, with growth of
specific surface of SIO becomes more and more ex-
pressed adirect rel ation between itsconcentration and
swelling degreeof acompositemateria isformed.

Swelling process epoxypolymersin acidsisnon-
monotone dependson concentration of silicaandina
certain measure dependson its specific surface. Small
additions (within 1 wt. %) not always noticeably influ-
encethe swelling process curve, but with growth of
fillingswelling processinthehydrochloricand nitricacids
it strengthen. At the sametimethereisafield of con-
centrationsof sllica(in environs5wt. %) whereswell-
ing processin acid and agueous mediumsisrel axed,
especidly for coarsely dispersed SiO. Most actively
swelling processgrowthin an acid goesat high con-
centrationsof silica- at 10, and especially at 20 wt.%
(Figure2). Atfilling 20 wt.%, correlation of growth of
theswelling processin 11 nitric acid with growth of spe-
cificsurfaceof afillerisclearly visble,

Received by AFM images of aepoxycomposites
surface show irregul arity of alocation of nanoparticles
in polymer and shaping «nanoislets» from silica agglom-
erates. At thesametime, poresizeisenlarged, and their
quantity lowers, with strengthening of arelief of asur-
face. It canbeevidence of forminginafilling composte
material asinspissationsin polymer structure, and a
proper frame from particles of filler, and also about
forming of different defects, at different concentrations
of compositesthat change swelling. Inlevelling of a
strengthening effect owingto filling, the non-optimum
aggregation and irregular allocation of particles of
nanosilicain polymer can play an essential role.
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