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Effect of Basalt Surface on the Properties of 
Boundary Layers of Network Polymers 
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140 R. A. VESfL0VSf.Y el d. 

the rate of readion. iateraction and properties of a h a d a r y  bayer, &mion 
sire@ Q€ the c ~ m p  te . 

The purpose of this paper was the investigation of the effect of the basalt i i l kers  
surface on the adhesion strength composites, based on epoxy and nmsaiurated 
polyester resins. 

We used epoxy resins ED-U) and MP-400 a d  hardeaers pdy&%yleilR gdyamirae 
(&PA), dicyaaethyl &h,yh&ainiw (DDETA), mmmcyan@h\Y( dietkykwria- 
mine (MDETA). 

F o r  b.v&gatiOn of the basalt effus we used samples made €ran polyester rain 
iC)tQ09-21M wka& is 60% soiutioa of oligadietkyleaeglymi InakLwphtkalate 
(DEGMF) in triethyieae g l y d  dimeihacryke (TGM-3). The r&s was haidemxi 
by die @itiim-rdudon system ia ihe foim of m* perm&- 
&t mpiitheaate. OctyltriffEetkylamiwmkm bromide (OAB), ,cet y&ri&hflm- 
mimiurn biomhie (CAB), p r ~ d ~ c t  of inleiaction of dlyl alcohol, 2, A-toiuyktteli- 
isocyanate (ATI) have b e e A  used as surface-active substawes @AS). 

Tke pocess of har&njag of the boundary layer of epoxy m d  polyester corn- 
gasitits has been studied b y  the I R q r m i c o p y  method (of repeatedly Aitauitred 
total internal refle.ction-ftaDTiR) on the spemometer UR-20. The prism KRS-5 
(N = 18, C = 45") md tke ~W?ZW&II prim (N = 14, G = 45") W M ~  U& f ~ r  
simulation of the substrate surface. The thickness of a polymer layer was 0.5-1 
sm for the element made of germanium and 2-3 nm €or KRS-5. The inkiblticw of 
polyester resin polymerization by oxygen of the air was excl&d by applying a 
pdyethykne film to the surface of a system to be hprdened. The tbiclrms of 
H i e d  RQOXY and polyester composition was up 20-30 nm. To evaluate iL glass 
(raAsitioR &mpera(use aAd ihe parameter of polymer-solwaf iACer&ioa, we used 
the i a & d  of inversed-pkaw gas ckromamgiaphy. Basalt-1 and basalt-2 sewed as 
t3kis aad a madei of substrate. GIass traitsition iempeyature T, has been deter- 
miad  fimn the experintenrd mive of meteation volume logarithm dependewe qn 
iRv~rsiQR kmpermre iog Y, - ,IT. T b  golyaer-high surface itlterfacid teen- has 
~ W R  determiaed by the m&ods, described in Reference 7. The inerwiy has been 
used a6 a high ertergy surface. The basalt disks and Wes were OBtaiixd from melt 
by the method of infiation. TWQ types of basalt flakes were bw&-l--A&x frsm 
wdinaiy basalt a d  kwsalt-2-flakes from activated basalt. AEtivatioR has heen 
rained mt by tke adding d surface active elements to the meit coinposition. The 
surface was quid to 430 mNlm and 405 mMIm r e s e i v e l y .  me surface of basalt 
0 a b  has been treated by biatlchor urethane-containing surface-active suhtances 
( S m .  

TQ determine the adhesio~ strength the basalt disks have heen cewe~ced to each 
&her, then the obtained pwket has been cemented witk tke aid of a stronger 
cement ktweea steel mushroms a d  this specimen has bee@ desirwed at 7 normal 
laasion. 

The iwe&jgatios of the propei-iia of both types of basalt Rakes has &n per- 
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E F F m  OF BASALT SURFACE 1-41 

formed with the use of the medawk 06 W i m  p a c m g w t i c  resk)dl;ance (EPR) 
and electrm speatrmqxy. The W i a  Em bwe h measured at 300 K on 
the spearmeter YE$-ME-$X, the fits4 deaiwatiw d an absorption line have been 
recorded. The study of the demeatary compsition od b a d c  flakes and of the 
variation of the content of elements thrwgh the thickiaess <of a specimen during 
its activation has beea pedcxmed ~n the scaajaisag e W a m  microscope "Came- 
Bacs," equipped wick an eAergy dispersion sy@m "Link-W' in&mded for an X- 
ray mmoamlysis. 

The investigations hawse included: a qualitative arraly&s id distribution of the 
elements f r m  the pca&teimined area of a s p x i l p ~ ~ ~ ;  a qualitative analysis of 
distribution of the ekmats thruugh the c r u s s ~ b n  d a specimen; a quditative 
analysis in several iacal pints of a spe.citnai with resped to the scanning h e .  

The rewid5 d the eWim nikwscope wmimtims m b k  to a€€irm that the 
distribution chart of edeimmts of ordinary basalt flake differs in the uniform dis- 
tribution of e&mats the k t d  $hmugh tk H O S S - ~ ~ ~ ~ ~ C H B  O€ ~1 flake (Figure 1) .  
The uniformity .of didribrrth of §i, Fe a i d  Ca is midirind by the investigations 
ofthe characieristic S i b ,  FeKa aad CaKol--radiations as well as b y  the qualitative 
analysis im scanning by a prok across the plate and by the quaniitative analysis in 
the bcal areas of a speci~~eia ai difkrent dishwe from tk flak edge (Figure 1) .  

FIGURE 1 
with jmposed-on-it intensities of scanning on the line in CiKa and FeKa-radiations. 

Image of ordinary basalt flake in the characteristic SiKa. EeKa, and CaKa-radiations 
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FIGURE 2 Qanning electron miscmcope intw of &d&attd fl4k.o c~s--~tsc\ltj~ With the "&QS 6k 
intensity of iron and silicon radiation inposed oh i t .  

TAt)Lk I 

Figure 2 presents the scanniw elwtmn mirh%w#x imtllp of an tittivated flake 
in the reflected electmns after digital pmc~luiQ. i t  i Y  w ? n  that ufilike tho leitlel 
specimen (Figure I )  the flake strUttUte ia hetet%geW!tbUa, Neat the sutftiw the 
Rake we can observe the thin ( I  .5 ow) l&yeho€(I #he@ which dit"ek3 in mmpmition 
from its central part. The increase OF the wntent 6f Si and the dwkese OF w t h  
elements as Fe and Ca is typicid b r  thew wtit)na, 

It is seen that the mntent of SI Is the gMat@Rt W Y P  the Wtf&te Ot' th@ Hake. f# 
this case we observe the slow venlshing 6F  sihr0n Mttt its f4@4attd surfwe t~ the 
centre and the rapid increase in the n(lttt)w ( k 3  hW) ttulti! (Lt the leh-hand 8urFcwe 
of the specimen. The increase content ot k and 0 13 obetwd on dne OF the flake 
surface. 

The data of the quantitative analysis in the IWal area3 of the initial and activikd 
specimens are specified in Table f .  
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FttWRk 3 Spwttum of EPR of ordinatp besalt flake (a) end ectiwted one (b), 

It is seen that the content of Si at the side surfaces of the activated specimen is 
the pa tes t  and teaches the value of 2i% which is higher than the content of Si 
In the m t t e  of the flake and by 2% lower than in the initial specimen, The content 
of Fe thmugh the cmss-section of the activated specimen is higher than in the 
initial one. The relation of the content of Si to the content of Fe is also not retained 
thmugh the Ippecimen thickness. 

The obtained data ate indicative of the change of the stoichiometric composition 
of the specimens thmugh the cmss-section during their activation. The redistri- 
bution of the elements in the boundary layet of the basalt Bake (basalt-2) wsults 
in the amsidetable change of its surface tension and other ptopetties. The basalt 
flake matrik includes a b u t  52% of silicon oxide (quartt end cristobalite), 16%- 
A1203, 15%-Pe203, 3%-MgO, 8.37-CaOb In awrtiance with Rekwnces 4 and 5 
the ~t.dinated-nonsatutate~ atoms of metals can be the active centres of poly- 
metitation on the metal oxides, In the p m s s  of polymeritation the wortiinated- 
nongatutekd atom of metal concurwntly retains the growing chain of polymet and 
the monomer molecule. The activation of the bashsalt flake results in redistribution 
of the ckments LR the mpslume and on the surface. On the flake surface we observe 
the Lnc~ased matent of Si and Fe which a n  be the active centres of polymerization, 
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d44 R. A.  YE5ELC)YSK.Y t-t d. 

The imostigation of the spectra of EPR of the s p a h e n s  (Figure 3) are indicative 
of the activity of the obtained basalt flakes. 

Fm the ordinary basalt Rakes we have observed the slightly anisotropic SIpeCtrurn 
of EPR whict! consists of two intensive abrpPion lines in region HI = l.4Kr and 
H2 = 3Ke and a series of weaker lines. The character of the spectrum shows the 
presence in the specimen structure of a short-range order. The analysis of the 
specimen mpos i t ion  and characteristics of EPR of the spectrum (&tor value, 
line widrh) enables to assume that the spectrum of EPR Is determined by ions of 
Fe'3 in two different positions with concentrations N, = 3 x 10'x Spin and N2 = 
1 x l O I 9  spin. These can be the pusitions with different local symmetry-rhombic 
and axial.6 Absorption in small fields ( H  = 1.4 Ke)  can be conditioned by the 
crystalline fields of axial symmetry, absorption in field H = 3Ke.' After activation 
the intensity of EPR lines in region H, = 3Ke sharply increases. This is conditioned 
by eaential increase of the portion of a rhombokdral phase in the flake structure. 
In this case the total concentration of the paramagnetic centres (PMC) reaches the 
value oi 6 x lOI9 spin. The presence of unpaired electrons with concentration of 
6 x l O I 9  spin in the activated basalts flakes enables to assume that the surface of 
the activated basalt flakes possesses the initiating centres responsible for the pro- 
mises d polymerization in the absorption layer.4 

Eariier it has k e n  shown that the layer of epoxy polymer on the metal surface 
does wt change the polymer condition.'."' The treatment of b a d t  surface by SAS 

Tc' f 
310 

360 

350 

4 
340 

7 

0.1 0.2 0.3 0.6 0.5 0.6 d.10-6,m 

FIGURE 4 Dependence of glass tramition temperature 7', on film thickness for ED-20-PEPA on 
basalt-2 with applied layer of SAS (1). basalt-2 (2.2'), b a d t - 1  (3.3'), 2.3-warming-up for 5 h ,  2'. 
3'-warming-up for 10 h at 423 K. 
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FIGURE 5 Dependence of parameter af polymer-solvent InteractIan XI an film tkicknms far 
ED-20 (1) and ED.U)-PEPA (2.2', 3.3'). Supports: 1-ba@alt-2 with a layer of SAS applied fa it; 2- 
basalt-2; 3-basalt-1; 2-3-warming-up for S h; 2', 3'--for 1R h at 423 K. 

The increase of polarity of the hardenera, i,e. their surface activity on the pol- 
ymer-high energy surface boundary upon replacurnent of MRETA by DDETA 
results in the attainment of the approximately equal surface activity of resin and 
amine, 60 the interfacial tenfion of the mercury-EP-20 boundary mrrkes up 34% 
mN/m, MDETA-372 mNm, DDETA-354 mNm. The increase of the nurface activity 
of the hardener results in the growth of the degree of converaion of the epoxy 
groups in the boundary layer (Figure 4).  It ia known that the considerable insreone 
of the polymer adhesion strength can be attained by adding of surface-active RUB- 
stances.'* With thia aim the halogen tialts of quarternary ammonium b ~ i r t ~  have 
b t m  added to the epoxy campounda. The adsorption of molecules of SAS on the 
interface partly eliminates the preferential sorption of epary reain and €ormation 
of an insufficiently hardened boundary layer. Increasing the degree of hardening 
af the epoxy compound in a thin layer (Figure 6), the uaed aurface-active subatanmers 
(SAS) practically do not exert an influence on the deOree of hardening of the 
polymer in the block, the adhesive atrength of cemented bcaak dhks varies gym- 
batically to the degree of conversion of the epowy groupa in the thin layer (Table 
11). The adhesive strength incream especially sharply upan treatment of the basalt 
surface by SAS. The treatment of the surfam of the disks made o€ bamtt-Z by 
bianchor urethane-containing SAS has enabled to obtain the adhesive strenglth 
equal to 56 MPa in application of the polyester base. 
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The mechanical characteristics of basalt-based plastics upon application of the 
epoxy and polyester binders are determined by the degree of transformation of the 
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EFFECT OF BASALT SURFACE I49 

system in the boundary layer and the selective sorption of the system components 
which, in its turn, is dependent on the surface tension of the substrate. 

The activation of basalt resulting in redistribution of elements in its surface layer 
change in the crystalline structure and surface tension, causes the appreciable 
increase of adhesion strength. 

The same effect is attained by treatment of basalt surface with SAS or  adding 
of SAS to the binder composition. 
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