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THE GENERAL DESCRIPTION OF THE DISSERTATION

Large scale utilization of solar energy is modern not only from the points of views of
energy consumables but also from the point of ecological view. Large scale utilization of
solar photovoltaic solar converters is related to the increment of the efficiencies of separate
components and their durability as well as to the decrement of the costs. Model of new type
of photovoltaic solar converter with Fresnel lens is elaborated in the “Heliotechnic”
laboratory of SEUA; patent AM number 1810 A2, 2005. Its main components are the
refractive type concentrators Fresnel lens made from organic glass and the solar
photovoltaic converter made from silicon.

Concentrators of refractive type have an advantage over the reflecting ones because
the converters are installed in the backside of the accepting surface hereby they don’t make
any shaded surfaces. In case of refractive concentrators, the system is lightweighted and the
cost is correspondingly low.

Until now it is not possible to obtain refractive concentrators from organic glasses
which have antireflection properties and simultaneously high stability against mechanical,
chemical and atmospheric erosion influences. Antireflectance (AR) of refracting lens and
solar photovoltaic converter provide transmittance of higher amount of solar energy flow,
conversion of solar energy and increment of efficiency.

The application of the diamond like carbon (DLC) multilayer deposited on the
surface of silicon and organic glass provides the antireflection and stability against the
external destructive influences.

Carbon forms a great variety of crystalline and disordered structures because it is
able to exist in three hybridization, sp’, sp> and sp'. Each carbon atom contains four valence
electrons. These electrons interact in different ways producing the mentioned different
configurations. In the sp’ configuration, as in diamond, these electrons form strong ¢ bonds
with the neighbor atoms. In sp” configuration as in graphite, three ¢ bonds are forming in
one plane and the fourth bond is a m bond formed perpendicular to the plan containing o
bonds. Finally in the sp' configuration, two o and two 7 bonds are formed. The versatility
of these properties is due to the strong dependence of their properties on the sp*/sp’ ratio in

the material and the hydrogen content.



Another industry importance materials, plastics, such as acrylic (PMMA), need to be
coated with protective or antireflective layers. Plastics in outdoor uses are exposed to
diverse environmental effects which for some extent limits the uses of the plastic material
via deterioration and degradation. Where degradation refers to the chemical destructive
changes in the material and deterioration is the changes in the physical properties of the
materials. During outdoor using of PMMA, it is subject to many types of failure effects such
as humidity, soiling, temperature changes, sunlight and rain resulting in different changes in
the surface and bulk of PMMA sheets like chemical changes, discoloration, surface cracking
and crazing and changes in the electrical properties of the materials.

As a result of that, optical and mechanical failure effects are expected to take place.
Reduced transmittance was observed for acrylic sheet or lenses subjected to extended
deployment in the outdoor environment. Accordingly and as a result of its excellent
properties of hardness and transparency, DLC becomes a perfect candidate to be used as
protective and antireflective coatings which becomes one of the most important application
fields of coatings.

The principal aim of this thesis is to develop a protective and antireflective coating
of diamond like carbon films on different components of such converter. The used coating
is single or multi layer coating of diamond like carbon films.

For this aim, different tasks have been studied including;
1) Obtaining stable and adhesive DLC coating on Si and PMMA.
2) Creation of experimental setup and experimental investigation of the destructive
effects on the properties of the obtained coating.
3) Developing a theoretical model to estimate the optical parameters required for the
multilayer coating to obtain antireflection coating.
4) Based on the results of the theoretical model, a long term deposition process is used to
modify the deposition condition in order to obtain the required layers.
Practical values of implemented investigations are
1. Elaboration of surface protection technology for PMMA against external erosion
influences opens new opportunities for their applications in different industries.
2. Antireflection of organic and inorganic substrates by elaborated DLC films opens
many opportunities in the applications of low cost glasses, photo lenses, and solar

beam concentrators.



3. Elaborated technology is cheap where wide spread hydrocarbons and nitrogen is
applied.

4. In the conditions of temperature, humidity and sand wind influences, DLC films
provide significant prolongation of the lifetime for such optical element.

5. Coating of the surface of Si PV converter by triple layer DLC protects from external
erosion influences and simultaneously decreases the reflectance, increases the
photoactive absorption of solar incident radiation, increases the efficiency of
photovoltaic converter and longevity.

The scientific novelty of the work goes as follows;

1) Deposition of adhesive DLC multilayer on different substrate and study the effect of
the deposition parameters on the deposited layers.

2) Preparation of multi-layer DLC on different substrates in single technological
processes is very important factor in industry.

3) High level of protection against humidity + temperature and small particle impact has
been recorded for PMMA coated by multi layer DLC films.

4) Enhancing the thermal stability of the deposited DLC by using metal oxide as an
intermediate layer between the DLC and the glass substrate.

5) Powerful model of antireflection parameter calculation has been produced

6) Tri-layer DLC as antireflection coating on PMMA and Silicon (Si) has been recorded
as well.

7) The obtained antireflection behavior is stand against variation of the incident angle

for PMMA.
The main scientific provisions of the work are

1) First time antireflection of refractive lenses made from organic glass has been
implemented simultaneously increasing their stability against external erosion
influences (sand winds and climatic influences).

2) Obtained experimental dependencies of antireflection have been confirmed on the
basis of theoretical calculations.

3) It has been shown that single, double and triple layer diamond-like carbon films
make different antireflection effects depending on whether they are deposited on the

surfaces of Si photovoltaic cells or on the organic or inorganic glasses.



4) It has been experimentally approved that long term thermal treatments of diamond-
like carbon films deposited on the surface of studied surfaces in case of low
temperatures (80°C, 60%, 1000 hours) don’t change the optical characteristics of
that films but high temperature (500°C) influences change the nanostructure of films.

5) It has been shown that by selection of technological parameters and depending on
the doping levels electrical conductivities of the films are increased, ban gap is
decreased optical transparency is decreased, quantity of sp> hybridized carbon is

decreased related to the sp® hybridized carbons.

Approbation and publication of the results. The principal statements and results of
the disseratation are reported and discussed on annual scientific conferences of the State
Engineering University of Armenia (2010-2012), International Renewable Energy
Conference (2009) and seminars of SEUA Physics chair and “Heliotechnic” laboratory.

Structure and volume of the dissertation. The dissertation work includes: 5 chapters,
an Introduction, Common Conclusions and References. It is expounded on //9 computer

pages, including 55 Figures and /4 Tables.
THE PRINCIPAL SUBSTANCE OF THE DISSERTATION

In the introduction, the theme actuality is substantiated, the principal aim and
studied problems and tasks are presented. The scientific newness and the practical

signification of the work are formulated.

The 1* chapter gives an overview of the potentials of diamond like carbon, as well
as background to its properties and applications. General properties of diamond like carbon,
the effect of different deposition parameters like temperature and nitrogen and thermal
annealing on the properties of obtained films are also presented. The results of other authors
have been represented and the fundamental properties of DLC and the effect of deposition
parameters have been demonstrated. At the end of this chapter carbon based materials are

briefly mentioned.

In the 2" chapter contains details of the deposition technique, treatment systems and
analysis equipments and procedures are described. Plasma enhanced chemical vapor
deposition (PECVD) used technique is mentioned at the beginning of this chapter, together

with description of the different subsystems and its operation is briefly discussed. The



analysis techniques principles and procedure have been illustrated. Also home made
humidity and sandblasting equipments construction details are presented.

In the 3° chapter In the first section of this chapter, the effects of deposition
parameters on the properties of DLC films deposited on PMMA have been investigated. For
this purpose, two sets of samples have been prepared; each one consists of 5-samples.

The first set was deposited at different nitrogen contents in the gas mixture at constant
negative substrate bias voltage at 150V at constant plasma power watt and the second set
deposited at different plasma power in the range 50-150w at constant Toluene to nitrogen
ratio of 60% and substrate bias voltage of negative 150v. Films growth rate and optical
properties changes have been used to probe the changes brought in the films upon
deposition parameters changes.

By increasing the nitrogen content in the plasma gas the growth rate of the deposited
films was found to increase up to 16% of nitrogen. Subsequently, stability in the growth rate
is observed. The recorded stability in the growth rate of the deposited films against
increases of the nitrogen concentration in the plasma gas could be a result of chimerical
sputtering process. Chemical sputtering process comes from the formation of nitrogen rich
chemical species which has very low sticking coefficient to the substrate. By recording the
transmission spectra of the deposited films at different nitrogen contents shows an
insignificant reduction up to 16% of nitrogen. It is observed that higher nitrogen content

produces more and significant reduction in transmission up to 4% transmission reduction at
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30% nitrogen content. The optical band gap has been decreased from 2.25 eV to 2.02 eV.
Such reduction in the optical band gap suggests an infinitesimal increase in the sp2 structure
in the materials. It’s worth noting here that the band gap has been increased at nitrogen
content of 10% which could be attributed to a reduction in the stress level in the deposited
films.

Figure 1 shows the growth rate
changes for samples deposited at

different plasma power. As shown

in the figure the growth rate "

decrease as the power increases.
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the plasma power the optical band gap decrease from 2.5 for sample deposited at 50 watt to



2.08 for sample deposited at 150 watt. Such reduction could be attributed to sp” ratio
increase.

In the second section of this chapter the protection that DLC can offer the surface of
PMMA is investigated. Two destructive effects have been tested: 1) humidity at high
temperature and 2) particle erosions. The effect of these two effects on uncoated PMMA is
demonstrated. At humidity level of 60% and high temperature with respect to that PMMA
can hold bare and coated PMMA has been tested for 1000 hours in home made humidity
incubator. The samples have been taken out each 100 hour to record the transmission
spectra and follow the changes that happen upon treating. As can be observed in figure 3
about 1.3% linear total reduction in the average transmission values measured in the spectral
range 400-1100nm after 1000 hour of treating. Such degradation rate will lead to ~80%
transmission level after about one year of working in such environment. Single layer and
double layers DLC coated PMMA were tested in the same conditions. Single layer samples
deposited using different deposition conditions of plasma power and samples deposited at
low plasma power shows good stability in the transmission as a result of DLC. Samples
coated with DLC deposited at high plasma power shows lower protection level and after
500 hours a significant reduction in transmission is recorded. The degradation rate was
found to be higher than uncoated PMMA. Such behavior could be attributed to the diffusion

of water vapor inside the graphite structure in the material. Figure 4 shows the average
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transmission spectra recorded in the spectral range 400-1100 nm for double layer DLC on
PMMA surface. As can be observed the average transmission shows an excellent stability
which reflect excellent protection level.

Subjecting the uncoated PMMA sample to a stream of quartz particle with size 50-150
um for 60 minutes, about 40% reduction in transmission is recorded, see figure 5. Such
result shows the fragility of the PMMA surface against particle impact which is very
common in the outdoor environment in desert like countries as Egypt. The air velocity

which carries the quartz particles to hit the PMMA surface was calculated according to;
-1
v =1 @)

where q is the flow rate and A is the internal diameter of the used tubes. The velocity of the
air was found to be about 150 kilometer per hour. Such velocity is very big with respect to
the 35 kilometer per hour recorded average velocity in some places in Egypt. PMMA
covered with 2-DLC layers got tested against particles impacts show better stability than
uncoated surface. Figure 5 shows the average transmission of coated, sample R7B, and
uncoated PMMA samples. After 5 minutes of treatment the average transmission of the
coated samples is about 82 % while the uncoated glass shows 66% average transmission.
This gives 16% higher average transmission for the coated PMMA and slower transmission

reduction.

In the 4" chapter: Contains a detailed study of the effect of thermal annealing on the
structural, optical and electrical properties of DLC films deposited on inorganic glass
substrate. The deposition parameters are listed in table 1, where sample given symbols T2
and T3 for simplicity. As shown in the table, samples deposited at high temperature of
250°C. Such high deposition temperature supposes to result in low sp> content and high
stress inside the deposited films. The obtained sample has been annealed in temperature
range 300-500°C in nitrogen atmosphere to reduce film material loss die to oxidation of

carbon b oxygen according to;
C+0, - CO, 3)
FTIR, SEM, optical transmission (reflection) and sheet resistance measurement has
been recorded before and after annealing of the sample to detect the changes brought in the

films upon annealing. Figure 6(a) shows the FT-IR spectra of, as deposited and annealed,

T2 group. As shown two main absorption peaks at 2850 and 2920 cm™ are recorded.
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Figure 6: a) FT-IR spectra of DLC samples T2 as deposited and annealed.

b) Hydrogen loss in DLC films against annealing temperature

Table 1: Deposition condition of DLC films on glass substrate

Deposition conditions T | T3
Substrate type Glass substrate
pre-treatment gas N>
deposition gas mixture
90:10 90:20
(C7Hx:N2 )
working pressure(Pa) 10
Deposition time 80 min
Thickness of as-deposited 550 nm 480 nm
films
Substrate Temperature 250°C

The recorded peaks could be attributed to the H-atom connected to C-sp’ structure. No other
peaks are recorded in the spectra. By annealing the sample at different temperatures, the
intensity of the absorption peaks were found to reduce which indicated a reduction in the
hydrogen content upon annealing. The inset curve in figure 6(a) shows the absorbance of
the samples which shows reduction as the annealing temperature increases. The recorded
FT-IR spectra were used to determine the bonded hydrogen content in the material

according to the following equation;

N=4["dw (4)

11



where A is the absorption strength. There is another question of whether all hydrogen is
bonded at C-H sites. Figure 6(b) shows the estimated hydrogen losses in the films against
the annealing temperature. As observed by increase the annealing temperature the hydrogen
loss increases significantly after 350°C in T2 group while the losses starts at 400°C for T3
group.

Figure 7 shows two SEM photos for sample T2 before and after annealing. As shown
in the figure the particle size recorded before annealing is about 50 nm. Sample deposited at
the same deposition parameters was measured by IR-Raman spectroscopy, in another work

of our lab, and particle size of sp” structure was found to be 28nm. After annealing, the
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Figure 7: SEM pictures of T2 sample recorded before and after annealing at 500°C.

particle size was found to be 200nm in size. Such results suggest an increase in the sp’
particle size upon annealing. Before annealing straight lines crossing the samples can be
attributed to the absence of homogeneity in the chemical composition of the substrate. Such
inhomogenity in the substrate chemical composition results in a different charge distribution
on the surface causing preffential landing spots on the surface of the substrate.

Measuring the thickness before and after annealing at different temperature gives data
represented in figure 8. As shown in the figure thickness reduction is observed as the
annealing temperature increases. Such result could be attributed to increase in the effusion
of the film materials or increase in the film density. Table 2 shows the estimated band gap
values of all single layer deposited samples on glass substrate as deposited and annealed. As

observed in the table in the beginning of annealing, an increase in the recorded band gap is

1
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observed as a result of a reduction in the defects in the material. After that a reduction in the
band gap is observed due to the increase in the sp” ratio in the films.

Table2: Band gap variation for all films

Annealing Band(eG\eg) (Ey)
temp. (°C) T T3
as-deposited 3.3 3.3
300 3.73 | 3.13
350 3.73 | 3.54
400 3.74 | 341
450 3.85 | 341
500 327 | 3.52

Figure 8 shows the variation of the recorded sheet resistance of all samples before
and after annealing. As shown in the figure, the sheet resistance decreases when increasing
the annealing temperature and it becomes as minimum for sample T2 annealed at 500°C.
The reduction in the sheet resistance could be attributed to reduction in the defect density of
the films, increase in the sp” content its corresponding cluster size.

From the above mentioned results, we can summarize the effect of the thermal
treatment on the properties of DLC as;

1) Structure changes, hydrogen loss and increase in sp> content,

19



2) Thickness changes, reduction in thickness values by annealing

3) Optical performance instability

4) Reduction in sheet resistance value.

Such irreversible changes in the behavior of DLC against thermal treatment form real
obstacles against uses of DLC in many application fields.

In an attempt to enhance the thermal stability of DLC an intermediate layer of zinc
oxide has been deposited using magnetron source and introduced between film and
substrate. The deposited zinc oxide layer was 45 nm thick. The deposited samples show no
significant losses in thickness or transmission against annealing.

In the 5" chapter the antireflection behavior of DLC film(s) had been discussed. When
light incident on a surface separating two different media, i.e. have different refractive index
values, part of the light is reflected. This reflected portion increases as the refractive index
increase. For example for silicon with refractive index ~ 3.5 the reflection becomes about
30% which form a huge loss in the incoming optical energy. If it is possible to coat the

surface with a material have lower refractive index a minimization of such losses is

possible.
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Figure 9: Calculated antireflection behavior of two DLC layers on PMMA surface at different
values of second layer thickness.

DLC single and multilayer antireflection theoretical and experimental study has
accomplished on different types substrates. The theoretical study was done based on transfer
matrix method and a mathematics based program was written from this purpose. The
reflectance and transmittance is estimated according to this method based on the following

equation for single layer coating;
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_ YoMi11tYoY1Mi1p—My1—YsMyo (5)

YomMy1+YoVsMyztMy1+YsMy;,

t= 2Yo (6)

YoM11tYoVsM124+Ma1+YsM22

Reflectance spectra obtained from the created program is presented in figure 9 for
double DLC layer coating. The thickness of the second layer changes from 60 to 200 nm. In
thickness range 110-200 nm shows two minima with central peak between them. In both
cases the minimum reflectance wavelength is shifted toward higher value by increase the
thickness. The total coating thickness was kept above 150 nm to simplify the deposition
process. As shown in the figure two antireflection behaviors have been recorded; single

wavelength antireflection and broadband antireflection with two minima.
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Figure 10: experimental and calculated transmission spectra of double DLC layer on PMMA substrate

Two double layer DLC films have been deposited on PMMA substrates where
antireflection behavior has been recorded. The samples named K7 and K8 to be
distinguished. Both samples show about 2% higher transmission with respect to uncoated
PMMA ¢glass in some spectral ranges. The obtained optical parameters from ellipsometery
measurements have been loaded inside the program and represented together with
experimental spectra in figure 10. Some difference between the experimental and calculated

data is observed in the spectral range below 400nm due to the assumption, during

1
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Table 3: Variation of AR-range and maximum transmission wavelength with the incident
angle of DLC

angle(®) AR-range (nm) Am (nm)
0 456-805 565
15 438-850 570
K7 30 433-800 530
45 443-667 523
0 575-805 685
K8 15 561-800 680
30 563-776 680
45 559-800 648

calculations, of the zero extinction coefficient of PMMA while the absorption in this range
is very big.

The effect of incident angle on the performance of the antireflection coating has been
also investigated used multi-incident angle transmission head attached to our
spectrophotometer. Samples K8 and K7, were tested at different incident angles. As shown
in figure 11 the performance is stable by increasing the incident angle up to 30°. But at

incident angle of 45° the transmission suffers from a significant reduction but still higher

17



than uncoated PMMA glass. Table 3 shows the recorded variation in the optical
performance where the AR-range refers to the wavelength range where the transmission of
the coated samples is higher than the uncoated PMMA and A, is the wavelength
corresponding to the maximum recorded transmission. Broad band antireflection of tri-DLC
layer was also recorded for two other samples on PMMA.

On inorganic glass, we introduce coatings on the same deposition conditions of broad
band antireflection with different features as recorded and represented in figure 12. The
difference in transmission between uncoated and coated glass for sample K7 is less than 1%
at some spectral ranges and only higher than uncoated glass in wavelength lower than

630nm.

92f 92f
Normal 150
90 90
K7
88 [ 88 [
sl 86! Glass
84L : : — 84L, : '-(8 :
°\° 400 600 800 1000 400 600 800 1000
= %2 300 | 92! 450
%, K7 | 90} K7
88¢
Glass | 88 Glass

400 600 800 1000 400 600 800 1000

wavelength, nm

Figure 12: Transmission of double layer DLC-antireflection coating on inorganic glass

Single wavelength antireflection behavior is obtained by coating Si surface with single
DLC layer deposited at high substrate voltage with respect to PMMA where all samples
have been deposited at negative 150 volt. The antireflection layer refractive index and

thickness were calculated using the well known equation of single layer antireflection layer;

A
nyd, = 2 (7)

and
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Ny = \/NoNs ()
where n; and d; is the refractive index and thickness of the layer, n, is the air refractive
index and ny is the refractive index of the substrate, listed in table 4. Figure 13 shows the

single layer antireflection coating which gives single wavelength minimum reflection.
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Figure 13: Single wavelength antireflection behavior of single DLC on Si substrate

Table 4: Refractive indexes, thickness, anode cathode voltage U ac, bias voltage Ub and
current density

sample | Uy | Ly I dex din
coclije KV | mA Up mA/pcm2 N% (nm) Dlex (nm)
22 2.5 30 | -200 0.2 10 | 90 | 22 | 55 |2.12
30 26| 35 |-300| 0.25 14 | 110 2 89 | 1.9
29 2.8 | 40 | -400 0.3 10 | 125 | 25 | 123 | 1.8

Nth

At lower substrate voltage and higher temperature another antireflection behavior,
broad band one, has been recorded by for single DLC-layer. Figure 14 shows the recorded
reflection spectra of such samples. All the recorded reflection spectra are lower than bare Si
reflection level as represented in figure 15. Such result could be attributed to a formation of
refractive index gradient towered the substrate surface as a result of the deposition
parameters. The recorded reflection spectra represented in figure 14 shows interference
fringes which have been used together with the refractive index values obtained from
ellipsometer to calculate the thickness from interference fringes. In table 5 the deposition

conditions and the experimental and calculated data for the thickness measurement. Except
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Table 5: Deposition parameters of Broad band antireflection single layer DLC on Si

sample | TC) | U(kV) U, |[time(min) | A,(mA) | d(nm) | di(nm) n
31 180 2.2 -150 15 50 167 | 389.766 2.7
32 180 2.5 -150 15 60 167 | 231.632 2.7
28 150 24 -150 15 55 152 | 200.053 2.3
27 150 2.1 -150 15 40 158 | 194.396 2
25 150 2.5 -150 15 60 156 | 140.294 1.9
26 150 2.6 -150 15 60 156 | 134.626 | 1.98

for sample 31, where big difference between the two thicknesses values is recorded, the
other samples show a reasonable matching especially samples 25 and 26. For these sample
an equivalent layer have been deposited on inorganic glass substrate in an attempt to prove

that reduction in the reflection level not because the film material becomes absorptive. Sure

the difference between Si and glass must be taken in consideration.

Among a large number of attempts to get tri-layer antireflection behavior on Si
surface only one sample gives the required behavior. Such results reflect the obstacles we
get during deposition of multilayer films on the surface. Figure 15 presents reflection
spectra of tri-layer DLC film deposited on Si substrate. The deposited layer was designed,
according to the modeling, to have low refractive index for the top layer. As can be
observed two minimum reflections were found at 460nm and 900nm matching will with the

theoretical model. The overall reflection is less than 1% in the spectral range 400 — 1000nm

R. %

Figure 14: Reflection of single DLC layer on Si
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with two zero reflectance around 480 and 900 nm. The obtained behavior shows excellent

matching with the calculated spectra. The upper layer refractive index was measured to be
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Figure 15: Spectral reflectance of triple layer ARC on Si

n;=1,5, while the middle and last refractive index are n,=1.8 and n;=2.5 respectively. The

corresponding thickness for these layers are d; = 50nm, d, = 30 nm and d; = 98nm.

COMMON CONCLUSIONS

1.

PECVD technology has been modulated for deposit DLC films, with different
transparency levels, on the surface of different types of substrates to work as a
protective coating against destructive effects, which have a wide application area on
Fresnel lenses, PV converters and other optoelectronic devices.

For the first time antireflection multi-layer DLC has been obtained on the surface of
PMMA which have been based on theoretical calculations before deposition.

Single and multi-layer DLC protection coating against humidity has been tested for
1000 hours at humidity level of 60% and temperature of 80°C which corresponding
to the international testing standers.

Multi-layer DLC coating on PMMA shows a good protection level against particle
erosion carried on a fast air where the coated PMMA transmission always higher
than uncoated one.

Deposition of the same DLC multi-layer, i.e. at the same deposition conditions used
for PMMA, on glass also results in an antireflection behavior with some differences

according to the different used substrates.
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6. By annealing of DLC layer deposited on glass substrate at high temperatures up to
500°C, the hydrogen content loss and conductivity increase are observed. At the same
time the optical band gap shows reduction at 500°C. and also the particle size of the
sp” structures is observed to increase by annealing.

7. Also by annealing, the thickness of the annealed films decreased by increasing the
annealing temperatures. The reduction in the films thickness and the known increase
of sp2 fraction in the films result in the recorded behavior of the films transmission
where these two factors are competing with each other.

8. Insertion of zinc oxide layer between the substrate and the deposited films, higher
transmission spectra is obtained and better stability against annealing is observed.

9. Antireflection property of single and broad band wavelength single DLC layer have
been deposited on silicon substrate.

10. Technological regimes have been elaborated for depositing DLC films of
corresponding refractive indices which require obtaining antireflection multi-layer

DLC with very low reflection level.
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uuoNoNkU

ULreduspu dNSNYNLSushu GeMHMUONNPALENP UUYEMBY N3 LE D
LORPUUMUSOUNUSNRUC BY MUTCSTULNRE3NRULE LUSLU3NN,
U2rEsNhE3NhLLENDS

Uhudtn Upnk) Lugh Upniy Untunnudpw

Ukpjuywugyny wohmwwnwitph hhdtwlwt  Eqpuliwugnipniip  jupnn  Gu
ubpuywgyty htnlyuy YEpy.

e Qnnpowghtt wuquuphdhuwjwt wdkgdwt wnkjunnghwt dnnhbhjugdty k
wnwpplkp puthwighihnipmitutpng UUG-ukp wdbkgubint hwdwp, npnp
wohuwwnnid ki npytiu yuonwwihy punuptbp pupuwynn wqpkgnipniuubph
tjuundwdp b npntp mbbkt (uyt  Yhpwonipjutt nppn dpkubjughte
nuylyuluiph  dwibkpunypubpnd, 39 inpuwlbpyhsubpmd b wyp
owunkkjunpnuhjuljut uwpptpnid:

e Unwoht wmiiqud NMUUU-h dwlbplnyphtt unwugdl] L pruuyuyswunwuging
UU.E, npp hhdudws E twjupwt wdkgnidp mbuwjut hwyquplubph Jpus:

¢ Uhuwpbpwn b puquuobpn UGG wuwonwywihs skpup thnpdwplyl) k1000 dwd
60% pmbwymput L 80°C ghplwuwnhdwlth wuwydwbbbpnd, npp
hudwywnwupwind £ dhowqquyhtt uvinwinpupunubkpht:

e NMUUU-h dwlbpinypht UUB  Sswéinypp gnigupbpnud L quy
wuwonyuwinipjut wunhdwl wpwqg onny hpwliwbwgynn Jdwuthlubkph
Epnghuyh ujuwndwdp, npntn NMUUU-h puthwbgbihnipniap dhpnn wybkh
puipdp kpult sdwslqushup:
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Uhltitinytt pwquuotpnn UUG-h wdkgnuidp MUUU-h U wwwlnt hwdwp
oqunugnpdyny  dhbtnyth  wdbgdwt  wuwydwbbbpnid  hwbghgumd k
[nruuyuydbwnwgunn  Jupph  npnowljh  wwwppbpnipnibubpht hwdwdugt
oquuugnpdynn wnwppbp hwppwljutph:

Uyuwlnt Ypu wgkgus UULE-h skpuinp dhtish 500°C ohpdwdowlny nphundnud k
opwstth Ynpniun b hwnnpnuljuinipjutt wg: Owyunhjulut wpghjJus gnunh
gnigupkpnmid £ twgnid 500°C oipdwuinhdwuh giypnid: Uhttnygh dudwbwly
obpuwswltny nhinky k sp® funnigudpubph dwutthlubph sunhbph we:
Qtpdwlujuwt dudwbwl YJuwpdws obpdwunhdwh w&hg uwjwqb) E
otpdwdowljyny punuupitph hwunnipniup:

Punuiplibph hwunnipjut tuqkgniup b punuipibpnid sp” Junnigyusph
suthwpwduh dkdwugnidp pipnud b punuipubph puthwighhnipyut swthyuws
Jupph, nputn wyy tplnt wqpbgnipnitbpp dpguljgnid tu hpwp htwn:
U&tgynn punuiph b hwppwlh thol ghulh opuhnh tkpunisdwdp unnwgyty) k
wykih uks pwthwighbihnipnit @ nhndl] B wdbh kS Juyniunipnit
opdwdowljuwt hmunbu:

Uhihghniduwjhtt nwynhph dpw wdkgdt] b hwjwwinpunupding UGUG
punuipttp htswbku wihph Gpwpnippnitbbph Juyt, wuwbu B by
wnhpnyputpnud:

Zuduyuunuujuwt  phjdwtt  gnighsubpng UUE-ukp  wdkgubnt  hwdwp
wwljyly Lu wmbpjunnghwlwt ntdhdukp, npp wwhwbeymd E  gudp

winpunupddwt gnpswljhgubp niutgnn puquuotpn UUE vnwtuynt hwdwp:
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JAK/ITIOYEHUE

AHTHOTPAKEHUE U 3AIIUTA MOBEPXHOCTEM COJTHEYHBIX
®OTOBOJBTANYECKUX TPEOBPA3OBATEJIEN OT PA3PYHIUTEJIBHBIX
BO3JIEVMCTBUI

Axmen Adogea Harm Ao0yn Mycraga

OcHOBHEBIE BBIBOBI pa60TBI MOI'yT OBITh npeaAcCTaBJICHBI CJICAYIOITUM 06pa30M:

L4 HapOBaH IUIa3MOXHUMUYECKass TEXHOJOrus Oblia MOI[I/I(I)I/II_II/IpOBaHa JJI
BbIpalllUBaHU aJ'IMaSOHO,Z[O6HBIX YITICPOIHBIX INICHOK C Pa3IMIHBIMHU
MMPOITyCKAarOIMUMHA CHOCO6HOCTSIMI/I, KOTOPBIC SBJLIFOTCA 3allIUTHBIMHU IIJICHKaAMH
IIPOTHUB PAa3pYHIHUTCIIbHBIX BIUSHUU U KOTOPBIC HMCIOT HIIHUPOKUC obnacTu
INPpUMCHCHHUA Ha ITOBCPXHOCTAX (I)peHeHeBBIX JINH3, COJIHCYHBIX 6aTapeI71 n B

IPYTUX OMTORJIEKTPUUECKUX MPUOOpax.

L4 BHepBBIe, Ha OCHOBC IMPCABAPUTCIIBHBIX TCOPCTHUYCCKUX PaCUYCTOB, HaA

noBepxHoctu [IMMA nonyuyens! antuotpaxatomue AVYII.

e OpHociioliHble U MHOTOCHOMHbIE 3amuTHbie AVYII ObulM uUCHBITAHBI [PU
ycaosusx: 1000 yacos npu Biaaxunoctu 60% u npu temueparype 80°C, KoTopbie

COOTBCTCTBYIOT MCXKAYHAPOJAHBIM CTaHAApTaM.

e AVII nokpsitus Ha mnoBepxHocTd [IMMA mnposBISIOT XOpOIIME 3alllMTHbHIE
CBOMCTBa MPOTUB 3PO3UU MECOYHOU CcTpyH, rae mnpomyckanue [IMMA c¢ AVII

ObLJI0 Bceria 0ombIie, 4eM 0e3 MOKPBITHIA.

e BripamuBanue oauHakoBbix AVYII Ha nosepxHoctn [IMMA u crexna mnpu
OJIMHAKOBBIX YCJOBHUSAX NPHUBOJUT K HEKOTOPOMY PAa3IMYUI0 B IOBEJACHHSIX

AHTHOTpPAXCHHA, B 3aBUCUMOCTH OT IIOJJIOKKH.

e HalOmogamuch moTepH BOJOpPOJa W POCT mpoBoamMocTH ciost AVII mpu

TepMudeckoii 006padoTke g0 500°C. B To e Bpemsi onTHYecKas 3anpelcHHas
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30Ha MPOSIBIIICT yMeHblneHue mpu Temmeparype 500°C. OmHOBpEMEHHO C

TepMUUECKO 06pabOTKOMN HAGIIOAACTCS YBETHUCHHE PA3MEPOB CTPYKTYPHI SP-.

C yBenuueHHEM TeMIEpaTypbl TepMUYECKOW 00pabOTKM  HaOmogaeTcs
YMCHBIIICHUE TOJIIUHBI TUICHOK, KOTOPBIE TOJBEPraloTCsa TEPMHUYECKOM

obOpaboTke.

VMeHblIeHUE TOJIIHHBI INICHKU U YBCINUYCHHUC YaCTU CTPYKTYPhI sz B IINICHKAax
INpUBOAUT K H3MCPACMOMY IIOBCACHHIO IIPOITYCKAHHUA, I'IC OTU JiBa B(b(I)GKTa

KOHKYPHUPYIOT APYT C JIPYTOM.

C BHCAPCHHUCM OKCHJIda IMHKA MCIKIY BbIPAIICHHBIMU IINICHKAMU H HOI[.TIO)KI(OI\/'I
IIOJIy4aJIuChb OoJbIIE 3HAYCHMS i1 IIPOITYCKAaHUusA H OoJibIIass CTaOMJILHOCTD

OTHOCHUTEJILHO TEPMUIECKOI 00pabOTKH.

Ha IMOJIOKKEC M3 KPCMHHUA BbIPpAllMBAJIMCh AHTHOTPAXAIOIIUC AVII kak JJIs

IMUPOKHUX, TAK U I Y3KHUX obmnacrei JJINH BOJIH.

Jus  BeipamuBanus  AVII ¢ coorBercTByrOmuMH  koddduimenramu
MPEJIOMIICHUS pa3paboTaHbl TEXHOJIOTHUECKHUE PEKUMBI, KOTOPBIE TPEOYIOTCS ISt

IIOJIYy4YCHUA MHOTOCJIOUHBIX AYII ¢ HU3KHMH YPOBHSIMHU OTPAKCHUA.
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