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EFFECT OF SCANNING SPEED TREATMENT ON THE MICROSTRU C-
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R. M. MAHAMOOD 2 E. T. AKINLABI *

t Department of Mechanical Engineering Science, University of Johannesburg, South Africa;
2 Department of Mechanical Engineering, University of llorin, Nigeria

The influence of scanning speed on the microstracmicrohardness, wear and corrosion
resistance behaviour of titanium alloy composite §Al-4V/TiC composite) produced using
laser metal deposition process was investigatefin Finar Nd-YAG laser was used to
produce the samples at a laser power of 2.5 kWdpo¥#low rate of 2 g/min, and gas flow
rate of 2 I/min. The scanning speed was varied &é&tvd.005 and 0.050 m/s. The micro-
structural studies were carried out using opticedroscope and scanning electron micro-
scope. The microhardness profiling was done usiolgevs microhardness tester at a load of
500 g and a dwell time of 15 s. The dry sliding ma&fethe composite was investigated using
a ball-on-disk tribometer at a load range of 25The corrosion behaviour was evaluated in
3.5% NaCl solution using potentiodynamic polarmatmeasurement method. Unmelted
carbide patrticles, as well as dendritic TiC weredu§he percentage composition and distri-
bution of all these particles were found to chaagéhe scanning speed was varied. The mic-
rohardness was found to increase with increasiagniicg speed. The wear volume produ-
ced was found to decrease as the scanning speedsad. The electrochemical behaviour
of the composites showed that, as the scanningl spa® increased, the corrosion potential
and corrosion rate was found to be reduced.

Keywords: additive manufacturing, corrosion, microstructure, microhardness, titanium
alloy composite, wear.

Titanium and titanium alloys have been favored Bngnapplications because of
the attractive properties they possess. Such giepénclude high strength to weight
ratio, high modulus of elasticity, biocompatibilignd high temperature performance
[1]. Titanium and its alloys find their applicat®im industries such as aerospace, bio-
medical, chemical, energy, electronics, and defehse to their excellent properties
[2]. Ti-6Al-4V is the most commonly used titaniuhog especially for aeronautical
applications due to its super-plasticity, low wejgind high mechanical strength [3]. It
is often referred to as the workhorse in the ingustowever, in some applications where
some service requirements needs to be met, subke asaterial coming in contact with
other materials or in some working environmentvtlear resistance property of Ti—6A—4V
is found to be poor as were as the corrosion eggist which makes them to lose their
strength and fail [4]. Hence there is need forazefmodification in order to improve
the wear and corrosion resistance. A number ofsarfmodifications of titanium have
appeared in the literature [5]. Surface modificatiio the form of metal matrix compo-
site is gaining more popularity in the research camity because of the improved pro-
perties that are different from any of the constitumaterials such as, very high hard-
ness, improved wear resistance and corrosion aesist[6]. Different surface modifi-
cation techniques have been used in the literataneely: chemical vapour deposition,
physical vapour deposition, thermal spray, plaspnaysand laser metal deposition [5, 7,
8]. Among all these techniques, laser metal depositrovides an additional capability
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of achieving surface modification as well as buifglthe component in one single ope-
ration. Also, owing to the fact that titanium ansl alloys are considered as difficult to
manufacture material because of their peculiar a@mroperty of the material having

great affinity for other materials [9], laser metiposition process is an excellent
alternative manufacturing process for the material.

Laser additive manufacturing belongs to the dictarergy deposition class of
additive manufacturing technology which can fakidécparts no matter of the comple-
xity directly from the three dimensional computédesl design model of the part by
addition of materials in a layer wise fashion [I0§ser metal deposition process is also
useful in the repairs of engineering componentsciviivere in the past prohibitive or
difficult to repair [11] and in the production africtionally graded materials [12, 13].
Although a lot of investigations on the wear and@sion behaviour of laser metal de-
posited titanium and titanium alloy composite haeen reported in the literature [14—
19], the study of corrosion behaviour of laser dgaosited Ti-6A—4V/TiC composite on
Ti—6Al-4V substrate is scarce. Also the processipaters have a great influence on
the evolving properties in laser metal depositioocpss as well as in the economy of
the process [20, 21].

In this study, the microstructure, the micro hasdnethe wear and corrosion
behaviour of Ti-6Al-4V/TiC composite produced bgda metal deposition process is
thoroughly investigated. Nd-YAG laser was used tlee deposition process; wear
testing was carried out in dry environment anddleetrochemical technique was used
for corrosion behaviour study in 3.5% NaCl solutidie influence of the scanning
speed on all the aforementioned properties wassiigaged and the results are presen-
ted and extensively discussed.

Materials and methods.Materials and laser metal deposition proce$he pow-
ders used in this experiment are the Ti—-6Al-4V @iel The Ti—6Al-4V is of 99.6%
purity and with a particle size range between 150 200 um. The TiC powder is of
99.5% purity and powder particle size of below 60. |Hot rolled Ti6AI4V plate was
used as a substrate and is of 99.6%
purity. 4.0 KW Rofin Sinar Nd-YAG
laser was used for the laser metal de-
position process. The laser was con-
trolled with a Kuka robot carrying
the laser head and attached with co-
axial powder in its end effector. A two
hopper powder delivery system was
connected to the laser head through
the co axial powder nozzles. The two
powders (Ti—6Al-4V and TiC pow-
der) were put in each of the two hop-
pers separately and the powder flow
rate of the two hoppers were main-
tained at 2 g/min giving rise to a com-
posite of 50 vol.% TiC and 50 vol.%
Ti—6Al-4V for the composite. The
7 substrate was sand blasted to roughen
the surface of the substrate and
cleaned with acetone to degrease it
2— heat affected zon@— melt pool: before the deposition process began.

4 — substrate5 — deposits, 10 — laser beams; The laser focal distance was kept at

7,8 — Ti—6Al-4V and TiC powders — lens. 195 mm at a spdll2 mm. The laser
power, the powder flow rate, and the

Fig. 1. Schematic diagram of laser metal depo-
sition process [15]1 — processing direction;
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gas flow rate were kept at constant values of ak®@/, 2.88 g/min and 2 I/min respec-
tively. The scanning velocity was varied 0.005...0.0&'s, step 0.005. The improvised
glove box was filled with Argon gas to keep the gswy level below 10 PPM. The
Argon gas was also used to shield the powderseitdpper and the nozzles. This is to
prevent the powder and the deposited samples terarivironment attack.

The laser metal deposition process was achievectdsting a melt pool on the
substrate by the laser beam and the powders wéveree into the melt pool through
the coaxial nozzles. As the melt pool solidifiesack of the composite is seen on the
laser path. The schematic diagram of the laser|rdefaosition process is shown in
Fig. 1. Multiple tracks of the composite were defgabat each processing parameters
and at a 50% overlap percentage.

Microstructural characterization and microhardnegzrofiling. The samples for the
microstructure examination were sectioned perpetatido the deposition direction and
mounted in resin. The samples were ground andhediaccording to the standard metal-
lurgical preparation of titanium and its alloys.eTpolished samples were etched using the
Kroll's reagent. The microstructures were obsemgidg optical microscopy by Olympus
BX51M. High magnification microstructural obsergtiwas done using Scanning Elect-
ron Microscopy (SEM) by Tescan, equipped with Cdfnergy Dispersion Spectrometry.
The phases present are studied using the X-ragdifineter by Ultima IV.

The microhardness indentations were measured tend/H-3 Vickers micro-
hardness tester by Metkon. A load of 500 g was fmethe microhardness test with a
dwell time of 15 s. The space between the indemativas maintained at 10n (equi-
valent to more than twice the diameter of indeatati

Dry sliding wear test electrochemical corrosion te3he dry wear test was
conducted using a ball on disk arrangement orbartreter by Cert. Tungsten carbide
of 10 mm diameter was used as the counter bodylatdaof 20 N with reciprocating
frequency of 20 Hz, at a sliding distance of 2000tme wear volume was measured
using the equation developed by [22].

The samples for electrochemical test were cut witimension of 1 cm by 1 cm.
An insulated copper wire was attached to the bét¢keosample using aluminium tape
to establish continuity between the sample andcthgper wire. The samples were
mounted with the deposited surface face down imtbenting cup in order to reveal
the deposited part after mounting. The samples akogved to solidify and then re-
moved from the mounting cups. Only the depositethsa of area 1 chwas exposed.
The samples were ground and polished using 120 i paper and 8m using dia-
mond suspension. The samples were cleansed widhathefore they are immersed in
the 3.5% NaCl solution. The electrochemical testsewconducted in 3.5% NaCl solu-
tion (Ph of 6.24) at a room temperature of Z&lising a three-electrode system. The
samples were the working electrode; the platinudhwas used as the counter electrode
while the silver/silver chloride (Ag/AgCIl) 3 M KGlas used as the reference electrode.
The potentiodynamic polarization method was empldgestudy the general corrosion
behaviour of the samples according to ASTM G 3-8 ASTM 5-94 standards. The
measurements were performed using the Auto lanpostat (PGSTAT30 computer
controlled). The corrosion parameters were obtalmethe analyses of the Tafel plot
with the General Purpose Electrochemical Softwagesion 4.9. The open circuit
potential scan was performed for one hour for Etation of the samples and followed
by the linear polarization scan at a scan rate of\AS starting from —-0.25 V with
respect to the OCP measured value to +0.25 V wesipact the OCP the measured
value. The experiments were performed in triplisateestablish the reproducibility.

Results and discussionThe results are presented in three sub sectiorer tine
following headings: microstructural characterizatiof the laser deposited samples,
microhardness and wear, and electrochemical asalysi
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Microstructural characterization The morphology of the Ti—6Al-4V powder is
shown in Fig. a. The powders are spherically shaped which is &fpid any gas
atomized powders. Spherically shaped powders @ fmiendly, as they aid in the
absorption process of the laser beam which males tio be more favored in laser
metal deposition process. The morphology of the @& der is shown in Fig.l2 The
TiC powder was produced through milling processngpe hard powder, hence, the
irregular shape structure. The microstructure ef Th-6Al-4V substrate is shown in
Fig. Zc. The microstructures revealed the alpha and Hedags. The alpha phases are
light colored while the beta phase is dark colofidds microstructure is typical of any
Ti6AI4V with these microstructures which are fawbrBy the presence of both the
alpha and beta stabilizers present in the alley ffie aluminium and vanadium).

Fig. 2 SEM micrograph o — Ti-6Al-4V powderp — TiC powderc — Ti—-6Al-4V substrate.

The micrograph of the laser deposited sample as¢arning speed of 0.01 m/s is
shown in Fig. & The micrograph was taken at low magnificatioshow the substra-
te, the transition zone and the deposited area.

Fig. 3. SEM micrograph of sample at a scanningdspgee 0.01 m/sh— 0.015;c — 0.02 m/s.

This micrograph is similar for all the samples shamva very smooth transition
from the substrate and the composite. It can be tee there are some unmelted TiC
(known as unmelted carbide (UMC)) particles in thierostructure. Though the TiC
powders were not completely melted it is evidemit tthe surface of the powder was
melted giving the smoother curved shaped charatiteriThis is clearly shown in
Fig. 3 for the sample at the scanning speed of 0.015 Ths.shapes of the unmelted
carbide are still irregular but the edges are $edre smoother as a result of surface
melting occurring. The shape and sizes of these U@ seen to be smoother and
smaller at low scanning speed. This is becausenastanning speed the laser material
interaction time is higher and there is a lot ofate melting of the TiC powder taking
place. The other microstructures observed areehdriic carbide and the re-solidified
carbide as clearly shown for the sample producetheatscanning speed of 0.02 m/s
(see Fig. 8). The re-solidified carbides (RSC) are formed assailt of melting of the
TiC powder which is precipitated during solidifitat. Some of these RSC grow to
form the dendritic TiC which may happen when théddaation process and the

72



cooling process take a longer time to allow thenggrowth. At low scanning speed
the melt pool formed is larger and the solidifioatiprocess also takes a longer time.
The TiC precipitates now have enough time to ura@erglendritic growth. The formed
dendritic TiC are coarser at lower scanning spéeid, is because at low scanning
speed the melt pool temperature is very high dubddarge melt pool created by the
prolonged interaction of the materials and therldgam. The dendritic TiC is finer at
higher scanning speed. These microstructures éirételg going to have effect on the
microhardness, the wear resistance behaviour ak asethe corrosion resistance
behavior. The microhardness and wear are explamga next subsection.

Microhardness and wear performanc&he results of the average microhardness
values and the wear volume loss are presented lile Ta The microhardness was
observed to be very high at the outer surfacelghalsamples. This is because of the
rapid solidification occurring on the surface of tteposited track. The solidification in
the core part takes longer time thus, lowering atiardness values in this region. The
averages of these microhardness values are recdrdedrable shows that the micro-
hardness reduces as the scanning speed increasegh€nomenon can be explained
thus: at low scanning speed, the laser materiataction time is longer and the melt
pool created by the laser beam on the substrateddarger. The larger the melt pool, the
longer the solidification process. As it was searth®e microstructure at low scanning
speed, the quantity of the melted TiC is largen tiigthe low scanning speed. The melted
TiC particles are precipitated as the RSC and #meliitic TiC. These particles in the
microstructure give the required reinforcemenh®domposite, that is: the higher micro-
hardness values at lower scanning speed. On teelwhd, at higher scanning speed, the
guantity of the UMC is larger, and the compositesiatively softer because of large quan-
tity of the UMC in the matrix which is responsitite the lower microhardness values at
a higher scanning speed. This behaviour is sirléne wear resistance behaviour.

Table 1. Microhardness and wear volume loss results

Sample Vscan M/S Microhardness, H Wear volume loss, fnm
A 0.005 500 0.135
B 0.01 489 0.129
C 0.015 480 0.1
D 0.02 472 0.098
E 0.025 460 0.092
F 0.03 441 0.091
G 0.035 433 0.087
H 0.04 427 0.082
I 0.045 416 0.076
J 0.05 398 0.065

Substrate 0 302 0.18

The wear volume loss is seen to reduce as the iscaepeed increase. This is
because, at low scanning speed, the large quantitithe RSC and the dendritic TiC
as well as the coarseness of the dendrites caeseothposite to be very hard (as
shown in the microhardness result). This embrittiescomposite because the RSC and
the dendritic TiC are harder than the unmelted idarparticles. During sliding wear
process, the harder RSC and UMC cut deeper inteutface, thereby aggravating the
wear action. At higher scanning speed, the questitf the UMC are larger and are
easily ground into fine powder during the slidingax action. These powders tend to
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separate the sliding surface by forming a powdbridant between the two surfaces.
This action will tend to reduce the wear actiomdwethe lower wear volume loss is
observed at higher scanning speed.

L

Fig. 4: SEM micrograph of the wear track of:
a — substrate and samples at scanning speed;
b —0.005 m/s¢ — 0.03;d — 0.04 m/s.

The worn tracks of the substrate, the sampleseas¢hnning speed of 0.005, 0.03
and 0.045 m/s are shown in Fig. 4. The wear adhiah is seen on the substrate (see
Fig. 4a) are ploughing groves produced as a result ottitieng of the work hardened
debris that due to sliding action progresses. Tdtwisl become very hard as they are
work hardened thereby forming a three body motmh@utting and tearing the surfaces.
The wear of the sample at a scanning speed of M©85s shown in Fig. B wear
behaviour is similar to that of the substrate dhigt the materials cutting the surface
are the RSC and the dendritic TiC. The wear scawshn Fig. £ is for the sample at
a scanning speed of 0.03 m/s. The wear scarenstadre improved when compared to
the scars shown in Figsa4ndb. This is because there is a moderate amount of UMC
as well as the RSC and dendritic TiC. The RSC aeddendritic carbides are cutting
groves in the surface and at the same time the iMke matrix are being ground into
powder as the sliding action progresses which tated to inhibit the wear action. The
wear scar of the sample at a scanning speed off3.4s shown in Fig.dl It is seen to
contain finely ground UMC particles that tend tonfioa protective layer between the
two surfaces sliding against each other. The plimgglgroves are seen in the micro-
structure caused by the RSC and the dendritic B&Cause they are in a small quantity,
there effects are not great when compared to thbsthe samples at low scanning
speeds. Also the powder lubricant formed by thgdaguantity of the UMC particles
prevents the further action of the RSC and deaffiC on the sliding surfaces.

Electrochemical analysisThe samples for the electrochemical analysis wate c
as a square ofxlL cm and mounted in cold epoxy resin, mechaniqadhshed using
various grades of SiC paper down to 1200 grit dvedh polished using 1 um diamond
were paste. The samples were washed with ethafmlebthey inserted into the cell.
The open circuit potential (OCP) measurementseastanning speed of 0.03 m/s was
carried out in 3.5% NaCl solution for one hour. Twential initially increased and
then stabilized after 1 h.

The OCP remains stable within an hour of the imioarme for all the samples.
This shows that there is a continuous passivatiah dccurs as a result of the forma-
tion of the oxide protective layer on the sampladaxe. The average values of corro-
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sion potential E¢r,) for all the samples are presented in Table 2. grhph of theE o
against scanning speed is shown in Fag. BeEq is seen to move towards the noble
values as the scanning speed increases with thelesaah the scanning speed of
0.05 m/s having the highest OCP value of —0.02 ¥ #hat of the scanning speed of
0.005 m/s has the lowest OCP value of —0.0772 ¥.r€ason for this could be attribu-
ted to the presence of a larger percentage of 8@ &d the dendritic TiC at low scan-
ning speed Thereby aggravating corrosion effectaiiced. All the samples exhibit
nobler values when compared to the OCP of the matbstf —0.1248 V.

Table 2. Electrochemical data obtained from the angsis of the OCP against time
and linear polarization curves recorded at 1 m\&§™

Sample Vscan M/S Ecos V| icom uA/cm2 Veor, MM/year
A 0.005 -0.0772 0.0277 0.3239
B 0.01 -0.0732 0.0233 0.27138
C 0.015 -0.07 0.0181 0.2109
D 0.02 —-0.0655 0.0155 0.1802
E 0.025 -0.0612 0.0112 0.1313
F 0.03 -0.0513 0.0088 0.1039
G 0.035 —-0.045 0.0043 0.05087
H 0.04 —-0.0359 0.0014 0.01541
I 0.045 -0.0268 0.0011 0.01173
J 0.05 -0.02 0.0008 0.008477
Substrate 0 -0.1248 0.0335 0.3911
1@ alc
20.021 y=15.788x2+0.4426x —0.08 & ]
] R?=0.9965 0.00 1

§-0.04 20,025 v -same 0.045 m/s
-0.06 1 -0.05 1
-0.08 -0.075 1 0.015 m/s
0 00l 002 003 004 005 0.00 0.005 0.01 0.015 0.02 0.025
Vscan> M/S lgi[pA/em?]
03 ©

y=2435.9x3-94.878x2 —
—8.5327x+0.3647
R%2=0.9949

Fig. 5. The graph of: g

a — corrosion potential against g‘

the scanning speed; g

b — Tafel plot of samples at scanning speed .

of 0.015 and 0.045 m/s; 801 ¢
C — corrosion rate against
the scanning speed. 0

0 001 002 003 004 0.05

Vscan, M/S

The potentiodynamic polarization measurements wenelucted to determine the
active-passive characteristics of samples at diffescanning speeds. Potentiodynamic
polarization tests were performed using the sce ol mV/s, with £250 mV from
their OCP values in the cathodic and anodic dioesti The corrosion potential, the
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corrosion current density and the corrosion ratesevealculate from the Tafel plots
obtained for all the samples and the results azggmted in Table 2. The Tafel plot of
samples at scanning speeds of 0.015 and 0.045rmahoivn in Fig. B. The graph of
corrosion rate against the scanning speed is sliovirig. 5c. The corrosion rate is
found to decrease with increase in the scanningdspkhis can be attributed to the fact
that the moderate quantity of the UMC and RSC gadipresent in the samples at
higher scanning speed may favor the increase inosion resistance due to the
formation of the stronger protective oxides layartbe surface of the samples which
tends to inhibit corrosion.

CONCLUSION

The microstructure, microhardness, wear and camdsehavior of Ti—6A—4V/TiC
composite have been thoroughly studied. The elelstnmical analysis was conducted
in 3.5% NacCl solutions using potentiodynamic teghes. The higher the scanning
speed, the higher the quantity of UMC and lowerRISC and dendritic TiC. These are
seen to have improved the microhardness, the vesistaince and the corrosion resis-
tance behaviour of laser metal deposited Ti-6AlF4&/composite. The microhardness
decreases as the scanning speed increased, vehiledn resistance was found to increase
as the scanning speed grows. From the resultsesf-ojpcuit potential measurements,
of the laser metal deposited Ti-6Al-4V/TiC compesihe corrosion potential shifts
steadily towards the nobler values as the scarspegd was increasing indicating the
formation of a passive layer of the metal oxidesvds also observed that the corrosion
density current, decreased with increasing thersogrspeed and so the corrosion rate.

PE3FOME. JlocnipkeHO BIDIMB MIBUAKOCTI CKaHYBAJIBHOI OOpPOOKH Ha MIKPOCTPYKTYDY,
MIKpOTBEpAICTh, 3HOLIYBAaHHS Ta KOpo3ito koMnosuty Ti—61-4V/TIC, orpumanoro jazepHuM
ocapkeHHsM. [yt mpuroTyBaHHs 3paskiB 3acTocoBaHo Jasep kommanii Rofin Sinar Md-YAG
notyxkHictio 2,5 KW 3i mBHAKICTIO 3alOBHEHHs MOpOWKoM 2 /MIN Ta MIBHAKICTIO ra3oBOro
noroky 2 I/min. HIsunkicte HammwtroBauHs 3miHroBanacs Bix 0,005 m0 0,050 m/s s mikpo-
CTPYKTYPHHX JOCIHIKEHb BUKOPHCTAHO ONTHYHY Ta CKaHIBHY €JIEKTPOHHY MIKpOCKOMIi0. Mik-
POTBepAiCTs BUMIpSHO maBaueM Bikepca 3a HaBantaxeHHs 500 gTa wacy BUTpHMKH S S.3HO-
IIyBaHHS KOMIIO3UTY 3a CYXOTO TEPTS HOCHTIIKEHO METOAOM MOTECHIIOANHAMIYHOTO MOJIAPH3a-
IIHHOTO BUMIPIOBAHHS 32 IMPHHIMIIOM “KyJbKa IT0 JUCKy” 3a HaBaHTaxeHHI 25 N.Koposiiny
noseninky BuueHo y 3,5% NaClnorenuioqnaamMiuanM nonsipusariiHuM MerogoM. Bukopuc-
TAHO HEPO3IUIABIICHI YaCTHHKY KapOiny, a Takox neHnpurtHi yactuaky T1C. [IporeHTHui ckiaa
Ta PO3MOALT IIMX YaCTHHOK 3MIHIOBABCS 31 IIBUIKICTIO HAIMICHHS, 30KpeMa MiKPOTBEPHICTh
3pocTana, a 00’ M 3HONTYBAaHHS 3MEHIITyBaBcs. KpiM Toro, 3 1i miaBHIIeHHsIM KOPO3iHHHMIT ITOTEeH-
iaj Ta MBHIKICTh KOPO3il KOMITO3HTIB 3MEHIITYIOTHCSL.

PE3FOME. ViccnenoBaHo BIUSIHAE CKOPOCTH CKaHHPYIOIIeH 0O0pabOTKM Ha MHKPOCTPYK-
TYpY, MAKPOTBEPOCTh, H3HOC U KOppO3uio kommosura 1i—61—4V/TiC,mony4eHHOro 1a3epHbIM
ocakaeHreM. [ IPUTOTOBIIEHHsT 00pasIoB MpuMeHeH naszep kommannu Rofin Sinar Md-YAG
MorHOCTEI0 2,5 KW o CKOpoCThIO 3amoHeHns TIOpOIKoM 2 g/MiNu CKOPOCTHIO Ta30BOTO IT0-
toka 2 |/min. Cxkopocts Hanbutenns namenstiack ot 0,00510 0,050 m/s it MEKPOCTPYKTYp-
HBIX MCCJICJIOBAaHMH HCITOJB30BAHA ONTHYECKAs W CKAHUPYIOIIAs SJIEKTPOHHAS MHKPOCKOIHS.
MuxkpoTBepI0CcTh U3MepeHa aatyrkoM Bukepca npu Harpyske 500 gu BpeMeHH BBIIEPKKH 5 S.
W3HOC KOMITO3UTa TP CYXOM TPEHHH HCCIEIOBAH METOJOM IMOTCHIMOJNHAMUYECKOTO IT0-
JISPU3ALHOHHOTO U3MEPEHHS 110 MPUHIMITY “Iapuk no aucky” mpu Harpyxenun 25 N.Koppo-
3MOHHOE TIoBenenune n3ydeHo B 3,5% NaClnorennnoanaaMuaecKiuM MOISIPU3aIHOHHBIM METO-
JoM. MIcrionp30BaHbl HepacIIaBIeHHbIe YaCTHIE KapOna, a Takxke JeHApUTHbIE yacTripl TiC.
ITpoleHTHBIN COCTaB M paclpeie/ieHHe STHX YaCTHIl U3MEHSUICS CO CKOPOCTBIO HAIBLJICHUS, B
YaCTHOCTH, MUKPOTBEP/IOCTh YBEJIMUMBAJIACh, a 00beM W3HOCa yMeHbinaicsi. Kpome Toro, ¢ ee
YBEIHYEHHEM KOPPO3UOHHBIN MOTEHIINAN H CKOPOCTh KOPPO3UH KOMITO3UTOB YMEHBIIATHCH.
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