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Existing techniques for applying intermetallide layers are char-
acterized by low productivity, difficulties associated with the main-
tenance and operation of technological equipment, as well as sig-
nificant costs for the purchase of materials for spraying. Therefore,
modern science shows considerable interest in the development of
new, highly effective technologies to form intermetallide coatings on
the surface of articles. Such promising techniques include the tech-
nology of plasma-arc spraying (PAS) of flux-cored wires.

This technique has a number of significant advantages, namely
high performance, relative simplicity, as well as the affordability of
equipment and materials for coating. This paper reports a study into
the structure and properties of coatings obtained by flux-cored wire
PAS, in which the steel sheath and aluminum powder filler interact
when heated with the exothermic effect of FesAl synthesis. The
influence of technological parameters of PAS process on the struc-
ture and properties of Fe-Al coatings was investigated by means of
mathematical planning of the experiment. It was found that in all
samples the main phase is an intermetallide of the FezAl type. Tests
for gas-abrasive wear resistance at room temperature showed that
the wear resistance of coatings exceeds the stability of steel S235
by an average of 2 times. As a result of studying the electrochemical
properties in a 3-% aqueous solution of NaCl and in a 0.5-% solution
of HySOy, the score of corrosion resistance for these media was deter-

mined, which was, respectively, 4 and 5 (coatings belong to the group
of “resistant”). In this regard, the practical use of coatings based
on the FezAl intermetallide is recommended for protection against
oxidation, corrosion, and gas-abrasive wear of components and as-
semblies in the heat power industry (heat exchanger pipes, catalytic
converters, steam turbine blades, shut-off valves, etc.).

Keywords: plasma-arc spraying, flux-cored wires, intermetallide
type coatings, corrosion resistance.
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Multilayer armour system (MAS) becomes the best choice in
reinforcing protection for military officers against projectile attack
which has a high velocity of up to 7.62x51 mm nato ball lead core
(projectile level ITT NIJ standard) or AP 7.62x51 mm hard steel core
(projectile level IV NIJ standard). This study aimed to analyze the
damage formation of wolfram carbide (WC) ceramic and ramie fiber
composites. The frontmost MAS uses WC ceramic and is enveloped
by a back layer of ramie fiber composites with epoxy resin reinforcing
material as the matrix. Ballistic testing was carried out in this study
using a long-barreled rifle to determine the resistance of the MAS
from projectile impact. The speed meter in ballistic testing uses a
velocity sensor type light screen B 471 and clay witness is used to
measure back face signature (BFS). The results show that 7.62 lead
core and hard steel core projectiles were unable to penetrate the
3-layer ceramic MAS in the front. The results are marked by a rela-
tively low BFS value of 1.45 and 1.17 mm, so that the energy in the
MAS with 3 ceramic layer is absorbed efficiently but with the phe-

nomenon of rupture ceramic failure. Ceramic rupture failure needs to
be overcome by bonding several layers of ramie so that MAS can be
used in the next stage. MAS with 1 and 2 ceramic layers are unable to
withstand projectile level IIT and level IV NIJ standard. From these
results it is known that the MAS limit can withstand the projectile
level TIT and TV NIJ standard, namely MAS with 3 ceramic layers.
The damage formation of ceramic was rupturing ceramic failure.
Therefore, it is necessary to design a ceramic binder by placing some
ramie fibers in front of the ceramic.

Keywords: multilayer armour system, wolfram carbide, ramie
fiber, back face signature.
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This research investigates the effect of fiber pre-treatment on

the mechanical and physical properties of unidirectional water
hyacinth (WH) fiber reinforced epoxy resin composites. The water
hyacinth fibers have been produced by mechanical processing. The
50—70 c¢cm length of WH stems are brushed with an iron brush to
mechanically extract the strands. The dry fibers then were pre-



treated by alkalization and esterification. The alkalization ha ve
been conducted by immersing the WH fibers on 2 %, 5 % and 10 %
NaOH solution for 24 h. The esterification of WH fibers have been
done using acetate anhydride. The composite with 15 %, 25 %
and 35 % of unidirectional WH fibers was made by hand lay-up.
After hand lay up process the WH composites then compacting
with pressure compaction 5 MPa. Tensile test and was done based
on ASTM D3039. The density of composites was tested based on
Archimedes rule. Surface contaminants have been eliminated by
fiber treatment. The NaOH treatment eliminated the surface’s
wax and cuticle. The surface of fibers treated with 10 % NaOH
was cleaner than those treated with 5 % NaOH. Fiber treatment
has the effect of reducing fiber thickness.The tensile test results of
the composite reinforced with WH fiber with NaOH treated and
acetate anhydride show that the tensile strength of untreated WH
fiber reinforced epoxy resin composites increased with the increase
of % WH fiber. The tensile strength results that acetate anhydride
treatment of WH fiber reinforced epoxy resin composites showed
increased WH fiber increase the tensile strength of composite. The
highest tensile strength of epoxy resin reinforced with WH fiber
with acetate anhydride treatment.

Keywords: Composite, Natural Fiber, Epoxy-resin, Water Hya-
cinth, Alkalization, Esterification, Tensile Strength.
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The current work presents a study of the tribological proper-
ties of composite materials designed based on polyethylene tere-
phthalate (PET), which has an important role in the structures of
machines, represented by tribological couplings made of composite
polymers. The paper examined the effect of two factors, namely
recycled waste heating time (HT) and weight percentage (wt. %),
on the improvement of the abrasive wear resistance of micro-filler-
reinforced epoxy composites.

The current research aims to develop epoxy composites by im-
proving abrasive wear resistance while ensuring low cost and weight.
Improving wear resistance due to the use of epoxy composites to
connect joints that operate under conditions without lubrication
in various industrial fields will increase their operational life. The
signal-to-noise ratio was analyzed to find out the effect of test pa-
rameters HT and wt. % on the wear rate of epoxy composites. Using
MINITAB 19 software, regression equations were obtained for each
variable to compare it with the Artificial Neural Network (ANN)
results. Predictive models based on the regression equation and
artificial neural network were developed to predict the wear rate of
epoxy composites, and to determine which model is more efficient,



their results were compared and the most appropriate model with the
low error was determined. The results of the current research showed
that the wear resistance of epoxy composites reinforced with RCCF
improved by 41 % when increasing wt. % and HT, and also showed
that the ANN model is more suitable than the regression model for
predicting the wear rate of epoxy composites.

Keywords: epoxy composites, PET waste, abrasive wear, Tagu-
chi, artificial neural network.
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BILJIB TEXHOJIOTTYHUX ITAPAMETPIB ITPOIIECY IIJIA3BMOBO-/IYTOBOT'O HAIIMJIEHHS
IIOPOIIKOBOTO JIPOTY HA CTPYKTYPY I BJACTUBOCTI IHNTEPMETAJIIZTHUX IIOKPUTTIB HA
OCHOBI Fe;Al (c. 6-15)

B. M. Kop:kuk, O. M. Bypaauenko, /I. B. Crporonos, H. M. @ianko, M. 0. Xapaamos, O. II. I'pumenxo, C. I. [lenemenko

IcHyltoui crioco6r HaHECEHHsI iHTEPMETATITHIX MAPiB XapaKTePU3YIOThCsT HU3HKOIO MPOLYKTHBHICTIO, CKIAIHOIAMH MOB'SI3aHUMHE 3 00CITy-
FOBYBaHHSIM 1 CKCILIYATAIEI0 TEXHOMOTTUHOTO 00JIa[HAHHS Ta 3HAYHUMU BUTPATAMU Ha 3aKYIIBJIO MATEpiaiB Auist HamuieHHs. ToMy, cydacHa
HayKa BUSIBJISIE 3HAYHUIT IHTEpeC 10 TIUTaHb PO3POOKK HOBUX, BUCOKOC(EKTHBHUX TEXHOJIOTIH (hOpMyBaHHsI Ha MOBEPXHi BUPOOIB iHTEpMETa-
JUHUX TTOKPUTTIB. /[0 TAKKUX NEPCIeKTUBHUX CIOCOOIB CJIi/l BIAHECTH TEXHOJIONIO M1a3MoBo-1yroBoro Hamuaenns (I1/{H) mopomkoBux ApoTis.
Ileit crioci6 Mae psizi 3HAUHMX MEPEBar, a caMe BUCOKY TIPOYKTUBHICTb, BITHOCHY IPOCTY Ta JOCTYIHICTh 00T IHAHHS Ta MATEPIATiB /IS HaHe-
CEHHsI MOKPUTTIB. ByJo mocipkeHo cTpyKTypy i BAacTHBOCTI MOKPUTTIB, oTpuMannx [T/JH mopoikoBoro apory, B skoMy cTajieBa 000J0HKa Ta
HAIOBHIOBAY i3 TIOPOIIKY AMFOMIHII B3aEMOII€ TPY HArpiBaHHi 3 ek30TepMiuHnM edextom cuntesy FesAl. TIIIsSXoM MaTeMaTHUHOTO TIIAHY BAHHS
eKCIIEPUMEHTY JIOCTIKEHO BIUIMB TeXHOJOrYHNX mapaMerpis npotiecy ITIJIH Ha crpykrypy ta Baactusocti Fe-Al mokpurris. 3’sicoBano, 1mo
y BCiX 3paskax ocHOBHOIO (hazomw € intepmerasin tuiy FesAl. BunpoGyBanHs Ha ra3oabpasuBHy 3HOCOCTIHKICTb MPK KIMHATHIN TeMIiepaTypi
MTOKA3aJIH, 10 3HOCOCTIMKICTh MOKPUTTIB TEPEBHIILYE CTiHKicTh cTam S235 B cepentibomy y 2 pasu. B pesysbsrati 1oCi/KeHb eeKTPOXIMIYHIX
Bracrusocreii B 3 % sopromy pozunty NaCl tay 0,5 % posunni HySOy, BusHauero 6a KOpo3iitHOT CTIHKOCTI ISt IAHUX CEePEIOBUIIL, CTAHOBUTD
Bi/LIOBI/IHO, 4 1 5 (MMOKPUTTSI HAJIEKATD JI0 TPYITH «CTIHKKUX» ). Y 3B’I3KY 3 IIUM PEKOMEH/IOBAHO MPAKTHYHE 3aCTOCYBAHHSI OKPUTTIB HA OCHOBI
inrepmerariny FesAl s 3axucty Bijt OKHCHEHHST, KOPO3il Ta Ta30abpasiBHOTO 3HOCY BY3JIIB i arperaTiB B TerioeHepretuil (Tpyou Ternioo6omin-
HUKIB, KaTaJiTUYHI HEWTPAI3aTOPH, JIOMATKY TTAPOBUX TyPOiH, 3alI0PHA apMaTypa, Ta iH.).

KimouoBi coBa: m1a3MoBo-/IyToBe HAMJIEHHS, TTOPOIIKOBI IPOTH, TIOKPUTTS iHTEPMETAJIHOTO THITY, KOPO3iiiHa CTIKICTb.
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YTBOPEHHS MOIIKO/KEHb BATATOIIIAPOBOI BPOHEBOI CUCTEMU KOMITO3UTIB 3 BOJTOKHA
PAMI ITPY BUCOKOIBUAKICHOMY V/IAPI (c. 16-25)

Mujiyono, Didik Nurhadiyanto, Alaya Fadllu Hadi Mukhammad, Tri Widodo Besar Riyadi, Kristanto Wahyudi, Nur Kholis, Asri Peni
Waulandari, Shukur bin Abu Hassan

Cucrema Gararomaposoi 6poni (CBB) crae HaiikpamuM BUGOPOM IS TIOCUJIEHHS 3aXKCTY IS BINCBKOBUX O(DIIepiB Bil aTakm Ky-
JISIMH, sIKi MalOTh BUCOKY HMIBUAKICTD 110 7,62x51 MM i3 cBuniesoro cepaeunnka HATO (pisens 111 NIJ) a6o AP 7,62x51 mm i3 TBepmoi
craii cepaeunuka (pisets IV crangapt NIJ). e oc/izKeHHsT Maio Ha METi IPOaHaIi3yBaTu YTBOPEHHS MOMIKOKEHb KepaMiku 3 KapOiry
Bosbdpamy (WC) i kommo3uTiB 3 BosokHa pami. ¥ nepenniit yactuai CBBS BukopucroByerses kepamika WC i moxpuTa 3aHiM MapoM
KOMIIO3UTHUX MaTepiasiB i3 BOJOKHA PaMi 3 apMYIOUUM MATEPiaioM i3 eMOKCHIHOI CMOJIH SIK MATPUILL. Y IIbOMY TOCTiKeHH] GyJI0 MpoBe-
JieHo GasicTuaHe BUIPOOYBaHHS 3 BAKOPUCTAHHSIM JIOBFOCTBOJILHOT PYIIHUI /ist BusHadenns criiikocti CBB Big yaapy xyai. HIBugkomip
i yac GamicTHYHUX BUMPOOYBaHb BUKOPUCTOBYE CBITJIOBHIA €KpaH THITY AaTYyhKa MBUAKOCTI B 471, a TaiMHAHWMIT CBIZIOK BUKOPUCTOBYETH-
cs1 i BUMipioBaHHs curHatypu 3aauboi nosepxHi (C311). Pesyabratu nokasyors, 110 KyJli 31 CBUHIIEBUM CEep/IeYHUKOM 7,62 1 TBepAnM
CTAJIEBUM CEPJCYHUKOM He 3MOTJH n1pobuTn 3-maposuii kepamiunuii CBB y nepeauiii yactuni. Pesysbratn BiggHaueHi BiAHOCHO HU3BKIM
sHauennstm C311 1,451 1,17 MM, Tak 1o ereprist 8 MAS 3 3 miapamu kepamiku morinHAeThCst e(heKTUBHO, ajie 3 IBUIEM PYITHYBaHHS Kepa-
Miku. Po3pus kepaMiku HEOOXIHO TIOI0JATH IITIXOM CKJICIOBAHHS KilbKOX mapis pami, mo6 CBB moxkHa 6y10 BUKOPUCTOBYBATH Ha Ha-
crynromy etami. CBD 3 11 2 kepamivaumu mapamMu He MOKYTh BUTpuMyBaTtu Ky piBus 111 1 pisus IV cranpapty NIJ. 3 mux pesysbraTis
Biziomo, 110 Mexka CBbB moske Butpumysaru crangapr 1111 IV pisus kymi N1J, a came CBb 3 3 mapamn kepamikn. YTBOpPeHHS ITOIIKO/’KEHb
KepaMiku OyJI0 PO3PUBOM KepaMiuyHOTO pyiiHyBaHHs. TakuM 4HHOM, HEOOXIJIHO PO3POOUTH KepamidHe CIIOJyYyHe, PO3MICTUBINN KilbKa
BOJIOKOH PaMi repej; Kepamikoio.

Kmouosi caoBa: Garatomaposa GpoHboBa cucrema, KapOi Bobhpamy, BOJOKHO paMi, THJIbHA CUTHATYPA.
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BIIJIUB HIAJIYKYBAHHA TA ETEPUOIKANINMHOI ObPOBK HA MEXAHIYHI BJIACTUBOCTI
KOMIIO3UTY ENOKCHUHOI CMOJIU, APMOBAHOI BOJIOKHAMHY BOJISAHOTO TTAITUHTY (c. 26-33)

Sulardjaka Sulardjaka, Norman Iskandar, Parlindungan Manik, Dwi Satrio Nurseto

VY 1boMy JOCIZKEHH] JOCIIKYEThCS BILIMB MOIEPeAHboi 00POOKN BOJTOKHA Ha MeXaHiuHi Ta (hisudHi BJACTUBOCTI OAHOCIPSMOBAHUX
KOMIIO3UTIB Ha OCHOBI €ITIOKCH/IHOI CMOJIN, aDMOBAHUX BOJIOKHOM BOJTHOTO riannuTa (BI'). BosokHa BoAsiHOTO TialliHTa OTPUMAaHI IIJISIXOM
Mexaniunoi 06pooku. Crebia BT goskuion 50—70 cM po3uicyioTh 3a/1i3HOIO MITKOIO, 06 MEXaHIYHO BUTATHYTH nacMa. I1oTiM cyxi BoJIOKHa
nonepeHbO 06POOIISIIN IUIAXOM Ty KHEHHs Ta erepudikartii. [TifyKHEHHS TPOBOAMIIN IIJISIXOM 3aHyPEHHS BOJOKOH y 2 %, 5 % Ta 10 %
posuna NaOH na 24 rogumnn. Etepudixariiio Bosokon BT mpoBoanin 3 BUKOPHCTAHHSIM artetatHoro anriapuay. Kommosur 3 15 %, 25 % i
35 % omHOCTIPAMOBAHUX BOJOKOH BT’ BUTOTOBJISIBCS PyYHUM HakJIagaHHsM. [licJst pydHOro yKIagaHHs KoMIo3uTi o6pobisiiich BL, morim



YIIIbHIOBAMICH T1i THCKOM 5 MTTa. BunpoOysants Ha postar npoBoausiocs 3rigao 3 ASTM D3039. IlibHiCTh KOMIIO3UTIB MEPeBipsu 3a
npasuiom Apximeza. [ToBepxuesi 3abpyanenns Oy yeyHeni misixom 06pooku Bosiokor. O6podka NaOH yeynyiia moBepxHeBuii Bick i Ky-
tukyJy. [loBepxHst BoJIOKOH, 06pobiennx 10 % NaOH, Gyuia uucrinioo, Hixk 06pobiena 5 % NaOH. O6pobka BosokHa Ma€e eheKT 3MEHIIEHHS
TOBUIMHMU BOJIOKHA. PesyibraTn BUpoOyBaHHS Ha PO3TATYBAaHHS KOMIIO3HTY, apMOBAHOTO BOTOKHOM BT 3 06po6koto NaOT i aneraTHuM aHTi-
JPUIIOM, TIOKa3yI0Th, IO MII[HICTh Ha PO3PUB HEOOPOBIEHNX KOMIIO3UTIB Ha OCHOBI €MOKCH/HOI CMOJIM, apMOBaHKX BoJIoKHOM BT, 3pocrasa 3i
301bIeHHIM % BOsIoKHA BT, Pesysbratit MilHOCTI Ha PO3PUB, OTpUMAaHi 11pu 06pOOIIi aHTIPUIOM aIleTaTy KOMIIO3UTIB HA OCHOBI €OKCUHOT
CMOJIH, apMOBaHUX BOJIOKHOM BI, mokaszasu, mo 36iabirenns Bosokna BT migsuiye miniicTs Ha po3pus Komrosuty. HaiiBuima mirgicTs Ha
PO3PUB EIIOKCUAHOT CMOJIH, apMOBaHOi BOIOKHOM BI' 3 06p06KOI0 alleTaTHUM aHTiAPUIOM.
Kmo4oBi cioBa: KOMITO3UT, HaTypaIbHe BOJTOKHO, €MOKCHIHA CMOJIA, BOAHUH TIallMHT, alKaisaris, ereprdikaliis, Mil[HICTb Ha PO3PUB.
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OINITUMAJIBHA ABPA3UBHA 3HOCOCTIMIKICTb EIIOKCUIHIUX KOMIIO3UTIB, APMOBAHUX
BIZIXOJIAMU IOJIETUJIEHY (IIET) 3 BAKOPUCTAHHSIM KOHCTPYKIIIi TATYTI I HEIPOHHOI
MEPEKI (c. 34-40)

Salwa A. Abed, Ahmad A. Khalaf, Muzher Taha Mohammed, Muammel M. Hanon

VY po6oTi mpeacTaBaeHo JOCiPKeHHsT TPUOOJOTIYHUX BIACTUBOCTEH KOMIIO3UTHUX MaTepiaiiB, po3pobeHuX Ha OCHOBI MOJETHIICH-
tepedranary (ITET), skuil Bigirpae BakJIMBY POJIb Y KOHCTPYKISX MAIINMH, MPEACTABACHUX TPUOOJIOTTYHUMU MapaMy, BUTOTOBICHUMHU 3
KOMIIO3UTHUX TIOJIIMEPIB. Y CTAaTTi BUBYEHO BIUIUB ABOX (HAKTOPIB, a caMe yacy Harpiatts nepepobienux siaxonis (HT) ta MacoBoi yacTku
(Mac. %), Ha TABHUIEHHST aGpasHBHOI 3HOCOCTIHKOCTI €MOKCHIHNX KOMITO3UTIB, ApDMOBAHIX MiKPOHATIOBHIOBAYEM.

MeTor0 1aHOTO JOCTIIKEHHS € PO3POOKa EMOKCH/IHIX KOMIIO3HTIB 3 MiBUIEHOI0 aOPa3uBHOIO 3HOCOCTIHKICTIO MpK 3a0e3IeYeHH] HI3b-
Kol Baprocti Ta Barn. [lizBuIeHHst 3HOCOCTIMKOCTI 3aB/ISIKM BUKOPUCTAHHIO €MTOKCH/IHUX KOMITO3UTIB /ISt 3'€/IHAHb, 1110 MPAII0I0Th B YMOBaX
BIZICYTHOCTI MaCTUJILHOTO MaTepiasy B Pi3HUX Taiy3siX IIPOMUCIOBOCTI, 103BOJUTD 301IbITUTH TEPMiH iXHBOT cJrys:KOu. {151 BUSHAYEHHS BILIU-
By napamerpis HT ta mac. % Ha MBUIKICTH 3HOCY €MOKCUHUX KOMITO3UTIB 6yJ10 [IPOAHAII30BaHO BiJIHOUIEHHS CUTHAJ/IIYM. 32 I0IIOMOTOI0
nporpamuoro 3abesmnedentss MINITAB 19 Gysm orpuMani piBHSHHS perpecii fuist KOKHOT 3MIHHOT /I7IsT IXHBOTO MOPIBHSIHHST 3 Pe3yJIbraTaMu
mryunoi Heiiponnoi mepexi (ILIIHM). [lns mporrodyBaHHs MIBUAKOCTI 3HOCY €MOKCHIHMX KOMIO3WTIB HA OCHOBI PIBHSHHSI perpecii ta
HITYYHOI HEIiPOHHOI Mepeski Oy po3pobieHi TporHocTHaHi Mozesi. /[ BUSHAYeHHs HAtO11bIn e(heKTUBHOT MOZIEJI TIPOBEIEHO MOPIBHAHHS
iXHIX pe3yJsIbTaTiB Ta BUSBIEHA HANOLIBIN TAXO/AIIA MOIENTb 3 HI3BKOIO MOXUOKOI0. Pe3y braTil TOCIiIKEHHST TIOKA3aJIi MOJIMIIEHHS 3HO-
cocriifkocti enokcupaux Komnosutis, apmoBanux RCCF, ua 41 % npu 36iabinenni mac. % ta HT, a Takoxk Gisbiin BUCOKY eheKTUBHICTD MOJIEI]
IITHM mopiBHSIHO 3 perpeciiiHoi0 MOJIEIIIIO [ IPOTHO3YBAHHS IIBUAKOCTI 3HOCY €TTOKCHIHNX KOMITO3UTIB.

KumouoBi caoBa: enokcuni komnosury, Biaxoau [TET, abpasusie snouryBaus, TaryTi, mrydna HeipoHHa MepesKa.



