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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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B.N. Absadykov’, B.B. Bazarbay, M.E. Isametova, A.S. Mashekova
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ANALYSIS OF ANEW FILAMENT MAKING MEL
PRESSING DEVICE

Abstract. The filament for Fused Deposition Modeling technology was deve-
loped in a new melt pressure pressing device using metal-polymer composite
material.

Phase analysis of metal-polymer composite material was carried out by X-ray
diffraction. The material was subjected to XRD analysis in the 26, 3—90° range,
and in Cu Ka radiation at 1.5408 A and a pitch of 0.02° on a Rigaku MiniFlex.
Thermogravimetric analysis was carried out in a Perkin Elmer Pyris instrument
at a temperature range of 0 °C —512.6 °C under a nitrogen atmosphere of 40 mL/
min by volume.

It was studied at what temperature the heaters in this device should be
maintained. In addition, it was found that the metal powders contained in the
metal-polymer composite material can be changed to adhesive powders by
mechanical compression under a pressure of 18 MPa. The research was carried
out under the grant No. AP08857034.

Key words. New press device, XRD analysis, Thermogravimetric analysis,
filament.
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EPITIHAIAEH K¥PBIJIFAH KIITI AJTY YHIIH ) KAHA
IKCTPY3UAJIBIK IIPECTI TAJIIAY

AnHoTanusi. TYHABIPYIBI MOAETBICY TEXHOJIOTHSIChIHA apHAJIFaH XKiIl Me-
TaJul MOJIMMEPIIIK KOMITO3UTTIK MaTepHaNIbl KOJJAaHa OTBIPHIN, OaTKbIMaHBI
KBICBIMMEH 0acaTbIH jKaHa KYPbUIFBIJIA KaCaIIbl.

MeTtami-nonumepii KOMIIO3UTIK MaTepuaiablH (a3aiblK TajlAayblH PEHT-
reqaik audpakmusamMer xkyprizinai. Marepuanasr 20, 3-90° nuana3oHbIHAA,
xone Cu Ka coynmecinme 1,5408 A, sxome xamamsl 0,02° GomarsiH Rigaku
MiniFlex kypoeuarbicbinna XRD ananussl xypriziiai. TepMorpaBUMeETPHUSIIBIK
tanpay 0°C — 512,6°C temmneparypa apaibiFblHAa Kesnemi OoiibiHma 40 mi/
MuH a3ot atmocdepaceiaaa Perkin Elmer Pyris kypanbiaa sxypriziii.

By KypbUIFBIIaFbI KBI3ABIPFBIITAP/IBIH KaH 1Al TeMITepaTypaaa 00JaThIHBIH
KapacThIPBULABL. ATam aiiTcak, MHEeK OOWbIMEH OaNKbITHUIBII aFbLUIFAH TOJH-
Mep (KypambIHAa METaj YHTaKTapbl 0ap) yII KbI3IBIPFBINI 30HACBIHAH OTIIl
(KBI3IBIPFBIIITAPABIHKYATH 8,4 KBT), sFHU Y11 30HAa1a YII TYpiIi TeMIeparypaian
etim, (180°C, 200°C, 220°C rpaaycrapaa KbI3AbIPBUIBII) TOIUMEDP KETKUTIKT1
OanKuIbl, ’KoOHE apHalbl )KacallFaH KaMepara kuHajaasl. Kamepanarsl xxuHai-
FaH MaTepuaJ CybIN KajaMmay YIiH, KamepaHsl Aa ceipThiHaH 220°C rpagyc TeM-
neparypackiMEH KbI3AbIPY Onepanusichol xxypriziieai. COHbIMEH KaTap MeTajll-
MOJIUMEPIl KOMIIO3UTTIK MaTepUalbIH KYpaMbIHJaFbl METaul YHTAKTapbIH
MexanukaidblK 18 MIla KbICBIMEH KbICy apKbUIBl aare3usiiblK YHTaKTapra
aybICTBIpyFa OOJATHIHBIH aHBIKTAJI/IBI.

3eprrey Noe AP08857034 rpanTsl asicblHAA KYPTi31Al.

Tyiiin ce3aep. ’Kana npecc Kyposutrbl, XRD ananussl, TepmMorpaBumeTpu-
SUTBIK TaJaay, (puiaMeHT.
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AHAJIN3 HOBOI'O 3KCTPY3UOHHOI'O ITPECCA IJIAA
®OPMOBAHUSA HUTEM U3 PACILJIABA

Annoramusi. Hute s texnomorun Fused Deposition Modeling Obina
paszpaboTaHa B HOBOM YCTPOMCTBE MpPECCOBaHHUsS MO JIaBJICHHEM pacIliaBa C
WCIONb30BaHUEM METAJIONOIUMEPHOTO KOMIIO3UTHOTO MaTepHana.

@Da30Bblif aHATU3 METAUIONOIMMEPHOTO KOMIIO3UIIMOHHOTO MaTepHasa
IIPOBOJIMIM METOJIOM PEHTTEHOCTPYKTYPHOIO aHainu3a. Marepuan noasepraiu
pentreHodazoBomy ananusy B quamazone 260, 3-90° u B Cu Ko-u3nydennn mnpu
1,5408 A u mare 0,02° na npu6ope Rigaku MiniFlex. TepmorpaBumMeTpudeckuii
aHanu3 pooawn Ha ipubdope Perkin Elmer Pyris B uaTepBane remmneparyp ot
0 °C o 512,6°C B atrmocdepe azota ¢ 00beMHOM CKOPOCTHIO 40 MJT/MHH.

PaccmarpuBanoch, mpu kakoit Temmneparype (yHKIIMOHHUPYIOT HarpeBaTelu
B JJaHHOM ycTpoiicTBe. B wacTHOCTH, nmonuMep (coneprkaluil MeTaIMueCcKue
MOPOIIKH), PACTJIABICHHBIN 10 HIHEKY, POXOIUT Yepe3 TPH 30HbI HATPEBAHUS
(MouHOCTH Harpesartenei 8,4 kBT), To ecTh B Tpex 30HaX ¢ TpeMs pa3IuYHbIMU
temneparypamu (HarpeBaercs mnpu 3HadeHusx 180°C, 200°C, 220°C) u
cobupaercs B CIENUAIBHO TMPEIHA3HAYCHHYI0 Kamepy. UToObl cOOpaHHBIA B
KaMepe Marepuas He OCThUI, KaMepy TakKe CIeIyeT MPOTrpeTh CHapYXH Ipu
temrieparype 220°C. VYCTaHOBIEHO TakXe, YTO METANIMYECKUE MOPOLIKH,
coziepKalmecs B METaJUIONOIMMEPHOM KOMITIO3UTHOM Marepuane, MOTyT ObITh
3aMEHEHBI Ha a/Ir€3MOHHBIE TOPOIIKH MTyTEM CHKATHsI MEXaHUYECKUM JIaBJICHUEM
18 MITa. UccnenoBanre mpoBoauiaock B pamkax rpanta Ne AP08857034.

KiroueBble ¢JjI0Ba: HOBOE MPECC-yCTPOWCTBO, PEHTTEHOCTPYKTYPHBII
aHaJIN3, TEPMOrPaBUMETPUUECKUI aHaIu3, GUITAMEHT.

Introduction. Production development is based on the use of advanced
technologies. 10 main technologies are identified in the data source (Michaeli
et al.,, 1991:05, Roshchupkin et al., 2020, Bazlov et al., 1996). Among these
ten technologies, additive and MIM technologies take the first place. However,
due to the presence of many disadvantages in the use of MIM technology, there
are several limitations (Korotchenkoa et al., 2004, Roshchupkin et al., 2020).
MIM technology has two main methods in use, one based on a combination of
thermoplastic molding technology and conventional powder metallurgy (Stranoa
et al., 2019, Abdel-Ghany et al., 2015). In classical powder metallurgy, steel
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powders are pressed into a mold under a certain pressure and baked at a high
temperature (about 1300°C) (Ren et al., 2017, Raza et al., 2013, Banerjee et al.,
2012). Powdered materials only coalesce during cooking, when bulk diffusion
occurs. In MIM technology, the polymer is used to hold the steel powders or as
a binder.

There are enough new technologies for making complex products, one
of which is additive technology (Masood et al., 2004, Naksoo et al., 2006).
Additive technology means pressing the product layer by layer (Tingrui et al.,
doi.org/10.1177/8756087916649006). Additive technology is divided into many
methods. In recent times, interest in the field of printing products on 3D printers
using metal-polymer composite materials has been growing in the world (Matula
et al., 2018, Xiaokang et al., doi: 10.1039/c7ral1271h.).

Currently, scientists are thinking of finding a low-cost alternative to selective
laser melting (SLM) technology, which starts at $1 million per product, based
on solving two main problems (Chepchurov et al., 2019, Rauwendaal, 2013).
SLM technology is based on combining metal powders to obtain a product, but
products made using this technology are very expensive. This means that the
development of additive technology is inhibited (Paul et al., Williams et al.,
2010, Aboulkas et al., 2010).

However, our research group has made sure that it is possible to create a
complex product with metal-polymer material using Fused Deposition
Modeling technology. Therefore, we have come up with a new method of fusion
compression, and the filament obtained by this method can be manufactured
using Fused Deposition Modeling technology.

The main purpose of this article is to study the structure of molten metal-
polymer material and to develop a new press device in the process of bringing
metal powders closer to each other, i.e. adhesion.

Experimental. Description of the material. In this research, metal polymer
composite material was used. Ready-made raw materials containing stainless
steel powders and polymers as a binder were used. Stainless steel brand 316L.

Phase analysis of the material was carried out by X-ray diffraction. XRD
analysis of the material was carried out on a Rigaku MiniFlex with a 26 range
of 3-90° and a Cu Ka beam of 1.5408 A and a pitch of 0.02°. In addition, we
used a scanning electron microscope (SEM Zeiss Crossbeam 540) to study the
structure and internal process of the metal-polymer composite, and we selected
an electron working energy of 5 kV.

Melting point analysis. A thermogravimetric analysis of the required
temperature was carried out in order to give the melting parameter of the metal-
polymer composite material in a special device prepared for making filament,
and to prevent the material from freezing in a special back pressure chamber.

9
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The temperature range was 0°C — 512.6°C in a nitrogen atmosphere at 40 mL/
min by volume on a Perkin Elmer Pyris instrument. The heating rate is 10°C /
min.

Melt pressure pressing device. During the design of the device for making
filament from metal-polymer composite material, the main geometric parameters
of the barrel were determined and 48 drawings were prepared.

Basic parameters of the extruder

Screw diameter Ds=30 mm

The length of the screw is L=565 mm

Transmission area L{=0.25L=0.25x565=141 mm

Compression area Lp=0.35L=0.35x565=175 mm

Dosing area Ld=160 mm

According to this device, we put our metal-polymer composite material into
the hopper, the material goes into the first heating zone. We placed the auger for
the purpose of conveying, mixing and giving certain pressure to the materials.

Figure 1 - Sketch of a new filament press machine

We rotate the auger with a gear motor with a power of 7.5 kW, and the rotation
speed of the auger is 0-250 rpm. The molten polymer (containing metal powders)
flowing along the screw passes through three heating zones (the power of the
heaters is 8.4 kW), that is, it passes through three different temperatures in three
zones (heated at 180°C, 200°C, 220°C) and the polymer melts sufficiently, and is
collected in a specially designed chamber. In order for the collected material in
the chamber not to cool down, the chamber is also heated from the outside with
a temperature of 220°C. We compress the collected material with a hydraulic
pressure of 18 MPa using the reverse pressure method, and get a filament with a
diameter of 2 mm.

10
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Figure 2 - Press form

The reason for using the matrix shown in Figure 2 is that with this matrix,
there is no material residue inside the chamber, and we obtain adhesive powders
in a matrix with an angle of 30° during the compression period from a hydraulic
pressure of 18 MPa.

Results and Discussion. Materials characterization results. The
arrangement of atoms was determined as a result of XRD analysis. Since the
polymer peak was not detected, we shot in steps of 0.02°, and the polymer peak
began to appear from this step. (Figure 3) Fe-Cr-Ni austenitic alloy began to be
observed at sharp peaks of 20 =44.65°, 64.98°, 82.30°, 98.88°, and 116.31°. The
percentage of metal elements in the composition is shown in table 1.

Table 1 is the percentage of metal elements in the metal-polymer composite
material

C Cr Ni Mo Mn Si Fe
<0.03 16.0-18.0 10.0-14.0 2.0-3.0 <2.0 <1.0 Bal.

Mz, catalirknown

15000

10000

Intersity (cpe)

5000

20 40 &0 20
2-thet (deg)

Figure 3 - X-ray result in the range of 26, 10-90°
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As a result of the SEM analysis, we found that the size of the metal powders
in the metal-polymer composite material is 7-3 pm. Also, as shown in Figure 3,
the polymer length of chemical elements was removed and the elements were
analyzed individually according to their percentage.

Fe Kol

Cr Kal O Kal

250pm 250pm

S Kal

C Kol_2 Ni Kal

e

f 250pm

250pm !

250pm

Figure 4 - Analysis of chemical elements using a scanning electron microscope

As a result of the analysis, we found out that it is possible to eliminate or
reduce the number of black lines, i.e. dislocations in Figure 4, by bringing the
metal powders closer to each other under high mechanical pressure during the
production of each filament.

Melting point analysis results. A material with a low melting point in the
composition of the metal-polymer composite, that is, the polymer, melts first.
As the material in the metal-polymer material is removed, the overall weight is
reduced. melting of the polymer and loss of mass were determined during the
melting point analysis. As shown in Figure 5, we consider the peak of weight
loss as the peak of the beginning of the main process.

Figure 5 - Thermogravimetric analysis
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The endothermic process was determined as 166.7°C, 396.8°C, 471.2°C,
514.6°C, 766.8°C. Paraffin, polypropylene and stearic acid, which are part of
the polymer, decompose between 190-600°C. Between the temperature of 160-
200°C, the thermal effect increases, and at 354-410°C, this process increases. As
a result, 9.7% lost weight.

Figure 6 — Zone of heaters

In the extruder of the new filament machine (Figure 6), the temperatures of
the 3 burners are between 180°C, 200°C, 220°C, sufficient to melt the metal-
polymer material.

Results of the melt press machine. There are many parameters that affect
the melt compression process. It is considered important to bring the parameters
to the desired index and to connect them with each other. In the melt pressing
method, the speed of the material must be constant from start to finish. If the
material feed rate is constant, it is important that after the first batch of material,
the second batch of material passes through the three different melting zones
along the screw at the same speed. The general structure is shown in Figure 7.

Figure 7 - Melt pressure pressing device
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The screw speed was controlled in 20 rpm increments up to 120 rpm, with the
extruder operating at each speed for approximately five minutes. To determine
the influence of the mold design, that is, the size of the opening, on the pressure
in the extrudate, we used sections of the opening with a diameter of 5 to 10 mm.

Conclusion. In this work, new technological studies of filament production
from metal-polymer composite material in a new melt pressure pressing device
were carried out. The device was designed taking into account the structure and
melting point of the material. Also, if the speed of the auger is high, the structure
of the material changes due to the addition of additional temperature due to the
friction of the material. For this reason, the additional temperature caused by the
rotation of the screw at high speed was also considered. At the same time, if the
size of the steel powder is the same, it will cause the polymer to spread more
evenly. This means that the method of adhesion between powders is performed.
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