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The effect of an oiling agent
on the technological properties
of coreless silicon carbide fiber

D. V. Tsytsarkina®, P. A. Timofeev

JSC “Kompozit”
4 Pionerskaya Str., Korolev, Moscow region 141070, Russia

B3 tsytsarkinadv@inbox.ru

Abstract. A study was conducted to investigate the influence of oiling agents with various formulations on the properties of core-
less silicon carbide fiber from the perspective of its technological qualities. The oiling agents investigated included formulations
of PMS-5, PMS-10, PMS-20 in isopropyl alcohol and acetone, aqueous emulsions of PMS-200 with the addition of dispersant
IVP-317 and polyvinyl alcohol, an aqueous solution of PEG-400 (30 %), and an aqueous solution of starch (10 %). The evaluation
of the oiling agent’s impact on the technological properties of the fiber was carried out through tensile strength testing, determination
of the minimum bending radius, examination of the surface morphology of the oiled fibers, and the ability of the tested composition
to bundle filaments together and reduce fuzzing. It was found that oiling agents using acetone and isopropyl alcohol as solvents
led to the deterioration of the technological qualities of the treated fibers, significantly increasing their brittleness. The aqueous
solution of polyethylene glycol (PEG-400) (30 %) poorly distributed on the fiber surface and reduced the strength characteristics
of the samples after treatment. The strength of the samples treated with an aqueous starch solution (10 %) was found to be close
to that of untreated fibers in tensile testing. This composition improved the homogeneity of the bundle and exhibited the best
bonding properties on the filaments within it, but the increased brittleness of the fibers after drying significantly reduced their
technological efficiency. The use of PMS-200 aqueous emulsion with [IVP-317 contributed to increased homogeneity and flexibility
of the bundle but led to a deterioration in the strength characteristics of the samples compared to pure fiber. The best result was
shown by the PMS-200 emulsion with the addition of polyvinyl alcohol and dispersant IVP-317. This composition increased flex-
ibility, reduced fuzzing, and improved the technological properties of the treated fibers, with only a slight reduction in the strength
of the samples. The results obtained suggest that the aqueous emulsion based on polymethylsiloxane (PMS-200) and polyvinyl
alcohol is the most effective oiling agent for coreless silicon carbide fiber.

Keywords: coreless silicon carbide fiber, SiC fiber, textile oiling agents, emulsification, fiber technological properties
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BnusHune saMacnuBalowero areHTa
Ha TeXHosIorM4yeckme CBOMCTBa
6eckepHOBOro Kapb6MaoKpPEeMHMEBOIO BOIOKHA

H. B. Opiqapkuna®, I1. A. Tumodeen

AO «Kommo3ur»
Poccus, 141070, MockoBckast 00i1., . Kopones, yii. [Tnonepckas, 4

& tsytsarkinadv@inbox.ru

AnHoTayums. [IpoBeneHO HccIe0BaHNE BIMSTHUS 3aMaclIMBaTeNeH Pa3INIHBIX PELENTyp Ha CBOHCTBA OECKEPHOBOTO KapOnIOKpeMHHIe-

BOTO BOJIOKHA C TOYKH 3PSHHUS €r0 TEXHOJIOTHIECKUX KadecTB. MccmenoBansl 3aMacimBaronye areHTsl cocraBo [IMC-5, [IMC-10,
[IMC-20 B U30MpONMIOBOM CIUPTE W alleTOHE, BomHbIe aMyabcuu [IMC-200 ¢ mobasnenuem mucnepraropa [VP-317 u monuBu-
HIJIOBOTO chmpTa, BOAHEIN pactBop [I19I-400 (30 %), BomubIi pacTBop Kpaxmana (10 %). Ouenka BIUSHUS 3aMacinBaTels HA
TEXHOJIOTUYECKHE KadeCTBA BOJOKHA OCYIIECTBILUIACH ITyTEM IPOBECHUS HCIBITAaHNUS 00pa3I0B HA MPOYHOCT MIPU PACTSHKCHUH,
OTIpEe/IeNICHNS] MUHHMAJIBHOTO pajiyca ruda, MCCIeJOBaHUS MOP(OIOTHH MOBEPXHOCTH 3aMACICHHBIX BOJOKOH, CIIOCOOHOCTH
HCCIIETyeMOTO COCTaBa O0BEANHSTH (PUIAMEHTHI B COCTABE ITyUKA U CHIDKATh ITyIICHHE. YCTAaHOBIICHO, YTO 3aMACIIMBAIOIIIE aTeHTHI,
B Ka9eCTBE PACTBOPUTENS B KOTOPHIX HCIOIB3YIOTCS Al[eTOH W M30MPOIMMIOBEINA CIUPT, MPUBOIAT K yXyIIICHUIO TEXHOIOTHIECKIX
KauecTB 00pa0OTaHHBIX BOJIOKOH, 3HAYMTEIEHOMY MOBBIIICHUIO UX JOMKOCTH. BomHblil pacTtBop mommyTrieHmmkomns (I191-400)
(30 %) mmoxo pacrmpenesnsuIcs M0 MOBEPXHOCTH BOJOKHA M CHH3WII MPOYHOCTHBIC XapaKTEPHCTHKU 00pa3loB Mocie 00padoTKH.
ITpounocTs 06pa3oB, 00paboTaHHBIX BOAHBIM pacTBOpoM kpaxmaia (10 %), o pe3yisraraM HCIIBITaHUS Ha PACTSHKCHNE OKa3alach
OIMM3KOH K MPOYHOCTH HE0OpabOTaHHBIX BOJIOKOH. JlaHHBIH COCTaB TOBBICHII OHOPOIHOCTD ITy4Ka M TI0KA3aJl HAMIYIINe CKPeTIIs-
IOIIHE CBOMCTBA Ha (DMIIAMEHTHI B €T0 COCTaBE, OJHAKO ITOBLIIIEHHAS JIOMKOCTH BOJOKOH IIPH M3THOE ITOCIIE BBHICBIXAHHS B 3HAUH-
TENBHOU CTENICHN CHH3WIA UX TEXHOJIOTHYHOCTh. [Ipumenenue Boguoit amynscun [IMC-200 ¢ IVP-317 cnocoOCTBOBaIO MOBHI-
IICHHUIO OHOPOAHOCTH M THOKOCTH ITydKa, OHAKO MPHBEIIO K YXYAICHUIO IPOYHOCTHBIX XapaKTePUCTHK 00Pa3IOB 110 CPABHECHUIO
C YUCTHIM BOJOKHOM. Hammyummit pesymsrar mokasana smynbenst IIMC-200 ¢ nobaBieHHEeM MONTUBHHIIIOBOTO CITHPTA U AWUCTIEP-
raropa IVP-317. JlaHHBIH cocTaB MOBBICHI THOKOCTh, YMEHBIIIII ITyIICHUE, YITyUIIHI TEXHOJIOTHIECKHEe KadecTBa 00paboTaHHBIX
BOJIOKOH, HE3HAIHUTEIHHO IIPU ATOM CHU3HB IPOYHOCTH 00pa3noB. [lorydeHHbIe pe3ynbTaThl TO3BOISIIOT CYUTATh BOIHYIO SMYIBCUIO
Ha ocHoBe monmMeTmicmwiokcana ([IMC-200) u monuBHHHIOBOTO criupTa Hambonee 3()(HEKTHBHON B Ka4eCTBE 3aMacCIHBAIOIICTO

arcHra i 6CCKepHOBOI‘0 Kap6I/I,HOerMHI/ICBOI‘O BOJIOKHA.

KnioueBbie cnoBa: OeckepHOBOE KapOHIOKPEMHHEBOE BOJOKHO, SiC-BOJMOKHO, TEKCTHIIbHBIE 3aMaclUBaTeNd, 3MYJIbCHPOBAHHUE,

TEXHOJIOIMYECKHE CBOMCTBA BOJIOKHA

Ansa yntupoBaums: Lpimapkuna J{.B., Tumodeer [1.A. BiusHue 3aMaciinBaroniero areHTa Ha TEXHOJIOTHYECKUE CBOWMCTBA Oeckep-
HOBOTO KapOHJOKPEMHHEBOTO BOJIOKHA. HM38ecmus 6y306. [lopowkosas memaniypeus u gyukyuonanvhvie nokpoimus. 2024;18(5):

30-36. https://doi.org/10.17073/1997-308X-2024-5-30-36

Introduction

The implementation of advanced composite mate-
rials is the foundation for the prospective development
of aviation and rocket-space technology. Composites
based on modern materials are widely used in the pro-
duction of elements and assemblies for the aerospace
industry [1-3].

The designs of modern aircraft require minimal
weight, high reliability, rigidity, strength of compo-
nents, and maximum operational lifespan of structures
capable of functioning effectively under high tempera-
tures and in aggressive oxidative environments.

The use of advanced composites with improved
manufacturing technology and the introduction of new
materials in their production plays a key role in solving
these challenges [4; 5]. Composite materials reinforced
with continuous coreless silicon carbide fibers with

metallic and ceramic matrices are applicable to various
components of aircraft that operate at high tempera-
tures: thrust vectoring nozzles of propulsion systems,
exhaust gas valves, nozzle guide vanes, etc. [6—14].

Silicon carbide fibers are characterized by high
strength properties, reaching up to 3 GPa, a modulus
of elasticity of 400 GPa, low oxygen content (less than
1 %), and high oxidative stability at elevated tempera-
tures up to 1500 °C [15; 16].

The data presented allows us to consider SiC fibers
as a promising reinforcing component for composites
that operate in aggressive oxidative environments
at high temperatures [17; 18].

Some applications of final products made from
composite materials require reinforcing fillers in
the form of fabric. However, creating textile preforms
is challenging due to the inherent brittleness of SiC
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fibers. to enhance the processability of silicon carbide
fibers for textile manufacturing, oiling compositions
are applied. the emulsification process, which involves
applying an oiling agent to the fiber surface, improves
the technological properties of the fibers and the threads
derived from them. This process helps prevent break-
ages and abrasion during thread formation, reduces
friction when high-modulus ceramic fibers interact
with manufacturing equipment, binds individual mono-
filaments together, lowers the dynamic friction coeffi-
cient, and prevents static electricity buildup [19-22].

The most commonly used textile oiling agents for
chemical fibers include oils (both mineral and natural),
surfactants, starch-based compositions, and organic
polymers [23-25].

The aim of this study is to investigate the impact
of different oiling agent formulations on the techno-
logical properties of coreless silicon carbide fibers.

Materials and methods

The study was carried out on specially prepared
samples in the form of bundles of continuous coreless
silicon carbide fibers. the diameter of the fibers ranged
from 14 to 20 pm, and the bundle contained 150 fibers.

The oiling compositions used in this work were
based on organosilicon compounds (polymethylsil-
oxanes (PMY)), polyethylene glycol (PEG-400), poly-
vinyl alcohol (PVA), and starch. Acetone, isopropyl
alcohol, and water were used as solvents.

The application of the oiling agent to the surface
of the silicon carbide fiber was carried out by immers-
ing the fiber bundle in the solution, followed by gentle
squeezing according to the following scheme (Fig. 1):
the fiber from the guiding roller / was dipped into
the oiling bath 2, advanced by roller 3, and then passed
through squeeze rollers 4 to remove excess agent.

The tensile strength of the oiled fibers was evalua-
ted using an “Instron 5942 testing machine (Instron,
USA) according to GOST 32667 for samples with
a working length of 25 mm and an average diameter

Fig. 1. Installation diagram for oiling continuous fibers

Puc. 1. Cxema YCTaHOBKU U1 3aMacC/IMBaHUs
HCIPEPLIBHLIX BOJIOKOH
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Fig. 2. Cylindrical mandrel with variable diameter

Puc. 2. HI/IJ’II/IHI[pI/I"IeCKaﬂ OIpaBKa € MEPEMEHHBIM JUAMETPOM

of 17 um. the tensile speed of the machine grips was
1.0 mm/s.

The surface morphology of the oiled fibers was
studied using a scanning electron microscope.

The flexural properties of the silicon carbide fibers
with the applied oiling agent was evaluated by determin-
ing the minimum bending radius of the sample around
a cylindrical mandrel with a variable diameter from 10
to 70 mm (Fig. 2). the sample was attached at one end
to the surface of the measuring disc, wrapped around
it in a pressed state, and held for 5 min. the mini-
mum bending radius was considered to be the radius
of the measuring disc preceding the one on which fiber
breakage occurred.

Results and discussion

The use of acetone and isopropyl alcohol as solvents
necessitated the use of low-molecular-weight poly-
methylsiloxane fluids: PMS-5, PMS-10, and PMS-20.
During testing of these oiling agents, the treated fiber
samples exhibited excessive brittleness, which was
attributed to the removal of adsorbed moisture that
contributed to the fiber surface’s flexibility. This led
to a significant increase in fuzzing and fiber breakage
(Fig. 3).

The flexural test using a mandrel revealed that more
than 80 % of the filaments were destroyed at the first
stage, corresponding to a mandrel diameter of 70 mm.

Oiling compositions using acetone and isopropyl
alcohol as solvents were found to be ineffective.
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Fig. 3. Silicon carbide fibers with applied oiling agent
1,4—-PMS-5; 2, 5-PMS-10; 3, 6 — PMS-20
1-3 — solvent acetone; 4—6 — solvent isopropyl alcohol
Puc. 3. KapOumokpeMHHEBbIC BOJIOKHA C HAHECEHHBIM 3aMaCIIUBaTEIIeM

1,4 —-TIMC-5; 2, 5 - TIMC-10; 3, 6 — [IMC-20
1-3 — pacTBOPUTEIb allETOH; 4—6 — PACTBOPHUTEIH U30MPONUIIOBBIN CITUPT

In contrast, the use of oiling agents in the form IVP-317, which enhanced fiber wetting and contribu-
of aqueous emulsions allowed for the application ted to the stabilization of the emulsion.
of higher molecular weight, more viscous fluids such

as PMS-200. Silicone aqueous emulsions of PMS-
200, and PMS-200 with the addition of polyvinyl ~demonstrated high efficiency: uniform distribution

alcohol (PVA), required the inclusion of dispersant (Fig. 4, a, b), effective wetting of the fiber surface,

Oiling agents formulated with these components

Spectrum 42

I —

Spectrum 44

Spectrum 61 Spectrum 45

Spectrum 23

[ ———)

Spectrum 18

Spectrum 24

Spectrum 19

Spectrum 25

Fig. 4. Morphology of silicon carbide fiber surfaces with applied oiling agents (solvent — water)
a — PMS-200 emulsion; b — PMS-200 emulsion with PVA; ¢ — PEG-400 solution (30 %); d — starch solution (10 %)

Puc. 4. Mopdosorus moBepXHOCTH KapOUTOKPEMHUEBBIX BOJOKOH C HAHECEHHBIMHU 3aMaCIUBaTEIIMH (PaCTBOPHTEIH — BOJIA)
a — smyabcus [IMC-200; b — smynscnst [IMC-200 ¢ IIBC; ¢ — pactBop I19I-400 (30 %); d — pactBop kpaxmaia (10 %)
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Fig. 5. Silicon carbide fibers
a —pure fibers in a bundle;
b—e after treatment with an aqueous emulsion PMS-200 (b),
an aqueous emulsion of PMS-200 with the addition of
polyvinyl alcohol (¢), an aqueous solution of PEG-400 (30 %) (d),
an aqueous solution of starch (10 %) (e)
Puc. 5. KapbumokpeMHHIEBbIE BOJIOKHA

@ — 4NCThIC BOJIOKHA B ITyUKe;

b—e — mocnie 06padoTku BogHoM dMynbeueit [IMC-200 (b),
BOZIHO#T amysbcueit [IMC-200 ¢ mo6aBieHIEM TOIUBHHIIOBOIO
crnupTa (¢), BogHbIM pactBopoM I131'-400 (30 %) (d),
BOJIHBIM pacTBOpoM kpaxmaia (10 %) (e)

significant reduction in fuzzing, and improved bundle
homogeneity (Fig. 5, b, ¢).

The addition of polyvinyl alcohol to the PMS-200
aqueous emulsion further enhanced the strength cha-
racteristics of the silicon carbide fibers and their ove-
rall technological properties (see Table).

Silicon carbide fibers treated with aqueous emul-
sions based on polymethylsiloxane (PMS-200 and
PMS-200 with polyvinyl alcohol) showed a filament
failure rate of no more than 1 % within the bundle
when tested on a 10 mm mandrel, indicating improved
suitability for textile processing (see Table).

In addition to silicone fluids, the study also exami-
ned an oiling composition containing an aqueous solu-

tion of polyethylene glycol PEG-400 (30 %). Fibers
treated with this composition exhibited poor wetting,
reduced oiling effectiveness compared to silicone
fluids, and increased filament brittleness (Fig. 5, d).
This may be attributed to the low affinity of the compo-
sition for silicon carbide fibers. During flexural testing
on a cylindrical mandrel, more than 40 % of the fila-
ments failed at the 40 mm diameter stage.

The aqueous starch solution (10 %) applied
to the surface of the silicon carbide fibers demonstrated
good distribution (Fig. 4, d), strong filament bonding
within the bundle, reduced fuzzing (Fig. 5, e), and
increased tensile strength (see Table). However, after
drying, this composition caused excessive brittleness
in the fibers, significantly reducing their technological
suitability for further textile processing. Flexural tes-
ting using a mandrel showed that about 20 % of the fila-
ments failed at the 60 mm diameter stage.

The Table below presents the test results for deter-
mining the minimum bending radius of oiled SiC
fibers, their tensile strength relative to untreated fibers,
and a description of the surface morphology.

Conclusions

The experimental study found that oiling agents
using acetone and isopropyl alcohol as solvents led
to a deterioration in the technological properties
of the treated fibers, significantly increasing their
brittleness and complicating their suitability for textile
processing. the aqueous solution of polyethylene gly-
col (PEG-400) (30 %) was found to be ineffective due
to poor distribution on the fiber surface and a reduction
in the tensile strength of the treated samples (a 16 %
decrease compared to untreated fibers). the best
filament bundling and increased homogeneity were
observed in samples treated with a 10 % aqueous starch
solution. the tensile strength of these samples was

The effect of aqueous oiling compounds on the morphology and properties of SiC-fibers

Bausinne BOAHBIX 3aMac/JIMBAIOLIHUX COCTABOB HA MOP(os10ruio u cBoiicTBa SiC-B010KOH

Test results

Distribution on

Oiling liquid fiber surface

Tensile strength of oiled fibers relative

Minimum bending
radius when wound

(morphology) to pure fiber (100 % — baseline), % X
on a cylinder, mm
PMS-200 aqueous .
emulsion, IVP-317 uniform 62 15
PMS-200 aqueous .
emulsion, PVA, IVP-317 uniform 98 15
PEG-400 aqueous
solution (30 %) poor 84 50
Starch ac(llll(e)o(;s) solution uniform % B
0
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close to that of untreated fibers, with only a 1 % reduc-
tion. However, the increased brittleness of the fibers
after drying significantly reduced their technological
suitability, potentially causing difficulties in textile
processing.

The study concluded that using oiling agents in
the form of aqueous emulsions is the most effective
method for treating coreless silicon carbide fibers.
the best results were obtained with a PMS-200 emul-
sion containing polyvinyl alcohol and dispersant
IVP-317, which improved flexural properties, reduced
fuzzing, and enhanced the technological properties
of the treated fibers, with only a slight decrease in ten-
sile strength (2 % compared to untreated fibers). the use
of the PMS-200 emulsion with IVP-317 also contrib-
uted to increased bundle homogeneity and flexural
properties, although it did lead to a decrease in the ten-
sile strength of the samples compared to untreated
fibers.

The results suggest that aqueous emulsions based
on polymethylsiloxane liquids and polyvinyl alcohol
are the most effective for preparing coreless silicon
carbide fibers for textile processing.
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