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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 pro perties 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. 
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Аннотация. Проведено исследование влияния замасливателей различных рецептур на свойства бескернового карбидокремние-

вого волокна с точки зрения его технологических качеств. Исследованы замасливающие агенты составов ПМС-5, ПМС-10, 
ПМС-20 в изопропиловом спирте и ацетоне, водные эмульсии ПМС-200 с добавлением диспергатора IVP-317 и поливи-
нилового спирта, водный раствор ПЭГ-400 (30 %), водный раствор крахмала (10 %). Оценка влияния замасливателя на 
технологические качества волокна осуществлялась путем проведения испытания образцов на прочность при растяжении, 
определения минимального радиуса гиба, исследования морфологии поверхности замасленных волокон, способности 
исследуемого состава объединять филаменты в составе пучка и снижать пушение. Установлено, что замасливающие агенты, 
в качестве растворителя в которых используются ацетон и изопропиловый спирт, приводят к ухудшению технологических 
качеств обработанных волокон, значительному повышению их ломкости. Водный раствор полиэтиленгликоля (ПЭГ-400) 
(30 %) плохо распределялся по поверхности волокна и снизил прочностные характеристики образцов после обработки. 
Прочность образцов, обработанных водным раствором крахмала (10 %), по результатам испытания на растяжение оказалась 
близкой к прочности необработанных волокон. Данный состав повысил однородность пучка и показал наилучшие скрепля-
ющие свойства на филаменты в его составе, однако повышенная ломкость волокон при изгибе после высыхания в значи-
тельной степени снизила их технологичность. Применение водной эмульсии ПМС-200 с IVP-317 способствовало повы-
шению однородности и гибкости пучка, однако привело к ухудшению прочностных характеристик образцов по сравнению 
с чистым волокном. Наилучший результат показала эмульсия ПМС-200 с добавлением поливинилового спирта и диспер-
гатора IVP-317. Данный состав повысил гибкость, уменьшил пушение, улучшил технологические качества обработанных 
волокон, незначительно при этом снизив прочность образцов. Полученные результаты позволяют считать водную эмульсию 
на основе полиметилсилоксана (ПМС-200) и поливинилового спирта наиболее эффективной в качестве замасливающего 
агента для бескернового карбидокремниевого волокна.  

Ключевые слова: бескерновое карбидокремниевое волокно, SiC-волокно, текстильные замасливатели, эмульсирование, 
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IntroductionIntroduction
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 °С [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 methodsMaterials 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 μm, and the bundle contained 150 fibers.

The oiling compositions used in this work were 
based on organosilicon compounds (polymethylsil-
oxanes (PMS)), 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 1 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 

of 17 μm. 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 discussionResults 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.

Fig. 1. Installation diagram for oiling continuous fibers 

Рис. 1. Схема установки для замасливания  
непрерывных волокон

Fig. 2. Cylindrical mandrel with variable diameter 

Рис. 2. Цилиндрическая оправка с переменным диаметром
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In contrast, the use of oiling agents in the form 
of aqueous emulsions allowed for the application 
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 
alcohol (PVA), required the inclusion of dispersant 

IVP-317, which enhanced fiber wetting and contri bu-
ted to the stabilization of the emulsion.

Oiling agents formulated with these components 
demonstrated high efficiency: uniform distribution 
(Fig. 4, a, b), effective wetting of the fiber surface, 

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 

Рис. 3. Карбидокремниевые волокна с нанесенным замасливателем
1, 4 – ПМС-5; 2, 5 – ПМС-10; 3, 6 – ПМС-20

1–3 – растворитель ацетон; 4–6 – растворитель изопропиловый спирт

Fig. 4. Morphology of silicon carbide fiber surfaces with applied oiling agents (solvent – water)
а – PMS-200 emulsion; b – PMS-200 emulsion with PVА; c – PEG-400 solution (30 %); d – starch solution (10 %)

Рис. 4. Морфология поверхности карбидокремниевых волокон с нанесенными замасливателями (растворитель – вода)
а – эмульсия ПМС-200; b – эмульсия ПМС-200 с ПВС; c – раствор ПЭГ-400 (30 %); d – раствор крахмала (10 %)
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significant reduction in fuzzing, and improved bundle 
homogeneity (Fig. 5, b, c). 

The addition of polyvinyl alcohol to the PMS-200 
aqueous emulsion further enhanced the strength cha-
rac teristics 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 
flui ds, 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.

ConclusionsConclusions
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 
Влияние водных замасливающих составов на морфологию и свойства SiC-волокон

Oiling liquid
Distribution on 

fiber surface 
(morphology)

Test results

Tensile strength of oiled fibers relative 
to pure fiber (100 % – baseline), %

Minimum bending 
radius when wound 
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 aqueous solution 
(10 %) uniform 99 65

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 (c), an aqueous solution of PEG-400 (30 %) (d),  
an aqueous solution of starch (10 %) (e) 

Рис. 5. Карбидокремниевые волокна
а – чистые волокна в пучке;  

b–e – после обработки водной эмульсией ПМС-200 (b),  
водной эмульсией ПМС-200 с добавлением поливинилового  

спирта (c), водным раствором ПЭГ-400 (30 %) (d),  
водным раствором крахмала (10 %) (e)
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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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