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The proposed new plasma technology for the production of fiber from inorganic metal oxi-
des overtakes traditional sustaining technologies due to the simplicity of processing and a
good quality of the obtained product. The paper contains a description of a uniflow plasma
chemical reactor designed for melting and fibrillation of ceramic materials, an analysis of
its optimal exploitation conditions at atmospheric pressure and a characterization of the
final product obtained during realization of the plasma fibrillation process.

Air was used as the plasma-forming gas and propane-butane as the additional sup-
porting gas. The power of the plasma torch was in the range 65-69 kW. Mineral fiber was
manufactured from different dolomite and quartz sand mixtures. Dolomite content in the
mixtures varied from 25% to 35%, as the purpose of the experiment was to elucidate the in-
fluence of dolomite content in the mixtures on the quality of the obtained mineral fiber. The
temperature and velocity of gas leaving the reactor was 2316-2516 K and 500-530 m/s,
respectively. Then a mixture of 60% of quartz sand and 40% of dolomite was used with two
different designs of the plasma chemical reactor to determine the influence of the velocity
of flow leaving the reactor on the quality of the obtained mineral fiber. The temperature of
the flow was 2900-2 970 K, and its velocity increased from 794 m/s to 1759 m/s.

The structure and morphology of mineral fiber were examined by scanning electron
microscopy (SEM). The process of fiber formation was analyzed by visualization using a
CCD camera.

Fibers have been formed by kinetic energy of the flow. The mechanism of fiber for-
mation is explained. Mineral fiber produced employing the plasma fibrillation process is
resistant to high temperatures (up to 1300 °C); the diameter of the fiber filament doesn’t
exceed 2-5 pm. It is more suitable for the production of high temperature or noise isola-
tors, catalysts or filters.
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1. INTRODUCTION

sistant to high temperatures and fire, display a low thermal
conductivity and chemical stability. The product must be re-
latively cheap and environmentally friendly so that it would

Mineral fiber is the general name for many kinds of inorganic
insulation materials made of inorganic metal oxides. There
are three categories of mineral fiber according to maximum
temperature endurance. These are glass wool (from 230 °C to
250 °C), stone wool (700 °C to 850 °C) and ceramic fiber (up
to 1200 °C) [1].

Ceramic fibers, made of inorganic metal oxides because
of their light weight, thermal shock resistance, and strength,
are useful in a number of industries as a high temperature
and noise insulators, filters and catalysts. Materials used for
manufacturing high-temperature mineral fiber must be re-

be affordable by the average industry. Such properties are dis-
played by raw materials like quartz, dolomite, zeolite, granite,
basalt, limestone, etc.

There exist several production methods for manufactu-
ring mineral fibers, with a wide variation of the quality and
quantity of the final product. The most commonly used mi-
neral wool production process is the fibrillation of molten
bulk on rapidly rotating spinning discs. The molten substan-
ces enter through a siphon neck into a homogenization re-
servoir, pass a weir and directing channel and under gravity
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falls onto a rotating disc of the spinning machine. After this,
the mineral wool reaches the conveyor belt of the secondary
mineral wool layer where it is thermally treated and finalized
to the selected density, thickness and size [1].

This method requires quite a complex equipment and
uninterrupted fabrication technologies. Upcoming de-
mands for high quality and new functionality products of-
ten mean that traditional production methods are finding it
increasingly difficult to produce refractory or compact fiber
for wide-range applications. The on-stream technological
process is required for these purposes. So, traditional tech-
nologies are unusable for high temperature resistance fiber
production [2].

2. METHODOLOGY

At the Plasma Processing Laboratory of the Lithuanian
Energy Institute, a specific plasma-chemical jet reactor
(Fig. 1) with a linear step formed DC plasma torch (PT)
65-69 kW of power capacity for the melting and fibrillation
of inorganic metal oxides at atmospheric pressure was desi-
gned. Air was used as the plasma-forming gas and propane-
butane as the additional supporting gas to increase heat flux
from plasma flow to dispersed particles. Propane-butane
also improves the balance of the oxygen—-nitrogen mixture
in plasma, simultaneously increasing the temperature insi-
de the reactor.

The uniflow plasma chemical reactor connected to a
plasma torch consists of four sections 0.015 m diameter and
0.05 m in length, made of stainless steel and cooled by water.
Such design enables, if needed to change the length of the
reactor. If necessary, the diameter of the outlet exhaust can
be reduced from 0.015 m to 0.010 m. If the diameter of the
outlet exhaust is smaller, the velocity of plasma and disper-
sive particles leaving the reactor is higher. In some cases it
exceeds the velocity of sound [3].

3. RESULTS AND DISCUSSION

Dolomite content in mixtures with quartz sand influences
the quality of the obtained fiber, so three types of dolomi-
te and quartz sand mixtures were prepared for melting and
conversion into fiber (Table 1). These materials were selected
because of their comparatively high melting temperature,
suitable viscosity, low cost and prevalence. The dolomite con-
tent in the mixtures varied within 25-35%. The composition
of mixtures and the range of basic parameters in the plasma-
chemical reactor are presented in Table 1. The diameter of the
outlet exhaust was 0.015 m.

Table 1 shows that all mixtures of dolomite and quartz
sand were melted and converted into fiber in similar condi-
tions. Therefore, it is possible to analyze the structural and
morphological differences of the obtained mineral fibers
(Fig.2).

As one can see in Fig. 2, despite the temperature, a plasma
flow of the filaments of a comparatively higher diameter le-
aving the reactor in the bulk has been observed. The average
diameter of the filaments was approximately 300 nm - 5 um,
and the average length was about 10 cm. As in the plasma
torch the voltage arc current and the plasma forming gas flow
rate were almost constant, the diameter of filaments decrea-
sed with increasing the melting temperature of the mixture.
So, a thinner fiber was obtained in the case when the con-
tent of quartz sand in the mixture was higher. The possible
reason for this fact seems to be the difference in the densi-
ty behaviour of a melted mixture of different composition
at the same temperature. While the melting temperature of
pure dolomite is 2670 K and of quartz sand 2000 K [4], the
melting temperature of dolomite and quartz sand mixture is
in range 1250-2400 K.

While the temperature of the plasma flow entering the
reactor is about 3 500 K and decreases along the length of the
reactor, the difference between the entering and the leaving
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Table 1. Composition of experimental feeds and plasma jet reactor regimes

Dolomite, Quartz sand, PT power, Air flow rate, | Propane-butane flow rate, | Exhaust gas temperature, |  Flow velocity,
% % kW g/s g/s K m/s
25 75 66.2 23.245 0.985 2316 507
30 70 68.5 22.726 1.049 2454 522
35 65 67.9 22.608 1.151 2516 533
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flow temperatures is about 1 000 K. This temperature drop
is influenced by heat transfer among the dispersed particles,
plasma flow and reactor walls. When particles of the dolomi-
te and quartz sand mixture enter the reactor, the temperature
of the flow is sufficient for melting all of these particles. When
the melt flow comes to the outlet of the reactor, the tempera-
ture of the flow decreases, so its viscosity increases. The best
conditions for fiber production are achieved when the melt
viscosity is about 5 Pas [5]. The viscosity of the mixture con-
taining 35% of dolomite is higher than that of the mixture
containing 25% of dolomite because the melting temperature
of dolomite is higher than that of quartz. So, it influences the
quality of produced fiber.

A mixture of 60% of quartz sand and 40% of dolomite
was used with two different designs of the plasma-chemical

Fig. 2. Mineral fiber of dolomite and quartz sand mixture. The number of
sample corresponds to the regime in Table 1

reactor (Fig. 1). Two outlet exhausts with different diameters
(0.010 m and 0.015 m) were used to determine the impact of
the velocity of the flow-leaving the reactor on the quality of
the obtained mineral fiber. In Table 2, the basic parameters of
the plasma-chemical reactor are presented.

In Table 2 one can see that, at the same plasma-chemical
reactor basic parameters, decreasing the outlet exhaust dia-
meter from 0.015 m to 0.010 m determines the increase of
the plasma flow velocity leaving the reactor about 2.3 times
(from 794 m/s to 1 759 m/s). When the outlet exhaust diame-
ter is 0.010 m, the flow velocity exceeds the velocity of sound
in the system.

The dispersed particles start mixing with turbulent plas-
ma flow when they enter the reactor. The smallest particles
sublimate or evaporate immediately because the flow tempe-

Fig. 3. Mineral fibers obtained with different outlet exhaust diameters: 7—0.015m,2-0.010 m
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Table 2. Basic parameters of plasma-chemical reactor

Diameter of outlet PT power, Air flow rate, Propane-butane flow Exhaust gas Flow velocity, Speed of
exhaust, m kW g/s rate, g/s temperature, K m/s sound, m/s
0.015 68.1 16.668 0.732 2970 794 10923
0.010 65.9 16.891 0.746 2903 1759 1 080.1

rature is very high. Bigger particles stick to the reactor walls
and flow out of the reactor as a melt. Plasma flow kinetic
energy drags little drops out of the melt, stretches them and
forms a fiber. Figure 3 shows that when the velocity of plas-
ma flow is higher (Fig. 3.2), the obtained fibers and granules
are smaller in diameter. It is so because the particles melted
in the reactor are affected by the bigger kinetic energy and
are more stretched. The biggest particles do not melt com-
pletely and go out of the reactor as granules. Figure 4 shows

004040

the pictures obtained with the Redlake MotionPro X4 high
speed camera during the experiment with the regime No. 2
(Table 1).

In the marked place (Fig. 4a), a stream of hot melt ap-
pears. The viscosity of the melt is high enough for drawing
filaments. However, part of the melted stream chills and so-
lidifies, especially near the cold wall zone and on the border
with the plasma jet. The other part of the stream is heated
by the plasma flow and keeps its temperature higher than

Fig. 4. The behaviour of a single fiber filament captured by a high speed camera
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the melting temperature. This stream is increasing in vo-
lume because the velocity of the melted substance leaving
the reactor decreases. Therefore, there appear partly melted
structures with the volume and mass increasing during the
soldering process. They don't solidify completely because the
temperature of the melt is high enough. For this reason, cer-
tain partly melted small pieces may separate and get blown
out of the vents at any moment. Then the kinetic energy of
the plasma flow drives the melted domain and drags a fiber
filament.

The time of forming a single filament of fiber is possible
to estimate from Fig. 4. It depends mainly on the size of the
partly solidified domain, viscosity and gas flow velocity. In
the presented case, the time required for the formation of fi-
ber is in the order of 7 ms.

White spots in the segments of Fig. 4 (marked in Fig. 4e)
are not fully melted particles and particles separated from
the main layer and turned into granules. These granules
move with a high velocity (~520 m/s), cool oft and pollute the
fiber collected on the mesh by sticking to it. To prevent this
pollution, the method of redirection of the fiber and granules
to different sides must be employed. It has been found that
granules separated from the fiber became hollow; therefore,
they could be used as high temperature material for specific
applications [6].

4. CONCLUSIONS

1. Dolomite content in mixtures with quartz sand influences
the shape and size of fiber filaments. The average diameter of
produced fiber filaments increases with increasing dolomite
content in the mixtures.

2. The outlet exhaust diameter of the plasma-chemical re-
actor influences the quality of the obtained fiber filaments. As
the outlet diameter decreases, the average diameter of fiber
and granules also decreases.

3. There exists a possibility to form fibers by employing
kinetic energy of the plasma flow. It drives the melted do-
mains and drags fiber filaments.

4. The duration of the formation of a single fiber filament
depends on the size of a separated domain, the viscosity of
the mixture and on the gas flow velocity. In the presented
case, the time of prompt fiber filament formation is about
7 ms.
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NEORGANINIU METALUY OKSIDU PLAZMINIO
LYDYMO IR PLUOSTINIMO PROCESO
REALIZACIJA IR ANALIZE

Santrauka

Straipsnyje pateikta nauja plazminé technologija pluosto gamy-
bai i$ neorganiniy metaly oksidy, pranasesné uz tradicines tech-
nologijas paprastumu ir gaunamo produkto kokybe. Aprasomas
tiesiasrovis plazmacheminis reaktorius, skirtas keraminéms
medziagoms lydyti ir pluostinti, pateikiamos jo optimalaus dar-
bo salygos atmosferos slégyje ir galutinio produkto, gauto plaz-
miniu pluo$tinimu, analizé.

Oras buvo naudojamas kaip plazma formuojancios dujos ir
propanas-butanas — papildomos dujos. Plazmos generatoriaus
galia buvo 65-69 kW. Mineralinis pluostas buvo gaunamas i§
jvairiy dolomito ir kvarcinio smélio mi$iniy. Dolomito kiekis
misiniuose kito nuo 25 iki 35 %, kai eksperimento tikslas buvo
suzinoti dolomito kiekio misiniuose jtaka gauto mineralinio
pluosto kokybei. Reaktoriy paliekanciy dujy temperatara ir grei-
tis buvo atitinkamai 2316-2516 K ir 500-530 m/s. Kitu atveju,
60 % kvarcinio smélio ir 40 % dolomito misinys buvo naudoja-
mas su dviem skirtingo dizaino plazmocheminiais reaktoriais,
kad baty nustatyta i$tekancio i$ reaktoriaus srauto greicio jtaka
gauto mineralinio pluosto kokybei. Srauto temperatira buvo
2900-2970 K, o srauto greitis — 794-1759 m/s.

Mineralinio pluo$to struktara ir morfologija nagrinéta
skenuojanciu elektroniniu mikroskopu. Pluosto plaukelio su-
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formavimo procesas buvo analizuojamas naudojant greitaeige
kamerg.

Pluodto plaukeliai formuojami pasitelkus srauto kineting
energija. Pluosto formavimosi mechanizmas darbe paaigkintas.
Plazminio pluo$tinimo procese gaunamas mineralinis pluostas
yra atsparus aukstai temperatarai (iki 1300 °C), pluosto plau-
kelio skersmuo ne didesnis kaip 2-5 pm. Toks pluostas tinka
aukstos temperattros ar triuk§mo izoliatoriy, katalizatoriy ar
filtry gamybai.

Raktazodziai: plazma, plazmacheminis reaktorius, minera-
linis pluostas

Munpayrac Munemxka, Pomyangac Kexxanuc, Burac Banunuioc,
Brmapgac Meuroc

AHAJIN3 N PEATINBATIINA ITPOLNECCA
IINTASMEHHOTO INTABJIEHVA M @UBPVIIIALINN
HEOPTAHMYECKHNX OKCIHBIX METAJIZIOB

Peswme

IIpencraBneHHas B JaHHOI paboTe HOBAA MIa3MeHHASA TEXHOO-
TV 110 IPOU3BOJCTBY BOIOKOH U3 HEOPraHIYeCKUX OKCUTHBIX
MeTajUIOB OIepexxaeT TPajUIJOHHbIE TEXHONOIMY Orarofa-
ps pocToTe 00pabOTKM M KA4eCTBY MOTYyYEHHBIX IPOJYKTOB.
[IpencrapieHsl omycaHye IPAMOTOYHOTO ITA3MOXMIMITYECKOTO
peaxTopa, IpefHa3HAYeHHOT 0 /LA IUTABNeHNA 1 GUOPUIIALIIN
KepaMI4ecKNX MaTepyanoB, aHAMNM3 ONTMMAIbHBIX YCIOBUIA
€ro 3KCIUTyaTaLuy Ipy aTMOChEePHOM JaBIeHNN 1 XapaKTepy-
CTMKM KOHEYHOTO IIPOJIYKTa, IIOTy4EHHOTO B XOJle peajn3alum
Tpolecca IasMeHHol GuopumALnmn.

Bospyx ucnonb3yeTcs B kKadecTBe I1a3M0o00pa3yIoliero rasa
¥ IponaH—06yTaH JL HOBBILICHIA MOLHOCTY CTPy). MOIIHOCTD
IJIa3MeHHOro (akena B uamnasoHe 65-70 kBr. MuHepanabHOe
BOJIOKHO OBUIO M3TOTOBJICHO 113 PA3/IMYHBIX CMeCell JOIOMIUTA I
KBapIeBOro necka. KomirdecTso 10710MuTa B CMeCH BapbipoBajo
0T 25 110 35 %. Ilenpio sKCIIepyMeHTa ABUIOCH BbIACHEHME BIINA-
HIA KONMYECTBA JIOIOMUTA B CMECH HA KauecTBO IOMy4EHHOIO
MIHEpPanbHOTO BO/MOKHA. TeMIlepaTypa 1 CKOPOCTb I'a3a BBIXO-
AAuelt u3 peakTopa cTpyu rasa — 2316-2516 K n 500-530 m/c,
COOTBETCTBEHHO. 3aTeM CMech, cocToAmas 13 60 % KBapLieBoro
necka 1 40 % 0oMMTa, MCTI0Nb30BANACh B ABYX PasHbIX CXeMax
I/Ia3MOXVMIYECKOTO PEeaKTopa, YTOOBI OIpeNeNuTh BIIMSAHME
CKOPOCTM BBIXOJAIIETO M3 PeaKTOpa MOTOKA Ha Ka4yeCTBO MOMy-
YeHHOTO MMHEPaNbHOTO BONIOKHA. TeMIeparypa II0TOKa COCTaB-
nsma 2900-2970 K, a ckopoctb Tedenus — 794-1759 m/c.

CrpykTypa 1 MOpOJIOryA MUHEPaTbHOIO BOIOKHA aHA -
3MPOBAINCD C IOMOIIbIO CKAHVPYIOILIET 0 37IEKTPOHHOTO MUKPO-
ckoma. [Iporecc BonmokH006pasoBaHust GbUT IPOAHANTU3MPOBAH
C TIOMOIIbIO BU3YAIM3AI[UI BHICOKOCKOPOCTHO KaMepoi.

Bomokna 6b111 chOpMUPOBAHBI HA OCHOBE KMHETHUECKOI
9Hepruy MOTOKa. MexaHusM BOTIOKHOOOPa30BaHMsA 00'bACHEH.
MuHepanbHOe BONOKHO IPOM3BOAMMOE C MCIONb30BAHUEM
I/Ia3MeHHOTO TIpoLiecca GpUOPUMIIIALNY, YCTOINIMBO TIPY BBICO-
Koii emneparype (1o 1300 °C), auameTp BOIOKHA He IIPeBbILIa-
eT 2—-5 MKM. OH OAXOMUT [ IPOM3BOJICTBA BHICOKOTEMIIEPA-
TYPHBIX IV IIYM YMEHbIIAIOWINX M30/ATOPOB, KaTaNN3aToOPOB
W GUIBTPOB.

Knrodesbie croBa: mmasMa, IIasMOXMMUYECKNIT PEAKTOP,
MIHepanbHOE BOTOKHO



