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LABORATORIJOS MOKSLINE IR
GAMYBINE VEIKLA

PLAZMINI|) TECHNOLOGIJY LABORATORIJA
yra Lietuvos energetikos instituto padalinys. Labo-
ratorijoje sprendziamos Sios problemos:

 projektuojami ir gaminami aukStatempe-
ratlrinio srauto generatoriai - linijiniai dvikameriniai
elektrolankiniai dujy kaitintuvai (plazmotronai), skir-
ti plazmochemijai, metalurgijai, statybiniy medziagy
pramonei, termoizoliaciniy medziagy gamybai, tok-
siniy medziagy ir pesticidy naikinimui, sunkiai be-
silydanciy keramikiniy medziagy iSlydymui ir apdir-
bimui. IStekanCiy is plazmotrony dviatomiy dujy srauto
temperatira - iki 7000K, srauto greitis - iki 1 Ma;

 projektuojami ir gaminami aukStos koky-
bés tiristoriniai elektrolankiniy kaitintuvy maitinimo
Saltiniai su stabiliomis charakteristikomis. Galimas
plataus diapazono Svelnus srovés reguliavimas;

 vykdomi eksperimentiniai tyrimai aukstos
temperatdros dujy srautuose, tiriant dujy dinamika ir
Silumos mainus srovése, jvairios formos ir matmeny
kanaluose, SilumokaiCiy elementy modeliuose;

 projektuojami ir gaminami elektrolankiniai
reaktoriai, tiriamos elekiros lanko voltamperinés, Si-
luminés ir aerodinaminés charakteristikos paramet-
ry kitimo intervale: | = 100-600 A, U = 50-1600 V,
P = 10-500 kW;

« tiriama elektros lanko ir plazmos srauto sa-
veika su jvairiomis dispersinemis medziagomis;

 vykdomi tyrimai tikslu iSlydyti ir iSpluos-
tinti keramikines medziagas;

» vykdomi darbai siekiant perdirbti ir nu-
kenksminti toksines medziagas;

» dujinamas kietas kuras;

«  atliekamijvairiy pavirsiy apsauginiai ir kie-
tinantys plazminiai padengimai.

RESEARCH AND MANUFACTURING
ACTIVITIES

The PLASMA PROCESSING LABORATORY is a
department of the LITHUANIAN ENERGY INSTITUTE. The
laboratory has experience of work in the following re-
search and development areas:

 construction and production of high tempe-
rature generators - linear two chamber arc heaters of
gases (plasmotrons) used in plasma chemistry, metal-
lurgy, production of building and thermo-insulating ma-
terials, neutralization of hazardous substances and pro-
cessing of hard ceramics. The temperature of gases
leaving plasma generators is about 7.000 K and the flow
rate approaches 1 Ma;

 construction and production of power sour-
ces for arc-plasma generators with high performance
voltamperic characteristics and smooth current tuning;

« diagnostics of high temperature plasma jets
and flows in leaving torches of different shape and size
and studies of gas dynamics and heat transfer;

e construction and production of arc-plasma
reactors with varying voltamperic, temperature distri-
bution and air-dynamic characteristics in the range of
parameters: | =100-600 A, U = 50-1600 V and P =10-
500 kWw;

« investigation of interaction of plasma with dis-
persed materials;

« investigation of melting of ceramics;

« the conversion of solid fuel into gaseous one;

« neutralization of toxic materials;

« modification of surface properties of const-
ruction materials;

- formation of barrier coatings on the surfaces
of construction materials employing plasma spraying
technology.



PLAZMINES TECHNOLOGIJOS

Plazminiy technologijy laboratorija, turi dau-
giau nei 30 mety patirtj aukStatemperattriniy srau-
ty tyrimy srityje. Savo aerodinaminiuose jrengi-
niuose su 30-500 kW galingumo plazmotronais,
gali sékmingai modeliuoti naujas plazmines tech-
nologijas. Laboratorija turi bandomosios gamybos
technologine jranga, kuri naudojama medziagy (me-
taly, plastmasiy ir keramikos) pavirSiniy sluoksniy
mechaninéms, tribologinéms, cheminéms ir opti-
néms savybéms keisti bei modifikuoti. Plazminé
milteliné technologija naudojama apsauginéms (an-
tikorozinéms ir barjerinéms) dangoms ant konstruk-
ciniy medziagy ir jvairiy detaliy pavirSiaus formuo-
ti, o taip pat nusidévéjusiems pavirSiams restau-
ruoti.

PLAZMINE MILTELINE DANGY TECHNOLOGIJA

Taitechnologija, kurios metu metaly ir jy jun-
giniy dispersinés dalelés jpurSkiamos j atmosfe-
rinio slégio plazmos fakelg. Jame dalelés skystéja,
jos suaktyvinamos ir jgauna papildoma kineting, po-
tencine ir aktyvacijos energija. Tokiu bidu konstruk-
cinés medziagos ir detalés padengiamos 5-30 um
storio danga, kurios sudétj salygoja jpurskiamy mil-
teliy ir darbiniy dujy sudétis bei dinamika. Dirbant
atmosferinio slégio oro aplinkoje, formuojamos ke-
ramikinés dangos (oksidai ir oksinitridai), atspa-
rios mechaninei erozijai ir dilimui.

Tai ekologiskai Svari technologija.

Supaprastinta plazmos generatoriaus schema
The simplified scheme of plasma spry gun

- =

e -

- [

30 kW, 200 A plazmos fakelas
The plasma torch: 30 kW, 200 A

PLASMA PROCESSING
TECHNOLOGIES

Laboratory has experience of more than 30
years of work with high temperature flows and
plasma. It is equipped with apparatus enabling to
conduct research and development programs em-
ploying 30- 500 kW plasmatrons. The laboratory
has technological equipment for the plasma mo-
dification of surfaces and plasma-spray deposi-
tion of thick coatings with different mechanical,
chemical and optical properties.

PLASMA SPRAYING TECHNOLOGY

The barrier coatings (oxides and nitrides) are
deposited on the surface of construction mate-
rials to improve anticorrosion and tribological pro-
perties. It is the technology when mixture of pow-
der is introduced in the plasma channel at the at-
mospheric pressure. Powder is melted and oxidi-
zed in plasma and directed to the surfaces ne-
eded to cover. The thickness of the coating is 5-
30 um, and composition and structure depend on
the composition of powder and plasma parame-
ters. The plasma powder coating deposition tech-
nology is used for the restoration of the mechani-
cally worn surfaces.

It is environmentally friendly technology.
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PAVIRSIY AKTYVINIMAS PLAZMA

Paveikti plazma kieto kiino (metalo, polimery
ir keramikos) pavirSiai tampa chemiSkai aktyvas.
Skystos ar dujinés fazés medziagos atomai, kontak-
tuojantys su plazma aktyvintu pavirSiumi, formuoja
Su juo stiprius cheminius rySius. Tai iSsprendZia ak-
tualias mechaninio sukibimo (adhezijos) tarp kiety
kuny su skirtingomis fizikinémis-mechaninémis sa-
vybémis problemas (pavyzdziui, norint pavirsius su-
Klijuoti ar padengti specialios paskirties daZais ar dan-
gomis).

Kieto kiino pavirSiaus aktyvinimas plazmoje -
tai laisvy cheminiy rySiy sudarymas pavirSiuje plaz-
mos saveikos su kietais kiinais metu. Tai universalus
reiskinys, taikomas metalams, keramikai ir plastma-
Sems.

SAUSAS PAVIRSIAUS VALYMAS PLAZMOJE

Plazmos sraute deguonies atomai aktyviai
jungiasi su anglies atomais ir formuoja lakius jun-
ginius, kurie kambario temperatiiroje desorbuoja-
si, pasalindami nuo pavirSiaus anglj. Tokiu badu,
plazmoje nuo kiety kiny pavirSiaus sausu bidu ato-
miniame lygyje paSalinama anglis, angliavandeni-
liai bei kiti junginiai, kurie sgveikos su plazma metu
lengvai disocijuoja.
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Alir ALO, dangos su iSvystytu pavirSiumi
Al + AlO, coatings with highly
developed surface

PLASMA SURFACE ACTIVATION

The surfaces of materials become activa-
ted after interaction with plasma. The gases and
liquids contacting activated surfaces form strong
chemical links. It makes good adhesion betwe-
en plasma activated surfaces and adsorbate ar-
riving from contacting medium. The good ad-
hesion is obtained between solids with differing
properties. Plasma activation is used to impro-
ve adherence of glue and paint. It is universal
phenomena for metals, glasses and plastics.

PLASMA DRY CLEANING

Materials after mechanical processing inc-
lude many carbonaceous impurities on the sur-
face. The oxygen plasma cleans surfaces wit-
hout application wet chemicals at room tem-
perature. The surface becomes clean on the
atomic level. The plasma cleaning is based
on the heterogeneous reaction of atomic oxy-
gen with carbon atoms. The products of reac-
tion are desorbed at room temperature. Plas-
ma acts as generator of atomic oxygen and
initiates dissociation of organic compounds on

Al'ir ALO, dangos (b), jsodrintos CuQ ir Cr,0, (a) ir anglimi (c)
The views of Al + Al,0, coatings (b), doped with CuO ir Cr,0, (a)
and carbon (c)

the surface.
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Padengtos Al ir ALO, plieninés plokstelés
pavirSiaus mikroskopinis vaizdas

The cross sectional views of Al +Al,0, coatings
in scanning electron microscopy

KIETY K_[lNU PAVIRSINIY SLUOKSNIY
ESDINIMAS PLAZMOJE

Plazmoje jgreitinti ir jonizuoti atomai, turédami per-
tekline kinetine energija, saveikos su kiety kiiny pavirSiais
metu iSmusa jy atomus. Tokiu bdu realizuojamas pavirsi-
nio sluoksnio pasalinimas arba ésdinimas atominiame ly-
gyje. Sis procesas vadinamas fizikiniu medziagos dulkéji-
mu ir taikytinas visoms medZiagoms, nepriklausomai nuo
jy cheminés sudéties ar struktdros. Procesas vyksta kam-
bario temperatiiroje.

PAVIRSIAUS REOLOGINIY SAVYBIV KEITIMAS PLAZMOJE

Kontaktuojant kietiems kiinams su skysciais daznai
svarbu sudaryti reikalingas pavirSiaus drékinimo salygas.
Kieti kiinai po sgveikos su plazma keicia savo reologines
savybes. Priklausomai nuo poveikio, pastebimas drékini-
mo kampo sumazeéjimas ar padidéjimas.

Paveikus kieto kiino paviriy plazma, tos pacios me-
dZiagos pavirSiuje lokaliskai formuojamaos sritys su skirtin-
gomis reologinémis savybémis. Pavyzdziui, norint kad te-
palai nepatekty j nedarbines sritis, kontakto sritys paveikia-
mos plazma, tuo pagerinant tepaly drékinimo salygas.

TOKSINIY MEDZIAGY NUKENKSMINIMAS PLAZMOJE

Esant aukstesnéms kaip 4000 K dujy temperatiroms,
elektros lanko energijos sgskaita deguonies ir kenksmingy
medziagy molekulés plazminiame reaktoriuje suskyla j ato-
mus, radikalus, elektronus ir teigiamus jonus. Austant plaz-
mai susidaro C0,,H,0,HCI, HF, P,0,, ir kt. Polichlorbifenoliy,
metilbromido, fenilgyvsidabrio acetato, chloro ir fosforo tu-
rinCiy pesticidy, poliaromatiniy dazy suskilimo laipsnis plaz-
mos sraute siekia 99,9998%. Neutralizuojant junginius, to-
kius kaip CCI, miSinys su metiletilketonu, transformatorinis
tepalas, turintis 13-18% polichloriniy bifenoly ir tiek pat trich-
lorbenzolo, pastebéta, kad efektyvumas, naikinant chlorg
turinCius komponentus, Zymiai didesnis, negu neutralizuo-
jant jprastiniais metodais. IStekancias i$ plazmotrono reak-
toriaus dujas pakanka tik analizuoti ir iSvalyti nuo rugsciy
bei anhidridy.

PLASMA ETCHING OF MATERIALS

The energetic particles arriving from plasma with
energies exceeding sputtering threshold energy re-
move surface atoms (physical sputtering).The re-
active particles from plasma react with atoms of sub-
strate and reaction products are desorbed (chemi-
cal sputtering). Physical sputtering process does not
depend on the composition of the substrate material
and takes place at room temperature. It is used to
remove very thin surface layers of materials.

HYDROPHILATION PROPERTIES
The wetting properties of materials may be
modified by plasma. Interaction of plasma with ma-
terials changes microstructure and free energy of
surface and affects the wetting angle. In dependen-
ce on the plasma irradiation parameters the wetting
angle increases or decreases.

The local plasma affection changes hydrophi-
lation properties of local areas on the surface. It is
important when deposited liquid have to be locali-
zed on the surface in the limited areas where lubri-
cation is needed, for example, in the areas of con-
tacts of two bodies.

NEUTRALIZATION OF TOXIC MATERIALS IN
PLASMA

The toxic materials at temperatures 4000 K bre-
ak down and are converted into radicals, molecu-
les, atoms, positive and negative ions and electrons.
The broken products form new chemical compounds
which are environmentally clean. The percentage of
neutralized particles approaches 99.998 %. The plas-
ma neutralization efficiency of compounds including
fluorine and chlorine atoms is higher than the effi-



Al'ir AlLQ, (@) bei Alir AlO, su legiruojanciomis CuO ir Cr,0,
priemaiSomis (b) dangy ant plieninés plokstelés rentgenogramos
X-ray analysis results of coatings of Al+Al,0, (a)

and Al+Al,0, with 10% Cu0+5% Cr,0, (b) on steel substrates

PLAZMINIS METALO IR BETONO PJAUSTYMAS
Tai jvairios paskirties dideliy gabarity masyviy
metaliniy ir gelZbetoniniy konstrukcijy ardymas jkai-
tintu iki 4000 K oro srautu. Jis taikomas tais atvejais,
kai tradiciniy ardymo biidy panaudojimas ribojamas
dél paSalinio poveikio (neleistina vibracija, smugiai ir kt.).

AUKSTATEMPERATURINIO MINERALINIO
PLUOSTO GAMYBA

AukStatemperattrinis mineralinis pluoStas ne-
pakeiCiamas mufeliniy krosniy, MHD generatoriy,
aukStakrosniy gamyboje. Taikant plazminj metoda,
gaunamas ultraplony (0,50 - 2 um) sidleliy aukstos
kokybés vata, kurios darbo temperatira siekia 1300
K. Gamybai naudojama pigi vieting Zaliava - smélis,
dolomitas ir jy miSiniai bei kitos keramikinés medzia-
gos. Medziagos pluostinamos naudojant aukStatem-
peratdrinio srauto kineting energija.

AMORFINIY KERAMIKINIY MEDZIAGY LYDYMAS
IR PLUOSTINIMAS

Naudojant plazmos ir gamtiniy dujy miSiniy
aukstos temperatdros srauta, i$ juostinio arba sumalto
stiklo atlieky gaminamas ultraplonas aktyvus pluos-
tas, tinkamas pavirsiams izoliuoti vietoje asbesto. Si
nauja technologija gali biti taikoma tais atvejais, kai
reikalinga gauti aukStos kokybés ultraplong izoliacinj
ar dekoratyvinj pluostg iS sumalty ir presuoty kera-
mikiniy medziagy. Nedideli Sio pluoSto kiekiai, sumai-
Syti su tradiciniais metodais pagamintu pluostu zy-
miai pagerina jo izoliacines savybes. Granuliuotas ir
nuspalvintas ultraplonas pluostas gali biti naudoja-
mas pastaty fasady, sieny ir jy elementy apdailai.

PLASMA CUTTING OF CONSTRUCTIVE
MATERIALS
The cutting of metals and other const-
ructive materials by plasma torch at temperatu-
res 4.000 K is used in special cases when other
methods are not applicable, for example, to avoid
vibration and deformations.

MANUFACTURING OF HIGHTEMPERATURE
MINERAL FIBRE

The hightemperature mineral fibre is produ-
ced employing plasma technology. The ultra-thin
threads are obtained with diameter 0.5 - 2 mm.
The working temperature of the fibre material is
up to 1300 K. The cheap local materials are used
in production of the fibre. The fibre is used in
the construction of high temperature furnaces.

THE MELTING OF HIGH TEMPERATURE

CERAMICS AND PRODUCTION OF FIBRE
The glass waste materials affected by plas-
ma in special conditions are converted into ul-
trathin fibre material used for thermal isolation
in building industry. Small quantities of the fibre
mixed with regularly used thermoisolating ma-
terials significantly improve properties of ther-
moisolation. The additives give color to the fi-
ber which makes it as decorative material.



Cheminiy elementy
pasiskirstymas Al ir Al,Q,
dangose, legiruotose

Cu0 ir Cr,0, priemaiSomis
Distribution of chemical
components on the Al+Al,0,
coating surfaces

doped with Cu0+Cr,0,

AZOTINIY TRASY GAMYBOS

TECHNOLOGIJA

Esant aukstesnei uz 3000 K temperatrai,
vyksta intensyvi azoto molekuliy disocijacija. Stai-
ga atSaldant disocijuotg org (vad. gradinimo pro-
cesu), azoto oksidai nesuskyla ir besijungdami su
vandens garais, sudaro silpng azoto rigstj, tinkan-
Cig azotiniy tragSy gamybai. TraSy gamybai galima
suprojektuoti ir pagaminti kilnojama jrengin;.

SUNKIAI BESILYDANCIY KERAMIKINIY
MEDZIAGY PERDIRBIMAS

Sunkiai besilydancios ir kietos keramikinés
medziagos (Mg0, Zr0, jvairts karbidai, nitridai ir
kt.) turi didZiule reikSme pasaulinéje pramonéje
niai guoliai, kosminiy aparaty korpusy elementai
ir kt.). Viena i$ nedaugelio jy gamybos technolo-
gijy yra plazminé. Plazminiu metodu Sios medzia-
gos sodrinamos, pakei¢iamos jy mechaninés ir
fizinés savybés. Pvz., paprastai iSgaunamas MgO
daugelyje atvejy kaip aukStatemperatariné me-
dZiaga netinka dél galimybés reaguoti su kontak-
tuojanciomis medziagomis. Plazminiame reakto-
riuje jj iSlydzius, po to sumalus ir i$ jo suforma-
vus reikiama pavirSiy, MgO0 Sig savybe praranda.

NAUJUY MEDZIAGY PAIESKA IR SINTEZE

Laboratorijoje atliekami parengtiniai darbai
naujy katalitiniy medZiagy su naujomis savybémis
paieskai. Atliekami paieSkomieji tyrimai, skirti XX
amedziagos - fulereny sintezés klausimams. Fule-
reny sintezé vyksta plazmocheminiame reaktoriuje
su anglies elektrodais. Elektros lanko ir elektrody
sgveikos rezultate formuojasi cheminiai junginiai,
turintys sfering klasteriy strukttra. ISkilo idéja fule-
reny sinteze vykdyti elekiros lanke esant atmosfe-
riniam slégiui ir tekant gamtiniy dujy srautui.

PRODUCTION OF NITRIC FERTILIZERS
An intensive dissociation of nitrogen molecules and
forming of nitrogen oxides happens by existing tempera-
ture higher than 3000 K. Suddenly cooling (nmd. hard-
ening process) nitrogen oxides doesn’t decay. Chemi-
cal combination with steam forms a weak nitric acid
which serves for produce of nitric fertilizers.

PROCESSING OF HIGH TEMPERATURE HARD
CERAMICS

Hard and hard melting ceramics (Mg0, ZrQ,,
cementcarbones, nitrides, etc.) are of greatimportance
in the world industry. One of few their technologies of
production is the plasma processing. Physical and me-
chanical properties of materials changes using plasma.
E. g.: MgO produced using traditional methods in many
cases doesn’t serve as a high-temperature material be-
cause of possibility to combine to contact materials: MgO
losses that property after multing in plasma reactor.

PLASMA SYNTHESIS OF NEW MATERIALS
The synthesis of new materials and new phases of
materials is under investigation. The arc production of
fullerenes at the atmospheric pressure in the ambient of
CH, gas is considered.
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PLAZMINIY TECHNOLOGIJY TAIKYMAS AREAS OF APPLICATIONS

Plazminés technologijos taikomos:
mechanikoje ir metalurgijoje medZiagy pa-
vir§Sinéms savybéms Kkeisti ir modifikuoti;
medicinoje ir maisto pramonéje formuojant
apsaugines dangas ant detaliy, kontaktuojancCiy su
Zmogaus organais ir maisto produktais;

cheminéje pramonéje, formuojant antikoro-
zines ir barjerines dangas ant konstrukciniy medziagy
pavirSiy, kontaktuojanCiy su chemiSkai agresyviomis
dujomis ir skysCiais;

pramonéje, paruoSiant kontaktuojancius pa-
vir§ius geram jy sukibimui gauti.

The plasma processing technologies are used in:
mechanics and metallurgy for the surfa-
ce properties modification;

medicine and food industry for protec-
tion of organic materials contacting with proces-
sing machinery and instrumentation;

chemical industry for corrosion protection
and barrier coatings to protect constructive materials
working in chemically reactive ambient;

industry where surface cleaning and ac-
tivation is important factor.




TEIKIAMOS PASLAUGOS

Kvalifikuotas laboratorijos personalas:
« teikia konsultacijas,

e gamina bandomuosius pavyzdzius,
 Organizuoja gamyba.

SERVICES

The laboratory personnel:

e consults;

» produces experimental samples;
 organizes production.
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UAB “Norta”;
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