Proiect institutional nr. 5.5
Cercetari tehnologice privind formarea suprafetelor cu proprietiti superioare de termoemisie
electronica cu aplicarea descarcarilor electrice in impuls

Perioada de realizare: 02.01.2011-31.12.2014

Volumul de finantare:
1. Alocatii de la bugetul de Stat: 122,6 mii lei anual
2. Cofinantare (Universitatea de Stat ,,Alecu Russo” din Balti): 47,4 mii lei anual

Directia strategica — Nanotehnologii, inginerie industriala, produse si materiale noi
Prioritatea — Nanotehnologii si materiale multifunctionale

Obiectivul — Noi metode tehnologice, procedee si utilaje de prelucrare complexa si durificare a
suprafetelor

Domenii de cercetare:
1. Stiinte ale fizicii

2. Ingineria materialelor
3. Nanotehnologii

Caracterul cercetarilor — aplicative

Profiluri de acreditare relevate pentru proiectul propus:
1. Fizica si tehnologia mediilor materiale

Obiectivele proiectului:

A elabora o tehnologie noud de sporire a proprietatilor de emisie termoelectronicd a catozilor
aplicati in constructia tunurilor electronice, cu aplicarea descarcarilor electrice in impuls prin
redimensionarea tabloului fizic al electroeroziunii. A elabora noi tipuri de electrozi-scule si
generatoare de impulsuri de curent in vederea realizarii tehnologiei. Caracterul interdisciplinar al
proiectului este asigurat de cercetari fizice, tehnice si tehnologice.

Metode de cercetare si protocoale experimentale prevazute a fi utilizate:

Microscopie optica si electrinica, termoemisie in vacuum, compozitie fazica si compozitie chimica,
incercari de formare a meniscurilor cu aplicarea descarcarilor electrice in impuls, osciloscopie si
filmare ultrarapida a fenomenelor ce se produc in interstitiu pe parcursul descarcarilor electrice in
impuls

Impactul stiintific, tehnologic, socioeconomic etc. al rezultatelor proiectului:

Confirmarea 1n continuare a noilor ipoteze privind tabloul fizic al electroeroziunii prin formarea si
dezvoltarea undelor capilare pe suprafata metalului lichid in cimpul electric generat de descarcarile
electrice in impuls, elaborarea unei noi tehnologii de modificare a microgeometriei suprafetelor
catozilor in vederea sporirii capacitatii de emisie electronicd a acestora, iar prin implimentarea
rezultatelor stiintifico-tehnologice in practica asigurarea formarii de noi locuri de munca in cadrul
economiei nationale.



Echipa de cercetare:

1. Topala Pavel, dr.hab., profuniv. — cercetator stiintific principal,
conducatorul proiectului

2. Rusnac Vladislav, dr., l.sup. — cercetator stiintific superior

3. Besliu Vitalie, dr., conf.univ. — cercetator stiintific superior

4. Pinzaru Natalia, doctoranda, lector univ. — cercetator stiintific
stagiar
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5. Ojegov Alexandr, doctorand, asistuniv. — cercetator stiintific
stagiar

6. Guzgan Dorin, master in tehnica — inginer

7. Ignatiuc lulia, dr., conf.univ. — translator

8. Tibuleac Angela — economist

Rezultatele stiintifice curente:

Traditional capacitatea de emisie a catozilor aplicati In constructia tunurilor de electroni este
functie de proprietatile materialelor aplicate in constructie si este direcproportionald cu aria
suprafetei active a acestora. Noi rezolvam sporire capacitatii de emisie a suprafetelor catozilor prin
modificarea microgeometriei suprafetelor active, si anume prin extragerea din acestea a
meniscurilor de forma conurilor Taylor (fig. 1). In acest scop sunt aplicate descarcirile electrice in
impuls compuse din trei impulsuri sucesive §i cotinui in timp: primul impuls de amorsare, al doilea
impulsul de putere care provoacd topirea suprafetei si extragerea meniscului iar cel de-al treilea
asigurd cristalizarea meniscului conic s§i evitd scurgerea metalului topit in directie inversa.
Meniscurile formate pe suprafatd sporesc aria activd a acestora de cca 8 ori iar intensitatea
curentului electronic de termoemisie de 10 ori in aceleasi conditii.

Modificarea microgeometriei suprafefelor active permite micsorarea dimensiunilor
constructiei tunurilor de electroni de cca 8-10 ori si aplicarea in constructia lor a unor materiale mai
putin costisitaoare. Dimensiunile microconurilor formate pe suprafetele prelucrate cu aplicarea

descarcarilor electricein impuls pot varia in limitele 10 -1+102 um, ca diametrul bazei si Tnaltime
cu unghiul de la virf de 90°. Meniscurile formate servesc in acelasi timp si in calitate de

concentratoare a cimpurilor termice si electrice Tn zonele active ale catozilor. Distributia lor pe
suprafete poate fi dreptliniara, curbliniara si sub forma de sah. Suprafetele prelucrate pot fi plane,
curbe si combimate. Din motivele mentionate poat fi micsorate cheltuielile energetice a acestor
dispozitive 1n procesul de functionare.

Tehnologia poate fi aplicatd la producerea catozilor prntru tunurile de electroni, sporirea
ariei suprafetelor active pentru batereele solare, sporirea suprafetelor active a schimbatoarelor de



caldura 1n termotehnica, sporirea ariei suprafetelor de contact si adeziune intre corpurile metalice si
celor polimerice in industria chimica.

Nivelul de dezvoltare:

Este elaborata conceptia tehnologiei. Sunt executate cercetdri experimentale si executatd
machetarea instalatiei tehnologice. A fost elaborat modelul matematic pentru calcularea ariei
suprafetei active a conurilor Taylor folosind retele neuronale (fig. 2). Este depusd o cerere de
brevetare. Poate fi demonstrata realizarea in practica a tehnologiei propuse.
















2. Pavel Topala. Physico-chemical effects provoked in the piece surfaces during machining by
applying electrical discharges in impulse. 15th International Conference ModTech International
Conference — New face of TMCR. 25-27 May 2011. Vadul lui Voda, Chisindu, Republic of
Moldova. p. 841-844. ISSN 2066-3919.

3. Pavel Topala, Arefa Hirbu, Alexandr Ojegov. New directions in the practical application of
electro erosion. ANNUAL SESSION OF SCIENTIFIC PAPERS IMT ORADEA — 2011, Oradea,
Felix Spa, May 26-28th, 2011, sect. TEHNOLOGIA CONSTRUCTIEI DE MASINI. Annals of the
Oradea University. Fascicle of Management and Technological Engineering, 2011.

4. TOTIAJIA ILA., BU3VPSIHY II., OXEIOB AB. CTOMYEB ILH. IIEPXY M.-K.
HekoTtopeie pe3ynbTaTbl MUKPOOKCHAMPOBAHHUS METAUTMYECKUX MOBEPXHOCTEH HMITYJIbCHBIMU
paspsnamu. Marepuansl  13-0ff  MexayHapoaHOHl — HayyHO-IPAKTUYECKOH  KoH(pepeHuuu
«TEXHOJIOTM PEMOHTA, BOCCTAHOBJIEHM 1 VIIPOYHEHU S JIETAJIEM MAIIIH,
MEXAHU3MOB, OBOPYJIOBAHUSI, WHCTPYMEHTA W TEXHOJIOI'MYECKOH
OCHACTKHN OT HAHO- JO MAKPOYPOBHS». Pazmen 3. TexHoJIOrMH YOPOUYHEHUS H
BOCCTAHOBJICHUS!  (PU3UKO-MEXaHUYECKUX CBOMCTB moBepxHocTH. 12-15 ampens, 2011,
Cankrt-Ilerepoypr, Poccusi.

5. Tomana ITL.A., beuumny B.W., OxeroB A.B. llpumenenue snexmpoumnynibCHwvix paspsaoos c
epagumnvim  dnekmpooom. XVIII  MexIyHapoaHas HaydHO-TEXHHUYECKass KOH(pEpeHIus:
“MAHIMHOCTPOEHUE U TEXHOC®EPA XXI BEKA”, 12-17 centsi6ps, 2011, CeBacTomnonsb.

6. Pavel Topala, Vladislav Rusnac, Vitalie Besliu, Alexandr Ojegov, Natalia Pinzaru. Physical and
chemical effects of EDI processing. International conference NewTech 2011, Brno, Czech Republic.
14-15 septembrie, 2011. Part. Advances in non-traditional manufacturing, rapid prototyping and
reverse engineering.

Articole in alte reviste editate in strainatate:

1. Pavel Topala, Arefa Hirbu, Alexandr Ojegov. New directions in the practical application of
electro erosion. Nonconventional Technologies Review — no. 1/2011, pp. 49-56. ISSN 1454-3087.

2. Pavel Topala, Vladislav Rusnac, Vitalie Besliu, Alexandr Ojegov, Natalia Pinzaru. Physical and
chemical effects of EDI processing. Journal of Engineering and Technology, 2011, No. 4, Vol. 1.
ISSN 1338-2330.

Articole in culegeri publicate in tara:

1. Petru Stoicev, Rodion Radu, lon Gamretki, Pavel Topalda, Anton Balandin, Alexandr Ojegov.
Premizele teoretice de utilizare a caprolactamei, privind obtinerea acoperirilor electrolitice de fier cu
proprietatile de autolubrifiere. Universitatea Agrard de Stat din Moldova. Lucréri stiintifice.
Chisinau, 2011.

2. Petru Stoicev, Rodion Radu, lon Gamretki, Pavel Topald, Anton Balandin, Alexandr Ojegov.
Polarizarea catodului din otel 45 la depunerea acoperirilor electrolitice de fier in prezenta
caprolactamei. Universitatea Agrara de Stat din Moldova. Lucrari stiintifice. Chisinau, 2011.

Diplome obtinute la expozitii internationale:

1. Diplima Gold Medal ,,Henri Coanda”. Topald Pavel. Procedeu de durificare a suprafetelor
metalice prin descdrcdri electrice in impuls. The 15th international conference
,»INVENTICA-2011", Iasi, Romania, 8-10 iunie, 2011.

2. Diploma de onoare. Topala Pavel, Besliu Vitalie, Rusnac Vladislav, Ojegov Alexandr. Bloc de
dirijare a generatorului de impulsuri de curent. The 15th international conference
LINVENTICA-2011”, Iasi, Romania, 8-10 iunie, 2011.

3. 2) Diploma de onoare. Topala Pavel, Besliu Vitalie, Rusnac Vladislav, Ojegov Alexandr.
Generator de curent de impulsuri bipolare destinat pentru prelucrarea materialelor conductibile cu
aplicarea DEI. The 15th international conference ,,INVENTICA-2011", lasi, Romania, 8-10 iunie,
2011.



Comunicari orale la conferinte internationale:

1) Pavel Topala, Sergiu Mazuru, Vitalie Besliu, Pavel Cosovschii, Alexandr Ojegov. Application of
EDI in increasing durabilitz of glass moulding forms poansons. 15th International Conference
ModTech International Conference — New face of TMCR. 25-27 May 2011. Vadul lui Voda,
Chisindu, Republic of Moldova. p. 841-844. ISSN 2066-3919.

2) Pavel Topala. Physico-chemical effects provoked in the piece surfaces during machining by
applying electrical discharges in impulse. 15th International Conference ModTech International
Conference — New face of TMCR. 25-27 May 2011. Vadul lui Voda, Chisindu, Republic of
Moldova. p. 841-844. ISSN 2066-3919.

Rapoarte la invitatie la conferinte internationale:

1. Ojegov Alexandr. Cercetari teoretice si experimentale privind obtinerea peliculelor subtiri de
oxizi pe suprafetele metalice ale aliajelor de fier, cupru, aluminiu si titan cu aplicarea descarcarilor
electrice  in  impuls. Colocviul Stiintific ~ Studentesc cu participare internationala
INTERUNIVERSITARIA. Editia a VII-a. 29 octombrie 2011. Universitatea de Stat ,,Alecu Russo”
din Balti.

Anul 2012:
Articole in culegeri internationale:
1. Topala Pavel, Besliu Vitalie, Stoicev Petru Ojegov Alexandr. Application of electric

discharges in impulse in micro and nano-technology. Proceedings of The 16th International



Conference Modern Technologies, Quality and Innovation - New face of TMCR, Vol. II, 24-26 May
2012, Sinaia, Romania, p. 969-972. ISSN 2069-6736.

2. Topala Pavel, Luca Dumitru, Ojegov Alexandr, Stoicev Petru and Pinzaru Natalia. Results on
metal surface nano-oxidation by electrical discharges in impulse. ICCCI 2012. The Fourth
International Conference on The Characterization and Control of Interfaces for High Quality
Advanced Materials. Kurashiki, Japan. September 2-5, 2012, p. 85.

3. Topala Pavel, Ojegov Alexandr, Stoicev Petru, Pinzaru Natalia. Oxide pellicle formation
technology. The 16th International Conference Inventica 2012, June 13-15, 2012, Iasi, Romania.
Editura Performantica, Institutul National de Inventica, lasi. p. 625-626. ISSN 1844-7880.

4. Topala Pavel, Besliu Vitalie, Surugiu Ruslan. Graphite pellicle formation technology. The 16th
International Conference Inventica 2012, June 13-15, 2012, Iasi, Romania. Editura Performantica,
Institutul National de Inventica, lasi. p. 621-622. ISSN 1844-7880.

5. Topala Pavel, Rusnac Vladislav, Guzgan Dorin. Increasing the thermoelectric capacity of
emition in cathodes by modifying their surface microgeometry. The 16th International Conference
Inventica 2012, June 13-15, 2012, lasi, Romania. Editura Performantica, Institutul National de
Inventica, lasi. p. 623-624. ISSN 1844-7880.

6. Topala Pavel, Ojegov Alexandr. About chemical and phase content of nano-pellicles formed on
metal surfaces by applying electrical discharges in impulse. Proceedings of International Scientific
Conference «10 YEARS OF NANOTEHNOLOGY DEVELOPMENT IN THE REPUBLIC OF

MOLDOVA», October 22 — 2374, 2012, Balti. p. 21. ISBN 978-9975-50-085-9.

7. Stoicev P., Topald P., Lupasco A., Ojegov A., Botez 1., Colin T., Balandin A. Influenta densitatii
de curent catodic asupra dimensiunilor nanometrice ale blocurilor de mozaic si distorsiunilor
acoperirilor electrolitice de Fe-Ni, depuse in regim de rezonantd ale componentelor variabile a
curentului electric (CVCE). Proceedings of International Scientific Conference «10 YEARS OF
NANOTEHNOLOGY DEVELOPMENT IN THE REPUBLIC OF MOLDOVAy, October 22 —

23rd, 2012, Balti. p. 29. ISBN 978-9975-50-085-9.
8. Hirbu Arefa, Topala Pavel, Ojegov Alexandr. Auto-ionization plasma in laboratory condition.
Proceedings of International Scientific Conference «10 YEARS OF NANOTEHNOLOGY

DEVELOPMENT IN THE REPUBLIC OF MOLDOVAy, October 22 — 23'd, 2012, Balii. p. 33.
ISBN 978-9975-50-085-9.
9. Hirbu Arefa, Topala Pavel, Ojegov Alexandr. SiO9 molecules excitement by electrical discharge

plasma radiation. Proceedings of International Scientific Conference «10 YEARS OF
NANOTEHNOLOGY DEVELOPMENT IN THE REPUBLIC OF MOLDOVAy», October 22 —

23rd, 2012, Balti. p. 34. ISBN 978-9975-50-085-9.

10. Melenciuc Mihai, Stoicev Petru, Lupasco Andrei, Topald Pavel. Resonance technologies not
just destroz but creates too (bibliographic study). Proceedings of International Conference ,,Modern
Technologies in The Food Industry-2012”, vol. I, 1-3 November, 2012, Chisinau, Republic of
Moldova, p. 135-140. ISBN 978-9975-80-645-9.

Comunicari orale la conferinte internationale:

1. Topala Pavel, Luca Dumitru, Ojegov Alexandr, Stoicev Petru, Pinzaru Natalia. Results on metal
surface nano-oxidation by electrical discharges in impulse. International Scientific Conference «10
YEARS OF NANOTEHNOLOGY DEVELOPMENT IN THE REPUBLIC OF MOLDOVAy,

October 22 — 2374, 2012, Balti,

2. Stoicev P., Topala P., Lupasco A., Ojegov A., Botez 1., Colin T., Balandin A. Influenta densitatii
de curent catodic asupra dimensiunilor nanometrice ale blocurilor de mozaica si distorsiunilor
acoperirilor electrolitice de Fe-Ni, depuse in regim de rezonantd ale componentelor variabile a
curentului  electric (CVCE). International Scientific Conference «l10 YEARS OF



NANOTEHNOLOGY DEVELOPMENT IN THE REPUBLIC OF MOLDOVAy, October 22 —

23rd, 2012, Balti.

3. Topala Pavel, Ojegov Alexandr. About chemical and phase content of nano-pellicles formed on
metal surfaces by applying electrical discharges in impulse. International Scientific Conference «10
YEARS OF NANOTEHNOLOGY DEVELOPMENT IN THE REPUBLIC OF MOLDOVAy,

October 22 — 2374, 2012, Balti,

4. Topala Pavel, Luca Dumitru, Besliu Vitalie, Mazuru Sergiu, Surugiu Ruslan. Applying graphite
pellicles formed by electrical discharges in impulse to improve the exploitation performances of
metal surfaces. International Scientific Conference «10 YEARS OF NANOTEHNOLOGY

DEVELOPMENT IN THE REPUBLIC OF MOLDOV A», October 22 — 23"d, 2012, Balti.

5. Topala Pavel, Rusnac Vladislav, Badinter Efim, Guzgan Dorin. Increasing the thermoelectric
capacity of surface emission by applying electrical discharges in impulse. International Scientific
Conference «10 YEARS OF NANOTEHNOLOGY DEVELOPMENT IN THE REPUBLIC OF

MOLDOVAY, October 22 — 23" d, 2012, Balti.
6. Topala Pavel, Besliu Vitalie. Formarea depunerilor de grafit cu aplicarea descarcarilor electrice
in impuls. International Scientific Conference «10 YEARS OF NANOTEHNOLOGY

DEVELOPMENT IN THE REPUBLIC OF MOLDOV A, October 22 — 2374, 2012, Balti.
7. Hirbu Arefa, Topala Pavel, Ojegov Alexandr. Auto-ionization plasma in laboratory condition.
International Scientific Conference «10 YEARS OF NANOTEHNOLOGY DEVELOPMENT IN

THE REPUBLIC OF MOLDOV Ax, October 22 — 2374, 2012, Balti,
8. Hirbu Arefa, Topala Pavel, Ojegov Alexandr. SiO» molecules excitement by electrical discharge

plasma radiation. International Scientific Conference «10 YEARS OF NANOTEHNOLOGY
DEVELOPMENT IN THE REPUBLIC OF MOLDOV A», October 22 — 23'd, 2012, Balti.

Comunicari orale la intruniri nationale:
1. Hirbu Arefa, Ojegov Alexandr. Plasma si aplicatiile ei. Seminarul stiintific ,,In memoriam
Alexandru Abramciuc”. 12 mai, 2012. Universitatea de Stat ,,Alecu Russo” din Balti.

Expozitii internationale:

1. Topala Pavel, Stoicev Petru, Besliu Vitalie, Ojegov Alexandr, Pinzaru Natalia, Surugiu Ruslan.
Aplicarea descarcarilor electrice In impuls la formarea straturilor de suprafata (poster). 14 aprilie,
Expozitie Internationala, Universitatea Tehnica a Moldovei, Chisinau, 2012.

2. Topala Pavel, Ojegov Alexandr, Stoicev Petru, Pinzaru Natalia. Oxide pellicle formation
technology (poster). The 16th International Conference Inventica 2012, June 13-15, 2012, Iasi,
Romania.

3. Hirbu Arefa, Topala Pavel, Ojegov Alexandr. SiO7 molecules excitment by ultraviolet radiation

(poster). The 16th International Conference Inventica 2012, June 13-15, 2012, lasi, Romania.

4. Hirbu Arefa, Topala Pavel, Ojegov Alexandr. Auto-ionization laboratory plasma (poster). The
16th International Conference Inventica 2012, June 13-15, 2012, Iasi, Romania.

5. Topala Pavel, Besliu Vitalie, Surugiu Ruslan. Graphite pellicle formation technology (poster).
The 16th International Conference Inventica 2012, June 13-15, 2012, Iasi, Romania.

6. Topala Pavel, Rusnac Vladislav, Guzgan Dorin. Increasing the thermoelectric capacity of
emition in cathodes by modifying their surface microgeometry (poster). The 16th International
Conference Inventica 2012, June 13-15, 2012, Iasi, Romania.

7. Topala Pavel, Luca Dumitru, Besliu Vitalie, Mazuru Sergiu, Surugiu Ruslan. Applying graphite
pellicles formed by electrical discharges in impulse to improve the exploitation performances of
metal surfaces (poster). The Fourth International Conference ICCCI 2012. Kurashiki, Japan.
September 2-5, 2012.

Diplome obtinute la expozitii internationale:



1. Diploma Gold Medal. Topala Pavel, Rusnac Vladislav, Guzgan Dorin. Increasing the
thermoelectric capacity of emition in cathodes by modifying their surface microgeometry. The 16th
International Conference Inventica 2012, June 13-15, 2012, Iasi, Romania.
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