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Invitation letter

Jun 24, 20119
Rada Simona, Dehelean Adriana, Cuibus Denisa and Macavel Sergin
Mational Institute for Research and Development
fior lsotopic and Molecular Technologies
Donat Street 67-103, PO OO0 Box 700
400293 Cluy-Napoca, Romania

Dear Dr. Rada Simona, Dehelean Adriana, Cuibus Denisa and Macavei Sergin,

According to the China-Romania inter-governmental scientific & technological cooperation
proposal, 1 would like to invite you visit Beijing Synchrotron Radiation Facility (BSEF), Institute
of High Energy Physics (IHEF), Chinese Academy of Sciences from Nov 3 to 16, 2019,

During your wvisit, we will carry out our bilateral cooperative researches, mcluding
experimental data collection on the Beijing Synchrotron Radiation Facility (BSRF) and a seminar.
The experimental research refers to the optimization of recycled lead for the applications on the
automebile battery. The seminar focuses on the application methods based on synchrotron
radmtion facility for the recycled lead analysis. We hope that your visit will promote all the
proposed activities in the framework of our project collaboration with success.

The accommodation and daily allowance during your stay at BSRF will be supported by our
mstitute in accord with China-Romania inter-governmental scientific & technological cooperation

proposal.
Please do not hesitate to contact with me if vou have any questions.
| am looking forward to meeting vou in Beijing.

Best regards.

Sincerely yours,

Prof Jing Zhang

Beijing Synchrotron Radiation Facility
Institute of High Energy Physics
Chinese Academy of Sciences




: OBBEAWHEHHBIN UHCTUTYT AAEPHBLIX MCCNEAOBAHUA
NABOPATOPURA HEWTPOHHOW ®U3NKKU um. U.M. DPAHKA

JOINT INSTITUTE FOR NUCLEAR RESEARCH 141980 Dubna, Moscow Region, Russia
FRANK LABORATORY OF NEUTRON PHYSICS 141980 Qy6na, Mocxosckan obn., Poccus
tel: +7 (49621) 65657 fax: +7 (49621) 65085

e-mail: shv@nf. jinr.ru

Dr. Simona Rada,

Institutul National de Cercetare-Dezvoltare

pentru Tehnologii Izotopice si Moleculare Cluj-Napoca,
INCDTIM, Donat, nr, 67-103, 400293, Cluj-Napoca, ROMANIA

October 12, 2018

Dear Dr. Simona Rada,

It is our pleasure to invite you for a scientific visit in our Laboratory during the period
15.11.2018 - 25.11.2018, for discussions regarding the scientific data obtained at the neutron
spectrometers at the IBR-2 pulsed reactor, within the framework collaboration between National
Institute for Research and Development of Isotopic and Molecular Technologies INCDTIM
Cluj-Napoca and Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research,

Dubna, protocol number 4776-4-18/20.
The accommodation, travel expenses and daily allowance will be covered by the sending

Romanian institution side.

Sincerely yours,
Director of FLNP tsov




. [nstitute of High Energy Physics
P Q-i."f"""‘ Chinese Academy of Sciences

Address: 198 Yuquaniu Road, Shijngshan District, Beijing 100049, CHINA

Tel: +86-10-88235980 ext 1 Fax +86.10-88233201 E-mail. hutd@ihep.ac cn Web: www ihep.cas.cn

Invitation Letter

Jan 13,2018

Dr. Rada Simona

Gender: "female” Birth date: 29 of Jamary 1972
National [Institute for Research and Development
for Isotopic and Molecular Technologies

Dunath Sureet 67-103  F. O. Bua 700

400293 Cluj-Napoca Romania

E-mail: simona.r:dda@itim-cjro

Dear Dr. Rada Simona,

According to the China-Romania inter-governmental  scientific & technological cooderaticn

propusal, Twoult liketw invite you visit Deijing 3ynchrotron Radiation Facility (BSPF),
High Energy Physics (IHEP), Chinese Academy cf Sciences fom March 5 to 18, 2018.

During your visit, we will carry out our bilateral coopeative reszarches,

experimental data collections on the Beijisg Synchrctron — Radiation  Facility (B3Kriand a seminar. The

experimental  research refers to the zirconia ceramic samples.

The seminar focuses on the application of the methods bas2d on synchrotron radiation facility for the
zirconia ceramics. We hope that your visit will promote all the propased astivitiss in the framework of our project

collaboration withsuccess.

The accommodation and daily allowance during your stay at BSRF will be suppored by the Romanian

researcher mobility project with the No. PH-II1-F1-1.14VC-2017-1008 and by our insttuies in accord wih Chinag-

Romania inter-governmental scientific & technological cooperation proposal.

Please do net hesitate to contact with me if you have any quesiions.
1 am looking forward to meeting you in Beijing.
Best regards.

Sinceraly

Prof. Hu Tian
Director of Bei

Institute of Hi
Chinese Academ




Institute of High Energy Physics

: d’; Chinese Academy of Sciences

Address: 19B Yuquanlu Road, Shijingshan District, Beijing 100049, CHINA
Tel: +86-10-88235980 ext 1 Fax: +86-10-88233201 E-mail: hutd@ihep.accn  Web: www.ihep.cas.cn

Invitation letter

Ot 12,2016
Dr. Rada Simona
Gender: female: Birth date :29" of January, 1972
National Institute for Rescarch and Development
for Isotopic and Molecular Technologies
Donat Street 67-103, P. O. Box 700
400293 Cluj-Napoca, Romania
E-mail: simona.rada@itim-cj.ro

Dear Dr. Rada Simona,

According to the China-Romania inter-governmental scientific & technological cooperation
proposal, I would like to invite you visit Beijing Synchrotron Radiation Facility (BSRF). Institute
of High Energy Physics (IHEP), Chinese Academy of Sciences from Nov 9 to 20, 2016.

During your visit, we will carry out our bilateral cooperative researches, including
experimental data collection on the Beijing Synchrotron Radiation Facility (BSRF) and a seminar.
The experimental research refers to the rechargeable batteries with electrodes vitroceramics
obtained by recycling the lead-acid bauery. The seminar focuses on the application methods
based on synchrotron radiation facility for the rechargeable batteries. We hope that your visit will
promote all the proposed activities in the framework of our project collaboration with success.

The accommodation and daily allowance during your stay at BSRF will be supported by our
institute in accord with China-Romania inter-governmental scientific & technological cooperation
proposal,

The accommodation and daily allowance during your stay at BSRF will be supported by our
institute in accord with China-Romania inter-governmental scientific & technological cooperation
proposal.

Please do not hesitate to contact with me if you have any questions.

I am looking forward to meeting you in Beijing.

Best regards,
Sincerely v
-
Prof. Hu Ti:
Director of Beijing Synchrotron Radiation Facility

Institute of High Energy Physics .~
Chinese Academy of Sciences




Noiembrie 2018, Oral Presentation: Zirconia ceramics for dental applications, S. Rada,
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Joint Institute of Nuclear Research, Frank Laboratory of Neutron Physics,

22 november 2018, DNICM conference hall, bld. 42a (Dubna, Dr. V. Bodnarchuk).
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Studiul structuril si proprietatile moleculelor
prin metode teoretice (P————

Motiuni introdoctive

Mosdelares sonald exie un d i meoe, care o Fost dervoliss mai nweh s

ultinei zece mmi. Imrucht valosile progeieibtilor moleculare caloslsme s apropie foane

mali de remslimele exy le, acesn o i joacd un rol o0 mo impoant 6
cecetaren expenimentald.

Din punct de vedere weoretic, wmsinm siudii in care 52 determindm funclicnalele
de schimb §i corelsre optime care si fie folosite in caloelsl diferielor progiedii
mealeculmre prin metods DFT. De memensa, ne inleressard determinares snor semri de
bl core sd se comspoate clit mai bine oift dm punct de vedere al scuraiefii ca care sunt
calculate propriciifile molecalsre ofit i din punct de vedere &l resurselor de caleul
necesare. In sificgil, sumiem isseresatl de dervolisrea wnor mesode hibride de caleul a
structurii § propricaifilor moleculare, binajii de nusiode guirice {rapide) f mom-

empirice (de mare scurateje) care si ofere un ben compromis in spedii teoretice ale
meadeculelor cu un numdr mare de momi

Mecanica moleculard este mn midel mecanic closic core reprezind molecula ca un
grup de stomi § care se plsreard impreund prn arcun elestice. Sinscoem este optimizml
muinimizind energia de deformagie.

De ohicel, mesndele de mecanich molecalard desermind g rile nulecalare 5i

entalpiilede foomsare. Penoru stsdiul geometriei 5 progrictifilor molecslelor se Folosesc
meindele mecanico-cusntice divizie fn dowld categorii: mesode ab mitio §i semiempinice.

Meindele ab initio sunt legase de nesiodele cusnto-chimice in care pate imiegralele sunt
exact evalumie [n decursul calculelor. Meindele ab imitie includ metoda Hariree-Fock.
(HF, teoria interactiunii confipergionale (Cl), teoria penurbapidor (PFTL Meiodele ah
imitio core inclod corelafii poa-Homree-Pock pot aves o precizie compsrobald ou
experinsenul in precicenen stnecteni § energiel.

Metndele senuienspinice exisil ca o grangd inire metodele #b inito §i mecanica
meodeculard, deoarece folosesc ca i mecomica moleculard parsmermii dervap dim

experineent care tind spre acsmiste §i este o mestodd de naturd mecomico-cmanticd, ca
metnda ab imitio. Meodele semiempirice neglijeard mulie imsegrale cu un grad de
dificultate ma ridicss. Eromres introdusd este compensatll prin parametnii folosif. Apoi,
procedunle semiempinice pot conduce peniru sistense cu numar mare de oiomi la o mai
mare precizie decit caloulbele sh mitio.

Copitiomil ale meodeling moleculars

coreksiil
pust-Hamtrer. Fack

Fig. 1. Opgiunl d: modelare moleoslari.

Mecanica moleculand este wpor de inieles, se programenzd repede, becreazd Sk
clecironi 51 din ocest motiy inicrpresaren esie bmimd Meiodele seniempince sunt
meinde cuantice, care folosese mamal elecronii de valentd g ou o precizie linsislk
Meiodele ab initie sunt meinde csantice complete finched wate imeraciiunile), precize
fnarte inaled, mecesik mult tmp, posibile Insbendibfin siciematice. Teonia DFT esie o
metodd cuantick, o principiu exaced, mai selidd decls wraditionsla sb isdtio, precizie
varishils, perfectioniri nesistematics.

Mesodele semiempirice tmieazd memal electrona de valentd, neglijeach inase
megralele belecoonice 5 folsesie seun de baxd mimimale forbinli de tp Slaery
Reezolvd ecusgiile seculare corert ca in teonis Hanee-Fock. Experienta indick cd mewndels
semicmpinice nu pot rezolva probleme oo mnplick legiven de hidrogen, sidn de roeigie,




Licrars de aharaior

[ 7). Diaczd donim o precizie mai mare o rezolvind problemel mesodede ab initio sunt cele
imdicate.

La mivel Hamree-Fock probl esle lumi Fol
imaegrale, proporfiosale cu puterea & pawra o numdnslui de functiuni de bazk I practics,
wamdrul iniegralelor se poate reduce aproape de puteren a weia peniru mideculele mari,
denarece integralele peniru orhimlii locelizii pe somii ind
calkculaie devarece cle sam aricum fomne qproape de zern.

ind =n meamir mare de

nu este mecesar s fie

Faolosirea unui nsode] mecanico-cumtic in sudisl sirucosni eleceronice a unei
malecule implich repalvarea ecungied Schridimger:
HY=E¥ sau H¥r = E¥r,
Opernional Hamsilionian, M, depimde de enengiile cimeticos {7 5 poentide (V) ale
electronilor § mecleului momubsi sse moleculei:
H=T+¥

Functis de und, ¥, oferd informaiii despre prohskalitaies de & gsi elecoronii in
spajisl moleculei gi este sobajia eomjiel de valon propai.

Rezolveres ecmajiei Schridinger esie o problensd dificild §i nu poate fi realizsad
i3l & face wmele sproximapi. Sem considerate doud aproximaii comune:

ol Hom-Oppenheimer; separd nsigeores mecleului de ces o elecironilor;
i Honres- Pock | snde &lecmronii sem

¥ el lui JI il {
limitag imir-o anumitd regisme din spafiu.

In apr: in Bom-Oppenh peigiile nucleelor se considerd fixe in aga fel
incln dismnpele intemeclesre sunl consimnle. Aceasts eslE O EpEoximabe sensibilk
denarece pmcleele masive sunl imobdle in comparajie oo elecoronii epori. Algoriomul de
rezolvare esie simpla: se modificd ugor @
maleculed §i apod se rezolvy ecunlin Schrdisger peniru acees moleculd. Acest algorim
% oomtinud pind glsim o peomeirie optind oo energia cen ma joosk Punctis de undd
noazll devine produsul celor dowld femcti nucleare §i electronice:

‘e, n) = i) Pin)

Moaivagia acestel aqpronimagil esie ¢l eleceronii sum mis de ugor compamatiy cu

ria {cu fixsres interms: lesre

mec |l Tncdt migcaren lor poate B ugor enmirith prin mig cleaba, [n

aceasal aprenimagie este de obicel validi. [Dun scess punct poate £ privitd funciia de unds

Lucrars de ahoraier

elacronick We ) obginutd prin reznlveres scusfisl electronios Schrddinger in urmBiosres
warand:
H, (R ¥ir) = Ey (R Win)
Homilomisnul electronic confise trel ermeni: energin cinetick, interaciiunile
Isiile el dintre el

electrostatice disare clectroni g msckeu, rep
Din sces moaly, resolvaren comaiel Schrodinger se poate resliza dacd se

aproximeazd encrgia posendiald care ia bn considerane inleraciiunca medie dinire elecironii
considerajid, iar Hamilicnianul se sone ca o sunsd de funciii monoeleciromice

Pentru caboule mokeculare, ecumia SCF Horree-Fock nu poate f§ rezolvasl nal
depane (Gl aproximapi. Pe parcsrsul resclviril ecuafiilos, fiecane orbiial SCF, ¥, cae
seris ca o combinare liniesd de osbiiali somici. De exemply, pessru molecsla de
hidmogen, aproximagio cea mai simpld este 53 soriem fecers orbital spapal SCF @ o
combinare de crbisali somici Js, fecare cemragh pe unul disare prosoni:

W g = L5y w0y sy

Acemstd ipoezl conduce la rezolvires problemed prin determinares coeficientilor
€ §l ¢z denarece el doi orhitali momici nu se modifick. Aceg orbnsli somici dlegl co =1
represimae orhitalid SCF sunt numsifi sefwn de bazd sos funcl de bazid..

Sevarile de hazd cupnind fenctid somice prin o clror combinare liniard se objin
orhitali molkoslai. Pemru aomdd policlectronicl, la care no s omoes fencfide
malematice pentna artinalii momici, de obicel subsaiuinea folosied esie fie cea a ochitalilor
de tip Slater (5740, fie cea o orbaalilor de tip Goession (GR0). Orbialii de dp Slater
oferll 0 bund reprerestare o orbitalibor aomich decarsce funciis prin core sem descrigh
esie dependent de o funciie armonick sferick, consimma de somulizare § o functie
expanentizld o dismniel nucleu-elecron, dar insplich mult caloul matematic complicat.

Cele mai wilizme sevari de bazl sem cele de tip STEhwli, foemae din orbiali
Sloter {5 p, ol deserigh prim ofite # fescpi geesiens. Un set de bael minimasl presisd
dezavenaspsl o fiind rigid se redd conect
walesqh, densrece exposentii funclillor Gauss sunt ficg.

ctia sau expansiune cabislilar de

2 Parten experimentals




Lucrare de laboraior

Pentru imvestigatii experimentale sunt folosite spectnoscoplile FT-IR, Raman, UV.
VIS, RMM =i RES. Tehnicile seoretice == bazeazd pe caloale de tip Ab Initia, woria
functionalelor de densitate (meande DFT - Density Functional Theory) §i mesode
semizmpinice. s astiel de studii combisale se obfine structsm geometricl & molecslelor
sau o unor clesien moleculan dar g progeietifils scesiors precem: momente de dipol,
cusdnpasl, ele, contante de rotafie, sarcini stomsice partiale, exergiile §i formele orbitalilor
meoleculan, energil de jonizere g biselngzles spectre vibesgionsle, UV-VIS, IR, RES,
EMN. Pot fi analizapi difeniji conformen ai uner molecule, pot i studise interacjiunile
imsermolecalace, inieraciiunile solul-solvess sau imeracibend molecsll-som adsorbant
Studiul leglunilor de hidrogen inrs- §i intermoleculare reprezind de asemenea unul
dimare ohiectivele principale e uncc mafel de siudid.

Caeulul prin mesode teoretice o spectrelor experimentale permie asignares
compleli a poestor spectre, aribuirea coreced o bescilor gi in firal deducenea de informatii
cantittive § calitative referisoare la interactiunile imern sau imsermolecslare In plus,
metndele teoretice permin maliza unor mskecsle de viad scund, pentr care posibiliatile
de onalizl experimentald sem bimitmie. Pot £ analizate de asemenen molecale de interes
biclogic (amiscaciz, acizi secleici: glicmd, tirozsd, mepcaplopurind, scid crotic,
radicalii OH, HAY, Hy, o sse farmscologic {medicsmenis precuns: sspining,
imdometacin,  pirouicam, maockprumidi,  dofetilide,  snpriprazole,  complexul
s rCn o riboel, pirazinsmidd, ec). De sunt stdisle molscsle de
imazres dim punct de veders &l caliifii mediului (pesticide precam ivrofenol
disdirofenilhidmzisd, hexaclorciclehexan, eich.

Mod de lucrs:

Falosind em program de modelare moleculam (Spanan sau HyperChem) se vor
meoceln sirucearile o doi compusi care s gasese in compoaiia pesticidelon:

A) Hexacloreiclohexsn

B) QIDODEIRED oo, met s pan

% face mal inmi o procpeinzare o molecule folosind o mewods de mecanics
mealerulora (MMFF) apoi s2 contimsa optimizares printr-o meinds semiempirica (PR3
san AMIL

Lucrare de aboraior

Se d genmeria izatn & maleculel — %= cilee entalpin de fomare,

energin HOMO (energia corespunzacars ultimeslui crbital ccupat cu electroni ) si LUMC
(emergis conespanessnare primslul orbital liber cu dectroni ).

artn metn para
Se determina disiributiile cabinalilor HOMO, Homoe- 1, Homo-2, Lemao, Lumo-1 sk
Lumso.2 pesana moleculele sudime.

Se detemuing spectnal reoretic IR penu geometrile opeimizaee.

Prefucrures dstelor
1. Sz compleicaza mbelul:
Esmalpis de | Energia | Esergis | Energin gop | Moment de
Compus formare Homss | Lunsa =¥} dipol
(kcalfmal) | (e eV} idebye)

2 S delemuing ordines de crestere & mabilimii sermodizamice s cizetce 2
compusilor dis wshel. S interpreicaes rezuleatele abtinute.

3. %e salvears datele obtinute pentru distributiile ochitalilor honso, bomo- 1, boma-
2, bama, lume-1 si lemo-2 imtr-un docement wond. Se interpreteses rezuluatele.

4. S vrmcfera spectrul IR teorctic obtmes imr-un document word. Se swribaic
benzile de vibrazie difernelor grupan din sinsc e comgesilor.
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.4 [Totaloredinplanuldeinv. | 42 | 25 [dincarecurs [28] S5 | aplicati 14
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CHELTUIELI DE PERSONAL
Etapa de executie nr. 2/ 2017

Ne ert. Structura salariatilor care au g:???llalt'i!l realizarea etapei de executie Numarul
1 Numarul cercetatorilor 2
2 Numarul cercetatorilor postdoctoranzi 0
3 Numarul docteranzilor 1
4 Numarul tehnicienil 0
5 Alti membri 1
Luna Luna Luna Luna Luna Luna Luna Luna Luna Luna Luna Luna Luna
Ne| o na Explicatii| dec ian feb mar apr mai iun iul aug sep oct noi dec
ert. sume An An An An An An An An An An An An An
2016 2017 2017 2017 2017 2017 2017 2017 20017 2017 2017 2017 2017
- (cod:98781) | (cod:98784) | (cod:98787) | (cod:98790) | (cod:98793) | (cod:98796) | (cod:98799) | (cod:08802) | (cod:98805)| (cod:98808) | (cod:98811) | (cod:98814) | (cod:98817)
Ce_rge{?' for | buget: 0,00 1.53200| 1.53200( 1.53200| 1.532,00| 1.532,00 000| 1.53200( 1.53200| 1.532,00| 153200 1.53200| 1.532,00
6 ﬂggﬁf norma[%]: | 0,00% 1420 % 12,52 % 10,89 % 12,52 % 10,89% | 0,00% 11,92 % 10,89 % 12,14% 1138% 11,38 % 11,38 %
Scip,fgg&'{fij total: 0,00 1.532,00| 1.532,00| 1.532,00| 1.532,00| 153200 000| 1.532,00| 1.532,00| 1.532,00| 1.532,00| 1.53200| 1.532,00
Coordonator
(co) |
{cod:08027) | (cod:08930) | (cod:08933) | (cod:08036) | (cod:08030) | (cod:08042) | (cod:08945) | (cod:08048) | (cod:08051)| (cod08054) | (cod:08057) | (od:08060) | (cod:08063)
buget: 000 153200 153200 153200 153200 1.532,00 000| 1.53200| 153200 153200 153200 153200 1.532,00
7 | [Doctorand]
(doctorand) | mermalsl: | 0,00% 1420% |1252% [1089% |1252% |[1089% |000% 11,92% | 1089% |1214% | 11,38% | 11,38% [ 11,38%
o"’gg”am’ total: 0,00 1.532,00| 1.532,00| 1.532,00| 1.532,00| 1.532,00 000 1.532,00| 1.532,00| 1.532,00| 1.532,00| 1.532,00| 1.532,00
CHELTUIELI DE PERSONAL
Etapa de executie nr. 3/2018
Structura salariatilor care an participat la realizarea etapei de executie .
B3/ 301 Numarul
Numarul cercetatorilor [
Nurnarul cercetatorilor postdoctorann )
Numarul doctoranzilor 1
‘Numarul tehmucienilor 0
Alfl membri 1
Luna Luna Luna Luna Luna Luna Luna Luna Luna Luna
NI | persoana | ExPlicatii  dec fan feb mar apr mai iun iul aug sep |
crt. sume An An An An An An An An An An
2mz7 2ma 208 2Mm8 2018 208 2Mm8 2018 208 2M8
- eod 429911} | (ooc429914) | (ooct429917) | (cod425920) | (coct429923) | (cod429926) | (cod229929) | (cod229032) | (ood429035) | (eod25038)
Cercelg"rn' buget: 0,00 1.248,00 1.248,00 1.251,00 1.251,00 1.251,00 1.248,00 1.248,00 1.248,00 1.21500| 11.204,00
tilntific -
3 # mf-dﬁ norma [5 | 0,00% 1430% 1430% 10,54% 10,54% 10,54 % 10,54 % 10,54% 10,54 % 10,54 %
?{S?ﬁlﬁﬁ’?} total: 0,00 124600 124600 1.251,00) 1.251,00) 1.251,00) 124800 124800 1.24800 1.21500| 11.204,00
[Coordonator
fcoll
(cod:425841) | (cod:425044) | jood425847) | (cod: 425050 | (cod:4Z5853) | (cod425858) | (ood:425659) | (cod:425047) | jood425985) | (cod dZ504E)
buget: 0,00 1.245,00 1.2486,00 1.278,00 1.251,00 1.251,00 1.248,00 0,00 0,00 000  7.520,00
4 | [Doctorand]
(doctorand) | nerma sk | 0,00% 1430% 1430% 10,58 % 10,54 % 10,54 % 10,54 % 0,00% 0,00% 0,00%
[Coordonator )
(CO})’ total: 000, 1.24600| 1.246,00 1.276,00) 1.251,00| 1.251,00 1.248,00 0,00 0,00 0,00 7.520,00
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Beeywords® bateriz suto uzati raciclars, difractis de o= X, voltamatriz ciclic
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Recuperarea electrozilor din bateriile de plumb

L. Mibails"", H. Vermegan', §. Rada™?, S. Macaver’, M. Rada’
"Dept. Ingineria Mediului 5i -In‘npwunmr‘mDanu Durabile, Universitaiea Tehnica din Clig-Napoca, Romania
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Keywords. baterie auto uzati, acumulatorul phumb-acid, reciclare, voliametrie ciclici, spectrometrie IR

REZUMAT

In anul 2014 s-a estimat ¢ aproximativ 2.46 milioane de tone de plumb secundar au fost generate
sub forma de baterii de plumb, cu plumb uzat. Problema care apare in cazul recuperérii plumbului 5i a altor
substante chimice, din masele active sulfate 5i oxidate ale plicilor bateriilor cu plumb uzate consti in giisirea
wnui proceden de reciclare ecologic, mai pufin complex si cit mai economic din punct de vedere al

e o milipms de 4 - om0
miliogmsinal 2008, LOLS milipaps in 2010, 2.000 mil 2020 - jj. e plemb (hatariile
auto) 24 fiz syrale de permcalemai de spopes dle tyurotisspusiler Metodele de reciclare dls plumbului din masele
activa sulfsta §i oxidate gla bateriilor anto sunt sofisticate, costizitoars gi polusmta Din acest motiv, nacasitatss
saciclini batasiilor suto vtilizind matods nepoluamts, au Cost scimt § Consim da nargis sadus sémine o problami s

Tomii modama. Dy c  cost activa  din
plicilaslectiosi isi ato = i tecent g Ref. Ipai
Sriiconsiding = Ref 1 2 maiel, active din
e o e o
- o.te0,
I acrn
. [ .
% i - -
i | W
3
|1 =
1 " s
at TJ‘-‘ - mias ok

e T s a5 s 6 ke & T R

2 thets farace]

p——
vig. 13): Difracto gamale de inpriqtiere curaze X pentru sistemal vitros cu compozifia sMall-{100-x)[4Pb0- Pb].
Fig Ib): Valtamogramale ciclice pentru sistemal vitras cu compozifia xMa0.-{100-x)[4Pb0. Pb]

mmm&mmem Fie la) wdmm dopd faze

ilor materiale i energetice, care si permiti realizarea unui randament de circa 95%, simultan cu o
puritate corespunzitoare a substanelor recuperate. Apoi, energia 5i timpul folosit pentm a converti oxizii gi
sulfafil de plumb in metal, care ulterior este reconvertit la oxizi, constituie de departe obiectivul esential
vizat de imbunitifirea practicii prezente. Dezvoltarea unei soluf ecologice 51 cu cost redus pentru reciclarea
masel active din plicile electrozilor bateriei auto a fost propusi recent in Ref 1 prin metoda subricini topitwii. Infr-
wm articol publicat recent in Ref. 2 autorii au demonstrat ca prin doparea cu un confinut potrivit de MnO: a
plumbului reciclat mu an loc reactii de evolutie ale hidrogemului, sunt imbunitifite proprietitile
electrochimice 5 voltamograma ciclici prezinta reversibilitate buna.
Scopul prezentei Inerdrii consts in f. co stucturii 5i 2 3 lectrochimice ale

provenite de Ja slectrozii reciclan de Iz don fipui de baterii auto 3i dopate atit u dioxid de mangan eit 5i cu oxid de
cupru in vederea & r i moilor produsi obtizufi ca electroz L
bateria auto.

‘Gemariate de surert (o)

numar de wnda fem "1 a— TR —
[——
Figura | 3) Spectrele IR ale sistemului vitros cu compoaitia xCu0-5MaO;-(95-x)[4Fb0, P
20 5i 30 % moli CuO provenite de 1z bateria de tip I;

] unde x=0, 5, 10, 12, 15,

plumb o
i Scubicdsi indortorombics da PhOs.
B au fostiolosits ca alactrozi de. Ssmritorils da iaciclick iar ga o Vot
lactrolit s-a folo. uD Jutie d d sulfuric d ia 38%, Vol CI i Fiz.
1), dms : A lestrodfolosite. Do ssemanss. ©

S ot S i

seversibilitstsbunia bei cux=3%moli MnO., motivpsnto care
nisnunemiteslmen morsres de NinOvinsericlareaslacts oallosbatriet anto

Referinte bibliografice
[115. Rada at gl Joumal of Electroanslyticsl Chemistry780, 187, (2016).

e ciclice ale sistemulti vifros cu compozifis =Cu0- Mn0O, (95-%)[4Pb0, Pb] unde =5, 10 5 30 %
5011 Cu provenite da Ls batens de bip 1seu IL. Probels eciclate su fost ublizate ca slsctzod de hucrs in misusitorils
de voltametrie ciclic.

O reversibilitate bun a voltamozramei ciclice 3-a obtinut in cazul probei cu w=3% moli Cul) indiferent d
tipul baterisi, motiv pentr care propumen ideals incorporares de Cu0 in reciclarea electrozilor bateriei auto.
Referinte bibliozrafice
[115. Rads et al, Joumnal of Electroanalytical Chemsistry 780, 187, (2016),

[2] 5. Rada et al. Electrochimica Acta 268, 332, (2018).
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Cuvinte cheie: Pb, b0, MnQ., slactrozi, seciclase, difractic deraze X, yplramatsis ciclic
REZUMAT
Bateriils consumats nu mai syupt cass o2 au fost ls Inceput daoacacs pen folosics s= schimhi atit
din pungt de vadars fizic. o3t si chimic. Elactroziide la bateria auto (snodul din Fb sicatodul din Pb0.). de
exzmRbe se pot deforma 5 corpde astial meat un cironit sle%aanmnamtsmle& saastiile
chimics pot sé nu fe complst reversibile dupi reinci Ambifiils slastr lor sunt bateriils

ragensrabils cars pot fi geingargats de mai mults ori, astfel o reactills chimics trabuis 53 fis reversibils
prin. debitarss umui curent in sens imvers. Ip,

SimTech Editia a 9-a, Universitatea Tehnicd din Cluj-NapocaCLUJ NAPOCA | ROMANIA « MAI 17,2019

Reciclarea si reutilizarea electrozilor proveniti de la bateriile auto

*.S. Rada™’, A. Popa’, H. Vermesan', M. Rada’
Durabile, U Tehnicd din Cluj-Napo
Departamentul de Fiica si Chimie, Universitatea Tehnicd. din Cls-Napoca, Romania
*Institul National de Cercetare Dexvoitare pentru Tehnologii Izotopice si Moleculare, Cluj-Napoca, Romani
*Autor corcspondent: deliapiscoiu9S@gmail.com, simona.rada@phys.utcluj.ro

D. Piscoiu*
“Dept. Ingineria Mediului s

. Romania

Cuvinte cheie: batcric auto uzati, reciclare, voltametric ciclicd, spectroscopic IR

REZUMAT

Colectarea selectiva, reciclarea bateriilor auto si refolosirea lor sunt solutii cu efecte imediate asupra vietii
cotidiene. Prin colectare si reciclare se reduce consumul de resurse naturale si se prolejeazi natura, iar prin
reutilizarea electrozilor, se reduce poluarea solului, apei i aerului. Bateria ideala este cea care este reciclabili usor,
poate fi manevrati in sigurantd si are un nivel superior de performanti pentru aplicatia ¢i specifici. Reciclarea
electrozilor de la acumulatorul de plumb poate fi realizatd printr-o metodd eco-inovalivd, cu costuri mici si
prietenoasa pentru mediu [1, 2].

Aceastd lucrare are ca scop recuperarea masei active din plicile electrozilor acumulatorilor auto uzafi,

tratemente speciale peptu o fi
seincireabils

baterid

Scepnl acsatet lussiri asts de 9 compare structura 1 parfommantels slasioshimics als umer
materiale ohtingts 1) dﬂm&hmdm&hm s5spastiy PbO:. Bp 51 MnO: (folosit pentry imbunititiss
prepsistitilor condustive) 5 2) din masa activia plisilor uzate de la o bafars suto dezasamblath siadaps
d= difzrits contputue ée MnOs, mmmmamhmm Un astfel de studin
wmmmm i slagarze

irsaat jua]

Fiz 1 a)wmmmxh)pmmmﬂ clica 1 in solutie de $M acid sulfuric
2z materizlelor pe bazd dz PRO--Pb-MnQ- przparzte folosind casussz de 0. 5 Pb reactivii din 1aborator
521 electrozii nzat dela bateria auta.

nglizg comparativi 2 gazulistalor obtinuts din difarite tehnigi de invastigars pantry cale doud
tipnsi de materiale preparate indick imi

slegtzadului snodic pin implisarea donilor
demansan in Dreesss £aden cars crase ntensitates cusentulul residnal in domeninl de notential 0 5i 2V
Mm&hlbmfu

ads H i 6B, ]
[21s MMZaW.M WEWLBWNILWLI PHCMM‘WJL
3921, (2016).

lor si inapui in mediul de unde au provenit. In acest sens, reciclarea electrozilor se realizeazi
prin metoda sub rii wpuum mr in vederea imbunititirii performantelor acestea sunt dopate cu trioxid de stibiu
(pentru i i conductive). Principalele
obiective ale lucrdrii sunt: i
dopate cu trioxid de stibiu si oxid de cupru (II) prin metode
materiale oblinute ca electrozi la baterii reincircabile.

de analiza si ii. noilor

o

! = = ‘..
a % 25

i i b
£ w| du
S
" I
BC] T e oo e @m0 ramastn

HiGaurs)

Figura 1 a) Spectrele FTIR, b) spectreke RES, ¢) Poze Fuji-Film, d) Vohamogramele ciclice ale sistemubui reciclat si dopat
avind compozifia XCuO- 108b:05+(90-x)[4PbO;Pb] unde x=0-30 % moli CuO.

ale i n:udule $i dopate cu ioni de cupru i stibiu au fost

prin 1 de ie ciclica si liniard. Aceste 1 au fost efectuate cu un

Potentiostat / Galvanostat Autolab PGSTAT 302N controlat §i interfajat prin intermediul softului NOVA 2.1. si

conectat la o celuli electrochimici in care electrozii de lucru au fost materialele preparate, contra-electrod s-a utilizat
un electrod de platind iar ca electrod de referinta s-a folosit un electrod de calomel de tipul Hg/Hg.C1L/KCL

Analiza comparativa a rezulmu:lur din dnl‘mu tehnici de m\nllbﬂr: indica faptul ¢i un continut d: x=5%

CuO si 10% Sb:0: addugat in reciclate i ale

acestora si le recomandi pentru aplicalii ca noi electrozi anodici la bateria auto.

Referinte bibliografice
[1] S. Rada et al, Joumal of Electroanalytical Chemistry780, 187. (2016).
[2] S. Rada et al, Electrochimica Acta 268, 332, (2018).
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INVITATION LETTER

Professor Dr. Jing ZHANG

Gender: female

Beijing Synchrotron Radiation Facility, Institute of High Energy Physics

Chinese Academy of Sciences, 19B Yuquan Road, Shijingshan District, Beijing 100049,
China

Dear Professor Dr. Jing ZHANG,

Based on the Romanian - Chinese Scientific Cooperation Agreement, the National Institute for

Research and Development of Isotopic and Molecular Technologies - INCDTIM Cluj-Napoca has the
pleasure to invite you to visit our Institute from 10" to 24" November 2017.
During your visit, research activities will be carried out in the framework of PN3-P3-239 / 26.09.2016
Project - Rechargeable batteries with electrodes vitroceramics obtained by the recycling of the lead-
acid battery, and seminars, regarding the analysis of experimental data measured at Beijing
Synchrotron Radiation Facility (BSRF) - Institute of High Energy Physics of the Chinese Academy.

During your stay in Romania, costs will be supported by our Institute on the basis of Romania -
China Scientific Collaboration Agreement and according to the research project PN3-P3-239 /
26.09.2016.

For any further details and information, please feel free to contact us.

We look forward to meet you in Cluj-Napoca.

Sincerely yours,

General Manager,
Dr. Ing. Adrian Bi
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INVITATION LETTER

Professor Dr. Kurash IBRAHIM

Gender: male

Beijing Synchrotron Radiation Facility, Institute of High Energy Physics

Chinese Academy of Sciences, 19B Yuquan Road, Shijingshan District, Beijing 100049,
China

Dear Professor Dr. Kurash IBRAHIM,

Based on the Romanian - Chinese Scientific Cooperation Agreement, the National Institute for

Research and Development of Isotopic and Molecular Technologies - INCDTIM Cluj-Napoca has the
pleasure to invite you to visit our Institute from 10™ to 24" November 2017.
During your visit, research activities will be carried out in the framework of PN3-P3-239 / 26.09.2016
Project - Rechargeable batteries with electrodes vitroceramics obtained by the recycling of the lead-
acid battery, and seminars, regarding the analysis of experimental data measured at Beijing
Synchrotron Radiation Facility (BSRF) - Institute of High Energy Physics of the Chinese Academy.

During your stay in Romania, costs will be supported by our Institute on the basis of Romania -
China Scientific Collaboration Agreement and according to the research project PN3-P3-239 /
26.09.2016.

For any further details and information, please feel free to contact us.

We look forward to meet you in Cluj-Napoca.

Sincerely yours,

General Manager, ————
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INVITATION LETTER

Dr.Pengfei An

Gender: male birth date: 27.09.1985

Beijing Synchrotron Radiation Facility, Institute of High Energy Physics

Chinese Academy of Sciences, 19B Yuquan Road, Shijingshan District, Beijing 100049,
China

Dear Dr. Pengfei An,

Based on the Romanian - Chinese Scientific Cooperation Agreement, the National Institute for

Research and Development of Isotopic and Molecular Technologies - INCDTIM Cluj-Napoca has the
pleasure to invite you to visit our Institute from 10” to 24" November 2017.
During your visit, research activities will be carried out in the framework of PN3-P3-239 / 26.09.2016
Project - Rechargeable batteries with electrodes vitroceramics obtained by the recycling of the lead-
acid battery, and seminars, regarding the analysis of experimental data measured at Beijing
Synchrotron Radiation Facility (BSRF) - Institute of High Energy Physics of the Chinese Academy.

During your stay in Romania, costs will be supported by our Institute on the basis of Romania -
China Scientific Collaboration Agreement and according to the rescarch project PN3-P3-239 /
26.09.2016.

For any further details and information, please feel free to contact us.

We look forward to meet you in Cluj-Napoca.

Sincerely yours,

General Manager,
Dr. Ing. Adrian BO"k
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Noiembrie 2017 - Laboratorul €410, B-dul Mungii: prof. dr. Jing Zhang, prof. dr. Ibrahim Kurash, Dr. Pengfei An.
Seminar — Glasses and Vitroceramics: Spectroscopic Characterization, Molecular Modeling Simulations and

Cyclic Voltammetry (S. Rada).

Noiembrie 2017 — Laboratorul C418, B-dul Muncii: prof. dr. Jing Zhang, prof. dr. Ibrahim Kurash, Dr. Pengfei An.
Determinarea spectrelor IR (S. Rada).
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2016

{?f{h RESEARCH PROTOCOL No. 75 77~ {/ - /é/f 7

The Joint Institute for Nuclear Research Laboratory of Neutron Physics, Dubna, Russian
Federation and Technical University of Cluj-Napoca, Romania have signed this protocol
with the purpose of integrating their efforts and reducing the time of obtaining results in
mathematical and experimental background for studies of the unconventional glasses,
vitroceramics, alloys, nanostructures in accordance with the topical plans for research of
collaborating organizations.

1. The parties commit themselves to perform the joint investigations and developments according
to an agreed programme within the framework of the theme(s):

Theme: 04-4-1121-2015/2017
Investigation of Condensed Matter by Modern Neutron Scattering Methods

2. Location of the research and developments:
FLNP- JINR Dubna and Technical University of Cluj-Napoca (UTC-N)

3. Schedule of performing joint research

No. Title of research work and Period of work (year, Performing institutions
stages quarter)
From To
1 Preparation of samples Il quarter IV quarter | JINR, UTC-N and third
2016 2016 parties
2 Experimental studies at IBR-2 1V quarter Il quarter | JINR, UTC-N and third
pulsed reactor 2016 2017 parties
3 Preparation of scientific reports | quarter IV quarter | JINR, UTC-N and third
and papers 2017 2017 parties
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5. In the course of conducting joint research under the present protocol, the institutions plan to
achieve the following specific results: Obtaining  information about the structure of
modern materials, such as unconventional glasses, vitroceramics, alloys,
nanostructures using by neutron diffraction, Fourier-diffractometry, polarized and
small-angle neutron scattering techniques atthe IBR-2 pulsed reactor.

6. The information on the joint research work and its results is confidential. The parties are
obliged not to disclose it to a third party or persons without a mutual agreement.

7. The publication of the results of the research carried out under this protocol shall be
performed jointly through additional coordination between the collaborating institutions.
Registration of applications on the inventions and discoveries resulting from the joint research
shall be entrusted by the parties to the patent service of JINR and Cluj-Napoca (UTC-N) which
coordinates the order of registration, volume of patent protection, countries of patenting and the
condition of using the inventions with the patent service of the other party, and informs it on the
results of consideration of applications within a two-month period of time beginning from the
date of obtaining a decision of the invention department.

8. Experimental facilities (equipment, techniques, technologies), created in the course of
conducting research work under the present protocol, shall be the property of the participating
parties.

9. The obtained results are supposed to be used at Joint institute for Nuclear Research (JINR,
Dubna) and at Technical University of Cluj-Napoca (UTC-N) with the purpose of achieving a
better understanding about the structure of modern materials, such as unconventional glasses,
vitroceramics, alloys and nanostructures.

10. In case of possibility of using the results of the research work for commercial purposes, the
parties shall formulate the conditions of such use by an additional agreement.

11. The employees of the institutions, who are sent on visits for conducting the research work
under the present protocol, shall be obliged to strictly observe the routine of work, labor
protection rules and safety precautions as well as other regulations in force in the receiving
institution.

12. The present protocol shall be effective from the date of its approval by the collaborating
institutions until 31, 12. 2017.

13. The present protocol can be extended, amended or terminated by mutual consent of the
parties. All changes shall be formalized by a new protocol or by a corresponding exchange of
letters. The party wishing to terminate the protocol shall give at least three months’ notice to the

other party.
14. The period of validity of the protocol is extended till " ? 20
on the basis of

15. The following persons are appointed to be responsible for solving organizational, scientific
and technical questions related to the fulfillment of this protocol, for the duly informing of the
patent services about the inventions as well as for conducting the prescribed instruction of
visiting specialists:

D. P. Kozlenko, head of department
from JINR V. I. Bodnarchuk, group leader
(name, position) R. V. Erhan, researcher
From UTC-N E. Culea, head of department ¢
(name, position) S. Rada, associate professor
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ENDORSED

Joint Institute for Nuclear Research Technical University of Cluj-Napoca
Rector
Prof. Dr. Vasile Topa
¢ o IWG
Director of
V.N. Shve! %\r CU“?“ 6
Leader of A f_‘
D.P. Kozlel Sec. e
v Legal addresses and bank agcounts of collaborating institutions:
Joint Institute for Nuclear Research Universitatea Tehnica din Cluj-Napoca, Romania
Joliot-Curie St. 6, 141980 Dubna, Moscow Region, B-dul Muncii, Nr. 103-105
Russian Federation Cluj-Napoca, Romania
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