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Silicon wafers of solar panels are cleaned by flushing using technical detergents. The study using
various physicochemical methods (IR spectroscopy, spectral, X-ray diffraction, X-ray fluorescence,
atomic absorption, flame photometry, thermogravimetric, electron paramagnetic resonance, electron
spectroscopy, polarization resistance) showed that the introduction of triethylenetetramine in the
composition of TD promotes the formation of persistent complex compounds with pollution ions. Also
was found that the modified TD has anti-corrosion properties. From this we can conclude that the
introduction of triethylenetetramine into TD improves the washing properties of the product and
increases its environmental safety, since it has a multifunctional effect, thereby contributing to a
decrease in the salt content in TD.
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Introduction

The widespread introduction of alternative energy sources, especially in decentralized independent
power engineering, among which solar energy is a priority, contributes to the improvement of
industrial production of solar and terrestrial space batteries, the quality of which depends on the purity
of the silicon wafer.

Among the various developer methods for cleaning solid surfaces from contamination, the most
effective are physical and chemical methods using technical detergents. Therefore, studies aimed at
the development of effervescent technical determents are relevant.

One of the main directions in improving existing and developing new technical detergents is the
introduction of multifunctional ingredients into their composition. Them reduces the amount of salt
and increases environmental safety. Of particular interest are nonionic surfactants.

Experimental Part

The composition of the silicon wafer pollution was determined, with the help of different
physicochemical methods: spectral, X-ray fluorescence, X-ray crystallography, atomic absorption,
thermal gravimetric, IR spectroscopy, polarization resistance, electron spectroscopy and other. The
main component is iron cation, which support processes of resorption. Interestingly,
triethylenetetramine with the amide group can demonstrate anticorrosive properties in the detergent.
For the determine of the mechanism of interaction of RNH> in a technical detergent with cations of
the pollutant, substance behavior was investigated using a spectrophotometric method if there was
RNH: in an aqueous medium. The dependency graph A = f(A) of Fe (III) - RNH> system indicates
the formation of colorless complex, that are stable in time, which are characterized by two maxima
in the ultraviolet part of the spectrum: A = 256 nm and A = 290 nm (Fig. 1).

To definition of optimal conditions that would ensure the complete binding of Fe (III) into the
complex, the influence on the complexation by the concentrations of RNH> and the acid-base
condition was researched. The most complete binding is observed with a hundredfold excess of RNH>
(Fig. 2). The result of the research of the dependency A = f(A) for various ratios of Fe(Ill): RNH>
revealed the displacement of the maxima in a long-wavelength part of the spectrum.
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Fig. 1. Effect of light absorption on the wavelength in the Fe(III): RNH> system
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Fig. 2. Effect of light adsorption on the Fe (III) - RNH> system

The effect of acid-base condition on the complex substance formation process was investigated in the
pH range of 1 to 11. The reason of existence of two complex formation pieces on the dependency
A =1(A) (pH = 5.65; pH = 7.05) may occur due to involvement of the Fe ions into this process and to
different RNH> tautomers. That is why it’s necessary to research the impact of RNH> concentration
on equilibrium in the Fe (III) - RNH:z system. The most complete binding is observed with correlation
Fe (IIT) : RNH> 1:50 for pH = 5.65 and 1:75 for pH = 7.05

Mathematical processing of the dependency A =f(RNH:z) made possible to conclude about
compound of the formed complex. The process is characterized by the formation of complexes with
the ratios Fe (III) : RNH> = 1:1 and 1:2. It was established using limited logarithm method.
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Based on the result the process of complex formation can be shown as:

Fe** + RNH, = FeHNR*" + H* (1)
FeHNR?" + RNH, = Fe(HNR)," + H" (2)

The results of light absorption of solution with a constant concentration of Fe ions and increasing
concentration of RNH> were used to calculate the constant of the instability constant:

[FeHNR?*|

Ky = [Fe3+][RNHEr]’ 3)
K, = e | “)
Concentration of Fe were calculated on equation of simple and complex substance:
[Fe?*] = [Fe** o — [FeHNR?*] = [Fe**] o — 2, (5)
[Fe?*] = [Fe** o — [FeHNR?*] = [Fe**] 0 — 2, (6)
Amax

where A —optical density of ligands, € - extinction number, & =
thickness (A =1 cm)

P where A — solution layer

To calculate the concentration of free ligand the amendment that takes into account the process of
dissociation is used:

- _ A [Ht]
[HNR™] = (c—zz) (1+ . ) 7)
where ¢ — total concentration of RNH», K’ — dissociation constant RNH>

The results of calculation show that formation mainly occurs with correlation metal:ligand = 1:1.
Produced complex compounds have sufficient strength, as can be evidenced by the result of the
research of the complexation process in the presence of some other ligands that have high complexing
ability: acetate, oxalate, fluoride, citrate, tartaric acid ions.

The effect of ligands (metal:ligand = 1:50) grows in a next way:

Ac > CaH406% > C204% > F- > C¢Hs07* (8)

The process mechanism of complex formation in the Fe (IIT) : RNH> system can also be proved by
the IR spectroscopy analysis. The comparative analysis of IR-specters of triethylenetetramine and
solid triethylenetetramine Fe(Ill)-complex produced in different pH conditions shows that the
interaction in system “metal:ligand” is done by amine group. The interaction is proved by the missing
NH: band (v = 3300 cm™) and the increasing intensity of CN-band (v =1210-1315 cm™!) and group
of bands —CO-CHj3 (v = 1355-1360 cm™). There is a strong decrease of valence and deformation
fluctuation of the second amide band (N-H, C-N) (v = 1550 cm™). The displacement of CH3-band
(v =2860 cm™) is observed in IR-spectrum. The change of intensity and placement of symmetric and
asymmetric CHa-band of carbon chain (v = 720; 755; 1130 cm™) also proves RNH, takes part in
complex formation.

The results of previously held spectrophotometry analysis prove that the tydrated form of Fe is
involved in complex formation process. It can be shown on the IR-spectrum where system
Fe (IIT) : RNH> is present on Me-O band (pH = 5.65). the increase of intensity of Me-O band
(v =620 cm™) in the complex substances obtained at pH = 7.05 and pH = 9.5 condition, proves the
increase of Fe(IIl) hydration level.

53
Bopa i BogoouncHi Texnomnorii. HaykoBo-npaktuuni Bicti Nel (26) 2020
ISSN 2218-9300



Alternative approaches and methods in water treatment

The research of the corrosion activity of technical determent with help of the method of polarization
resistance showed a low corrosion rate. For the obtained substances washing properties were
investigated, which showed good characteristics in the laboratory and at the production.

Conclusion

Complex of Fe(Ill)- triethylenetetramine was researched with help of various physical and chemical
methods.

The determine of the dependency light absorption from concentration ions of ligand and pH an
aqueous medium by spectrophotometric method. Reveal the process of step complex formation.
Defined corrosive activity of the technical detergent, @ = 6.5-10 mm/year

Technical detergent, that was modified by triethylenetetramine, is shown a high washing quality.
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TEXHIYHI MUIHI 3ACOBH JJIA YCTATKYBAHHS B AJIbBTEPHATHBHUX
JUKEPEJIAX EHEPI'ITI HA OCHOBI T'EJJIOCUCTEM

I'. M. Ilpoxod’eBa, T. B. Cynapymkina, M. €. bepkyr*
HTVYYVY «KuiBceknii momitexHiuanit iHCTUTYT iM. 1. Cikopcbkoroy, Kuis, Ykpaina

*e-mail: kxtp@kpi.ua

Ceped memooié ouuwjeHHs KpeMHIEBUX NIACMUH COHAYHUX Oamapeu HaAuOitbul eghexmusHum €
QizuKo-xXimiyHull, MoomMo NPOMUBKA 3 BUKOPUCMAHHAM MeEXHIYH020 MuliHozo 3acoby (TM3). Tomy
nokpawjeHus mulinux xapaxmepucmux TM3 ma 3abe3neuenns ix 6ezneunocmi 0isi HABKOIUUHBO2O
cepedosua € AKMyaibHOI0 NPoO.IEMOIO.

Piznumu @izuxo-ximivHuUMU Memodamu (IK-cnekmpockoniunuii, CNeKmpanbHull,
PEHM2eHOCMPYKMYPHULL, — PeHmeeHO-(yopecyeHmuul,  amomHoi  abcopoyii,  noaym saHoi
Gpomomempii, mepmozpagimempudnull, eileKmpoHHO20 NAPAMASHIMHO20 PE30HAHCY, eNeKMPOHHOIL
CNeKmMpPOCKoOnii, NOAAPU3AYIUHO20 ONopy) OY10 00CIIOHNCEHO B3AEMOOII0 MPUEMUTEHMEMPAMUHA 3
ionamu 3abpyonenns. Jlogedeno ymeopenHs 0e30ap8HUX KOMNIAEKCHUX CHOAYK Y cucmemax
3a6pyonux - komnonenm TM3. Ix cmitikicme 6yna nepegipena y nopieHAHMI 3 PAOOM HEOP2AHIUHUX
ma opeauiunux nieandis. Mamemamuuna obpodKa Oanux 0ana 3mozy OYiHUMU GNIUE KUCIOMHO-
OCHOBHUX YMO8 cepedosuwja ma KOHYEeHmMpayii mpuemuienmempamuna Ha egeKkmugHicms
38 ’53y8aHHs I0HI6 3a0pyOoHuUKa 8 komnaekc. Llnaxom IK-cnekmpockonii 6yno 0ocniodceno mexaniam
npoyecy KOMNIEeKCOYMBOPEHHS. 83AEMOOIsL 8 cUCmeMi Mema-1ieaHo 30IUCHIOEMbCA Yepe3 AMIOHY
epyny. Pesynemamu cnekmpockoniunux Oocniodcens cgiduamv npo yuacme Fe y npoyeci
KOMNJIEKCOYMBOPEHHsL 8 2i0pamosanitl ¢hopmi. Busuenns xopositinoi akmuenocmi Moougpikoeanozo
TM3 memooom noaapuzayiiino2o onopy NOKA3aL0 HU3bKY WEUOKICHb KOPO3ii.

Yeeoenns 0o cknady mexniuno2o Mutino2o 3acoby mpuemuieHmempamury 30L1buye epekmusHicms
NPOOYKMY Ma NiOBUYE 1020 eKOJIO2TUHY De3neuHiCmb, OCKIIbKU MA€E NONIQYHKYIOHATbHY 0it0, WO
003605€ smeHwumu conregmicm TM3.

Knwuoei cnosa: 3abpyonenns; kpemmicgi naacmunu, IIAP; npomuska 600HUMU PO3UUHAMU;
coHsuHa enepeemuxa, TM3.

TEXHUYECKHUE MOIOIIUE CPEJACTBA IJ OBOPYJOBAHMUS B
AJIBTEPHATUBHbBIX HCTOYHHUKAX S9HEPI'MX HA OCHOBE I'EJIMOCUCTEM

I'. M. llpokodnena, T. B. Cynapymkuna, M. E. bepkyTt*
HTVY «Kuepckuil nonurexuudeckuii ”HCTUTYT uMenu Mrops Cukxopckoro», Kues, Ykpanna

*e-mail: kxtp@kpi.ua

Ouucmrka KpemMHUesblX NIACMUH COJTHEYHbIX Oamapeu Npoucxooum nymém npombleoK C
ucnonvzoganuem mexruveckux moouwux cpeocms (TMC). Hccreoosanue npu nomowu pasiuimbix
Qusuxo-xumuveckux memooos (HK-cnekmpockonus, cnekmpanbHblll, peHmMeeHOCMPYKMYPHbI,

peHmeeHo-payopecyeHmmblll, amomHou abcopbyuu, NIAMeHHOU gpomomempuu,
mepmocpasumMempudeckuti, — 91eKmMpOHHO20  NAPAMACHUMHO20  PEe30HAHCA,  INeKMPOHHOU
CneKmpocKonuu, NOAAPUAYUOHHO20 conpomuenenus) noKasano, umo 66edeHue

mpusmunenmempamuna 6 cocmae TMC cnocobcmeyem 006pa308aHu0 CMOUKUX KOMNIEKCHBIX
coeOuHenuti ¢ uoHamu 3azpsasHenuti. Taxoce Ovli0 ycmanogneHo, umo moouguyuposannoe TMC
umMeem aHMUKoOppo3UOHHbLE ceolicmea. M3 3mozo ModCHO coeramb 8v1800, umo esederue 6 TMC
MPUIMULEHMEMPAMUHA YIYYULaem Mooujue c8otUCmea npoOyKma 1 nosvluaem e20 9K0J02UYEeCK)Io
be3onacnocms, NOCKONLKY umeem NOIUDYHKYUOHATbHOe Oelcmeue, mem CAMbiM Cnocobcmeyem
ymeHnvueruto conecooepaicarusi 8 TMC.

Knroueswvie cnosa: 3azpsazuenue; kpemuuegvle niacmunsl, 1IAB; npomvieka 600HUMU pacmeopamu;
conneunas snepeemuxa, TMC.
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