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Abstract

This work presents an application of the capillary pressure tensiometry (CPT) for accurate
measurements of the surface dilatational elastic and loss moduli of the interface between water and
transparent oil phases with viscosities up to 10,000 mPa s. Surface rheological studies involving
viscous oils are not possible with other available methods due to the considerable bulk viscous
forces. Theoretical estimations show that successful measurements with such systems are possible
by using a suitable frequency range of the oscillating spherical drop method by CPT. Measurements
with oils having viscosities between 5 and 10,000 mPa s at a frequency smaller than 1 Hz were
performed using the oil as outer phase and the aqueous surfactant solution as inner (drop) phase. As
predicted by the theory the measured surface elastic modulus did not depend on the viscosity
(within experimental accuracy). Three different approaches to account for the contribution of the
bulk shear viscosity to the measured pressure signal were analyzed and applied. The results showed
that if exact numerical corrections are used the calculated loss modulus also did not depend on the
viscosities of the bulk phases. The two other methods used lead to errors, sometimes significant.

Pesrome

Ta3zu pabora mpencraBs enHO MPHIOKEHWE HAa MeETOJa 3a OIpeaeisHe Ha Mexayda3oBo
HampexkeHue upe3 kanwiaspHo Haisrane (CPT, capillary pressure tensiometry) 3a TounHM
M3MEpBaHUs Ha MOBBPXHOCTHUTE €IaCTUYHOCT U BHCKO3UTET Ha paslIMpEeHHE Ha IpaHHUIla BOJAA C
npo3paunu Maciienn (asu ¢ Bucko3uteT A0 10 000 mPa s. OnpenensHeTo Ha MOBBPXHOCTHUTE
PEOJIOTUYHM TMapaMeTpu Ha BHCKO3HH Maciia HE € BB3MOXKHO C JIPYTM HAMYHU METOJIU TOpaau
3HAYUTEIHUTE OOEMHH BHMCKO3HM CHJIM. TEOpeTHUHUTE OLEHKU TII0Ka3BaT, 4Ye HaJCKIHU
M3MEpBaHUs C TaKMBa CUCTEMH Ca BH3MOKHHM C METOJa Ha ocLMiupainata chepuyHa Kamka dpes
CPT npu n3non3BaHe Ha MOAXO/AI YECTOTEH Auana3oH. [IpoBenenu ca cepust H3MepBaHUs ¢ Maclia
¢ Bucko3utety Mexay S u 10 000 mPa s mpu yecrora nmo-manka ot 1 Hz ¢ xanku oT BojeH pa3TBOp
Ha MOBBPXHOCTHO-aKTHBHU BEILlECTBAa B MacliaTa KaTo BbHIIHA ¢a3a. B ceriacue ¢ teopeTnyHUTE
pasmIexaaHusl, U3MEPEHUSAT NOBbPXHOCTEH €JIACTHYEH MOAYJ HE 3aBUCH OT 0OEMHHMSI BUCKO3ZUTET
(B paMKUTE Ha EKCIEpPUMEHTAJIHAaTa TOYHOCT). AHAJIM3UPAHU W NPWIOKEHU ca TPU pa3IUdHU
MO/IX0J1a 32 OTUMTAHE MPUHOCA Ha 0OEMHHUS BHCKO3UTET KbM H3MEpPEHOTO HansraHe. Pezynratute
MOKa3BaT, Y€ MPHU U3IOJI3BAHE HA TOYHUTE YUCICHH KOPEKIUH, U3UUCICHUAT MOBBPXHOCTEH MOIYJI
Ha 3aryOMTe CBHINO HE 3aBUCH OT OOEMHHUS BHUCKO3WTET Ha (asurte. M3moi3BaHuTe ApYyru ABa
MOJIX0/1a BOJIAT JI0 TPELIKH, KOUTO B HAKOU CITyyaH ca 3HAUYUTEIIHH.
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Abstract

Extracts of the Quillaja saponaria tree contain natural surfactant molecules called saponins that very
efficiently stabilize foams and emulsions. Therefore, such extracts are widely used in several
technologies. In addition, saponins have demonstrated nontrivial bioactivity and are currently used
as essential ingredients in vaccines, food supplements, and other health products. Previous
preliminary studies showed that saponins have some peculiar surface properties, such as a very high
surface modulus, that may have an important impact on the mechanisms of foam and emulsion
stabilization. Here we present a detailed characterization of the main surface properties of highly
purified aqueous extracts of Quillaja saponins. Surface tension isotherms showed that the purified
Quillaja saponins behave as nonionic surfactants with a relatively high cmc (0.025 wt %). The
saponin adsorption isotherm is described well by the VVolmer equation, with an area per molecule of
close to 1 nm? By comparing this area to the molecular dimensions, we deduce that the
hydrophabic triterpenoid rings of the saponin molecules lie parallel to the air water interface, with
the hydrophilic glucoside tails protruding into the aqueous phase. Upon small deformation, the
saponin adsorption layers exhibit a very high surface dilatational elasticity (280 = 30 mN/m), a
much lower shear elasticity (26 + 15 mN/m), and a negligible true dilatational surface viscosity.
The measured dilatational elasticity is in very good agreement with the theoretical predictions of the
Volmer adsorption model (260 mN/m). The measured characteristic adsorption time of the saponin
molecules is 4 to 5 orders of magnitude longer than that predicted theoretically for diffusion-
controlled adsorption, which means that the saponin adsorption is barrier-controlled around and
above the cmc. The perturbed saponin layers relax toward equilibrium in a complex manner, with
several relaxation times, the longest of them being around 3 min. Molecular interpretations of the
observed trends are proposed when possible. Surprisingly, in the course of our study we found
experimentally that the drop shape analysis method (DSA method) shows a systematically lower
surface elasticity, in comparison with the other two methods used: Langmuir trough and capillary
pressure tensiometry with spherical drops. The possible reasons for the observed discrepancy are
discussed, and the final conclusion is that the DSA method has specific problems and may give
incorrect results when applied to study the dynamic properties of systems with high surface
elasticity, such as adsorption layers of saponins, lipids, fatty acids, solid particles, and some
proteins. The last conclusion is particularly important because the DSA method recently became the
preferred method for the characterization of fluid interfaces because of its convenience.

Pesrome

Exctpaktute oT appBoTo Quillaja saponaria chabp’KaT €CTECTBEHHM IOBBPXHOCTHO-aKTHBHU
BEIIECTBA, HAPUYAHH CAITOHWHHU, KOUTO MHOTO €()eKTUBHO CTaOMIM3HUpaT reHu u emyicun. [1o tazn
MPUYMHA TAaKUBa €KCTPAKTH HAMHPAT MIUPOKO NpuiokeHue. OCBEH TOBa, CAIOHUHUTE ca TOKa3alH
HETpUBHAIHA OMOAKTHBHOCT W B MOMEHTA C€ W3IOJ3BAaT KaTO OCHOBHU CHCTAaBKH BBHB BaKCHHH,
XpaHUTENHU T00AaBKU U JPYTH MPOAYKTHU 32 3ApaBHU TPIKU. [IpeauiiiHu mpoydBaHus MOKa3BaT, e
CAIlOHMHHUTE UMAT HAKOW CHEeIM()pUIHHA MOBBPXHOCTHH CBOMCTBA, KATO MHOTO BHUCOK IMIOBBPXHOCTEH
MOJyJl, KOWTO MOKE Ja BIHUsie CBIIECTBEHO BBPXY MEXaHU3MHUTE Ha CTaOWIM3MpaHE Ha TIsIHA U
emyicus. B Hacrosimata pabota e TpoBeleH MOAPOOSH aHAIW3 Ha OCHOBHHUTE TOBBPXHOCTHH
CBOWCTBAa Ha BHCOKO MpEYUCTEHH BOAHM ekcTpakth oT Quillaja canonumnu. M3orepmure Ha
MMOBHPXHOCTHOTO HAINPEKECHHE IOKa3BaT, ue mpeuucteHute canmoHuHu Quillaja ce abpkar karo
HEHOHHM MOBBPXHOCTHO AKTHBHHU BEIECTBA C OTHOCHUTEIIHO BHCOKAa KPUTHMYHA KOHIEHTpAlUs Ha
munenoodpaszysane, KKM (0,025 rtern.%). AncopObunoHHaTa M30TepMa Ha CAllOHHWH CE OIKCBA
n06pe oT ypasHeHHeTo Ha DojMep M MIOMTa HAa MOJEKyla € moutu 1 NM2 OT cpaBHEHHETO Ha
Ta3W IUION[ C MOJICKYJIHHTE pa3MepH, € HalpaBeHO 3aKIIOYCHUETO, Ye XHapodoOHHTE
TPUTEPIICHOUIHU TPHCTEHH HA CAlIOHWHOBHTE MOJIEKYJIM JIeKaT YCIOpPEIHO Ha TpaHMLATa



BB3AyX/Bola, KaTO XUAPOQUIHHTE TIIOKO3WIHU OIANIKK ca BBB BoAHaTa ¢asza. Ilpm manka
NOBBPXHOCTHA jAedopManusi aacopOIMOHHUTE CIIOEBE HAa CallOHMH KMAaT MHOTO BHCOKa
MOBBPXHOCTHA €TacCTHUHOCT Ha pasTsrade (280 + 30 mMN/m) u 3HAYUTETHO MO-HUCKA €aCTUIHOCT
Ha mpexiab3BaHe (26 + 15 mN/m). TToBbPXHOCTHHTE BHCKO3HH CBOWCTBA Ca HE3HAYMTEIIHHU.
H3mepeHara eIacTHYHOCT Ha Pa3IIMPEHUE € B MHOTO I0OPO CHOTBETCTBHE C TCOPETUYHUTE OLCHKU
¢ aacopbumonnus mozen Ha @onmep (260 mN/m). M3mepeHOTO XapakTepHO aICOPOIIMOHHO BpeMe
Ha CAllOHWHOBHUTE MOJICKYJIU € C 4 10 5 mopsabpKa IMO-TOJIIMO OT TEOPETUYHO IPECMETHATOTO 3a
nu(y3MOHHO-KOHTPOJIMpaHa aJcopOluMs, KOETO O3HayaBa, ue ajcopOuusATa Ha CaloOHHH ¢©
OapuepHO-KOHTPOJIMpaHa Ipu KoHIeHTpauuu okosno W Hajg KKM. Cnen cBuBaHe/pasmmpeHue
CAallOHWHOBUTE CIIOCBE pEJIaKCUpaT KbM pABHOBECHE 10 CJIOXXEH MEXaHU3bM, C HSIKOJKO
peraKkcalMOHHA BPEMEHa, KaTo Hal-IBIrOTO OT TSAX € OKOJO 3 MUHYTH. Kbaero e Bb3MOXKHO ca
NPEIOKECHN MOJISKYJSIPHM WHTEPIIPEeTallii Ha Tpouecute. V3HeHaaBamio, B X0ja Ha HAIIETO
SKCIICPUMEHTAIHO HW3CJICIBAHE YCTAHOBUXME, Y€ IMPU H3IOJI3BAHETO HAa METOAa C aHalIM3 Ha
¢dopmara Ha Bucsma kankata (Metoq DSA, drop shape analysis) cucremaTHyHO ce MOy4aBa Io-
HHCKa IIOBBPXHOCTHA €JIACTUYHOCT CPAaBHEHO C APYIUTE JBa W3IION3BAaHM METO/A: BaHA Ha
JIaHTMIOUp ¥ METOJBT C ONpE/eIisTHEe Ha KaWIsIpHO Haisirane cbe chepuunn kanku (CPT, capillary
pressure tensiometry). OGcbaeHH ca BB3MOXKHUTE MPUYMHH 32 HAOIIOaBaHOTO HECHOTBETCTBHE U
OKOHYATEJIHOTO 3akKiroueHue e, ye DSA meronbT mMa cnenuuuHd NpoOJIeMH U MOXE Ja JaJie
HETIPaBUIIHK PE3yJTATH, KOraTo ce IpHiara 3a M3Ciie/IBaHe Ha TUHAMHUYHUTE CBOMCTBA HA CUCTEMHU
C BUCOKA NIOBBPXHOCTHA €JaCTHYHOCT, KaTO aJCOPOLIMOHHY CIIOCBE HAa CAlIOHUHH, JIUITUIU, MACTHU
KUCEJIMHH, TBHP/U YaCTHLY U HAKOU NMPOTEHHU. [10CIeIHOTO 3aKII0YeHHe € 0COOCHO BaXKHO, Thil
kKato MeroabT DSA Hackopo craHa NHpeANOYMTaHHS METOJ 3a XapakTepusupaHe Ha (iayuaHu
IPaHULIU [TOPaIH HETOBOTO YA00CTBO.
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Abstract

Systematic experimental study of the physico-chemical factors controlling the foaming and
defoaming performance of several Pluronic nonionic block copolymers is performed in solutions of
sodium caseinate. Dynamic light scattering measurements and microscopic observations confirm
that a significant defoaming is observed above the cloud point of the nonionics, which is almost
independent on the polymer structure. However significant differences are observed in the foaming
below the cloud point, which do correlate with the polymer structure. Dynamic surface tension
measurements allow more detailed analysis of the mechanism of polymer and protein adsorption,
and of the role of the individual components for the overall stabilization or destabilization of the
foams.

Pesrome

[IpoBeneHO € CHCTEMATUYHO EKCIIEPUMEHTATHO H3Cie[iBaHe Ha (DU3UKO-XUMHUYHUTE (aKTOpH,
KOHTPOJIMpAIIX IEeHOOOpa3yBaHETO M pa3pyllaBaHETO Ha IMsfHATa OT HAKOJIKO HEHOHHM OJIOK
cernonuMepu Pluronic B pa3TBopu Ha HATpueB Ka3zewHaT. V3MepBaHHATa C AMHAMUYHO JIa3epHO
cBeTopa3celiBaHe U MHUKPOCKOIICKUTE HaOJIO/ICHUs MOTBBpPKIaBaT, 4e ce HaOJIro[aBa 3HaYUTENICH
aHTHUICHUTECH e(eKT HaJ TOYKaTa Ha MOMBTHSBAHE HA HEWOHHHUTE BEIECTBA, KOWTO MOYTH HE
3aBHCH OT CTPYKTyparta Ha rnosuMepa. HezaBucumo ot ToBa ce HabMI01aBaT 3HAYUTEIIHN Pa3INuKU B
pa3mneHBaHeTo MOJ] TOYKAaTa Ha MOMBTHSBAHE, KOETO KOpeIupa ChbC CTPYKTypara Ha nmoiaumepa. Ha
0a3a Ha TaHHUTE 32 IMHAMUYHOTO MOBBPXHOCTHO HANPEKEHHE € HAPaBEH MO-MoApOoOeH aHAIN3 Ha
MEXaHM3Ma Ha ajcopOIus Ha MOJUMEpa W MPOTEHHA M Ha POJIATa HA OTICITHUTE KOMIIOHEHTH 32
LSAJI0CTHATA CTa0MIIM3AIMs U IeCTa0MIn3alys Ha TsTHaTa.
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Abstract

The pendant-drop method (with drop-shape analysis) and Langmuir trough are applied to
investigate the characteristic relaxation times and elasticity of interfacial layers from the protein
HFBII hydrophobin. Such layers undergo a transition from fluid to elastic solid films. The transition
is detected as an increase in the error of the fit of the pendant-drop profile by means of the Laplace
equation of capillarity. The relaxation of surface tension after interfacial expansion follows an
exponential-decay law, which indicates adsorption kinetics under barrier control. The experimental
data for the relaxation time suggest that the adsorption rate is determined by the balance of two
opposing factors: (i) the barrier to detachment of protein molecules from bulk aggregates and (ii)
the attraction of the detached molecules by the adsorption layer due to the hydrophobic surface
force. The hydrophobic attraction can explain why a greater surface coverage leads to a faster
adsorption. The relaxation of surface tension after interfacial compression follows a different,
square-root law. Such behavior can be attributed to surface diffusion of adsorbed protein molecules
that are condensing at the periphery of interfacial protein aggregates. The surface dilatational
elasticity, E, is determined in experiments on quick expansion or compression of the interfacial
protein layers. At lower surface pressures (<11 mN/m) the experiments on expansion, compression
and oscillations give close values of E that are increasing with the rise of surface pressure. At higher
surface pressures, E exhibits the opposite tendency and the data are scattered. The latter behavior
can be explained with a two-dimensional condensation of adsorbed protein molecules at the higher
surface pressures. The results could be important for the understanding and control of dynamic
processes in foams and emulsions stabilized by hydrophobins, as well as for the modification of
solid surfaces by adsorption of such proteins.

Pesrome

MertonpT Ha BHCsmA Kamka (C aHaimM3 Ha QopMara Ha Kamka) W BaHaTa Ha Jlanrmiomp ca
MIPUJIOKEHU 32 U3CJIEe/IBAaHE HAa XapaKTepHUTE pellaKCallMOHHM BPEMEHAa M Ha €NAaCTHYHOCTTa Ha
cioeBe oT nporenHa xuapopodbun HFBII agcopbupan Ha mexnaydazou rpanunu. Te3u cioese
MPEeTHPISBAT TPEXOJ OT TEeYHH KbM enacTuyHu memOpanu. [IpexomgbT ce peructpupa IO
YBCIWYaBaHCTO Ha TIpeliKaTa IIPpU OINHWCAaHHUC Ha HpOCbI/IJ'Ia Ha BHCHIIa Kallka ITOCPEACTBOM
ypaBHeHueTro Ha Jlammac 3a kamuiuspHocTTa. [IOBBPXHOCTHOTO HampeKeHHE pelakcupa IIo
€KCTIOHEHIIMAJICH 3aKOH CIIe/l pa3IIupeHue, KOETO TIOKa3Ba OapuepHO-KOHTPOIMpaHa KHHETHKATa Ha
aacopOuus. ExciepuMeHTaIHUTE aHHU 32 PENaKCAllHOHHOTO BpeMe MOKa3BaT, Y€ CKOpPOCTTa Ha
azicopOIusi ce ompenenisi or Oasanca Ha jaBa (akropa: (1) Oapuepara 3a OTKbCBaHE Ha €AMHUYHA
MPOTEHHOBA MoOJieKyJia oT arperart, (ii) xuapodoOHO MPUBIMYAHE HA OTACICHUTE MOJIEKYJIH KbM
aZIcOpOIMOHHMS cJIoi. XuapopoOHOTO MPUBIUYAHE OOSCHSABA 3aII0 MO-TOJISIMOTO MOBBPXHOCTHO
MOKPUTHE BOIU A0 MO-OBbp3a aacopOius. Pemakcamusara Ha MOBBPXHOCTHOTO HAMPEXKEHUE CIIE]
KOMIIPECHsI Ce OMUCBA C pa3MyHa 3aBUCMMOCT — KOPEH KBaJIpaTeH OT BpeMeTo. TakoBa MOBEICHHE
MOJKE J1a € ABJDKU Ha MOBBPXHOCTHA TUQY3Hs Ha aJcOpOMpaHH MPOTEHHOBU MOJIEKYJIH, KOUTO Ce
KOHJICH3UpaT 1o mepudepusra Ha MOBBPXHOCTHU arperat. [IOBBPXHOCTHATa €IACTHYHOCT Ha
pasmmpenue, E, e ompeneneHa eKCepUMEHTATHO 4Ype3 Obp30 paslIUpsBaHE WM CBHBAHE Ha
MIPOTEHHOBHUTE CJIOEBE Ha MOBBPXHOCTTA. IIpM HUCKKM MOBBpXHOCTHH Hamsranus (<11 mN/m)
CKCIICPUMCHTHUTC C MOBBPXHOCTHO PA3MIHUPCHUC, CBUBAHC W OCHWJIAIMU OaBaT OJIM3KU CTOMHOCTHU
Ha E, xowro HapacTBaT C TmOBHMIIABaHE Ha TIOBBPXHOCTHOTO Hausirane. [IpW TO-BUCOKH
MOBBbPXHOCTHU HasAranus E mposBaBa oOpaTHata TEHACHIMS W JaHHUTE ca pa3lpbCHATH.
[locnenmHoTo mMOBeAEHHWE MOXKE Ja ce OOJCHM C JByMEpHa KOHACH3alWs Ha aJacopOupaHu



MIPOTEHHOBH MOJIEKYJH MpPU MO-BUCOKU MOBBPXHOCTHU HajsiraHus. Pedynrarute moraT aa Obaar
Ba)XKHU 32 pa30MpaHETO M KOHTPOJIA HAa JUHAMHYHHUTE IPOLECH B TICHU U €MYJICHH, CTaOMIN3UpaHH
oT xuaApo(HoOMHH, KaKTO U 32 MOIU(UIIMPAHE HA TBHPIU MMOBBPXHOCTHU Ype3 afcopOLus HA TaKUBa
MPOTEHHH.
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Abstract

In this paper we present briefly our current understanding of the modes of action of foam control
agents (often termed “defoamers” or “antifoams”). After summarizing the background knowledge,
reviewed in previous articles, the focus of the presentation is shifted to the antifoam studies from
the last decade. The new experimental results, obtained by various research groups, are reviewed
briefly to reveal the main mechanisms of antifoam action and the related key factors, governing the
efficiency of the foam control agents. The role of the entry, spreading and bridging coefficients, of
the entry barrier of the antifoam entities, and of the dynamics of surfactant adsorption is specifically
discussed.

Pesrome

B Tasu cratus mpeacraBsiMe HaKpaTKO HAIIETO TEKYHIO pa3OHpaHe 3a HAUMHHTE Ha JEHCTBHE Ha
BEIlECTBAaTa W3IMOJN3BAHW 3a KOHTPOJ Ha MsAHata (YecTo HapWUYaHd ,,[ICHOPa3pyIINTENn
(,,defoamers®) wiu ,,antunenutenu’ (“antifoams”)). Crien KpaTKo OINKMCAaHWE HAa OCHOBHUTE
NpEJICTaBH, 000OIIEHH B TPEAUIIHE PabOTH, Ce PasIIekKIaT M3CIIEABaHUATA HA AHTHIIEHUTEIUTE OT
MOCIIETHOTO  JeceTrieTine. HOBUTE EKCIIEPUMEHTAIHU PE3yNTAaTH, MONYyYCHH OT Pa3IHIHA
W3CIICIOBATENICKU TPYIH, ca MperjelaHd HaAKpaTKo, 3a Ja Ce PasKpHUsAT OCHOBHHUTE MEXaHM3MHU Ha
AQHTUIICHUTETHOTO JEWCTBHE W KIIOYOBUTE (AKTOPH, YIPABISABAIINA TAXHATA €(PEKTHBHOCT.
JIuckyTHpa ce possita Ha Koe(hUIIMEHTUTE HAa M3CKavaHe, pa3THYaHe M CBbpP3BaHe, Ha Oapuepara 3a
M3CKauyaHe Ha AHTUIICHUTEJIWTE W HA JUHAMHKAaTa Ha ajacopOlus Ha MOBBbPXHOCTHO-aKTHBHUTE
BEIICCTRA.
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Abstract

The competitive adsorption of the protein HFBII hydrophobin and the anionic surfactant sodium
dodecyl sulfate (SDS) is investigated in experiments on parallel and sequential adsorption of the
two components. The dynamic surface tension and the surface storage and loss dilatational moduli
are determined by the oscillating bubble method. A new procedure for data processing is proposed,
which allows one to collect data from many different runs on a single master curve and to determine
more accurately the dependence of the dilatational elasticity on the surface pressure. Experiments
on sequential adsorption are performed by exchanging the HFBII solution around the bubble with
an SDS solution. Experiments with separate thin foam films bring additional information on the



effect of added SDS. The results indicate that if HFBII has first adsorbed at the air/water interface,
it cannot be displaced by SDS at any concentration, both below and above the critical micellization
concentration (CMC). In the case of parallel adsorption, there is a considerable difference between
the cases below and above the CMC. In the former case, SDS cannot prevent the adsorption of
HFBII at the interface, whereas in the latter case adsorption of HFBII is absent, which can be
explained with hydrophilization of the hydrophobin aggregates by the SDS in the bulk. The surface
dilatational elasticity of the HFBII adsorption layers markedly decreases in the presence of SDS,
but it recovers after washing out the SDS. With respect to their dilatational rheology, the
investigated HFBII layers exhibit purely elastic behavior, the effect of dilatational viscosity being
negligible. As a function of surface tension, the elasticity of the investigated interfacial layers
exhibits a high maximum, which could be explained with the occurrence of a phase transition in the
protein adsorption layer.

Pesrome

Konkypentnara ancopoumsi Ha mnpotewHa xuapodoomn HFBII u aHMOHHOTO MOBBPXHOCTHO-
aKTUBHO BelIecTBO HarpueB agoaeumn cyindar (SDS) e wu3crmenBaHa upe3 EKCIEPHUMEHTH 3a
napajiejqHa W TOcJeloBaTeNHa afcopOlus Ha JABeTe BelecTBa. /IMHAMUYHOTO MOBBPXHOCTHO
HaIlpe)KEHUE M IOBBPXHOCTHUTE MOJYJIM HA €JaCTUYHOCT M BHUCKO3UTET Ha pA3IIMpPEHHUE ca
ONpENEJICHN Ype3 MeToJa Ha ocuwivpamoro Mexypue. [IpemnoxkeHa e HoBa mpoueaypa 3a
00paboTKa Ha JaHHWUTE, KOSTO MO3BOJSABA Ja C€ ChOMpAT JAAHHU OT MHOTO PA3JIUYHU OTJAEITHU
M3MEpPBaHUs HAa €JHa OCHOBHA KpPUBA U J]a C€ OINPEAEIIH O-TOYHO 3aBUCUMOCTTA HA €J1aCTUYHOCTTA
Ha pa3UIMpeHre OT MOBbPXHOCTHOTO HajsiraHe. ExcriepuMeHTHTE 3a mocieaoBaTenHa acopOouus ce
M3BBPIIBAT ChC 3aMmsiHa Ha pa3tBopa Ha HFBII okono wmexypuero ¢ pa3zrBop Ha SDS.
ExcriepumeHTHTe ¢ THHKM TMEHHUW (UIMHU JaBaT JNONBIHUTENHA WH(OpManus 3a edekra Ha
nob6asenust SDS. Pesynratute mokassar, ye ako HFBII mbepBo ce aacopOupa Ha MOBBPXHOCTTA
BOJA/BB3yX, TOW HEe MOXe na Obae m3MecTeH oT SDS mpu kakBaTo M Jla € H3MOJ3BaHa
KOHIICHTpAIIKs, KaKTO MOJI, TaKa U HaJl KpUTHYHATA KOHIIEHTpaIus Ha munenoodpasyBane (KKM).
[Tpu nmapanenna agcopOuus UMa 3HAYUTETHA pa3liuka MeXay ciydaute noa 1 Hajg KKM. B mbpBus
ciryuait SDS He moxe nma mpemorBpatu ancopOrusara Ha HFBII ma mexnydazoBara rpanwmia,
JI0OKaTo BBB BTOpUs ciydail ancopOuusta Ha HFBII orchberBa, koeto moxe na ce OOsICHH ¢
xuapoduinzupane Ha xuapopoOuHoBuTe arperati oT SDS B 06ema Ha pa3TBopa. [loBbpxHOCTHaTA
€IacTUYHOCT Ha pasiupeHue Ha anacopomuumonHute cinoeBe HFBII 3naunTenno HamansBa B
npuchkcTBUEeTO Ha SDS, HO ce BB3CcTaHOBsBa ciea necopbupane Ha SDS. UMscnenasanute cioese
HFBII moka3BaT 4YHMCTO €1acTUYHO TMOBEJCHHE, KaTO MOBBPXHOCTHHTE BHUCKO3HU e(eKTH ca
HE3HayuTeNlHU. EnacTUYHOCTTa Ha pa3lIMpeHHe Ha U3CJIEIBAHHUTE CJIOEBE JOCTUTa JO BHCOK
MaKCHUMyM KaTo ()YHKITUSI OT TOBBPXHOCTHOTO HANPEKEHUE, KOETO MOXKE J1a ce OOSICHH C TOosBaTa
Ha ($a30B IPEX0]l B IPOTEMHOBUS aJJICOPOIIMOHEH CIIOM.

7. K.D. Danov, R.D. Stanimirova, P.A. Kralchevsky, K.G. Marinova, N.A. Alexandrov, S.D.
Stoyanov, T.B.J. Blijdenstein, E.G. Pelan. “Capillary meniscus dynamometry — method for
determining the surface tension of drops and bubbles with isotropic and anisotropic surface
stress  distributions”. J. Colloid Interface Sci. 2015, 440, 168-178. DOI:
10.1016/j.jcis.2014.10.067.

Abstract

The stresses acting in interfacial adsorption layers with surface shear elasticity are, in general,
anisotropic and non-uniform. If a pendant drop or buoyant bubble is covered with such elastic layer,
the components of surface tension acting along the ‘‘meridians’’ and ‘‘parallels’’, os and oy, can be
different and, then, the conventional drop shape analysis (DSA) is inapplicable. Here, a method for
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determining os and o, is developed for axisymmetric menisci. This method, called ‘capillary
meniscus dynamometry’ (CMD), is based on processing data for the digitized drop/bubble profile
and capillary pressure. The principle of the CMD procedure for data processing is essentially
different from that of DSA. Applying the tangential and normal surface stress balance equations, os
and o, are determined in each interfacial point without using any rheological model. The
computational procedure is fast and could be used in real time, during a given process. The method
is applied to determine os and o, for bubbles and drops formed on the tip of a capillary immersed in
solutions of the protein HFBII hydrophobin. Upon a surface compression, meridional wrinkles
appear on the bubble surface below the bubble ‘‘equator’’, where the azimuthal tension o, takes
negative values. The CMD method allows one to determine the local tensions acting in anisotropic
interfacial layers (films, membranes), like those formed from proteins, polymers, asphaltenes and
phospholipids. The CMD is applicable also to fluid interfaces (e.g. surfactant solutions), for which
it gives the same surface tension as the conventional methods.

Pesrome

HanpexeHusita B aIcCOpOLIMOHHUTE CIIOEBE C MOBBPXHOCTHA €JaCTUYHOCT HA CPsA3BaHE KATO LISAJIO
ca aHM30TPOIIHU U HEXOMOTE€HHHU. AKO BHCSIIA Kallka WIM U3JUTAl0 C€ MEXypde ca IMOKPUTH C
TaKbB €JIACTUYEH CJIOM, KOMIIOHCHTUTE Ha IIOBBPXHOCTHOTO HAIIpEXEHUE, ACHCTBALU II0
IbJDKAHATA HA ,,MEPUIHAHUTE U ,1apajenuTe, os U Op MOraT Ja ObJaT pa3iMyHU M TOraBa
CTaHJApPTHUAT METOJ Ha aHanu3 Ha ¢Qopmara Ha Kanku c akcuanHa cumerpus (DSA) e
HenpuwioxkuM. B Hactosiara pabora e pazpaboTeH METO 3a ONpeIeliiHe Ha Os U Op 32 MEHUCKYCH
¢ akcuaiiHa cuMmeTpus. To3u Meroj, HapedeH ,, JUMHaAMOMETpUs Ha KanwisipeH MeHuckyc* (CMD,
capillary meniscus dynamometry), ce ocHoBaBa Ha €IHOBpEMCHHaTa OOpa0OTKa Ha JaHHU 3a
JUTUTAIU3UPaH Ipoduil Ha Kallku/MeXypyeTa U JJaHHU 3a KalWwIIpHOTO HaysraHe. [IpuHuunsT Ha
npouenypara CMD 3a 06paboTka Ha IaHHU € CHIIECTBEHO pa3indeH oT To3u Ha DSA. Tlpunaraiiku
ypaBHEHMATA 3a OalaHC HAa TAHTE€HIMAJIHOTO U HOPMAJIHOTO MOBBPXHOCTHO HAIMPEKEHHE, Os U Oy,
T€ Cce OMpeeNaT BbB BCSKAa MEXJIWHHA TOYKa, 0€3 Ja ce M3MOJ3Ba KAKbBTO U Jla € PEOJOTHYEH
Mozen. M3uncnurennara npoueaypa € 0bp3a 1 MOXKE J1a c€ U3I0JI3Ba B PEAIHO BPEME, 10 BpeMe Ha
JazieH npouec. MeToapT ce npuiiara 3a ONpeesiHE Ha Os U Op 3a MEXypUeTa U Kalku, oOpa3yBaHH
Ha BbpXa Ha Kamwisipa, IoToneHa B pa3rBopu Ha npotenHa HFBII xunpodo6us. Ilpu cBuBane Ha
MOBBPXHOCTTA C€ MOSABSIBAT MEPUAMOHAIHM HAaOpPBHUKBAHMS IO MOBBPXHOCTTA HA MEXYPUETO IMOJ]
,»€KBaTOpa“ My, KbJIETO a3UMYTaJIHOTO HAIIPEKEHUE Op NPUEMA OTPULIATETHU CTOMHOCTH. MeToabT
CMD nmno3BosisiBa J1a ce€ OIpeneisaT JIOKATHUTE HAIpe)KeHUs, JAEWCTBAIlM B AaHU30TPOIIHU
MOBBPXHOCTHU clioeBe ((uiamu, MeMOpaHu), KaTo TakuBa, oOpa3yBaHH OT MPOTEUHH, MOJIUMEPH,
acantern u pocponumuar. CMD e npuiioxum cbiro 3a GIyHIHA MEXITyPa30oBU TPaHUIM (HATID.
pa3TBOpU Ha Chp(AKTaHTH), 32 KOUTO CE IMOJIy4aBa CHIIOTO MOBHPXHOCTHO HAINPEXKEHHUE KAaTO U OT
CTaHJAPTHUTE METOIU.

8. K.G. Marinova, R.D. Stanimirova, M.T. Georgiev, N.A. Alexandrov, E.S. Basheva, P.A.
Kralchevsky “Co-Adsorption of the Proteins B-Casein and BSA in Relation to the Stability
of Thin Liquid Films and Foams”, Chapter 18 in Colloid and Interface Chemistry for
Nanotechnology, (P.A. Kralchevsky, R. Miller and F. Ravera, Eds.). CRC Press, New York,
2016; pp. 439-458.

Abstract

In this chapter, we apply complementary experimental measurements with single bubbles, TLFs,
and foams to obtain information on the adsorption behavior and interactions of two proteins at the
air/water interface in relation to the stabilization of foams. We selected a pair of rather different



proteins: the disordered protein B-casein and the globular bovine serum albumin (BSA). Our goal is
to obtain information for the structure of the mixed adsorption layers and the foam film stability by
analysis of data obtained by different methods. For this goal, we employed the DSA technique with
buoyant bubbles. This technique is upgraded with the oscillating bubble method and with an option
for replacement of the liquid phase. The used device for TLFs also allows phase exchange. These
methods yield the dynamic and equilibrium surface tension, the surface dilatation storage and loss
moduli, and the film thickness at low and high applied pressures, and allow comparing data from
parallel and sequential adsorption of the two proteins. The properties of foams from the mixed
solutions are compared with foams from solutions of the separate components. The results give
information about the most favorable structure of the compound protein adsorption layer in relation
to foam stability.

Pesrome

B Ta3u rnaBa e mpencTaBeHO CHCTEMHO EKCHEPUMEHTATHO M3CIICABAHE C €AWHUYHU MEXypyera, C
TBHKUA TEYHH (UIMH, U C IEHH, HAa aJCOPOIMOHHOTO IOBEJCHHWE M B3aMMOJCIHCTBUATAa Ha JBA
NPOTEUHA Ha TPaHHIATa BOJA/BB3IyX M BIMSHHETO UM BHPXY CTAOWIIHOCTTA Ha reHu. M30paHu ca
JIBa CBIIECTBEHO pA3IMYHU MPOTEHHA: [-Ka3ewH, KOWTO HSAMa 4YETBBPTHYHA CTPYKTypa, H
rinoOynapeH roBexxau cepymen andymun (BSA). OcHoBHaTa 1en € Ja ce noiay4yu nHpopMmanus 3a
CTPYKTypaTa Ha CMECEHHMTE aJCOPOIIMOHHHU CJIOEBE M CTAOMIHOCTTA HAa INMEHHUTE (WIMH upe3
aHaJIN3 Ha JAaHHH, ITOJYUYCHHU 11O PpA3JIMYHHU MCTOIH. I/ISCJICZ[BaHO € NOBBbPXHOCTHOTO HAIPCKCHUC U
€JIACTUYHOCTTA Ha CJIOEBETE 10 METOJIa Ha OCLMIMPAIIOTO BUCSIIO MEXypyie, KOMTO € JOIBIHEH C
BB3MOKHOCT 3a 3aMsHa Ha TeyHarta ¢asza. M3mon3BaHara KiIeTKa 32 THHKM NMEHHU (QWIMHU CBHIIO
no3BosisiBa cMsiHa Ha Qasure. C KOMOMHAIMATA OT TE3W METOAM ca IIOJyYeHU [aHHU 3a
AAHAMHUYHOTO W PaBHOBCCHO IMOBBPXHOCTHO HAIIPCIKCHUEC, IMOBBPXHOCTHUTEC MOAYJIMU Ha
eTaCTUYHOCT M BHCKO3HMTET INPH pPa3IIMpeHH, M aeOenmHarta Ha (UiIMa NMPH HUCKO M BHCOKO
npuaoxkeHo HausraHe. [lomyueHuTe pe3ynTaTH ca CpaBHEHH B ClIydaWTe Ha MapajeinHa Hu
rocJeIoBaTeIHa aacopOIHs Ha 1BaTa npoTernHa. CpaBHEHU ca U TIEHHW OT CMECEHH Pa3TBOPH C NICHH
OT pa3TBOpPU Ha OTAEIHMUTE NMPOTeHHH. Pesynrartute maBar mH(oOpMaius 3a Hail-OnaronpusTHaTa
CTPYKTYypa Ha CMECEHHS aJICOPOIIMOHEH CJION, OCUTYpsIBaI Hail-1o0pa cTaOMITHOCT Ha TISHATA.

9. K.D. Danov, R.D. Stanimirova, P.A. Kralchevsky, K.G. Marinova, S.D. Stoyanov, T.B.J.
Blijdenstein, A.R. Cox, E.G. Pelan, “Adhesion of Bubbles and Drops to Solid Surfaces, and
Anisotropic Surface Tensions Studied by Capillary Meniscus Dynamometry”, Adv. Colloid
Interface Sci. 2016, 233, 223-239. doi: 10.1016/j.cis.2015.06.003.

Abstract

Here, we review the principle and applications of two recently developed methods: the capillary
meniscus dynamometry (CMD) for measuring the surface tension of bubbles/drops, and the
capillary bridge dynamometry (CBD) for quantifying the bubble/drop adhesion to solid surfaces.
Both methods are based on a new data analysis protocol, which allows one to decouple the two
components of non-isotropic surface tension. For an axisymmetric non-fluid interface (e.g. bubble
or drop covered by a protein adsorption layer with shear elasticity), the CMD determines the two
different components of the anisotropic surface tension, os and gy, which are acting along the
“meridians” and “parallels”, and vary throughout the interface. The method uses data for the
instantaneous bubble (drop) profile and capillary pressure, but the procedure for data processing is
essentially different from that of the conventional drop shape analysis (DSA) method. In the case of
bubble or drop pressed against a substrate, which forms a capillary bridge, the CBD method allows
one to determine also the capillary-bridge force for both isotropic (fluid) and anisotropic (solidified)
adsorption layers. The experiments on bubble (drop) detachment from the substrate show the
existence of a maximal pulling force, Fmax, that can be resisted by an adherent fluid particle. Fmax




can be used to quantify the strength of adhesion of bubbles and drops to solid surfaces. Its value is
determined by a competition of attractive transversal tension and repulsive disjoining pressure
forces. The greatest Fmax values have been measured for bubbles adherent to glass substrates in pea-
protein solutions. The bubble/wall adhesion is lower in solutions containing the protein HFBII
hydrophobin, which could be explained with the effect of sandwiched protein aggregates. The
applicability of the CBD method to emulsion systems is illustrated by experiments with soybean-oil
drops adherent to hydrophilic and hydrophobic substrates in egg yolk solutions. The results reveal
how the interfacial rigidity, as well as the bubble/wall and drop/wall adhesion forces, can be
quantified and controlled in relation to optimizing the properties of foams and emulsions.

Pesrome

Hanpasen e mperiieq Ha NpUHOMNA ¥ TPWIOKEHUSATA HA JIBAa HACKOpPO pa3pabOTEHH MeToja:
JMHaMOMeTpUs Ha KanwisipeH MeHuckyc (CMD) 3a n3MepBaHe Ha MOBBPXHOCTHOTO HAIIPEKEHHE
Ha MeXypueTa/KankH, U AuHamoMeTpus Ha KamwiipeH MocT (CBD) 3a konudecTBeHO onpeneisiHe
Ha a/IXe3usTa Ha MeXypdeTa/Kallku KbM TBBbPAM NMOBBbPXHOCTU. U nBaTa MeTona ce ocHOBaBaT Ha
HOB IIPOTOKOJI 33 aHAJIM3 HAa JIaHHU, KOWTO IO3BOJISIBA J]a CE€ PA3AEIAT JBET€ KOMIIOHEHTU Ha
HEU30TPOITHOTO IMOBBPXHOCTHO HampekeHue. 3a HedayuIaHa HNOBBPXHOCT (HAmp. MeXypye WiIH
Karka, HOKPUTU OT MPOTEHHOB aJCOPOLIMOHEH CJIOW ChC 3HAUMTEIHA €1aCTUYHOCT HA CPSA3BAHE),
CMD onpezens nBere pa3jiMuyHU KOMIIOHEHTH Ha AHU30TPOIIHOTO TOBBPXHOCTHO HAIIPEXKEHUE, 0s U
Oy, KOUTO JEHUCTBAT IO HAIpaBJICHUE HA ,,MEPUIAUAHUTE U ,apajieNuTe U Ce MPOMEHST IO
NOBBPXHOCTTa. METOABT M3IOJ3Ba JAHHU 332 MOMEHTHHS AKCHAIHO-CUMETPUYEH Npoduia Ha
Mexypye (Kamka) W 3a KamwIIpHOTO HalsraHe, HO Mpoleaypara 3a oOpadOTKa Ha JaHHU €
CBIIECTBEHO pa3IMyHa OT Ta3M Ha CTaHJAPTHUS METOJ 3a aHaIMU3 Ha (hopMaTa Ha Kallka ¢ akCuajHa
cumerpus (DSA). B ciydaii Ha Mexypue WM Kalka, IPUTUCHAaTH KbM TBBPJAA MOBBPXHOCT U
oOpa3yBaly KanuisipeH MocT, MmetoasT CBD no3BosisiBa a ce onpenenu u cuiiata Ha KanWiIsipHUs
MOCT KaKTO TpH H30TpOonHH ((IyWaHH), Taka W NpU aHU30TPONHH (BTBBPICHU) aJICOPOLMOHHU
cioeBe Ha MexaydazoBaTa NOBBPXHOCT Ha MocTa. ExcriepuMeHTUTe 3a OTKbCBaHE Ha MEXYpUETO
(kamkaTa) OT MOBBPXHOCTTA IMOKAa3BaT HAJMYMETO Ha MaKCHMalHa CHJA 3a OTKbCBaHe, Fmax, 10
KOSTO MeXypueTo/Kamkara OCTaBaT 3aJlelleHH 3a MOBBPXHOCTTAa. Fmax MOXe Ja ce H3moi3Ba 3a
KOJIMYECTBEHO OINpEENIsHE Ha CWilaTa Ha aixe3us Ha MeXypyeTa U Kalkd KbM TBBPIU
noBbpxHOcTU. CTOWHOCTTAa ¥ ce ompenens OT OajaHca Ha TAHTEHIUMAIHOTO HANpe)XeHUe Ha
MPUBIMYAHE U OTOIIBCKBATEIHUTE CUJIM Ha Pa3KIMHAIIOTO HaysArane. Haii-BucokuTe CTOMHOCTH Ha
Fmax ca u3MepeHu 3a Mexypuera, 3ajJelHald KbM CTHKIIEHH MOBBPXHOCTHU B PAa3TBOPU Ha IpaxoB
NpOTeUH. AnXe3usAta MeXyp4e/IOBBPXHOCT € II0-HUCKa B Pa3TBOPH CHABPXKALIM MPOTEHHA
xunpodobun HFBII, koeTto Moxe n1a ce 005CHU ¢ BIUSHUETO HAa 3aXBAaHATU NMPOTEUHOBU arperari.
[Ipunoxxumoctra Ha Metoga CBD KbM €MyJICHOHHU CHCTEMH € WIKOCTpUpaHa OT €KCIIEPUMEHTH C
KalK{ COEBO Macllo, 3aJeMeH! 3a XUAPOPWIHN U XUApo(HOoOHU MOBBPXHOCTH B pa3TBOPU Ha SHYEH
KBATHK. Pe3ynraTure moka3BaT, ye TBBPAOCTTAa HA MEXIy(dazoBaTa rpaHuIa, KaKTO U CHIIUTE Ha
aaxe3us Mexypue-CTeHa U Kallka-CTe€Ha, MoraT Ja ObJaT OIpeneieHH KOJMYECTBEHO U
KOHTPOJIMPAHU BbB BPb3Ka C ONTUMHU3MPAHETO HA CBOMCTBATA HA IIEHU U EMYJICHH.

10. L.M. Dimitrova, M.P. Boneva, K.D. Danov, P.A. Kralchevsky, E.S. Basheva, K.G.
Marinova, J.T. Petkov, S.D. Stoyanov. “Limited coalescence and Ostwald ripening in
emulsions stabilized by hydrophobin HFBII and milk proteins”, Colloids Surf. A 2016, 5009,
521-538, dx.doi.org/10.1016/j.colsurfa.2016.09.066

Abstract

Hydrophobins are proteins isolated from filamentous fungi, which are excellent foam stabilizers,
unlike most of the proteins. In the present study, we demonstrate that hydrophobin HFBII can also
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serve as excellent emulsion stabilizer. The HFBII adsorption layers at the oil/water interface
solidify similarly to those at the air/water interface. The thinning of aqueous films sandwiched
between two oil phases ends with the formation of a 6 nm thick protein bilayer, just as in the case of
foam films, which results in strong adhesive interactions between the emulsion drops. The drop-size
distribution in hydrophobin stabilized oil-in-water emulsions is investigated at various protein
concentrations and oil volume fractions. The data analysis indicates that the emulsification occurs in
the Kolmogorov regime or in the regime of limited coalescence, depending on the experimental
conditions. The emulsions with HFBII are very stable — no changes in the drop-size distributions are
observed after storage for50 days. However, these emulsions are unstable upon stirring, when they
are subjected to the action of shear stresses. This instability can be removed by covering the drops
with a second adsorption layer from a conventional protein, like b-lactoglobulin. The HFBII surface
layer is able to suppress the Ostwald ripening in the case when the disperse phase is oil that exhibits
a pronounced solubility in water. Hence, the hydrophobin can be used to stabilize microcapsules of
fragrances, flavors, colors or preservatives due to its dense adsorption layers that block the transfer
of oil molecules.

Pesrome

Xunpodobunute ca MpOTEHHHU, U3OIUPAHU OT I'bOH, KOUTO Ca OTIIMYHM CTAOMIM3ATOPU Ha TIsHA, 32
pasnuKa OT MHOTO JPYrd NMPOTEHHU. B HAcTOSIIOTO H3cieBaHE € MOKa3aHo, 4e XUIpodoOuH
HFBII moxe na 6bae u oTimueH crabuim3aTop Ha emyscun. Ancopormonnute cioese HFBII Ha
rpaHuIlaTa Maclio/Bojia ce BTBHPASABAT [1000HO HA TE3W Ha TpaHUIlaTa Bb3AyX/Boja. 3ThHIBaHETO
Ha BOJHHUTE (WIMH, MOCTAaBCHH MEXIy ABE MacieHu (a3u, 3aBbpliBa C o0Opa3yBaHETO Ha
MIPOTEHMHOB JIBY-CJION ¢ Ae0enrHa 6 nm, TOYHO KAaKTO B ClIydasl Ha IEHHH (pUiaMu, U TOBa BOAM 10
CUJIHM a/IX€3MBHU B3aUMOJICHCTBUS MEXK/y €MYJICMOHHUTE Kanku. PasnpeneseHueTo Ha pa3mepa Ha
KalKuTe B €MYJICHU Maclio-BbB-BOJa CTAOWIM3UpaHH ¢ XUAPO(HOOUH € OmpeieleHO NPy pa3IundHU
KOHIIEHTPAIMY Ha TIPOTEHH W Pa3IUYHA O0OEMHH YacTH Ha MaciieHara ¢a3a. AHAIU3BT HA JAHHUTE
MOKa3Ba, Y€ eMYJTHPAHETO MpoThYa B pekuM Ha KoIMOropoB Wid B peXUM Ha OTrpaHUYCHA
KOQJIECUEHLIMS, B 3aBUCHUMOCT OT ekcrepuMmeHTanHure yciosus. Emyncunte ¢ HFBII ca mHoro
CTaOWIHM — HE ce HaOJI0/IaBaT MPOMEHH B PA3IMpEACICHUETO Ha pa3Mepa Ha KANKUTE JOPU U CIiel
50 nau chxpanenue. Te3m emyncuu obave ca HeCTAOWIHU TpH pazObpKBaHE, T.e. KOraro ca
MOJJIOKEHU Ha Cps3BaIlld HAMpEeXeHUs. a3 HeCTaOWIHOCT MOXe Ja ObJe OTCTpaHEeHa dpes
MOKpPHUBaHE Ha KAIKUTE C BTOPU aJICOPOIIMOHEH CIOW OT JIPYT MPOTEUH, KaTo OeTa-1aKTOrIO0YIHH.
[ToBbpxHocTHUAT cnoit HFBII e B chcTosiHME 1a moTHCHE nponeca Ha OCTBaII0BO 3pEEHE U KOraTo
aucrneprupaHata ¢aza € Macio ChC 3HAayWTeNlHAa Pa3TBOPUMOCT BBB Bozara. CremoBaTelHo,
xuApoHOOMHBT MOXKE JIa C€ M3MOJ3Ba 3a CTA0MIN3UpaHe HA MUKPOKAIICYJIM OT appIOMH, apoMaTH,
OIIBETUTEIN WJIM KOHCEPBAHTH OJlarojjapeHre Ha IUTBTHUTE MYy aJCOPOLIMOHHH CIIOEBE, KOUTO
OJIOKHpAT TIPEHOCAa Ha MACIICHU MOJICKYJIH.

11. K.G. Marinova, K.T. Naydenova, E.S. Basheva, F. Bauer, J. Tropsch, J. Franke, “New
surfactant mixtures for fine foams with slowed drainage”, Colloids Surf. A 2017, 523, 54-61,
dx.doi.org/10.1016/j.colsurfa.2017.03.050

Abstract

We form and investigate foams stabilized by a triple surfactant mixture containing a nonionic alkyl
polyglucoside (APG) in addition to the combination of ionic sodium lauryl-dioxyethylene sulphate
(SLES) and zwitterionic cocamidopropyl betaine (CAPB) surfactants. APG improves the
surfactants compatibility at alkaline pH. The addition of a readily biodegradable chelating agent
methylglycinediacetic acid (MGDA) in the mixture contributes further for the excellent
performance even in very hard water. Foam properties are analyzed and compared to those of the
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single components and to the binary mixture without APG. Foam drainage is successfully
controlled by introducing additives suitable for the alkaline conditions: fatty alcohol and/or
hydrophobically modified starch. Systematic model experiments are performed to characterize the
surface tension and dilatational rheology, and thin films drainage. Slowed foam and thin films
drainage is confirmed to correlate with the increased surface visco-elasticity in the presence of fatty
alcohols. Temperature impact on the surface properties is used for fine tuning of the foam drainage.

Pesrome

OOpasyBaHu U W3CNEABaHM ca MEHU, CTAOMIM3UPAHU OT TPOHWHA CMEC Ha MOBBPXHOCTHO-aKTUBHU
BEILIECTBA, ChIbpPiKaIlla HeWOHEH aikui noiaurioko3ua (APG) B pombiaHeHHE KbM KOMOMHAIMSATA
OT WOHEH HaTpueB Jaypui-auokcueTwineH cyidar (SLES) u uBureproHeH KOKaMUIOIPOIHIT
6eraun (CAPB). APG momo0OpsiBa CbBMECTHMOCTTa Ha NOBBPXHOCTHO-aKTHBHHUTE BEIECTBA MPHU
ankanHo pH. JloGaBsiHeTO Ha CWJIHO OMOpa3rpaAvMHUsl XeJaThpall areHT METWITJIUIMHANOIETHA
kucennHa (MGDA) B cmecTa IOIBJIHUTENIHO JTONIPHUHACS 32 OTJIMYHUTE IMEHUTEITHU CBOMCTBA JI0PHU
Y IIpU MHOTO TBBpAa Boja. CBoiicTBaTa Ha MsHATa Ce€ aHAJIM3UPAT U CPABHABAT C TE3U HA OTACTHUTE
KOMITOHEHTH M ¢ OuHapHara cmec 0e3 APG. M3TnyaHeTo HAa TEYHOCT OT MsSHATA CE€ KOHTPOJIUPA
yCHEUHO 4pe3 J00aBKH, MOIXOJSIIM 33 aJKAJIHU YCJIOBHS: MAacTE€H alIKOXOJ W/UIU XUAPOPOOHO
MoIuGUIMpaHO HUIecTe. VI3BbpIIEHHM ca CHUCTEeMAaTHYHH MOJICIIHM EKCHEPUMEHTH 32
oXapakTepu3HpaHe Ha MOBLPXHOCTHOTO HAIPEKEHUE, TOBbPXHOCTHATA PEOJIOTHUS, U U3THUAHETO Ha
THHKU NeHHU Quimu. [ToTBBpaeHO €, e 3a0aBeHOTO M3TUYAHE Ha MMsSHATA U HA THHKUTE (QUIMH
KOpeJipa ¢ MOBUIIIEHATa TOBbPXHOCTHA BUCKO-E€J1aCTUYHOCT B IPUCHCTBUETO Ha MACTHH aJIKOXOJIH.
BnusiHuero Ha TemmeparypaTa BbPXY NMOBBPXHOCTHUTE CBOWCTBA € HM3MOJI3BaHa 3a (PUH KOHTPOII
BBPXY U3THYAHETO HA TEUHOCTTA OT IIsSHATA.

12. G.M. Radulova, T.G. Slavova, P.A. Kralchevsky, E.S. Basheva, K.G. Marinova, K.D.
Danov, “Encapsulation of oils and fragrances by core-in-shell structures from silica
particles, polymers and surfactants: the brick-and-mortar concept”, Colloids Surf. A 2018,
559, 351-364, https://doi.org/10.1016/j.colsurfa.2018.09.079

Abstract

Colloidosomes provide a possibility to encapsulate oily substances in water in the form of core-in-
shell structures. In this study, we produced microcapsules with shell from colloidal particles, where
the interparticle openings are blocked by mixed layers from polymer and surfactant that prevent the
leakage of cargo molecules. In other words, the particles and polymer play the role of bricks and
mortar. For this goal, we used hydrophilic silica particles, which were partially hydrophobized by
the adsorption of potassium oleate to enable them to stabilize Pickering emulsions. Various
polymers were tested to select the most appropriate one. The procedure of encapsulation is simple
and includes single homogenization by ultrasound. The produced capsules are pH responsive. They
are stable in aqueous phase of pH in the range 3-6, but at pH > 6 they are destabilized and their
cargo is released. With the optimized formulation of silica particles, polymer, oleate and NaCl, we
were able to encapsulate various oils and fragrances, such as tetradecane, limonene, benzyl
salicylate and citronellol. All of them have a limited and not too high solubility in water. In contrast,
no stable microcapsules were obtained with oils that either have zero water solubility (mineral and
silicone oil) or higher water solubility (phenoxyethanol and benzyl alcohol). By analysis of results
from additional interfacial-tension and thin-film experiments, we concluded that a key factor for
obtaining stable capsules is the irreversible adsorption of the polymer at the oil/water interface. The
hydrophobization of the particles by surfactant adsorption (instead of silanization) plays an
important role for the pH responsiveness of the produced capsules. The obtained information about
the role of various factors for the stabilization of microcapsules, which are based on the brick-and-
mortar concept, can be further used to achieve better stability; selection of polymers that are
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appropriate for different classes of oils, as well as for the production of smaller capsules stabilized
by nanoparticles.

Pestome

Kononno3zoMute mpeacTaBsIT Bb3MOXKHOCT 32 KalCyJIMpaHe Ha MaclieHH BEIleCTBa BbB BOJA IOJ
¢dopmaTa Ha CTPYKTypH ,,Kalka B 4yepynka“. B ToBa m3ciezBaHe ce MOIy4aBaT MHUKPOKAICYIU C
OOBUBKA OT KOJIOMJIHU YaCTUIH, KbJIETO OTBOPUTE MEXAY YaCTULUTE ca OJOKMpPaHU OT CMECEHU
CJIOEBE OT IMOJUMEP U MOBBPXHOCTHO-aKTUBHO BEIIECTBO, KOMTO NPEAOTBPATABAT M3TUYAHETO HA
MOJIEKYJIM OT BbTpemHocTTa. C APYrM AyMH, YaCTULUTE U HNOJIMMEPBT UIPasiT PoIATa Ha ,,TyXJIU U
xopocaH™ B oOpa3yBaHaTa OOBUBKA. M3mom3BaHu ca XUAPODWIHH CUIMKATHH YACTHIM, KOUTO
YaCTUYHO ce XUApodoOu3upaT ype3 aacopOLus Ha KajlueB oJjear, 3a Ja Morar ga cTabuin3upar
[MukepunroBu emyiicun. TecTBaHU ca pa3IMYHU MOJKUMEPH, 3a Ja ce U30epe HAN-MOAXOISAIUAT OT
Tax. Ilpomenypara Ha KamncyiupaHe € CpaBHUTEIHO IIpOCTa M BKIIOYBA €JIHOKPATHO
XOMOT'€HU3HUpaHe upe3 ynrpas3ByK. [lomyyenure kancynu ca 4yBCTBUTEIHU KbM IpomsiHa Ha pH. Te
ca ctabuiHu BB BoJHa (aza ¢ pH B nuanaszona ot 3 1o 6, Ho npu pH > 6 ce necraGunusupar u
KaICyJIMpaHOTO BEIIECTBO ce ocBoOokaaBa. C onTuMu3upanara GpopMmya OT CHIIMKaTHH YaCTHUIIH,
nosumep, oneat U NaCl ycnemHo ce KarcyaupaT pa3iIMyHU Macjia U apoMaTH, KaTo TeTpajeKaH,
JUMOHEH, OSH3WJI CaUIMIAT U UUTPOHENO0]. BCHUKM Te MMaT orpaHuYeHa W HE TBBPJAE BHCOKA
pa3TBOPUMOCT BbB BoAa. He ce momydaBar cTaOMIHM MUKpPOKAICYJIM C Macila, KOUTO UMaT HyJeBa
Pa3TBOPUMOCT BBB BOJA (MHUHEPATHO W CHIMKOHOBO MAacCiiO) WJIM 3HAYUTENHA Pa3TBOPUMOCT BbHB
BoJa ((heHOKCHETaHON M OEH3WIOB ajaKoxoi). Upe3 aHaiu3 Ha pe3yiTaTUTEe OT AONBIHUTEIHU
EKCIEPUMEHTH ¢ MEXIy()a30BoO HANpeKeHHE U ¢ THHKH (HJIMHU € HalpaBeH U3BOJBT, Y€ KIIOYOB
(dakTop 3a IMoJlyyaBaHE Ha CTAOMJIHHM KalCyJdu € HeoOpaTumara aacopOlMs Ha I[oJMMepa Ha
rpaHinara Macio/Boga. XuapodoOusupaHeTo Ha CHWIMKATHUTE YacTHLM 4Ype3 afcopOnus Ha
MOBBPXHOCTHO-aKTUBHO BEIECTBO (BMECTO CHJIAHM3UpAHE) Wurpae BaxHa ponas 3a pH-
YyBCTBUTEITHOCTTa Ha TNOJy4deHuTe Karcynu. llomydenata mHopMarms 3a poisita Ha Pa3InIHU
(dakTopH 3a CTadMIM3NpaHe Ha MUKPOKATICYJIH, KOUTO C€ OCHOBaBAaT Ha KOHIICTIIIUATA 34 ,, TYXJIU U
XOopocaH”, MOke Ja ObJe H3MOJ3BaHa 3a IOCTUTaHE Ha Mo-700pa cTabWiHOCT, 3a U300p Ha
MOJIXOMSIIYM TIOIMMEPH 33 PA3IMYHMA KJIAacOBE Macja, KaKTO M 3a IMPOW3BOJACTBO Ha MO-MAJIKH
KarcyJii, CTaOMIM3upaHy ¢ HAHOYACTULIH.

13. V.I. Yavrukova, D.N. Shandurkov, K.G. Marinova, P.A. Kralchevsky, Y.W. Ung, “Cleaning
ability of mixed solutions of sulfonated fatty acid methyl esters”, J. Surfact. Deterg. 2020,
23, 617-627; doi: 10.1002/jsde.12393

Abstract

Here, we present results from a systematic study on cleaning of oily deposits from solid surfaces
(porcelain and stainless steel) by solutions of fatty acid sulfonated methyl esters (SME), sodium
salts. The zwitterionic dodecyldimethylamine oxide (DDAO) has been used as a cosurfactant. As
representatives of the vegetable and mineral oils, sunflower seed oil and light mineral oil have been
used. The process of oil drop detachment from the solid substrates (roll-up mechanism) has been
monitored. In the case of porcelain, excellent cleaning of oil is achieved by mixed solutions of SME
and DDAO. In the case of stainless steel, excellent cleaning (superior than that by linear
alkylbenzene sulfonate and sodium lauryl ether sulfate) is provided by binary and ternary mixtures
of SME, which may contain also DDAO. For the studied systems, the good cleaning correlates
neither with the oil/water interfacial tension, nor with the surfactant chainlength and headgroup
type. The data imply that governing factors might be the thickness and morphology of admicelle
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layers formed on the solid/water interface. The results indicate that the SME mixtures represent a
promising system for formulations in house-hold detergency, having in mind also other useful
properties of SME, such as biodegradability, skin compatibility, and hard water tolerance.

Pesrome

[IpencraBeHu ca pe3yaTaTH OT CUCTEMATUYHO MPOYYBAaHE 3a MOYMCTBAHE HA Ma3HHU OTJIAraHus OT
TBHPIM MOBBPXHOCTH (MOpLENaH ¥ HephXKIaeMa CTOMaHa) C pa3TBOPH HAa HATPUEBH COJIM Ha
cyndoHUpaHH  METHIOBH ecrepu Ha MactHu  kucenwmau  (SME).  LlBurepuoHHUSAT
nonenmwnagumeruiaamMud - okeunn (DDAOQO) e wu3mom3BaH kaTo ToMmoleH cbpdakTanT. Karo
IIPEICTAaBUTENN HAa PACTUTEIHUTE U MUHEPAJIHUTE Macia ca U3MO0JI3BaHU CIBHYOIIIE0BO MACIO U
JeKo MUuHepaiHo Macio. HabirogaBaH e mpolechT Ha OTHAEISHE Ha MaclieHaTa Karnka OT TBbpPAUTE
noBbpxHocTH (roll-up mMexanussm). B ciydaii Ha mopiienaH, OTIMYHO TOYMCTBAHE HA MAcjOTO Ce
noctura 4ype3 cMeceHu pazrsopu Ha SME u DDAO. B cnyyaili Ha HEpbKIaemMa CTOMaHa, OTJIIMYHO
MOYUCTBaHEe (MO-100pO OT TOBa C JHMHEEH alKWiIOeH3eH Cyn(oHAT W C HATPUEB JIAypWI €Tep
cyndar) ce ocurypsiBa OT JIBOWHHM M TpoiHU cMecu oT SME, KouTto MoraTt ma ChIbpKaT ChIIO
DDAO. 3a u3cnenBaHuTe CHUCTEMH JOOPOTO MOYKMCTBAHE HE KOpelHpa HUTO ¢ MexAy(]ha3oBoTo
HampeKeHue Macjo/BojJa, HUTO C IbJDKMHATA Ha BepUraTa Ha MOBbPXHOCTHO-aKTUBHUTE BEIIECTBA
U TUMNa Ha xuapoduiHarta riaBa. JlaHHWTE mpeamnoiaraT, ye BoJemuTe (akTopu mMorar aa obaar
nebenuHaTta 1 MOpGOJIOTHUATA HA aIMUIICIIHUTE ClI0eBe, 00pa3yBaHU BbPXY I'paHHUIIATa HA TBbpAATa
MOBBPXHOCT € BOJHHUS pa3TBop. Pesynratute mnoxassar, ue cMmecute Ha SME mnpesncrasisBar
oOemraBaiia cuctema 3a GOpMyIHPOBKU B TOMAKUHCKU MTOYMCTBAIIM MpEnapaTu, KaTo ce OT4eTar u
apyrute moyie3Hu cBoiictBa Ha SME (Omopas3rpaauMoct, ChbBMECTHMOCT C KOXKaTa U YCTOMYMBOCT
Ha TBBpPJA BOJA).

14. 1. Bacheva, R. Stanimirova, K. Marinova, “Development of specialized prebiotic shampoo
for normal to oily hair”, 31st IFSCC Congress, Cancun, 2021.

Abstract

Background: Shampoos for oily hair generally contain strong primary surfactants and do not
contain hair conditioners. We formulate a shampoo with inulin, a natural prebiotic, as an active
substance to calm the scalp. In addition, we compare formulations with sodium laureth sulfate
(SLES) surfactant to such with disodium laureth sulfosuccinate or with sodium cocoyl glutamate
instead.

Methods: We characterize the formulations rheology, foaming and stability. Compositions with
optimal rheology and foaminess were obtained by varying the surfactant concentration, salt and
polymer thickeners. Commercial samples were used for comparison.

Results: A sulfate-free prebiotic shampoo is formulated with the anionic surfactant disodium
laureth sulfosuccinate. The viscosity of the product is regulated with two types of salt — magnesium
and sodium chloride, and the addition of polymer Trimethylolpropane Trioleate and Laureth-2.
Characteristic viscosity peak was observed upon salt variation similarly to observations with SLES
formulations.

Conclusion: A prebiotic shampoo has been developed which shows comparable results for
viscosity and foaminess to products on the market. The active ingredients that are used are inulin,
salicylic and hyaluronic acid. They regulate the microflora on the surface of the skin and slow down
the processes of self-secretion from the sebaceous glands. These active ingredients formulated with
sulfate free composition would bring satisfaction and self-confidence to the consumers.

Pesrome
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Ob0ocnoBka: IllamnoanuTe 3a Ma3Ha Koca OOWKHOBEHO ChIbp)KAT CHJIHM I'bPBUYHU
MOBBPXHOCTHO-aKTUBHH BEIIECTBA U HE ChIBpXKAT Oancamu 3a koca. Hue ¢popmynupame mammnoan
C MHYJIMH, €CTECTBEH NMPeOMOTHK, KaTO aKTUBHO BEILIECTBO 32 yCIIOKOsBaHE Ha ckaima. OCBEeH TOBa,
CpaBHSBaME CBHCTaBH C IMOBBPXHOCTHO-aKTHBHO BEIIECTBO HatpueB jayper cyidar (SLES) c
TaKWBa C JMHATPUEB JIaypeT CyJI()OCYKIMHAT WIH C HATPUEB KOKOWJI TIIyTaMar.

Metoau: Oxapakrepusupanu ca (OpMyIHUPOBKUTE KAaTO PEOJOTHYHU CBOMCTBA, MEHIUBOCT, W
ctabunHocT. ChCTaBUTE C ONTUMAHA PEOJIOTHMsSI U NEHJIMBOCT Ca IOJYyYEHU 4Ype3 IpoMsiHA Ha
KOHIEHTPALMsATa HAa MOBBPXHOCTHO-aKTUBHO BELIECTBO, COJI U IMOJMMEPHH CrbCTUTENH. 3a
CpaBHEHHE Ca M3MOJI3BaHH THPrOBCKU MpoOu.

Pesyararu: [IpeObuornyen mammnoan 6e3 cyndata € GopMyaHpaH ¢ aHUOHHOTO MOBBPXHOCTHO-
AKTUBHO BEIIECTBO JIMHATPUEB JIaypeT Ccyl(oCcyKIuHaT. BUCKO3UTETHT HA MPOAYKTa CE PETyHpa C
JBa BHJA COJl — MAarHe3WeB M HATPUEB XJIOPUA, U N00aBSHE Ha TOJIMMEP TPHUMETHIIOIIPOIIaH
TpuoJsieaT W Jlayper-2. XapakTepeH MUK Ha BHCKO3MTETa ce HalJltoJaBa MpH MPOMsHA Ha COJITa,
mogo0HO Ha HabmoaeHusTa ¢ popmynupoBku Ha SLES.

3akiawuenue: Pa3paboreH e mpeOMOTHYEH MIAMIIOAH, KOHWTO TMOKa3Ba CPaBHUMH pE3yITaTH 3a
BHUCKO3UTET UM IMEHJIMBOCT C MPOIYKTH HA Ma3zapa. AKTUBHHTE CHhCTaBKH, KOMTO C€ H3II0JI3BAT ca
WHYIIMH, CAJWIMIOBA W XUATYpPOHOBA KHcenuHa. Te perymupar MUKpodIiopara Ha KoKara H
3a0aBAT MPOIECUTE Ha OTAEISHE OT MAaCTHUTE *kJie3H. Te3u aKTUBHHU ChCTaBKU, (POPMYIUPAHU ChC
cberaB 0e3 cyndaTu, Ouxa JOHECIH YIOBIECTBOPEHUE H CAMOYYBCTBUE HA IOTPEOUTEIIHTE.

15. K.D. Danov, K.G. Marinova, G.M. Radulova, M.T. Georgiev, “Analytical modeling of
micelle growth. 5. Molecular thermodynamics of micelles from zwitterionic surfactants”, J.
Colloid Interface Sci. 2022, 627, 469-482, https://doi.org/10.1016/j.jcis.2022.07.087

Abstract

Hypothesis: The critical micelle concentration, aggregation number, shape and length of
spherocylindrical micelles in solutions of zwitterionic surfactants can be predicted by knowing the
molecular parameters and surfactant concentrations. This can be achieved by upgrading the
quantitative molecular thermodynamic model with expressions for the electrostatic interaction
energy between the zwitterionic dipoles and micellar hydrophobic cores of spherical and cylindrical
shapes.

Theory: The correct prediction of the mean micellar aggregation numbers requires precise
calculations of the free energy per molecule in the micelles. New analytical expressions for the
dipole electrostatic interaction energy are derived based on the exact solutions of the electrostatic
problem for a single charge close to a boundary of spherical and cylindrical dielectric media. The
obtained general theory is valid for arbitrary ratios between dielectric constants, radii of spheres and
cylinders, positions, and orientations of dipoles.

Findings: The detailed numerical results show quantitatively the effects of the micelle curvature and
dielectric properties of the continuum media on the decrease of the dipole electrostatic interaction
energy. Excellent agreement was achieved between the theoretical predictions and experimental
data for the critical micelle concentration, size and aggregation number of zwitterionic surfactant
micelles. This study can be extended to mixed micelles of zwitterionic and ionic surfactants in the
presence of salt to interpret and predict the synergistic effect on the rheology of solutions.

Pesrome

Xwunore3a: KputnyHata KOHLEHTpAIMsI Ha MULIEI000pa3yBaHe, arperalfioOHHOTO YKcio, (opmaTa u
IbJDKAHATa Ha CEepo-UWIMHAPUYHUTE MULEIM B Pa3sTBOPH HAa LBUTEPUOHHU IMOBBPXHOCTHO-
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aKTHUBHM BelecTBa MoraT jga ObJaT MpeacKa3aHM, ako Ce IMO3HaBaT MOJEKYJIHHMTE MapamMeTpH U
KOHIIEHTPAalUATa Ha IOBBPXHOCTHO-aKTHMBHO BEIIECTBO. TOBa MOXE Ja C€ IIOCTUTHE upe3
HaArpa)x<aHe Ha KOJUYECTBEHHUS MOJIEKYJISIPEH TEPMOIMHAMUYEH MOJICN C M3Pa3u 3a EHEPrusiTa Ha
eNIEKTPOCTATUYHOTO B3aUMOJACHCTBHE MEXIY IBUTCPHOHHHUTE IHUIIONH M XHIPOPOOHHUTE siapa Ha
MHUIIENTUTE ChC chepuyHa U MUINHIpUYHA hopMma.

TeOpI/Iﬂi TouHoTO MOZCIMPAHE HA CPCAHUTC arp€raliliOHHU 4YrCJia U3WMCKBA IMMPCUU3HU N3YKUCICHUA
Ha CBO6OI[HaTa CHCpIrrud Ha MOJICKYJIa B MHUICIIMTC. W3BedgeHu ca HOBM aHAJUTHYHHU H3pasu 3a
CHECprusaTa Ha JUIIOJHOTO CJICKTPOCTAaTUYHO B3aHMO,Z[CI>'ICTBPIe gp€3 TOYHO PpPEIICHE Ha
CJICKTpOCTaTUYHATa 3aJdada 3a CIAWHHUYCH 3apsan 01130 A0 TIpaHullaTa Ha C(i)epI/I‘IHa n Ha
OUWIMHAPUYIHA OUCIICKTpUYHA Cpeaa. HonyquaTa o61ua TEOpHdA € BajldAHA 3a IIPOU3BOJIHH
CHbOTHOLICHUA MCKIAY HAUCICKTPUYHU KOHCTAHTH, paaguyCH Ha C(bepn U HWIMHAPH, MNO3ULOUN U
OpUCHTAUMN HAa OAUIIOJIH.

[Moctmwxkenus: YucieHuTe pe3yiTatd TOKa3BaT KOJUYECTBEHO €(EeKTUTe OT KpUBHMHATA Ha
MULEINTE U OT JAMETCKTPUYHUTE CBOMCTBA Ha cpelaTra BbpPXY HaMallIBAaHETO HA €HEprusAra Ha
JUTIOJIHO ~ €JIEKTPOCTATUYHOTO B3aumojeicTBue. [locTUrHATO € OTJIMYHO ChIVIACHE MEXKIY
TEOPETUYHUTE MpEeACKa3aHUs M EKCIEPUMEHTATHUTE MaHHU 3a KPUTUYHATA KOHIICHTpAlus Ha
MmulenoOpasyBaHe, 3a pa3Mepa M 3a arperaloHHOTO YHCJIO Ha MHUIETHd OT LBUTEPUOHHU
MOBBPXHOCTHO-aKTUBHHM BEIECTBA. ToBa H3ClIeABaHE MOXe Ja ObjJe pPa3MIHUPEHO 33 CMECEHH
MHUIIEJIA OT [[BUTEPUOHHU M MOHHM MOBBPXHOCTHO-aKTHBHU BEILECTBA B MPUCHCTBUETO HA COJ, 3a
Jla ce UHTEPIIPETHPA U MPEACKAKE CHHEPTUYHUAT e(PEKT BbPXY PEOJIOTHITA HAa Pa3TBOPUTE.

16. T.N. Stancheva, M.T. Georgiev, G.M. Radulova, K.D. Danov, K.G. Marinova, “Rheology
of Saturated Micellar Networks: Wormlike Micellar Solutions vs. Bicontinuous Micellar
Phases”, Colloids Surf. A 2022, 625, 129927; doi: 10.1016/j.colsurfa.2022.129927

Abstract

The subject of this work is to investigate the rheological behavior of mixed micellar solutions
(sodium laurylethersulfate and cocamidopropyl betaine) in the presence of Mg?* divalent
counterions. With the rise of salt concentration, the viscosity of micellar solutions increases to a
high maximum followed by a steep decrease because of the initial growth and entanglement of
wormlike micelles and a subsequent transition to branched micelles forming of a saturated micellar
network. The proposed systematic rheological measurements show considerable variations in the
rheological responses of the solutions when increasing the salt concentration. Rheological behavior
and data are used to distinguish the micellar phases and to study the relation to micellar structures.
The wormlike micellar solutions have a typical shear thinning behavior with a well-defined zero-
shear viscosity, no, described by the Cates reptation-reaction model or the augmented Maxwell
model. Our data show that the power law dependence of 7o on the surfactant concentration is
stronger than that reported in the literature and it is influenced of the added electrolytes. The
branched micellar structures are characterized by the lower viscosities and larger elasticities, which
follow the Maxwell model up to the intermediate values of the frequency of oscillations, however
peculiar deviations from the Cole-Cole plot at large frequencies are detected. The isolated
bicontinuous micellar phases are Newtonian fluids with viscosity 0.4-0.7 Pa.s independent on the
salt concentration up to high shear rates. The threshold salt concentration ensuring the onset of the
bicontinuous micellar phase is described by a simple empirical rule. These phases are characterized
by large elasticities and not negligible yield stresses. The property of the bicontinuous micellar
phases to form spontaneously oil-in-water nanoemulsions could find applications in drug delivery,
extraction and separation processes, pharmaceutics production, etc.

Pesrome
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Hacrosimarta paboTa npeactapsi u3cieBaHe Ha PEOJIOTHYHOTO MOBEJCHUE HA CMECEHU MUIICIIApHH
pasTBopH (OT HATpHEB JaypHi eTep cynhaT U KOKAMUIONPONMI GETanH) B IPUCHCTBHETO Ha Mg?*
JBYBAJICHTHU MPOTHBOHOHU. C TOBHINABAHETO HA KOHIICHTpAIMSITA HA COJTA, BUCKO3UTETHT Ha
MHUILETapHUTE Pa3TBOPHU C€ yBeIMUYaBa TOCTUTalKyi BUCOK MaKCUMYM, TOCJE/IBaH OT PSA3BK CMajl Ha
BHCKO3HTETa, KOETO ce OOSICHSIBA C pacTeka M MPEIUIMTAHETO Ha HUIIKOBUIHU MUIIENH, TTOCIIEBAII
MpexoJ KbM Pa3KJIOHEHW MUIEIM U oOpa3yBaHE Ha HacUTeHa MHIlenapHa Mpexa. [IpoBenenute
CUCTEMATHYHU PEOJIOTUYHH W3MEPBaHUS TIOKAa3BAaT 3HAYMUTEIHH PA3JINKd B PEOJOTUYHHUTE
XapaKTepUCTUKU HAa PA3TBOPUTE IMPHU YBEIMYaBaHE HA KOHLIEHTpalUMATa Ha coyl. PeolorunyHoro
MOBEJICHUE W JIaHHHU C€ M3IOJ3BaT 3a pasrpaHHyaBaHe HAa MHLEIapHHUTE (a3u M 3a U3CJeBaHEe Ha
Bpb3KaTa C MHUIEIAPHUTE CTPYKTYpH. Pa3TBopuTe ¢ HUIIKOBHIHM MHULEIHM HMMAT TUIUYHO
noBezicHue Ha wu3ThHsABaHe (Shear thinning) c¢ nobpe neduuupan BUCKO3UTET TpU HyJeBa
nedopmarnusi, 7o, KOeTo ce ommucBa a00pe or Mmoxena Ha Keiltc m or pasmmpeHuss Mojena Ha
Makcyen. HamuTe naHHM TOKa3BaT, Y€ CTETNICHHATa 3aBUCHUMOCT HA 70 OT KOHIIEHTpAalUsATa Ha
MOBBPXHOCTHO-aKTUBHOTO BEILIECTBO € IMO-CHJIHA OT M3BECTHATa B JHMTepaTypaTa W ce BIUsie OT
N00aBEHUTE EJICKTPONHUTU. Pa3KIOHEHUTE MHUIICTAPHU CTPYKTYPH CE€ XapaKTepU3UpaT C MO-HUCHK
BHUCKO3UTET W TMO-TOJIsIMA €JIacTUYHOCT, KOMTO CjelBaT Mojela Ha Makcyen 10 MEXIUHHHUTE
CTOWHOCTH Ha Ye€CTOTaTa Ha OCIMJIAINK, HO CE MOSBSABAT CHEIU(PUIHA OTKIOHEHUS OT rpadukara
Ha Koyn-Koyn mnpu ronzemu uecroru. M3onmupanure OUKOHTHHYalIHM MHUIeNapHu ¢a3u ca
HIOTOHOBU Te4yHOcTU ¢ BuUcko3uter 0,4—0,7 Pa.s, HE3aBUCHMMO OT KOHIICHTpAlUsSTa Ha COJTa.
[IparoBaTa KOHIIEHTpAIMsl Ha COJI, OCUTYpsBalla MosBaTa Ha OMKOHTHHyaJIHAaTa MuLelapHa (asa,
ce OIMHMCBA C MPOCTO EMIUPUYHO MpaBUiIo. Te3u (a3u ce xapakTepusupar ¢ rojsiMa elacTUIHOCT U
HenpeHeOpeKUM IparoB cTpec Ha npotuyaHe. CBONCTBOTO HA OMKOHTUHYAJIIHUTE MULIETapHU (a3u
na oOpa3yBaT CIIOHTAaHHO HAHOEMYJICHMHM Maclio BBB BOJA MOXE Ja HAMEpPU NPHIIOKEHUE B
MPOLIECUTE Ha JAOCTaBsSHE Ha JIEKApCTBa, EKCTPAKIUS U pa3feliaHe, papMaleBTUYHO POU3BOJICTBO

U Jp.

17. B. Uzunova, M.G. Bogdanov, G.M. Radulova, K. Marinova, “Black Soldier Larvae Qil in
cosmetic emulsions”, 32nd IFSCC Congress, London, 2022.

Abstract

Black soldier fly larvae oil (BSFLO) is rich in lauric acid, and its fatty acid profile is similar to that
of palm kernel oil and coconut oil. Therefore, it can be considered an alternative to these vegetable
oils. More than 80% of world palm oil yields come from Malaysia and Indonesia, which has caused
severe deforestation of equatorial and tropical rainforests. BSFLO is produced by pressing and
drying the larval phase of the life cycle of the Hermetia illucens (Black soldier fly) of the family
Stratiomyidae. Fly larvae feed on biological waste, which they successfully process, so ecologically
clean circular oil production is realized. Few attempts have been made to use insect oil to produce
value-added products. Fats and oils are commonly used in cosmetics, which are a major component
of skin care creams.

Our work aims at presenting exemplary formulations of a cosmetic product hand cream, containing
purified black soldier fly larvae oil. We successfully applied a purification procedure consisting of
five stages (degumming, dehumidification, neutralization, bleaching, and deodorization) for BSFLO
to obtain a lighter and clearer oil suitable for inclusion in cosmetic products. NMR characterization
of the oil before and after the purification showed no change in the fatty acid profile. Cosmetic
cream formulations were prepared with purified and non-purified oil, and their properties were
compared to formulations with palm kernel or coconut oil. Good quality products with purified
BSFLO were obtained, resembling those with palm kernel or coconut oil.

Pesrome
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Macnoro ot napBu Ha yepHa myxa BoiHUK (BSFLO) e 6oraro Ha naypuHOBa KUCETMHA U MacTHO-
KHUCEIMHHUAT My Ipo(UI € MoA00eH Ha TO3U Ha MACJIOTO OT MaJMOBHU KU U KOKOCOBOTO MaciIo.
CrnenoBaTeHO MOJXKE Jla CE CUMTa 3a ajlTepHaTHBa Ha Te3U pacTuTesnHu Mmacia. [loseue ot 80% ot
CBETOBHHUTE J00OMBM Ha MAJIMOBO Maciio uasarT oT Mamnaiizus u MH1oHe3us, KoeTo € MpUYNHUIIO
CepuO3HO o0e3iecsBaHe Ha eKBaTopuanHuTe U Tponmdeckute ropu. BSFLO ce mpousBexna upes
IpecoBaHe M M3CylIaBaHe Ha JiapBu oT Hermetia illucens (uepHa Myxa BOWHHK) OT CEMEHCTBO
Stratiomyidae. JlapBute Ha MyXxuTe c€ XpaHAT C OHOJOTHMYHH OTMAIbLM, KOUTO YCIICUIHO
pepadoTBat, Taka 4ye ce pealu3upa eKOJIOIHYHO YUCTO KPbroBO MPOU3BOJACTBO Ha Macio. [IpaBenn
ca MaJIKO ONUTH J]a CE€ M3I0JI3Ba MACJIO OT HACEKOMH 3a MPOM3BOJCTBO HA MPOAYKTU C A0OaBEeHA
CTOMHOCT. Ma3HUHHTE U MacjaTa ce U3I0JI3BaT YeCTO B KO3METHUKATA, KOATO € OCHOBEH KOMIIOHEHT
Ha KPEMOBETE 3a IprKa 3a Koxkara.

Hacrosimmara pabora uma 3a el Ja u3cieaBa NpuMepHA (HOPMYITHPOBKH Ha KO3METHUYCH MPOIAYKT
KpeM 3a pbhIle, ChABPIKAI MPEYNCTEHO MACIO OT JIApBU Ha 4YepHa Myxa BOWHHK. Pa3paboreHa e
mpoueaypa 3a MpPeYHCTBaHe, ChCTOANIA CE€ OT IeT eTama (JAerymupaHe, 0Oe3BJIaKHSBAHE,
HeyTpanu3aius, u3bensane u nesonopupane) 3a BSFLO, 3a na ce nmomyuyu mno-jieko u mo-oucTpo
MacJIo, MOAXO/IAIIO 32 BKIIOYBAHE B KO3METHYHHU MPOayKTH. SIMP xapakrepusupaHeTo Ha MacjioTo
MpeIn U CIie] MPEeYNCTBAHETO HE MOKa3Ba MpOMsHA B Mpoduiia Ha MacTHUTE KucenuHu. ChCTaBUTE
Ha KO3METHYHU KPEMOBE CE€ IPHUIOTBAT C IMPEUYHUCTEHO M C HENPEYUCTCHO MAaCjiO0, W TEXHHUTE
CBOICTBaA ca CpaBHEHH ¢ ()OPMYJIMPOBKH C MAIMOBO UM KOKOCOBO Macio. [TomydeHu ca mpoayKTu
¢ npeunctenoto BSFLO ¢ 106po kadecTBO, KOUTO MHOTO HArmo00s/BaT aHAJIOTMYHHUTE C TTAJIMOBO
WA KOKOCOBO MAacJIo.

18. M. Georgiev, B. Konstantinov, K. Marinova, J. Petkov, K. Danov, “Investigation of
Cationic Surfactants Adsorption Behaviour on Silicon Wafers using Imaging Ellipsometry”,
J. Technical Univ. Gabrovo 2023, 66, 38-42.

Abstract

The research paper explores the adsorption properties of cationic surfactants on silicon wafers
through imaging ellipsometry. The objective of this research is to shed light on the layer structures
formed by cationic surfactants, specifically those based on dimethyl ammonium chloride, on silicon
wafers. The study involved the deposition of three distinct cationic surfactants on the wafer's
surface, followed by the measurement of the adsorption layers formed. The findings reveal the
creation of thin, smooth, and irregular adsorption layers. Interestingly, no correlation was found
between the thickness of the adsorption layer and the surfactant tail's chain length. The research
underlines the significant role which the imaging ellipsometry can have for studying surfactants'
adsorption properties on surfaces, contributing to their optimal usage in various fields.

Pesrome

Cratusita npeacTaBsi U3cieABaHE Ha aJICOPOIMOHHUTE CBOMCTBA HAa KaTHOHHU MOBBPXHOCTHO-
aKTHUBHHM BEIIECTBA BBPXY CHJIMIMEBH MOBBPXHOCTH upe3 oOpa3Ha enuncomerpus. Llenra Ha
W3CNIEIBAHETO € Ja CE€ OXapaKTepu3upaT CIOECTHTE CTPYKTYpH, OOpa3yBaHM OT KaTUOHHH
MOBBbPXHOCTHO-aKTUBHH BEILIECTBA, MO-CIELUAIHO TE3W Ha 0a3aTa Ha ITUMETHIAMOHHUEB XJIOPUI,
BbPXY CHJIMIIMEBH TMOBBPXHOCTU. V3cienBaHO € OTJaraHeTo Ha TPU paA3IUYHU KATHOHHH
MOBBbPXHOCTHO-aKTUBHH BemiecTBa. HaOnromaBanu ca THHKM W TJIAJAKU Karto jAe0elnHa U ¢
HempaBwiHa (Qopma ajcopOLMOHHHM cioeBe. M3HeHanBalo He ce OTKpHBa KOpelanus MEXIY
neGenuHaTa Ha aJCOPOLIMOHHUS CIOW M JIBJDKMHATA HA BEpUraTta Ha MOBBPXHOCTHO-aKTUBHOTO
BelIeCTBO. [3cinenBaHeTro mojayepraBa 3HAUMTEIHATAa PO, KOSTO MOXE Ja KMMa oOpa3Hara
CJIMTICOMETPUSl 332 H3yYaBaHE Ha aJCOPOLMOHHUTE CBOMCTBA HAa MOBBPXHOCTHO-aKTUBHHUTE
BEIIECTBA, JONPUHACSIHKY 32 ONTUMAIHOTO UM U3MOJI3BaHE B PA3IMYHU 00JIaCTH.
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19. K. Marinova, T. Slavova, R. Stanimirova, K. Danov, “Artificial skin characterization for
cleansing observation and quantification”, 33rd IFSCC Congress, Barcelona, 2023.

Abstract

Systematic characterization of the oil and sebum removal processes from an artificial skin surface
allowing a detailed physico-chemical characterization of the cleansing mechanism and the
controlling parameters was performed. Contact angles determination of test liquids on the artificial
skin allowed for surface energy estimation and confirmation for the good resemblance of the human
skin surface properties. Direct observation of the soil removal in surfactant solutions of the anionic
sodium laureth sulfate (SLES), disodium laureth sulfosuccinate (DSLSS), and sodium cocoyl
glutamate (SCG), the cationic dodecyl trimethyl ammonium bromide (DTAB), and the nonionic
coco glucoside (CG) surfactants was performed with several model soils: dimethicone, castor oil,
and artificial sebum. The systematic comparison of the soil removal mechanism, mainly roll up for
dimethicone, and emulsification for the sebum, showed important differences for the different soils
which could be decisive for the final choice of ingredients in the cleansing formulation. The
artificial skin was successfully used to demonstrate the cleansing mechanism and to rank set of
anionic, cationic and nonionic surfactants in their cleansing efficiency for several basic soils.

Pesrome

[IpencraBeHo € cHCTEMATUYHO OXapaKTEepH3MpaHEe Ha IMPOLECHTE HAa OTCTPaHsABAaHE HAa Macjio U
ceOyM OT NOBBPXHOCT Ha H3KYCTBEHa KOXaTa, KOETO MO3BOJsBA AETAMIHO (U3UKO-XMMHUYHO
ONMCaHMe HAa MEXaHW3Ma Ha MOYHCTBAaHE W Ha KOHTpoiupammre ro ¢axtopu. OmpeneneHu ca
KOHTAKTHUTE BIVIM Ha TECTOBUTE TEYHOCTH BBPXY H3KYCTBEHAaTa KOXa M € HU34YHUCICHA
MOBBPXHOCTHATA EHEPIHsl, KOSATO € B J0OpO ChIJIACHE C JHUTEPATypHHU JaHHHU 32 TOBBPXHOCTHU
CBOWCTBa Ha 4YoBellkaTta koxka. IIpskoTo HaOitoJeHHE HAa OTCTPAHSIBAHETO Ha 3aMbpPCSABAaHUS B
pa3TBOpM Ha aHMOHHUTE TOBBPXHOCTHO-aKTUBHH BellleCcTBAa HATpHeB yayper cyndar (SLES),
nuHatpueB nayper cyindocyknuHat (DSLSS) u natpueB xoxoun riytamatr (SCG), KaTHOHHOTO
nonenna rpumeti amonueB opomua (DTAB), u HeifionHOTO KOKOCOB Titoko3u (CG) e mpoBeieHo
C HSAKOJKO MOJICIHU 3aMbpCSBAHUS: JUMETHKOH, PHUIIMHOBO MAaclio, W H3KYCTBEH CeOyM.
CpaBHEHHETO Ha MEXaHM3Ma 3a OTCTpaHsBAaHE Ha 3aMbpCsBaHMsA, TJaBHO roll up 3a AMMETUKOH U
eMyJrupane 3a ceOyM, MoKa3Ba CHIIECTBEHUTE PA3IIUKHU 33 PA3IMIHUTE 3aMbPCSIBAHIS, KOUTO OMxa
MOIJIM Jla ObJaT pellaBalld 3a OKOHYATEIHMA M300p Ha CBCTABKUTE B MOYUCTBALIUTE
dbopmynrpoBku. M3KycTBeHaTa KOXa YCIIENIHO € M3MOJI3BaHa 3a JIEMOHCTPUPAHE HA TIOYHCTBAIINS
MEXaHU3bM M 3a KiacuduuupaHe Ha HAOOp OT aHMOHHHM, KATHOHHU M HEHOHHU MOBBPXHOCTHO-
aKTHUBHHM BEIIECTBA CIIOPEN TSAXHATAa MOYUCTBAma EPEKTHBHOCT 3a H3CIEIABAHUTE OCHOBHHU
3aMbpPCSBaHUS.

20. V. Yavrukova, D. Kovacheva, K. Marinova, K. Danov, J. Petkov, “Wettability and
Morphology of Cationic Surfactant Layers in the Presence of Nonionic Surfactant on Solid
Surfaces”, MexayHapo/iHa HaydHa KOH(pEpEHIHs ,,MeXaTpOHHKa, €KO U €HEPTrOCIIeCTABAIIN
cucTeMH U TexHosiorun’, Ilmosaus, 2023.

Abstract

Cationic surfactants are frequently added to contemporary detergent products mainly to ensure the
antibacterial effect of the formulations and might improve the cleansing in some cases. Cationics
adsorb on the surfaces and remain adsorbed after rinsing thus ensuring long time antibacterial
effect. However, one might find some negative side effects as well — change in the appearance
and/or tribology. The latter might have quite a negative effect in industrial applications. The
purpose of this study is to compare the adsorption on solid surfaces of the cationic surfactants
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dioctyldimethyl ammonium chloride (2C8-DAC) alone and in a mixture with the nonionic
surfactant Tergitol 15-S-7. Adsorption layers formed from solutions of different concentrations
(from tenth times below and to hundredth times above the critical micellization concentration,
CMC) are characterized as wetting and morphology. Wetting by water droplets is characterized by
the contact angles: equilibrium, advancing and receding. Imaging ellipsometry is applied to provide
information about the morphology of the deposited layers. The obtained results convincingly
demonstrate the role of deposited surfactants for surface wetting, and the influence of the
concentration and type of surfactants on the formation of homogeneous layers of desired structure.

Pesrome

KaTtnoHHuTE NOBBPXHOCTHO-AKTUBHHU BEIIECTBA YECTO CE J00aBAT KbM ChbBPEMEHHUTE JIETEPIEeHTH,
TJIABHO 32 Jla OCUTYpSAT aHTHOaKTepHaaHus e()eKT Ha ChCTaBHTE, M B pEAMIA CIydyal MOTaT Ja
noo0pAT noyrcTBaHeTo. KaTnoHHUTE BeliecTBa ce acopOupar BbpXy NOBbPXHOCTUTE U OCTaBaT
ajicopOMpaHy Clie]] U3IUIaKBaHe, KaTo M0 TO3M HAYMH OCUTYPSBAT IBJITOTPAacH aHTHOAKTEpUaIeH
epext. Ho morar na ce mposiBAT M HAKOM OTPHULATENIHM CTPAHUYHU €(PEKTH — IPOMsSIHA BBbB
BBHIIHUS BUJA W/wnu Tpubonorusara. IlociegHOTo MoXKe Ja uMMa J10cTa HeraTHBeH e(eKT B
UHAyCTpUAIHUTE INpuioxkeHus. Llenra Ha wm3cnenBaHeTo € Ja ce CpaBHU aAcopOLMsTa BBPXY
TBBPAM TOBBPXHOCTH Ha KATHOHHOTO MOBBPXHOCTHO-aKTUBHO BEUIECTBO JAMOKTHIIIMMETHII
amonueB xuopua (2C8-DAC) caMOCTOSITENIHO, ¥ B CMEC C HEHOHHOTO MOBBPXHOCTHO-aKTUBHO
BemectBo Tergitol 15-S-7. AncopOumonHHMTe ciioeBe, 0Opa3yBaHH OT pPa3TBOPH C PA3IUYHU
KOHIIEHTpauuu (OT JEeCeTKH IbTH MOA A0 CTOTHLIM IbTH HaJ KpUTHYHATa KOHLEHTpalus Ha
mutenoodpasysane, KKM), ca xapakrepusupanu KaTo OMOKpsiHe U Mopdosiorusi. OMOKPSIHETO OT
BOJIHM KaIlKM C€ XapaKTepu3upa C KOHTAKTHUTE BIVIM: PAaBHOBECEH, Ha HACThIIBaHE, U Ha
orcreBane. IlpunokeHa e oOpa3Ha eNMICOMETpUs 3a BU3yaIM3UpaHe Ha MopdoiorusTa Ha
OTJOXKeHUTe cioese. [lomyuenute pe3yntatu yOeIUTETHO JEMOHCTPUPAT POJISATAa HA OTJIOKEHHUTE
MOBBbPXHOCTHO-aKTUBHH BEIIECTBA 33 OMOKPSHETO Ha TOBBPXHOCTTa, M BIMSHUETO Ha
KOHIICHTpalMsATa W BHJAa Ha MOBHPXHOCTHO-aKTHBHHTE BEIIECTBA BBHPXYy 0Opa3yBaHETO Ha
XOMOTEHHH CJIOEBE C MPEANOYNUTaHA CTPYKTYpA.

IlaTeHTH ¥ 3asIBKH 32 NATE€HTH:

21. US Patent No. US 8,151,635 B2 “Methods and device for fast creation of fluid interfaces
and use of this device for determination of liquid-liquid and liquid-gas interfacial properties”
Inventors: lvanov, 1|.B., Marinova, K.G., Vulchev, V., Dimitrova, D.T., Danov, K.D.,
Denkov, N.D., Russev, S.R., Lyutov, L., Alexandrov, N.; Assignee: Kriss GmbH,
Hamburg; filed November 24, 2008; date of patent: Apr. 10, 2012.

Abstract

The invention proposes three new methods for the creation of a fresh surface in order to measure
the equilibrium and dynamic ST/IFT, realized by a single device. The other aim of the invention is a
device which not only allows implements new methods for interface formation but also allows
using the two known measurement techniques, ADSA and CPM.

Pestome

N300perenuneTo npejuiara Tpu HOBU METOJIa 3a Ch3/laBaHE Ha CBEXa MOBBPXHOCT C 1IeJT U3MEpPBaHe
Ha PaBHOBECHO M JWHAMUYHA TMOBBPXHOCTHO/MEXKIY()a30BO HAIMPEKEHUE, KOUTO Ca peaTu3upaHu
Ha €JHO YCTpOWCTBO (amaparypa). Jlpyrara 1eia Ha HM300pETEHHETO € YCTPOMCTBO (amapaTypa),
KOETO HE CaMmo TMO3BOJISIBA MPHUJIATAHETO Ha HOBUTE METOAM 3a 00pazyBaHEe Ha CBEXKa MOBBPXHOCT,
HO CBHIIO Taka I[O3BOJISIBA HU3IOJI3BAHETO M Ha JBET€ M3BECTHUM TEXHUKH 3a H3MEpBaHE Ha
MexaydazoBo Hampexkenune, ADSA (amanmm3 Ha kanka ¢ akcuanHa cumetpus) u CPM
(TeH3UOMETPHS C KaMWJIIPHO HAJIATAHE).
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22. US Patent App. 16/091,353, “Method for cleaning hard surfaces, and formulations useful for
said method” F Bauer, J Tropsch, J Franke, N Denkov, KG Marinova, KT Naydenova, filed
Apr. 10, 2017.

Abstract

Process for cleaning hard surfaces, characterized in that said process is carried out using a foam
based on a formulation comprising: (A) at least one complexing agent selected from the alkali metal
salts of aminocarboxylic acids and from alkali metal salts of citric acid, gluconic acid, tartaric acid
and lactic acid, (B) at least one non-ionic surfactant of general formula (1): (G)x-OR?, (C) at least
one anionic surfactant, (D) at least one zwitterionic surfactant, wherein: R* is selected from Cs -
Cis-alkyl, straight chain or branched, x is in the range of from 1.1 to 4, G selected from
monosaccharides with 4 to 6 carbon atoms.

Pesrome

Pa3paboTren e nHOBAaTHBEH IMPOLIEC 3a MOYUCTBAHE HAa TBHPJU MOBBPXHOCTH, XapaKTEpU3Upal] ce C
TOBa, Y€ CE M3BBPIIBA C MOMOLITA Ha IsHA Ha 0a3ara Ha (opMmyna, BKIOUBaIia: (A) Hai-Maiko
eIMH KOMIUIEKCOOOpasyBall areHT, u30paH OT COJIM Ha ajKajJHU METajll Ha aMUHOKapOOKCHIIHU
KHCEJIMHU ¥ OT COJIM Ha aJKaJHW METalli Ha JIMMOHEHA KHUCEIMHA, TIIFOKOHOBA KUCEIIMHA KUCEIHA,
BUHEHA KHUCEJIMHA U MiIeyHa KucenuHa; (B) nmoHe enqHo HEHOHHO MOBBPXHOCTHO-aKTUBHO BEILIECTBO
¢ obma popmyna (I): (G)x-OR?; (C) moHe e1HO aHHOHHO MOBBPXHOCTHO-AaKTHBHO BemiecTso; (D)
IOHE €HO IBUTEPHOHHO MOBLPXHOCTHO-AKTUBHO BellecTBO, kbaero: R! e ms3bpanma or Cs-Cis-
aJIKWJI, TIpaBa UM Pa3KJIOHEHA Bepura, X € B auamnaszona ot 1.1 10 4, G e u3bpaH OT MOHO3axapHuau
¢ 4 10 6 BBIVIEPOJIHA ATOMH.

Kra stan ka Digitally signed by

Krastanka Marinova
Date: 2024.08.23

Marinova ;121540300
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