Eleventh International Scientific Conference
KNOWLEDGE IN PRACTICE
16-18 December, 2016 Bansko, Bulgaria

SELECTION ON NONIONIC SURFACTANTS IN THE DECONTAMINATION
SOLUTION

Nikolai Padarev PhD
Vasil Levski NMU — V. Tarnovo, Republic of Bulgaria nikolai_padarev@abv.bg

Abstract: Limited opportunities for adequate and timely protection of the population and the infrastructure
required to increase the efficiency liquidation of consequences of chemical, radiological and biological agents.
This report stems from the increased requirements to the characteristics of solutions for decontamination in
terms of completeness of processing and environment protection. Surfactants are important component in
decontamination solutions to improve the wetting power. It is appropriate to search for alternatives other than
compositions containing surfactants. The surface activity of outdated solutions for special handling needs to be
studied since they are directly related to the performance properties.

The absence of qualitative and quantitative characteristics of the performance properties of
surfactants and detergent formulations for decontamination that could be used instead of basal detergent is a
scientific problem addressed in this report. Surface activity is a qualitative criterion of veterinary and wetting
ability of solutions for decontamination which is directly related to temperature variables.

The report includes research on surface activity of various formulations containing surfactants in
order to achieve good wetting action of the solutions for special processing. Following the survey by graphical
differentiation of the concentration depends on the surface tension. We use the supplied software product
obtained values for surface activity of solutions for decontamination, which are the basis for qualitative and
quantitative evaluation of the wetting power. When choosing a surfactant a variety of other factors must be
considered. Studies conclude that specific surfactants need to be chosen for each specific site. According to the
results of a comparative study of surfactants that can be used to solubilize PCE, some of them proved to be more
efficient than others. Surfactants are typically used in conjunction with other surfactants and other products for
CBRN decontamination. Surfactants can be used to aid in the removal of a wide range of contaminants.
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Pe3rome: OrpaHuueHHTE BB3MOXKHOCTH 32 ajJCKBaTHA M CBOCBPEMCHHA 3all[UTa HA HACEJICHHETO W
nHppacTpyKkTypara HamaraT Ja ce MOBUIIM e(QEKTHBHOCTTA [0 JIMKBUAUPAHETO HA IOCIEICTBHATA OT
XUMHYCCKH, pa}:[I/IaHI/IOHHI/I u 6I/IOJ'IOFI/I‘IHI/I C'I)6I/ITI/I$[. AKTyaJ'IHOCTTa Ha OoKJiaga HpOI/I3TI/I‘Ia OT IIOBUILCHUTEC
M3MCKBAHUS KbM XapaKTEPUCTHKHUTE HA Pa3TBOPHUTE 3a CIEIUAIHA 00pabOTKa 0 OTHOIICHHE HAa MBJIHOTATa Ha
00paboTKaTa ¥ IIpH OMa3BaHETO HAa OKOJIHATA cpefa. [IoBbPXHOCTHO-aKTHUBHHTE BEIIECTBA Ca Ba)KEH KOMIIOHEHT
Ha JE3aKTHBHpAIIUTE, NEera3upaliuTe W Je3NH(EKIHpalTe pa3TBOPH 3a MOBHIIABaHE HA OMOKpSIATa UM
crocobHOCT. Ilenecho0pa3HO € THPCEHETO Ha aNTepHATHBH 3a W3ION3BAHETO W HA JIPYTH KOMITO3UIHH
CBHIBPXKAIU TIOBBPXHOCTHO-aKTUBHU BeIleCTBa. M3cneiBaHATa HA TIOBBPXHOCTHATA AKTHBHOCT Ha Pa3TBOPUTE
3a crenuanHa oOpa0oTKa ca aKTyadHH Mopaad (akTa, 4e ca IPSKO CBBP3aHU C CKCILIOATAIIMOHHUTE HM
CBOMCTBA.

.HI/Il'lCaTa Ha KAQUCCTBCHU U KOJIUYCCTBCHU XapaKTepI/ICTI/IKI/I 3a CKCIIIOATAIITUOHHUTEC CBOﬁCTBa Ha
MMOBBPXHOCTHO-aKTHBHY BEIIECTBA M JIETEPTEHTH B ChCTaBH 3a crenuanHa o0paboTka, KOUTo OMXa MOIJIH J1a ce
M3M0JI3BaT BMECTO 0a30B CHHTCTHYCH IPOMYKT € HaydeH MpoOJeM IMOCTaBeH 3a pellaBaHe 4pe3 JAOKIaja.
TToBBbPXHOCTHATA AKTUBHOCT € KAYSCTBEH M KOJIMYCTBEH KPUTEPHI 32 OMOKpSIIIATa CIIOCOOHOCT Ha Pa3TBOPUTE
3a crennanHa 00paboTKa U € TEMIepaTypHO 3aBHCHMAa BETMYMHA.

JIOKJ'Ia)Ia BKJIFOUBA U3CJICABAHUS B'l)pr l'lOB'prHOCTHaTa AKTHUBHOCT Ha pa3mxm1-m CbCTaBH, cun;pncaum
MMOBBPXHOCTHO-aKTHBHH BEIIECTBA C OIJIE] IIOCTHTaHE Ha JOOPO OMOKPAMIO JCHCTBHE Ha Pa3TBOPHUTE 3a
cnennanHa o0OpaboTka. BciencTBume OT NPOBENCHOTO U3CieABaHEe upe3 rpaduyHo audepeHIUupaHe Ha
KOHIICHTPAI[MOHHATA 3aBHCUMOCT Ha IMOBBPXHOCTHOTO HAIMPEKECHHE C IOMOIITa Ha TPWIOKEH COPTyepeH
MPOAYKT Ca TOJYYCHHW YHCICHH CTOMHOCTH 3a MOBBPXHOCTHATA aKTHBHOCT HAa pa3TBOPH 3a CIEHHATHA

451


mailto:nikolai_padarev@abv.bg
mailto:nikolai_padarev@abv.bg

Eleventh International Scientific Conference
KNOWLEDGE IN PRACTICE
16-18 December, 2016 Bansko, Bulgaria

00paboTKa, KOMTO ca OCHOBA 3a KayecTBEHAa M KOJIMYECTBEHA OLCHKA 3a OMOKpsLIaTa MM crocoOHocT. Ilpu
n300pa Ha TOBBPXHOCTHO AKTHUBHO BEIIECTBO TPSOBa Aa c€ OTYMTAT paszinudHu (akropu. OT mpoydBaHHUATA
KOHTO ca HallpaBeHH MOXKE Jia CE 3aKJII0UH, Ye OBBPXHOCTHO aKTHBHH BellecTBa TpsOBa aa Obaar n3dpaHu 3a
BCEKHM KOHKpPETEH 00EKT, KOHTO 11e ce 00padoTBa. 3a 1a ce HaMaJIsIT Bb3MOXKHUTE CEJICKINH, IPH CPaBHEHUE Ha
MIOBBPXHOCTHO aKTUBHHM BEI[ECTBA, KOMTO MOT'aT Jla C€ M3I0JI3BaT, MOXKeE Jia ce oadepar HIKOJIKO, KOUTO ca I0-
e(eKkTUBHM OT ApYrH. [IOBBPXHOCTHO aKTMBHUTE BEIIECTBA OOMKHOBEHO CE€ M3MOJI3BAT B KOMOMHALIUS C JPYTH
MOBBPXHOCTHO aKTHBHU BEIECTBA M BELIECTBA 3a JAeKOHTaMHHaNWs. [IOBBpXHOCTHO aKTHBHH BEILlECTBA MOTAT
Jla ce U3IOJI3BAT 3a NOANIOMAaraHe Mpy OTCTPAHABAHETO Ha MIMPOK CHEKTHP OT 3aMbPCUTEIH.

1. INTRODUCTION

Limited opportunities for adequate and timely protection of the population and the infrastructure
required to increase the efficiencyof liquidation of consequences of chemical, radiological and biological agents.
Surfactants are important component in decontamination solutions to improve their wetting power. It is
appropriate that other alternatives be found for the use of compositions containing surfactants.

2. MEASUREMENT METHODOLOGY AND RESEARCH OBJECT

The decontamination solutions, applicable to eliminate radioactive contamination, are mainly required to
have enough wettability for the processed surfaces. Surface activity is quantitative and qualitative criterion of
deactivation solution’s wettability and it is also a temperature dependent value. It has been defined by Gibbs’

absorption isotherm:
q=_C [0 (1)
RT\0C )4

where: a is surface adsorption concentration, mol/g; C— concentration of solution, mol/l; R— universal

gas constant, J/mol.K, R=8,3J/mol.K; A— surface of processed area, m*; g = [Z—gj - surface/ capillary/ activity.

. (0 . . 0 S
The quantity (%] can have a different sign. For surfactants (%) it is minus, hence for surfactants
A

a >0 the adsorption on the surface of the solution is positive.

To determine the surface activity of solutions for decontamination, we need to be familiar with the
graphical and analytical type of the relation between surface tension and concentration, which is the first stage
of the methodology. Analytically, the interdependence of surface tension and concentration can be formulated
by regression equations using a software “Wolfram mathematic”.[1, 2]

It is appropriate to use certain methods and trials for measuring surface tension in temperature
dependence. Measurements of surface tension o versus concentration C must be conducted a number of times
until we reach the point at which the increase in C does not change o at constant temperature. Measurements
of surface tension is conducted in a dynamic method. The temperature of the solution samples is regulated
indirectly by using heated water as coolant thermostat [1, 4].

The amounts of studied objects’ surface activity are defined with graphic differentiation of o = f(C)
correlation, applying computer platform [1, 4].

o

a

[ A
Fig. 1 Graphic chart defining surface activity of solutions.
Water solutions of surfactants are used for conducting deactivation. In the Bulgarian Army the

composition DV-2 is in use, it contains alkylphenolpolyglycol ethers, sodium threepolyphosphate and sodium
sulphate. The purpose of this study was to conduct comparative analysis between the wetting capability of water

452


http://en.wikipedia.org/wiki/Chlorhexidine#cite_note-BBC-8
http://en.wikipedia.org/wiki/Chlorhexidine#cite_note-BBC-8

Eleventh International Scientific Conference
KNOWLEDGE IN PRACTICE
16-18 December, 2016 Bansko, Bulgaria

L __________________________________________________________________________________________________________________________________________________________]
solutions containing DV-2 and water solutions of non-ionic surfactants which may be used for decontamination
in different temperature and concentration range.

Non-ionic surfactants have a lot of benefits and the preferred ones for decontamination [6, 7]. Their
adsorption to a negatively charged interphase water / air reduces load surface and film thickness, i.e., conditions
for electrostatic destabilization are created [8]. This requires their use with ionic surfactants, which allows more
precise control of the surface load and film stability. The selection of surfactants is of practical use in mixtures
as stabilizers of colloid-dispersed system. Environmentally speaking, surfactants must be biodegradable, non-
toxic, and insensitive to temperature, pH and water hardness. Non-ionic surfactants have no electric charge,
making them resistant to the use of hard water as a solvent. They are excellent removers of fats and could be
used in the formulation for decontamination. Synergy between anionic surfactants and non-ionic surfactants is
used in emulsifiers. The fact is that the hydrophilic properties improve with increasing temperature and worsen
with non-ionic surfactants, conducive to a considerable extent the temperature range in which the emulsifier acts
and remain constant. [9, 10].

3. RESULTS AND DISCUSSION

Objects of the research are water solutions DV-2 (alkylphenolpolyglycol ethers, sodium
threepolyphosphate and sodium sulphate), water solutions on Polyoxyethylene oleic acid ester (
CH,(CH,);—CH -CH, -CH =CH(CH,),C0O0), Diethanolamide of coconut oil acids (C,H i, NO,,

n=>5,7,9,111315), Ethoxylated (22EO) natural unsaturated alcohol C16-C18 (C12H,,(OCH,), OH ).

The research has been conducted in a concentration range from three non-ionic surfactants in same
concentration intervals (0 + 0,35 %). Figure 2 is a chart of example correlation showing results of dependence
o= f(c). Statistically processed data of correlations o = f(c) respectively for DV-2, Polyoxyethylene oleic
acid ester, Diethanolamide of coconut oil acids, Ethoxylated (22EO) natural unsaturated alcohol C16-C18 at (2),
(3) and (4) are given with regression equations in 20 °C temperature:

o =0,0728035-0,0240092C- 0,342106C?* +1,76384C° - 2,45455C" @)
o =0,0743255-0,202203C+1,02675C? - 3,60133C° + 4,56606C* ©)
o =0,0727516-0,249845C +1,95208C’ - 7,1351C° +8,97424C" ()

where: o - surface tension, N/m; C - concentration, %.
The coefficients of higher values at (3) and (4) are due to the sharp decrease in surface tension at low
concentrations.
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Fig. 2 Surface tension versus concentration of nonionic surfactants

The statistical treatment from the graphic interpretation shows that the surface tension of Diethanolamide of
coconut oil acids has the lowest values in the concentration range of 0.1% to 0.35%. Polyoxyethylene oleic acid
ester has no significant reduction of the surface tension in concentration range and more prolonged dissolution
in water as compared to other surfactants in this experiment. Ethoxylated (22EQ) natural unsaturated alcohol
C16-C18 reduces the surface tension 2,5 times more than Polyoxyethylene oleic acid ester at 0,1 % + 0,35 %
concentration interval. Polyoxyethylene oleic acid ester reduces surface tension 0,8 times than Ethoxylated
(22EO) natural unsaturated alcohol C16-C18.

Figure 3.3 shows the graphic example correlation showing results of dependence © ~ f©) on DV-2 and
Diethanolamide of coconut oil acids. It shows surface tension substances are similar in concentration range.
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Fig. 3 Surface tension versus concentration of DV-2 and Diethanolamide of coconut oil acids.

If you use a DV-2 in concentration range 0,1 % and 0,2 % respectively, may be replaced with
diethanolamine based fatty acids in concentration not less than 0.28%. Non-ionic surfactants are tested in a
concentration range of 0 to 0.35%. The values obtained for surface activity are: Polyethylene ester of oleic acid
(-8.3215), diethanolamine based fatty acids (-9.1274), ethoxylated unsaturated alcohols (-2.8606).
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Fig. 4 Function o= f(c) applicable to graphically determine the surface activity a) Polyoxyethylene
Oleic Acid Ester; b) Diethanolamide of Coconut Qil Acids; ¢) Ethoxylated (22EO) Natural Unsaturated Alcohol

CONCLUSION
By graphical differentiation of the concentration dependence of surface tension using the supplied software
product obtained numerical values for surface activity of decontamination solutions, which are the basis for
qualitative and quantitative evaluation of the wetting power.
1. It was found that for decontamination the most useful are aqueous solutions of detergents based on
sodium salts of alkyl derivatives (10 + 16 carbon atoms) benzenesulfonic acid with a concentration of
0,2% =+ 0,35%.The above stated empiric correlations of surface tension and concentration can be
applied after statistic processing of experimental results.
2. In solutions for special handling different substances may be used and compositions lowering surface
tension after a preliminary quantitative and qualitative assessment of their wetting ability%.
3. The proposed empirical correlations of surface tension concentration after statistical processing of the
experimental results are applicable to the conduct of special treatment
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