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Streszczenie

W artykule przedstawiono zdoléiozwilzania i podatn& na wchtanianie roztworéw podstawowych sktadnikow
srodkéw zwikzajacych i ich mieszanin przeznaczonych do gaszeniarpav lasow.

Praca naukowa finansowanaszedkéw na naukw latach 2007-2010 jako projekt badawczy rozwojowyner
R00-00046/03 ,Badania nad otrzymaniem ekologicznedmodegradowalnegosrodka zwikajacego,
zwigkszapcego skuteczrig akcji ratowniczo-gsniczych i podnosego bezpiecZstwo powszechne kraju”

przez Ministerstwo Nauki i Szkolnictwa \igzego.

Summary

This article describes the wetting power and aliegrbapacity for the basic components of the wgttigents
applied to fight forest fires. Scientific work finaially supported from funds reserved for sciemc2007-2010,
as a research and development project R00-O0046/Badania nad otrzymaniem ekologicznego,
biodegradowalnego srodka zwikajacego, zwgkszapcego skuteczréé akcji ratowniczo-ggniczych

i podnoszacego bezpiecZstwo powszechne kraju”.

Introduction

Forest fires plague Poland every year. They havamdtic environmental
consequences, such as deforestation and forestdsgibdation, and the prevention and
extinction of forest fires consume significant ficéal resources.

The employment of wetting agents is indispensdtteextinguishing peat-bog and

forests fires, which by their specificity multipgpeed of penetration of the burning material.
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Improved efficiency in extinguishing fires of hygtwobic materials may be available when
water is replaced with solutions of wetting ageMéetting agents are mixtures of various
components; water, surfactants (surface active tagersolvents, corrosion inhibitors,
preservatives, dyes, and others. Surface-activetautes are readily soluble in water and
lower surface tension value of water solutions.Saanixture boosts the wetting ability of
the solution on the surface of hydrophobic matekdhen added to water, those compounds
improve its fire extinguishing properties, and thugprove efficiency of rescue actions.
Increase of efficiency of fire fighting water sobn relies on obtaining better surface
absorptivity of solid inflammable material as wai on boost of speed of diffusing of fire
fighting medium for burning surfaces.

Wetting agents are assigned for extinguishing éfevood (forest) and peat-bogs,
cotton, coal and other smoldering and glowing fiegrfactants in these types of compounds
are selected on the basis of their ability to redsurface tension value in water solutions and
their ability to increase wetting.

In this respect, individual surface-active substandiffer significant in efficiency, and
suitable selection of substances is the basis @d goiality of wetting agents. Research shows
that liquids with high surface tension only slighthet inflammable materials and do not
penetrate to depth of slot, roughness of loose fdirdus materials. Interaction of two
different types of surfactants in agqueous solutian result in a synergistic enhancement of
their interfacial properties, such as surface tamsivetting and foaming.

Certainly these additions change physical progemif water solution and impact the
mechanism of extinguishing chemical compounds.rgxiishing solid inflammable materials
relies on the extinguishing agent cooling the exkdayers to lowest temperature from
temperature of giving off mobile and inflammabladtion. Increase of efficiency of fire-
fighting water wetting agent solution relies on abiment of better percolate to surface of
solid inflammable material, as well as on boostspéed of propagation across burning
surfaces. Solution penetrates to depth to whichn plater does not have access. Water with
surfactants penetrates capillary. It causes bobsapability to conducting heat by wetting
agent solution and thus improves fire extinguishprgperties and efficiency of rescue
actions. Research wettability and absorptivity @iioaic and non-ionic mixtures were

verified.
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Materials

The following commercial surfactants were usechia study:

1. Sulforokanol L-327 - fatty alcohol G,-C;5 ethoxy sodium sulphates, content of active
substance ca 28 %, product of PCC "Rokita” Poland

2. Alkilolobenzenosulfonian sodu -sodiumalkylbenzenesulfonate, content of active
substance 50,5 %yoduct of PCC "Rokita” Poland

3. Glucopon 225DK - alkylpolyglycoside of alcohol £C,0, content of active substance ca
70 %, product of Cognis Polska Sp. z 0.0. Poland

4. Sulfobursztynian N-5 -sodium salt of monoester of sulfosuccinic acid etibxylated
nonylphenol, content of active substance ca 30régyzct of ICSO ,,Chemical Production
sp. z 0.0” Poland

5. Rokanol RZ4P11 - ethoxylated and propoxylated saturated fatty altoGgs-Cso,
product of PCC "Rokita” Poland

6. Rokanol IT 7 - oxyethylenated synthetic fatty alcoholi3€;s product of PCC
"Rokita” Poland

7. Rokopol D 2002- polyoxypropylenediol, product of PCC "Rokita” |[Rod
Peat —product of ,Hollas” Pagk”

Description of research

The purpose of tests and search for new agentsongesvelop and implement the best
and most effective fire-fighting capabilities. Siesl were conducted to determine the
influence of the concentration and composition qlieous solutions of the mixtures of
surfactants on the wettability of peat and its abiaty. The correlation between the
adsorption of the surfactants solution at peatthadvetting time was also investigated.

The investigations covered physical-chemical prioge of individual surface-active
compounds and their mixtures in aqueous solutitre) often showing synergistic effects.
The commercial formulations used in this work beglém two surfactants types: non-ionic and
anionic. After determining properties of the indival compounds were analyzed binary
systems: non-ionic-anionic surfactants and mixtuth tree compounds (two non-ionic and
one anionic). Mixtures were prepared from surfastamhich revealed the best features.
The surface tension of the water was always magdttefore solution preparation.

After determining the surface tension, wettabiliyd absorptivity, solutions of the

individual surfactants were analyzed for the infloe of using solutions of mixtures of
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surfactants. In most practical applications, migtuof surfactants, rather than individual
surfactants, are used intentionally, or unavoidabtyne case of some commercial surfactants.
The behavior of the mixture is often different frahat of a single surfactant, and in some
cases synergetic effects are observed.

One method of decreasing the environmental impastidactants is to use mixtures
of known surfactants whose interfacial propertigbil@t synergism. Consequently, lower
quantities of surfactants are needed to achieveahee effect or performance for the mixture

with synergism than without synergism.

1. Surface tension measurements

These measurements were made at 20 °C with tensoie ET (Kriss, Germany)
under atmospheric pressure by Du-Nouy ring metfidee platinum ring was thoroughly
cleaned, and flame dried before each measureméet.nfeasurements were done in such
a way that the vertically hung ring was dipped itfte liquid to measure its surface tension.
It was then pulled out. The maximum force needepuib the ring through the interface was
then expressed as the surface tension. Measureofeihis surface tension of pure water and
acetone at 20 °C were performed to calibrate thsideneter and to check the cleanliness of
the glassware. In all cases, more than ten measuatemwvere carried out, and the standard
deviation did not exceed + 0.2 mN/m. The tempeeatueis controlled within £0.1 °C.
Aqueous solutions of various surfactants and tmextures with the weight ratios equal to 3:1
and 1:1were prepared in concentration 0.5%. The solutfonameasurement were freshly
prepared before each evaluation. The surface tensas measured for these solutions of

individually surfactants and as mixtures.

2. Wetting time

One of the measures of the properties of surfastesater solutions is time of peat
evaluations. Peat was subjected drying to obtairston@ content ~ 10%, moistness below
which underbrush is very flammable and is determatem condition for fires of forest.
Dried peat was put in metal bush which was cortstitsimultaneously element of appliance
compression, next was subjected press to defioligmne. In such a prepared material it was
put definite volume research wetting agent. Measerdg time was conducted from the
moment opened valve burette till the drop wettirgerd was tearing from wire cloth.

On account of occurrence large measuring erroesearch was employed peat of granulation
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<0,5 mm. The standard deviation of wetting time nad exceed + 1s. These measurements
were made at 20 °C. The temperature was controlidgdn +0.1 °C.

3. Absorbing capacity

10 g peat was concluded ~ 8 + 10 % water presspineamatic press under pressure
7,6x10 Pa. Received elements on measurements h = 20 rdn@an 30 mm were put in
baskets, which were made from copper mesh.
Peat was completely weighed and sunk into resesnichion. Basket with samples peat were
weighed for 4 hours, successive measurements veerned out every 0,5 h. In order to do
take these measurements, peat baskets were reirfmorethe solution, and drained of excess
of solution, lightly dried, and weighed. After thbaskets were sunk in research solution
again. The absorbing capacity was defined by:
N = "M 009 (1)

1’nO
where:
N — absorbing capacity [%)]
m, — mass of peat after removing from solution [g]
Mo — mass of dry peat [g]
The standard deviation for each set of values ess than + 2%. These measurements were

made at 20 °C. The temperature was controlled withBil °C.

Results

1. Surface tension measurements

The surface tension was measured for surfactantisos$ in concentration 0,5% (Fig.
1-2).
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Fig. 1 Surface tension of individual surfactants in coricion 0,5%
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Fig. 2 Surface tension of mixtures of surfactants in cotregion 0,5%

Aqueous solutions of surfactants exhibit good valtisurface tension. It is also well known
that this kind of surfactant is widely used in lidjwetting and extinguishing agents. Ability
to reducing surface tension of water solution, higtting and absorptivity power are an
important aspect of products which are widely uisetbrest fire fighting and processing of
various products. The lower value of surface tamsias indicated for solutions Rokanol IT-7
- 25,68 mN/m and mixture Rokanol IT-7 and Sulfonoédal-327 (1:1) — 24,97 mN/m in

concentration 0,5%.
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2. Wetting time
The wettability as a function of mass concentratdm/m] of the aqueous solutions

for individual surfactants and their mixtures wasasured and compared (Fig. 3-6).
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Fig. 3 Effect of concentration of anionic compounds ontalgtity
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Fig. 4 Effect of concentration of non-ionic compounds ogttability
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Fig. 5 Effect of concentration for mixtures of anionic qomunds + Rokanol IT-7 (3:1) on wettability
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Fig. 6 Effect of concentration for mixtures of anionic qemoands + Rokanol IT-7 (1:1) on wettability

The shape of the curve on figure 3 and figure 4catd that increase aqueous solution
concentration over 2% increase time of peat wetfifige wetting behavior of the prepared
surfactants solutions depends on chemical struabfireompounds, their properties and
concentrations. Synergism of ability for wettingsmeompared to individual surface-active
compounds. The higher wettability was obtainedSolforokanol L-327 - Rokanol IT-7 (3:1)
and Glucopon 225DK- Rokanol IT-7 (1:1) system i8%,concentration.

3. Absorbing capacity
The absorbing capacity [%] of peat for aqueous solutions of individual fastants

was measured and compared to that obtained fourex{Fig. 7-10).
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Fig. 7 Absorbing capacity in peat for 1% solutions of amocompounds
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Fig. 8 Absorbing capacity in peat for 1% solutions of nonic compounds
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Fig. 9 Absorbing capacity in peat for Sulforokanol L-32Rekanol IT-7 (3:1) system
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Fig. 10 Absorbing capacity in peat for Glucopon 225DK + Rio&l IT-7 (1:1) system

Figures 7-10 show the absorbing capacity versus.tfor anionic and non-ionic compounds
absorbing capacity depends on time; for their medguabsorbing capacity is statistically
constant in time from 0,5 to 4 hours. Best absenytiof surfactant solutions on peat were
find for individual surfactants: Sulforokanol L-32Rokanol IT-7 and mixtures of analyzed

surfactants in concentration 2%: Sulforokanol L-32Rokanol IT-7 (3:1) and Glucopon

225DK - Rokanol IT-7 (1:1).
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Conclusions

1.

The addition of the surface-active agent to watecrelases surface tension value of
solution and enables it to wet a hydrophobic 0. the basis of results of researched
mixtures, the lowest values of surface tension mameures: Sulforokanol L-327/Rokanol
IT-7 1:1 and Glucopon 225DK/ Rokanol IT-7 3:1.

The solution absorptivity is a function of type sdrfactant, concentration and time of
sorption. From researched anionic surfactants, hbst absorptivity values in peat
distinguish Sulforokanol L-327 and Glucopon 225DKil among non-ionic surfactants
Rokanol IT-7. On the basis of results of reseamgh tomponents mixtures, indicate
compound Sulforokanol L-327 and Rokanol IT-7 witte thighest absorptivity in peat.
Also mixture Rokanol IT-7 and Glucopon 225DK hakiaged high absorptivity value.
From the researched two components mixtures arimmeionic type it would seem that
the most advantageous properties indicates mixti@esorokanol L-327/Rokanol IT-7
and Glucopon 225DK/Rokanol IT-7.

Increase concentration of surfactants solution @ras an adverse influence impact on
wettability. Explanation for this phenomenon reqaiadditional research.

As has been indicated, for all analyzed two compbsgstems, synergism of ability for
wetting and decreasing surface tension appearegamah to individual surface-active
compounds.

The concentration of basic components of the wgttigents is probably the most
important parameter as it has a direct influencesarface tension, wettability and
absorptivity in the finished composition solutidrhe active matter concentration also, of

course, determines the biodegradation index andotadise finished formulations.

Bibliography

1.

Rosen M.J.: Surfactants and Interfacial Phenom@nd, ed., John Wiley & Sons,
Hoboken2004, pp.243-277

Giménez A., Pastor E., Zarate L., Planas E., Aowslll: Long-term forest fire retardants:
a review of quality, effectiveness, application amdvironmental considerations,
International Journal of Wildland Fire 13 (1) pp-1b6, CSIRO Publishing, Melbourne
2004



BADANIA | ROZWOJ

. Rawet D., Smith R., Kravainis G.: A Comparison ottt Additives for Mopping-up
After Forest Fires, International Journal of Wilddh Fire 6(1), pp. 37 — 43, CSIRO
Publishing, Melbourne 1996

. Frandsen W.H.: Heat Evolved From Smoldering Pe&trnational Journal of Wildland
Fire 1(3) s. 197 — 204, CSIRO Publishing, Melbourne 1991

. Shiloach A., Blankschtein D.: Measurement and texh of ionic/non-ionic mixed
micelle formation and growth, Langmuir 14:7166—718298)

. Sierra M.L., Svensson M.: Mixed micelles containaiigyloglycosides: effect of the chain
length and the polar head group. Langmuir 15:23806£1999)

. Ubysz B., Szczygiet R., Piwnicki J., Kwiatkowski Msprawozdanie w sprawie krajowej
sytuacji dotycacej wptywu paaréw na lasy, IBL 2006

. Silv-Ex — information sheets (MSDS) of ANSUL INCORRATED, One Stanton Street,
Marinette, W1 54143-2542, USA

. Bio For C — information sheets (MSDS) of ABC Madsh Limited Unit C, Marconi
Courtyard, Earlstree Industrial Estate, Brunel Ro&sbrby Northants NN17 4LT,
United Kingdom



