TexHiuH1 HAyKH

Scientific Journal «ScienceRise» No7/2(12)2015

A23L 1/06. Ne u201003479; declared. 25.03.2010; published.
27.09.2010, Ne 18.

6. Bogomolova, V. V. (2010). Preparation of canned
fish in jelly. Patent of Ukraine for useful model. A23L 1/325,
A23B 4/00. Ne a 200900303; declared. 16.01.2009; published.
25.10.2010, (20).

7. Kuznetsova, L. S. (2006). Perspektivyi ispolzovaniya
karraginanov v konditerskom proizvodstve (dlya proizvodstva
zheleynyih konfet s funktsionalnyimi svoystvami) [Prospects
for the use of carrageenan in the confectionery industry (for the
production of jelly candies with functional properties]. Confec-
tionery and Bakery, 6, 6-8.

8. Rees, D. A. (1981). Polysaccharide shapes and their
interactions - some recent advances. Pure and Applied Chemis-
try, 53 (1), 1-14. doi: 10.1351/pac198153010001

9. Smidsrod, O., Andresen, 1., Grasdalen, H., Larsen,
B., Painter, T. (1980). Evidence for a salt-promoted “freeze-

out” of linkage conformations in carrageenans as a prerequisite
for gel-formation. Carbohydrate Research, 80 (1), C11-C16.
doi: 10.1016/s0008-6215(00)85333-1

10. Nechaev, A. P., Kochetkova, A. A., Zaytsev, A. L.
(2002). Pischevyie dobavki [Nutritional Supplements].
Moscow: Kolos, Kolos-Press, 256.

11. Vodorosli morskie, travyi morskie i produktyi ih
pererabotki. Metodyi analiza: GOST 26185 [Seaweeds, sea
grasses and products of their processing. Methods of analysis:
GOST 26185] (2010). [Introduced 01.01.85]. Moscow:
STANDARTINFORM, 36.

12. Zdobnov, A. 1., Tsyiganenko, V. A. (2009). Sbornik
retseptur blyud i kulinarnyih izdeliy: dlya predpriyatiy obsch-
estvennogo pitaniya [Collection of recipes of food and culinary
products: for catering]. Kiev, Ukraine: Publisher Arius, Mos-
cow, Russia: Lada, 680.

Jama naoxooocenns pyxonucy 18.06.2015

I'ypcesknii Ilerpo BacuiaboBuY, KaHIUAAT TEXHIYHUX HAyK, OLEHT, mpodecop, Kadenpa odmamgHaHHA Ta iH-
JKUHIPUHTY TIepepOOHUX 1 Xap4OBUX BUPOOHUITB, XapKiBCHKUN HAIlIOHATHHUN TEXHIYHUN YHIBEPCHUTET CLIBCH-
Koro rocronapctsa iMm. I1.Bacunenka, Byn. Aprema, 44, m. XapkiB, Ykpaina, 61002

E-mail: gurskiy peter@mail.ru

MapenkoBa Tersina IBaniBHa, crapimii Bukianad, 3400yBau, kadeapa texHonorii xapuyBaHHs, CyMChbKuii
HaIllOHAJILHUH arpapHuil yHiBepcuter, Byl1. Kiposa, 160, M. Cymu, Ykpaina, 40021

E-mail: tanya 201@ukr.net

Bimok Imutpo OneroBu4, KaHauaaT TEXHIYHAX HAayK, CTApIIUI BUKIaaad, Kadeapa TEXHOJIOTIH nepepoOHuX i

XapuoBHX BUPOOHMIITB,

XapKiBCbKUI HALliOHAIGHUN TEXHIYHUH YHIBEPCUTET CILIbCHKOTOrOCIIONAPCTBA

im. T1.Bacuiienka, Byn. Aprema, 44, M. XapkiB, Ykpaina, 61002

E-mail: xbach@mail.ru

Mepuesoii @enip BceBoJsionoBuY, JOKTOpP TEXHIYHMX HayK, mpodecop, kKadempa TeXHOJNOTII XapdyBaHHS,
CyMChKHiA HaIliOHANIBHUH arpapHuil yHiBepcurerT , By Kiposa, 160, m. Cymu, Ykpaina, 40021

YK 614.842.628
DOI: 10.15587/2313-8416.2015. 46150

QUALITY METRICS FOR ELABORATED AQUEOUS FIRE EXTINGUISHING
SUBSTANCE ON BASE OF COPPER(II) CHLORIDE

© B. Mykhalichko, O. Scherbina, O. Mykhalichko, V. Petrovskii

Research results relating to the measurement of kinematic viscosity, surface tension, density, acidity and other
quality metrics (consistence, freezing point, etc.) for recently elaborated aqueous fire extinguishing substance
(AFES) made up of 40 % aqueous solution of copper(Il) chloride with added different amounts of surface-active
substance are presented in this article

Keywords: inhibitors of burning, copper(Il) salts, aqueous fire extinguishing substance, fire-extinguishing aero-
sol, quality indices

B pobomi nasedeni pezynomamu 0ocniodxceHb 3 8UMIPIOBAHHS KIHeMAMUYHOI 8 A3KOCMi, NOBEPXHEB020 HAMAZY,
2YCMUHY, KUCIOMHOCMI Ma 0esKUX THUUX NOKA3HUKIG SAKOCMI (KOHCUCMENYis, MeMnepamypa 3amMep3ants mo-
wo), 0151 HewooaeHo po3pooieHol 800HOT 8oeHecacHol peuosunu (BBP) na ocnoei 40 % 600H020 po3uuny Kyn-
pym(Il) xnopuody 3a ymoe 000a8anHs pizHOI KIIbKOCMI NOBEPXHEBO-AKMUBHOL PEYOBUHU

Knrouosi cnosa: incioimopu eopinns, coni kynpym(ll), 600na eocHezacna peyosuna, aepo3oibHe 802He2ACIHHS,
NOKA3HUKU AKOCMI

1. Introduction
Aqueous fire extinguishing substances (AFESs),

Systematic study of behavior of various water so-
lutions of inorganic salts in a flame have allowed in the

being intended primarily for use in fire suppression
systems, mostly consist either of water (distilled, deion-
ized, drinking, technical, marine etc.) or aqueous solu-
tions of salts-inhibitors of burning or of water with ad-
ditives modifiers that provide the required quality met-
rics for AFES.

beginning of the third millennium to discover the excep-
tional capability of the concentrated aqueous solution of
copper(Il) chloride [1, 2] to the flame suppressing. But,
even after such epoch-making discovery, the broad ap-
plication of these solutions in technology of fire sup-
pressing by aerosols [3] is largely restricted by the lack
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of regulatory regime, including requirements regarding
of quality metrics for the elaborated AFES.

2. Statement of the problem

Currently, technology of spraying AFESs for the
flame suppressing is widely used in firefighting practice
[4, 5]. However, salts dissolved in water to the full pro-
vide the realization of unique physical and chemical
properties of water and such solutions appreciably
heighten the fire extinguishing effect [6, 7]. Furthermore,
by adding even of the surface-active substances traces,
quality metrics of aqueous solutions of salts-inhibitors
can be significantly improved [8].

3. Literature review

Among the well-dissoluble chemicals in water the
salts of alkali metals and ammonium in many works [9,
10] are traditionally considered as perfect inhibitors of
burning. However, the elaborations concerning creation
of new AFESs on the basis of salts of transition metals
have too appeared in the world practice of firefighting
lately. Efficiency of fire extinguishing by means of aero-
sols of aqueous solutions of such salts is conditioned by
special chemical properties of d-metals (electron accep-
tors) capable to the exceptional suppressing of flame
[11]. Within this type of inhibitors of burning, copper(Il)
salts [1] deserve special attention. In particular, the 40 %
aqueous solution of copper(Il) chloride is very efficient
agent that effectively can inhibit the hydrocarbon flame
[2]. The foaming agent (FA) of special purpose “Snizok-1”’
has also been used by us as additive of surface-active
substance for providing the more effective suppressing of

flame. That is why the study of quality metrics for solu-
tions of this type has been the object of our research.

Therefore, by the aim of work have been ascer-
tainment of such fundamental indices of quality as solu-
tion appearance, kinematic viscosity, surface tension,
freezing-point, acidity and density of 40 % aqueous solu-
tion of copper(II) chloride with added certain amounts of
surface-active substance “Snizok-1". Besides, the possi-
bility of wide application of this elaboration in fire-
fighting with using technology of spraying AFESs also
has been discussed.

4. Materials and methods

The chemicals: CuCl,-2H,0 (the basis of AFES)
and the ammonium n-alkylsulfate with general formula
of C,H,,11S04 NH,", where n=12-16 (the basis of FA
“Snizok-1") were obtained from commercial sources and
used as-received without further purification.

The quality metrics of prepared AFES have been
characterized by means of modern methods of physical
and chemical analysis. The kinematic viscosity has been
measured by viscosimetric method (viscosimeter VLA-1
with an inner diameter of capillary having 0.99 mm). The
surface tension has been determined by method count of
drops using stalagmometer. The determination of the
specific density of AFESs has been performed by bottle
method and acidity of 40 % aqueous solution of CuCl,
was realized by using pH-meter. The freezing point of
the solution has been esti-mated by means of the second
Raul’s law. The characteristics of instrumentations that
were used for determination of the quality metrics of
AFESs are given in Table 1.

Table 1

Instrumentation characteristics used for the experimentations

No Instrumentation (type) Measurement range Measuring fault
1 Stopwatch (HS-43) from 0 to 3600 s 0.4AT e06u/60 S
2 Mercurial thermometer (TM-1) from —30 to +70 °C 0.5°C
3 Viscosimeter (VLA-1) from 0.6 to 1000 mm*'s ' 0.35%

4 Stalagmometer (ST-1) from 20 to 80 mN-m ' 0.1%

5 Electronic balance (EWT-200) from 0 to 200 g 0.001 g

6 pH-meter (150MI) from 0 to 14 0.004 pH units
7 Aneroid barometer (M67) from 600 to 800 mm Hg 0.5 mm Hg
8 Liquid thermostat (U-10) from 20 to 100 °C 0.1 °C

9 Picnometers 10, 25 and 50 cm’ 0.001 cm’
10 Graduated cylinder from 50 to 500 cm’ 1 cm’

5. Results and discussion

5. 1. Consistence, acidity and freezing point of
CuCl,-containing AFES

The solution state of 40 % aqueous solution of
CuCl, (AFES) has been estimated visually. We have kept
an eye on the presence or absence of delamination as
well as sediment formation during of visual examination
of the samples in scattered light after two-hour staying at
20 °C in 50 mL cylinder. In appearance the obtained
aqueous solutions of copper(Il) chloride of different con-
centrations without and with foaming agent added to the
50 mL of AFES in volume 0.05-1.00 mL seem homoge-
neous molecular-disperse phase having deep emerald
color.

20

The acidity was determined for distilled water,
pure foaming agent “Snizok-1" and 40 % aqueous solu-
tion of CuCl, at 20 °C. Values of acidity measured for listed
above sequence amount 7.10, 8.6 and 1.07 pH units.

For determination of such physical and chemical
characteristics of 40 % aqueous solution of CuCl, as
freezing temperature we have made use of the equation
known as the second Raul’s law according to which was
calculated AT, of electrolyte solution of CuCl,, it can
be written as

A Tfreez:Kwaler' Cm' i

where AT, is decrease of freezing temperature of solu-
tion comparatively with freezing temperature of water,
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Kyaeer 18 cryoscopic constant for water that has the value
1.86 K-g-mole ', i is isotonic coefficient which in case of
aqueous solution of CuCl, can take on the value 3, C,
(mole-kg ' of H,0) is molal concentration of 40 % aque-
ous solution of CuCl, that was calculated in terms of the
weight/weight percent (o, %) by means of the relation-
ship

-10

CIH = —
M

solution

solute ~ m solvent

Thus, calculated freezing temperature of 40 %
aqueous solution of copper(Il) chloride assume of —
33,7 °C value.

5.2. The kinematic viscosity for samples of
AFESs with FA

The kinematic viscosity, n, of testing samples has
been determined by viscometric method whose gist con-
sists in measurement of duration of flowing-out through
capillary of the certain volume of sample out of reservoir
of viscometer under influence of gravitational force. The
value of 1 is calculated using the equation in form

n :&CAT,
&o

where £,=9.8057 m-s? is free fall acceleration in
L’viv (latitude 45.82 North), g,=9.8066 m-s * is free
fall acceleration on the Equator (latitude 0), C=
=0.09109 mm?-s ? is viscometer constant and Az (s) is
duration of flowing-out.

The measurement results of kinematic viscosity
for samples composed of 40% aqueous solution of cop-
per(Il) chloride (50 mL) with added certain volumes of
foaming agent are summarized in the Table 2; the graph-
ical relationship between values of n and volume (¥, mL)
of added FA “Snizok-1” is displayed in Fig. 1.

Table 2
Measurement results of kinematic viscosity (1) for
samples of AFESs with FA

Sample* n, mm>-s !
Distilled water 1,2023(35)
FA “Snizok-1” 7,0679(35)
40 %(W/W) of CuCl, 2,9875(35)
0.1 % (V/V) of FA in 40 % (W/W) of CuCl, 2,9875(35)
0.2 % (V/V) of FA in 40 % (W/W) of CuCl, 2,9966(35)
0.3 % (V/V) of FA in 40 % (W/W) of CuCl, | 3,0057(35)
0.4 % (V/V) of FA in 40 % (W/W) of CuCl, 3,0421(35)
0.5 % (V/V) of FA in 40 % (W/W) of CuCl, 3,0467(35)
0.6 % (V/V) of FA in 40 % (W/W) of CuCl, 3,0603(35)
0.7 % (V/V) of FA in 40 % (W/W) of CuCl, 3,0694(35)
0.8 % (V/V) of FA in 40 % (W/W) of CuCl, 3,1241(35)
0.9 % (V/V) of FA in 40 % (W/W) of CuCl, 3,1378(35)
1.0 % (V/V) of FA in 40 % (W/W) of CuCl, 3,1696(35)
1.1 % (V/V) of FA in 40 % (W/W) of CuCl, | 3,2114(35)
1.2 % (V/V) of FA in 40 % (W/W) of CuCl, 3,2367(35)
1.3 % (V/V) of FA in 40 % (W/W) of CuCl, 3,2544(35)
1.4 % (V/V) of FA in 40 % (W/W) of CuCl, 3,2941(35)
1.5 % (V/V) of FA in 40 % (W/W) of CuCl, 3,3543(35)
1.6 % (V/V) of FA in 40 % (W/W) of CuCl, 3,4022(35)
1.7 % (V/V) of FA in 40 % (W/W) of CuCl, 3,4454(35)
1.8 % (V/V) of FA in 40 % (W/W) of CuCl, | 3,5141(35)
1.9 % (V/V) of FA in 40 % (W/W) of CuCl, | 3,5511(35)
2.0 % (V/V) of FA in 40 % (W/W) of CuCl, | 3,5886(35)

Note: * — % (W/W) is weight/weight percent and % (V/V) is
volume/volume percent.

5.3. The specific density and surface tension
for samples of AFESs with FA

The determination of specific density for AFESs
has been carried out by bottle method. The gist of this
method lies in weighing on electronic balance of the pre-
cisely filled pycnometer (50 mL) with investigated solu-
tion at 20 °C. The results of specific density measure-
ment are given in Table 3.
The surface tension (o) for AFESs

3.85

has been determined by method of drops

3.75

account using stalagmometer. This instal-

3.65

lation is equipped by the dropping tube on

3.55
3.45
3.35

1 mL with scale interval of 0.01 mL and

AT burette on 10 mL. The based on the ac-

N, mm’/s

3.15

count of drops that are generated by dis-
tilled water (ny) or investigated solution

3.05 — gt

(n) flowing out of pipet were calculated

295

the values of o. All measurements for

each sample were performed in triplicates

2.85 |
0 01 02 03 04 05 06 07

Ve, mbL

Fig. 1. The value of n of AFES versus V of added FA “Snizok-1”

Curve rate on a graphic (Fig. 1) reveals that fluidity
of AFESs solutions after addition of FA is being augmented.
Undoubtedly, it provides the penetration of greater quanti-
ties of liquid into combustion zone upon same duration of
time. As a result of it concentration of fire extinguishing
substance in a flame is being increased.

and their values were averaged. Thus, the
value of ¢ can be represented as

0.9 1

pny
0 b

Pont
where o is surface tension for distilled water whose val-
ue amounts 72.75 mN-m ' at 20 °C, p, and p are specific
density of distilled water and investigated solution, re-
spectively (Table 3). The graphical relationship between
values of ¢ and volume (¥, mL) of added FA “Snizok-1”
is displayed in Fig. 2.
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Table 3
Measurement results of specific density (p) and surface tension (o) for samples of AFESs with FA
Sample* p, gem 6, mN-m”’

Distilled water 1,000(1) 72,75(1)

FA “Snizok-1” 1.020(1) 30,36(1)

40 %(W/W) of CuCl, 1,400(1) 88,71(1)

0.1 % (V/V) of FA in 40 % (W/W) of CuCl, 1,400(1) 61,11(1)
0.3 % (V/V) of FA in 40 % (W/W) of CuCl, 1,399(1) 33,93(1)
0.5 % (V/V) of FA in 40 % (W/W) of CuCl, 1,398(1) 31,93(1)
1.0 % (V/V) of FA in 40 % (W/W) of CuCl, 1,396(1) 31,52(1)
2.0 % (V/V) of FA in 40 % (W/W) of CuCl, 1,392(1) 30,72(1)
3.0 % (V/V) of FA in 40 % (W/W) of CuCl, 1,389(1) 30,66(1)
5.0 % (V/V) of FA in 40 % (W/W) of CuCl, 1,382(1) 30,50(1)
9.0 % (V/V) of FA in 40 % (W/W) of CuCl, 1,365(1) 30,47(1)

* Notes are same as in Table 2

So, the addition of foaming agent of special pur-
pose “Snizok-1" for fire extinguishing in indicated quan-
tity provides for decreasing of surface tension of initial
40 % aqueous solution of copper(Il) chloride from
88.71(1) to 30.47(1) mN-m " in case of FA content at 9 %
(V/V). In turn the lowering of surface tension increases
dispersity of AFES aerosol at the injecting of it into a

flame. Hence, it increases the area of surface that con-
tacts with radicals of a flame and particles of fire extin-
guishing substance. Nevertheless, for effective decrease
of a surface tension it is enough to add foaming agent
“Snizok-1” slightly more than 0.3 % (V/V) whereas the
subsequent adding of FA practically no leads to lowering
of value of o (Fig. 2).

o, MN/IM — e p, g/mL
0 i 1,500
10 | 1.480
20 | | 1.460
30 1.440
40 | 1.420
50 O o TR et o ) IO B I | 1.400
e / ) R T SO i T T o o {1.380
70 : S S i *1.360
80 ’ i1,340
90 - - {1.320
T A I N N N N B bbb iq300
0 1 2 3 4 5

V.., mL

Fig. 2. The value of ¢ and p of AFES versus V of added FA “Snizok-1”

6. Approbation of the research results

The ascertained quality metrics of AFESs allow
choosing optimal compositions of solutions which prove
much-needed for the effective suppressing of a flame in
systems being used technologies of spraying. So, results
of fire extinguishing tests by means of AFES confirm
that comparatively with water the efficiency coefficient
of flame suppressing (designated as K;) by aerosol of
40 % aqueous solution of CuCl, containing about 0.2 %
of FA “Snizok-1” increases in 18.2 times whereas the
value K for same solution without FA equals to 16.3.

7. Conclusion

Thus, the application of diverse methods of the phys-
ical and chemical analysis has given a chance to establish
the main quality metrics such as appearance, kinematic vis-
cosity and surface tension, freezing temperature, acidity and
density of 40 % aqueous solution of copper (II) chloride
with added foaming agent of special purpose “Snizok-1".
These data is needed for subsequent using these solutions as
AFES for technology of spraying under firefighting.
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TEPMOTI'PABIMETPUYHUA AHAJI3 MEKTUHOBUX I'EJIIB

© I. O. KpanuBauukbka, I1. B. I'ypceknii, ®@. B. Ilepuesnii

Tepmoecpagimempuunum mMemooom 3a ROCMItHOL WEUOKOCMI HAZPIBAHHS OOCTIONCEHO BMPAMU MACU MA WEUO-
Kicmb nepemeopens, wjo 8i00Y8arOmMuvCsi 8 2e8X YUMpPYco8o20 ma s01y4H020 NeKMUHY PI3HO20 CMYNeHs emepu-
Qikayii ma enué yumpamy Hampiro HA 6MPAmMu MACU 2eio0 NeKMUHY HU3bKoemepugikosanozo. Bemarnosneno
3ANEAHCHICIb CIYNEHs 3MIHU MACU 8I0 meMnepamypu 2eie Yyumpycoeoz2o ma s01y4Ho20 NeKMUHy 3 6UCOK020 mda
HU3bK02O cmyneHsi emepugixayii

Kntouosi cnosa: enmooegexmu, mepmocmadinvuicms, eHOOMEPMIYHUL npoyec, Oe2iopamayis, MepMOaAHalis,
Gopmu 38'a3xy o102u

A weight loss and speed change occurring in gels of citrus and apple pectin of different degree of esterification
and the effect of sodium citrate on the mass loss of low pectin gel are studied by thermographic technique con-
stant heating rate. The dependence of the degree of weight change on temperature of gel of citrus and apple pec-
tin with high and low degree of esterification is determined

Keywords: endo-effects, thermal stability, endothermic process, dehydration, thermal analysis, forms of moisture
binding
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