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Abstract: Undertaking effective and prompt action during chemical events is an important measure
in preventing the spread of contamination. Studies have shown that despite very high surface
activity of nanocrystalline metal oxides, their use does not reduce the fire hazard for hydrocarbon
spills and alcohols more effectively than commonly used sorbents during fire rescue operations.
Other limitations of specimens containing nanocrystalline oxides have also been proven, such as the
maximum absorption similar to commonly used specimens, as well as high costs of conducting the acid
neutralization process without increasing the level of safety of operations. Results obtained allowed
the determination of proposed principles of effective and economically appropriate application of
nanocrystalline metal oxides in rescue units.
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1. Introduction

In the case of chemical incidents, a crucial safety requirement is to take appropriate action to
prevent the spread of danger as soon as possible. This may be done, among other methods, by sealing,
collecting, reducing the evaporation of backwaters and minimizing the number of dangerous vapors
that are already airborne. It should also be borne in mind that he hazard level is not only limited to
the function of the physicochemical properties of the substance, but also of fluctuations in weather
conditions [1,2]. Rescue units specifically designated for rescue and fire-fighting operations that
involve hazardous substances represent a small percentage of all fire brigades. In a medium-sized
European Union country with a well-developed fire protection system, such as Poland, specialized
chemical rescue units constitute 1.3% of all rescue and fire-fighting units. Consequently, the probability
of such a unit being the first to arrive at the scene of an incident is relatively low. Consequently, it is
essential to ensure the best possible safety level and the capability of responding safely to units that
normally do not perform chemical tasks and, as a result, could be the first to arrive on the scene.

Enabling units to respond effectively, without delay and maintaining the due safety is one of the
important elements of the modern approach to chemical rescue problems. This suggests that it is
advisable to seek measures that meet the above assumptions. It seems that measures that might prove
to be universal could include oxide neutralizers with nano-scale crystallite sizes, especially technical
solutions that enable the administration of these substances in a manner comparable to extinguishing
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powders [3]. This method of application is both handy and intuitive for rescuers and allows effective
neutralization of chemical hazards on a very small scale. However, research carried out in the course of
this article has shown quite clearly that this is not an ideal solution, but merely a complementary one.

2. Neutralization Technologies Based on Nanocrystalline Metal Oxides

Neutralization technology is not only limited to acid-base chemical neutralization, but also includes
the elimination or minimizing of hazardous properties of a substance that undergoes uncontrolled
release. Such a broad approach imposed the necessity of finding a universal solution that would
concurrently be easy to use. The current neutralization technologies use decontamination solutions
based on various types of oxidants (such as: hydrogen peroxide, ozone, chloramine, peracetic acid, salts
of dichloroisocyanuric acid, persulphates, urea, percarbonates, magnesium perphthalate, etc.) [4-11].
However, this technology is not universal and it mainly comprises the removal of threats related to
toxic compounds of organic origin.

In the most common neutralization technologies use is made of mixtures that consist of
nanoparticles of such metal oxides as MgO, CaO, ZnO, SrO, TiOz, Al20s, CuO, Fe:0s with grain
diameters ranging from a few nanometers to several dozen micrometers [12—44]. The nanocrystalline
MgO with grains of a 4 ym diameter and a specific surface exceeding 500 m?/g is characterized by
a particularly large surface and activity [14-18,30,34]. Reducing the size of nanocrystallites causes
a significant increase in the share of surface atoms, including those occupying edge and corner
places, particularly as their network defects comprise the active sites of the oxide neutralizer [34].
Consequently, the material that contains crystallites with a diameter of 2 ym has more than half of the
atoms/ions located on the surface and a specific surface close to 1000 m?/g. It should be borne in mind
that 10% of the locations are occupied by edge atoms/ions and 1% by corner ones [45].

An important feature of nanocrystallites is also the size of inter-crystalline pores. Given that
their size is close to the size of the nanocrystals themselves, this significantly affects the diffusion
characteristics of gases. At a diameter below 10 pm the Knudsen diffusion area is entered where
collisions between gas molecules occur less frequently than collisions between pore walls. This is
the cause of a smaller mass transfer through the nanocrystalline material by three to four orders of
magnitude and promotes the phenomenon of capillary condensation that allows the effective capture
of air vapors.

Besides the typical acid-base neutralization, nanooxide-based specimens lead to dissociative
adsorption on the surface of nanocrystals. As a consequence, in addition to chemisorption, the molecule
breaks down into less toxic elements by hydrolysis of PO, P-CN, PS bonds [34,35,37], CX (X =F, Cl, Br,
I) [21,22,29]. Such processes take place in a wide range of toxic industrial agents (TSP), halogenated
organic warfare agents, as well as paralytic-convulsive (sarin, tabun, soman, VX), stinging (luisite, HD),
asphyxiant (COClz), and general toxic ones (AsHs, HCN). The dissociative chemisorption process
is known in literature for polar water molecules and alcohols on the surface of MgO (100) [42,46].
Dissociative chemisorption does not occur on sorbents based on activated carbon [41].

As has been mentioned earlier, nanotechnologies based on oxide mixtures also have the ability of
absorbing vapors of hazardous substances from the atmosphere. For the MgO-TiO2 mixture, after
2 min, a concentration reduction of over 95% is observed for such vapors and gases as NHs, Cl,
CH:20CH, HC], NO, SO2, CHsSH [3].

As regards toxic warfare agents, MgO, CaO, S5rO, Al20s and mixed MgO-Al:Os and SrO-AlOs
oxides are particularly active when prepared in the form of a modified airgel [29,36,37,39]. The
studies have shown that a large absorbent surface limits the efficiency of the technology in conditions
involving high humidity or the presence of water, which deactivates oxide specimens by adsorbing
partially. The problem was solved by hydrophobizing the surface with a special carbon layer [40].
An additional protection against moisture absorption from the air and, at the same time, an element
enhancing the convenience of using the technology, is the concept of placing neutralizers in pressure
cylinders modeled on fire extinguishers. Thanks to its simplicity and intuitiveness, such a solution
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enables quick and effective use of the technology, especially during the most frequently occurring
small and local events, and additionally during the final stage of liquidation of residues of hazardous
chemical compounds.

Despite nanooxides offering a clearly wide range of advantages, literature does not provide
information related to potential limitations of their usage during rescue actions, or comparative studies
as to the most frequently used types of sorbents and neutralizers during uncontrolled releases of
hazardous substances. Given the intense time pressure on the incident scene, actions undertaken by
the rescuers entail great dynamics. The chosen materials have to be intuitive in use, easily accessible,
harmless, allow achieving quick effects and must also be affordable. The present article attempts to
find a solution for the scope of practical range of usage of sorbents and neutralizers used to date
in relation to metal nanooxides, taking into consideration needs of the rescuers. Research methods
presented in the article attempt to provide the best possible description of the rescuer’s field of work
emphasizing also his needs, which include among others collection/neutralization of the maximum
amount of substance by a unit mass of sorbent/neutralizer, minimizing the fire risk and the toxicological
hazard by reducing the evaporation rate of the substance or its chemical binding, limiting the risk
of temperature-related effects of the neutralization process (risk of burns, splashing, and increased
vaporization that limits the rescuer’s visibility splay).

3. Experimental Part

3.1. Materials

In the studies use was made of Avantor Performance Materials reagents with a purity of min.
99.5%.

3.2. Research Methodology

Comparative tests were carried out to determine the effectiveness of metal nanooxides based
specimens. The studies used sorbents designated in this article as CDE, PC, EP and hydrophobized
nanocrystalline oxide preparation MgO-TiO- (designated as FastAct (FA), with bulk density d = 0.47 g/cm®,
grain diameter @ < 10 nm.). The characteristics of the tested sorbents are presented in Table 1. CDE, PC,
EP type sorbents are very popular sorbents commonly used by rescue entities in Europe [47,48].

Table 1. The characteristics of the tested sorbents.

Designation Trade Name Characteristics

CDE is a granulated sorbent based on calcined diatomaceous
earth with SiO, composition —75%, AlyO3—10%, Fe;O3—7%,
CDE Compakt TiO2—1%, MgO—2%, CaO—1%, K0 + NayO—2%.
bulk density d = 0.53 g/cm?,
grain diameter 0.5 < @ <1 mm.

PC is a sorbent whose active ingredient is polyacrylamide
copolymer.
bulk density d = 0.37 g/cm?,

grain diameter 0.05 < @ < 0.1 mm.

PC Unisafe

EP is a silicate rock of volcanic approach (expanded perlite)
with the composition: 5i02—74.9%, Al20s—12.0%,
EP Ekoperl66 Fe;03—0.8%, CaO—0.6%, MgO—0.1%, NayO—4.6%,
Ko0—4.7%, TiOp—0.4%. Bulk density d = 0.078 g/cm?, grain
diameter 1 < @ < 3 mm.

Hydrophobized nanocrystalline MgO-TiO,
FA FastAct bulk density d = 0.47 g/cm3,
grain diameter @ <10 nm
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3.2.1. Comparative Studies of Maximal Sorptivity

The maximal sorptivity test was carried out using the Westinghouse method. The research stand
is presented in Figure 1. An analytical sample of sorbent earlier subjected to sieving was placed in a
conical stainless steel metal sieve with a diameter of 70 cm and 7.5 cm high. (mesh size 60 pm). Such a
sample was then submersed in a sorbate solution. The sorbent was kept immersed in the sorbate until
its complete moisturizing. Next the sample was taken out of the sorbate and hung on a tared scale, and
the time measurement was started. Once the excess liquid had leaked away (after 10 min), the mass of
studied sorbents along with the sorbate was defined. The sorbate mass was calculated by subtracting
the sieve and sorbent weight. By making a division by the mass of sorbent, the maximum sorbent
mass sorptivity was obtained Sw [kg™1 kg™!]. Due to the fact that the majority of chemical hazards are
accidents involving petroleum derivatives, benzene was used as a representative substance for the
hydrocarbons group.

| STAB 63,7729 |

@ISISION )

Figure 1. Scheme of test stages on the measurement stand: (1) immersion of analytical sorbent sample
in the absorbed liquid, (2) dripping of absorbed liquid including control of sorbent-sorbate over time.

3.2.2. Comparative Studies on the Evaporation Rate of Sorbate Adsorbed on Sorbent

The evaporation rate for selected flammable substances, which in fact is also a measure of the fire
hazard they pose, was determined by the weight loss resulting from evaporation of sorbate from an
equal weight of sorbent from a 9 cm diameter plate. For the measurements, a balance with accuracy
of mass reading Am = 0.001 g coupled with a time recorder with an accuracy of 0.2 s was used. The
measurements were carried out in conditions without any limitations to the free evaporation process
at the sorbent:sorbate 1:3 mass ratio. The measurement stand is shown on Figure 2. In the research
n-heptane and ethanol were used as representatives of compounds of substantially different chemical
nature. Both compounds are also often the cause of uncontrolled releases in industry and transport
and represent a wide group of industrially used hydrocarbons and alcohols.
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Figure 2. Diagram of a stand used to test the evaporation rate. (1) stopper, (2) tested substance set
on Petri dish with a diameter of 9 cm, (3) analytical scales, (4) side screen to reduce the impact of
air movements.

3.2.3. Comparative Tests of the Flash Point of Pure Substance and One Sorbed on the Sorbent

The tests were carried out for p-xylene using the open crucible method according to Cleveland
(Cleveland Open Cup) according to the Annual Book of ASTM (American Society for Testing and
Materials) Vol 05.01 standards. Comparative tests for p-xylene sorbed on CDE and FA were carried out
at the mass ratio of sorbate: sorbent 1:2, i.e., at a ratio much lower than the determined maximum
absorption. The tests were carried out in relation to p-xylene as that it is the measuring standard of
this method and has very similar maximal absorption to benzene. CDE is the most commonly used
sorbent by rescue units in Poland.

3.2.4. H20 Absorption Rate and Aging of MgO-TiO2 Specimens

To test the rate of water vapor absorption, tests were carried out in a closed chamber with
dimensions of 476 mm X 676 mm x 1002 mm (V = 0.322 m3). 10 g of FA and 150 cm® H20 (T =293 K)
were placed in separate Petri dishes with diameters of 9 cm and 25 c¢m, respectively, positioned 50 cm
from each other. Sorption tests were started after the chamber reached a stable value of air humidity.
Then changes in the mass of FA and hygroscopic representatives of neutralizing and extinguishing
agents used in rescue operations were examined for a period of 180 min. The measurement stand is
shown on Figure 3.

al

=

Figure 3. Diagram of stand used to test water sorption from the air. (1) Stopper, (2) hygrometer, (3)
Petri dishes with evaporating water, (4) sorbent, (5) analytic scales. Closed chamber with dimensions
of 476 mm X 676 mm x 1002 mm (V = 0.322 m°).
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3.2.5. Comparative Studies of Efficiency and Safety of Acid Neutralization Process

The quantitative efficiency of the acid neutralization process based on FA was tested by the
traditional method, using for this purpose a 1 M solution of H2S0Os as the reference acid. The
determination was carried out in the presence of methyl orange. An examination was made of energy
effects that accompany the neutralizing process of 98% H:50s in simulated rescue and fire-fighting
conditions on the assumption that the neutralization of spills using basic equipment at the initial stage
will take place with a significant excess of H2504. The mass ratio of the neutralizer: H2SOs of 1:10
(and comparatively 1:2) with mixing and without mixing of arrangement was used in experiments.
The thermal effect was measured in a Dewar vessel ensuring stable temperature measurement and
minimal heat exchange between the test system and the environment in relation to the effect. Such
conditions would enable the determination of the maximum temperature effect without taking into
account the heat exchange range between the spill and the spill surface. Studies of the nanocrystalline
oxide specimen were related to the results obtained for commonly used neutralizers such as NaOH,
Ca(OH)2, NaHCOs, Na2COs, and CaO. The measurement stand is shown in Figure 4.

B:

Figure 4. Diagram of stand used to test thermal effects of the neutralization process (1) Stopper,
(2) electronic thermometer, (3) stand, (4) inlet, (5) Deware dish.

4. Results and Discussion

4.1. Maximum Absorption

Results of measurements of the maximum absorption in the Westinghouse method for benzene
and selected sorbents have been presented in Table 2. By dividing the mass of sorbed benzene by
the mass of used sorbent, the maximal mass sorptivity was obtained Sw [kg~'kg™!]. Taking into
account the density of benzene and bulk density of sorbents, a calculation was made of the value
of maximum volume of liquid that can be absorbed by a unit volume of sorbent (maximal volume
sorptivity Sv [dm™3/dm™3]). It can be seen clearly that the nanocrystalline MgO-TiOz specimen (FA)
does not exhibit higher maximal mass sorptivity Sw or maximal volume sorptivity Sv in relation to
sorbents used so far during rescue operations. Much better Sw results were obtained for expanded
perlite (EP) and water-activated polyacrylamide copolymer (PC). In comparison to MgO-TiO2, the Sv
parameter was better not only for water activated PC but also for calcinated diatomite earth sorbent
(CDE). Considering also the significantly higher prices of nanooxides (min. 50 Euro/kg), their use as
sorbents of hydrocarbon substances seems to be highly unprofitable for the time being. The majority of
sorbents currently used by fire services have a price well below 5 euro/kg.
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Table 2. Maximal sorptivity relative to benzene expressed in [g/g] and [dm?*/dm?] for MgO-TiO:

neutralizer (FA) and selected sorbents used in rescue operators during uncontrolled release of chemical

substances (CDE, PC, EP).

Sorbent Sw, kg~ 1kg™1 Sy, dm—3dm™3
CDE 1.11 0.52
PC (non-activated H20) 1.15 0.37
PC (activated H20) 2.40 0.78
EP 4.58 0.31
FA 1.10 045

4.2. Evaporation Rate of Sorbate Sorbed on Sorbent

As regards physical sorption, it is necessary to monitor the evaporation of sorbate sorbed on sorbent.
In order to verify the thesis and quantify the phenomenon, comparative samples of the tested specimens
were prepared, on which n-heptane and ethanol had been sorbed. These compounds undergo physical
sorption, while ethyl alcohol on the edge and corner atoms of MgO-TiO:z nanocrystallites should also
undergo chemical sorption to form Mg(OH)(OC:Hs) [46]. It was noticed that at the mass ratio sorbent:
sorbate 3:1 (which is far from maximal sorptivity), the weight loss of sorbate from FA is similar in
magnitude and even greater than the weight loss recorded for evaporation from the surface of pure
sorbate (Figures 5 and 6). This confirms the thesis of the decisive role played by physical sorption in
the case of hydrocarbons and monohydric alcohols. However, increased evaporation could also result
from the very large specific surface area. In both cases, CDE containing 0.5-1 mm grains turned out
to be the sorbent releasing the least amount of vapors, which is due to the fact that the grains have a

much less developed surface.
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Figure 5. The weight loss of the sample as a function of time during free evaporation from the Petri

dish with a diameter d =9 cm for the system: (1) n-heptane—pure, (2) CDE:n-heptane, mass ratio 3:1,
(3) FA:n-heptane, mass ratio 3:1, (4) PC:n-heptane, mass ratio 3:1, (5) EP:n-heptane, mass ratio 3:1.

Temperature T = 22 °C, relative humidity H = 25%.
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Figure 6. The weight loss of sample as function of time during free evaporation from the Petri dish with
a diameter d =9 cm for the system: (1) CDE:ethanol, mass ratio 3:1, (2) ethanol-pure, (3) FA: ethanol,
mass ratio 3:1, (4) PC: ethanol, mass ratio 3:1, (5) EP:ethanol, mass ratio 3:1. Temperature T = 22 °C,
relative humidity H = 25%.

Studies of ethanol evaporation rate (dmdt™'S™!) at different mass ratios sorbent:sorbate
(configuration FA:ethanol) indicate that no mass loss occurs if ethanol content in the sample exceeds
5.58% (Figures 7 and 8). Below this ethanol concentration value the mass of arrangement starts to
increase. This is due to the absorption of water vapor from the air by the FA.
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Figure 7. The loss weight of the sample as a function of time during free evaporation from the Petri
dish with a diameter d =9 cm for the system FA:ethanol with mass ratio: (1) 10:0.5, (2) 10:1, (3) 10:1.5,
(4) 10:3, (5) 10:5. Temperature T = 22 °C, relative humidity H = 25%.
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Figure 8. The rate of weight loss dmdt™1'S™! [g s™! m™2] for FA as a function of mass % of ethanol in
sample. Temperature T = 22 °C, relative humidity H = 25%.

Physical sorption means that comprise MgO-TiO: nanooxides do not allow achieving better results
for the sorption of hydrocarbons and alcohols than sorbents used so far by rescue units. Considering
the price of FA and its hygroscopicity, this limits its use during uncontrolled releases of this very
numerous group of organic substances.

4.3. Comparative Tests of the Flash Point of Pure Substance and One Sorbed on Sorbate

The flash point of 99% purity of p-xylene determined by open Cleveland’s cup method equaled
to 34 £ 2 °C. The determined value proves to be consistent with literature data for this method.
Adsorbing p-xylene at a sorbate:sorbent 1:2 mass ratio leads to a decrease in the flash point of vapor
for both p-xylene absorbed by CDE and FA. This value is for configuration of p-xylene: CDE and the
p-xylene:FA configuration was 29 + 2 °C and 28 * 2 °C respectively. The study showed compliance
with the results obtained for the evaporation rate measurements for n-heptane and ethanol for which
the evaporation rate from the sorbate: sorbent system is higher than from pure solvent already at a
mass ratio of 1:3. This confirms that the FA increases the fire hazard immediately after absorption even
more than standardly used in rescue operations CDE.

4.4. H20 Absorption Rate and Aging of MgO-TiO: Specimens

The use of technology in the form of neutralizing extinguishers requires that the nanocrystalline
oxide preparation does not lump due to the tendency of water being absorbed from the air. Such a
process could lead to clogging the extinguisher outlet consequently causing its uselessness.

These studies have shown that water vapors at t = 180 min caused an average increase in mass
of the FA at a rate of dmdt™! S™! =5.82 x 107! [gmin~!m™2]. Despite the hydrophobization of FA,
this result is more than twelve-fold greater than in the case of CaO and 37-fold greater than for
hydrophobized ABC powder with a monoammonium phosphate content of 90%.

Despite such a high dmdt~! S~! value, no caking of FA was observed during the measurement.
The product stored in the original and airtight plastic container has not been lumpy for over a year.
Consequently it may be concluded that such an event should also not take place in a sealed neutralizing
fire extinguisher in which FA is also commercially available.
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4.5. Acid Neutralization

Neutralization of typical acids using nanoactive oxide neutralizers is a very costly process. Such
neutralizers currently available on the market cost over 50 euro/kg. For the sake of comparison, the cost
of commercially available technical grade NaHCOs can be less than 1 euro/kg and the CaO available
in any building store comes up to only 0.2 euro/kg. The neutralization process using FA showed
a neutralization efficiency of 0.95 kg calculated as pure H2SOs4 per 1 kg of MgO-TiOz. It is easy to
calculate that, for example, the use of CaO would allow the neutralization of 1.75 kg H2504 (and with
a product fully neutralized to CaSOs). Another solution that would be much cheaper than nanoactive
oxide neutralizers would be the use of NaHCOs, Na2COs, NaOH or even decahydrate of Na2B4Oy.

Experiments show that without mixing and with big excess of H2SO4 (mass ratio neutralizer:
H2504 1:10), the energy effect of the neutralization process with nanocrystalline Mgo-TiO: provides a
slightly better guarantee of safety at the time of its adding than the solutions used so far (Figure 9,
Table 3).

0 40 s 80 120

Figure 9. Temperature dependence as function of time in the process of neutralization 98% H2504
through (1) FA (MgO-TiO»), (2) NaHCO3, (3) NaxCOg, (4) CaO, (5) Ca (OH),, (6) NaOH. Mass ratio
neutralizer: H2SO4 1:10. Method of adding the neutralizer: loose pouring (without mixing). To =20 °C.

Table 3. Temperature increase and maximum temperature change over time for neutralization processes
98% HSO4 through FA NaHCO3, NayCO3z, Ca (OH),, NaOH, CaO. Mass ratio neutralizer: HySO4

1:10. Method of adding the neutralizer: loose pouring (without mixing). To =20 °C.

Neutralizer AT, °C (AT At™1)°Cs™1
MgO-TiO: (FA) 193 0.8
NaHCO; 26.6 1.9
NapCOs3 35.6 21
Ca(OH): 902 7.9
NaOH 117.6 10.7
CaO 49.9 25

While the temperature increase (at a weight ratio of neutralizer: H250s (1:10) for solid Ca(OH)2
and NaOH was significantly greater causing boiling and spreading of the pool (ATcaon2 = 90.2 °C,
ATneon solid = 117.6 °C), small differences were observed for NaHCOs neutralization (ATNancos
= 26.6 "C) as compared to FA (ATmgo-tio2 = 19.3 °C). In the conditions of rescue and firefighting
operations, the rate of the sodium bicarbonate neutralization process is sufficiently fast and does not
require acceleration by mixing. On the other hand, nanocrystalline MgO-TiO: floats on the surface of
the pool and reacts slowly, so mixing is necessary to speed up the reaction. The mixing process causes
a two-fold increase in temperature (ATMgO-TiOz = 46.0 °C) as compared to the reaction with free
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pouring without mixing. Studies have shown that in the case of neutralization including mixing in
the mass ratio of MgO-TiO:2 to H250s of 1:2, the temperature increase AT can be as high as 170 °C,
and consequently poses a more intense risk of burns due to careless operation of the rescuer than it
is the case for NaHCOs at the same ratio (ATnarcos = 74.8 °C). An additional advantage of sodium
bicarbonate (as well as other carbonates) is the ability of controlling the neutralization process by
easily observing the evolution of COz. This is not possible with nanocrystalline oxide specimens, and
the determination of the end of backwater neutralization process requires an indicator (unless it is
first solidified). This is of particular importance for rescuers working in a zone with a significantly
restricted visibility splay wearing gas-tight clothing.

The neutralization processes executed by rescuers on the incident scene require assuring special
safety conditions. Depending on the type of acid being neutralized, rescue actions require protection in
the form of anti-splash clothing or chemically resistant gas-tight clothing. This makes work conditions
highly uncomfortable. The execution of additional activities (such as for example mixing) causes
increased amounts of vapor being released and fogging of the visor. On the other hand, intense water
vaporization during excessive temperature increase during neutralization may also cause, apart from
thermal burns, total blocking of the rescuer’s visibility splay.

5. Conclusions

This article analyses the scope of practical application of metal nanooxides with view to needs
of the rescuers during uncontrolled releases of hazardous substances. In the testing, use was made
of commercially available MgO-TiO: sold under the trade name of FastAct (FA). Its proprieties were
compared to selected sorbents that are commonly used by rescuers during actions, generally marked
as CDE (granulated sorbent based on calcined diatomaceous earth), PC (polyacrylamide copolymer),
EP (expanded perlite).

It can be seen clearly that the nanocrystalline MgO-TiO:z specimen (FA) does not exhibit higher
maximal mass sorptivity Sw or maximal volume sorptivity Sv in relation to sorbents used so far during
rescue operations. Much better Sw results were obtained for expanded perlite (EP) and water activated
polyacrylamide copolymer (PC). As compared to MgO-TiOy, the Sv parameter was found to be better
not only for water-activated PC but also for calcinated diatomite earth sorbent (CDE). Considering also
the significantly higher prices of nanooxides (min. 50 euro/kg), their use as sorbents of hydrocarbon
substances seems to be highly unprofitable for the time being. The majority of sorbents currently used
by fire services have a price much lower than 5 euro/kg.

Furthermore, despite a well-developed surface structure FA does not assure protection from
evaporation of sorbate from its surface. Measurements with n-heptane and ethanol have shown that
even at a mass ratio sorbent:sorbate that is far from maximal sorptivity, the weight loss of sorbate
from FA is similar in magnitude and even greater than the weight loss recorded for evaporation
from the surface of pure sorbates (n-heptane and ethanol). This confirms the presumption about the
decisive role of physical sorption on MgO-TiO: surface in the case of hydrocarbons and monohydric
alcohols. However, increased evaporation could also result from the very large specific surface area.
The increase of a fire hazard was also confirmed by comparative studies of ignition temperature of
pure p-xylene and in configuration p-xylene:FA and p-xylene:CDE. At a mass ratio of 1:2 the vapor
ignition temperature was found to decrease both in the case of p-xylene absorbed by CDE and FA.

This proves that this neutralizer is not appropriate for trapping hydrocarbon vapors and alcohols
from the air, which constitute the biggest group of chemical fire hazards in industry and in transport.

Studies have pointed to a considerable susceptibility of nanooxides to ageing, which is of particular
importance for the storage of those compounds. As a result of the large proper surface of MgO-TiOx,
the rate of water absorption is 12-fold bigger than for the hygroscopic CaO. On the other hand,
hydrophobized ABC powder (Extinguishing powder dedicated for ABC group fires (solids, liquids,
gases)) with a monoammonium phosphate content of 90% absorbs water 37 times slower than FA.
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The energetic effect of the neutralization process by FA during unconstrained pouring does not
assure a much better safety of rescue operations than, for example, in the case of NaHCO:s. To allow the
process to take place relatively quickly mixing is essential, as fine and hydrophobised nanocrystallite
remains at the acid surface, reacting slowly.

In addition the mixing process causes a two-fold increase in temperature (ATMgO-TiO2 = 46.0 °C)
than was the case for the reaction with free pouring without mixing. Studies have shown that in the
case of neutralization including mixing in the mass ratio of MgO-TiO2 to H2SOs of 1:2, the temperature
increase AT can be as high as 170 °C, consequently posing a much more material risk of burns due to

careless operation of the rescuer than is the case for NaHCOs at the same ratio (ATnarcos = 74.8 °C).

Similar to sorption, the neutralization processes of typical acids involving nanoactive oxide
neutralizers are very costly as compared to commercially available neutralizers. For example the price

of CaO available in any building materials store is only 0.2 Euro/kg and technical NaHCOs costs less
than 1 euro/kg. By contrast with MgO-TiO», an additional advantage of sodium bicarbonate (as well as
other carbonates) is the ability to control the neutralization process by easily observing the evolution

of CO2. This is of great importance for rescuers working in a zone having a significantly restricted
visibility splay in gas-tight clothing.
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