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FRICTION INCREASING, ABSORPTIVE AGENT AND METHOD FORITS
APPLICATION TO SNOW OR ICE COVERED SURFACES

~ The present invention concerns an agent intended to be spread on slippery surfaces covered by

1ce or snow, surfaces covered by wet leaves or freshly paved surfaces covered by water. The

invention further relates to a method for spreading the agent on ice or snow covered surfaces.

Background/ State of the Art Technology
Various types of friction increasing agents to be spread on slippery surfaces are known in the art,

particularly agents intended for use on ice or snow covered surfaces.

There are several known problems in this area. The conditions under which the agent is to be

spread varies widely, e.g. hard ice several degrees below 0 °C, temperatures above zero wherein

the 1ce 1s covered with water, supercooled rain that freezes the very moment it reaches the

ground, or varying layers of ice and snow, from a few millimeters to several centimeters.

Thus, 1t is difficult or impossible to find an agent that works well under all conditions. In this
connection 1t should be noted that sites that need such agents during winter time belong to such
different categories as private areas, driveways and roads, public roads, airports and connected
areas, which all have quite different requirements and very different equipment available for
containing and spreading the agent. On airports a very high degree of safety is required while the
acceptance of agents that may cause corrosion is exiremely low. On private areas there is usually

a requirement that spreading can be performed by hand or with very simple mechanical

equipment.

On ordinary roads and in private areas it is quite common to spread sand, as the intention is that
the sand particles shall attach to the slippery surface and provide an increased friction. This
works under some conditions, but there are situations where it does not work well, e.g. if it is
cold and the surface hard, the sand does not attach well to the surface, and it is rapidly blown
away by the turbulence of passing vehicles. As an alternative to sand, pebble (gravel) is used,
which 1s heavier and does not blow away as easily. On the other hand pebble has the

disadvantage that 1t causes a greater degree of damage to vehicles. Lately the tendency is to use
more pebble gravel and less sand.



10

15

20

25

30

CA 02431501 2003-06-09
WO 02/057388 PCT/NO01/00490

2

The technology of spreading sand has, however, developed further, e.g. the sand 1s spread after
heating or spread together with hot steam or hot water. This technique makes the sand attach
better to the surface and therefore provides a better friction, the disadvantage being that it
requires more costly equipment for its application, plus costly heating / evaporation of the water.
This kind of spreading only works well on rather thick layers of ice. There 1s furthermore an
indication that coarse sand with sharp edges frozen to the ice, may cause disproportionately high

tyre wear.

At temperatures close to 0 °C, and particularly in urban regions, 1t 1s common to spread salt that
provides a reduction of the freezing point in order to make the ice/ snow melt away completely,
so that tyre contact with the pavement below is established. The disadvantage is that it requires a
comparatively large amount of salt, which is environmentally questionable, and it works well
only in a narrow temperature range. In situations with thicker layers of ice or snow or at lower
temperatures it may work in contradiction to its intention, melting only part of the layer that it 1s
intended to remove and making the surface even more slippery. In addition, the use of salt

increases corrosion of the vehicles.

Many friction increasing agents and melting agents are available for private (personal) use. In
addition to the agents used on public roads, comminuted Leca gravel and shell sand are used
extensively. As melting agents there are different types of salts available with various side
effects dependent upon the type. On hard and smooth ice, the dry sand and pebble gravel do not
work well, as they are not able to attach well to the surface, hence the intended friction for a
rubber tyre is not obtained. The problems related to the least expensive salts (e.g. NaCl) are that
they erode concrete, attack iron and steel constructions, erode footwear and are generally

hazardous to the environment.

Objective
It is thus an object of the invention to provide a friction increasing agent that may be utilized

under more varying conditions than previously available agents.

It is a further object to provide a friction increasing agent suitable for ice/ hard snow that
provides a friction sufficiently high to allow vehicles to drive with acceptable safety margins
without causing high tyre wear, and which is also useful as a friction increasing agents for

pedestrians.
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It is a further object to provide a friction increasing agent that provides a mainly constant friction

independent of e.g. the temperature conditions when spread.

It is a still further object to provide a friction increasing agent that stays for a longer period of

time on the surface to which it is spread, and therefore does not need as frequent distribution

intervals as do most other friction increasing agents.

Theinvehﬂon

In accordance with the invention as broadly disclosed, the above mentioned objects
are fulfilled by a salt friction increasing agent for surfaces covered with ice, snow or
the like, such as roads, airports, parking lots and sidewalks, characterized in that
the agent includes a granulated absorber material chosen from the group consisting
of water durable silicates, and preferably an amount of water limited to the moisture

limit of the absorber material.

The invention as claimed is however more specifically directed to a salt free friction
iIncreasing agent for surfaces covered with ice, snow or the like, characterized in
that the agent includes a granulated absorber material chosen from water durable
silicates consisting of calcined diatomaceous earth (CDE), perlite, calcined

bentonite, calcined clay and mixtures thereof.

The invention is also directed to a method for spreading a friction increasing agent
on snow or ice covered surfaces, characterized in that the agent is applied to the

surface in question manually or with mechanical means, and that an adapted

amount of water is added to the surface simultaneously or soon thereafter.

Absorber materials of the type defined herein possess the characterizing feature that they exhibit

an outer, rigid structure that covers internal, porous or microporous voids. The absorber
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materials according the invention are durable, which means that they do not easily crumble into

smaller particles even when exposed to liquids.

The absorber granules may typically be calcined diatomaceous earth (CDE). Sepiolite, expanded
perlite (rapidly calcined rhyolite/ pitchstone ) or naturally occurring zeolites may also be used.
Burning/ calcining provides the granules with the strength required to withstand mechanical
compressive loads without being crushed, and to endure lying in a moist environment without

decomposing. The friction increasing agent according to the invention is environmentally

friendly and does not contribute to enhanced corrosion of vehicles, bridges or the like.

Used correctly the friction increasing agent of the invention may also reduce the amount of dust

suspended in the air along the roads, as the need for studded tyres is reduced, and so is the use of

fine-grained sand.

A mixture of the absorber material and a little water (liquid) is well suited as a friction increasing

agent for slippery surfaces, especially ice and hard snow. In the tests performed, CDE with an

addition of water was used mostly.
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Tests show that a friction increasing agent according to the present invention provides the
required friction on ice and hard snow. In particular, when an adapted amount of liquid in the
form of pure water is added, conditions are achieved by which the friction Increasing agent
immediately freezes to the ice and forms a sandpaper like surface. A very even and satisfactory
friction that 1s independent of the temperature conditions, 1s thereby obtained. In relation to car
traffic the friction obtained is at a level that from a safety point of view 1s fully acceptable at all

temperature conditions, but not so high that tyre wear becomes disproportionately high.

The friction increasing agent according to the invention may also advantageously be used on
surfaces that are slippery for other reasons, like oil or diesel leakages, fats or fallen leaves (plant
juices), due to the absorbing capability of the friction increasing agent.

The moisture limit of the agent defines the amount of liquid that may be added to the absorber
before its surface goes from having a dry outside (the granules feels dry on their outer surface
and no moisture rubs off when the granules are touched) to a moist outside . This limat is in the

range of 1/3 to 1/ 2 compared to the agent’s absorption limit.

Table 1. Some empirical data for tested absorbers.

Friction
increasing agent

Grain size (mm) | Absorption | Moisture

Iimit ? limit

Density |

Sepiolite 0-0.3 0.6
CDE 0-1 (0.8

The numbers have an estimated uncertainty of 10%

0.2
0.35

0.65 .
0.5

Some simple measurements of absorption capability (limit) were made on some further materials
according to the invention. For natural zeolites values comparable with the value for Sepiolite
were found. For perlite and calcined bentonite values a little lower than and a little higher than
the values for Sepiolite were found respectively, while CDE had the highest values among the

measured materials.

For particular applications the friction increasing agent may be used together with antifreeze
liquids, e.g. alcoholic liquids, propylene glycol, potassium acetate etc. The area of application
and the conditions for the respective use will determine whether or not such a combination will

be more favourable than use of the agent according to the invention alone.
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For applications within the private (personal) market it may be appropriate to extend the function
of the agent to also include absorption of different kinds of liquid spills. For such purposes the
agent should not contain more liquid than required to bind the dust, thereby maintaining an

absorption capacity as high as possible. For CDE this value is between approximately 4 and 12

% by volume.

The friction increasing agent may as mentioned be present in a (completely) dry state or
containing a certain amount of water, depending on the application. The amount of liquid should
be less than the moisture limit of the agent, else the granules will tend to freeze to one another

and build “lumps’ when the temperature sinks below 0 °C.

For the professional market the actual conditions during transportation and spreading decide the
amount of water to be added under production, and the amount of water to be added when the
agent is spread. Tests show that the ratio of total amount of water to amount of friction
increasing agent is an important parameter in the goal of achieving the best friction possible.
Subsequent to its spreading/ application it is preferred, somewhat conditional on the surface, that

the amount of water is in the range between the moisture limit and the absorption limiat.

For the personal market it is preferred to include as little water as possible, only enough to bind

the dust, as this ensures that the agent may then also be useful for the absorption of spilt oils and

other kinds of liquid.

The materials assessed and/ or tested are calcined diatomaceous earth (CDE), Sepiolite,

expanded Perlite and naturally occurring Zeolites. CDE has been used as the main raw material

for the actual tests.

With regard to the varying conditions under which the tests have been performed, it should be
noted that the friction increasing agent according to the invention will have a somewhat difterent
character depending on the “phase” it is in. The “modus operandi” of the agent may be divided
into four different phases: dry phase, wet phase, frozen phase and back to dry phase. If the agent
is spread in a wet state (particularly for the professional market) it will go through three phases,
the wet phase, the frozen phase and the dry phase.
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Dry phase: In the dry phase friction is comparatively high, and it is significantly higher than for
dry, fine-grained sand in most of the temperature areas from -0 to -5 °C. It functions in many
cases much better than sand (see table 3e and 3g). When the agent is dry, strong winds
(turbulence behind vehicles) will move the granules, which means that the agent is not very
useful in this state on roads with heavy traffic. In driveways, on sidewalks, stairs etc., the agent

functions very well.

Wet phase: The agent may be presented in a wet state by adding water when the agent is spread,
or as a consequence of the ice melting or water additions in other manners. In the wet phase the
agent provides a friction in the magnitude of the friction of wet sand, which means that it 1s

significantly poorer than in the dry state, but not poorer than the friction of sand (see table 3b, ¢
and d). In wet condition, however, the agent attaches better to the surface than it does in the dry

state.

Frozen phase: (sandpaper phase) If the agent is wet and has only had pure water added, while the
temperature of the ice is below 0 °C, the granules will freeze to the ice immediately (a maximum
of 30 seconds at temperatures close to 0 °C and within 5-10 seconds if the temperature 1s in the
range of -10 to -15 °C). The friction in this phase may for the lowest temperatures be compared
to the one for sand frozen to ice, but for temperatures closer to 0 °C the friction provided by the
agent according to the invention 1s significantly higher (the sand grains seem to come loose near
0 °C), and this is even over a temperature scale below - 0 °C (see table 3b). Compared to the dry
agent it is almost twice as high, except for the value at -0 °C (see table 3b and 3e). The friction
varies dependent on the amount of water added (tests performed in addition to the ones shown 1n

table 3) and it increases with the amount of granules per surface area/ the amount spread (see

table 3b).

Back to drv phase: If the agent is wet or frozen, it will, depending on the weather and the

temperature, eventually dry out and return to a dry condition. Also in dry condition the agent
will easily follow the water during rainfall. The tested absorbers are environmentally neutral and

will not be pf)isonous to the environment unless liquids have been added that are poisonous.

A method for the measurement of friction in full scale (ASTM Designation E 1859-97 (USA))

providing the entire friction curve/ slin curve. is described below. A simplified method for
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testing in reduced scale, which was used to test embodiments of the friction increasing agent

according the invention, is also presented.

Said ASTM method has been adapted in Norway as a standard for the National Road
Administration. The basis for the measurements is the general friction coefficient (u=Fh/Fv),
which is the ratio between horizontal friction force (the friction between e.g. the wheel and the
eround below = Fh) and the total weight / force exerted by the wheel against the ground (the
vertical force). The friction coefficient pu 1s normally a number between 0 and 1, where 0 means
no friction and 1 a maximum of friction ( a u of 1 means that the horizontal and the vertical force
are equally large). The friction coefficient may in some cases be larger than 1, implying that a

kind of “toothed gear” effect or “sandpaper” effect 1s present (see table 3h).

The method measures the so called slip curve, which 1s all p values from the wheel mitiates a
braking (the wheel speed in relation to the surface below is reduced in a linear manner) until the
wheel has reached a standstill position. The maximum value (i_..) of the slip curve 1s
commonly used as a measurement and designated the friction number. The equipment used for
measurement according to the ASTM method is very expensive and the existing equipment is

only designed to perform measurements outdoors on roads/ tracks.

A rectangular piece of a car tyre/ summer tyre (approx. 8 cm x 12.5 cm = 200 cm®*) was prepared.
Weights were glued to it to hold it flat. The total weight of this arrangement was approximately
0.8 kg. The piece of tyre was thereafter connected to a suitable spring scale that was calibrated
from O to 12 hg (12 hg = 1.2 kg). The readings were converted to p values where p =x hg/ 8
hg. It was assumed an uncertainty for the readings of +/- 10%. Most of the readings were

conducted in cold storage with control of the temperature in the room and of the ice surface.

Friction scale; Some Reference Values

The general definition of friction, as mentioned above, is defined by the equation n=Fh/Fv,
where Fh represents the horizontal friction force ( tested on a level surface), and Fv representing
the vertical pressure (the force) against the surface, p being the coefficient of friction. The
National Road Administration calculates different values of u for roads as shown by table 2. The
numbers are found in “Temahefte til handbok - 111. Vedlikeholdsstandard for riksveier (1993)
Statens Vegvesen, Vegdirektoratet, driftsavdelingen, vedlikeholdskontoret.

(The braking distance does not include the reaction distance, which is about 14 m at 50 km/h.)
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Table 2. Connection between coefficient of friction, state of the roads, braking distance, driving
conditions, safety and procedure of sprinkling(of friction increasing agents).

Driving conditions | Braking Driving conditions and
distance at 50 | safety

Sprinkling procedure

wet ice or snow | not defined | impossible/ continuous
irresponsible sprinkling
d 0.1-0.15 winter conditions | 66 m very slippery, low continuous

Ilg

safe sprinkling

winter conditions | 39 m slippery sprinkling on
hazardous places
no sprinkling

¢ AN =
&
—

-
H

-
®

-0.40 mtermediate 33m satisfactory
conditions
intermediate 25 m
conditions

| summer 16 m | very satisfactory

| conditions
dry summer 14 m excellent
conditions

The stated braking length applies to the coefficient of friction that 1s underlined.

-0.50 well satistactory

L

-
A
?

10

=
o
o

Two types of friction measurements for different mixtures of the agent were conducted,
15 measurement in the inventors cold room and measurements performed by Teknologisk Institutt

(T]) (i.e. Technological Institute in Norway).

Measurements in a Temperature Controlled Chamber and Some Situations Outdoors with
20 Simplified Method
The content of table 3 1s explained as follows: Temperature (Temp) is stated in °C on the surface
of the 1ce. -0 means 1n the range -0.1 to -0.5 °C and +0 means +0.1 til +0.5 °C.
Surface defines the friction agent used and type of support or ground. Amount/ m* indicates how
much agent was used in cm’ on a surface of 1 m*. F coeff start is the coefficient of friction (u)
25 measured immediately before the rubber piece started to slide. The purpose of the factor is to
provide an indication of e.g. the starting problems that may be experienced with the different
friction increasing agents. This value is also included for the other measurements. The
uncertainty of the measurements of the p-values where only one number is indicated, is
estimated to +/- 0.05. F coeff start may be compared with - and gives a certain indication of - the
30 maximum point of the friction curve according to ASTM standard measurements. F coeff slide
gives the coefficient of friction that 1s measured when the rubber piece slides with even speed

over the surface. This should be indicative of the last point of measurement of the slip curve
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according to ASTM standard measurements, and the reference by the National Road

Administration.

The process of manufacturing a frozen agent was conducted with a hand shower (1 liter plastic
bottle) and tap water, the amount of water distributed being registered and controlled. Too much
water reduced the friction (water-/ ice layer covering the granules) and too little water made the
granules come loose and move on top of the surface, also resulting in a reduced friction. The
optimal amount of water for both types of sand proved to be 30-50 vol-% with respect to the
amount of sand, while for the agent according to the invention the numbers are 50-80 vol-%. At
-15 °C the agents froze to the surface in a period of 10-20 seconds, and at -0 °C 1t took 20-30

seconds to produce the sandpaper effect.

The tables 3 (a-h) show results of measurements of friction with the simplified method for

relevant friction increasing agents and surfaces.

Table 3a. Measuremenis on uncovered ice

- 15 Uncovered, somewhat 0.5-0.55 0.25
‘ uneven ice |

Remarks

No agent

Uncovered, somewhat 0.2-0.25 No agent

uneven ice

Uncovered, somewhat | 0.25-0.3 0.1-0.15
uneven ice -

0 Uncovered, somewhat . 0.2—-0.25 0.08 -0.1
i

No agent

No agent

a— - s e a e . . . - -,

+ -
h
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Table 3b. Measurements of frozen and melted agent (CDE with 5 vol.% water) on ice.

Amount | F. coeft. F. coeft.
per m’ start slide

Remarks

Temp | Surface

n
n

0.5
1.5
0.5

0.65—-0.7
0.7-0.75
0.65

0.7

0.4 — 0.45
0.45—0.5
0.4 — 0.45
0.45

0.65 0.4 —0.45
0.7-0.75 |045-0.5 |
0.5 025 -0.3
0.5 0.25 - 0.3

-15 Agent frozen to ice

- - ] - - - wa -

I
—
Nh

0.5
| 1.5
0.5
| 1.5

-
)

0 Agent with water on 1ce

-

-
-

15 Table 3c. Measurements of frozen and melted, coarse sand (0-4 mm crushed claystone with sharp
edges) on ice.

Amount | K. coeft. F. coett.
per m* | start | slide s

Surface Remarks

emp

'

- - | ‘ |“ e = .o - som = - - —— o % - PN g - = o -

| 0.5
1.5

0.5

0.7-0.75
0.9-1.0
0.7

0.5-0.55
0.65 —0.75
0.45-0.5
0.65
0.65 [ 04-0.45 |
| 0.7 | 0.45
0.4 0.25
0.5 0.3

20 | -15 Coarse sand frozen to ice

I
sk
n

0.5

9
n

0.5
1.5

Coarse sand w/water on ice

-

-
pd -
n n

Table 3d. Measurements of frozen and melted, fine sand (0-2 mm sand with round edges ) on ice.

F. coeft. F. coeff.
start shide

Amount Remarks

per m’

30 Temp | Surface

<
T~

| -15 Fine sand frozen to ice 1 0.5 0.65

A

]

T e R N L
N e R I

T e R (RN e I

O T e L LR LE N R
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Table 3e. Measurements of dry agent (CDE with 5 vol.% water) on ice.

Temp Surface Amount | F. coeft. F. coeff.
per m’ start slide
5 1-15 Dry agent on ice .' 0.25-0.3
R

Remarks

®

I
P
h

Iill ll

0.4

0.

e
-

Table 3f. Measurements of dry, coarse sand (0-4 mm crushed claystone with sharp edges) on ice.

15 | Temp Surface Amount | F.coeff. | F. coeff Remarks
per m’ start slide

-15 Dry coarse sand on ice
R L

S

3 |

'

|
sk
N

1 ¢

o
-

0
s Josos iz
R L

c . e - erw . . — - - -

25

Table 3g. Measurements of dry, fine sand (0-2 mm sand with round edges ) on ice.

| Temyp Surface | Amount | K. coeff. | K. coeft. | Remarks
' ' per m’ start | slide
30 | -15 | Dry fine sand on ice 0.5 04-05  ]0.2-0.25
0.5 .
1.5
0.5 .
1.5

Ii

i
—
N

] 1

T o

0.3

TN
N
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Table 3h. Measurements on varying surfaces at summer temperatures.
| Surface F. coett F. coeff.

start slide
1 0.7

0.7 0.5
0.65 0.45
0.4
1
1.3

Temp Remarks

+10-20
+10-20
+10-20
+10-20
+10-20
+10-20

Dry and clean asphalt
Dry asphalt w/dust, sand
Coarse sand only

Fine sand only

1.2
1.4

Fine (real) sandpaper Sandpaper grade 400

Coarse (real) sandpaper Sandpaper grade 120

The numbers for real sandpaper are included to show that it is possible to obtain coefficients of
friction larger than 1, and that conditions that resemble sandpaper - at least coarse sandpaper -

may cause an unwanted wear on rubber tyres.

Comments and conclusions of table 3.

“Sandpaper surface”. The agent exhibits an even and sufficient slide friction of 0.4 - 0.45 in the
entire temperature range from 0 to —15 °C, and provides driving conditions that are well
satisfactory (see table 2). The start friction values are also even. The tests with sand show more
varying results. Use of warm sand (cf. test conducted by The National Road Administration

below) show higher coefficients of friction.

“Dry spreading”. The agent shows a satisfactory and even start friction (approx. 0.5) and shide
friction (0.25 - 0.3). It is also important to observe that the amount of friction increasing agent
(0.5/1.5 dl per m®) does not influence the friction. The most surprising and interesting
observation 1s the slide coefficient of friction at —0 °C (0.45), which 1s almost twice as high
compared to that of lower temperatures, cf. table 3e. This number is supported by a practical test

carried out with a car at minus 1-3 °C.

The agent according to the invention is, in these tests denoted “Ice-Crust”, which technically is

CDE with 5 % water (well within the moisture limuit).

The measurements were performed as laboratory measurements on three test lanes, at two

different temperatures, both with dry agent and agent plus added water. Sand was used to
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provide data for comparison, and volumetrically equal amounts of sand and Ice-Crust were used.
As Ice-Crust has a significantly lower density than sand, 1 dl of Ice-Crust weighs only 56 g while
the same volumetric amount of sand weighs 154 g. Prior to the tests the friction increasing
agents were climatized in a clima chamber of 23 +/- 2 °C and with 50 +/- 5% RH (relative

humaidity).

The test lanes were 3.6 metres long and 0.5 metres wide. Test series 1-4 were performed with an
ice temperature of approximately -8 °C and test series 5-8 with an ice temperature of

approximately -1 °C. The results are shown 1n table 4.

Table 4

Test Lane 1 Lane 2
series Ice Ice + sand
only

Lane 3 Water Ice

temp

Ice + Ice-Crust

- - LR

Ice-Crust
(d/m*) (dV/m?®) (°C) (%)

83

Friction | Sand Friction
(1) (d/m? ()

0.17 | 0.18 |
0.19 | 0.17 |
0.17 | 0.5 0.22
0.17 0.22
0.18 0.21
0.18 0.21
043 |
0.44 |

Friction

(W)

—
(o

0

o0
@)

; -
n

1

o0
@)

1

O
i

0.39 |
0.17 0.17
0.17 0.17
15 025 | 05 [ 0.33
0.25 0.32
0.26
0.26
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As shown by table 4 the coefficient of friction of the friction increasing agent according to the
invention is higher than the friction coefficient of sand for all test series. The difference 1s
greatest at low concentrations of the agent and strengthens the theory that the new agent may be

applied in less amounts than conventional agents in order to reach a satisfactory friction

5 increasing effect.

Friction is improved both for sand and the agent according to the invention when a little water 1s

added, which effects a freezing of the agents to the ice surface (sandpaper effect). It is, however,

exceptional, that higher frictions are consistently observed at -1 °C than at -8 °C, and reservations
10 should be taken for the possibility that the results may be somewhat different in full scale and

natural environments than was the case in the laboratory.

It was mentioned above that tests have been performed with heated sand, where sandpaper like
surfaces have been produced. One such example 1s from a test lane in a cold region in Eastern
15 Norway, the test being conducted by the National Road Administration. Sand grains (0-4 mm)
with sharp edges (crushed rocks) were used for the test, that lasted for 3 days and was performed
at minus 10 to minus 15 C. One of the private test cars involved 1n the test, was driven
continuously 3-4 hours a day for the 3 days the test lasted. About S0 brake tests (frictidn
measurements) were performed per hour, 1.e. a total of about 500 brake tests. The car started
20 with new all-year tyres, and after the test the depth of the tyre patterns was reduced to half the
original depth. This indicates a surprisingly high tyre wear. The reason for such a high tyre
wear may be that the combination of comparatively sharp sand grains and the grain size. The
coefficient of friction was measured to 0.72 prior to the tests and reduced to 0.57 when the tests

were over (wear of the surface applied with grains) which corresponds to summer driving

25 conditions as defined by table 2.

Practical test (wit] g :
Several practical tests were performed with the friction increasing agent according to the

invention on short road tracks/ driveways with 1-5% inclination and use of private cars. The test

30 were performed on bare ice/ hard snow, uphill direction at - 1 to -3 °C.

Start test on bare ice / hard snow

Several tests were performed with dry, coarse sand in a dry state. The car wheels spun and

made a challow denression 1n the ice A few handfiills of sand were ammlied. The sand was
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“kicked’” away by the wheels which continued to spin. By increasing the amount of sand several
times the wheels were finally able to pull themselves out of the depressions. When only minor

amounts of the agent according to the invention was applied, after waiting 1-2 minutes, the

wheels immediately had the friction needed to start.

Drive test on bare 1ce/ hard snow
A drive test was performed with a 500 kg trailer behind a private car in a 50 m driveway with a
2% uphill inclination. With no friction increasing agent the wheels just spun. Application of

sand did not help much, while application of the agent according to the invention made the car

and the trailer go all the way up at the first attempt.

Walk tests

With a dry agent (of the invention) the subjective impression was that 1t was safe to walk even in
inclinations. When the agent became moist, the friction was noticeably reduced, but not to an

extent where the shoes could no longer get a satisfactory grip.

Transition to “sandpaper”

At all temperatures below 0 °C the sandpaper effect could be obtained rapidly, typically within

one minute and often within 20 seconds.

Transition to dry state

The areas to which the agent were supplied showed few or no marks of the agent when the ice

melted away under spring time.

Tests have demonstrated that the friction increasing agent of the invention, with a controlled
addition of water, provides a relatively strong agent-frozen surface at all freezing temperatures.
This 1s probably due to the fact that water within the granules and around the granules attach the
granules better to the 1ce when 1t freezes than do water around sand grains with low porosity.
Thus the coefficient of friction is mainly constant within the entire relevant temperature range.

The “capillary effect” of the granules occurs more rapidly when the granules contain some

amounts of water from the start.
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By applying or spreading the agent in a dry condition in the temperature mterval —0 to -5 °C, a
comparatively high friction with well satisfactory driving conditions 1s obtained compared to

lower temperatures. This effect has not been previously known.

An important advantage with the agent according to the invention is that the coefficient of
friction obtained is relatively independent of the conditions under which the agent 1s applied,
ranging from 0.4 to 0.5 when it is frozen to ice and from 0.25 to 0.3 on wet ice. (table 3b). Sand
shows a lot more variation, and has, for some temperatures, a friction even as high as 0.75

(coarse sand with sharp edges) which is unnecessarily high (and may effect a high wear on tyres)

while fine sand with round edges has a friction in the range 0.3 to 0.5.

A limited number of absorption materials have been tested, and i1t should be understood that
granules based on other silicate comprising minerals must be expected to have similar properties,
provided that their absorption properties are comparable and provided that they are durable when
exposed to moisture. Granules will often not be durable 1in a “raw” state while they will be
durable subsequent to calcination. Granules of such minerals should therefore be considered to
be within the frame of the invention if they exhibit the required absorption capacity. It is

preferred that the absorption capacity is at least 0.3 (litre water/ litre absorber).

It is fully possible to combine the friction increasing agent of the invention mechanically with
other agents, such as shell sand, crushed rocks etc. to obtain a further increase of friction under
extreme conditions. This may be relevant e.g. for the personal market. Such combinations

should however not be expected to provide any synergetic effects, and are therefore not

considered to constitute preferred embodiments of the invention.
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WHAT IS CLAIMED |S:

1. A salt free friction increasing agent for surfaces covered with ice, shnow or the
like, characterized in that the agent includes a granulated absorber material chosen
from water durable silicates consisting of calcined diatomaceous earth (CDE),

perlite, calcined bentonite, calcined clay and mixtures thereof.

2. The friction increasing agent as claimed in claim 1, characterized in that the
agent also includes an amount of water limited to the moisture limit of the absorber

maternal.

3. The friction increasing agent as claimed in claim 1 or 2, characterized in that
the granulated absorber material has an absorption limit in the range 0.3 - 0.5 litre

liquid per litre absorber.

4. The friction increasing agent as claimed in claim 1 or 2, characterized in that

the granulated absorber material absorbs 0.1 to 0.4 litre liquid per litre of absorber

before the absorber outer surface becomes moist.

5. The friction increasing agent as claimed in claim 4, characterized in that the

granulated absorber material absorbs 0.2 to 0.4 litre liquid per litre of absorber

before the absorber outer surface becomes moist.

6. The friction increasing agent as claimed in any one of claims 1 to 5,
characterized in that the surfaces covered with ice, snow or the like are roads,

airports, parking lots and sidewalks.

7. A method of spreading the friction increasing agent as claimed in claim 1 on
ice or snow covered surfaces, characterized in that the agent is applied to the
surface in question manually or with mechanical means, and that an adapted

amount of water is added to the surface simultaneously or soon thereafter.
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8. The method as claimed in claim 7, characterized in that water is added in an

amount that at least corresponds to the moisture limit of the absorber material.

9. The method as claimed in claim 7, characterized in that water is added in an

amount close to the absorption limit of the absorber maternial.
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