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3,011,412 
SAFETY MARKING SYSTEM 

Thomas L. Harrington, St. Paul, and Donald E. Pederson, 
White Bear Lake, Minn., assignors to Minnesota Min 
ing and Manufacturing Company, St. Paul, Mina, a 
corporation of Delaware 

Filed Apr. 11, 1957, Ser. No. 652,290 
7 Claims. (Cl. 94-1.5) 

This invention relates to an instant dry lane marking 
system, and more particularly relates to a method for 
marking traffic-ways such as aircraft runways, streets, 
highways and the like with durable, wear-resistant, guide 
lines, cross-walk, center-line and other safety indicia or 
stripes in a rapid manner so as not to interfere more than 
momentarily with the flow of traffic on the traffic-way. 
Our invention also relates to structures formed by the prac 
tice of our method. 
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The marking of aircraft runways, streets, highways, 
and the like, herein called "traffic-ways," with appropriate 
visual safety indicia has increasingly become a serious 
problem in recent years because of the necessity for avoid 
ing lengthy interruptions to the flow of traffic. Instead 
of lessening, indications are that this problem will become 
more and more serious as traffic increases. ... 

It is now well recognized, from the safety standpoint, 
that old marking methods which require rather lengthy 
interruption and re-routing of traffic during the time of 
application, and for so long a period thereafter as may be 
required for drying, frequently create as many safety prob 
lems as the resulting markings help to solve. Recently, 
some reduction of the time required for marking has 
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2 
a rapid and efficient method of safety marking as herein 
set forth. 
Our invention also introduces considerable economy 

in the art of providing superior safety markings for traf 
fic-ways; and in this respect, it will be of great benefit 
to the taxpaying public, 
The vandal-proof, durable and wear-resistant portion 

of our safety marking structures is that part which con 
stitutes what we term the permanent safety marking. It 
is formed using self-hardening, resin-base paints, and 
may contain coloring pigments, as well as other ingred 
ients, e.g., autocollimating units, where special properties 
as imparted by the ingredients are desired. 
The temporary or passing portion of our marking 

structures is formed from material which is at least semi 
transparent, and which almost immediately upon applica 
tion becomes sufficiently tough and wear-resistant so as to 
withstand traffic abrasion and the like for at least a few 
hours without being destroyed or otherwise failing, yet is 
readily removed, as by water washing, without creating 
any traffic hazard or nuisance. 
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been gained by the use of quick-drying materials, but 
such materials frequently do not retain desired appearance 
properties and rarely possess the requisite durability and 
wear-resistance so as to provide reasonably long lasting 
markings. - 

Another attack on this marking problems has involved 
the use of prefabricated cross-strips for application to 
traffic-ways. While this expedient to some extent reduces 
the time of traffic interruption required for marking, it 
is expensive and beyond the reach of many municipalities. 
Also, these prefabricated strips sometimes break loose 
from an underlying street surface, or are torn or re 
moved by vandals. 

According to our invention, painted safety markings 
of a vandal-proof, highly durable and wear-resistant qual 
ity may be provided on traffic-ways without more than 
momentarily interrupting the flow of traffic thereover. 
In fact, where safety markings, e.g., cross-lane strips, are 

35 

40 

45 

50 

to be applied at an intersection controlled by semaphore 
signals, interference with the flow of traffic can be said 
to be substantially eliminated, inasmuch as the requisite 
markings can be applied and made traffic-sustaining dur 
ing the time required for one or two changes of signal. 55 

By practicing our invention, street markings are formed 
which have a characteristic new and novel structure, be 
ing in part durable, wear-resistant and vandal-proof, and 
in part temporary or passing. Almost immediately after 
being formed, our structures can withstand traffic abrasion 
and the like without being disrupted or destroyed. After 
a relatively short but variable period of time, the struc 
ture is altered, not undesirably, and loses that part which 
is temporary or passing. 
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applied thereover as a layer. 

in the drawings made a part hereof, the structure of 
street markings of our invention is graphically illustrated. 
FIGURE 1 is a plan view of a street marked with a 

center line. 
FIGURE 2 is an enlarged cross section through line 

2-2 of FIGURE 1. 
FIGURE 3 is an enlarged cross sectional. view of a 

safety marking structure, formed according to our inven 
tion, containing autocollimating elements. 

Referring to FIGURES 1 and 2, the structures illus 
trated comprise a street surface 10, a permanent safety 
marking or paint layer 11, and a protective layer 12. In 
FIGURE 3 the same respective components are corre 
spondingly numbered for the structure illustrated. Ad 
ditionally, autocollimating elements 13, e.g., small glass 
refleX light-reflecting spheres or beads (see Heltzer Patent 
2,574,971) are shown embedded within the pigmented, 
permanent marking layer 1. As described in the afore 
noted Heltzer patent, these autocollimating elements will 
become operative to direct light back in a cone toward 
its source after paint on the top surface thereof is worn 
away by traffic abrasion. As an alternative, these auto 
collimating elements may be pressed into layer 11 (see 
Shuger Patent 2,268,537). Other components, of course, 
may be included in the permanent safety markings formed 
according to our invention, the structure in FIGURE 3 
being merely illustrative. 

In forming safety markings rapidly and in the manner 
contemplated by this invention, a self-hardening resin 
base paint is applied in liquid condition to a previously 
cleaned road surface in a line or other marking, as de 
sired, and thereafter while the paint is still in an unset 
or unhardened condition, i.e., before it has hardened to 
the point where it is non-tacky and can withstand traffic 
without becoming smeared and dirty, a coating of urea is 

The urea is applied from 
a hot, fluid melt and quickly cools and solidifies to form 
a protective skin over the applied paint strip, protecting 
the paint during the time it requires for hardening to a 
non-tacky, durable state. Within seconds after the urea 
has been applied as a protective layer, traffic may pass 

While the problem of providing durable safety mark- 65 
ings in an economical manner and so as not to inter 
fere more than momentarily with the flow of traffic has 
existed for many years, and while the preferred material 
for use in forming the temporary part of our structures 
has been known for years, no one to our knowledge has 

over the safety marking structure without causing the 
paint marking to become dirty or smeared. 
The resin-base paint which forms the durable, wear 

resistant, "permanent" safety markings of our structures 
must be of the type which does not require exposure to 
air to harden or set to a non-tacky, solid, durable condi 
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ever heretofore successfully presented the art with such . 

tion. 
taining volatile solvents are unsuitable as a class to em 
ploy in the practice of this invention. When coated over 

Thus, conventional drying oil base paints con- . 
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with urea, these drying oil paints containing solvents are 
sealed from the air and remain unset or unhardened for 
so long a time as the seal is maintained. For the prac 
tice of this invention, preferred paints to employ are those 
which are self-curing, i.e., autogenously curable, into hard 
but flexible, tough, non-tacky films, without the necessity 
for exposure to air, or the necessity for evaporation of 
solvent from their mixture. Suitable paints to employ in 
the practice of our method, although less desired than the 
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A. 
828.” This resin is a liquid epoxy resin having an average 
of more than one 1,2 epoxy group in the molecule. Typical 
epoxy resins of this type may be produced by the reaction 
of 2,2-bis(4-hydroxyphenyl) propane (i.e., Bisphenol A) 
and epichlorhydrin in alkaline media at elevated ten 
peratures within the approximate range of about 50-150 
C. While the resins are complex mixtures rather than a 
single chemical compound, they may be represented by 
the illustrative formula 

CEI 

self-curing resin-base paints, are those formed from 15 where n has an average value between Zero and about 7, 
thermoplastic resins. Such thermoplastic resin-base paints 
contain little or no volatile solvent. After being applied 
in the molten state, they slowly cool, and thereby harden 
to a non-tacky, durable state after a period of time, usu 
ally at least about one-half hour. 
As the temporary top coat we have found that the sub 

stance urea possesses a surprisingly excellent group of 
properties for use. It melts at about 132C., well above 
the maximum ambient temperature where street mark 
ings are applied, and is easily held in fluid condition by 
raising it to about 150° C. for practical operations as 
herein discussed. Preferably it is not raised above about 
160° C., at which temperature substantial decomposition 
of the urea is in evidence and odors may become ob 
jectionable. Experience has shown that, under varied 
temperature conditions, urea does not enter into reaction 
with a wide variety of suitable resin-base paints for use 
in the practice of our invention. It is easily applied as 
a hot fluid melt over flowable, unset resin-base paint 
markings, does not smear the paint markings, and rapidly 
cools to form a hard, tough, traffic-sustaining layer over 
the markings. The hardened crystalline urea layer stands 
up for a sufficient time under the flow of traffic so as 
to protect the resin-base paint markings from contact with 
traffic during the time needed for their hardening to a 
tough, abrasion-resistant and wear-resistant solid state. 
Further, the cooled and solid urea layer is semi-trans 
parent and colorless so that the color of the marking 
is not obscured during the time it is weak and needs 
protection. 
Of practical importance is the fact that urea layers are 

readily removed from a marking after their protective 
function is no longer needed, i.e., after the paint mark 
ings have hardened to a non-tacky, traffic-resistant state. 
The removal of the urea layer creates no problem. Rain 
falling on it will dissolve the urea and wash it away. If 
desired, one may remove it by street washing. The paint 
markings remain as clean- and brightly colored indicia. 
As an additional advantageous property of applied urea 

layers may be cited the fact that they are odorless and are 
not offensive, to the public. During the time of the layer's 
protective function as well as during its removal by 
water washing, no traffic hazard such as slipperiness is 
created. S. . . . 
The following examples are offered to illustrate the 

teachings herein, but are not to be construed as limitative 
of this invention. Unless otherwise noted, all parts are 
by weight. 

EXAMPLE 1 
Mixture A Parts 

Epoxy resin ("Epon 828")--------------------- 189 
Pigment grade titanium dioxide.-----------------.. 8 
Methyl amyl acrylate monomers---------------- 20.5 

Micture B 
Polyamid resin (“Versamid 125")------a ser we was as wo 197 
Methyl amyl acrylate monomers.---------------- 63 
The epoxy resin was obtained commercially from the 

Shell Elevelopment Company under the trade name "Epon 
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depending for the most part on the relative proportions 
of Bisphenol A and epichlorhydrin in the initial reaction 
mixture, the larger amounts of epichlorhydrin being used 
to prepare liquid epoxy resins. Other polyhydric phenois, 
e.g. resorcino, 2,2-bis-(4-hydroxyphenyl)-butane, and 
various tris-phenols, may be substituted for the Bis 
phenol A. Various other polyhydroxy compounds may 
likewise be substituted, by appropriate known procedures, 
for the polyhydric phenols in preparing analogous resin 
ous base materials, ethylene glycol and glycerine being 
typical examples. "Epon 828” is but one illustrative suit 
able liquid epoxy resin (melting at about 8 to 12 C.). 
It has a Gardner-Hoit viscosity at 25 C. of Z5 to Z6, 
and an epoxide equivalence of about 190 to 210. In other 
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application. 
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words, about 190 to 210 grams of this resin contain 
gram equivalent of epoxide. - 
The polyamid resin of the above formula reacts with 

the epoxy resin to promote hardening of the composition, 
and is the addition product of polymerized long chairi 
fatty acids and polyfunctional primary and secondary 
amines. “Versamid 125” is stated by the manufacturer, 
General Mills. Inc., to have an average molecular weight 
of about 2,000, an acid number of 7, and a Brookfield 
viscosity of about 45,000 to 55,000 centipoises at 23° C. 

Methyl amyl acrylate monomers may be prepared by 
ester reaction between acrylic acid and methyl amyl alco 
hol (methyl isobutyl carbinol). 
About 100 parts of Mixture A and 43.3 parts of Mix 

ture B, together with 14 parts additional of methyl amyl 
acrylate monomers, and 5 parts of diethylene triamine 
curing agent for the epoxy resin, were blended together 
by stirring, and then sprayed onto a concrete road sur 
face through a conventional spraying machine nozzle in 
stripes or lines having a thickness of about 0.027 inch 
and a width of about 6 inches. About one gallon of 
the mix was used to form lines and stripes having a total 
Surface area of 60 square feet. Immediately after appli 
cation, molten urea held at about 150° C. was poured 
over the applied paint film, using about 4 or 5 gallois 
of molten urea (i.e., about 50 pounds) to cover the 
stripes or lines formed using one gallon of paint. The 
large quantity of urea employed served to cover all 
areas of the painted stripes as a layer even though 
molten area shows some tendency, when attempts are 
made to apply it as an extremely thin layer, to crawl off 
the painted stripes. Within about 30 seconds after the 
molten urea was applied, it had hardened sufficiently to 
provide a protective layer completely covering the painted 
markings. Vehicles were driven over the markings, with 
out damage to the same, the urea layer serving to protect 
the markings from traffic contact. 

After about 8 hours of protection, the painted mark 
ings of this example had cured sufficiently so that the 
Irea could be removed leaving a permanent durable and 
non-Smudged safety marking. Removal of the urea was 
accomplished by rain, which fell about 8 hours after 

The rain water dissolved the urea and 
Washed it away. No traffic hazard or public nuisance 
was created. 
. Using the compositions of this example, the foregoing 
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method was employed to mark asphalt and cobblestone 
street surfaces, and gave the desired results as afore 
indicated. 
The paint composition illustrated in this example has 

a relatively short pot life during which it remains at a 
suitable consistency for spray application, as aforede 
scribed, the pot life being only about one hour after all 
ingredients are mixed together; therefore, in using this 
paint composition in practice, the amount of paint mixed 
for application should not exceed the amount easily ap 
plied within the first hour after the formula is prepared. 

EXAMPLE 2 
Parts 

Epoxy resin ("Epon 1004'')-------------------- 15.6 
Dibutyl phthalate plasticizer-------------------- 6.7 
Pigment grade calcium carbonate ("Atomite") -- 18 

5 

O 

5 

Pigment grade titanium dioxide (“Unitan OR150”) 12 
Small glass beads having a diameter of about 2.5 

to 7 mils and a refractive index of about 1.5 --- 47.7 
The epoxy resin of this example, while formed using 

materials such as set forth in Example 1, was formed 
with less epichlorhydrin in the reaction mixture so as to 
produce a resin which remains as a solid at room tem 
perature. . "Epon 1004' melts at about 95-105 C., and 
has an epoxide equivalency from about 870 to 1025. 

All the ingredients above, including the beads, were 
mixed together by kneading action at a temperature of 
175 F. until a uniform smooth blend containing the 
glass beads was formed. The blend was poured into 
pails and allowed to cool. 
To about 17 parts of the above batch was added about 

one part of phthalic anhydride, which serves as a curing 
or hardening accelerator for the composition. This mix 
ture was then melted by heating to about 220 F., and the 
phthalic anhydride blended therein. While hot, the mix 
ture was knife coated on a concrete roadway in the 
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form of safety marking lines. One gallon of the mix 
was used to form stripes totalling about 40 square feet 
in surface area. The applied paint cooled rapidly and 
Solidified on cooling to a tacky, semi-solid state. Hot 
molten urea was flute sprayed immediately over the 
markings in a sufficient amount to form a thin urea 
layer covering the total area of the markings except for 
a short strip which was left free of urea. About one 
minute after the urea was applied, traffic was allowed 
to pass over all areas of the marking strips, both those 
covered with urea and those left uncovered. Traffic 
over the strip free of urea caused it to be smeared and 
to pick up dirt, whereas the urea protected markings 
were left free of smearing and dirt. After about one 
hour the urea layer could be removed by water washing 
without the underlying paint film becoming smeared or 
dirty as a result of subsequent traffic contact. 

While the paint of this example, even with added 
anhydride, requires several weeks to cure at room tem 
perature, its surface stickiness is substantially killed by 
the hot melt application of urea thereover, which serves 
to heat the exposed and urea contacted surface areas of 
the paint film and accelerate curing of such surface areas, 
thus providing a thin essentially non-tacky skin of cured 
paint over the underlying portion of paint which takes 
longer to cure. Shortly after the urea has been applied 
to this paint film, therefore, its protective function is no 
longer needed and it may be removed. - 

EXAMPLE 3 
The composition and procedure of Example 1 were 

employed except that 14 parts of methyl ethyl ketone 
solvent were substituted for the 14 parts of additional 
methyl anyi acrylate monomers in the paint formula. 
The methyl ethyl ketone in this formulation does not 
enter into reaction with the other components of the 
paint formula (as happens in the formula of Example 
1), and is entrapped in the finally cured paint markings 
as a volatile solvent. ... Despite this fact, the marking 
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6 
strips and lines formed from this paint composition, 
while weaker and softer than those of Example 1, were 
firm enough to withstand traffic and were about equal 
to the markings of Example 1 with respect to their ability 
to resist damage by traffic. 
As in the procedure employed in Example 1, the paint. 

of this example was applied in stripes on a road sur 
face-in this case an asphalt surface-and coated over 
with a layer of urea. Subsequently the urea was washed 
away after the underlying paint film was cured. 

EXAMPLE 4 
The composition and procedure of Example 1 were 

used except that styrene oxide monomers were substituted 
on a weight for weight basis for all of the methyl amyl 
acrylate monomers of Example 1. Styrene oxide, like 
methyl amyl acrylate, serves as a reactive diluent in this 
composition, entering into reaction (an addition reaction 
as distinguished from a condensation reaction) with other 
components of the paint mix during hardening, and be 
coming an integral part of the resulting marking. In all 
respects this composition performed as illustrated for the 
markings of Example 1. Hot melted urea was used as a 
top coat, as described in Example 1. 

EXAMPLE 5 
The following paint formulation illustrates the use of a 

method of this invention with self-hardening resin-base 
paints which may be characterized as thermoplastic paint 
mixtures: 

Parts 
Rosin -------------------------------------- 58.4 
Alkyd resin --------------------------------- 10.7 
Dioctyl phthalate plasticizer--------as - - - - - - - - - - who 3 

Titanium dioxide pigment ("Titanox RCHT”) -- 30 
Pigment grade calcium carbonate filler----------- 30 
Glass beads of the character described in Ex 
ample 2----------------------------------- 168 
The alkyd resin was an oil-modified glycerol phthalate 

prepared from a mixture of at least 31% phthalic anhy 
dride by weight and about 57% soya oil with the remain 
der being essentially glycerol. This resin has a Gardner 
Holt viscosity of I to L, and an acid number between 
6 and 14. 
The titanium dioxide pigment here employed was a 

calcium modified pigment formed by precipitating tita 
nium dioxide onto finely divided calcium sulfate, and 
consists of about 70% calcium sulfate as the core of pig 
ment particles, with about 30% titanium dioxide occupy 
ing surface areas of the particles. This pigment is merely 
illustrative of one type to employ. Many others are suit 
able. 
The paint formulation of the example was maintained 

in a hot fluid condition by heating it to a 275 F. for 
application to roadways. It was knife coated in stripes 
on a concrete roadway; and immediately after applica 
tion, hot molten urea was poured upon it. The urea 
cooled to form a protective layer within about one minute 
after application, and traffic was allowed to pass over the 
marking. No damage to the marking occurred. After 
about one hour, which is a sufficiently lengthy period of 
time for this paint film to lose its tack and harden into a 
solid durable film, the urea could be removed, e.g., by 
spraying water over the structure, and the markings were 
found to be highly traffic-resistant. 

It will be readily appreciated by those skilled in the 
art that many varied self-hardening resin-base paints may 
be used in the practice of this invention, and that these 
may be modified extensively by additions of various mate 
rials and ingredients to achieve special effects in the 
resulting marking. Resins such as isocyanates, polyamids, 
and various polyesters, are illustrative ones which may 
be employed as the base for paint formulations useful in 
the practice of this invention. Curing agents of a wide 
variety, as well understood in the self-curing resin art, i. 
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may be useful. Pigments may vary. While white has 
become a popular marking pigment, as illustrated in the 
examples, yellow lead chromate is frequently employed. 
Many others, however, will be found to function equally 
as well in the practice of the invention. 
The foregoing is intended to illustrate but not limit 

our invention, and all equivalents are fully comprehended. 
That which is claimed is: 
1. The method of providing clean, sharply outlined, 

traffic-resistant markings on traffic-way surfaces with no 
more than momentary interruption of traffic over said 
Surfaces, comprising applying to a desired area of the Sur 
face a thin coating of a self-hardening spreadable liquid 
resin-base paint marking composition, applying thereover 
as a melt a continuous layer of hard, brittle, water-soluble 
crystalline urea material melting at a temperature well 
above the maximum ambient temperature and below the 
temperature at which degradation of the marking com 
position is obtained, said crystalline material being applied 
in a continuous layer over said marking composition 
before said marking composition has hardened sufficiently 
to sustain traffic and permitting the neit to Solidify. 

2. The method of claim 1 in which the marking com 
position is rapidly heat-curing and at least the surface of 
the thin coating is accelerated in curing during contact 
with the applied molten crystalline material. 

3. The method of claim 1 in which the marking com 
position is thermoplastic and hardens and slowly loses 
surface tackiness on cooling from plastic condition. 

4. A method for providing durable, wear-resistant, 
clean, visual, safety markings on traffic-ways in such 
manner as not to interfere more than momentarily with 
the flow of traffic thereover, said method including the 
step of applying a layer of urea over a self-hardening 
resin-base paint marking substantially immediately after 
said marking has been applied from fluid composition to 
said traffic-way, said urea being applied over said mark 
ing as a hot, melted fluid which cools rapidly upon appli 
cation to form a temporary, traffic-Sustaining, easily 
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removed, non-hazardous, water-soluble, protective layer 40 

8 
over said marking, thereby to protect said marking from 
dirt and traffic contact during the time required by said 
marking to set to a durable, traffic-resistant state. 

5. A method of applying durable, wear-resistant, clean, 
visual, safety markings on traffic-ways in such manner as 
not to interfere more than momentarily with the flow of 
traffic thereover, said method comprising applying upon 
the surface of a traffic-way a safety marking of a pig 
mented, self-hardening, resin-base paint, and applying 
urea as a layer over said marking substantially immedi 
ately after forming said marking, said urea being applied 
over said marking from a hot, fluid melt which cools 
rapidly upon application to form a temporary, traffic 
sustaining, easily-removed, non-hazardous, water-soluble, 
protective layer over said marking, thereby to protect said 
marking from traffic contact during the time required by 
said marking to harden to a durable, traffic-resistant state. 

6. On a traffic-way: traffic markings of self-hardening 
resin-base paint composition temporarily protected by a 
hardened continuous transparent protective surface layer 
of urea, said urea being non-reactive with said self-harden 
ing composition. 

7. A structure comprising a hard surfaced traffic-way, 
a layer of pigmented, non-tacky, self-hardenable, tough, 
flexible and durable, resin-base paint on said trafficway, 
and a temporary protective, traffic-sustaining layer of cool 
and hardened urea over said paint on said traffic-way, said 
urea layer being non-reactive with said paint on said 
traffic-way and being easily dissolved by water and 
washed away from said structure without creating traffic 
hazards and offensive odors, 
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