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This invention relates to paving compositions 

employing bituminous material as a binder for 
aggregate particles. More particularly it relates 
to the manufacture of pavements and paving 
compositions which remain friable after mixing 
even though the temperature of the composition 
is below that at which the bituminous binder in 
the ultimate pavement is quite stiff and which 
after mixing can therefore be transported to the 
point of use and laid without requiring the appli 
cation of heat to keep the composition in a work 
able condition. 
A bituminous binder in a completed pavement 

should be sufficiently hard at atmospheric tem 
perature to impart stability to the road sufficient 
to withstand the demands of traffic. It is re 
garded as good practice to use in the completed 
pavement a bituminous binder having a softening 
point (ball and ring) of about 95 F. to about 
160° F. and having a penetration of about 35 to 
about 150 at 77 F. For a great many years 
bituminous binders of this character have been 
applied to aggregate such as stone by first re 
ducing it to a molte) condition, e. g. at a tem 
perature of about 225 to about 350 F, and apply 
ing it to aggregate that has previously been 
heated. The resulting mixture tends to cool and 
become set up quite rapidly, however, which 
places great limitation on the transportation and 
laying of the material. This 'hot mix' method 
has the advantage, however, of great pavement 
stability immediately upon laying. 

Because of the disadvantages of the "hot mix" 
method of road making, many 'cold mix' pro 
posals have been made for mixing the paving 
composition or laying the paving composition or 
both at a temperature substantially below that 
which is required using the hot, mix method. 
One form of cold mix that has been used exten 
sively in the manufacture of pavements involves 
the admixture, with aggregate of a bituminous 
binder divided into two component parts, one 
too soft at atmospheric temperature to form a 
stable pavement and the other too hard to be 
properly adhesive. Upon mixing the aggregate 
with the two component parts of the binder they 
do not blend or amalgamate with each other in 
mediately and the bituminized aggregate remains 
friable so as to permit shipment or storage and 
laying of the composition without application of 
heat. After laying and under the pressure of a 
roller or traffic the two bitumens blend or amal 
garnate to form a binder of desired stability. 
For example, in carrying out this type of cold 
mix method one of the binder components may 

be a substantially non-volatile flux oil that is 
liquid at ordinary temperatures and the other 
component may be a powdered asphalt adapted 

- to gradually blend or amalgamate with the flux 
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oil to produce a permanent binder having a melt 
ing point and penetration required in the ulti 
mate pavement. Usually the flux oil is first ap 
plied to the aggregate until the aggregate is 
coated and then the powdered asphalt is mixed 
for a brief interval of time to distribute it through 
the mass. Sometimes with a heavy flux oil it is 
heated somewhat to make it flow more readily, 
especially in cold weather and the aggregate may 
be supplied quite warm if it has just come from 
a drier; but it is also possible to carry out the 
entire process at atmospheric temperature or sub 
stantially so. While this cold mix method has 
many advantages, the pavement immediately 
after laying does not have as great stability as 
desired and has considerably less stability im 
mediately after laying than a pavement of the 
hot mix type. In addition even after the com 
ponents of the bituminous binder after a time 
become sufficiently amalgamated to afford a 
pavement of desired stability, the binder usually 
has less durability and wearing capacity than an 
asphalt cement of the same penetration applied 
by the hot mix method. 
Another cold mix method of road construction 

has been based upon the use of sufficient volatile 
Solvents to render a paving asphalt cement of the 
type ordinarily used in the hot mix method suffi 
ciently fluid at relatively low temperatures to 
allow the aggregate to be coated and laid without 
resort to the high temperatures required for the 
hot mix method. After a paving composition 
including a volatile solvent is laid it is expected 
that the solvent will evaporate leaving only the 
stable asphalt cement. But the disadvantages of 
such compositions are well known. In order to 
permit evaporation of the volatile solvent the 
pavement must be left 'open,' that is with a 
multiplicity of open passages therein through 
which the solvent may evaporate; but a pave 
ment containing such a high percentage of voids 
is not desirable. Also in such pavements, espe 
cially where it is attempted to make them more 
dense, a substantial proportion of the volatile 
Solvent becomes entrapped and cannot evaporate 
with the result that the asphalt cement remains 
Soft and tends to bleed or flush to the surface 
excessively. Such a pavement is deficient in re 
sistance to excessive internal movement and tends 
to rut and shove under traffic. This type of 
cold mix pavement also has the risa rivan to me af 
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not having requisite stability immediately, after 
laying. A 

It is a purpose of this invention to afford a 
cold mix type of pavement which avoids the de 
fects of cold mix pavements heretofore proposed. 
It is a further purpose of this invention to afford 
a cpld mix paving method which has the advan tages of good stability immediately after laying 
and of durability and denseness of the order of 
hot mix pavements and which at the same time 
has the advantages of easy handing and storing 
of cold mix types of pavements. 

It is a feature of this invention that in a proc 
ess wherein a binder is applied to the aggregate 
in the form of two component parts, one com 
ponent being a flux oil and the other component 
a powdered hard bitumen adapted to amalgamate 
gradually with the flux oil, a paving bituminous 
cement is also used, the paving bituminous ce 
ment being commingled with the flux oil, to form 
a friable composition comprising aggregate par 
ticles carrying unamalgamated powered hard 
bitumen and flux oil together with paving bitu 
minous cement Commingled with the flux oil, I 
have found that a bituminous cement can be used 
for example when heated above its softening 
point in the manner mentioned and notwith 
standing that the cement tends to become hard 
ened at ordinary atmospheric temperature the 
mixture retains the advantages of good work 
ability at relatively low temperatures that are 
incident to cold mix methods of pavement con 
struction. At the same time the pavement is 
greatly improved as to stability immediately after 
laying and compaction. Moreover this method 
makes available in coil mix pavements high duc 
tility paving asphalt cements and enables cold 
mix pavements to be manufactured that are of 
improved ductility and wearing qualities. 
By referring to paving bituminous cement ref 

erence is made to those adhesive bituminous 
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adhesive at ordinary temperatures that it can 
be reduced to a powdered form. This material 
has a low penetration ranging from 0 to about 5. 

In carrying out this invention it is not neces 
Sary that the paving bituminous cement be 
adapted to blend or amalgamate with either the 
powdered hard bitumen or the flux oil and in the . 
practice of some of the modification of this in 
vention it is preferable that the paving bitu 
minous cement amalgamates only slightly with 
the flux oil at least before the flux oil 
amalgamates with the powdered hard bitumen. 
For this reason one can select a paving bitu 
minous cement to obtain optimum properties of 
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binders which are quite hard at ordinary tem 
peratures and which are generally used in the 
manufacture of pavements by the hot mix meth 
ods wherein the bituminous cement is applied 
to aggregate in a heat liquefied condition. Such 
paving bituminous cements are commonly sup 
plied in various ranges of penetration, the more 
usual ranges being between about 50 to about 
120 penetration. (The A. S. T. M. penetration 
test using 100 grams, 5 secs. at 77° F is referred 
to throughout this specification.) The penetra 
tion of paving bituminous cement does not run 
lower than about 20 or above about 300. The 
term paving bituminous cement includes the 
ordinary asphalt paving cement and other 
bituminous materials having corresponding sof 
tening point or penetration. 
By non-volatile flux oil reference is made to 

those oils, generally derived from petroleum, that 
are characterized by being of fluid character (as 
distinguished from a bituminous cement solid at atmospheric temperatures) and that have the 
capacity to flux or blend with harder bituminous 
materials used in the present process such as, 
for example, powdered hard asphalt. Flux oils 
vary from oils that are quite fluid at ordinary 
temperatures to those which flow quite slowly at 
ordinary temperatures and which, if desired, can 
be heated somewhat to make them flow more 
readily. The flux oils that are preferably used in 
the practice of this invention will be described 
more in detail hereinbelow. The powdered hard bitumen referred to above 
is bituminous material that is so hard and non 
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ductility and toughness. The flux oil and pow 
dered bitumen that are used should be selected 
so that they will amalgamate with each other 
to form a stable bituminous binder upon laying 
and Consolidation in place. As to the selection 

bitumen appropriate for proper amalgamation 
with each other reference is made to the patents 
of Alfred R. Ebberts No. 1,937,749 and 2,067,264. 

In order that this invention and the prac 
tice thereof may be better understood it will be 
described in connection with a specific example 
that has proved to be satisfactory in practice. 
According to this example mineral aggregate of 
desired size was mixed in a mechanieal mixer so 
as to reecive a total of about 8% of bituminous 
material and after mixing the mixture was taken 
to the point of use and laid and was rolled or 
thrown open to traffic to consolidate it in place. 
The paving asphalt cement consisted of 92 pene 
tration asphalt derived from petroleum and con 
stituted 4% of the final mixture or 50% of the 
total bituminous binder. The asphalt cement 
was reduced to a molten condition by heating 
to about 325° F. To the molten asphalt cement 
the flux oil was added at a temperature of about 
125° F, the mixing being only sufficient to dis 
tribute the flux oil in the molten paving asphalt. 
In the resultant mixture the paving asphalt and 
fiux oil formed a rather stringy mixture without 
complete mutual solution or amalgamation be 
tween these two components of the binder. The 
flux oil constituted about 2.2% of the entire mix 
or about 27% of the total bituminous binder and 
consisted of flux oil having a viscosity Furol of w 
about 600 to 800 seconds at 122° F. and exhibit 
ing a loss of less than 5% on heating 50 grams 
for 5 hours at 325 F. 
As soon as the paving asphalt cement and flux 

oil were admixed in the manner aforesaid, the 
admixture was applied to the previously dried 
aggregate at a temperature of about 100 F. while 
the aggregate was in the mixer and mixing was 
continued until the aggregate was coated. 
Thereafter the powdered asphalt at atmospheric 
temperature e. g., about 70° F. was mixed in, 
the powdered asphalt being about 1.8% of the 
composition or about 23% of the total bitu 
minous binder. The powdered asphalt had a 
penetration of approximately 1 and the mixing 
was continued only for a short time, e. g. 10 to 
20 seconds. The flux oil and powdered asphalt 
in the quantities used were adapted upon 
amalgamation to form a bituminous cement hav 
ing a penetration in the neighborhood of 100. 
It may be noted that the bituminous cement re 
sulting from the amalgamation of the flux oil 
and powdered hard bitumen constituted approxi 
mately 50% of the total bituminous binder in 

75 
the finished pavement and that the paving bitu 
minous cement added to the flux oil also con 

of complementary pairs of flux oil and powdered 

A. 
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stituted approximately 50% of the total bitu 
minous binder in the finished pavement. 
The composition prepared as above described 

was easily workable and could be satisfactorily 
transported and laid. Upon application of pres 
sure by a roller or by traffic the pavement ex 
hibited pronounced stability, both initially be 
cause of the intially stable bituminous binder 
present in the form of paving asphalt, and per 
manently because of the binder formed by the 
amalgamation of the flux and powdered hard as 
phalt. The stability was of the order of that 
obtained upon cooling a hot mix type of road 
composition and was a great improvement upon 
coid mix compositions using flux oil and pow 
dered asphalt alone or using paving asphalt ce 
ment cut back with volatiles. 
While the foregoing constitutes a preferred 

illustration of the practice of this invention it is 
apparent that the process of the specific example 
above given can be varied without departing 
from the scope of the invention. Thus the 
amount and penetration of the paving bitu 
minous cement may be varied considerably to 
control during mixing and laying the stiffness of 
the mix and the rapidity of the setup of the mix 
after laying. One of the advantages of this in 
vention is the control that is possible over condi 
tions of mixing and laying and over the charac 
teristics of the finished pavement. One of these 
controls can be exercised merely by varying the 
relative proportion of paving bituminous cement 
used in the binder. In general the greater the 
amount of the paving bituminous cement the 
greater will be the stiffness of the composition in 
the mixer and the quicker will be the setup and 
pavement stability after the composition has 
been laid. The advantage of the quick setup 
after laying has been commented upon above. 
The control of the stiffness during mixing is like 
wise advantageous. When a flux oil and pow 
dered asphalt are used alone the flux oil some 
times tends to scrub of the aggregate, particu 
larly off the coarser part of the aggregate, so 
that non-uniformity of coating results. By use 
of the paving bituminous cement the consistency 
of the material applied to the aggregate can be 
controlled while still retaining friability and 
more uniform coating of the aggregate Secured. 
Especially when the total amount of bituminous 
hinder is relatively high in proportion to the ag 
gregate the improved consistency obtained by in 
corporating the paving asphalt mixed but not 
completely amalgamated with the flux oil is ad 
vantageous in obtaining uniform coating of the 
aggregate particles. 

Referring to the foregoing example, the bitu 
minous binder in the completed pavement, which 
was a combination of the paving cement resulting 
from substantially complete amalgamation of the 
flux oil and powdered hard bitumen together 
with the added paving bituminous cement mixed 
with the fux oil, had a penetration of the same 
order as the penetration of these two bituminous 
cements, namely, slightly under 100. If it is de 
sired to vary the penetration of the composite 
binder in the completed pavement this can be 
readily accomplished by varying the relative pro 
portions of the flux oil and powdered asphalt. 
Thus to decrease the penetration of the composite 
binder more of the powdered asphalt and less of 
the fiux oil are used and conversely to increase 
the penetration of the composite binder more 
of the flux oil and less of the powdered asphalt 
are used. This control of the characteristics of 

3 
the ultimate binder is another distinct advan 
tage of this invention. It is to be noted that the 
penetration of the ultimate composite binder in 
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the aggregate is 'A' stone or larger. 
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the finished pavement can be varied independ 
ently of the variations in the stiffness of the com 
position during mixing and the rapidity of setup. 
So far as I am aware such relative control has 
not been possible in connection with paving meth 
ods heretofore known. 

In good practice the amount of paving bitu 
minous cement that is used varies from about 
20% to about 60% of the total bituminous binder 
and in preferred practice from about 30% to 
about 50% When relatively coarse aggregate is 
used, such as when, for instance, about 30% of 

When 'sheet' aggregates, or those consisting largely 
of particles passing a 10 mesh screen are used, 
the amount of paving bituminous cement used 
varies from about 10% to 50% of the total bitt 
minous binder, preferably not being over about 
40%. 
The penetration of the paving bituminous 

cenlent that is used may vary considerably, i. e. 
from about 20 to as high as 300 depending upon 
the type of pavement being manufactured and 
the amounts and characteristics of the flux of 
and powdered bitumen that are also used. For 
the usual types of road pavements I prefer to 
use paving bituminous cements having a pene 
tration of about 40 to about 120. When the pene 
tration of the paving bituminous cement is in the 
lower part of the range indicated above it is 
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usually preferable to employ somewhat less of 
the paving bituminous cement in proportion to 
the amount of the binder that is added in the 
divided form of flux oil and powdered hard bitu. 
men. I prefer to employ paving bituminous 
cement produced in the refining of petroleum. 
However, other bituminous materials or asphalts 
may be used such as tar, pitch, natural asphaltic 
materials and the like. 
Any good grade of flux oil may be used in the 

practice of this invention. Preferably non-vola 
tile flux oils produced by petroleum refining from 
any good asphaltic base crudes are used, although 
other bituminous flux oils such as those derived 
from mixed base crudes or tars may be employed. 
The viscosity range of oils that may be selected 
vary quite widely between about 100 and 2500 
seconds Furol at 122 F. In preferred practice 
the viscosity of the oil used usually varies from 
about 200 to 1600 seconds Furol at 122° F. 

Usually it is desirable that the flux oil consti 
tutes at least about 20% of binder in order to 
get good workability of the mixture during mix 
ing and good coating of the aggregate. The 
amount of powdered bitumen that is used is sufi 
cient to amalgamate with the flux oil to form a 
bituminous cement of the paving grade. The 
amount of powdered bitumen has been varied 
from about half to twice the amount of flux oil 
used. In general it is desirable to use a mixture 
of flux oil and powdered bitumen that will amal 
gamate with each other and that will when sub 
stantially completely amalgamated form a binder 
cement with a penetration test of about 50 to 
about 120, although a wider range is permitted 
lunder certain circumstances, e. g. about 20 to 200. 
A test for determining the capacity of the fiux 
oil and powdered bitumen to amalgamate, with 
each other is described on page 4 of the Ebberts 
Patent No. 1,937,749 above referred to. In order 
that the amalgamation may take place at proper 
rate the powdered hard bitumen is preferably 



4. 
such that 50% will pass an 80 mesh screen and 
95% shall pass a 20 mesh screen although coarser 
material, e.g. passing a 10 mesh screen may be 
used. V 
As aforesaid the binder derived from the flux 

oil and powdered bitumen constitutes for good 
practice at least 40% of the total bituminous 
binder and preferably constitutes about 50% to 
60% of the total bituminous binder. 

It is not essential that the penetration of the 
binder resulting from the amalgamation of the 
flux oil and powdered hard bitumen correspond 
with the penetration of the paving bituminous 
cement component of the binder. It is usually 
preferable however to use a paving bituminous 
cement that has a penetration approximating 
that desired in the ultimate pavement and to use 
a flux oil and powdered bitumen mixture which 
yields a bituminous material that has approxi 
mately the same penetration or differs by about 
10 to 20 points therefrom. However, if one is 
limited as to the type of paving bituminous 
cement that is available and One must uSe a pav 
ing bituminous cement that has either a higher 
or lower penetration than the required penetra 
tion of the total binder in the finished pavement, 
it is advantageous that the presence of a bitu 
minous cement of too low penetration can be 
compensated for by using a fiux oil and powdered 
asphalt binder the penetration of which when 
amalgamated is higher than desired for the total 
binder in the pavement and compensates for the 
too low penetration of the bituminous paving 
cement so as to obtain the desired penetration 
in the finished pavement; and the converse is 
also true. P 
While it is to be preferred, it is not essential 

that the flux oil and paving bituminous cement 
be premixed previous to application of the paving 
bituminous cement to the aggregate. Thus sub 
stantially the same effect but to a lesser degree 
can be produced by mixing the flux oil and pav 
ing bituminous cement on the aggregate particles. 
To illustrate, the flux oil and paving bituminous 
cement may be added separately to the aggregate 
in the mixer, the powdered hard bitumen prefer 
ably being added after the incorporation of one 
or the other or both of the other bituminous 
ingredients. While in such case it is preferable 
that the paving bituminous cement be applied 
to the aggregate either substantially simultane 
ously with flux oil or after flux oil has been ap 
plied to the aggregate, the paving bituminous 
cement in a heat liquefied condition may be sat 
isfactorily added at any stage of the mixing oper 
ation under certain conditions. In the first place, 
sufficient mixing time should be allowed, if the 
flux oil and paving bituminous cement are added 
separately, to permit good commingling of these 
materials on the aggregate, preferably while the 
paving bituminous cement is still in a heat fique 
fied condition. In the second place, sufficient 
of the flux oil unamalgamated with powdered 
hard bitumen should be present during the mix 
ing So that the mass remains in a friable condi 
tion because of the occurrence of the paving 
bituminous cement in a commingled state with 
flux oil and because of the presence of a substan 
tial amount of the powdered hard bitumen in 
an unamalgamated and non-adhesive condition. 
However, while it is possible to add the paving 
bituminous cement and the fux oil separately 
and commingle them on the aggregate as afore 
said, the procedure is less desirable than premix 
ing these materials before application to the ag 

O 

2,349,445 
gregate because the bituminous coating for the 
aggregate is usually less uniform than when the 
flux oil and paving bituminous cement are pre 
mixed and because the paving bituminous cement 
frequently tends to ball up and form small lumps 
throughout the aggregate. It is also possible to 
apply paving bituminous cement in an emulsified 
condition and remove excess water and commin 
gle it as thus added with flux oil and powdered 
hard bitumen but this method is much less desir 
able than the other methods described herein, 
The temperature during mixing should as 

aforesaid preferably be below that which tends to 

5 
prematurely cause a melting of the bituminous 
components together prior to laying. For this 
reason customary hot mix temperatures, e.g. 225 
F. to 375 F. are avoided. When the flux oil and . 
powdered asphalt blend quite gradually mixing 
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temperatures as high as about 200 F. may be 
used in the practice of this invention; and es 
pecially in cold weather or when an abnormally 
viscous flux oil is used fairly high temperatures 
below about 200 F. may be employed. In pre 
ferred practice, however, temperatures which are 
usually below the softening point of the paving 
bituminous cement, e. g. ranging from normal 
summer temperatures to about 140° F. are em 
ployed during mixing thereby taking full advan 
tage in mixing the materials of avoiding the ex 
pense and inconvenience of working at higher 
temperatures while still retaining workability and 
friability of the composition. To produce uniform 
coating of the aggregate the aggregate is prefer 
ably at approximately the same temperature 
throughout. 
The aggregate that is used is generally a graded 

mineral aggregate consisting of sand, crushed 
stone, stone screenings, slag, or gravel, or a com 
bination of these. Aggregates of usual particle 
size ranging from Sand and the like to relatively 
coarse Store, e. g. about 1% inch may be included, 
When the aggregate contains a high percentage 
of fines, e. g. sand or screenings, it is preferable 
to select a paving asphalt cement of relatively 
high penetration, e.g. from over 85 to about 200. 
When filler is used such as powdered limestone, 
fine Sand or the like, the filler may be present 
during mixing although it is usually preferable 
to add the filler after the flux oil and paving 
bituminous cement have been applied to the ag 
gregate. If desired, any filler that is used can 
be added with the powdered hard bitumen. In 
carrying out the processes above described the 
aggregate becomes coated substantially uniform 
ly throughout so that in preferred practice each 
of the aggregate particles carries a similar coat 
ing of powdered hard bitumen unamalgamated 
With flux oil and paving bituminous cement com 
mingled with flux oil. 
Other examples of the practice of this inven 

tion are as follows: 
An amount of coarse aggregate, consisting of 

quarter inch stone and comprising 50% of a total 
aggregate, was placed in a mixer at a tempera 
ture of 125 F. To the stone a quantity of fiux 
oil at a temperature of 125° F. was added, and 
mixing was continued for a short time, where upon paving asphalt of 90 penetration liquefied 
by heating to a temperature of 325 F. was added 
and WaS commingled with the flux oil on the 
coarse aggregate by mixing, the paving asphalt 
cement by this operation being commingled with 
the flux oil during the application of the paving 
asphalt cement to the aggregate. The remainder 
of the aggregate, consisting of sand and filler, 
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was then added and mixing was continued until 
all was thoroughly coated, when powdered asphalt 
was mixed in. The flux oil, which was about 800 
sec. viscosity Furol at 122 F. comprised 3.0% of 
the total mixture or 37% of the binder material, 
the asphalt cement comprised 2.7% of the total 
mixture or 33% of the binder material and the 
powdered asphalt comprised 2.4% of the mixture 
or 30% of the binder. It was found that by virtue 
of the paving asphalt cement being mixed with 
relatively liquid flux oil on the coarse aggregate, 
it was possible to coat the total aggregate, in 
cluding the fines, easily and at a low temperature. 
In this example and in the following two, the flux 
and powdered asphalt were used in such propor 
tions as to give upon substantially complete 
amalgamation a bituminous cement having a 
penetration of about 80. The paving composition 
was friable until compacted, and then formed 
a firm mass bound by both the paving asphalt 
cement and the cement formed by the amal 
gamation of the flux and powdered asphalt. 
As another example, an amount of flux oil at 

a temperature of 125° F. was added to paving 
asphalt cement at a temperature of about 300°F., 
and the resulting mixture was immediately added, 
after very little stirring, to aggregate in a mixer. 
When the aggregate particles were thoroughly 
coated with the mixture, powdered asphalt was 
added and mixed with the coated aggregate. The 
paving asphalt cement comprised 3.3% of the 
total mixture or 30% of the binder, the flux oil 
comprised 4.2% of the mixture or 38% of the 
binder, and the powdered asphalt comprised 3.5% 
of the mixture or 32% of the binder. When it 
was desired to prepare a mixture in which only 
fine aggregate, consisting of sand and filler should 
be used, but which should have more stability 
than most cold mixes and yet should handle easily 
and store well, a mixture was made in the ex 
ample above, but in which the asphalt cement 
comprised 1% of the total mixture or 13% of 
the binder, the flux comprised 3.7% of the mix 
ture or 48% of thé total binder, and the pow 
dered asphalt comprised 3% of the mixture or 
39% of the bindér. The aggregate in this mix 
uure was not as firmly or heavily coated with 
bituminous materials as that in the preceding 
examples, but the mixture was much more stable 
immediately after compaction than a similar mix 
ture in which no paving asphalt cement was en ployed. 
In the practice of this invention and as exem 

plified by the foregoing examples the paving bitu 
minous cement is commingled with the flux oil as 
applied to the aggregate particles and notwith 
standing the fact that the paving bituminous 
cement would be quite stiff at the temperature 
occurring during mixing, the commingled mate 
rials together with the powdered hard bitumen 
satisfactorily and readily coat the aggregate at 
such temperatures. In fact the COating that is 
obtainable is more complete and more uniform 
than when flux oil and powdered asphalt are used 
by themselves and forms thicker films than when 
paving asphalt cement is applied by itself under 
ilot mix conditions: 
Maximum Workability at any given temperature 

is obtained when the fiux oil and paving asphalt 
are commingled on the aggregate or are applied 
to the aggregate promptly after having become 
commingled. This is because the flux oil and 
paving asphalt cement do not immediately blend 
or amalgamate with each other but are merely 
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free flowing and coating characteristics of the 
flux oil and these conditions are preferred in the 
practice of this invention. Moreover, when the 
dux oil is not completely blended with the pavirig 
bituminous cement the flux oil more actively 
tends to blend or analgamate With the poWodered 
hard bitumen. 
As mentioned above the capacity of the paving 

bituminous cement to flux or blend either With 
the illux oll or With the powdered hard biture 
is not essential. In fact, it is preferable that 
the paving bituminous cement have little solu 

35 

pity either with the flux oil or with the powdered 
nard bitumen as under these conditions optimum 
Workability during mixing and laying is obtained. 
Since many of tine paWing lotuninous cements 
which have very high ductility e. g. i00 plus at 
7 F. A. S. T. M. test and Winicn nave superior 

Wearing properties in the finished road have little 
ii any Solvent power for poWodered hard bitumen 
at low temperatures, it is preferable in the prac 
tice of this invention to Select such materials both 
from the point of view of Workability during mix 
ing and laying and from the point of view of ob 
taining desired characteristics in the ultimate 
pavement. Since, however, the paving bitumi 
nous cements have very little solvent power for 
powdered hard bitunen, the flux oil that is used 
should be of Such character and quantity as to 
blend With the powdered hard bitumen to produce 
a blitumlnous Cement of desired penetration, 

In the practice of this invention the presence 
of volatile solvent for the powdered bitumen or 
paving bituminous cement is undesirable. It has 
been mentioned above that any volatile solvent 
that is present during laying is undesirable be 
cause it is injurious in the pavement and can 
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not be driven off from a pavement of desirable 
density. It is one of the advantages of the pres 
ent invention that pavements of high density can 
be manufactured which are resistant to internal 
movement after the laying and consolidation. 
The presence of volatile solvent during the mix 
ing of the materials is also undesirable because 
the presence of the solvent promotes mutual 
solubility of the flux oil and powdered hard bitu 
men and While the volatile solvent has a some 
What thinning action on the bituminous material 
this is counteracted by the premature setting up 
effect that results from premature amalgamation . 
of the intermingled components of the bituminous 
binder. While substantially complete absence of 
constituents volatile at ordinary temperatures is 
much to be preferred some of the advantages of 
this invention can be achieved even though a 
Small amount of volatile material such as kero 
Sene, naphtha or the like is present, e.g. about 5% 
of the total binder material and preferably less 
than 3%. In such case premature solvent action 
is not excessive and the presence of the small 
mount of solvent in the finished pavement, even 

if the pavement is dense, will not result in exces 
sive bleeding of the pavement, or excessive rut 
ting. If any volatile matter is present during 
mixing it is least harmful when present, in the 
paving bituminous cement upon application of 
the paving bituminous cement to the aggregate. 
If any volatile matter is present it is preferable 
to keep mixing temperatures low to avoid prena 
ture analgamation of the bitumen components 
during the mixing thereof with the aggregate and 
it is preferable to use slightly more powdered hard 
bitumen than would be used in the absence of 
any volatile material to counteract the preSece commingled with retention in large degree of the 7s of any volatile material that may remain en 
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trapped in the finished pavement for a consider 
able period of time. 
While it is ordinarily preferable to mix the 

materials in a mechanical mixer such as the ordi 
nary pug mill mixer, the pavement can be mixed 
in place on the road foundation. In such case 
it is usually desirable to preliminarily dry the 
aggregate and the drying may be assisted by the 
use of a drag or blader. When the paving compo 
sition is mixed it is usually desirable that con 
ditions be such that ease of mixing is promoted 
as by using a paving bituminous cement that 
has a somewhat higher penetration than that 
employed for plant mix work or as by using 
slightly more flux or a flux of lower viscosity. 
The mixing in of the flux oil, paving bituminous 
cement, and powdered hard bitumen with the 
aggregate can be accomplished in any suitable 
way as by the use of bladers, drags, or the like. 

It is an advantage of this invention that no 
expensive or special apparatus is required, that 
the method of mixing is economical, and that the 
materials used are readily available. 
While mention has been made of the manu 

facture of a composition suitable for the manu 
facture of road pavements, it is apparent that 
the method described herein can be used in the 
manufacture of other pavements (the term be 
ing used broadly) including but without limita 
tion such pavements as sidewalks, levee linings, 
roofs, asphalt blocks, and the like. 
While this invention has been described in con 

nection. With certain exemplifications of the prac 
tice thereof this has been done for the purpose 
of affording a better understanding thereof, it 
being understood that variations in the practice 
thereof may be made without departing from the 
scope of the invention. In fact it is one of the 
advantages of this invention that the paving 
method can be varied so as to achieve control of - 
the mixing consistenry and the coating of the 
aggregate as well as the penetration and initial 
stability of the completed pavement while retain 
ing the mass in a physical state such that the 
composition, notwithstanding the presence there 
in of substantial quantities of paving bituminous 
cement, can be readily mixed, stored, transported 
and laid at relatively low temperatures. The 
scope of my invention is therefore to be gov 
erned by the language of the following claims 
construed in the light of the foregoing descrip 
tion of my invention. 

claim: 
1. In a method of making a paving composition, 

the steps comprising utilizing a normally solid 
paving bituminous cement, powdered hard bitu 
men and a substantially non-volatile flux oil hav 
ing a viscosity Furol at 122 F. between 100 and 
2500 seconds and constituting at least about 20% 
of the bituminous binder material in the composi 
tion, commingling said paving bituminous cement 
in a heat-liquefied condition with said flux oil, 
coating the aggregate particles with the flux oil 
and paving asphalt cement while the flux oil acts 
as a carrier for paving bituminous cement un 
amalgamated therewith, and then incorporating 
the powdered hard bitumen and distributing it 
throughout the mass, thereby forming a paving 
composition wherein the aggregate particles sub 
stantially uniformly throughout the mass are 
coated with the flux oil containing paving bitu 
minous cement unamalgamated with the flux oil 
and containing powdered hard bitumen that is 
unamalgamated with the flux oil and paving bitu 
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minous cement, said composition being adapted 
upon consolidation in place and upon amalga 
mation of the flux oil and powdered hard bitumen 
to produce a pavement resistant to internal move 
ment in which aggregate particles are bonded 
both by the paving bituminous cement and by 
the cement resulting from the amalgamation of 
the flux oil and the powdered bitumen. 

2. In a method of making pavements or the 
like, the steps comprising utilizing a normally 
Solid paving bituminous cement having approxi 
mately the penetration desired for the binder in 
the completed pavement together with a substan 
tially non-volatile bituminous flux oil and pow 
dered hard bitumen, the said bituminous flux oil 
and powdered hard bitumen being adapted to 
gradually amalgamate to form a bituminous ce 
ment having approximately the penetration de 
sired for the binder in the completed pavement 
and said flux oil having a viscosity Furol at 122° 
F. between 200 and 1200 seconds, and mixing said 
paving bituminous cement while above its soften 
ing point with said non-volatile flux oil to com 
ningle said flux oil and paving bituminous ce 
ment without complete amalgamation of the 
mixture, coating the aggregate particles with the 
mixture of commingled flux oil and paving as 
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phalt cement, and adding said powdered hard 
bitumen, thereby forming a friable composition 
containing the aggregate particles coated sub 
Stantially uniformly with the commingled and 
incompletely amalgamated flux oil and paving 
bituminous cement together with particles of 
powdered hard bitumen unamalgamated with 
either the flux oil or paving bituminous cement, 
said flux oil plus said powered hard bitumen con 
stituting at least about 40% of the total bitumi 
nous material in the composition and said paving 
asphalt cement constituting at least 20% of the 
total bituminous material. 

3. A method comprising the steps according to 
claim 2 wherein the amount of said powdered 
hard bitumen is about half to about twice the 
amount of said flux oil. 

4. In a method of making pavements or the 
like, the steps comprising utilizing paving bitumi 
nous cement having a penetration of about 20 
to 300, together with a substantially non-volatile 
flux oil and powdered hard bitumen, the said bi 
tuminous flux oil and powdered bitumen being 
adapted to gradually amalgamate to form a bi. 
tuminous cement having a penetration of about 
40 to 200 and said flux oil having a viscosity 
Furol at 122 F. between 100 and 2500 Seconds; 
and mixing the paving bituminous cement in 
heat-liquefied condition with the flux oil to com. 
mingle said paving bituminous cement with said 
flux oil, coating the aggregate particles with the 
admixture of commingled flux oil and paving bi 
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7. 

tuminous cement and adding said powdered hard 
bitumen, thereby forming a paving composition 
that is friable at temperatures below the soften 
ing point of the paving bituminous Cement and 
that contains said commingled flux oil and pav 
ing bituminous cement together with powdered 
hard bitumen unamalgamated with either the 
flux oil or paving bituminous cement; said un 
amalgamated flux oil and powdered hard bitumen 
upon laying and consolidating the friable CO 
position in place being adapted to amalgamate 
with each other in situ to Solidify the composition 
in the form of a pavement wherein the aggregate 
particles are bound in conjoined relationship by 
a bituminous binder comprising the said paving 
bituminous cement together With the bituminous 
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cement resulting from the amalgamation of the 
flux oil with the powdered hard bitumen. 

5. A method according to claim 4 wherein said 
paving bituminous cement has a penetration be 
tween about 40 and about 120 and wherein said 
Substantially non-volatile bituminous flux oil and 
powdered hard asphalt are adapted to amalgam 
ate to form a bituminous cement having a pene 
tration between about 50 to about 120, the pow 
dered hard bitumen being about one-half to twice 
the amount of Said flux oil, and Said flux oil hav 
ing a viscosity Furol at 122 F. between 200 and 
1200 seconds. 

6. A method according to claim 4 wherein the 
powdered hard bitumen is about one-half to twice 
the amount of the substantially non-volatile bi 
tuminous flux oil, Said flux oil has a viscosity 
Furol at 122 F. between 200 and 1200 seconds, 
the bituminous cement formed by amalgamation 
of the flux oil and powdered hard bitumen con 
stitutes at least about 40% of the total bituminous 
cement in the completed pavement, and said pav 
ing asphalt Cement Constitutes at least 20% of 
the bituminous cement in the completed pave 
ment. 

7. In a method of making pavements or the 
like, the steps comprising utilizing paving bitu 
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to about twice the amount of flux oil and being 
adapted to gradually amalgamate with the flux 
oil to produce a bituminous binder cement which 
has a penetration of about 40 to 200 and which 
constitutes at least about 40% of the total bitu 
minous material in the pavement; and mixing 
the paving bituminous cement in heat-liquefied 
condition with the flux oil to commingle Said pav 
ing bituminous cement with said flux oil, coating 
aggregate particles while the aggregate is at a 
temperature below 200 F. with the admixture of 
commingled flux oil and paving bituminous ce 
ment, and adding Said powdered hard bitumen, 
thereby forming a paving composition that is fri 
able and that contains said commingled flux oil 
and paving bituminous cement together with pow 
dered hard bitumen unamalgamated with either 
the flux oil or paving bituminous cement; said 
unamalgamated flux oil and powdered hard bi 
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minous cement having a penetration of about 20 
to 300 together with a substantially non-volatile 
bituminous flux oil having a viscosity Furol at 
122°F. of about 100 to 2500 seconds and powdered 
hard bitumen having a penetration of about 0 to 
5, the powdered hard bitumen being about half 
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tumen, upon laying and consolidating the friable 
composition in place, being adapted to amalgam. 
ate with each other in situ to Solidify the com 
position in the form of a pavement wherein the 
aggregate particles are bound in conjoined rela 
tionship by a bituminous binder comprising the 
Said paving bituminous cement together with the 
bituminous cement resulting from the amal 
gamation of the flux oil with the powdered hard 
bitumen, and any component of the bituminous 
binder materials that is volatile at ordinary tem 
peratures being not more than 5% of the total 
of said bituminous binder materials. 

FRANK B. McGRANE. 


