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1571 ABSTRACT 
Plastic foam is expelled from a slit-shaped nozzle under 
high enough pressure to break the plastic foam into 
generally discrete particles which are propelled toward 
a surface to be coated with foam at a relatively high 
velocity. Upon striking the surface, the particles exhibit 
good adhesion and mechanically key into the substrate 
upon which they impact. The invention is particularly 
useful for coating the surface of a landfill for daily seal- 
ing of the upper surface thereof. 

4 Claims, 4 Drawing Figures 
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ble, and the foam layer tends to bridge air spaces below 
METHOD AND APPARATUS FOR COATING A it thus tending to reduce the weight-bearing capability 

SUBSTRATE WITH FOAMED PLASTIC of the layer. 
In addition to the preceding, a maximum delivery 

BACKGROUND OF THE INVENTION 5 rate of two to two and a half cubic feet per minute limits 

The present invention relates to a sealing cover for the application rate of a two-inch layer of foam by one 
landfill and, more particularly, to a plastic foam cover Person to about 12 or 15 square feet Per minute. to 
for landfill. cover a typical landfill area of 4,000 feet would take 

In the United States, municipal, state and/or federal between 4.5 and 5.5 hours for one man. 
regulations govern the operation of landfills which lo OBJECTS AND SUMMARY 
receive garbage deposits during the day. A common 
requirement f6r such regulations includes covering the Accordingly, it is an object of the present invention 
day's deposit of garbage with a layer of compacted to provide a method and apparatus for delivering a 
earth approximately six inches deep to prevent, among layer of plastic foam to a substrate which overcomes the 
other things, the escape of odors and blowing paper, the l5 drawbacks of the prior art. 
proliferation of pests, such as flies, rodents and birds and It is a further object of the invention to provide a 
the leaching of toxic or disagreeable components from method and apparatus for sealing a sanitary landfill with 
the garbage. a layer of plastic foam. 

This task of placing and compacting the earth cover It is a further object of the invention to provide an 
represents a very significant fraction of the cost of oper- 20 apparatus and method for applying a layer of plastic 
ating a landfill employing, as it does, significant labor foam to the surface of a sanitary landfill which is eco- 
and heavy equipment. nomically competitive with the use of a layer of com- 

Such compacted earth cover performs its principal pacted topsoil. 
function for only a day or so. That is, each day's layer It is a further object of the invention to provide an 
of garbage is covered at the end of the day and further 25 apparatus and method for delivering a layer of plastic 
layer of garbage with compacted earth is de- foam to a substrate which substantially reduces the man 
posited in the following day. hours required for application thereof. 

Besides the of the compacted earth According to an aspect of the present invention, there 
cover, it is recognized that multiple layers of earth fill is provided an apparatus for coating a substrate with a 
used in this way tend to consume a significant volume of 30 hardenable foam comprising means for producing a 
landfill which might otherwise be used for receiving 
garbage. As is well known, many areas are rapidly using hardenable foam containing bubbles of a gas, a nozzle 

up their available landfill acreage and any reduction in including an opening, means for delivering the foam 
use rate of the landfill volume is desirable. under pressure of the gas to the nozzle, the openin pro- 

Various types of plastic foam have been in use for 35 viding a constriction to flow of the foam therethrough, 

such applications as building insulation, etc. Common and the pressure of the gas effective to expel the 

types of plastic foam include, for example, foam made foam from the 'pening and break the foam into a 

by the I ~ ~ ~ ~ . , ~ ~ ~  process described in U.S. pat. N ~ .  plurality of discrete, high-speed] particles which strike 
2,860,856 wherein a foaming mixture of a foaming agent and adhere to the substrate. 
solution and air is formed and this mixture is then, in 40 According to a further aspect of the present inven- 
turn, mixed with a liquid synthetic resin such as precon- tion, there is provided a method of coating a substrate 
densate of urea and formaldehyde. The resulting foam is with a hardenable foam comprising the steps of produc- 
then cured by a curing accelerator for the resin such as, ing a hardenable foam containing bubbles of gas* deliv- 
for example, oxalic or other acid, which is added to the ering the hardenable foam through a ~ozz le  under a gas 
foam just before it is expelled from the apparatus so that 45 Pressure effective to break UP the foam into a plurality 
the foam tends to cure and harden very soon after it is of discrete, high-speed particles, and directing the high- 
deposited. speed particles toward the substrate. 

Typically an air pressure of between about 55 and According to a feature of the present invention, there 
about 85 pounds per square inch is employed both for is provided an apparatus for sealing a surface of a land- 
the formation of foam bubbles and also for urging the 50 fill comprising means for forming a hardenable plastic 
foam and hardening agent from the apparatus. The foam, the means for forming being effective to form air 
applicant has discovered that the prior art apparatus is bubbles in the hardenable plastic foam at a pressure of at 
capable of applying a layer of foam having a minimum least 100 pounds per square inch, a nozzle having a slot 
thickness of about two inches on a substrate. When thus therein directable toward the surface, a conduit for 
applied, such a layer of foam is capable of preventing 55 delivering the foam from the means for forming to the 
the escape of gases and loose paper as well as perform- nozzle, the slot and the pressure being effective to break 
ing the other desirable functions of a compacted layer of up the foam as it exits the slot into a high-speed flow of 
topsoil. However, a two-inch layer of a typical foam substantially discrete particles which impact and adhere 
which is delivered at a rate of about two to two and a to the substrate. 
half cubic feet per minute, although effective, does not 60 According to a further featurle of the present inven- 
have the type of economic advantage over compacted tion, there is provided a method of sealing a surface of 
topsoil that the applicant wishes to obtain. In addition, a landfill with a layer of hardened plastic foam compris- 
foam produced in the manner of the prior art herein- ing the steps of forming a hardenable plastic foam under 
above described tends to fora a layer upon the substrate a gas pressure, expelling the hardenable plastic foam 
garbage rather than penetrating into and filling crev- 65 through a slit toward the surface, forming the slit and 
ices, etc. Thus, little or no mechanical keying of the producing a value of the gas pressure effective to break 
foam layer into an uneven substrate is obtained. Thus, up the hardenable plastic foam expelled through the slit 
separation of the foam layer from the substrate is possi- into a high-speed spray of discrete particles of foam 
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which impact on and adhere to the surface, and permit- Referring momentarily to FIG. 1, the pressure of air 
ting the hardenable plastic foam to harden on the sur- available from air source 10 is in excess of 100 psi and 
face. preferably in excess of 125 psi. With such pressures, 

The above, and other objects, features and advan- foam exits nozzle 24 at a high enough velocity so that 
tages of the present invention will become apparent 5 fan-shaped spray 32 consists, not of a sheet of foam, but 
from the following description read in conjunction with of individual particles of foam travelling at high speed 
the accompanying drawings, in which like reference toward the substrate. Although the applicant does not 
numerals designate the same elements. intend to be limited by a particular theory which de- 

scribes the break up of foam into discrete particles, the 
OF =HE 10 fact that the foam exits nozzle 24 at high velocity pass- 

FIG. 1 is a schematic view of apparatus including an ing from a region of high Pressure (in excess of 100 psi) 
embodiment of the present invention. to a region of atmospheric pressure in a short time may 

FIG. 2 is a side view of a nozzle according to an encourage explosive decompression of some of the bub- 
embodiment of the invention. bles forming the foam enhancing, or being the principal 

FIG. 3 is an end view of the nozzle of FIG. 2. 15 element in the break up of the foam into small particles. 

FIG. 4 is a view of a nozzle according to the present The applicant has further discovered that increasing 
invention in its operative position with respect to a the pressure beyond 100 psi provides continued im- 
surface being coated. provement up to, and including 160 psi which was the 

limit of the capacity of the equipment then available. 
DETAILED DESCRIPTION OF THE 20 This leads the applicant to believe that pressures even 

PREFERRED EMBODIMENT higher than 160 psi will provide even better results in 

Referring now to FIG. 1, there is shown an apparatus terms coverage and to a sub- 

employing an embodiment of the present invention. An However, the use of a 

air source 10 which may be, for example, an air storage pressure in excess of 150 psi is governed by safety regu- 

reservoir optionally provided with a power-driven 25 lations which makes such use less desirable. This should 

pump, provides a supply of air pressure on a line 12 to not mean, however, that one skilled in the art, finding 

a foam-generating apparatus 14 which may be of any that higher pressures provide improved performance 
should be free to change nozzle dimensions while em- 

type in the prior art of a ploying higher pressures than 160 psi with- 
plastic foam therefrom which can be cured to provide a 30 out falling under the present invention. 
rigid or semi-rigid foam. Although the exact nature of 
the foam and its generation is not a limiting element in EXAMPLE 
the present invention, for purposes of concreteness, it A plastic foam produced from 50 gallons of foam- 
will be assumed that foam generator 14 constitutes a generating resin and 45 gallons of foaming agent were 
part an apparatus for practicing the Isos- 35 produced to generate 350 cubic feet of foam. This foam 
chaum process such as described in the references U.S. enerated and delivered employing an air pressure of 
patent. A foam to be hardened is delivered on a line 16 125 psi. one worker coated the surface of a sanitary 
from foam-generating apparatus 14 to a mixing chamber landfill measuring approximately 4,000 square feet with 
18. A hardening agent from foam-generating apparatus a layer of foam averaging about one inch in thickness in 
14 is applied through a line 20 to mixing &amber 18. 40 a period of about 25 minutes. A wind estimated to reach 
The mixed foam and hardening agent are delivered 25 miles per hour at times during the coating process 
through a flexible conduit 22 to a nozzle 24. did not interfere with the adhesion or coverage. The 

~ e f e r r i n ~  now to FIGS. 2,3 and 4, nozzle 2 consists foam coating appeared to have considerably higher 
of a pipe, which in the preferred embodiment, is about density and lower porosity than foam generated and 
one or two feet long with a diameter D of about 1-5 45 delivered at normal pressure. This increased density 
inches. An outer end 26 is flattened to leave a slit 28 may have resulted from air loss from the foam due to 
having an appropriate width W of about 3/16 of an inch explosive decompression as it exited the nozzle and also 
and a length L of about 2.5 inches. air loss due to high velocity impact of the foam with the 

As will be apparent from the description of operating substrate. The foam keyed into irregularities in the sub- 
conditions hereinafter described, width W and length L 50 strate including even flexible portions of the substrate 
may be changed from the nominal values given above in such as paper. On smooth areas of the substrate, a layer 
a manner to satisfy the operating limitations fully dis- as thin as inch was feasible. 
closed herein. According to the experiment, the applicant has suc- 

Notches 30 having a width equal to the width W are ceeded in providing an apparatus and method for coat- 
cut back for a distance N in the sides of outer end 26 and 55 ing a sanitary landfill which uses one-half the foam 
communicating with slit 28. The distance N is prefera- required employing the teachings of the prior art and 
bly about one inch for the specific parameters herein which reduces the time required to coat a given surface 
described. area by a factor of 10.5 to about 13.3. 

Although outer end 26 is shown in FIG. 4 to termi- The actual design of nozzle 24 and the way in which 
nate in a straight line at right angles to an axis of nozzle 60 nozzle 24 is moved with respect to the substrate to 
24, outer end 26 may be given any convenient radius or deliver foam should not be taken as limiting. For exam- 
other shape (not shown) required to give a desired cov- ple, nozzle 24 may be designed to emit a fan-shaped 
erage contour. spray of foam from its side whereby nozzle 24 may be 

During delivery of foam, nozzle 24 is moved in the held generally horizontally and swung back and forth in 
vertical position like a broom delivering a fan-shaped 65 an arc as the worker moves away from the coated area. 
spray 32 of foam from a nozzle height H of about 1 to In addition, it is within the contemplation of the present 
1.5 feet. When used in the fashion described, fan-shaped invention that the apparatus may be mounted on a mo- 
spray 32 covers a swath S of about 3 to 3.5 feet. bile platform such as a tractor or trailer carrying the 
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foam-generating apparatus and one or more nozzles forming said slit and producing a value of said gas pres- 
oriented for delivery of foam to the substrate as the sure effective to break up said hardenable ~lastic 
vehicle moves. This provides the possibility of coating a foam expelled through said slit into a high-speed 
swath far in excess of about three feet and doing such Spray of discrete particles of foam which impact on 
coating at a higher linear velocity than is feasible with a and adhere said surface; and 

workman on foot. It wculd be ,-Iear to the routineer, in permitting said hardenable plastic foam harden On 

the light of the present disclosure, that higher flow rates said surface. 
2. Method for sealing a surface of a landfill with a 

of foam, possibly requiring nozzles with greater slit hardenable plastic foam including: 
widths and length may be necessary in order to deliver 10 forming a hardenable plastic foam containing bubbles of 
foam at a sufficiently high rate to satisfy the require- gas in said foam at a pressure of at least one hunred 
ments of vehicle-mounted delivery. This type of deliv- pounts per square inch; 
erY may also require substantially higher air Pressure forcing said hardenable plastic foam through a nozzle 
and it would be a matter of practically no experimenta- having a slot therein directable toward said surface; 
tion to determine a satisfactory compromise between air 15 said slot including at least one notch; 
pressure, nozzle outlet dimensions and material feed said means for forming said hardenable plastic foam 
rate appropriate for any possible delivery scheme. including a conduit for delivering said foam under 

Having described specific preferred embodiments of Pressure of said gas from said means for forming to 
the invention with reference to the accompanying said nozzle; 
drawings, it is to be understood that the invention is not 20 said slot providing a constriction to flow of said foam 

limited to those precise embodiments, and that various therethrough; and 

changes and modifications may be effected therein by wherein said pressure of said gas is effective to expel 
said foam from said slot and to blreak up said foam as it 

One *'led in the art without from the scope exits from said slot into a flow of a of substan- 
Or 'pirit the as defined in the 25 tially discrete high-speed particles in a fan shape which 
claims. strike and adhere to said substrate. 

I claim: 3. Apparatus according to claim 2 wherein said pres- 
1. A method of sealing a surface of a landfill with a sure is from about one hundred twenty-five to one hun- 

layer of hardened plastic foam comprising the steps of: dred sixty pounds per square inch. 
forming a hardenable plastic foam under a gas pressure; 30 4. Apparatus according to claim 2 wherein said gas is 
expelling said hardenable plastic foam through a slit air. 

toward said surface; * * * * *  


