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57) ABSTRACT 

A method of painting with a composition of a pump 
able, sprayable powder paint slurry comprising pow 
der paint, water and a surfactant, having sufficient sur 
factant to reduce the surface tension of the aqueous 
portion to less than 35 dynes/cm, having a minimum 
concentration of water in excess of the interstitial vol 
ume of the powder, and having as a maximum concen 
tration of water that necessary to produce, when 
sprayed onto a substrate, a film of powder and water 
in which the water is less than the interstitial volume 
of the powder. 

6 Claims, 5 Drawing Figures 
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METHOD OF SPRAYING A POWDER PANT 
SLURRY 

BACKGROUND OF THE INVENTION 
Powder paint has been increasing in popularity as an 

industrial coating material at a rapid rate. The reasons 
for the widespread acceptance of powder paint are: vir 
tual absence of air pollution, recovery and reuse of 
powder lost by overspray, and improved quality of 
cured out paint films. The application of a powder 
paint coating is essentially a two-step process involving 
first, applying a layer of powder, and second, treating 
the powder layer to cause it to coalesce, flow and cure 
into a desired paint film. 

Previous powder paint coating technology has ap 
plied powder paint in a dry form using electrostatic 
spraying equipment or fluidized beds. Both methods 
employ specialized equipment to apply the powder 
which require large capital expenditures and which ob 
solete existing liquid paint spraying and dipping equip 

ent. 

It is an object of this invention to facilitate the use of 
existing liquid paint spraying equipment in the applica 
tion of powder paint. 

It is the further object of this invention to provide a 
sprayable pumpable slurry of powder paint and water 
which can be pumped and sprayed using essentially 
conventional liquid paint equipment and which when 
sprayed will produce a film of powder paint and water 
which can then be treated to form a conventional paint 
film, thereby obviating the necessity for large capital 
expenditures and obsolescence of existing painting 
equipment. 
Many industries, notably the ceramic and enamel 

coating technologies, apply aqueous slurries of particu 
late matter using spray equipment similar to that used 
in spray painting. The slurries used in those industries 
invariably contain various additives such as gums, res 
ins, and glues as suspending and dispersing agents and 
to impart strength to the wet film before it is fired. The 
use of such additives in the concentrations required is 
not possible in applying an aqueous slurry of powder 
paint as they will adversely affect the film properties of 
the powder paint. Also, the ceramic and enamel frits 
which are used to form slips or slurries are hydrophilic 
and are therefore easily wettable in forming the slur 
ries. Powder paint is, however, hydrophobic and does 
not wet when a slurry is formed. This difference in the 
physical properties of the powder paint and ceramic 
and enamel frits is evidenced by the problems involved 
in forming a slurry of powder paint which can be 
pumped and sprayed to produce a layer of powder and 
Water, 
When an aqueous slurry of powder paint and water, 

without any additives, is pumped through conventional 
spray equipment, the pumps, guns and paint lines clog 
up after short periods of time and the equipment must 
be completely cleaned before spraying can be resumed. 
Pursuant to the invention disclosed herein an aqueous 
slurry of powder paint can be formed which is pump 
able and sprayable without clogging and plugging the 
spray equipment and which will form a film of powder 
paint and water when sprayed, 

SUMMARY OF THE INVENTION 

In accordance with the present invention a pump 
able, sprayable, aqueous slurry of powder paint is pre 
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2 
pared in which the aqueous portion has a surface ten 
sion of less than 35 dynes/cm, and preferably between 
29 and 35 dynes/cm. Further, the minimum amount of 
the aqueous portion should be greater than the intersti 
tial volume of the powder, and the maximum amount of 
the aqueous portion should not exceed that amount 
which, when the slurry is sprayed onto a substrate, will 
produce a film of powder and water in which the water 
portion is less than the interstitial volume of the pow 
der. In other words, there must be evaporated out of 
the slurry during the painting such an amount of water 
as will reduce the aqueous portion to below the intersti 
tial volume of the powder portion. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. illustrates a slurry of powder paint and water 
having a volume of water less than the interstitial vol 
ume of the powder; 
FIG. 2 illustrates a slurry of powder paint and water 

having a volume of water greater than the interstitial 
volume of the powder; 
FIG. 3 illustrates a spraying apparatus for use in 

spraying a slurry of powder paint and water onto a sub 
strate; 
FIG. 4 illustrates a method of determining the inter 

stitial volume of a powder; and 
FIG. 5 is a graph of the effect of a surfactant on the 

surface tension of water, and a powder slurry. 
DESCRIPTION OF THE PREFERRED 

EMBOEDIMENT 

in painting with an aqueous slurry of powder paint 
and water, the water acts as a vehicle in a conventional 
liquid paint. It functions as a carrier in which the film 
forming component, in this case powder paint, is dis 
persed and which is then applied to a substrate to form 
an adherent wet coating of water and powder. The liq 
uid carrier is then evaporated to leave an adherent 
coating of powder on the substrate which can subse 
quently be treated to cause the powder to coalesce, 
flow and cure into a desired paint film. 

In painting with such an aqueous slurry there are sev 
eral interrelated problems that can only be solved in re 
lation to each other. They are: the slurry must be 
pumpable and sprayable from essentially conventional 
spray painting equipment without clogging or plugging 
the equipment; the applied slurry coating of powder 
and water must adhere to the substrate sufficiently to 
produce a coating with substantially no sagging, run 
ning, or creeping; and the adherent slurry coating of 
powder and water must not contain any substances in 
such concentration that they would have a deleterious 
effect on the resulting cured paint film. 
Pursuant to this invention it is possible to form a 

slurry of powder paint and water which can be sprayed 
onto a substrate to form an adherent film of powder 
and water, and which can be treated to remove the 
water and cause the powder paint to form a fixed and 
adherent paint film thereon, 
One of the important properties of a free flowing 

slurry is the surface tension of the aqueous phase. I 
have found that a satisfactory sprayable and pumpable 
slurry of powder cannot be formed unless the surface 
tension of the aqueous portion is less than 35 dynes/cm 
and preferably between 29 and 35 dynes/cm, At a sur 
face tension above 35 dynes/cm the powder slurry will 
clog and plug the paint spraying equipment. Examples 
1 and 2 illustrate the effect of surface tension on a pow 
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der slurry, and how when a slurry is formed with a sur 
face tension of greater than 35 dynes/cm it will clog the 
paint spraying equipment, (Example 1) and (in Exam 
ple 2) when the surface tension of the slurry is reduced 
to less than 35 dynes/cm a free flowing pumpable, 
sprayable slurry is produced. 
FIG. 5 illustrates the concentration of surfactant nec 

essary to reduce the surface tension of water alone, and 
water and powder paint, to below 35 dynes/cm. In FIG. 
5 the use of Aerosol OT as a surfactant is illustrated. It 
will be observed that the concentration of Aerosol OT 
necessary to sufficiently reduce the surface tension is 
less than 0.1 percent. It is desirable to use a surfactant 
which will reduce the surface tension below 35 dy 
nes/cm at concentrations of less than one percent. Ar 
meen SZ and Aerosol OT have been found to be satis 
factory surfactants when used according to this inven 
tion. Any commercially available surfactant would be 
satisfactory as long as it is capable of reducing the sur 
face tension of the aqueous portion of the slurry to less 
than 35 dynes/cm, and has no deleterious effect on the 
powder particles or on the desired characteristics of the 
paint film to be formed. 

In FIG. l I have illustrated in a simplified way the 
physical characteristics of a slurry which produces an 
adherent film, and in FIG. 2 a slurry which is free flow 
ing or pumpable and sprayable. FIG. 1 illustrates a 
slurry which has a paste-like appearance, resulting 
from mixing a large quantity of powder with water. If a 
spatula is used as an agitator and then withdrawn, the 
paste does not return to a smooth horizontal surface 8; 
and the paste forms an adherent film on the spatula 
which will not run off 6. Such a paste-like composition 
will clog up pumps, guns and other equipment after 
spraying for a short period of time. It will, however, 
when applied, form an adherent film of powder which 
does not run, sag or creep. 
Further addition of water to the paste-like slurry of 

FIG. 1, while maintaining the surface tension of the 
aqueous phase at or below 35 dynes/cm, will result in a 
"free flowing'slurry as illustrated in FIG. 2. If a spatula 
is used as an agitator and then withdrawn the slurry will 
return to its own smooth horizontal surface or form its 
own miniscus 12, and the slurry will not adhere to the 
spatula but instead will run off 10. Such a slurry would 
be sprayable from a spray gun, but if a slurry of this 
character hits a substrate it will run off and will not 
form an adherent film. 

If a sufficient amount of free flowing slurry's liquid 
component has evaporated while the atomizing spray 
travels from the gun to the substrate, so that the arriv 
ing spray has the characteristics pictured in FIG. 1, 
then a well adhering film of powder and water forms on 
the substrate. Thus, pursuant to this invention, we are 
able to determine for each individual paint powder a 
critical amount of liquid which governs the transition 
from a paste-like state to a free flowing state. I have de 
termined that the critical amount of liquid is greater 
than the interstitial volume of a particular powder. 
When an amount of water is provided in a slurry which 
is greater than the interstitial volume an essentially free 
flowing slurry will result. When an amount of water is 
provided which is less than the interstitial volume then 
a paste-like slurry will result. Example 2 illustrates the 
preparation of a free flowing powder paint slurry and 
example 3 illustrates a slurry which does not possess 
free flowing characteristics. 
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4. 
I have defined the interstitial volume of a powder as 

the volume of the interstices between a given weight of 
powder particles as determined by the method set forth 
herein. FIG. 4 schematically represents an interstitial 
volume determination. In a weighed graduated cylinder 
28, a weighed amount of paint powder 36 is mixed with 
several times its weight of water 32, the surface tension 
of which has been reduced to below 35 dynes/cm 
through the addition of a small quantity of surfactant. 
The powder is then allowed to settle, and the sedimen 
tation volume 34 of the powder is determined. The 
total volume confined by the upper miniscus 30 is read 
after any foaming has subsided or has been eliminated. 
The total weight of the graduate, water and powder is 
determined. The weight of the graduate is then sub 
tracted giving the weight of water and powder in the 
graduate. Making the not unreasonable assumption 
that density of the supernatant liquid is unity within the 
precision of the determination, then further computa 
tion is simplified, since one ml of supernatant can be set 
equal to 1 gram. If so, the total volume 30 minus the 
sedimentation volume 34 = the volume of supernatant 
= weight of supernatant. Then the weight of the super 
natant is added to the weight of the powder, and is then 
subtracted from the total weight of the powder and 
water to give the weight equal to the volume of fluid be 
tween the powder particles, conveniently called the 
"interstitial volume'. It is advisable to take readings 
and then to re-agitate the mixture, to let settle again, to 
take another set of data, etc. I then express the "critical 
composition' as weight percent of water in the sedi 
ment when the water content is equal to the interstitial 
volume of the powder. 

(i X 100) 
g -- i = critical composition = % water in sediment 

wherein i is the interstitial volume and g is the weight of 
powder. 
A free flowing slurry is one which contains more fluid 

than the interstitial volume, as in FIG. 2, and a well ad 
hering sprayed-on film contains less fluid than the in 
terstitial volume, as in FIG. 2. 
The relative amounts of water and powder which re 

sults in free flowing slurries vary widely for different 
powders; apparently depending upon the particle size 
and shape. 

If the powder particles could be perfect spheres a 
sprayable slurry could be obtained when enough liquid 
is provided to cover the settled powder. The other ex 
treme is exemplified by powder particles which are flat 
square plates. These would tend to settle like “bricks in 
a wall' with a minimum of interstices. Yet to provide 
enough space for their random motion enough, liquid 
would have to be provided to allow for the rotation of 
their longest dimension, that is a spherical space of a 
diameter equal to the body diagonal of the square 
plate. 
Actually the shapes of the powder used in my experi 

mentation were - on microscopic exam - neither per 
fect spheres nor plates. 
Thus well sprayable slurries were obtained by use of 

liquid volumes not too much larger than the powder's 
interstitial volumes. These minimum liquid volumes 
ranged from about 1.2 to about 2.5 times the interstitial 
volume of the individual powders. 
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It is believed that by providing a volume of water 
which is greater than the interstitial volume of the pow 
der the powder paint particles are provided with suffi 
cient space in which to move so they do not become ag 
gregated into a mass of powder particles which could 
then clog up a paint gun or line. Sufficient space is pro 
vided to allow for the random motion of the powder 
particles which provides the free flowing character of a 

6 
cording to the procedure outlined above on two succes 
sive days, as follows. The liquid portion of the slurry 
contained 0.05% surfactant (5.2 ml of 1% Aerosol OT 
and 94.8 ml water). The surfactant used was Aerosol 
OT, is described by the manufacturer, American Cyan 
amid Co., Process Chemicals Dept., Wayne, N.J. as 75 
weights sodium dioctyl sulfo succinate, 20 weight wa 
ter, 5 weight of a lower alcohol to provide fluidity. 

Weight of Powder 5.0 g 5.0 g 
Weight of Powder and Liquid 21.48g 21.43g 
Total volume of Liquid and Powder 20.1 ml 20.0 ml 
Sediment Volume of Powder 6. In 6. In 
Supernatant Volume 4.0 ml 13.9 ml 
Supernatant and Powder (Weight) 19.0 g 18.9 g 

interstitial Volume 
Total weight of liquid and powder 
- weight of supernatant and powder 
= weight of interstices or volume 2.5 2.5 
Critical concentration 33.3 33.3 

slurry produced according to this invention. 
The maximum amount of water surfactant mixture 

which can be added to produce a free flowing pump 2 equal to the interstitial volume for this powder will re 
able slurry is that amount in excess of the interstitial 
volume, but in excess by less than the evaporative spray 
loss during spraying of the slurry onto a substrate to be 
coated. Referring to FIGS. 1 and 2, the slurry pictured 
in FIG. 2 may be diluted with surfactant-water mixture 
to the extent that during the spraying of the slurry onto 
a substrate a sufficient amount of water can be evapo 
rated to produce an adherent layer of powder paint and 
water with the characteristics of FIG. 1. The volume of 
water contained in the sprayed on layer of powder and 
water must be less than the interstitial volume of the 
powder, for an adherent film to be formed which will 
not sag, run nor creep. The volume of water added to 
produce a free flowing slurry can be increased above 
the interstitial volume to any amount necessary as long 
as during the spraying of the slurry onto a substrate a 
sufficient amount of water can be evaporated to pro 
duce a layer of powder paint and water having a vol 
ume of water less than the interstitial volume of the 
powder. 
Another characteristic of a free flowing sprayable 

slurry is its behavior when not agitated. Slurries which 
settle "hard' as the painter calls it, will tend to clog up 
those parts of the spray equipment which lack agita 
tion. "Hard settling' can be controlled by the addition 
of antisettling agents such as Ben-A-Gel EW. Any com 
mercially available anti-settling agent can be used as 
long as it prevents hard settling of the powder paint in 
the slurry, and has no deleterious effect on the powder 
particles or on the desired characteristics of the paint 
film to be formed. Examples 4 and 5 illustrate the use 
of an antisettling agent with a powder which has hard 
settling characteristics. The addition of the anti-settling 
agent to the slurry increases the interstitial volume of 
the powder which requires a larger concentration of 
water to be provided to form a free flowing slurry. 
The following examples will illustrate the invention: 

EXAMPLE 1. 
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Interstitial volume X 100 
Interstitial volume and weight of powder. 

To prepare a slurry in which the volume of water is 

quire a slurry containing 33.3% water and 66.7% pow 
der. 

A slurry was prepared as follows: 
300.0 g Powder 
0.13g Aerosol OT (0.19g 75% in water) 

250.0 g Water (45.5% water) 

The liquid phase filtered from the slurry, showed a sur 
face tension of 41.8 dynes/cm. The water concentra 
tion was 45.5% which is in excess of the critical con 
centration, or in excess of the interstitial volume. The 
slurry was placed into spray equipment as in FIG. 3 
consisting of a quart size paint pot (16) with a motor 
driven (14) agitator revolving at about 100 rpm (18), a 
centrifugal pump (20) submerged in the slurry, with 
about a two-foot length of translucent rubber latex tub 
ing (3/16 inch ID, 1/16 inch wall) (22) leading to a 
spray gun (24), Binks model No. 62 fitted with No. 66 
nozzle and a 66 SH cap. Another two-foot length of 
rubber latex tubing provides the return line to the paint 
pot (26). The rate of rotation of the agitator was regu 
lated by a Rheostat. The slurry is circulated from the 
pump to the gun and back to the paint pot at a rate of 
1000 ml per minute when the slurry is not being 
sprayed. When the gun is spraying the slurry the rate of 
circulation is reduced to 700 ml per minute. 
After a few minutes of pumping the slurry the stream 

slowed down and the gun clogged up. Without agita 
tion, a fluffy sediment of wetted powder was observed 
in the paint pot. The fluffy sediment in the paint pot in 
dicates that this powder did not have hard settling char 
acteristics. 

EXAMPLE 2 

Two slurries were prepared using the same powder as 
in Example 1, but with the addition of sufficient surfac 
tant to lower the surface tension of the aqueous phase 

The interstitial volume of 5 grams of Monsanto MA 65 to less than 35 dynes/cm, as follows: 
1000 L58004 powder manufactured by Monsanto, 
Plastics Products and Resins Division, 190 Grochmal 
Avenue, Indian Orchard, Mass. was determined ac 

300.0 g of Powder 
0.26 g Aerosol OT 
250.0 g Water. 
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The liquid phase, when filtered from the slurry, showed 
a surface tension of 30.7 dynes/cm. The concentration 
of the water was 45.5% which was in excess of the criti 
cal concentration of 33.3%. 
Both slurries were individually placed in the above 

equipment, and a well atomized spray produced good 
test panels without any clogging of the spray gun. The 
pumping was continued for one hour with no clogging 
and then another panel was sprayed with good results. 
After each spray test the remaining slurry was 

drained from the pump and placed in a plastic bag in 
side a sealed container. One of the slurries was stored 
at room temperature for one week, the other was fro 
zen solid for the week. The frozen slurry was thawed 
and both slurries were again sprayed. Each slurry pro 
duced good spray panels and did not clog the pump. 
The test was continued for two subsequent weeks and 
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Examples 2 and 3 illustrate that even when the sur 

face tension of a slurry is reduced below 35 dynes/cm, 
there must be provided an amount of liquid in excess of 
the interstitial volume of the powder to form a spraya 
ble, pumpable, free flowing slurry of powder paint. 

EXAMPLE 4 

The interstitial volume of 5 grams of Grow GP-16-D1 
powder manufactured by the Grow Chemical Corp., 
14100 Stansbury, Detroit, Mich. was determined ac 
cording to the procedure outlined above on two succes 
sive days, as follows. 
The liquid portion of the slurry contained 0.10% sur 

factant (10 ml of 1% Armeen SZ and 90 ml water). The 
surfactant used was Armeen SZ, described by the man 
ufacturer, Armour Industrial Chemical Co., Box 1805, 
Chicago, Ill. as sodium-N-coco-2-Aminobutyrate. 

Weight of Powder 5.0 g 5.0 g 
Weight of Powder and Liquid 21.8 g. 21.8g 
Total Volume of Powder and Liquid 2.0 in 2.0 ml 
Sediment Volume of Powder 9.5 mi 10.1 ml 
Supernatant Volume 11.5 ml 1.0 m 
Supernatant and Powder Weight 16.5g 16.0 g 

Interstitial Volume 
Total weight of liquid and powder 
- weight of supernatant and powder 
= weight of interstices of volume 53 5.8 
Critical concentration 5.5 53.8 

Interstitial volume X 100 
Interstitial volume and weight of powder 

both slurries produced good test panels through the 
third week. The above test procedure is A.S.T.M. 
method D-2243 which is a general method to test the 
freezer-thaw stability of a sample. 
Examples 1 and 2 illustrate that by lowering the sur 

face tension of the aqueous portion of the slurry to less 
than 35 dynes/cm a sprayable, pumpable slurry was 
produced which did not clog the spray gun. 

EXAMPLE 3 

Another slurry of the same powder used in Examples 
1 and 2 was prepared using water containing 0.1% Aer 
osol OT and having a surface tension of less than 35 dy 
nes/cm, as follows: 
300.0 g Powder 
0.12 g Aerosol OT 
123.0 g Water 

The slurry contained 29.1% water which is less than the so 
critical concentration of the powder of 33.3%. 
The slurry had a paste-like appearance, as in FIG. 1 

of the drawings, and when placed in the above spray 
equipment would not spray, and pumped for less than 
one minute before it clogged up the pump. 
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A slurry of the above powder was prepared as follows: 
300.0 g Powder 
0.45 g Armeen SZ 
445.0 g Water (59.8% of water) 

The liquid phase, filtered from the slurry, showed a sur 
face tension of 31.4 dynes/cm. 
Placed in the above equipment (Example 1) excel 

lent pumping characteristics were observed. However, 
the gun clogged up. Without agitation, a hard, some 
what brittle sediment was found in the paint pot which 
would be characterized as hard settling by a paint 
sprayer. 

EXAMPLES 

Another slurry was prepared using the same powder 
as in Example 4, with the addition of an anti-settling 
agent to prevent hard settling, 
The liquid portion of the slurry contained 13.1 ml of 

1% Armeen SZ (see Example 4), 3.75 ml Ben-A-Gel 
EW (described by the manufacturer, National Lead 
Company, 111 Broadway, New York, N.Y. as a spe: 
cially processed magnesium montmorillonite powder of 
very fine ultimate particle size), and 83.15 ml H.O. 

Le-mmammamia-m-t""" 

Weight of Powder 5.0 g 5.0 g 
Weight of Powder and Liquid 22,61g 22.56g 
Total volume of Liquid and Powder 2.3 ml 2S 
Sediment volume of Powder 11.6 ml 11.6 ml 
Supernatant volume 9.7 m 9.9 m 
Supernatant and Powder Weight 14.7 g 14.9 g 

interstitial Volume 
Total weight of liquid and powder 
- weight of supernatant and powder 
= weight of intersticies of of volume 7.9 7.7 
Critical concentration 61.2 60.5 

A slurry was prepared as follows: 
200,00g Powder 

0.70g Armeen SZ 
0.20g Ben-A-Gel EW 

535.00g Water (75.2% of water). 
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The liquid phase, filtered from the slurry, showed a sur 
face tension of 34.4 dynes/cm. 
Placed in the above spray equipment a well atomized 

spray produced good test panels, and did not clog the 
spray gun. Without agitation, a fluffy sediment of wet 
ted paint powder was observed in the paint pot with no 
hard settling. The addition of the anti-settling agent 
therefore produced a free flowing, pumpable, spraya 
ble slurry of powder paint. 
The slurry deposit on the test panels weighted 1.650 

grams prior to heating to remove the water. After re 
moval of the water a deposit of powder weighing 0.673 
gram was obtained. The deposited coating of powder 
paint and water was thus 59.2% water, which is less 
than the interstitial volume of water as calculated 
above. During the spraying of the slurry containing 
75.2% water, sufficient water had been evaporated to 
reduce the volume of water in the slurry deposit to less 
than 61.2%, the interstitial volume, and thus produce 
an adherent coating of powder and water. 
What is claimed is: 
1. The method of spray painting an aqueous slurry of 

powder paint, comprising the steps of preparing a 
slurry of the powder paint and water having a surface 
tension of the aqueous portion of less than 35 dynes/cm 
and having a minimum amount of water greater than 
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10 
the interstitial volume of the powder; spraying the pow 
der slurry onto a substrate and evaporating from the 
slurry during the spraying of the slurry onto the sub 
strate a sufficient amount of water to form a layer of 
powder paint and water on the substrate in which the 
amount of water is less than the interstitial volume of 
the powder. 

2. The invention defined in claim 1 characterized by 
evaporating from the spray a sufficient amount of water 
to form a layer of powder paint and water on the sub 
strate in which the amount of water is less than the in 
terstitial volume of the powder. 

3. The invention defined in claim 1 characterized by 
reducing the surface tension of the aqueous portion of 
the powder paint slurry to 29-35 dynes/cm by the ad 
dition of a surfactant. 

4. The invention defined in claim 1 characterized by 
adding an anti-settling agent to the slurry. 

5. The invention defined in claim 1 characterized by 
removing the water from the layer of powder paint and 
water on the substrate and causing the powder paint to 
coalesce and cure into a desired paint film. 

6. The method of claim 1 wherein the minimum 
amount of water ranges from about 1.2 to about 2.5 
times the interstitial volume of the powder paint. 
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