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The Hill & Griffith Company has completed a preliminary project relating to the spraying 
of form release agents. 
 
The purpose of this paper is to help precasters design their own (comparably) 
inexpensive centralized spray system, while maintaining the ability to vary application 
that is required due to viscosity changes in the release agent. These viscosity variations 
result from temperature changes in the work area or in the area where the release 
agents are stored. It will also give some guidelines as to spray tips (orifice sizes) that 
are available to give thin application resulting in better surface finish.  
 
In all cases, a thinner application of the proper form release is all that is needed to get a 
good release and help in the reduction of bug holes (surface defects). Relating to 
surface defects, it should be remembered that aggregate size, excessive sand, sticky 
mix, slow placement rate, low workability mix and improper vibration have considerably 
more impact on bug holes than does an over-application of form release agents. 
 
Generally speaking, over-application of form release agents is a universal problem with 
precasters. Architectural, prestressed (especially if subject to State DOT standards) and 
burial vault producers usually do the best job since the form release material is typically 
sprayed on and then wiped off/down with rags or mops to remove the excess release 
agent. In the past, low temperature flash point form release agents (read “low-viscosity”) 
could help alleviate the problem of over-application. A material with a low flash point 
would allow the carrying agent to evaporate, resulting in a thinner residue of the 
remaining carrying agent and the reactive portion. However, most precasters are now 
going other directions due to flammability and other employee safety/health issues and 
the new EPA VOC requirements for concrete form release agents. 
 
The majority of concrete form release agents being sold to the precast industry are 
petroleum-based and, as expected, there are numerous formulations of petroleum-
based release agents. Prior to the EPA Volatile Organic Compound regulations, put into 
effect September, 1999, many of these form release materials were virtually identical 
and were classified as “barrier” release agents, i. e. non-reactive. With changes in 
industry’s demands, EPA VOC requirements, safety/health issues and improved 
technology, today’s precaster has the opportunity to have a variety of release agents 
available, with a great number of variable “reactive” components yielding better release 
due to the formation of metallic soap (saponification activity between the “reactive” 
material and free lime on the surface of the concrete) that forms on the casting surface 
between the casting and the form. 
 
Application is primarily dependent on three things—viscosity of the form release agent 
(which is generally subject to change with temperature variations), line pressure and 
nozzle orifice size. We cannot account for the “personnel” aspects, as many of the 
personnel doing the actual application believe that more is better. Education of the plant 
employees is an important and continuing process in most precast operations. 
Employees (especially those applying the form release) often find it difficult to 
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understand that “Thinner is Better,” and that as little as 0.001 inch of release agent is all 
that is needed to have good release and achieve improved surface finish. 
 
In the past, hand pump-up spray tanks were the most popular method of applying form 
release agents. With the change from diesel, fuel oil and kerosene based release 
agents, industry suppliers have turned to alternative carrying agents such as highly 
refined petroleum oils, vegetable oils and water-based carrying agents. These “new” 
carrying agents usually have the advantage of being VOC compliant, but will generally 
have greater variances in viscosity due to temperature changes, or in the case of water-
based release agents, are subject to separation, necessitating constant agitation. It is 
also important to consider any build-up on the form due to the release agent being 
used. In all cases, cleaning of the forms with anything more than a putty knife or ice 
scraper, can cause damage to the form necessitating re-seasoning the form before the 
next pour. 
 
Pressurized Systems: 
 
Many precast plants are converting their spraying procedures to small portable 
pressurized tanks, or to more sophisticated centralized systems that supply multiple 
spraying stations.  
 
Portable Pressurized Spray Tanks—Normally, these tanks are pressurized with plant 
air, resulting in an initial tip pressure of around 100-PSI. Initial spraying, with 100 PSI 
pressure will generally result in excessive airborne particulate. This is detrimental to 
employees’ health and safety and is also a waste of form release. Over a period of time, 
there will also be a coating of form release throughout the plant. Another result is that as 
the tank is drained, without re-charging the air supply and the pressure in the tank 
continues to drop until a stream of form release (instead of a mist) is being applied to 
the form, resulting in over application.  
 
Power Driven Portable Spray Tanks--A second type of portable pressurized tank 
system includes a battery/electrical or gas driven pump that maintains a constant 
pressure. Unless the orifice spray pressure is controlled, this type of spray system will 
also develop too high of pressures resulting in considerable air borne form release 
causing it to settle on the surrounding areas.  
 
Centralized Systems--The centralized system, while more costly, can afford the 
precaster the opportunity to control out-bound pressure and also allow for easy nozzle 
changes.  Depending on viscosity changes (typically due to ambient temperatures) of 
the form release, pressure changes and different nozzles will give a fine spray resulting 
in a thin application, Again, personnel training is important so that employees 
understand the ramifications of over-application. 
 
It is also suggested, and helpful, to have some type of in-line filter, no matter what type 
of system is used, to remove any impurities that may have gotten into the system, 
 
Three form release agents were used in testing. One was a vegetable oil based 
material, (EPA-VOC compliant and biodegradable); the second a blend of vegetable oils 
and a petroleum solvent (EPA-VOC compliant and biodegradable); the third a 
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petroleum- based solvent (EPA-VOC compliant). All are considered “reactive” form 
release agents. The two materials that are biodegradable meet the Environmental 
Protection Agency and Federal Trade Commission’s recent definitions to be considered 
“biodegradable.” 
 
 
Graph 1 shows viscosity changes due to temperature variations of the three materials 
used in these tests: 
 
 
 



 5 

 

VISCOSITY  VS  TEMPERATURE

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

0 10 20 30 40 50 60 70 80 90 100 110 120

Temperature (F)

GRAPH 1

V
is

co
si

ty
 (

C
P

S
)

Petroleum Based (VOC Compliant)

Vegetable Oil Based (VOC Compliant
& Biodegradable)

Vegetable Oil / Pet. Based (VOC
Compliant & Biodegradable)



 6 

Graph 2 shows temperature changes (vertical lines) and nozzle tip pressure (horizontal 
lines) resulting in a fine spray for thin application. The spray nozzle orifice sizes are 
shown on the table, and are based on variances in temperature and resulting viscosities 
in the release agents. Changes in the nozzle orifice size used are also shown. As these 
variances can change on a daily basis, there is still some “art” in spraying and is not a 
100% pure science. 
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A flat spray with a spray angle of between 80 degrees and 120 degrees was used in 
testing. 
 
At warmer temperatures, petroleum-based and petroleum/vegetable oil-based blends 
require less pressure (PSI) than do 100% vegetable oil (blends) of release agents. As 
viscosity increases, air pressure at the orifice tip is increased and nozzle orifice sizing is 
reduced. From the graph 2, simple conversions of spray tip sizing and orifice pressures 
are all that are needed to achieve optimum spray application. 
 
Viscosity also affects the thickness of the application of the form release that ultimately 
ends up on the form. Understandably, the higher the viscosity of the form release, the 
greater the thickness required to cover the entire surface. A lower viscosity release 
agent will result in a thinner film thickness. Thinner thickness (lower viscosity) will also 
result in less material being used to achieve the desire final release and improved 
surface finish. Again, spraying techniques will affect the final usage and application on 
the forms. 
 
Portable pressurized spray systems are convenient as they are generally portable, but 
are subject to the same considerations as a centralized system when it comes to 
viscosity changes and nozzle orifice pressure. However, centralized systems are 
becoming more and more popular, not only due to cost considerations of the system, 
but also due to controls in the spraying application, The following information is base on 
a centralized system, including manufacturers who can supply equipment to achieve the 
desired spray levels. 
 
In-line pressure, in this case, can use plant air, which typically runs between 90-110 
PSI. This high pressure continues through the transport line to each spraying station, 
but the outbound (spray tip orifice) pressure is regulated to supply the desired pressure. 
In many cases, a maximum pressure of 30-40 PSI is desired to minimize air-borne 
particulate, and different nozzle sizes are available to the applicator in order to achieve 
a thin application of the form release.  
 
Tests were performed to generate data to make recommendations on spray equipment 
and nozzles. A drum pump, which consists of an air diaphragm pump and drum 
mounting assembly, was used for testing along with various spray tips. 
 
An extended line was run with a pressure gauge at the end of the line. A liquid pressure 
regulator, with another PSI gauge, was set at each spray line port. The key is to be 
able to adjust the liquid pressure (at the spray line port) to optimize the spray 
nozzle. Be sure to note that spray nozzles are rated to a certain pressure and perform 
best at that pressure. Too small of an orifice opening will result in “misting.” Higher than 
rated pressures for the spray tips will result in more misting as well as higher application 
rates. 
 
While it is only one alternative, the air-diaphragm pump can be mounted almost 
anywhere the user wishes. This includes mounting on the top of a drum or a larger 
container, such as a 250-330 gallon tote. A “drop-hose” can also be utilized for  
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convenience of switching drums or totes, or refilling drums or totes. The pump size will 
depend on the customers’ needs. Obviously a longer centralized line will require a 
higher rated pump than would a short centralized line.  
 

 
Air Diaphragm Pump mounted on drum 

 
A liquid pressure regulator and pressure gauge will be needed for each spray port 
station. (The spray port pressure regulator is probably the most important of the system 
in that it controls the actual application of the form release). The closer the spray port is 
to the centralized pump, the higher the line pressure will be. In the same sense, the 
farther away from the centralized pump, the lower the initial pressure at the spray port. 
A liquid pressure regulator at each spray port will help to insure constant pressures at 
each port. The spray tip orifice size will be dependent on the customers’ needs, but 
should be in the range of 0.1 gallons per minute to 0.5 gpm, with any desired degree of 
fan spray pattern. This type of regulator can also be used on portable pressurized 
systems and battery/electrical or gas driven portable spray systems. 
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Sources of centralized spray equipment used in these tests: 
 
PUMPS: 
 
Item    Vendor Inlet/Outlet Base    Part 
Description  Name  Size  Metal  GPM  Number 
 
Diaphragm  Grainger ½”  Non-  11 gpm 5VD13 
Drum pump      Metallic 
 
Diaphragm  Grainger ½”  Aluminum 11 gpm 5VD11 
Drum Pump 
 
Diaphragm  McMaster- ½”  Non-  14 gpm 4157K81 
Pump   Carr    Metallic 
 
Diaphragm   McMaster- 1”  Non-  14 gpm 4157K94 
Pump   Carr    Metallic 
 
Diaphragm  Grainger 1”  Aluminum 22 gpm 2P598 
Pump 
 
 
LIQUID LINE REGULATORS: 
 
Item    Vendor Inlet/Outlet Base  PSI  Part 
Description  Name  Size  Metal  Range Number 
 
Liquid Line  McMaster- ½”  Bronze 10/50  47345K33 
Regulator  Carr      30/125 
         50/150 
 
Liquid Line  McMaster- 1”  Bronze 10/45  47345K35 
Regulator  Carr      20/60 
         55/100 
          
 
 
SPRAY GUNS 
 
Item    Vendor Inlet/Outlet Base    Part 
Description  Name  Size  Metal  GPM  Number 
 
Spray Gun  Spraying ¼” NPS in Brass  5 gpm  AA23L 
   Systems 11/16” out 
 
Spray Gun  Spraying ¼” NPS in Brass  5 gpm  AA31  
   Systems 11/16” out 
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SPRAY TIPS: 
 
Item    Vendor  Base  PSI Part 
Description  Name   Metal  GPM  Number 
 
Spray Tip  Spraying   Brass  0.1 gpm TPU-8001 or 
   Systems      TPU-11001 
 
Spray Tip  Spraying   Stainless 0.1 gpm TPU-8001-SS or 
   Systems      TPU-11001-SS 
 
Spray Tip  Spraying   Brass  0.05 gpm TPU-8005 or 
   Systems      TPU-11005 
 
Spray Tip  Spraying   Stainless 0.05 gpm TPU-8005-SS or 
   Systems      TPU-11005-SS 
 
 
 
 
Initial sources of equipment used:  
 
Pumps:   
 

Aro Pump Manufacturing, Bryon, OH  Ph: 419-636-4242 (manufacturer) 
 
 Grainger: 888-361-8649 
 
 McMaster-Carr:  Atlanta—404-346-7000 
    Chicago—630-833-0300 
    Cleveland—330-995-5500 
    Los Angeles—562-692-5911 
    New York—732-329-3200 
 
Liquid Line Regulators:  
 

Kunkle Manufacturing (Chicago Distributor): Sons-Nick Co., Chicago, IL  312- 
427-5892 
 

 McMaster-Carr:  Atlanta—404-346-7000 
    Chicago—630-833-0300 
    Cleveland—330-995-5500 
    Los Angeles—562-692-5911 
    New York—732-329-3200 
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Spray Guns & Tips:  
 

Spraying Systems, Inc., Wheaton, IL—708-665-5000 
 
 Lechler, Inc., St. Charles, IL—800-777-2926 
 
 


