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TECHNO-ECONOMIC BENEFITS OF RADIATION CURING:

A COMPARISON STUDY

In comparing radiation cure versus conventional heat cure systems,
there are many factors to consider. Environmental laws vary
greatly from country to country, and have a great influence upon
the choice; even though todays cost may be higher with radiation
cured products, tomorrows environmental regulations concerning
volatile organic emissions and waste disposal may weigh heavily in
the end decision.

Consumer preference for high performance coatings, and the
manufacturers wishes to produce a wider range of appearance than
that afforded by conventional systems may also Influence this
decision.

In the U.S.A., many manufacturers are turning to radiation cure as
an alternative in order to comply with existing and ever changing
regulations. Some use hybrid systems, a combination of U.V. cured
filler coats, water reducible base coats and a' final U.V. cured
topcoat to provide durability as well as to improve the end
appearance of the product.

This system, which is used for end products that are solid colors,
is growing in popularity, not because it eliminates emissions, but
reduces them to presently acceptable levels. The end product Is of
reasonable qual ity, and can serve well at economical prices in less
critical areas. Cost comparisons indicate that it Is a viable
alternative to the more expensive systems using only 100% solids,
or reactive, materials which eliminate emissions, when the producer
has a sufficiently large market for the low medium end product it
can produce.

Future regulations will undoubtedly decrease the allowable
emissions, or require their capture and safe disposal which i* also
expensive. They many well force such operations to turn to "best
available technology", forcing change and therefore added cost.

Since present and future regulations vary so, greatly In different
areas, this system has been chosen for comparison with EB/UV as
related to the cost of manufacture.



Hybrid
Sand/Clean
Reverse Fill
UV cure
Polish sand
Clean
Curtain Coat (base coat)
Flash zone
Curing oven
UV topcoat application
UV cure
Auto stack

EB/UV
Sand/Clean
Reverse Fill
UV cure
Polish sand
Clean
Reverse fill
Reverse fill
Curtain coat
EB cure
•UV cure
Auto stack

UV "B" stage

* UV cure following E.B. is used to produce low gloss products;
high glosses use E.B. only.

Energy

Requirements in total for the UV EB system are 815 KWH; cost of
energy is .071 per KWH. Added to this should be the cost of
nitrogen used to provide blanketing in both EB and/or UV, which
averages 7,000 c.f.h. at a cost of .31 per 100 c.f., or $21.70 per
hour. Since output capability is limited only by the design of the
automatic feed and stack systems (in the case ol Universal Woods
120 lineal feet per minute) it is difficult to draw comparisons on
this basis. As an example, a line was commissioned last year which
operates at 80 mtrs. per minute, and again, material handling is
the limiting factor, as only 60% of the EB curing capability is
used at that speed. This line was designed by Universal Woods.

By comparison, the conventional, or Hybrid System operates at a
line speed of 90 FPM and uses 502.88 KWH at a cost of $35.70.

Comparison of material costs

Conventional "Hybrid"
Filler - $17.00
Base coat - $21.50
Topcoat
Cost per gallon $45.00
Fi11-Base-Topcoat
Usage per MSF filler - $15.9* (1.5 mil)
Base coat - $40.31 (3 mil)
Topcoat - $21.10 (.75 mil)

EB/UV
Filler (3) $22.67 p/gl
Topcoat - $31.50 to
67.00/per gallon range
Filler - $21.25
"Topcoat $39.38
(2 mil 8 31.50)

$77.05 $60.63



•The material comparison cost is lor the low gloss opaque products
only, as the "Hybrid" system is limited to the production of these
types of products. When using films or foils, or seeking to
produce very high gloss products, the EB/UV material costs increase
considerably. The increase in selling price offsets the cost
increase in these instances.

Since manpower requirements for both operations are approximately
the same, the choice between differing forms of technology must be
determined by not only the previously mentioned factors, but others
as veil. Some of those would be:

A. Investment capital available
Cost - Conventional - 1.6 - 2.0nm
Cost - EB/UV - S 3.5 - <mm

B. Output required.
C. Product range desired, (films, foils, variable gloss and

performance vs one standard product).
D. Substrate available to plant location.
E. In plant technical support available.

There are of course other considerations that differ In each case.

Since radiation curing has many inherent benefits that conventional
systems do not, I feel that it is Important to stress these areas,
even though many have been previously covered. They are:

a) Radiation curing Is the only totally compliant technology
available today. With worldwide concern increasing
regarding emissions generated with conventional coatings,
and no other technology on the horizon to address this
problem, it becomes the only long range answer available.

b) Typical coatings used in this type of processing have
very high flash points, thus are much safe to store and
handle. Most have flash points well in excess of 200°F,
therefore can be stored, handled and used without the
dangers presented by the conventional coatings.

c) These coatings, if properly stored, have extremely long
shelf life, thus the problem of their becoming unusable
after a short time is very unlikely. As an example, we
have had coatings stored in normal ambient conditions
that have been used, successfully after more than two
years of storage, "First in first out" is always best,
but with special colors that cannot be blended into those
used frequently, there are many occasions when coatings
must be held until the opportunity to use them arises.

d) Being 100% reactive, wet film thickness and dry film
thickness are virtually identical. There is some
densifying of the coating when crosslinked which reduces
the dry film thickness slightly, but this thickness loss
is insignificant.

e) Excellent physical properties are Inherent in these



products, and formulations may be altered to change these
propertiei if needed, certain products require coatings
with more flexibility, others require more scratch or
abrasion, etc., thus a specific coating can be developed
for a specific need without altering the manufacturing
process or equipment.

f) With proper line design, an immense number of different
products can be produced in the same operation. Pi ins,
foils, etc. are available from many suppliers around the
world, and if desired, can be produced to your specific
design. Since these products can then be coated in a
full range of gloss, the product range is very nearly
unlimited. The same is true of the opaque coatings; a
full range of color and gloss is available in these
products as well.

g) Low cost, high volume products as well as very "high end"
products can be produced in the same operation, which
creates a very broad potential market. Due to the high
output potential of such operations, this becomes very
important in order to be able to fill the plant capacity.

h) Line speeds, particularly on the lower gloss products,
are a function only of material handling. Radiation
curing; equipment available today has curing capacity far
in excess of what is now "state of the art" material
handling equipment. Speeds are of course related to line
design, particularly in areas such as substrate
preparation, but can offer excellent economics; producing
the required amount on one shift versus three affords not
only better control over quality and material usage, but
significant power, labor and overhead costs.

i) Radiation processing may be employed very successfully on
heat sensitive substrates, since the majority of the
temperature Increase is related to the temperature of
polymerization of the coating. The Electron Beam creates
a temperature rise, at normal settings for a 2-3 mr cure,
of only 5*F. U.V. systems are available which use
reflectors that shield the substrate from the bulk of the
temperature rise, but deliver adequate dose to cure
to the product face.

j) With the growth of the industry, thus Increasing demand
for coatings, adhesives, etc. more coatings companies are
recognizing the value of becoming Involved in formulating
coatings for these processes. This has the result of
competition creating lower costs, and in fact, several
coatings now used at Universal Woods are less costly than
in 1987. This has been accompl i shed without sacrifice in
either appearance or performance of these coatings, and
as development efforts continue, we expect to see further
benefits.

There are undoubtedly areas which, having been involved for many
years in this technology, we take for granted, thus have not



mentioned. I hope that the discussion following this presentation
will bring these points to light.

When we at Universal Woods completed the research for our line, all
these factors were taken into consideration. We felt very strongly
that an environmentally friendly system was essential, and since
beginning operation in 1979, have seen that decision confirmed as
sound. Since that time, changes have been made to continue to
improve existing products as well as develop new ones that lend
themselves well to this type of process. This, in turn, allows us
to stay abreast of changing market requirements without obsoleting
present equipment. This is not to say that the industry or our
operation has not changed, as both are in a constant state of
evolution, and I expect they will continue to be for many years to
come.

Don French



Plot

HYBRID SYSTEM - U.V. WATERBORNE, U.V.

AUTO PEED
DUST COLLECTOR
SANDER
PANEL CLEANER
REVERSE COATER
UV (12 LAMPS)
SANDER
CONVEYORS
PUMPS
OVENS
PRECISION COATER
UV LAMPS
AUTO STACKER
AIR COMPRESSORS
LIGHTS

5.0
100.0
*5.0
8.25
8.26

I80.Q
22.0
45.8
2.8
58.0
5.1

180.0
10.0
46.0
15.P

(FORCED AIR, INFRA RED}

TOTAL 502.88



4*J OVO

LINE POWER USAGE COST PER KWH - .072

DUST COLLECTOR
SANDER
SANDER CONVEYOR
2 FEEDERS
PANEL CLEANER
FEEDER CONVEYOR
TOP & BOTTOM CLEANER
CONVEYOR
REVERSE ROLL COATER
BOTTOM SCUPPER
BELT CONVEYOR
REVERSE ROLL COATER
UV CONVEYOR
UV LAMPS (8)
TIP UP CONVEYOR
CORNER CONVEYOR
ALIGNMENT CONVEYOR
POLISH SANDER
CONVEYOR
LAM1NATOR

TRIM COLLECTORS
COATER
EXHAUST
HEAT BLOWER
HEATER

BLACK BROTHERS COATER
40 HP HYDRAULIC ,
NEW DOUBLE COATER
CURTAIN COATER PUMPS
ELECTRON BEAM
3 LAMP UV & EXHAUST
6 LAMP UV * CONVEYOR & EXHAUST
SCUFFER
CROSS TRANSFER
STACKER
OUTFEED
AIR COMPRESSORS 30HP
WATER PUMPS
LIGHTS

110.2
108.3
17.5
5.0
8.2
.856

2.82
t.75
8.16
7.30*
.490

1.39
.343

132.0
.473

1.21
.415

21.47
1 .75
7.0

6.0

34.0
10.5

21.8
6.2
3.2

50.0
45.0
116.3
9.9
8.3
4.2
6.9

2 7..2
3.9

25.0

TOTAL LINE POWER 815.038


