





Fi1aure 8.— Coaled steel exhaust stacks tested simultaneously
for 300 flying hours on a PBM-3D patrol bomber at
Norfolk Naval Air Base.

Stack on left is protected with the NBS ceramic coating A-37 and is un-
damaged, whereas the stack on right, which is coated with commercial
enamel C-1 shows scattered broken blisters, serious rusting taking place at
the resulting breaks in the coating.

Some cracking of the metal was observed in
service tests of stacks, especially those sharply
curved near the ilets, and it was noted that steel
having carbon contents in the range 0.10 to 0.25
percent were more resistant to such failure than
was ingot iron. This observation was in agree-
ment with the results of laboratory tests on
embrittlement, given in table 9.

NBS coatings A-19 and A-31 gave adequate
protection to the steel, but because A-19 is a one-
coat application, whereas A-31 requires two coats,
the A-19 was recommended for exhaust-stack
applications. Where metal temperatures near
1,250° F or somewhat above are encountered,
A-31 is recommended in preference to A-19, but
the strength properties of low-carbon steels are so
low in this temperature range that the number of
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possible applications is limited. With special
steels having better high-temperature strength,
higher operating temperatures of coated stacks
might be possible.

2. Exhaust Collector Systems

Tests made on collector parts for aireraft motors
gave results similar to those obtained on stacks.
The A-19 and A-31 types again merited superior
ratings when they were tested in direct comparison
with the conventional glossy coatings.

Figare 9 shows sections from two of a series of
coated collector rings tested under the supervision
of the Tank Automotive Center of the Detroit
Ordnance District of the Army Service Forces.
These parts were tested on a 9-cylinder 450-hp
Continental Motor of the type used on the M—4
tank. The part on the left was coated with A-31
and had been on the motor for 120 hr of dyna-
mometer operation. The other coating, which
was one of the poorest tested, was a proprietary
product of the glossy type applied by the manu-
facturer and had been under test for 13.5 hr, or
only about one-tenth as long as the part coated
with A-37. Except for a yellowish-brown deposit
that accumulated during test, and which could be

Ficure 9.—Sections of coated steel colleclor rings after
operation on a 450-hp, 9-cylinder Continental molor
undergoing dynamomeler tests.

The part on the right, which was protected with one of the poorest conven-
tional enamel coatings, has undergone 13.5 hr of test and shows pronounced.
chipping and cracking of the coating. The part on the left is protected with
NBS ceramic coating A-37 and has undergone 120 hr of testing without
cracking or reboiling. The area within the circle was cleaned of grease and
other external deposits, showing the undamaged coating beneath.
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readily removed by scouring '° there was no visible
evidence of change in the A-31 coating. The
glossy coating, on the other hand, shows serious
cracking and chipping along certain strain lines
with exposed metal appearing at the base of the
damaged areas.

Proving-ground tests were made on 10 collector
rings installed in tanks. One of these collector
rings was coated with A-19 at the National Bureau
of Standards, and the others were coated by seven
enamel-frit manufacturers to whom the uncoated
collector rings had been submitted by the Tank
Automotive Center for application of coatings
recommended by these manufacturers. After
about 2,500 miles of operation on M—4 tanks only
the A-19 coating received an excellent rating.
The other coatings, without exception, showed
damage, most of which consisted of thermal cracks
and blisters.

Tests on other exhaust collector parts also
showed the newly developed coatings to be supe-
rior. One finding in this part of the work was that
the high-temperature strength of low-carbon steel
is not sufficiently good to make the use of such
steel feasible for the large collector rings on the
more powerful motors, such as the 2,000-hp
Wright radial motor. Two collector rings were
coated for trial in this type of installation and
failed in only a few hours of operation. These
collectors operate above a red heat, and the low-
carbon steel apparently does not have sufficient
strength to withstand this service, and the coating
does not add materially to this strength.

VI. Specifications for High-Temperature
Coatings

The performance of the high-temperature ce-
ramic coatings in both laboratory and service tests
led to the preparation of appropriate specifications.
These were issued as Army-Navy Aeronautical
Specification AN-C-133 and as tentative speci-
fication AXS 1449 of the Army Ordnance Depart-
ment. The principal requirements as written into
these specifications are as follows:

(a) Thermal-Shock  Resistance.—The  coating
must withstand five quenches from a temperature

10 Chemical analysis of the deposit revealed that lead was the principal
constituent, comprising 72 percent of the inside and 44 percent of the outside
deposit. The source of this lead must have been from the leaded fuel, leaky
connectors being responsible for its presence on the outside surface of the

collector ring. No carbon or iron was detected in either the inside or outside
deposit.

306

of 1,200° F without visible damage, heat being
supplied continuously to the underside of the
quenched area. This test is performed on two
coated, 18-gage tubes 6 in. long and 2% in. in
diameter, or on a section of exhaust tubing. A
modified Meeker-type burner with a 90-degree
elbow fitted onto the burner end is inserted into
the test cylinder. The flame is lighted, and the
burner is adjusted so that the temperature of the
test area (as measured by a base-metal thermo-
couple with each wire welded separately to the
outside of the steel tube) will pass through the
temperature zone 1,185° to 1,215° I in 30 seconds.
The flame is then extinguished and relighted.
When the temperature again reaches 1,200° F, 25
ml of water at 70°4+10° F is allowed to flow freely
from the unconstricted large end of a 25-ml pipette
onto the heated area of the cylinder between the
thermocouple welds. This treatment quickly
cools the affected area to a temperaturc below
212° F, as can be seen from the fact that before
all of the water has left the pipette the surface
of the specimen sustains a film of water instead
of instantly vaporizing it as at the beginning of
the quenching treatment. When the temperature
again reaches 1,200° F, the quench is repeated
until a total of five cycles has been accumulated.

(b) Oxidation Resistance.—The protection of the
metal against oxidation must be such that a 2¥%-in.
by 3-in. coated specimen of 18-gage enameling
iron shall not gain in weight more than 0.03 g
during 48 hr of heating at 1,200° .

(¢) Thickness of Coating.—The thickness of
coating must be not less than 0.002 in. nor greater
than 0.003 in. on principal arcas nor greater than
0.006 in. at beads.

VII. Production of Coated Exhaust Parts

Commercial production of low-carbon-steel ex-
haust stacks with NBS ceramic coating A-19 was
started in 1944. By the end of the war, three
enameling companies had applied the coating to
aircraft exhaust stacks in substantial quantities.
As the shortage of stainless steel never became so
acute as to restrict its use in aircraft, the A-19
coating on low-carbon steel was used through
preference rather than through an enforced
substitution.

Another application of the A-19 coating that
reached the production stage before the end of the
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war was the coating of tail pipes for the exhaust
systems of the amphibious truck, or “DUC”. One
section of this pipe was 9 {t long by 1%-in. in inside
diameter, with S-shaped curves at each end. Two
other sections were approximately 3 ft and 2 ft
long, respectively, with 2}-in. inside diameters.
It is considered significant that the coating could
be applied satisfactorily to such complex shapes.
These pipes were originally fabricated of uncoated
low-carbon steel and failed rapidly in service,
through corrosion. Not only high operating tem-
peratures, but also proximity to, and contact
with, ocean water contributed to the corrosion.
Tests showed that coating A-19 provided satis-
factory protection.

VIII. Potential Uses of Coatings

In addition to the use of the new coatings for
the protection of low-carbon steel in various mili-
tary exhaust systems, there are a number of other
possible applications where the new coatings, or
modifications thereof, might be beneficial in pro-
longing the life of steel parts that are subjected
to relatively severe temperature conditions. A
list of such potential applications would ineclude
the following: (1) Domestic stove parts, such as
grates or burners, (2) industrial furnace parts,
such as muffles, dampers, or burners, (3) parts for
heat interchangers, (4) heat baffles for continuous
enameling furnaces, (5) annealing boxes, and (6)
mufflers and tail pipes for buses, trucks, and
automobiles.

IX. Summary

A new type of ceramic coating for the protec-
tion of mild steels in high-temperature service
was developed during the war at the National
Bureau of Standards, and was used by the Army
and Navy on the exhaust systems of certain air-
craft and other vehicles. Laboratory and service
tests have shown these new coatings to be superior
to conventional porcelain enamels for high-tem-
perature service. The outstanding features of the
coatings are (a) high resistance to chipping under
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repeated severe thermal shock, (b) protection of
the metal against oxidation during prolonged
exposure in air at temperatures up to about
1,250° F, (c¢) freedom from the cracking and
blistering produced in conventional porcelain
enamels under comparable conditions of high
temperatures and severe thermal gradients, and
(d) a mat surface that does not show highlights
and, therefore, decreases the visibility.

To prepare these coatings, a mixture of a
special grade of caleined aluminum oxide and a
conventional type of ground-coat frit is ground
with water to appropriate fineness and is then
applied to the metal, dried, and fired according to
well-known methods. The coatings may be
used on low-carbon steel in an unprecedently thin
application of only 0.002 to 0.003 in.

Specifications were issued by the armed serv-
ices, and the coating was used in regular produc-
tion during the war on a number of exhaust parts
by both the Army and Navy.

Modifications of these ceramic coatings are
possible and may find a use for lower tempera-
ture applications.

The development of the new type of coating
through the stages of laboratory study, service
tests, and regular production was made possible
by the cooperation of several agencies. The
Navy Bureau of Aeronautics, Army Air Forces,
and, Army Ordnance Department participated in
the service testing of the new coatings in parallel
with conventional types submitted by manufac-
turers. Several of the manufacturers and the
Porcelain Enamel Institute were instrumental in
promoting the use of porcelain enameled exhaust
systems and participated in arrangements for
some of the comparative tests, especially by the
Tank Automotive Center. In addition, a num-
ber of aireraft companies cooperated by making
extensive tests of the new NBS coatings in direct
comparison with conventional porcelain enamels.

WasuainagToN, November 4, 1946.
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