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INTRODUCTION

Three types of test procedures aimed at the evaluation of

adherence quality particularly of cover coats of porcelain enamel

direct-to-steel
,
are discussed in this reporto The first is

tensile testing with an adhesion tester® A description of the

device used and preliminary results obtained therewith were

described in the previous report of this series. Additional

experience with this test device is described and a conclusion

reached with regard to its use in adherence measurement®

The PEI deforming press together with an adherence meter to

evaluate deformed specimens was developed in the late 1940'

s

and has been limited in use since that time. Experience in the

use of these devices has shown an insensitivity to distinguish

between porcelain enamels in the "good’* to "excellent" range

of adherence quality® The drop weight method of deforming

porcelain enameled ware is widely used but with a multiplicity

of ball and die sizes, and impact energies. Many users of the

drop weight device attain a more severe deformation treatment

than is obtained with the PEI hydraulic deforming press and, as

a result, make it difficult to distinguish between the middle

and lower grades. Several modifications of the hydraulic deform-

ing press are described and results of their use are given.
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An introductory survey of users of the drop weight adher-

ence test was made and the results are describedo

Ao Tension Tests with Adhesion Tester .

(1) The adhesion tester, described and illustrated in the

previous report was used for additional tensile tests in an

attempt to numerical ize adherence of direct-on cover coats. A

specially prepared series of specimens was used in which the

same enamel was applied to substrates of 20, 18 and 14 gage.

The results given in Table 1 show that the failure stresses

for specimens on 14 gage metal were nearly double those of spe-

cimens prepared with 20 gage metal. It is thought that the

heavy metal greatly reduced strain in the substrate and delayed

failure due to microcracking around the circumference of the

button until the stress level was greater than in the 20 gage

specimens. The lower part of Table 1 shows the same increased

failure stresses when applied to heavy gage specimens, through

the use of buttons of materially reduced diameter (3/8-inch dia.) .

The left side of Figure 1 schematically illustrates the localized

strain when the large sized buttons were employed. Because of

the close fitting hold-down plate the strain was concentrated

in a small area around the button circumference. The use of

the smaller diameter buttons, with the same hold-down plate as

before, is shown in the center of Figure 1 at the same stress

level as the left hand figure. The small button geometry allows
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the substrate strain to be distributed over a much larger area

and microcracks at the button circumference are delayed until a

much greater stress has developed as shown at the right side

of Figure 1

»

(2) Figure 2 illustrates the effect of heavy gage substrates

on the failure stress in button testing. In all cases shown the

failure stresses were greater as the substrate thickness was

increased whether the buttons were large or small. Specimens

which had only isolated discs of enamel applied were prepared

to show the effect of the presence or absence of a shearing

stress in removing the discs. The third block diagram in Figure

2 shows that greater stress was required to shear out a button-

sized disc from completely coated specimens than was required to

overcome the adherence when shearing stress was absent in the iso

lated disc situation. These results could also result from

greater rigidity of the continuously coated specimens.

Table 3 allows the comparison of substrate rigidity to be

carried one step further by giving the failure stress of buttons

removed from a composite specimen system in which two 20 gage

completely coated specimens were joined back-to-back with epoxy.

The thickness of metal in this sandwich of two 20 gage specimens

corresponded roughly to that in a 14 gage specimen. It can be

seen that the 1640 psi failure stress for the composite sand-

wiches was materially greater than when a 14 gage substrate was

completely coated and tested to tensile failure.
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(3) A summary of tensile tests illustrating the effect of

substrate rigidity on failure stresses is given in Table 3.

It can be seen that, from the least rigid geometry at the top

to the most rigid at the bottom, the failure stresses increase.

These data lead to a conclusion regarding the unsuitability of

the adhesion tester for measuring adherence in direct-on porce-

lairj enamel systems. The numerical failure stress in this type

of tensile testing appears to be influenced, to a large extent ,

by the rigidity of the substrate and for this reason does not

reflect the adherence of the enamel coating to the substrate^

B. Modifications of the PEI Hydraulic Deforming Press.

(1) The PEI deforming press employs a one-inch ball indenter

attached to the fixed frame of the press, and is used for 20

gage metal with a die of 0ol56 inch depth of appropriate diameter

and a 1/ 8-inch radius rounded edge. Additional indenter balls

of 1/^ and 3/4-inch diameters were made to attach to the press

frame in the same way as the present one-inch indenter. Die

dimensions for use with the modified indenters are given in

Figure 3.

(2) A preliminary experimental test pattern was designed to

observe the operation of the ball indenters and associated die

designs, with various hydraulic pressures on duplicate specimens

of both ’’good** and '‘poor*’ adherence properties. The results of

this program are given in Tables 4 and 5. The water immersion

treatment gave significantly different results only in tests on
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the enamel with "poor'* adherence. Specimens deformed with a

500-pound pressure were not significantly different from those

which employed greater pressures. The three indentor sizes gave

indentations which reflected marked differences in severity.

(3) The various DOAAC grades 1 through 6, in which adherence

quality was influenced by controlled nickel deposits, were tested

with the three indentor sizes, using 2,000 pounds pressure, both

dry after water immersion. The values of meter counts given in

Table 6 are the means for four indentations in the six variable

combinations given.

It can be noted that the one-inch ball size fails to distin-

guish between the best adherence grades 2, 3, 4 and 5. This is

the situation that this series of modifications was hoped to

rectify, by creating more severe deformations. The one-half

inch die resulted in deformations, for this specimen series,

from about 30 to 80 counts per indentation. The deformations from

the 3/4-inch ball size and its die, although somewhat more vari-

able, covered a much wider range of about zero to 132 counts.

In order to make a more valid comparison of different inden-

ter sizes the meter counts given in Table 6 were converted to

the number of counts relative to their areas, and are given in

Table 7. From this table it can be seen that the 3/4-inch die

produced deformations which were rated by relative meter counts

from 0 to 100 for those specimens immersed in water before

measurement. The "dry" treatment gave results which were some-
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what more variable than those specimens which were water immersed

and oven dried before measurement. The relative counts on speci-

mens deformed with the 1/ 2-inch die covered a somewhat narrower

range, from 40 to 100, whether measured dry or after water immer-

sion« A graphical representation of the preceding results is

shown in Figure 4 which shows the relation of relative counts to

the amount of deposited nickel. The results shown in Figure 4

and given in Table 7 lead to the selection of the following as

a desirable deforming and measurement procedure:

- Indenter size, 3/4*-inch diameter,

« Die configuration shown in Figure 3 for use with 3/4-inch
indenter,

r Deforming pressure, 2,000 pounds

- Measurement of deformed specimens after water immersion
with a PEI meter,

(4) The work described in the previous paragraphs involved

a water immersion step for one minute and oven drying for 30 minutes

before meter counting. An experiment was performed which showed

that towel drying could replace oven drying without serious loss

of precision. The results of this experiment are given in Table

8, The mean number of counts measured on 20 indentations was the

same whether oven, dried or towel dried after water immersion,

(5) An attempt was made to observe the degree of correla-

tion between the severity of deformations obtained with a hydraulic

press and with a drop weight device. Figure 5 shows the correlations
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of relative meter counts for the six DOAAC adherence grades

between specimens hydraulically deformed with 1/2- and 3/4-inch

indenters on the one hand, and specimens drop weight deformed

with 9/16-inch iadenter, 3/4-inch die at 70, 80 and 90 inch-

pounds on the other hando A good correlation was found for

specimens hydraulically deformed with a 1/ 2-inch indenter and

the drop weight deformed specimens for impact energies in the

70 to 90 inch-pound range.

An upcoming program of drop weight testing of all DOAAC

grades of adherence will seek out drop weight test parameters

which will provide a severity of deformation comparable to that

obtained hydraulically with a 3/4-inch indenter discussed in

paragraph 3 above.

C. A Survey of Industry Practice in Adherence Estimation by

Drop Weight Testing.

The use of drop weight devices for deforming porcelain

enamels, both of direct-on and ground coated systems, is wide

spread. It was known that many different parameters were used

in this quick-type evaluation of porcelain enamel adherence.

A questionnaire was circulated within the industry to determine

the diversity of test parameters in use, A summary of the data

reported in the 20 responses to this inquiry is given in Table

9.

If one were concerned with the standardization of this test

method, a selection of test parameters might be based on frequency
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of current use. This particular set of parameters might be

expected to require the least amount of equipment modification

for the greatest number of users. A different selection of

test conditions might be made to achieve a degree of deformation

severity which would lead to a optimum separation of adherence

grades. The test conditions most frequently used in drop weight

devices for adherence evaluation given in Table 9 are:

Indenter ball size ----- 1/2-inch diameter

Die size ---------- 3/4-inch diameter

Impact energy ------- 70 to 80 inch-pounds

Further study is planned to determine the extent or degree

of substrate strain most effective in distinguishing between

grades of adherence quality, particularly for cover coats

direct-to-steel

.

INTRODUCTION

The Porcelain Enamel Institute has been co-sponsoring weather

ing studies with the National Bureau of Standards for the past

thirty years. During this report period, the enamels in two of

these weathering programs have completed their selected periods

pf exposure.
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These two sets of enamels are: 1) The enamels exposed

at Washington in the 1939 Exposure Test of Porcelain Enamels

on Steel and 2) the enamels exposed at Gaithersburg in the

1966 Exposure Test of Nature Tone Enamels on Steel. The for-

mer completed 30 years' exposure, the latter 3 years' exposure.

Upon completion of the selected periods of exposure, the

enamels were returned to the laboratory at NBS where they were

cleaned by scouring 30 strokes with a sponge that had been

sprinkled with calcium carbonate and moistened with a one

percent solution of trisodium phosphate and rinsed sucessively

with tap water, distilled water, and alcohol. Once the speci-

mens had been cleaned they were observed visually for signs of

rust or other degradation and then measured for changes in gloss

and color.

RESULTS & DISCUSSION

1) 1939 Exposure Test of Porcelain Enamels on Steel.

Since it has been 15 years since any data pertaining to

this test has been published, the initial data are presented

in Table 10 together with a weather resistance rating based on

the visual observation of these enamels. These data indicate

that the enamels with good acid resistance, (AA and A),

generally appeared to change very little after 30 years' exposure.
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The color retention and percentage gloss retained data for

these enamels are presented in Table 11 and shown graphically

in Figures 6 & 7. Again, it can be seen that the enamels with

good acid resistance have good weather resistance.

2) 19j66 Exposure Test of Nature Tone Enamels on Steel.

The visual examination of the nature tone enamels on steel

exposed at Gaithersburg revealed that all the enamels had good

color and gloss retention, but some of the enamels showed signs

of rust around pinhole-type defects as indicated in Table 12.

This tendency to rust was not markedly reduced by testing for

continuity of coating before exposure. However, extremely low

test overvoltages were used. Had higher overvoltages been

selected, these differences would probably be more pronounced.

The color retention and percentage gloss retained data

are given in Table 13 and Figure 8. These data indicate that

the nature tone enamels have excellent color and gloss reten-

tion after three years' exposure.

PLANS FOR NEXT REPORT PERIOD
" M l m

I
I II I ' I i n .I

During the next report period, it is planned to prepare com-

prehensive reports for publication in the Building Science Series

on the enamels included in these two exposure tests.



Table 1 . TINSILE TESTS OF A SINGLE PORCELAIN ENAMEL CN
SUBSTRATES OF VARIOUS THICKNESSES

NORIAi\L BUTTON SIZE (Area = 0 ,A^ P. sg. in.)

Specimens Coated
Both Sides

Metal Failure :in

:

Ga£e_ n Enamel n Eooxy

psi psi

20 12 560 g 400

18 20 700 0 ^

14 16 1250 4 131 C’

0.375 in. DIAH BUTTON

Specimens Coated
Both Sides

Metal Failure in:
G3 .-;e n Enamel n Epox^/

psi psi

20 9 1570 4 1350

18 5 1710 7 1990

14 0 M g 1850

Specimens Coated
One Side

Meta1 Friilure in:

• R Enamel n Epoxy

psi psi

20 6 750 0 —
18 12 970 0

14 10 1300 0 — —

SIZE ( Area.
= 0.1 Hi so . in.)

Specimens Coated
One Side

Metal Failur e in

:

G' ,T e n Enamel n Enoxv

DSi psi

20 4 15S5 0 1210

18 3 1640 13 16a 5

14 2 2210 8 1870
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SUi‘iNARY 0
ABmSlQU

F TFKSILS TFST RESULTS OBT.UNED ;^TH
TESTER ILLUSTR/vTING THE EFFECT OF

SUBSTRATE RIGIDITY.

Test Variable Grade L Grade

After removal of enamel
surrounding button by
sandblasting.

jqsi

545

psi

Isolated enamel discs
removed from 20 gage — 430

Continuously coated
specimens: 20 gage 6S0 750

1^ gage — 970

" 14 gage — 1300

20 gage specimen with
20 gage back-up plate — 1640

Battelle-type tensile
test; specimen area
1.56 square inches, i/

^ 4^40 —

nature of Adherence of Porcelain
King, Tripp and Duckworth, Jour,

i2, 504 (1959)

inamels to
/Liii, ^erani.

i-ietal

Soc . ,



Table 4. The liffect of VarioUvS Parameters on the Meter Count Response
Follov'/ing Deformation of Direct-On Cover Goats in a Modified

PEI Hydraulic Press

Indenter Ball Size - Die Configuration
Loading Pressure
V/citer Immersion

Measured Meter Counts

AN "Good" DN ’^Poor”

Indenter
Size

Loading
Pressure Wet^= Dry^ 0,

VnI'et"'^

pounds A 'f a A A B

1/2" 5C0 25 32 35 20 72 73 71 77
1000 35 40 46 35 76 74 70 83
1500 31 44 46 35 74 74 72 77
2000 35 45 44 33 6B 77 73 73

3/4" 500 3 0 4 10 do 90 99 87
1000 11 7 15 30 111 G4 117 103
1500 6 4 24 25 96 94

n 0 rr
•L 0 100

2000 7
r*

P 13 2g 99 37 112 97

ITI 500 0 0 0 0 52 57 50 83
1000 0 0 0 0 S2 53 01 110
1500 0 0 0 0 64 51 d-T

JL IIQ
2000 0 0 0 0 47 44

r cc I4i

f<Dry” specimens v/ere measure d directly a
0 JIter

deformation; ‘•A’et spe ciniens v/ere ii/irn. e r s e a

in v/ater, for one minute, after deformation
and oven dried before measurement.

A and B v/ere duplicate specimens.



Table 5 Summary of the Effects of \/j.rious Par. rs
in Terms of

Parameters AN

V/et

Dry

500
1000
1500
2000

A

ii

3

Conclusions f
analyses by "t

Average Meter Count:'

’'Good*' DH "Poor"

19 91
14 74

11 75
Ig &7
1^^ S5

84

36 ( 45/^) * 74 (92>b)

12 ( 9/i) 99 ( 75;)
0 { 0%) 75 (38/.)

16 82
16 84

'om statistical
te SUS .

h Di'J

Is the wet treatment
more severe than the dry?

Does the 500 pound load
differ from the others?

Do the results obtained
with different ball sizes
differ?

Do the duplicate specimens
give statistically different
results?

No Yes

No No

Yes, all Yes, ail sizes
sizes differ.
differ

No No

^ The thx'ee ball sizes result in widely different
deformed areas. The percentages sho\m v/ere obtained
by normalizing the measured nuinber of counts on the
nominal deformed area (or its equivalent n'umber of
counts), to obtain a valid comparison. The above
conclusion regarding ball sizes is based on the percent.^ges
so obtained.
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bl' Th':' ibCToct o ’

,it T I

of :i Direct -On Dover
Equipped w'ith a

ri: i on fol 1 oi . inp b • i f o rui t i on
Co.^t in ... nA^di’ oilic Pre ec
3/4" Ball Indent er

lieasuivid Directly after vvo.ter .wfter v-„ter
er*

0, j. tor Defornation ImmervSion Immersion
Tovv-el Dryed Ov^n Dryed

fl'r 12 20 20

R ingQ of
V ’

i'"'

^

Counts 94-116 93-122 97-122

iie:.n V/^lue
>

Counts 104 no no

^Oi -L • O

^

Vari .tion 7/ 44-/0

Number of indentations measured

Coefficient of
expressed is a

vari/ction is the Ft.ind ..rd deviation
pe/’ >'.ente.ge of the rne .n v :iuG,



Table 9 An Analysis of Responses to Drep w'eir^ht Quo ionai

Indenter Sizes Number Die Sizes Number Impact Number
Used Reported Used Renorted Energies Re ported

Inch Inch
Inch-

pounds

1/2 1/2 1 20 to /fO 1

9/16 3 5/8 3 -Q1 to 60 0

5/8 2 41/64 1 61 to ^0
3/4 2 Z/L 5 81 to 100 4
1 2 7/8- 1 101 to 120 1

1 0 121 to 140 0
1 1/16 i 141 to 160 0
1 1/4 1 161 to 180 1

Of the eight using the inch ball
the folloudng die sizes were used:

Of the 7 using betv;eon
6l and cQO inch-pounds

66 1
1
0 1 70 3
5/3 1 74 1

3/p
7/8

3
1

.^0 2

PSI Meter: Seven out of 17 used the meter

»

Visual Rating: Taelveout of 17 used a visual rating sc ale.

Those most commonl}^ used were

Scale Number Reported

1 t o 3 3
1 to A 1
1 to ? ^

Used ..dth the greatest frequency



Table Summary of Initial Data and weather Resistance Ratings
for Rnaraels in 1939 Rxppsure Test of Torcelain Rnamels
on Steel.

Enamel Fabricator Frit Average Acid Re- Visual
of Specimens Supplier Initial sistance iVeather-

Specular (PEI ing ^
Gloss Test

)

Katins’

A-1,2 a 1 57.0 AA A
A-11,12 b 1 57.4 AA A
A-21,22 a 2 60.4 AA B
A-31,32 b 2 60.1 AA B

A-41,42 a 3 58.5 AA B
A-51,52 b 3 58.1 AA B
A-61,62 a 4 62.0 AA C

A-71,72 b 4 60.1 AA C

B-1,2 b .1 52.6 C C
B-21,22 b 2 54.1 C G
B-U,42 b 3 51.6 D D
E-6l,62 b 4 53.2 C G

C-11,12 c 1 40.6 c C
C-31,32 c 2 52.4 A G

C-51,52 c 3 51.6 A B
C-71,72 c 4 53.2 A G

D-1,2 c 1 D
D-21,22 c 2 56.9 D G

D-41,42 c 3 55.1 D D
D-61,62 c 4 —- - D

E-11,12 d 1 50.9 B B-
E-31,32 d 2 54.3 AA B-
E-51,52 d 3 54.4 AA A
E-71,72 d 4 53.5 AA A

F-1,2 d 1 51.5 D D
F-11,12 e 1 43.7 D D
F-21,22 d 2 50.2 C D
F-31,32 e 2 55.6 D D

F-41,42 d 3 43.1 D D
F-51,52 e 3 56.6 D D
F-61,62 d f 46.4 D D
F-71,72 e 4 52.6 D D

H-1.2 e 1 39.6 A, B
H-11,12 X. 1 48.1

A

a C
H-21,22 e 2 56.5 A B
H-31,32 X 2 54.5 A B

I



Table 1 0 (Cent •

)

Enamel Fabricator
of Specimens

Frit
Supplier

Average
Initial
Specular
Gloss

Acid Re-
sistance
(PEI
Test

)

Visual
..'eathering
Ratingfy'

H-U ,42 e 3 47.4 AA ii

H- 51,52 f 3 48.5 AA A
H-6l,62 e 4 55.1 AA A
H-71,72 f 4 55.4 AA A

K-1,2 f 1 D
K-11,12 cr

to 1 ——

-

—

—

D
K-21,22 f 2 54.1 D C
K-31,32 g 2 53.7 D C

K-41,42 f 3 52.0 D c

K-51,52 g 3 53.5 D D
K-61,62 f 4 —— >. — D
K-71,72 g 4 — - C

L-1,2 g 1 55.8 AA A
L-11,12 h 1 56.1 AA A
L-21,22 (T0 2 54.2 B K
L-31,32 h 2 56.4 A A

L-41,42 g 3 55.8 A Ann B
L-51,52 h 3 52.3 A B-
L-61,62 g 4 53.0 A B
L-71,72 h 4 41.8 AA A

N-1,2 h 1 51.7 C C

N-11,12 k 1 50.5 c C

N-21,22 h 2 51.2 D D
N-31,32 k 2 45.5 D C

K-41,42 h 3 51.7 C C

M-51,52 k 3 46.

s

C D
N-61,62 h 4 47.1 D D
N-71,72 k 4 54.4 D D

P-1,2 k 1 55.4 AA B
P-11, 12 1 1 — — D
P-21V22 k 2 — — -

P-31,32 1 2 39.9 G D

P-41,42 k 3 49.5 A A
P- 51,52

T
J. 3 33.4 D

P-61 , 62 k 4 49.7 AA A
P-71,72 1 4 55.4 A A. A



Table 10

Enamel

(Cont .

)

Fabricator
of Specimens

Frit
Supplier

Average
Initial
Specular
Gloss

Acid Re-
sistance
(PEI
Test)

Visual
V/eathering
Ratingg-'

S-1,2 1 1
S-11,12 m 1 — D
S-21,22 1 2 45.1 B C

S-31,32 m 2 45.1 C B

S-kl,k2 1 3 35.0 A B-
S-51,52 m '

3 39.5 A A
S-61,62 1 4 45.0 C D
S-71,72 m 35.7 c D

T-1,2 m 1 73.0 AA B
T-11,12 n 1 66.0 AA A
T-21,22 m 2 53.8 AA A
T-31,32 n 2 55.5 AA B-

T-41,42 m 3 60.9 AA B
T-51,52 n 3 59.0 A B
T-6l,62 m 4 65.5 AA B
T-71,72 n 4 65.6 AA B

V-1,2 n 1 55.2
nu D

V-11,12 a 1 56.2 c D
?-21,22 n 2 57.6 c D
V-31,32 a 2 56.0 G C

V-41,42 n 3 53.0 c D
V-51,52 a 3 54.9 c D
V-61,62 n 4 46.7 c D
V-71,72 4 54.5 c D

A rating means no change readily apparent

B rating means beginning to change, but not objectionable

C rating means moderate changes have taken place, somev/hat
objectionable

D rating means severs changes have taken place, very o o j e

c

b. i onab-u

e



T-ible 11 Surjinary of Gloss >-etention and Color Chano^e Data
for CnamelG in 1939 Exposure Test of Porcelain
liinamels on Steel

Enamel Percentap;e Glos 3 Retained after

:

Color Change after
30 yrs 15 yrs 7 yrs 1 yr 30 yrs 15 yrs

• V/hite

,

Glossy, Acid-Resistant Enamel

A-1,2 71.5 53.1 31.4 90 .

g

0.3 0.7
A-11,12 71.1 $6.9 33.2 95.4 - 0.9 1,0
A-21,22 70.3 Sir. 2 79.3 39.7 0.3 0.6
A-31,32 67.1 76.6 74.3 90.0 0.3 0.5
A-41 ,i)2 72.5 55.0 34.1 92.1 1.3 3.0
A-51,52 69.3 35.4 77.5 90.2 1.5 1.2
A-61,62 • 2 33.3 74.6 96.3 3.3 1.1
A-71,72 52.0 73.4 70.5 91.0 3.1 1 y

Average 65.0 32.

2

73.2 92.0 1.7 1.2

white

,

Glossy, Nonacid -Re sistant Enamel

3-1,2 12.4 ' 13.0 n 0.y 69.3 2.10 2.9
B-21,22 11.5- 15.0 34 . s 69.2 — 1 H

. 0

5- 41,42 12.5 15.0 26.5 71.3 1.0 c 7— * (

B-6l,o2 11.3 16.4 34.3 71.1 0.9 3.1

Average 11.9 16.1 31.2 70.5 1.4 3.4

white
,
Semimat

,

Acid-Resi 3tant Enamel

C-11,12 1 -5.7 30.3 51.3 0.9 1.5
C-31,32 25.4 42.1 61.5 35.3 1.9 2.3
G-51,52 53.

5

76.7 76.3 91.5 2.4 2.2
C-71,72 42.0 54.3 73.1 95.7 1.9 1.3

.iveraga 36.2 51.

c

33.0 91.0 1.7 1 .

0

Ahite

,

Semimat

,

Nona c id -rCe si Stant anamel

D-1,2
D-21,22 10.9 15 .

C

43.2 70,5 3.2
3 -41,42 10.9 15.0 3 c .C n ) n

( -r • 2.4 3
D-61

,
62 - - - - 5.2 0.0

Average ' 10.9 15.0 40 . 3 3.5 ^ }
* j 9 ^



Table 11 (Cont.)

Percentage Ho.o o TO p -1

a

o v_» 7- 1 -i- j * ^ '-I- .After

:

Color Cban - . -T'.

30 yr,s 15 yrs
. 7 yrs 1 yr 30 yrs 15

"

Buff, Gloss V

,

Acid-Resistant Enamel

1-11,12 52.

C

60.2 Ui-/ * c 53 .

3

1.9 3^ • A.|

E-3l,32 3S.5 54.3 64 .

2

90.3 1.5 1.3
3-51,52 72.5? 90.

G

74.0 91.6 1.0 0.4
3-71,72 63.2 76.0 77.7 96,1 1.5 1.6

Average 56.6 70.2 71. c 92.3 1.5 1.3

Buff, Glossy, '

tionacid Resistant Snamel

F-1,2 13.7 24.3 43,0 72.1 13.0 n 0-

! •

F-11,12 o
#4 • > 35.6 61 .2 90.2 2.8 1 1

‘-f .

F-21,22 9 ),
c^ ‘~T * ^ 33.2 52.9 72.1 5.7 3.8

F-31,32 32.3 44.3 43.0 69.0 5.3 2.9
F-41,42 20.0 26.2 37.3 71.3 21.0 3.3.4
F-51,52 16.3 27.6 33.7 74.1 3.3 5.3
F-61,62 13.7 24.4 22.5 61.2 15.6 12.0
F-71,72 13.2 23.7 23.0 62 • 6 16.0 12.1

Average 20.4 29.9 40.9 71.6 11.0 7.7

Buff, Semimat

,

Acid-Resistant Snamel

H-1,2 59.2 64.3 60.7 31.7 3.0 2.0
H-11,12 51.6 52.1 57.6 71.3 1.9 0.9
H-21,22 62.1 77.0 70.7 33.3 0.7 0.8
H-31,32 62.7 74.3 71.2 37.3 0.6 0.5
H-41,42 68.6 37.5 75.7 93.0 0.3 C.6
K-51,52 63.2 76.3 72.5 95.3 1.3 1.2
H-6l,62 60.3 33.9 74.4 93.2 1.3 4.3
H-71,72 63.2 33.5 76.4 92.2 4.2 2.0

Average 61.4 74.9 69.9 91.3 1.3 1.5

Buff, Semimat

,

Nonacid-Resistant Snamel

K-1,2 9.2 7.4
K-11,12 - « , — — 11.5 7.2
K-21,22 14.7 21.3 49.0 70.7 5.7 4.1
K-31,32 13.7 18.3 36.4 65.9 9.5 7.2
K-41,42 47.2 63.3 63.5 79.6 2.3 1.7
K-51,52 11.0 16.2 36.5 69.9 15.2 9.2
K-6l ,62 — — 19.7 6.9
K-71,72 - - - - 7.4 14 • 4

Average 21.7 30.0 46 • 4 71.5 10.1 7.3



Table H (Cont.)

iinamel Percentage Glos,s Retained After

:

Golor Chan ,c;e -ifter
30 vrs 15 vrs

i 2 xrs 1 yr 30 vrs 15 vrs

Black, Glossy, Acid-Resistant ^n.amel

T-1.2 57.9 56.1 72.6 1.1 0.8
T.-11,12 56.

i

73.4 64.2 93.7 1.1 0.4
T-21,22 66.7 87.8 80.6 92.0 0.6 1.4
T-31,32 66.1 79.1 70.0 93.0 >1.0 0.8
T-41,W 52.3 64.2 70.7 91.0 2.0 0.0
T-51,52 64.9 85.4 68.9 92.3 1.5 1.5
T-61,62 45.9 66.7 59.8 86.8 1.6 1.1
T-71,72 46.7 57.6 54.9 78.5 1.5 0.8

Average 55.1 71.5 65.6 87.5 1.3 0.8

Black, Glossy, Nonacid-Resistant Rnamel

V-1,2 58.9 61.5 63.6 76.0 26.4 19.9
V-11,12 35.0 34.5 57.0 74.0 49.1 41.3
V-21,22 56.2 64.0 58.8 68.8 2.1 1.4
V-31,32 36.3 41.1 40.1 65.8 5.1 4.0
V-41,42 56.5 66.3 59.7 75.5 8.2 4.6
V-51,52 53.5 58.2 58.0 71.9 12.0 12.3
V-6l,62 44 • 4 41.1 75.9 83.2 18.1 . 13.4
V-71,72 61.6 61.7 73.9 78.6 10.2 6.4

Average 50.3 55.2 60.9 74.2 16.4 12.9



Table 11

Gnarnel

( cont .

)

Percents ae Gloss itetained -viter: dolor dh-:,riye /.ft

30 yrs 15 yrs 7 vrs 1 yr 30 vrs 15 vr

Red, Glossy, ..cid~Resistant Enamel

L-1,2 65.1 85.5 76.4 85.6 6 .

4

3.8
L-11.12 69.2 80.4 74.7 83.7 1.2 0.8
L-21'22 66.4 82.1 78.1 85.4 3.9 2.2
L-31,32 68.7 82.0 79.7 86.4 2.6 3.1
L-41,42 63.3 77.0 75.7 85.1 1.6 3.0
L-51,52 59.8 68.5 67.6 86.9 8.7 0.9
L-61,62 66.4 80.8 73.2 88.0 3.4 2.3
L-71,72 77.4 91.9 74.0 87.8 0.7 1.3

Average 67.0 81.0 74.9 86.2 3.5 2.2

Red, Glossy, Nonacid-Resistant i^namel

N-1
,
2 55.0 65 .

8

70.0 76.3 3.9 2.5
N-11,12 71.1 86.9 83.2 95.4 2.0 2.1
N-21,22 70.3 84.2 79.8 89.7 4.7 1.9
N-31,32 67.1 76.6 74.8 90.0 2.1 2.7
N-41,42 72.5 85.0 84.1 82.1 4.6 3.3
N-51,52 69.3 85.4 77.5 90.2 3.7 2.7
N-6l,62 46.2 83.3 74.6 96.8 15.4 4.3
N-71,72 52.0 73.4 70.5 91.0 23.

S

22.0

Average 65.0 82.2 78.2 92.0 7.5 5.2

Red, ^Semimat, Acid'-Resistant Snamel

P-1,2 66.3 86.3 70.3 So, 6 4.4 3.8
P-11,12 — — — — 22.2 24.7
P-21,22 — — — — — 38.0
P-31,32 40.7 48.6 64.4 88.5 5.0 6.2
P-41,42 62.5 70.6 69.2 93.5 1.6 2.6
P-51,52 91.3 84.2 73.8 92.5 3.8 5.9
P-61,62 63.2 83.5 76.2 90.6 2.2 2.7
P-71,72 66.3 89.7 81.0 92.0 3.0 5.3

Average 65.1 77.1 71.1 91.0 6.8 11.1

Red, ^emimat, Nonacid-Resistant Enamel

S-1,2 31 .

8

24.5
S-11,12 — — — — 29.4 15.6
3-21,22 63.2 76.9 65.8 78.2 16.6 2.9
S-31,32 59.

c

63.8 57.6 70.2 7.2 6.7
8-41,42 55.8 61.9 58.0 80.4 3.2 2.6
S-51,52 . 84.

8

39.4 84.1 93.9 1.5 l.C
S-61,62 26.4 38.8 35.2 64.7 18.7 -1. ^4- «

8-71,72 41.2 50.0 70.3 93.4 24.9 la .6

55.1 63.5 61.8 30.1 Id .

7

10.7
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Table

12.

Summary

of

Enamels

with

obviously
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8 .Figure Effect of exposure time on gloss and color retention of
nature-tone enamels on steel.






