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I. INTRODUCTION

This work was undertaken because there was an ever
increasing consciousness of the need for fire resistance in mastic
coatings., This included mastic coatings with many end uses, such
as protective coatings for metals, moisture and vapor proof blarriers
over insulation and in roof counstruction. The \sphalt and Protec- 3
tive Coating Research and Development group received numerous s
reports of fires originating from bituminous mastics. Examples R
were fires resulting from: (1) spraying the mastics »sn hot vessels 3
(usually above 7TQO°F); (2) dropping hot welding rods onto surfaces B
coated with uncured mastics. J\lso,:-it was known that conventional :
asphalt coatings in a cured state would contrilbute materially to
a fire once ignited. Roofing asphalt was the main contrilbuting
fuel in the multi-million dollar loss suffered by General Motors
at their Detroit automatic transmission plant.

It was bhecominc asparent that a mastic coating's fire
resistance would be an ever increasingly important factor governiug : 3
its acceptability for use in industrial plants, Also, the fire :
resistance of mastic coatings used was beginning to affect insurance : 3
rates,. N
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Initial work on this project was directed toward develop-
ing a suitable test for fire resistance. In the second phase
asphalt base mastics employing added material to make them more
fire resistant were tested. Various inorganic salts and Montars
{still bottoms from Aroclors) were the additives tested. Several

°, experimental mastics were subjected to standard performance tests
such as: (1) accelerated weathering; (Z) salt spray protection; .
¢ (3) low temperature adhesion; (4) corrosion of metals; and (5) o2

moisture vapor transmission rate,

Practically all the materials tested improved fire resis-
tance, llowever, each fire retarding agent also reduced the level
of performance in one or more of the areas listed above. It was
found that small variations in the percentages of solvent retained
in the coating at time of fire testing markedly affected the fire
test results,

A atie. s
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CONCLUSIONS

Work covered by this report indicates it would be most
difficult to formulate a quality, combination protective coating-

moisture vapor barrier mastic employing Montars or inorganic salts

Good fire resistance can be attained ut serious deficiencies in
other performance arcas would have to le overcone.
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Work should continue toward developing a formulation
which is fire resistant and also has the other necessary proper-
ties required in good protective coatings and moisture vapor 3
B barriers. The asphalts now availalble from the propane decarlboni- 3
zation unit should be investicated to determine if they miglt have i
some special utility in this application. A wider range of fire
- retarding agents should Le investigated,

including tie new Birum
compounds now available from the I & & Division.
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V, PATENT STATUS
(Prepared by ll. B, Roberts)

It appears that this report does not contain su! ject matter
of a patentable nature.
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Work covered by this report is recorded in Iion Refinery
and Research Notebooks as follows:

Refinery Notebooks 390, 306, 402, 404, 414, 410, 420,
426, 436 and 438,

Research Notebooks 550 and 654.
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& - VII. EXPERIMENTAL -
: ' DESCRIPTION AND DISCUSSION OF THE WOR

Fire Tests

A number of tests were jun to determine the effect of the
state of cure on free burning time (bLurning time after itest flame
gces out) of Nokorode Seal lote and a Foster cutlack mastic. A
solids content of 07,07 appeared to be a critical point for Lotk
nastics, No free lurning was experienced in either mastic when
cured to a solids content greater than 07.07 'v wt,

The results on these coatings and oa a Foster cluy emul-
sion are shown in Talle 1,

Scveral inorganic -:its were added 1o ‘he Lusic fTeul “otle

. formula and fire testea. Mozt of these were tested a4t two states
f cure. In each case a 3eal " “te control was run and :he reduct ion
i1 Lurning time given Ly the ex;erimental f.rrulaiicva wis recort .

Soliur bicarbenate, alumimuz suliiate, ammonius lLosphate and "orax
were some of the sdlt\ enplorei. All were effeciive in reducing
the free burning tine,. ihe use of these matericls [ roduced coatiags
£ fair fire resistance at i l;ds coatent I <27 by wt, This s

1n contrast to ¢ oy wl, solids required . el Lote to cliadn
° . free burning in the fire 'e .t. Netailed :est results are siwown

R

ba

atle 2,

P

Mastics of the Luasic Z=al lote iormulz were ,.repared using
ontars 3, 4 and 5 in coaceatritions of 4 to 237 Lased ou the asplialt
czxntent. Concentrations as lL:gh as 107 were ot effective in reduc-
ing flammability. All three ‘ontars were effective atl conceniratioas
of 257, Test results arc shaswn :u Table 3.

from 25/735 - .iuiar - 4/asphali lLasce

A Mastics were prepar

e usinz the Seal iote formula fcocr fillers, The zclveats employved were
EEA mixtures of 30Q/300 L.r. nn"k 'a and three cilorinated solvents,

;- The chlorinated solvents were cl.lorothene, perciloroeil.vlene and

: Wrenlottets C-1L-2, - lastics in ~hich as little &5 207 of the solvent

chlorinated shouwed measuriile improvemen: (i fire resistance.

solvent combination of 237 :erchloroethylene, 07 <-1-2 and 2357

O‘/ 63 naphtha groduced a mazt.c which slowed ns free _urning when
tested ;with 10.2% of solvent rezaining in the film. Test results

on these chlorinated solwvent “lends are showa .o Talle 4
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Corrosion of Variou; N;tai‘

s

This test as outlined in procedure IV of the Appendix was
run on Nokorode Seal Kote and a mastic of the same filler composition
as Seal Kote but employing a base composed of 257 Montar #4 and
75% Lion 180/200 roofing asphalt.

Neither mastic caused any of the three metals to corrode.

[ow lemperature Performance Test

This test as outlined in procedure V of the \ppendix was
run on the following coatings:

{1) Llion Asltestos Roof Coating,.

(2) Yokorode Seal Xote (medium grade),

{1) Roof Coating C-6-1 (I'roject 2058, Moansanto Roofing Program]).
(4) Mastic from 257 Montar #4 and 75 180/200 roofing asphalt.

Yone of the above four mastics showed any signs of failure
10 this test,

+
i

cst

‘ Zalt Spray
3alt spray tests run according to the procedure outlined
in procedure VI of the Appendix were run on six mnastics containing
itorganic salts and five mastics containing lontars.,

All the experimental Llends gave poorer performsance than
45 vukorode 3eal Kote. The results are tabulated in Taules o and 7.

weatherometer Tests

Montars ¥os. 3, 4 and 5 were blended with 177°F softening
point roofing asphalt in a ratio of 1/3 - Montar/aspl.alt. Accelera-
*o! weathering tests or 25 mil films of these materials and the

!

< asphalt were made as described in procedure Vii of tlie Appendix.

All .the Montars had a;def}nit;,dgtrimental effect on the
weatherability of the asphalt. :Mon_irf;3 siiowed the least deleterious
effect. The results are tabulated in Table &, :

(£, & - ¢
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Fire resistant coatings now available from competition ara
being specified by some companies in place of XNokorode Seal Kote for
certain applications. This is being done even though the cost of
the competitive coating is triple that of Seal Kote.

We face an almost certain loss of a considerable volume
of business unless we add a fire resistant coating to our line.
Its addition to our line should bring new business that we could
not otherwise acquire. The emphasis on reduction of fire hazard
in industrial plants makes coating cost a secondary consideration,
Therefore, a fire resistant coating with a reasonable manufacturing
cost can be marketed with a good margin of profit.

PACHIGR ~PINAN N . RN BT
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Technicians L. L. S1mps§n B. F’ Fuller and R. A.
Purtle for assistance in preparation of ‘basic mater1als and in
testing finished products.

S. H, Alexander

SHA/WCW:cw
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of Cure

(Test Method - Procedure I of Appendix)

Duration
in sec¢s. Seconds Secoads Duration Duration

Plaque : ) test to to of film of free
No, Solvent flame flash flame Luraing bLurning

Con 8 Seal Kote

(medium grade) 3.4% 17¢ o0 110 350 180
Con 1 Ditto £.6 170 -3 80 400 2130
Con 2 Ditto ~10.0 185 00 100 380 205
Con 10 Ditto 3.7 190 S5 Q990 230 40
Con 11 Ditto 2.8 180 S0 00 150 0
Con 33 Ditto 6.7 170 N 100 goo =20

‘ 24 Foster Cutback

Mastic 6.5 170 o 100 300 220
23 Ditto 2.0 15¢ 137 N " 0
19 Ditto 2.7 170 130 % \ 0
16 Ditto 2.4 178 120 k¢ I 0
(Y Foster Clay Cmul-

sion -astic 2.6 170 170 NY = 0

L - no burning.

DSW 621954
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Moisture Vapor Transmission Constants

MVT Constant
Composition times 108

Montar 3 blend

[ ]
0 b

Montar 4 blend

=
O

b
-

ontar § blend

— o

[F el

-1210-1 57 ammonium phosphate
§%5 sodium bicarbenate
0

007 Seal Kote (medium)

9o 1212
ts o

&

1210-2

-

arwsoniun hiosphate
sodium Licartonate
03 Seal Kote (medium)

’ 1210-3 55 ammonius phosnhate
. ' 57 aluminun. sulfate
’ 0

005 Seal Xote (medium)

[F A
i

1210-4 borax .
aluminum sulfate 1
zinc oxide

Seal Kote (medium)

bl RN W]
()

.
Ot

[ < 2VE SRR

o

<

1210-5 Borax
sodium bicarbonate
zinc oxide

Jeal Yote (mediun)

el

-

(O I tn

w s,

aluminum sulfate
sodium bi--arbonate

Seal Fote (medium)

[V i
N
(]

(IR

D oda i3
da Ll

47 aluninum sulfate 2.2
A fum by 1 2=
) 2% sodium bicarbonate ~e &% R
3 . . . £
* 04% Seal Kote (medium)

3
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Salt S

: e oo : : N B .. .
pray Cabinet Test on Mastics Employing Inorganic Salts(l)
LR 3F 4 .

Panel Composition Grade
1 987 Seal FLote, 2% aluminum sulfate 3
2 Ditto 1
3 907 Seal Kote, 5% am, phosphate, 5% sod. bicarbonate 5
4 Nitto 3
5 90% Seal Kote, 5% al, sulfate, 5% sod..bicarbonate 7
i) Ditto 3
A 907 Seal Kote, 5% am, pbosphate, 5% al, sulfate 1
R Ditto 2
Q 887 Seal Kote, 57 borax, 357 al, .sulfste, 237 zinc oxide 5
10 Ditto 7
11 58% Seal tote, 3 Lorax, 57 sod, carlonate, 27 zinc/ 4
I 12 Ditto oxide a
13 Seal lote 7
14 Ditto &

(l)Reference - "A Visual Rating System for Rusted Steel Specimenz™,

ASTM Bulletin Yo. 154, October, 1043,

STLCOPCB4095996
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Bend, Cold Adhesion and Salt Spray Tests on Montar Mast cSs

Cold Salt
Bend Adhesion Spray
Composition Test Test 800 hrs, Description Grade(l)
Blend 70.5% plastic cement Passed Passed Panel 1 (Many rust) 0.5
1 vehicle (38.7% solid 1 cracked. Manel 2 ( spots ) 1.0 i i@
content) and 0,6% NXo sepa- ?
solution of potas- ration. E
sium hydroxide &
water,
12.9% 7T asbestos
§.2% spent clay
7.47 milled Montar 4§ ;
Blead o4.27 plastic cement Failed l'assed Panel 1 (Thoroughly) 0.5 3
2 veliicle (38.77 solid 2 crached. Manel 2 (rusted ) 0.0
content) 0,65 solu- Yo sepa-
tion of potassiun ration. 5
hydroxide, ’ R
16,07 7T asbestos ;
12.07%7 spent clay é
T.47 milled Montar 3 3
Blend Dlend 2 - 09,57 Failed iassed Panel 1 Jver 32 rust '
RN Petronate-1.0.,5 3 cracked siots Q -
2 separated. anel 2 Many dark spots
on field of
rust 0
Elend 657 plastic cement "assed Tanel 1 32 rust spots sl g
vehicle (358.7% solid 1 rust area 1.0 .
content) Panel 2 “ver 32 rust )
127 7T asbestos spots, § rust
7 spent clay areas 1.0
127 Montar 5 (crushed) 3
Blend 0%£7 Seal Kote vehicle l'assed ‘Yanel 1 12 small rust
4 (34.3% solid content) areas, rust dots
12% 77T asbestos avg, 12 to in® 1.0
> spent clay Panel 2 E_smal é ? Q ;
129 Montar §: (crushed) : ‘arcas over 0 K
l 0

rust dots ¥
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3

Weatherometer Tests on Base Asphalt and
Montar Blends with Base Asphalt

51 minutes continuous light, max, temp. 140°* * 5°F. 9
minutes water spray and light, Water at 20 psi. and
45° * 5°F. 24 hour runs,

Composition Light hours to failure Average

Yontar 3:25%, 17 1 327.7 537.9
base 75%

Montar 4:25%,
base 75%

Montar 5:235%,
base 75%

177 S.P. base

DSW 621967
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Montar Softening Point ¢ . Ash Content,
N0, (R&B), °F ° _wt, percent

4
4

164

November, 1058 440
March, 1958 363
September, 1958

October, 1958

November, 1958
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Procedure I

Fire Testing of Asphaltic Coatings (Subcommittee T-X, ASTM Committee
C-16, October, 1955)

This study represents results of initial trials for de-
vising test procedure to determine the relative fire resistance of
films of asphaltic base coatings supported on iasulation, The sug-
gestions during previous T-X meetings, March 3, 1055, as reported
in the minutes, were followed in regard to test panel preparation
and in varying the solids content of the film to lLe tested.

Coatings tested, with the exception of film of one panel,
were supplied by the Denjamin Foster Company as Type [ emulsion mastic
and Type C cutback mastic, These are identified in Table YNo. 1 as
£ and CF respectively, CX of Test O representing a film from an addi-
tional cutback mastic.

The test panels were calcium silicate Llocks with three
pieces, each 1 1/2m x 6" x 24", cemented together with "Franset" and

adhered to a transite panel with an asphaltic adlesive. tie films
were "doctor-bladedY on the calcium silicate l'locks with guide lars,
the cured film thickness being given in Table Yo. 1. The coated
nanels after film curing were pluace] n a frame coustructed _f acugle

iron and supported on legs =Ix inclies above the biase of the hood.
Inmediately before the flame test, strips of film approximately
1/4" x 3" long were taken from aear the edges tor measurcments of
film thickness and content -{ soliids,.

Testing was in a huod twenty-five inches wide with the
window opening during panel testing approximately two inches to give
approximately the same draft for all tests, Lservations were made
tkrough small side openings. . To furnisi the flame methyl .lcohol

was bLurned in a V-trough constructed of 1% gauge l.lack iron with

2" x 2" ends, one side vertical and the three Incl. inclined side
being diagonal across the ead. The top; osjpening was two iacles wide
and sixteen inches long. The trougl was located witl the vertical
sile next to the film and the top above the "ottom adre of the film
%y about one-half iach nd with the outside edee cae-sixteentih Inch
away from the film to avoid heat conlduction 'y tlie metal.

Preliminary trials indicated that tle flame from methyl
alcohol in the ,trough would contact from 20 to 307 of the film area

if the panel was tipped approximately 4° forward (1.78" from vertical

in 24")., Trial of varying amounts of methyl 2lcolol indicated that
flame duratlon of three~m1nutes was a severe condition
i f film éT]eéa

lcolio u'ed,wa§éof

ta ce‘%
eth;noi pogte
wa ch: was starte

oh§% drning ,img

fst

a7 iy

and would indi-
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Modified Fire Testing Procedura for Asphalt!c Coatings

Panels were prepared according to metnod already described
in procedure I, To facilitate handling and to increase the number
of tests in the prescribed time or condition, the substrate was
composed of Kaylo blocks 127 x 6" x 1n, '

Fuel used for the test flame was sufficient methanol
needed to produce a full flame for the duration of 180 seconds.
In order that 20-30% of film area would be contacted 'y the test
flame, panels were tilted at an angle of 4° toward the testing
trough., Changes in quantity of fuel used were often necessary be-
cause of variations in circumambient temperatures and Larometric
pressures,

The test troughs, in which the fuel was 'urned, were con-
structed of 18 gauge btlack iron, The dimeasions of the troughs were
4" x 2" one side vertical with the other side lLeing 2 3/4" wide and
~loping at 45° angle from the top edge of trough at front to Lottom
edece of trough at back. In testing, the vertical side of this trough
was placed 1/32" from the face and 1/2" above the tTottom edge of the

‘ film Leing tested.

Circumambient temperature, quantity of fuel, seconds to
flash, seconds to flame, duration in seconds of test flame, duration
in seconds of film burning and duration in seccads, when occurriag,
of free burning were the items recorded.

DSW 621970
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,nggggre Vagor Transmission
’!:“‘f : T EETS E _
Preparation_test sample" - LE S I N

Loextrin coated paper 6" x 18" was attached to Kaylo blocks é

(6" x 12" x 1"), coated side exposed, %ﬁ
The coating to be tested is mixed thoroughly and used to

coat the dextrin paper. An even coating (3/32" wet measure) was

obtained by using metal guide bars and striking off surface with a

rigid screed bar. The material is dried at room temperature over-

aight, removed from the Kaylo bloc!: and then placed in a force-draft A

oven to cure ;

Curing temperature - 1J0-150°F
Curing time - T-10 days

Three disecs are cut from each sample. 7o ltain satisfactory discs, o 4
the top flanged rim of the individual cup was uased as a template.

After cutting, each lisc is calipercd for thickness, The average of

six measurenents was accepted as *he thickiuess to e use! in sulse-

quent calculations.,

® y
These Jiscs are spark-teste:d ‘efore attachine to diffusion
cups, Three holidavs cause rejec’ icn, ot'erwise one or wo iolidays
are sealed with paraffin wax,
Test ing
Niffusion cups are coate.! ;uside wi's roofing grade asphalt .
- and spark-tested - ao holidays are :*olerate!. Approximately ~hirty :
. . . oo, - A
nils of a saturated solution of sodiw. car ond'e with-10-175 oms. E
solid sodium carlonate are placed .an e ciy:,  1he d.sc is then
attached to the flanges of the cup.  an alumisum template of same
arca as the “otton of the cups is centered on top of Jdisc., llclten A
varaffin wix is us~' to edgeseal. s soon «» wax solidifies, remove .3
termplate. The pur;ose in using a rtew;late (s to gcive a coastunt area .
for all syec:imens Leling tested,
~1. Oresared sl . . Lol s P PR et . ]
The oresared samples are :l.ced n o deslcecatir witllln ¢
force-draft oven maiataianed at 1C0°F » L 17, g

After the system has hat surficieat time to rescl. cquili-
brium, weighings are recorded at intervals of seven days until &
straight line curve is estallishe!,

¥
Calculations are made accor-ding to formula:

thickness (cn.

“g{x *tme hrs { iﬁligihﬁf
H

<
bl
-

1

DSW 621971
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Corrosion of Various Hetais Test

Y

Prepangd%banéié=of copper, aluminum and medium steel
(see Section II,” Preparation of Polished ranels, Instruction Sheet
II, Refinery Products Group, Aug, 4, 1958).

Imbedded duplicate sets of each metal in test mastic.
Sixteen ounce containers used for each grouping, sealed and placed

in 140°F coven for seven days. Metals were then thoroughly cleaned
and inspected,

b .
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Low Temperature Performance Test

Prepared paneisghcco}ding to Section II, Instruction
Sheet II1, Refinery Products Group,

Coatings 3/32% thick wet measure were m

2de on panels
using guide bars and screed.

Panels were cured at 140°F for ten days. Set aside for
testing,

Panels heated in 140° oven for 12

hours and placed in
cold lLox: :

Srought to 0°F and held for

r § mins,
Brought to -20°F and held for S mins.
Brought to -40°F and held for 5 nmins,
Drought to -60°F and held for 5 mins,

v-

“Pon termination of each 5 min,
evidence of disbounding or cracki
ing were spark-tested to determine

interval, ranels were inspected for

a5

wirether Lreakthrough occurred,

DSW 621973
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Sal%.§bréyf?rotectidh Test

Preparation of panels

1, Wet ground steel panels with S0-X Lelt on lorter-Cable
power saw until surface was free of pits.

2. Brought to uniform surface Ly using 240-X Lelt.

3. Wiped all material from surface of panels with soft
clean rag.

4. Gave panels two washings in 300-360 'oiling range
naphtha at a temp., of 130-1f0°F.

5. Hand sanded to mirror finish using 25¢ grit aluminum
oxide paper, :

6. Wwashed :in 240-315°F boiling rauge naphtla holding
panels with long tongs and wiping with surgical cauze,

7 7. Slushed paneis in hot methancl (nearly loiling),
‘ Flash dried and stored in desiccator until coating.

8. Coated with materials under test, making panels in .
triplicate. Coatings 3/32" thick wet measure were o!:aiied Ly ousiag
steel guide bars and rigid screed.

9. Panels thoroughly cured at 140°F, Spark-tested. ILdge
sealed panels by dipping edges in paraffin wax liquid, iLut not hot
enough to blister finger.

10. Placed in salt spray cabinet., Calinet and mcde of
operation conforms to Method 4J301.1 Protection, 3alt spray {(fogl,
Time exposed 14 days,

DSW 621974
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Weatherometer Tests

Preparation of panels

Aluminum panels §5 7/8™ x 2 3/4" x 0.032" + 0.002" are
cleaned by dipping hot 206/360 naphtha and flash drying. Two
procedures are followed, one for hot applied and the other for

cld applied coatings.

llot applied: TPanels are attached to absorblent paper
sheet 3" x 15" x 0. 003" with scotch tape s that bands 1/2" at
1 /

top and 1/4" at sides and bottom are masked,

The materials to Le tested arc Lrought to the temperature
which converts material to nobtile liquid without oxidizing,

Jufficient liquid 1s voured onte mounted paonel, resting
o Atlas trinmer bed, to insure conplete coverage upon first pass
under trimmer roll. Ffeveral passes ave made in order to produce
a smootl {ilm, free of holidays and conforniag to the required

Al ’*"'I

L0257 liickness,

‘ Ianels are placed immediately in cooling iLath, stripped

from paper backing, scotcll tape removed ant then civen ’!,J“f\fJg
markiacs,

Code markings which identify wmaterial leing tested are
placed in upper left hand margin, wiile the panel aumler is placed
in tihe ugper right hand corner {operator f.cing coated surface of
panel ),

'anel=s are checked for thickness .sinr a desk microemeter
and naking three measurements on each siae 12" in irem marcia of

coatiang. dne meuasure out of tOlCFllLP is :ccepilalle, two cause
rejection of panel., Defore lLeing suljecte! to weathering, panels
are spari-tested. o h. lidavs Jre toleratad,

Cold application: {anels are cleoned usin; some netihod
used for hot apnlication. The :zuels @ i .
~lacing then end to end. JCuter en:ls
3/3", edges 1/4m, using 3/47 scotel taose.

Prepared panels are ;laced in rezessed Lars whose outer

guide edges have Leen Luilt ug witl, maskinz tape to insure a wet
thlckuecb of 3/3"" The r":n,ez‘ials to Le tested are,troweled ontot
2 { desired bhmcknecsig >

B i S e
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AFter curlng the scotch tape is remo"ed panels spark-
‘tested, and then marked for identification in snne manner as that
used for hot applied test panels.

Accelerated Weathering

Specimens are subjected to weathering test as outlined
in ASTM D 5290-37T - condition A. Visual inspections and spark-
testings are made according to recommendations set forth Ly Sub-
committee ~ of D-§, ASTM.

DSW 621976
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