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ABSTBACT

The binding strengths of pellets shbjéoted to tensilé
and shear stresses, and the burning time and candlepowsr of
flares pressed from compound aged 0-6 hours in incroments of
one hour prior to pressingwere detormined after curing periods
of 5 and 30 days. Three formulations were used, each contain-
ing the same ratio of magnesium/sodium nitrate/binder; but,
with three differsnt polyester resin binders--Leminac 4110,
Laminac 4116, and Aropcl 7720M.

The variation in physical strength, candlepower, and
burning time with respect to dolay time betwaen mixing and
prassing was found to be greatest for pelleis and candles
containing Laminsc 4110. Likewise, the physical strength
of pellets containing Laminac 4110 was signif'icantly higher
than the other pellets after curing 5§ days; however, tests
after 30 days indiceted that by this time the Laminac 4116
had ossentially fully cured, and now had binding properties
similer to Leminac 4110. The physical strength of pellets
cured at 75 - 85°F with Aropol 7720M was considerably less
than pellets oontaining the othsr binders.

A1l units oured for 16 hours et 150°F, and then tested.

after 5 days oxhiblited considerably higher strengths than
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pellets upt subjevited to an elevated tempuratiure. Howevar,
tests aftor 30 Aays showad that for the Laminec bindsers,
grsater vinding strength is obtained by ouring at room temp-

erature for ‘ths duration of the ocuring oycle.
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I. OBJECTIVE

The purpose of this study was to determine the binding
properties of several polyestsr resins used in pyrotschnic
compositions as & funotion of the polymerization time before
and efter pressing. Additionally, the varietion in carnile~
pcver and burning time of the formulation under consideration
was to be investigated.

II. EXPERIMENTAL METHOD

Composition Formulation

A pyrotechnic formulation containing 61.4% magnesium
{granulation 18), 33.8% sodium nitrate (Class 2), and 4.8%
binder was selected as the compoéition to bo investigated.
Three different polyesZer binders were utilized--Laminec 4110
end 4116 {American Cyanemid Co., Wallingford, Conn, ), and
Aropol 7720M (Archer-Daniels Midlend Co., Minncepolis, Minn.).
Aftor mixing, the compourd was stored in a closed container
until pressed.

Prossing end Curing Proocedurse

Pelleis one inch in diameter and twc inches long w#sre
presced immediately eftermixing, end in increments of one
hour after mixing up to & meximum of six hours. Each pellet

contained two increments of 22 grams seach, pressed at a dead
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lozd of 8,000 pounds. Twenty-four pellets were pressed
immedietely eftsr mixing, and 12 during each time interval
thereafter. The diameter, length, and woizht of sach psllet
was recorded immediately after pressing, snd in some casss
after five and 30 deys curing. All pellets wers cured in a
sealed cen &t 75 ~ 85°F, except for 12 psllets pressed izmedi-
ately after mixing whioch were ocured for approximately 16
hours at 150°F. The pelleis wers tested five and 30 days
after prassing.

Tinree fleres were pressed immediately after mixing, and
during each hour thersafter, up to six hours efter mixing.
Each flare contained three 200 grem increments, pressed et
e deadloed of 22,000 pounds into a fish paper itube which wes
1.96" OD end 1.75" ID. The flares were oured at 75 - 85°®,
and burnsed after 30 days.

Testing Apperatus and Equipmsnt

The testing apparatus and equipment used in the determi-
netion of the shear end tensile binding properties of the
various resins areillustrated on the following page. The
testing mechine used to psrform both the tensile and shear
tests is shown in Illustration A. The moveble jaws wers

clamped together to hold the ceblas whioh were connected to
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the test fixtures, and th«u the jaws were moved vertically
apart to supply ths requ’red force, The shear and tensile
test fixtures are shown in Il1:stirations B and € respectively.
For the shear test, the pelleti wes pleced in the test fixture
end then the assembis was mouuted in the test machine. In
the tensile tast, & pellet with an end plate attached to each
end was held in the fixture by the removeble pin, ani then
the assembiy was placed in the testing machine.

Crbond 121 -7as used to bond -the end plates required for
the tensile test to the pellets. The tensile test data for
the Laminac 4118 units is rether incomplete because en
insdeguate amount of adhesive wes used to bond the end plate
to the pellet; thus, failure occurrsd at the plcte-psllet
interface rather than at the increment.

IV, DISCUSSICN

The binders selected for this investigetion were ones
believed %0 be suitszble for use in pyrotechnic flare compo-
sitions, and which would essentially fully cure at temparatures
between 75 -~ 85°F when elequately catalyzed. Cobalt Haph-
thenate, which promotes room temperature cure when catalyzed

by methyl othyl ketons (Luporcel DDM), is present in a
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Righle Testing Mechine
Ufg. by Americen Machine & UWetels Co.
Eest Moline, I1linois

ILLUSTRATION C

Tensile Testing ¥Fixturs

Shear Testing Fixture with end plate
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suffioient emount in lLaminec 4110 to effect & conplets curs
et roon texperature. On the othsr hend, Leminas 4116 con-
tains ¢ lesser emount of Cobalt Naphthenete; itharefore, this

resin %111 not cure as quickly as Lexminec 4110, end in scze

cases en eleveted tsmperature cay be requirsd. ‘The Aropol

esin does not contein any of the Cobalt promoter, hence,

the orcmoter must be edded to obtein a room fezmpsrature cure.
Coopany litersture indicetes thet the gel time for Lazinze

4310 and 43116 with 1.5% Lupersol DD cetelyst, is epproxi-

metely 15 minudes and 35 minuies respectively, end thet

Aropol 77204 shouid gel in sbout 235 minules when cealelyzed

by 0.5% Cobalt MHspithencie end 1.0% Lupersol DI, Although

the composition wss stored in clossd containers tei=sen oix-

ing end rressing, it would be suspecied thel the iniiusnce

of ihe delay time beizeen wmirinvg eni prascing upon the physicel

o
&
8
()
s
L]
a
0

propertiez eand burning cherz of the pressed coopo-

sition weald be most noticeable in ihe Leminee 4110 composi-

ok

jon. The iiterature also staies that the tensile strength
of the fully curad Lominec resins is cpproxizaiely 9,000 PSX,
end aboui 2,500 PRI for the aropol binder.

Tensile Sirength

Graph I shoss 2 binder--binder comparisen between the
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tensile strength of the three formulations after five and 3C

i
e
h

giji days ouring, while Graph II illustrates the differsnce in

’ tensile strength after five and 30 days for a given binder.
As stated previcusly, the experimental date for the Laminac
. 4116 units is inoomplete because the end plate-pellet bond

proved to be weaker, in many cases, than the increment-to-

L]

s inoremant bond. 4811 of the data considered was for failures

i

which occurred at the increment-~tc-increment junctioun. Table I
. gives the experimental tensile failure loads after five and 30
a0 days for the various mix-press delay times, and Table ITI con-

tains the average of tho abcve figures for a given resin and

|

delay time.
Considering the acocuracy of the testing equipment used,

and the variation in the data for a given binder and delay
s ime . 1} etwesn mixing and pressing does not
appear to have a significent effect upon tensile strength,
The tensile strength of the Aropol pellets did seem to exhibit
somevhat of a trend toward increasing as the delay time
inoreased; howsver, the magnitude of the increase can hardly
bos judged significant. A binder-binder comparison shows that

the Luminac 4110 pellets sustained a 40 greater tensile force

beiore failure than the Laminao 4116 units, and 809 greater
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than the Aropol pellets.

1 the other hﬁnd, the difference in tensile stéength
after five end 30 days embient cure for & given binﬁer was
found to be very significant. The Laminac 411C units failed
at a 657 greeter tensile load after 30 days than five days,
the Laminac 4116 pellets increasad 1007 in tensile strength,
and the Aropol pellets exhibited un inorease of 50%. OCnoce
again, the Laminac 4110 pellets wers superior to ;he other
units, since their tensile strength was 10¢ and 807 greater,
respectively, than the L;minac 4116 end Aropol 7720M pellsts,
It is interestirg to note that the tensile streng?h of the
pellets increesed substantially between the five gnd 30 dey
period, and that &ftser 30 days cura, the Laminac 4110 and
4116 pellets exhibitsd scowbat ~zmperabls tensile binding
properties. This date agrees witk ira cwsseny literature
for the various binders,., which indiocatsd that Laminac 4116
doss not cure as quickly as 4110, end thet when fully cured,
the tensile strength of the two Leminac resins are basically
the same, and considerably greater than for,Aropol 7720M.

Shear Strength

The shear strength data is presented in Tables III and

IV. Graphs III and IV give a binder-binder comparison of
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shear strengths after five and 30 day ouring oycles, respeo~
gtf: tively and Graph V shows the variation in the shear strength
for a given binder, resulting from a five and 30 day oure.
Referring to Graph V, it is seen that as the time from
mixing to pressing increases from O to 6 hours, the shear
§ strengths of the Laminac 4110 units inoreased rathsr oconsist-
h ently, amounting to an overall increase of approximately 200%.
Suoh a trend was not evident after the 30 day cure in the

Laminac 4110 units, nor did it exist after either five or 30

Gl

days for the other binders.

After five days cure, the pellets containing Leminac 4110
failed at about a 507 greatsr shear load than the other two
pellet formulaticns. Howsver, tests after 30 days revealed
that although the Leminac 4110 had e shear strength approxi-
mately 200% greater than the Aropol units, they now failed
at a 257 lowser shear load than the Laminac 4116 pellets.
This data substantiates that found during the tensile tssts,
in that although the physicel propsrties of Laminac 4116 are
inferior to Laminac 4110 after a short embient curing cyole,
as the curing period is increased, the physical propertiss
of the Laminac 4116 are snhanced until the two binders have.

basically the same properties. The per cent inorease in the
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shear strengths after five and 30 days was 125%, 3501, and
154 for the Laminac 4110, Laminao 4116, and Aropol resins,
respsotively.

Effect of 150°F Curing Cyole

Table V oontains the experimental data for psllets ocursd
approximately 16 hours at 150°F, immediately after pressing,
and then stored in closed containers at 75 - 85°F until
tested after five and 30 days. The average values for the
above data are given in Table VI, along with the oorrespond-
ing values of pellets cured at room temperaturs.

If the tensile and shear strengths of pelieis subjected
to the elevated tsmpsrature are compared to those ocured at
room tempsrature, it is seen that the elevcted tsmpsrature
cure has a marked effact upon the physical properties of ths
resins. After the 18C°
five and 30 days failed at tensile and shear loads which were
at least 757 and 207 greater, respectively, than the Lemineo

resin pellets. Refsrring to Table VI it is seen that the

Laminac pellets cured at an elevated tempe?ature and then

tested after five days, possessed significantly greater tensile

and shear strengths than pellets not subjected to the 150°F

curs; however, the results of similar units tested after 3G
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days indicated thet binding sirengths of units oured solely
at 75 - 85°F, wers approximately 257 greatsr than those oured

for 16 hours at 150°F and the remaining time at 75 - 85°F.

Bprning Time and Cendlspower of Flares

There was found to be a significant variation in candle-
power, burning time, and the emitted candlepower-seconds with
respect te “he delay time bsiween mixing and pressing. A
similar difference also gxisted between the three binders.
For the flares containing Laminec 4110, 4116, and Arcpol 7720M,
an overall decrease of 6%, 5%, and 3% in burning time, an
increese of 149, 8%, snd 89 in candlapowar. and an inorease
of 71, 4%, and 4% respsctively in candlepower-seconds were
obtained for compound pressed between O - 6 hours after mix-
ing. This experimental deta mey be found in Table VII.
Average values are given in Table VIII end plotted on Graph VI.
Generally consistent data wes obteined for & given delay time
and formuletion.

If an average value of the emitted candleporer-seconds
is calculated, it is found that the Arcpol and Laminac 4110
units are epproximately oequel, while the Laminac 4116 flares
emiited ebout 13% fewor ceandlepower-seconds. The pressed

length of flares of a given formulation were essentially tha
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same; therefore, the variation in burning time is indicative
of the variation in burning rete existing for the various

units.

Pelliet Dsnsity

No significant difference existed between the density or
weight of pellets containing & given binder for the variou;
deley times, nor between ths pellets containing the three
binders. Likewise, no signifiocant change in density oocourred
after curing for five and 30 days. The density of the pellets
wes approximetely 1.700 gm/cc, with less than e 3% veriation
gining the three resins.

V. SUMMARY

Of the three rosins investigated, the optimum binder for
use at room temperature curing conditions eppears to be
Laminec 4110, vhen it is considerad thet tha function of a
binder is to-supply physicel strength to the pressed compo-
sitien while at the same time impart & minimum amcunt of
dogradation to the perfermence of the flaurs. The burning
performance of the Aropol flares compared favorably with the
Laminec 4110 units; howover, the relatively poor physical
strength properties cf the Aropol pellets after both five

and 30 days curing, make this resin inferior to Laminac 4110.

11
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A comparison bsiween the two Laminac resins indicates that
after an extended ocuring period, the two compsre favorably
in physical strength; however, after only five days ambient
cure, the Leminac 4110 units possessed superior strength
properties. Also, the number of cendlepowsr-seconds emitted

by the Laminec 4110 flares was about 129 greater then for the

4116 units.

The results of this study also indicate that & short
elavated temperature cure will substantielly increase the
tonsile and shear strength of the compositions investigated,
compared to a short embient cure. However, for the Laminac
resins, it appears that units cured 30 dGays embiently have
significantly higher physical strengths then units subjeoted
to a 16 hour 150°F cure and then curad ambiently for the
remeining 29 days. Theoreticelly, the Aropol resin should
have cured at 75 - 85°F; however, considering the physical
strongth data after the 150°F cure, it is evident that this
resin did not cure substantially et room temperaturs.

VI, CONCLUSIONS

1. Laminsc 4110 was focund to be & superior binder com-
pared to Lasminac 4116 and Aropol 7720Y, considering both
physical strength end burning psrformance of pellets and

flares, respectiveoly.
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2. Aropol 7720M exhibited poor binding propsrties when
cured at room temperaturs but compared favorably with the
Laminac¢ resins when cured at 150°F for 16 hours.

3. Of the three resins investigated, Laminac 411C will
impart superior tensile and shear strength to the pressed
composition after severel days ambient oure; however, after
approximately 30 days the two Laminac resins possess essentially
the seme physical strengths.

4, TFlares containing the Arcpol 7720M and Laminac 4110
resins emitted a significantly gresater number of candlepower-

- seconds than the units containing Laminac 4116.

5. The burning time and candlspower of flares deoreased

and increesed respectively, a significant emount, as the delay

time between mixing and pressing increased.
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TABLE V
% A EXPERIMENTAL DATA - PELLETS CURED AT 150°F
>; 5 Day 30 Day
- Binder Tensile Shear Tensile Shear
215 1bs.| 1308 1bs. 210 1bs. | 1230 1lbs.
Laminac 4110, 250 " 1425 " 180 " 1275
- 1500 " - 1180 "
234 1lbs.| 1375 1bs. 260 1bs, { 1455 1bs.
( Laminac 4118, 184 " 1215 " - 13956
- 1460 " - 1475 "
1 360 1bs.| 1690 1bs. 570 1bs. | 1740 1bs.
Aropol 7720Mi 427 ¢ 1870 " 510 " 1706 "
¢ 412 " 11880 " 510 " 1665 "
18
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