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SUMMARY

; Refueling operations in the Arctic region must be conducted at tempera-

k- § tures as low as -70°F. A critical need exists for fuel resistant elastomers
that could be utilized for fuel hoses at such temveratures. This work was
directed toward providing such a hose.

%} The elastomer chosen for this study was a modified phosphonitrilic
fluoroelastomer (PNF®). PNF® utilized in an earlier contract (No. DAAKO2-

73-C-0464) produced hose capable of use at about -45°F, This program was

an nttempt to lower that use temperature down to -70°F,
The initial phase of this investigation was 3 comrounding study to
develop processible compounds which could be fabricated into collapsible

and suction type hoses. It was shown that several formulations of the

modified PNF® provided adequate processibility. However, the good low

temperature serviceability constraint severely limited the number of

reinforcing agents. Only relatively large particle size blacks such as
FEF would provide both good processibility and low temparature flexibility. 3
Using an FEF black compound, it was demonstrated that large lengths of 1

both collapsible and suction hoses could be manufactured. These hoses :

showed good flexibility at -70°F. Furthermore, the hoses possessed very

s e BB

good dimensional stability and physical strength. Rather low tensile and

tear strengths were the major deficiencies of these hoses. Low adhesions

el
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of tube and cover to inner plies were caused orimarily by the low tear

- strength.

’f All trial hoses showed good fuel resistonce. The final, large lengths

of hose showed adequate volume swells but high levels of residue from the
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existent gum test. However, it apvears that considerable amounts of fuel
components were present in the residue along with some low molecular weight
PNF®,

It can be concluded that the modified PNF® can be utilized to produce
Arctic fuel hose with utility at -70°F. Future studies should be directed
toward improving tensile and tear strengths and eliminating any low

molecular weight material in the polymer.
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PREFACE

This report describes all work performed under Contract No. DAAGS3-
75-C~0187 and a modification to this contract (POC002). The original
contract was for an eight month period from June 30, 1975, to February 28,
1976; the modification was for a 70 day period starting on June 28, 1976.
The driving force for this work was development of fuel hose capable of
service in Arctic enviraonment (-~70°F to +95°F).

This final report was preparad by the Central Research ILaboratories
of The Firestone Tire & Rubber Company. The work was sponsored and
administered by the U. S. Army Mobility Equipment Research and Development
Center, Ft. Belvoir, Virginia. Mr. Philip Mitton served as the Contracting
Officer's Technical Representative.

Project management was under the direction of Dr. D. P. Tate,
Assistant Director of Resesarch, and Dr. J. A. Beckman, Manager of the
Flastomer Synthesis Division at Firestone. Special recognition is also
due Mr. Robert A. Lord, Mr. Bill Goodwin and Mr. Al Turowsky for directing
and handling the hose fabrication work performed at Boston Industrial
Products Division of American Biltrite, Inc. We also acknowledge the
assistance of many co-workers at the Firestone Central Research
laboratories, especially Mr. J. F. Witner, Dr. G. S. Kyker, Mr. R. J. Sando

and Mr. E. K. Sanders, for assistance in the compounding and testing phases

of this research..
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INTRODUCTION

The goal of this work was to utilize phosphonitrilic fluoroelastomer
(PNF™) to produce fuel resistant hose which would be serviceable in extreme
cold environments (~-70°F). Such hose would satisfy the Army's requirements
for refueling operations in the Arctic region.

The U. S. Army Mobility Equipment Research and Development Center
sponsored earlier work in this area (Contract No. DAAKO2-73-C-0L6L; 6/73-
12/73). 1In these prior studies at the Firestone Central Research.
Iaboratories, it was shown that fuel hoses could be fabricated from
phosphonitrilic fluoroelastomers. However, a major deficiency of the
hose was poor low temperature flexibility (relative to the desired goals).
A Gehman T5 value of -42°F, a torsional stiffness ratio at -70°F of 20 and
a cold tension recovery at -70°F of 10% were obtained on stock used in the
hose building.

Since the above described work in 1973, a modified phosphonitrilic
fluoroelastomer (PNF™) exhibiting improved low temperature flexibility
was developed at the Firestone Central Research Laboratories. The present
contract utilizes this modified PNF™ and is a development study directed
toward fabrication of Arctic fuel hose.

The program followed in the present study can be divided into three
major parts:

1. Development of processible compounds.

2. Development of all techniques for satisfactory manufacture of hoses.

3. Production of fuel hose.

—
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In the compounding or first phase of the program, the major objectives

viere:

e Sl SR R

" 1. To optimize low temperature (-70°F) service-bility while
maintaining fuel and water resistance.
2. To obtain sufficiently high "green'" and cured strength for hose
manufacture.

3. To attain good mill and calender release.

YIS SR . SO TS St VLGN

f | L. To maintain good rubber to textile adhesion. ;
Suitable compounds developed in the compounding studies were then j
utilized in the second phase of the program--prototype hose design.
Sufficient stock was mixed to permit fabrication of short lengths of
2" ID fuel hose. Three of these hose building trials were made.
Finally, the best compound was utilized to produce large lengths of 3

3 both the suction and collapsible 2" fuel hoses. The hose sections pro-

duced were then tested for comparison to the desired contract requirements.
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2 INVESTIGATION

1. Polymer

3 t The polymers utilized in these investigations are modified phosphoni-
trilic fluoroelastomers (PNF®). The improved low temperature flexibility
of the modified PNF® was realized by reduction of fluorine content in PNF®.
This reduction in fluorine content causes an increase in volume swell in
hydrocarbon fuels. Thus, the level of fluorine is critical for main- :

taining a prover balance of low temverature flexibility and fuel resistance.

For the bulk of the work in this contract, a mcdified PNF™ with 2 good

iAf balance of low temperature flexibility and fuel resistance was utilized
# (K18161). However, this high DSV volymer could not be nrocessed on a
rubber mill. Heat aging at 300°F reduced the 'nerve'" of this polymer

and resulted in adequate processibilityv.

Additional polymer had to be synthesized for the production phase of
:f the contract. The polymer produced wzs too low in fluorine content and
resulted in unsatisfactory fuel resistance. However, earlier independent
studies at the Firestone Central Rasearch ILaboratories indicated that good
control of the low temperature-fuel resistance balance could be attained

through utilization of blends of modified and unmodified prhosvhonitrilic

r— " e
< e s oy 3 e . i3

e UG

fluoroelastomer (PNF®~200). This was an important finding since precise
control of the fluorine content in these syntheses has not yet been worked

out. Thus, after evaluating several blends, it was decided to utilize a

3 -
S,

60:40 blend of modified PNF™ to PNFP-200. It wis also shown that heat

treatment of this blend was unnecessary.
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These modified phosphonitrilic fluoroelzstomers are characterized by

lower Tg's (ca. =79°C) than the FPNF™-200 (ca. -67°C).
. 2. General Approach 1
& . Since the modified PNF™'s are inherently good low temperature nolymers, :

the basic objective was to comvound this volymer in order to achieve good
vrocessibility and satisfactory vhysical prorerties while still maintaining

the low temperature flexibility. Particularly imvortant in the processing

area was to develov compounds which showed good mill and calender release.

Compounds which could be calendered =nd which possessed good low

temperature and stress-strain vroverties were to be used in trial pro-
ductions of short lengths of hoss. The best compounds and hose manufacturing
techniques found were then to be utilized in fabrication of large lengths of

a2 fuel hose. 4

3., Compound Develovnment

The initial stage of our comrounding studies was an attempt to find
| stocks which processed adeguately. Once good orocessing was achieved,

attempts were made at attaining imoroved tensile strength, tear strength 1

and adhesion to fabric. In these studies, it wzs deemed necessary that

low temperature flexibility (Gehman T_ = =70°F) be maintained before the

5

stock would be considered for hose building trials.

4 ! L4, Trial Hose Fabrications

%5 3 Satisfactory compounds develoned under this contract were utilized

517 4 ',”‘ in building of short lengths of hose by ths Zoston Industrial Products
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H;; Division of American Biltrite, Inc. (subcontractor). In all of the hose

preparations, a laminated calendered sheet consiruction was utilized. Also,
rayon was braided in such a manner as to permit strike through and knitting
of the rubber throughout the hose. Both collapsible and suction type fuel 3

hoses were prepared. Tests were run on the completed hoses in order to

5. Final Hose Production 1

|
]
i
!
f
|
i
5{ : provide direction for future manufacturing efforts.
}
| The final hose building effort was an z:tempt to prepare 125 feet

of collapsible hose and 35 feet of suction hose. The best compounds and

hose building techniques developed during the contract were utilized in

this final effort. The hose design was the same as used in trial runs.

| - 6. Experimental Details

A. Instruments

1. Iaboratory Rubber Mills

a. 2" x 6", L. Albert and Son, MYodel A-6974, capacity:
ca. 100 g of PNF®-LT stock

b | b. 6" x 12", Farrel-Birmingham, Inc., Model 44630,
capacity: ca. 2 lbs. of PNF®-LT stock

c. 10" x 12", Farrel-Birmingham, Inc., Model 44667,
capacity: ca. 5 lbs. of PNF®-LT stock

Brabender Mixer -- Model PI~V150, C. W. Brabender Instruments,

Inc., capacity: ca. 120 g of PNF®-LT stock

3. Banbury Mixer -- Model B Banbury, Farrel-Birmingham, Inc.,

'}
, }
:1 § 2o g
ri

- 8 -

capacity: ca. 1900 g of PNF®-LT stock
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5.

6.
7.

9.

10.

Laboratory Balances

n. Sartorius, Model 2403 -- used for weighing of curing agents
and pigments for small batches (=0.0l g)

b. Toledo, Model 3710 -- used for weighing of pigments for large
batches

Tnstron Model No. 1130 -- The Instron Corn. -- was used for stress-

strain measurements. This instrument was interfaced with an IBM
1130 Computer for computation of strass-strain data

Shore Durometer -- Shore Instrument and Mfg. Co., Inc.

Gehman Torsional Wire Avraratus -- Firestone instrument constructed

according to ASTM-D-1053 and a Wallace Test Equipment instrument

Compression Set Jigs =- 25% Deflection, Method B, were constructed

at Firestone according to ASTM-D-395

Forced Air Oven -- Blue M Electric Co., for heat aging of polymer

Cold Tension Recovery -- The test instrument consisted of a

measuring board to which are mounted several stretching devices
consisting of a movable and 2 fixed clamvn. Lines are engraved on
the board at intervals corresvonding to each 10% stretch, based on

the length of the specimen between the 1/4 inch stubs.

Mixing Techniques

Brabender and Banbury Mixes -- A small arount of black is added to the

mixer followed by addition of the colymer.

stabilizer are added in increments. The corvound is mixed for 8 to 10

minutes and dumped.

on a warm (130°F) mill.

The remaining black, MgO and

Curing agent is then added to the masterbatch banded
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C. Physical Test Methods

- I,

‘- 1 5.
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Test svecimens were sheeted out on a rubber mill and press cured at
1000 vsi unless otherwise stated. Tests were :1so run on specimens

£’ obtained from hose samples.

Stress-Strain -- ASTM-D-412, Die C, 73°F. Specimens were cut

from press-cured 1.5" x 4" x 0.040" or 6" x 6" x 0.075" slabs.

Shore "A" Hardness -- ASTM-D-2240, tests made on small cylinder

(0.2%" h x 0.53" &)

Compression Set -- ASTM-D-395, Method B, 25% Deflection, press

cured cylinder. lLow temperature tests -- ASTM-D-1229, same
sample and conditions.

Gehman Low Temperature Measurementq -- ASTM-D-1053%. Svecimen

1.5" x 0.125" was cut either from n hose sample or a vress
cured 6" x 3" x 0.075" slab. An IBM 1130 Computer was pro-
grammed for computation and print-out of Gehman data and gravhs.
All testing was verformed in accordance with guidelines of
Attachments #1 and #2 cited under Paragravh F.1 of Section F
and Section J entitled "Svecial Provisions."

T-Adhesion Test -- A Firestone test cperformed as follows:

a. Using 2 Hytronic Cutting Machine {(Model A; United Shoe
Machinery Corp.) and a 6" x 0.50" die prevare an
adequate number of sheeted strivs (0.110") for pad
building.

b. Ply one piece of rubber stock (6" x 0.50" x 0.110")

unto one piece of calendered fabric backing (0.051").

- 10 -




Place sample in building mold with fabric side down.

d. Place ten cords (ca. 7" in length) with equal spacing on

. top of the two piece assembly. ?
e. Invert another two piece assembly, made as in a. and b.,
on top of the cords so that cords are between two layers 1
of stock to be tested.

b
g f. This assembly should now fit snugly into mold.
3

;l; g. Cure adhesion pads as desired (usually 45' @ 320°F in this

work).
g | h. Cords are pulled from the rubber pads by means of an 1130
3 Instron at a test speed of 10"/minute. The top grip is a

svecial holder made for the cured sample, with a slot in

E | the bottom to permit the sample to be inserted with the
cord protruding. The bottom griv is 2 wedge type designed
E to exert increasing tightening =»s the cord is vrulled.

i. The ten cords are pulled 2nd nveraged. Multiplication by

two yields the 1bs./in. value reported.

l 6. Trouser Tear -- Test followed ASTM D1638 exzept for these modi-

X ey

fications:
a. TForce necessary to proprogate a tear measured on a rubber i

sheet (0.075") and not a plastic film.

-

o
.

The svecimens consist of strivs 3.5" x 2.0" with a longi-

R tudinal slit 2.5" long down the middle of the sheet.

: 7. Tension Recovery -- This test followed the procedure given in

1 the Purchase Description of this contract and outlined as P”f

follows:
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With the svecimens =t a tempesrature ranging from 68°F to
78°F, they are clamped in the stretching devices and pulled
back until the 1 1/2 inch vortion of the specimen has been
stretched to 100% eslongation and fixed in that position.

The stretching devices and the specimens shall be conditioned
in a low temperature chamber for 166 hrs. > % hr. at -70°F -
2°F. The measuring board shall be conditioned for not less
than two hours at the same temverature.

With the test instrument and specimens still in the low
temperature chamber, the movable clamp is released from its
fixed position, and the assembly is conditioned for an
additional 30 minutes at -70°F.

The final length of the snecimen is determined 3%0 min.

(110 sec.) after release of the clamps and with the stretching
devices and specimens held at an angle of 15° from the vertical.
The cold tencion rccovery percentage for each set of three
specimens is calculated and averaged. The average value is
used to determine complinnce with the svecification require-
ments.

The vercentage of cold tension recovery is computed from

the formula:

% cold tension recovery = %EE%% x 100

:




: I
: |
: |}
b ]
EE vhera: Ls = stretched length of specimen §7
Ei Lf = fin2l length of specimen él
;; Lo = initial length of specimen g
f test specimens: 0.080" wide x 1.5" long with 0.25" sgquare %j
?  at each end ff
fl 8. Brittlensss -- determined in accordince with ASTM designation é:
L. | D746. 1
[ 7 9. Torsional Stiffness Ratio -- determinsd in accordance with i
gf Method 5612 of Federal Test Method Standard No. 601.

é 10. Existent Gum -- This test followed the procedure given in the i
i Purchase Description of this contract and ASTM-D~381-70. A

E test sample of hose not less than 1% inches long is plugged i 4
E with a clean corrosion resisting cylinder 2 inches long é-
b secured in place with a clamp. The sample of hose is filled é
E | to within 2 inches of the top with TT-S-735, Typve II fluid. The é
E‘ top of the hose is then plugged in a manner similar to the bottonm.

i

%3 The sample is stored in a vertical position for seven days at é*
%% ambient temnerature of 100°F (£2°F). Every 24 hours, the

§1 ¢ fluid is agitated for five minutes by moving the hose back

E; % and forth from vertical to horizontal vositions at a rate

; i of two cycles per minute. At the end of seven days, the

fuel is agitated again for five minutes 2nd immediately removed.

¥
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The fuel is tested for washed -nd unwashed existent gum in
accordance with paragravhs 9.1-9.6 =nd 9.8-9.12 resvectively
- of ASTM-D—381-70.

A modified version of this test utilizes diced samples
y ‘ of hose compound. A 5.0 g sample (£ 70 mils thick) is cut
from the hose and diced into approximately 1/16 inch squares

and placed into a flask containing 250 ml of TT-S-735, Type

IT Fluid. The flask is kept for 48 hrs. at 735°F (I5°F)
with occasional stirring. After filtration through Whatman
41H (or equivalent) paper, the existent gum content is
determined (as above).

7. Preliminary Compounding Studies

. A. Unaged Polymer

The 137 pounds of volymer used in this work were preparad in four
batches. Stress-strain ond Gehman data for the individual batches (Table I)

1 show all to be close to specifications and comoar-ble. Analvses of the raw

volymers were quite consistent for the four bitches. As a result, the four
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batches were combined to yield a uniform lot of polymer to be used for all

5 development work. This polymer was designated K18161 and utilized as is in
all of the preliminary studies to be described.
Since earlier studies in our laboratories showed black-filled stocks

'> to be best for low temperature flexibility, we started our investigation

with an evaluation of various carbon blacks. A standard formulation

illustrated in Table TI was also utilized. Data in Table II show that

the level of FEF black has significant influence on processing and low

temperature flexibility. At lower levels of FEF, the stocks processed
f} poorly and showed excellent low temperature flexibility. Processing was
; improved considerably at 50 phr FEF, but the low temperature flexibility
became poorer with a Gehman 'I‘5 of only -59°F obtained. Stress-strain
] properties were only fair with modulus increasing and tensile remaining

about the same with incrensing black level.

Bl b i

E ‘ GPF ard a combination of MT and FEF blacks vere also evaluated in the

standard formulation (Table III). Although stress-strain properties were

A

fairly good, these stocks could not be given further consideration due to

|

|

t, the pcor mill processing. The compounds would not form a band, were very

E? lacey and could not be calendered.

& HAF black was tried at different levels and presented similar ]
g! ! problems. The compounds processed very pvoorly and low temperature %L
Ei | flexibility was poor at high levels of black (Table IV). é]

It was felt that Austin black would have little effect on low

temperature properties and, therefore, was tried in combination with
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FEF black (Table V). Even at the high levels of blacks, processing
difficulties were evident; also, the low temﬁerature flexibility was not
accaptable.

The processing problems experienced were similar to those evident with
high nerve polymers. To veduce this nerviness, the polymer was heat-aged
in a forced air oven for one hour at 300°F. This treatment had no adverse
effects on stress-strain properties (Table VI). However, no improvement in
processibility resulted.

Trying to remedy our major problem, we evaluated stearic acid as a
processing aid. With the 50 phr FEF compound, excellent mill processing
was achieved through addition of stearic acid (Table VIT). At lower
levels of FEF required for low temperature flexibility, however, the
stenric zcid did not have 2any influence on mill vrocessing (Table VIII).

The good vrocessing formulﬂtion with 50 vhr FEF was uasatisfactory for
low temperature flexibilitr. Using this formul=tion, lower levels of
peroxide were tried to determine if reduced cure states might improve low

temperature flexibility. Slightly lower T. and G =2t -55°C values were

9
observed with the lowest peroxide level compound (Table IX), but the
improvements were insufficient to warrant use of this formulation for
hose building.

An evaluztion of = precipitated silica, Quso WR-82, was also made.

At 211 levels of this silica, poor processibility was obtained (Table X).

B. Heat-nged Polymer

The high nerve of the modified PNF® (PNF™-LT) being used still seemed to be a

logical cause of our processing difficulties. It was shown earlier that a one

- 12 -
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hour treatment at 300°F produced no improvements in processing and no
adverse effects cn normil vulcanizate properties. Thus, the polymer was 1
subjected to more vigorous heat treatments and then compounded in » standard
formulation with only 30 phr FEF., The results shown in Table XI indicated
that longer heat treatments did indeed remedy our processing problems.

Also, at these lower FIF black levels, good low temperature flexibility

was achieved as evidenced by the Gehman data shown. Normal stress-strain

data were indicative of slight overcure and no serious degradation of the
polymer from the heat treatments. It appeared that 8.5 hours at 300°F
produced the best results.

8. First Hose Building Trial

Having attained satisfactory processing and low temperature
flexibility, we proceeded to a t;ial hose building effort with the heat-
treated polymer. The formulation chosen was our standard one consisting
of 100 parts rubber, 30 FEF, 6 MzO, 2 stabilizer znd 0.4 Vulcup R.

Our goal in this trial was to determine if our standard formulation
=2 could be utilized in the hose building process. The suction type hose
seemed to be the more difficult to fabricate, and so we planned to make a
10 foot length of suction hose and only a one foot length of collapsitle 3

hose. Both hoses were to be prepared from laminated calendered sheets

- ; with braided rayon (2200 denier, 2 plies) requirement.

Five small Banbury mixes were necessary in order to produce the

required stock for this initial trial. The stocks mixed very well, and

each mix was cure checked. Results of these cure checks (Table XII)

i, Sl b i o
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indicated that the five batches could be blended znd cnlendered. The

calendering, on a 20" calender with rolls at approximately 130°F, pro-

ceeded very well. The resulting sheets were smooth and uniform. The

dimensions of the calendered stocks are shown in Table XIII.

The suction hose was then built =s follows:

1.
2

3.

Tube stock (0.050") vas wrapred twice around a 2" OD mandrel.
The tube surface was freshened with MEX.

Tube was passed through a 48 carrier textile horizontal braider
vhere one layer of rayon (2200 denier, 2 vplies) was applied in a
2 over, 2 under pattern.

Fabric-tube zssembly was covered with a cement consisting of 20%
PNF™IT stock (XS from calendering) dissolved in acetone.

One inner ply (0.037") was applied.

Steel wire (0.065" OD) was spiraled on at a spacing of 0.25".

Another inner ply (0.037") was applied.

The entire nssembly was passed through the braider for

application of another layer of rayon (identical to the previous
layer).

The PNF™-LT cement was again applied.

Two plies of cover stock (0.050") were added to complete the hose.
The hose was double wrapned with wet nvlon curing tape and cured in
a steam autoclave for two hours at 320°F. The mandrel was hollow to

11low stenm to circulate inside.

The collipsible hose was built in similar fashion but consisted of only

two plies of tube stock, braided rayon, one inner vly, braided rayon and two

plies of cover stock.
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No problems occurred during these hose building operations. Green

strength of the stock was adeguate to resist =ny ovull down by fabric or wire.
The hosas cured satisfactorily snd removal of the hoses from the mandrel was
relatively easy with McLube 1775 2s a lubricant.

Tests were performed on the suction hose only, nnd results are summar-
Je

ized in Table XIV. In general, th results were encouraging. Hydrostatic

pressure test results met or excesded specifications. One problem arez was

the low tensile strength and low elongations. Also, the »dhesion values were
only slightly above specifications.

The stock used in this first hose fabrication trial was further tested
for fuel resistance in Type II Fluid (TT-S-7325) and for water resistance.
Data in Table XV illustrate satisfactory results in both fluids for our
compound.

9. Additional Compounding Studies

Following our first hose building trinl, our efforts focused on improving
stress-strain and tenr vroverties, increasing =dhesion of tube and cover, re-
ducing cure times 2nd develorment of a cover comround which would produce the
desired fucl diffusion rate ratio for tube and cover. Practically all of this
work was done with polymer (K181A1' that ws heat-aged 8.5 hours at 3C0°F.

To improve the elonzation of our hose formulation, compounds with lower

Vulcup R levels were evaluated (T-ble XVI). At the lower veroxide levels, the

A 0 e sl it .

desired elongations () 150%) were realized while modulus decreased and tensile

strengths remained unchanged. Surorisingly, these stocks with lower cure
states did not exhibit higher tear strengths. Gehman low temperature proper-
ties were essentially the same for all compounds. All in all, it appeared
that the reduction in peroxide level would not cause any problems.

- 18 -
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The Vulcup R used =s curative in all of our work is designed for cures
at 34%0°F. However, the maximum cure temperature attainable in production
autoclaves was 320°F. Thus, ig w:s felt that improved properties and shorter
cure times could be rezlized with peroxides that initiate at lower tempera-
tures. Several different reroxides were evaluated with our standard
formulation (Table XVII). Monsanto FPheometer data indicate shorter times
to 90% cure for Dicuv and Luverco after 35'/320°F cures; however, normal
stress-strain properties were essentially identical for all compounds,
including the Vulcup R formulation. Trouser tear strengths and low
temperature flexibilities were also comparable for all compounds. Thus,
at 320°F, there seemed to be no advantages evident from these lower
temperature curing peroxides.

Our approach to attaining greater fuel diffusion rates in cover than
in tube stocks was to add sm21l amounts of polymers with poor fuel
resistance to the cover compound. A }irst attempt with n silicone volymer
was futile in that the comvound vrocessed poorly and probably would not
calender (Table XVITI). A vreliminary evaluation of EPDM and polybuta-
diene containing compounds indicated that orocessing snd normal stress-strain
properties were not adversely affected (Table XIX). Fuel diffusion rate
ratio determinations showed that less than 5 pvhr of EPDM would suffice to
attain the desired ratio of 1.30 (Table XX). Thus, a compound with only
2.5 phr of EPDM was evaluated, and results were quite good (Table XXI).
Physical properties were unaffected by the EPDM and a fuel diffusion rate
ratio of 1.42 was achieved. At the same time, low levels of a non-

fluorine ted polyalkoxyphosvhazene were tested. Satisfactory diffusion
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rates resulted, but the normal stress-strain values fell well below

specifications (Table XXI).

A serious problem with our first hose was poor tear strength.
Besides the obvious consequences, roor tear also contributes to the
adhesion problem because of the strike through of rubber in the hose
design used. With high tear strength, this strike through would make

separation of tube or cover from rayon difficult. Independent studies

in our laboratories with PNF®-200 indicated that small quantities of
Teflon 8A improved tear strength significantly. Data in Table XXIT
illustrate the influence of increasing levels of Teflon 8A on tear and
normal stress-strain properties of our standard PNF®-LT formulation.
These preliminary results were quite encouraging in that tear strength was
improved considerably and modulus and tensile strength also increased.
However, upon close inspection of the test pieces, it was evident that =
problen existed with the Teflon-conta;ning stocks. The compounds appeared
to consist of thin layers of rubber which could readily bs delaminated.
Because of the improvements in tear attained by Teflon addition, we
attempted a couple of variations in mixing procedure to overcome the
delamination difficulty. First, we tried addition of the Teflon in the
Brabender rather than on the mill as in our initial efforts. This resulted
in improvements in tear and normal stress-strain properties similar to the
earlier trials, but delamination of the stocks was still evident. (Table ..
XXITI). Another mixing variation, addition of silicone o0il to improve-
Teflon dispersion, also'had no influence-on the delamination problem

(Table XXIV).
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A coupnle of silica fillers were evaluated to determine their influence
on stress-strain and tear properties. Quso WR-82 filled compounds showed
very poor tear strengths that cog}d have been cu~sed in part by the over-
cured nature of the stocks (Table XXV). Hi Sil 233 formulations produced
similar results (Table XXVI).

T-adhesion values to rayon were determined for our formulations used
in the first hose building trial (Table XXVII). The values observed were
quite low, and there was no evidence of rubber on the cord following the
test. To remedy this situation, various known adhesion oromoters were added
to our standard formulation and tested. None of these additives greatly
improved adhesion; all, except Cohedur RL, had detrimental effects on normal
vulcanizate proverties (Table XXVIII), and none showed any rubber on the cord
following the test.

Several different black fillers, some of vhich were evaluated with unaged
volymer, were tried with the heat aged volymer to determine their effects on
normal stress-strain, tear strength ~nd low temperature flexibility. The
results of this study are illustrated in Table XXTX. All of the comvounds
processed fairly well, although calendering problems probably would have been
encountered with the low structure HAF and the GPF stocks. The SAF compound
showed considerably higher tear strength, but low temperature flexibility
was unacceptable. The HAF compound had fairly good low temperature
flexibility, but tear strength was very poor. It appeared that the best

overall properties were obtained with the standard FEF formul-tion.

- 18 »
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10. Second Hose Building Trial

Another hose building trial was attempted with the cover stock (R198625)
described earlier (Table XXI). Besidé; attempting to attain the desired fuel
diffusion rate ratio between tube and cover, we were also attmpting to in-
crease the elongation values obtained in our first hose building effort. To
achieve the latter effect, the Vulcup R level was reduced from O.4 phr level
used in the first trial to 0.2 phr. Otheriwse, the formulation for this trial
remained unchanged. Table XXX shows the cure check results on three Banbury
mixes each of tube and cover stocks. The data showed that the three batches
of each stock could be combined for calendering and that the properties were
about as we had desired.

Ve exverienced a little more difficulty in calendering these stocks.
The compounds were sticking slightly to the czlender rolls. 1In spite of
this stickiness, sufficient stock wns calendersd to build 10-15 feet of
collapsible hose. i

In this second trizl, we attempted to vrevare only collapsible type
hose (15 ft.) by the identicnl process described earlier. The hose
building itself went smoothly with no problems encountered up to the curing
stage. After curing for 90 min. at 325°F, great difficulty was experienced
in removal of the hose from the mandrel. Ue eventually were forced to cut
the hose. Stress-strain properties of the tube and cover sections were
very poor (Table XXXI), and the undercured nature of the tube could have

contributed to the poor release from the mandrel. The lubricant used was

identical to that used in our first trial (MscLube 1775).
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In an attempt to determine the cause of the poor stress-strain

properties obtained on a sample of the hose, we determined physical

properties on excess cover stock that was both press and steam cured. The
results of these determinations clearly showed that the poor mechanical

properties were not caused by steam curing (Table XXXII).

Since cure checks prior to calendering showed good results, it

appeared that our problem had arisen during the calendering process. To

| test this hypothesis, a study was made of the influence of calendering

conditions on ultimate physical properties. This investigation illustrated
that repeated high temperature calendering could cause a reduction in
subsequent cure states (Table XXXIII). In the second hose building trial, |

we did have more problems which necessitated more than one pass through

the calender. Also, our temperature control was not very good.

11. Further Compounding Studies

Following the second hose buildiﬁg tri=l our efforts continued to

focus on improvement of processing, tensile strength, tear strength and
adhesion to rayon. We also investigated the replacement of the pure
peroxide, Vulcup R, with a 40% disrersion of Vulcup on Burgess KE

(Vulcup 40KE). The results presented in Table XXXIV indicate comparable

3
b |
&

cures with the two peroxides. We decided to utilize the Vulcup 4OKE

since it would be easier to handle, should give better reproducibility
with our small batches and might reduce the possibility of peroxide

volatilization during calendering.

SN S 4
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L

It was also felt that improved tensile, green and tear strengths

might be nttained through use of a pclymer that was heat aged for a

- 20 -
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shorter period (< 8.5 hrs. @ 300°F). We first followed the drop in dilute

solution viscosity (DSV) with 300°F aging up to 8.5 hours (Table XXXV).

Polymers (K18161) aged for 4.5, €.0 and 8.5 hours were then comrounded,

cured and tested (Table XXXV). It was shown that 4.5 hours aging (K18353)

was not sufficient to reduce nerve and yield good vrocessing. The polymer

aged for 6.0 hours (X18352) did vprocess well. Norm2l stress-strain proper-
ties were improved slightly by Ehe reduced aging times while tear strength

and low temperature flexibility were essentinlly unchanged. It was decided
to continue lookinz 2t volymers aged for both € =nd 8.5 hours to determine

if there were any benefits from shorter nging times.

Continuing our search for improved reinforcement ~nd vrocessing, we
evaluated additional carbon blacks and combinations of carbon blacks.
Attempts to utilize small amounts of SAF in corbination with Austin
black did give reasonably good low temperature flexibility, but processing
and stress-strain vroverties were unsitisfactory (Table YXXXVI). SAT black
in combination with FEF black produced excellent low temverature oproperties
and good tensile strength, but processing was again very voor (Table YXXVII).
Use of ISAF and FEF blacks in combination (25 phr total) offered somewhat
better processing than the other combinations but still voorer than 30 phr
FEF black alone (Table XXXVIII). Improved tensile strength and good
processing were realized with ISAF blacks alone (Table XXXVIII). However,
tear strengths were poor and low temperature voroverties only marginal.
Fin21lly, a pair of blacks utilized in the printing industry were

evaluated. These blacks yielded good mill processing at low temver-tures,
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good stress-strain properties and improved tear strengths. However, low

temperature properties were deemed unsatisfactory (Table XXXIX).

An earlier study with the silica Quso WR-82 produced vulcanizates
that were overcured. Hance, a re-examination was made at lower pesroxide
level and showed that reasonnbly good stress-strain properties could be
achieved at 0.75 phr Vulcup 40KE (T-ble XL). No advantages in process-
ibility or tensile and green strength over the FEF formulation were evident.

Samples of nylon, rayon and polyester that had been treated for i

improved adhesion to rubber were tested for adhesion to PNF®-LT tube and &
cover stocks. The treated fabrics did show better adhesions, but the

improvements were only slight. Adhesions to all fabrics were poor %
(Table XLI) with no evidence of rubber on the cords after testing.

12. Third Hose Building Trial

In view of the difficulties experienced in our second hose building

effort, a third trial was made in order to produce hose with the desired

differences in fuel diffusion rates between tube 2nd cover stocks. We

also hoved to remedy our calendering problems and to try Vulcup 4OKE and
the polymer aged for only 6.0 hours.

Both press and steam cure checks were run on our pnreferred hose
compounds. In addition, a cure check was made after calendering on a
small laboratory calender (Table XLII). Little difference was observed
between stocks (R199437) that were press and steam cured. However,
calendering did produce a sizeable reduction in cure state (R199463).
Normal stress-strain properties were still fairly good after calendering
(Table XLIT). A slight increase in Vulcup 4O0KE was made in the hose
formilations (illustrated in Table XLIIT).
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In some calendering vork on 7 small lab calender, it was observed that

our stocks tended to stick more =t 130°F thzn at 150°F. This fact was used
to our advantage in calendering for our third hose building trial. The
lower roll of the calender which contains the cutting knives was kept at
140°F while the upper roll was maintained :t 150°F. This prevented the
stocks from going to the top roll and pulling away from the cutting knives.
Calendering of both tube and cover stocks proceeded very smoothly.

The building of collapsible and suction hoses (5 and 7 feet respective-

ly) went very well except for difficuliies in removal of the collapsible hose

from the mandrel. The suction hose released quite readily by applying pressure

with a wrapped bar. This same technique resulted in relezse of the collapsible

hose but only after a considerable length of time during which slight damage
occurrad to the hose.

Results of various tests on the hose comvounds are summarized in Tables
ALIIT to XLV. Stress-strain vroverties were‘fair but below the desired
svecification. Elongations were above the desirad 150% level, and tensile
strengths were around 1000 vsi excent for the tubs section of the collavs-
ible hose which appcared to be undercured. ress cures on excess stock gave
much better normal vroperties and indicated that the steam cure had produced
poorer cures this time. Gehman low temperature test results were excellent
for tube sections, but the T5 was undesirably high for the cover. Apparent-
ly the small amount of EPDM was detrimental to low temperature flexibility.
Additional low temperature tests were performed by the Depirtment of the
Army and are summarized in the letter shown in the Appendix. In general,
the resplts were quite favorable with no serious problems resulting from

the éonditioning of specimens for 7 days at -70°F. Tear strengths were
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not very good but about as high as we can exvesct (Table XLIII). Adhesion
values for tube and cover to ply of the suction hose =nd for cover to ply

\
However, tube to ply adhesion for the collarsible hose was unsitisfactory.
The latter result was difficult toc understand since identical compounds
vere used for both hoses; The hydrostatic vressure tests gave accentable
results for both hoses. Fuel and water resiziance was also satisfactory
for both tube and cover stocks (Tazble XLV).

13, Final Compounding Studies

After our third hose building trial, it was evident that we still
needed improvements in tear nnd tensile strengths and = better mandrel
lubricant wzs required. We n21so had to develop a new cover stock that
provided the desired fuel diffusion rate and did not influence low
temperature flexibility.

Fariier studies showed that =zddition of small amounts of volybuta-
diene produced the desired fuel diffusion rat2 in cover stock. We repecated
this work and checkad the effect on Gehman low temperature properties. It
vas found that the fuel diffusion rate and low femperature proverties were
acceptable for a cover compound containing 2 thr of nolybutadiene (Table
XLVI).

Continuing our search for imoroved rhysical vroperties, we evaluated
additional black reinforcing ngents. A high structure GPF and N 234 ISAF

blacks were compared to our standard FEF formulation. The ISAF compound

fared quite well in all tests, varticularly tesr strength, but the Gehman
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low temperature properties were well below specifications. The GPF com-
pound showed no advantages over the FEF stock and was vpoorer in tear
strength (Table XLVIT).

An earlier investigntion with combinations of ISAF and FEF blacks
indicated that these comvounds were close to meeting specifications and
that a repeat anulysis was warranted. Data in Toble XLVIIT summarize this
reinvestigntion. Normal stress-strain provertiss, low temperature flexibility
and tear strengths were essentinlly the s2me as cur FEF compound. Although
the low temperature properties were greatly imoroved, the control compound
was a2lso better than usual. This may indicate some problems in this series of
Gehman tests. Since processing of the FEF formulation was slightly better, we
would not recommend a switch to the ISAF-FEF combination.

Seversl other blacks also provided properties close to or better than
srecifications. Hence, these compounds were evaluated again with some minor
adjustments in peroxide and blackllevels. Good stress-strain properties were
rezlized with the HAF, ISAF (HS) and Rub Corex P stocks, but low temperature
flexibility was not very good (Table IL).

An acetylene black, Shawinigan, was also evaluated at 30 phr level.

This stock processed well and showed fairly good tensile strength although
the stock was obviously overcured (Table L). The Gehman T5 value wis ex-
cellent, but the G value at -55°C was higher than desired. Tear strength

was very poor, but this was undoubtedly influenced by the tight cure obtained
on this stock. All in 2l1l, the Shawinigan comround with a reduced cure state
would probably be comvarable to our FEF formul-tion. Any future studies,
possibly involving extrusion of hose compounds, should consider both the

Shawinigan and the ISAF-FEF combination compounds.
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Farlier work showed that Teflon increases our tear strength but also

produced a laminated stock that could be peseled apart. We tried a dif-
ferent type of Teflon, Teflon-6, to see if this delamination could be
avoided. The cured stocks still exhibited some layering, and the tear
strengths were not improved significantly (Table LI). e also investi-
gated the effects of Teflon 8-A in combination with Silane A-174%, a
coupling agent. The stocks conuld still be delaminated, and low tempera-
ture properties were quite poor (Table LII).

14, Fvaluation and Compounding of New Polymer for Hose Production

In order to prepare 125 feet of collavsible hose and 35 feet of
suction hose, it was necessary to synthesize an additional 168 vpounds of
PNF™LT, Table LIII illustrates the raw oolvmer analyses of six batches
of material that would provide sufficient material. These analyses show
that the DSV's of these polymers are significantly lower than obtained for
earlier polymer (Ki8161) 2nd that the Tg's are lower. The latter result is
due to the lower levels of fluorine observed in these polymers.

We compounded, cured and tested each of the individual batches.
Normal stress-strain properties were not very good and mill processing
was very poor. The stocks would not form a tight band but simply bagged
off the mill. Gehman low temperature properties were exceptionally good,
but fuel resistance was very poor {Table LIV).

A1l of the problems of the above compounded stocks could be ascribed
to too low a level of fluorine in the polymer. This conclusion is

drawn from previous experience in our laboratories. Our earlier,
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independent studies nlso indicated th=t the -LT polymers with very

low levels of fluorine could be blended with PNF™-200 to attain a good
balance of low temperature flexibility 2nd solvent resistance. With this
in mind, we evaluated blends of one of the new PNF®-LT's and a PNF®-200.
Results of this investigation, summarized in Table LV, were very en-

DN

couraging. First of all, the addition of ZNI®-200 greatly improved
mill processing. Also, stress-strain provesrties were improved so that
even at 20 parts of PNF?-200 to 80 parts PNF®-LT, properties equivalent
to those nbsgrved in our earlier work were obtained. Both at 20 and 4O
parts of PNFP-200, acceptable low temperature properties were realized.
Fuel resistance was marginal with 20 parts of PNF®-200 and within
specifications (¢40%) for the 60:40 blend. In going to 60 parts of
PNF?-200 and 40 parts PNI™-LT, low temperature properties fell into the
undesirable range. Thus, it appezred that blcn%s of the two volymers
would yield desired rvroperties vrovided the blends did not contain pre-
dominantly PNF®-200.

The six batches of PNF®-LT wers blended in six separate lots on a
20" rubber mill. A cure check on three of the six lots indicated a
uniform blend was produced {(Table LVI). This blend (K15900) was utilized
to optimize and verform further chacks on the PNF?-IT and PNF®-200 blends.

Table LVIT illustrates results of our investigation of 80:20, 60:40
and 50:50 (PNFP=LT:PNFT-200) blends. Good stress-str-in properties and

reasonsbly good processing were ag:in observed for all of the blends.
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Low temperature properties were also acceptable for all compositions
3¢ P

studied. On the basis of overall properties, the 60:40 blend was chosen
for our hose building efforts. A peroxide level study with this blend
showed the optimum Vulcup 4OKE level to be in the 1.0 to 1.2 phr range
(Table LVIII). A final check on fuel resistance with these stocks
produced satisfactory results (Table LVIII).

Prior to going to our final, large Banbury mix, we performed a
Banbury mix and checked the calendering of recommendesd tubs and cover

stocks on small lab equipment. The stocks mixed very well and yielded

good stress-strain proverties (Table LIX). The stocks were purposely
cured tighter than ultimately desired in anticipation of losses in cure
state during calendering and steam curing. The slightly higher peroxide
level in the tube stock was also used to compensate for the lower cure
states usually observed in the tube section of the hose. The calendering
was somevhat difficult dus to slight sticking cf both compounds to the

calender rolls. Temperature did not seem to have as great an influence on

release, although higher temperatures did improve the calendering slightly.
Rather surprisingly, the calendering did not apoear to influence the
subsequent curing and mechanical properties of these stocks (Table LIX).

In view of these results, we proceeded to our large mix of final compounds
with the same formulations except for a slight decrease in veroxide levels.

15. Production of lLarge Lengths of Hose

The final, large hose building effort was performed with tube and
cover formulations illustrated in Table LX. A mnsterbatch totaling 232

pounds and excluding peroxide and polybutadiene was mixed in a Banbury.
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The batch was mixed in 6 minutes and dumped at 250°F. No free pigments
were evident, and the stock dropped readily. The batch was then divided,
5‘; and prroxides and polybutadiene were added on a mill. The mill mixing went

quite well; both stocks could be cut readily from the mill, and the cover

1

: stock, which handled somewhat better, could be rolled on the mill. The

|

"j . stocks reached 212°F during the mill mixing. Cure checks showed good
! properties for both compounds (Table IX).

The cnlendering overation was then perform=ad with top rolls maintained

around 150°F and the bottom roll kept at 130°F. We maraged to calender all

of the desired lengths of stock, but we did experience problems. The

compounds occasionally stuck to the top rolls causing a tearing of the

calendered sheets. A slight improvement in mill release would greatly

facilitate this phase of hose production.

Fabrication of the desired lengths of hoses followed exactly the process

described earlier. We performed a preliminary vreparation of zbout 36

feet of collapsible hose in which two different mandrel release agents,

talc and silicone mold release, were evaluated. The hose building was

marred only by a build-up of stock which occurred during the braiding
operation and resulted in a small knot in the hose. Releuse of the hose

was quite good with both types of release zgents., The hose had to be cut

at the location of the knot, and this resulted in only 22 instead of the

s e g i
B e B 20050 S AN Bl = .

required 25 feet. The remainder of hose was used for testing purposes.
With the good release obtained in the vreliminary run, we continued

on to the preparation of the 100 feet of collapsible and 35 feet of

- 29 -
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suction hoses. These lengths were prepared with no problems and release

i from the mandrel was good. Talc was utilized as the lubricant for all of

these preparations.

FUPSES

Both types of hoses were subjected to hydrostatic vressure testing,

TICAL, e

and results of these tests are illustrated in Table ILXI. All of the
requirements of these pressure tests were met for both the collapsible

and suction hoses. The diameter and weight of the hoses were checked,

< . 3
e e L A it o b S

and the collapsible hose was slightly above the desired 1 1b./ft.
reguirement. Since identic~l compounds were used in the two hoses,
adhesions were determined on the collapsible hose only. Roth before and
after filling with fuel, the adhesion values were below the desired 10
lbs./in. Crush resistance on the suction hose was satisfactory.

Remaining test results from American Biltrite are summarized in
Table LXII. These tests were performed on the collapsible hose only,
and results should be identical for the suction hose. Tensile strengths
| of both tube and cover were below spvecification and lowesr than expacted from
tests prior to hose building. Once agzin, the tube section was not cured =s

tightly as the cover. 3tress-strain measurements after immersion in Type II

i S

Fluid of TT-S-735 and distilled water (160°F) indicated marginal retentions

o 4

{ of vulcanizate provarties. Rather survrisingly, the cover stock which con-

e

tains the polybutadiene showed better retention of vhysical proverties after

M e B A s B el o

14 days in the Type IT Fluid. Volume increases nnd weight changes in

Type II Fluid were within specifications. One test result that was very

W= SN,

;J »f ; bothersome was the high existent gum value. This vrompted some further
4 g ; examinations in the Firestone Laboratories which will be discussed shortly.
Hl |
¢ { ]
g ! s - 30 =
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No cracking or checking of cover stock was observed after the required
ozone exposure, and retention of stress-strain properties after accelerzted
weathering was excellent. The low temparature nroverties of the tube =nd

cover stock were satisfactory as evidenced by the brittleness test and the

Gehman test results (Table LXIT). The Gehman T5 vnlues were—68-69°F and G

values at =55°C were 429-700 psi.

To check that no problems were incurred during large scale mixing =snd
calendering, some excess stock from the hose building was press-cured and
tested. Stress-strain properties show a glaring difference from those
_obtained on hose samples (Table LXIII). Tensile strengths are close to
meeting the 1500 psi specification and 100% modulus in the tube stock is
more than twice that observed on a sample taken from the hose. Retentions
of stress-strain properties after aging in Type II Fluid of TT-S-735 were
also much better for these vress cured stocks. \Reruirements were easily
met for these fluid aging.studies.

Due to the extremely high levels of existent sum found in American
Biltrite's testing, we repeated these tests at Firestone. Utilizing the
diced sample technique, 2 value of 60 mg/100 ml w-s observed. Use of a
14! length of hose, however, yielded 1880 mg/100 ml. The latter level,
confirming American Biltrite's results, prompted an investigation of the
residue from the existent gum test. It was found that the residue con-
sisted of two liquid layers. The two rhases were sevarated and analyzed
by NMR. The upper layer showed chemical shifts a2t 6.918, 2.12 4 and
0.78 & indicative of the aromatic and aliphatic hvdrocarbons of the fuel

mixture. Also oresent was a broad vpeak at %.95 £ indicative of the

- 3l -
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methylene protons adjacent to oxygen and present in pendant groups of our

modified PNF®, These same peaks were evident in the NMR of the lower layer
except that the peak 2t 3.95 8 was greatly increased. Also evident were
peaks at 5.65 § and 6.0 § indicative of the terminal proton in our Cg

fluoroalkoxy pendant groups. Tne upper vhase of this residue was by far

the major constituent.




DISCUSSION
The basic problem in this study was to take an inherently good low
temperature rubber, our modified phosphonitrilic fluorocelastomer (PNF®-LT)
and produce fuel hose from it while maintaining the good low temperature

properties. Thus, the problem was one of developing PNF@-LT compounds

which satisfied reguirements for hose building while still maintaining

good low temperature properties and fuel resistance.

The key requirements for compounds utilized in the fabrication of

collapsible and suction type fuel hoses are enumerated below:

1. Must be calenderable -- compounds must release well from mill
rolls and possess sufficient tear strength to resist damage to
stock.

Must have building tack ~- calendered sheets will be built up
from several plies and green stocks must stick slightly to
facilitate this oper=ztion.

Must resist oull down of fabric and wire reinforcement; here
again, good pgreen strength is naecessary.

Must have good adhesion -- layers of rubber and reinforcing

fabric must adhere well. With design of hose utilized, this

is accomplished by good adhesion of rubber to fabric 2nd by good
tear strength. The latter factor is important because of the
fabric braid pattern which permits significant strike through of

rubber.
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5. Cured hose must have reasonable strength to withstand normal
wear and tear; thus, high modulus, tensile strength and tear
strength are desirable.

6. Good release of hose from the mandrel -- this should be accom-
plished primarily through use of mandrel lubricants.

The mandrel release and building tack were not of great concern in
initial approaches to the problem. Hence, our initial goals were to
develop compounds vwhich processed well on rubber mills and showed good
green strength, tear strength and normal stress-strain properties. The
adhesion problem was addressed separately and only after the above
properties were realized.

It was felt that realization of our initial goals would be possible
through judicious choice of reinforcing agent. Consequently, major
emphasis was given to evaluation of different fillers. As pointed out
in our earliér studies, a major restriction in these investigations was
the fact that the filler type did influence low temperature performance.
The more highly reinforcing or small particle size fillers were detri-
mental to low temperature flexibility.

A major processing problem with our first large batch of PNF®-LT
was overcome by heat aging of the polymer. Apparently these high DSV
products possessed too much nerve for good mill processing or calender-
ing. The 300°F treatment for 6-10 hours reduced the nerve of the rubber

and resulted in greatly improved processing.

With the improved inherent low temperature flexibilityv of the

PNF@-1T, we felt that it might be possible to withstand some losser

' - 314_
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in low temperature performance from the use of more highly reinforcing
fillers. However, it was found that ISAF and HAF type blacks at the 30
phr level produced unsatisfactory low temperature flexibility. Reduction
of the level of these type blacks resulted in poor mill processing.

The best reinforcing agent found was FEF black at 30 phr level.
With this compound, we attained satisfactory processing, adequate green
strength and stress-strain properties while maintaining good low
temperature flexibility and fuel resistance. Although tensile strength
was below specifications, it was felt that the low temperature properties
and processibility of this compound gave it preference over any other
formulations. A couple of other black compounds, the FEF-ISAF combina-
tions at 25 phr and the Shawinigan formulation, were closest to the FEF
in overall properties.

A major deficiency of the FEF compound was low tear strength:.
Other formulations with improved tear did not meet low temmerature
specifications. Teflon 8-A was found to improve tear resistance
significantly, but it alsc produced a serious delamination problem.
Attempts to eliminate the delamination difficulties failed. To
optimize our FEF compound, we tried to maint=in elongation at break
above 150%.

In our hose building trials, it was found that building tack was
very good, adhesion of tube and cover to inner olies was marginal 2nd
release of the hoses from the mandrel was difficult. The mandrel

release problem was solved through use of better lubricants such as
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tale or silicone mold release. In our initial trials, we used a
lubricant, McLube 1775, which offered the lowest probability of
remaining in the completed hose.

The adhesion values observed in our trial hose preparations were
marginal. We felt this situation could be greatly improved by attaining
better tear strength in our stocks and/or better adhesion of our stocks
to rayon. The tear strength problem has already been discussed. To
improve adhesion to fabric, we evaluated various adhesion promoters and
some treated fabrics. Both of these approaches proved fruitless.

Following our hose building trials, it was obvious that we could
process our compounds, hoses could be built from these compounds and the
hoses were satisfactory except for low adhesion and low tear strength.

Ve proceeded with production of larger lengths of hose with the same FEF
formulations because the major objectives were fulfilled and no better
formulations were available.

The production of large lengths of hose necessitated the synthesis
of additionzl PNF?-LT. This synthesis work vointed out another problem
with PNFO-LT--that of good control of fluorine content. These prepi.ra-
tionsg yielded polymers with lower levels of fluorine than desired and

resulted in outstanding low temperature flexibility but poor fuel resistance
and physical properties, However, this problem was remedied through use of
blends of the PNFO-LT with our PNF?-200 which contains high fluorine levels.

This utilization of blends of the two PNF's nrovided an excellent means of

- %6 -
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controlliing the fluorine content and the balance batween low temperature
flexibility and fuel resistance.

Use of a production size Banbury and rubber mill caused no unusual
problems. A Banbury mix of 234 1bs, of stock was completed in 6 minutes
and produced a uniform compound with no loose black evident. Peroxide
and polybutadiene (to cover stock) were added to the formulations on 2
mill, and this operation showed that these compounds could be handled
readily on a production size mill. The entire batch was then converted
to calendered sheets of desired size. Although regquired lengths were
obtained, some holes were later found in the sheets and were caused by
occasional sticking of stock to the top roll. The sticking was only slight
and sp;rwdic so that only » small improvement in calender release would
probably make this overation free of any difficulties.

The building of toth collapsible and suction hoses proceeded very
well. The few holes vroduced during calendering were mended by covering
with some excess stock. Building tack and green strength of the compounds
wvere good. Following steam cures, 211 lengths of hose released reasonably
well from the mandrel.

Hydrostatic pressure tests showed the hose construction of both tyves
of hoses to be sound. Also, the major objective of maintaining good low
temperature flexibility was achieved. Ozone and weathering were also good.
Volume increases in Tyve II Iluid of TT-S-735 were within specifications,
but existent gum content of fuel contained in the hose for seven days was
quite high. High levels of fuel components were evident in the residue

from the existent gum test and make the validity of our results questionable.
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Samples cut out from the hoses showed tensile strengths of 912-925 psi.
Press cured samples prepared from excess stock showed tensile strengths of
1300 psi. This difference is greater than usually observed between a sample
taken from a steam cured hose and a press cured sample. Studies performed
during the course of this contract indicated only small differences between
press and steam cured sampoles. Considerably longer cure times, compared to
press cured slabs, were utilized in the hose fabrication. Perhaps, with
the thickness of the hoses, higher cure temperatures should also be utilized.

The adhesion of cover and tube to inner olies was below specification.
Ve had expected the ndhesions to be marginal because of the use of FEF
black which results in low tear strength. However, this type black was
required in order to maintain processibility a2nd low temperature flexibility.
The search for additives to improve tear strength of these FEF compounds
should continua. With the good strite throush of rubber, the imoroved tear
strength wvould resul® in much betier adhesions. Additives to improve
adhesion to rayon might help some, but noor teir strength of the rubber
phase would regate the benefits of better rubber to fabric interaction.

Retentions of stress-strain vroperties following immersions in Type IT
Fluid and water were margin:l. Big improvements could be realized here if
the initial stress-strain properties were improved. This is clearly shown
by the excellent retentions observed for press-cured samples of the hose
compounds. The latter samples had considerably better initial properties.

Overall, the results of the large scale vproduction of Arctic fuel hoses
was fairly satisfactory. Hoses could be built from our modified PNF®, and

the resultznt hoses showed good low temperature flexibility. Proverties
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CCNCLUSIONS

3 A modified phosphonitriliec fluoroelastomer has been utilized to
produce collapsible and suction tvvoe Arctic fuel hoses. Besed on

brittleness and Gehman tests, these hoses showed good flexibility at

-70°F. Both types of hoses exhibited excellent dimensional stability and
physical strength. 1In fact, it 2vvears that = reduction in fabric, which

would improve flexibility, is feasible. Fuel resistance was generally

good except for some guestionadble existent gum test results on our final,
large lengths of hose.
The modified PNF compounds czn be handled quite well in factory

equipment, and it was shown that large lengths of hose covld be made.

Banbury and mill mixing proceeded very smoothly. Considerable lengths

of material were calendered during the course of this work. It aprears

that we are on the borderline for very good vrocessing on a calender.

Occasionsl sticking of comoounds <o calender rolls caused some difficulties.
E A slight improvement in release weould alleviate 21l problems.

Although the modified PNF2 h=s improved low temperature flexibility,

it was found that highly reinforcing filters still could not be utilized

3 #

‘ay
»

because of detrimental effects on desired low temperature flexibility.

i

¥ith larger particle size fillers, such =s F=F black, good low temperature

e

properties were achieved, but only marginal tensile and tear strengths

el e e B S B i o,
T

resulted. With the particular hose design utilized, the low tear strength

.
PSS

resulted in poor adhesion betwesen tube and cover to inner plies.

o




e o B AT s S A D SIS 5 i o b D

RECOMMENDATIONS

The compound developed in this work processed well, could be utilized

in large scnale hose manufacture and exhibited good low temperature
flexibility. Thus, mijor objectives were realized. However, other
important area may require improvement and should be focal points for
future studies. First of all, both tensile and tear strength of our

basic FEF compound should be increased. A study of various additives to

the basic FEF formulation should be made.

In large scale production, the use of an extruded tube could be
beneficinl. Extrudability of the good low temperature compounds of
modified PNF® should be examined. For future large scale calendering
operations, a slight improvement in calender release would greatly
facilitate this operation. Various mill release agents should be added
to the FEF compound and evaluated. Finally, the painting of a solution
of PNF® compound unto fabric greatly slows rate of hose oroduction.

An alternate for this oreration should be sought.

Since dimensional stability and strength of all hoses were very good,

a hose containing less fabric should be evaluated. Such 2 hose should

possess greater flexibility.
Because of the vresence of presumably low molecular weight

in the existent gum residue, future syntheses of these volymers

B—

exclude any low molecular weight species.
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PNF®

—

Modified PNF®, PNF™-LT

Mg0
B Stabilizer
Vulcup R

Vulcun H4OKE

Teflon 84

Polybutadiene

Shawinigan black
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GLOSSARY
phosphonitrilic fluoroelastomer containing
pendant fluoroalkoxy groups. Suvplied by

Firestone,

2 vhosphonitrilic fluoroelastomer with
reduced fluorine content.

Stan Mag ELC.
Zinc bis(8-oxyquinolate).
(¢~ _his(t-butvliperoxy)diisopropylbenzene).

a 40% dispersion of Vulcuv R on Burgess
LOKE providsd by Hercules.

fibrous Teflon supplied by DuPont.

HD-35, a 35 Mconey viscosity polymer
supplied by Firestone.

black made from acetylene gas and suprlied
by Gulf 0il C-nada Limited.
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TABLE I

PHYSICAL PROPERTIES OF PNF®-LT COMPOUNDS AND RAW POLYMER ANALYSES

Batch No. RPP -10159 -10165 -10206 -10208 Spec

Physical Proverties

¥ cucays Eal s ki
ik« (e

100% Modulus, psi Lss 570 575 615 Record

Tensile, psi 1045 1110 1600 1050 1500

’ Ult. Elongation, % 160 150 165 145 159
¥ 1 Gehman T_ (°F) -67 ~70 =75 =77 =75 -5
; G (~70°F) (psi) 319 278 257 145 500 max.

F Raw Polymer Analyses

, DSV 7.29 6.78 3.94 3.39
' % Gel 0 0 0 0
o c:;* 65.4 ND 62.3 59.6
3 % c;* 19.0 ND 22.5 27.0
% c’s‘* 1.5 ND 13.8 12.5
: Wt. % Cure Site 1.2k 1.16 0.71 0.76
Wt. % Na 0.093 0.15 0.023 0.042
Wt. % Cl 0.0%0 0.14 0.035 0.031
Tg °C : ~78.5 -77.5 -79.0  =79.5
Whe % F** 45,6 ND 6.5 L3.1
* Mole % of pendant groups determined by NMR.

**Determined on the bisis of pendant group nnslyses (NMR).
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TABLE IT
FRPECT OF BLACK TEVEL ON PROCESSING AND PHYSICAI, PROPERTIES
Stock R197 =300 =301 =302  -303
FEF Black 20 30 Lo 50

Mixine Evaluation

Mixing Fair
Dump Black Loose
Durip Time, min. )
Milling Sticky

Calenderabvle ilo

Phyvsical Properties

Hormal Stresg-Strain - Cured 35! & 340°F
1007 Modulus, psi 560 705
Tensile, psi 975 1270 1050
Ult. Elongation, % 130 1o

Shore "A" Hordness_- Curced 40f O 3h0°F
8 56 6l 7

Crhﬂ ression Set (70 hrs. @ RT) - Cored LO! 2 3LOOF
o Set 10,1 14,7 19.7 28.7

Gehran,_Low Temvn, Properties - Cured 35! @ 3%0°F68

Te, 9% =t =70 x -959
65 RT, pQI 6& 62 88 132
G, ~55oC , psi 205 304 %90 1109

formmla: 100 polymer, black as shown, 6 140, 2 Stabilizer,
0.4% Vulcup R.
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"’ TABLE III
EFFECT OF BLACK LEVEL AND TYPE VARIATION
; Ol _PROCESSING AND PROPERTIES
' Stock R197 -303 =306 -30 ~308 -309 =310
Black
| rE 50 L5 - - - 30
) GPF - - 30 %0 50 - ;
b | M - - - - - 20 1
% ] ;
i
Mixing Bvaluation
Mixing Good Gocd Fair Good Good Good
| Dump Good Good Gocd Good Good Good
E | but |
dry b
Dump Time, min. X 10 10 10 10% 10
Milling Faie- Fair Viontt Von't VYont't Vontt
Good band band and band
Calenderable Yes Maybe o ITo e} No
Phvsical Properties :
Yornal Stress-Strain - Cured 35! 0O 3L0°F £
100y Hodulus, psi 1390 1220 1070 1300 10 -
Tensile, psi 1390 1380 1160 1%90 1480 1300 13
ULe. Blong., % 100 120 110 110 110 g0
Shore MAM Inrdness - Curved hO! 9 34p°op :
76 72 5k 63 72 67 i
Formula: 100 polymer, Black as shown, 6 1z0, 2 Stabilizer, ;
0. Vuleup R.
i
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TABLE IV
2 FFFECT OF HAF BLACK ON PROCESSING
# Stock R197 315 316 317 ;
| HAF Black level 30 40 50 :
¢ 1
f Physical Proverties
‘ Mix Evaluation _ ;
| Mixing Poor Good Good ]
7 Dump Crumbly Good Good
3 Dump Tine, min., 103 16 i1
Milling Poor Lacey Lacey
Calenderable : No No No
Normal Stress-Strain - Cured _;;5' @ 340°F
100% Modulus, psi 1 1220 1200
Tensile, psi 1040 1520 1370
Ult. Elongation, % 100 120 110

Shore "A" Hardness - Cured 14-2' @ 3L40°F

7 70 82

Gehman Tow Temp, Proverties - Cured 35! @ 34O°F

| Ts, OF "65 "60 -)+0
G3 RT, psi 132 125 251

G, -59°C, psi 612 80 3269

Formula: 100 Polymer, Black as shown, 6 }g0O, 2 Stabilizer,
0.6 Vulcup ﬁ.
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TABLE V
EFFECT OF AUSTIN BIACK ON PROCESSING
3 Stock R197 -330 =331 -332 :
2 FEF Black level 30 %0 40 'J
P | Austin Black level 20 10 20 ,
| ‘ }
| Physical Properties 3
4

b/ Mixing Evaluation i
a2 Mixing Good Good Good .
E | Dump Good Good Good
g | Milling Won't Poor Fair :
E | Band |
4 Calenderable ' No No Marginal ’

Torque @ Dump (m-gms.) 3990 3920 3850

Normal Stress-Strain - ed 35¢ LO°F

100% Modulus, psi - - -

Tensile, psi 1025 1050 . 94y |

Ult. Elongation, % 95 95 80 ~:

1

: Shore "A" Hardness - Cured 40' 2 340Q°F '
E | : 70 ™ 76 ‘

Gehman Low Temperature Properties - Cured 35' 2 340O°F

Te, °F - - -99

G2'RT, psi ' - - 133

G, -55°C, psi - - 132

e .

Formula: 100 Polymer, Black level as shown, 6 MgO,
2 Stabilizer, O.% Vulcup R.
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_TABIE VI_
EFFTECT OF HEAT TREATMENT O PROCESSTNG

Stock R197 -304% -305

k| Feoture Control Heat Treated
E | Polymar (1 hr.
# @ 300°F)
- Mixing Evaluation
3 Mixing Fair Fair
R/ Dump Good Good

‘ Milling Von'tt Won't
E | band- band-
E | Lacey Lacey
‘ Calenderable o IO

Physical Properties

Norral Stress-Strain - Cured 35! & 340°F

1.00% Hodulus, psi 900 1040 |
Tensile, psi 900 1225 -
Ult. Elongation, & 100 110

Shore "A'" Hardness - Cured 40! 3 3L0°F

59 62

Forrula: 100 Polymer as shown, 30 FEF, 6 lz0, 2 Stabiliger,
0.% Vulcup R.

‘ 1 |
i |

& :
: 1
i 3
‘A4

! §

‘ |
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TABLE VIT
EFFECT OF STEARTC ACTD ON PROCESSING
Stoclk R197 =303 -313 -31l
». Feature o S.A. 2 S.A. 2 S.A.
; 6 g0 0 MgO 6 lz0
g 0 Zn0 2 Zn0 2 Zn0
Mixdnz Evaluvation
Mizing Good Good Good
E Duap Good Good Good
A Dunp Time, min, 9 9 9
4 Milling Good Excellent* Excellent
k| Calenderable Yes Yes Yes
4 #Steck was softer than R197314% probably too soft to build
E | suction hose,
Formula: 100 polymer, 50 FEF, Stearic Acid, Mgz0, and ZnO as ?
showvn. s
8
%
%
i
3
A
4
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TABLE VIIL
EFFECT OF STEARIC ACID AS A PROCESSING ATD

Stock R197 -318 =321 -322
Black level 30 Lo L0
Stearic Acid level 2 2 1
Physical Properties
Mix Evaluation
Mixing Good Good Good
Dump Good Good Good
Milling Lacey Lacey ILacey
Calenderable . No No No
Torque @ Dump (m-gms.) 3000 3750 3500
Normal Stress-Strain - Cured 35' @ 3LO°F
100% Modulus, psi 585 875 920
Tensile, psi 1250 1250 1360
Ult. Elongation, % 190 150 150
Shore "A" Hardness - Cured 40! @ 3L4O°F

57 67 65

Formula:

68

100 polymer, FEF Black and Stearic Level as shown,

6 Mg0, 2 Stabilizer, O.% Vulcup R.
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TABLE IX
FEFFECT OF IOWER PEROXIDE LEVEL ON PHYSTCAT, PROPERTIES

Stock R197 -303 =311 -312
Peroxide Level 0.4 0.3 0.2

Physical Properties

ormal Stress-Strain - Cured 35' @ 3L4O°F
100% Modulus, psi 1285 1000 760

Tensile, psi _ 1285 1200 930
Ult. Elongation, % 100 120 130
Shore "A“ Hardness - Cured 40! @ 3L4O°F

79 e 73
Géhman Low Temperature Pronerties -~ Cured 35! 8 3LO°F
Ts, -51 —Eh
Gy RT psi 215 175 148
G, —55°C, psi 1946 1492 1225

Formula: 100 polymer, 50 FEF, 6 MgO, 2 Stabilizer, Vulcup R
as shown.
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TABLE X

EFFECT OF SILICA ON PROCESSING

Stock R197 =348 =349
Quso WR-82 Silica 25 30
Mixing Evaluation

Mixing Good Good
Dump Good - Good
Milling Lacey Lacey
Calenderable No No
Torque @ Dump (m-gms.) 2400 2400

=30
35

Good
Good
Lacey
No
2500

Formula: 100 Polymer, Silica as shown, 6 MgO, 2 Stabilizer,
0.k Vulcup -
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TABLE XT
HEAT TREATED POLYMER
-353 -355 -361
Heat Treatment — 16 nrs. 16 hrs. 16 hrs.

Stock R197

in forced air oven @ @ @

250°F 275°F 290°F
Physical Properties
Mixing Evaluation
Mixing Good Good Good
Dump Good Good Good
Dump Time, min. 9 8 9
Milling Good* Good* Good
"Calenderable Marginal Marginal ° Yes
Viscosity @ Dump 4250 3250 2850

(m-gms. .
Normal Stress-Strain — Cured 35' @ 340°F
100% Modulus, psi 1330 1240 -~
Tensile, psi 1330 12%0 880
Ult. Elongation, % 100 100 75
Shore "A" Hardness - Cured 40! @ 340°F
60 63 -

Gehman ILow Temperature Props. - Cured 35' @ 34Q°F
T5’ o =70 -2 -67
Gy RT, psi 85 104 116
G, -55°C, psi 340 392 587

16 hrs.
@
302°F

Good
Good

Good**
Yes
2750

65

-72
131
519

Formula: 100 Polymer (heat treated as shown), 30 FEF, 6 MgO,

2 Stabilizer, 0.% Vulcup R.

* Small Bank on mill

cool rolls.
**Probably too soft %o

build suction hose.

- 53 -

=356

8% nrs.
@

302°F

Good
Good
10
Good
Yes
2800

12i0
90
6k

-70
117
509
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.j. TABLE XII

& STRESS-STRATN PROPERTIES ON HOSE STOCK

R197 - ~369-1 -2 -3 A -5

Normal Stress-Strain - Cured 35' ® 320°F

4 100% lodulus, psi 975 995 1060 930 1000

1 Tensile, psi 1170 1085 1180 1060 1160

Ult. Elong., % 120 110 110 110 110

b/

| Formula: 100 Polymer (Heat treated 8% hrs. @ 302°F), 30 FEF,
6 ¥g0, 2 Stabilizer, O.4 Vulcup R.

a These were 5 batches mixed in a Banbury Mixer (Type B) and

9 blended for hose fabrication.

|

-1

¥
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TABTE XIII
DIMENSIONS OF STOCK FOR HOSE FABRICATTION

Suction Hose
Tube 13.625" x JO50%

Inner Plies 625% ¥ O37n
125" x 037"

Cover 16.875"% = .050%

Discharge Hose

Tube 13.375" x .037"
Inner Ply Z.375" 2 015%

Cover 15.125" x 037"
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TABLE XIV

TEST RESULTS ON SUCTION HOSE

The following tests were performed by American Biltrite on the first

suction hose built on Novembzr 5, 1975.

A1)l tests are compared to standards

specified in Purchase Description of this contract and in MIL-H-370C.

Test

Inside Diameter
Outside Diameter
Hydrostatic Proof
125 psi

Minimum Burst

Original Tube Tensile Strength
Origin~l Tube Elongation
Original Cover Tensile Strength
Original Cover Elongation

70 hrs. @ 7%°F -~ Reference Fuel B

Tube Tensile Strength
Cover Tensile Strength
Tube Elongation
Cover Elongation

Adhesions (Original)

Tube to Ply
Cover to Ply

Adhesions (ASTM #3% 0il)

Tube to Ply
Cover to Ply

Standard

on : 1/16!!

2.656  .062

No Leaks @ 100 psi
gax. Twist 7°/ft.
- 3% Length Change
200 psi Min.

1500 psi Min.
150% Min.

1500 psi Min.

150% Min.

600 psi Min.
600 psi Min.
100% Min.
100% Min.

1" Max. separation
Under 10 1lb. Load

1" Max. separation
Under 6 lb. Iload

Vnlum=2 Increase - 70 hrs. @ 73°F - Reference Fuel B

Tube
Cover

Shore "A" Hardness

Tube
Cover

60% Max.
100% Mﬂx .

56 -

Test Results

2"
2.60
No Leaks

~No Twist

+ 1.31%
750 psi
960 psi
140%
950 psi
116%

803 psi
770 psi
100%
100%

3/4n
9/16"

3/[”'
7/8"

18.8%
18.8%

56
60
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TABLE XIV (CONTINUED)

TEST RESULTS CON SUCTICN HOSE

Test Standard

Low Temperature Flexibility

After 35 hours at -70°F the hose was very flexible

Existant Gum Max. 20 MG/100 M.

Test (Tube)

Crush Resistance ; ~15% Max. Deformation
95% Min. Recovery

Ozone Cover Resistance

72 hrs. @ 50 PPHM No cracking 7X Mag.

The hose manufactured weighed approximately 1.85 lbs./ft.

- 59 .

Test Results

L,2 MG

-9' 6%
7.4%

No. Cracks
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TABLE XV

:.J PROPERTIES ON STOCK IN FIRST HOSE BUILD

& R197 -369

i i Formula

b | SRR

| K18161-3024" 100

- |

& | FEF Black 30

; Mg0 6

kS | ?

e | Stabilizer 2 4
? Vulcup R Peroxide 0.4 ;

Physical Properties

| Normnl Stress-strain - press cured 35' @ 320°F
100% Modulus, psi 750
Tensile, psi 1120
Ult. Flongation, % 150

Aging in Solvents - press cured (35'/320°F) samoles

Aged Stress-strain** - 94 hrs. @& 73°F in Tyvvoe IT Fluid

| Contro! Aged % Petention Svec
100¢ Modulus, psi 780 650 G
Tensile, psi 1110 860 77.5 60 :
Ult. Elong., % 140 125 89.5 80 ;

Aped Stress-Strain - Wb days @ 73°F in Tyve TT Fluid

3

g Control Aged % Retention Svrac
¥ | 100% Modulus, nsi 880 700 44 .
1 Tensile, osi 1130 840 7%.5 €0 1
3 Ult. Elong., % 140 125 89.5 80

Azed Stress-strain = 14 davs in distilled H O 2 160°F

Control Aged % Retention Svec
? ’ 100% Modulus, psi 910 770 -
3 Tensile, psi 1100 940 85.5 80
Ult. Elongation, % 120 140 117 80
i K18161 heated 8 1/2 hrs. @ 302°F. S
1 ** A control from the same slab was tested with each aged sample. &
: oy ¥ar. |
& i , - 58 -

|

Ve
: [

\
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TABLE YV (CONTINUED)

PROPERTIES ON STOCK IN FIRST HOSE

R197

Volume Change

Type IT Solvent

9% hrs. @ 73°F, % change
14 days @ 73°F, % change

Distilled H29

14 days @ 160°F, % change
42 days @ 160°F, % change

Wieight change

Tyoe IT Solvent

94 hrs. @ 73°F, % change
14 days @ 73°F, % change

Distilled H,0

14 days @ 160°F, % change
42 days @ 160°F, % change

~-369

-1.2

Comnleted

Not Completed

5
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TABLE XVT
EVALUATION OF LOWER PEROXIDE LEVELS

Stock  R197 -356 -362 -363
Peroxide Level 0.% 0.3 0.2

Physical Properties

Normal Stress-Strain - Cured 2 320°F
100% Modulus, psi

257 cure 980 00 500
35! cure 1050 50 675
Tensile si
257 cure 1080 1120 1050
35! cure 1110 1190 1100
Ult. Elongation, %
257 cure 120 150 200
35! cure 110 150 170
Shore "A" Hardness - Cured 40! @ 340°F
64 59 54 4
Compression Set @ RT - Cured 40! @ 340°F '
70 nrs, % Set 16.8 20.0 23.2
Trouser Tear @ RT - Cured 35' 2 320°F
1bs./in. 11 8 12
Gehman Low Temperature Properties - Cured 35! @ 320°F
Tgy °F -65 -69 -%Z ]
¢’@ RT, psi 99.0 96.0 82. 3
G @ -55°C, psi 524.5 406.0 408. 4% :

Recipe: 100 Heat treated polymer, 30 FEF, 6 MgO, 2 Stabilizer,
Vulcup R peroxide as shown.

- 60 =
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TABLE XVIT
{ EVALUATION OF DIFFERE:T PEROXIDE TYPES
k| R197 =369 =370 =371 ~372
A Peroxide Type
b |
3 ; Vulcup R 0.% = e <
| Dicup L4OC - 1.6 - -
E | Vulcup HOKE - - 1.0 &%
F * Luperco 230XL - - - 1.7
;5 Physical Properties
| Monsanto Rheometer @ 320°F, 1° Arc. 100 RPM
Scorcn (2 unit rise) 6.0 5.9 6.8 3.2
min,
90% Cure, min. 38.0 24.3 39.8 11.2
ngque (min.), 9.8 9.1 9.1 10.9
em
Torque (90% Cure), 20.6 18.1 19.9 18.9 F
dnem
Torque (100% 21.8 19.1 2l.1 19.8
Normal Stress-Strain - Cured 35! @ 320°F
100% Modulus, psi 770 Les 740 800
Tensile, psi 1260 1150 11&0 1210
Ult. Elong., % 150 160 140 140
Trouser Tear @ RT - Cured 35' @ 320°F
1bs./in. 11 11 11 10 1
Gehman Low Temp. Proverties - Cgred 35t @ 320°F E
T o - - =71 -71 !
1 G @ -55°C, psi - 390.8 320.5 273.9

Recipe: 100 Heat treated polymer, 30 FEF, 6 MgO, 2 Stabilizer,
Peroxide as shown.

e
L R SRS

s

- bl -
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ABLE XVITI
= EVALUATION OF SILICONE AS AN ADDITIVE IN COVER STOCK
2 Stock R197 -356 ~379 380 -381
~i Polx%er System
2 K18161-302A%* 100 95 92.5 90
| Silicone** - 5 7.5 10 .
: | _
| Physical Properties
,71 Mixing and Processing Evaluation .
E | Mixing Good Good Good Good 1
‘ Dump Good Good Good Good ]
Dunp Time, min. 8 9 8 8
Milling Good Won't Band Won't Band Won't Band
Calenderable Yes No No No
| Normal Stress-Strain - Cured . 00°F
100% Modulus, psi 1150 70 800 820
Tensile, psi 1310 1075 975 1010
Ult. Elongation, % 120 120 120 120

Shore "A" Hardness - Cured 35' @ 320°F
: 3 58 57 59

* Heat treated K18161, 8% hrs. @ 302°F
**Union Carbide W-982 Silicone Rubber.

’

Recipe: Polymer as shown, 30 FEF, 6 ¥gO, 2 Stabilizer,
0.4 Vulcup R.

o b P )
Bl R i Wi s BBl . o




TABLE XIX

EVALUATION OF POLYBUTADIENE AND EPDM AS ADDITIVES FOR
THE COVER STOCK

R197 -356 -391 -392 -393 -394
Polymer Svstem

K18121-302A 100 95 90 95 920
EPDM - 5 10 2

Polybutadiene - - : - 5 10

Physical Properties

Mixing Good Good Good Good Good r
Dump Good Good Good Good Good

Dump Time, min, 7 10 6 8 8

Milling Good Good Fair Good Good
Calenderable Yes Yes Marginal Yes Yes

Normal Stress-Strain - Cured 35' @ 320°F

100% Modulus, psi 1130 1000 1000 - -
Tensile, psi 1320 1075 1120 1050 1020
Ult. Elongation, % 120 110 105 5 60

Recipe: Polymer as shown, 30 FEF, 6 Mg0O, 2 Stabiligzer,
0.4 Vulcup R
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FUEL DIFFUSION RATIO OF EPDM COVER STOCK

Stock R197 -3596 -391 -392
Polvmer System

K18161-302A 100 g5 20
EPDM - 5 10
Phvsical Properties

Mix Evaluation

Mixing Good Good Good
Dunp Good Good Good
Dump Time, min. 7 10 6
Milling : Goced Good Fair
Calenderable Yes Yes Marginal
Monsanto Rheometer @ 320°F. 1°Arc, 10C RPI{

Scorch (minutes) 7.1 5e9 93
90% Cure (minutes) 46,0 L4, 0 L5.3
Torque (Mln )}, diem ' 10.0 11.0 11.0
Lorque (90%) , dL-n 22.1 29.0 30.8
Torque (Max.), dNe-m 23.4 31.0 33.0
Normal Stress-Strain - Cured 35' 2 320°F

100% Modulus, psi 1130 1000 1000
Tensile, psi 1320 1075 1120
Ult. Elongation, % 120 110 109
Fuel Diffusion Rate 1

Rate - f1. oz, £t.=2 .24 hrs.” o 9k 1.7 2.87
Diffusion Ratio 1.99 3.05

’

Recipe: Polymer as shown, 30 FEF, 6 lig0, 2 Stabilizer,
0.4 Vulcup R.

- 64 =

e




Stock
Polymer
K18161-302A
EPDM
K183151

Mix Evaluation

Mixing

Dump

Milling
Calenderable
Monsanto Rheometer

(@ 320°F, 1° Arc,
100 RPM)

Scorch (min.)
90% Cure (min.)

Torgue (min.), dN « m

Torque (90%), aN = m

Torque (max.), dN « m :

Normal Stress-Strain

TABLE XXT

Cover Stocks for Coptimum
Fuel Diffusion Rate Ratio

(cure: 320°F)

100% M, vsi
35¢ ,
45
Tensile, psi
"
I
Ult. Elong., %
35!
L5

Fuel Diffusion Rate Ratio

R197363

100.0

Good
Good
Good

Yes

11.3
50.3

7.8
13.1
13.7

560
563

1020
1038

160
135

Tube

R193625

97.5
2.5

-

Gecod
Good
Good

Yes

12.6
45,8

7.9
13,2
13.8

580
616

1020
1038

155
150

1.42

1. A non-fluorinated polyalkoxyphosphazene.

Recipe:

Polymer as shown, 30FEF, 6 MgO, 2 stabilizer, 0.2 Vulcup R.
2 852

R198626 R198627
97'5 95.0
2.5 5.0
Good Good
Good Good
Good Good
Yes Yes
12.8 17.8
4.8 44,3
?.8 6.8
12.4 10.7
12.9 L1
k51 377
452 478
852 738
853 768
198 205
190 185
1.36 1.7%




e
_—

TABLE XXII
EVALUATION OF TEFLON 8A AND ITS EFFECT ON TEAR RESISTANCE

R197 -356 -382 =383 -38% -389

Teflon 8A 0 2.5 5 Ze5 10

Phvsical Properties

Mix and Processing Evaluvation

Mixing Good Good Good Good Good
Dump Good Good Good Good Good
Dump Time, min. - 8 7 7
Milling Good Good Fair Fair Fair
Calenderable Yes Yes No No No
Normal Stress-Strain - Cured 35' @ 320°F
100% Modulus, psi 1100 1370 1790 - -
Tensile, psi 1170 1490 1790 1750 1970
Ult. Elongation, % 110 120 100 80 80
Shore "A" Hardness - Cured 35' ® 320°F

58 63 70 71 68
Trouser Tear @ RT - Cured 35' @ 320°F
1bs./in. 7 15 36 59 56
Crescent Tear (Die B) @ RT - Cured 35' @ 320°F
1bs./in. 5k 128 203 266 313

Recipe: 100 Heat treated polymer, 30 FEF, 6 }gO, Teflon 8A
as shown, 2 Stabilizer, O.% Vulcup R.

- 66 =
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TABLE XXIIT

Evaluation of Teflon-8A (Added in Brabender)

Stock R199 417 =48 419

Teflon-8A (phr) (o] 2 5

Mix Evaluation

Mixing Good Good Good

Dump Good Good Good

Milling Good Good Fair :
Calenderable Yes Yes Maybe :
Normal Stress-Strain i

(cure: 320°F)

100% M, psi ;
e 784 948 1201
45 : 784 1013 1201
Tensile, psi : :
b 5 R 1126 1244 1263
L5t 1094 1162 1400
Ult. Elong., %
35! 150 140 110
145 125 135
Trouser Tear @ R, T.
(cure: 40' @ 320°F) 12.5 3.k 93.8 %
Shore "A" Hardness (73°F) {
52.5 64.0 63.0

(cure: 4O' @ 320°F)
Compression Set

70 hrs. @ R, T. 17.6 20.0 27.7
(cure: 40' @ 320°F)

Recipe: 100 polymer (K18161-302A), 30 FEF, 6 lgO, 2 stabilizer,
0.2 Vulcup R, Teflon as shown.




i) b s Pt N AR G K 2 R T K SRS

TABLE XXTV

Evaluztion of qulon—SA and Silicone Cil

Stock R199 =422 -423 =424
Teflon-8aL 0 2.0 .5
8ilicons 0i1> 0 2.0 5.0

Mix Evaluation ;

Mixing Good Good
Dump Good Good
Milling - Good Won't Banad
Calenderable ' Yes No

Normal Stress-Strain
(cure: 320°F)
100% M, psi

35"

45
Tensile, psi

»’

L5
Ult. Elong., psi

>

45
Shore "A" Hardness (73°F)
(cure: U0O' @ 320°F)
Trouser Tear @ R. T.
(cure: L4O' @ %20°F)

-~

1 Pow Corning Fluid (710)

Recipe: 100 volymer (K18161-302A), 30 FEF, 6 MgO, 2 stabilizer,
0.2 Vulcup R, Teflon 8-A and silicone oil as shown.
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TABLE XXV

EVALUATION OF QUSO WR-82 STILICA AS A FILLER

Stock R1.98 -603 60k =605
Quso VWR-82 Silica, phr 20 25 30
Phyvsical Properties

Mix FEvaluvation - -
Mixing Fair Fair Fair
Dump Loose Powder on all Stocks
Dunmp Time, min. 10 : 10 10
Milling Sticky Good Good
Calenderable Tio Yes Yes
Monsanto Rheometer O 320°F., 1°Arc. 100 RPii

Scorch (minutes) 5.0 3.9 L
90% Cure (minutes) 37.6 37.8 38
Torgue (minutes), dN¥.m 53 S 5 6
Torque (90%), dl.m 15,7 25,2 23
Torque (Max), dil.m 16.8 2k.0 25
Marmal Stress-Shrain - Cnred 2[! @ VO°F

100% Modulus, psi - - -
Tensile, psi 840 960 810
Ult. Elong., % 90 90 70
Trouser Tear @ RT - Cured 35' @ 320°F

1bs/in 3 5

Recipe:

-606
35

Fair

10
Good
Yes

NN W
OO\ O F

* s o o o
I 0O

820 -

60

100 K18161-3024, Filler as shown, 6 g0, 2 Stabilizer,
0.% Vulcup R




TADLE XXVI

EVALUATION OF HT SII, SILICA

A5 A FILLEE

0. Vuleun R

Stock R198 -608 -509
Hi Sil 233, phr 20 25
thsiéal Properties
" Mixing BEvaluation

Mixing Good Good
Dump Good Good
Dump Time, minutes 10 i
Milling Sticky G e LeT
Calenderable No to
MYonsanto Rheometer 2 320°F. 1°Ard, 10C BPi
Scorch, (minutes) 4.7 5.6
90% Cure, (minutes) 32.5 35.7
Torque (min,), dien 10.8 i0.k
Torque (90%), dii-m 23.9 Bt
Torque (Max), d¥-x 25.4 26.8
Normal Stress-Strain - Cured 35! @ 320°F
100% locdulus, psi - -
Tensile, psi 500 550
Ult. Elonz., % 60 50
Shore "A" Hardness

63 68
Trouser Tear & RT - Cured 35' 2 320°F
1bs/in 7 Q
Reeipe: 100 K18161-302A, Filler as shovm,

-510 -611
30 35
Good Good

Good Good
12 12
Fair Good
Mo Yes
Ded 4.3
25'5 1501
16.8 32.1
36.1 68.9
38.6 730
7£o 8§0
60 ¢ 50
78 82
8 12

6 g0, 2 Stabilizer,

R I I ars




TABLE XXVII
ADHESION OF STOCK TO RAYOX
3 Stock R197 -369
T-Adhesion to Ravon Used In Hose - Cured 35' @ 320°F - Tested @ RT

: Beaver Rayon
3 lbs/in 20
E % Coverage 0
&/
F Beaunit Rayon

lbs/in 18

! % Coverage 0
b |
|

i Recipe: 100 K18161-3024, 30 FEF, 6 kg0, 2 Stabilizer, O.% Vulcup R

i
‘? |
b |

i _
i L
| !

B

b i v 3

-7




TABLE XJVITI

Evaluation of Potential Promoters of
' Adhesion of Rayon to PNF®-300

Stock R197363 R198615 R198616 2193617 R198618 R198619
Additive None Cohedur Resorcinol Cymel 301 Resorcinol Manobond C
o : RL + Hexa + Cymel 301

Normal Stress-Strain
(cure: 35' @ 320°F)

100% M, psi 693 859 -- 471 530 533 ,
Tensile, psi 1070 1067 800 651 530 777
Ult. Flong., % 165 135 85 155 100 190

T-Adhesion @ R. T.
to Beaver Rayon;

(cure: 35' @ 320°F) ;
1bs./in 16 15 15 13 29 8
% coverage (o] (o] g o] (o] (0]

Recipe: 100 K18161-302A, 30 FEF, 6 MgO, 2 Stabilizer, 0.2 Vulcup R, all additives were
used at 2.0 phr (for combinations, total additive = 4.0 phr).




Evaluation of Varicus Blacks with
Heat-Treated Polymer

Stock R199 -400 -401
Black FEF HAF(LS)
Mix Evaluation

Mixing Fair Fair
Dump Good Good
Milling Good Fair
Calenderable Yes Maybe
Normal Stress-Strain

(cure: 35' @ 320°F)

100% M, psi 554 740
Tensile, psi 1200 1184
Ult. Elong., % 185 130
Shore "A" Hardness (73°F)

(cure: 40' @ 320°F) 47.5 o
Comoression Set

70 hrs. @ R. T. 16.8 19.2
(cure: LO' @ 320°F)

Trouser Tear @ R. T.

(cure: 35' @ 320°F) 26:8 e
Gehman low Temp. Properties =- cure: 35' @ 320°F
T5 r =77 -70
G@R. T., psi 84.9 72.4
G @ -55°C, psi 198.9 254.9

402

HAF

Fair
Good
Good

Yes

™3
1512
155

Sh.5

19.2

9.1

-67

93.4
386.2

Recipe: 100 polymer (K18161-302A), 30 black, 6 MgO, 2 stabilizer
and -404, 0.5 Vulcup R for -401, -402, -4O3.

Fair
Good
V. Good

Yes

519
1257
205

61.0

34.9

34.1

122,9

1006

Lok
GPF

Good
Good
Fair
Maybe

512
1144
180

ko.5

16.0

10. “

60.5
186.1

sy 0.2 Vulcup R for -4O(




TABLE XXX

Stocks Used for Second Hose
Building Trial

Stock R199415 R155416

Polymer

K18161-302A : 9.5 9.5 9.5
EPDM 2.5 2.5 2.5

Mix Evaluation

Banbury Mixing Good ' €ood Good Good
Dump condition Good Gooad Cood Good
Dump time/temp. °F 8'/202 8t/305 8'/305 8'/305
Milling Good Good Good Good
Calenderable Yes Yes Yes Yes
Normal Stress-Strain

(cure: 35' @ 320°F)

100% M, psi 850 851 722
Tensile, psi 7 1102 1037 1059
Ult. Elong., % 130 140 140

FEF, 6 MgO, 2 stabilizer,
0.2 Vulcuo R.

R199415-1, -2, =3 mill blended-tube stock::} Polymers as shown above, 30
k

R199416-1, -2, =3 mill blended-cover stoc
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TABLE XXXI

Stress-Strain Properties on
Second Hose

Stock R199415 (Tube) R199416 (Cover)

Stress~-Strain Measured at American Biltrite - cure: 90!
@ 325°F

Tensile, psi 488 690
Ult. Elong. % 235 200
Stress-Strain Measured at Firestone (on cover)

100% M, psi 531
Tensile, psi : 790
Ult. Elong., % 165

Specimens were cut from the hose =nd buffed.




Table XXXTT

Cure Checks on Calendered
Stocks used in Second Hose Building

Stock R199416 {cover)

Stress-strain (steam cure - 320°F)
100% N! Esi
Ls
60|

9"
Tensile, psi
Lse
60"
90"

Ult. Elong., %

b5
60'
90!

(press cure - 45' @ 320°F)

100% M, psi
Tensile, psi

Ult. Flong., %
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R199444 Recive:

)

i s oy g e

Table LOTIT

Effect of Calendering on
Stress-Strain Properties

Stock - Treatment 1007 i, psi Tensile, psi

Ult. Elon~ation, %

R199444 ~ no calendering 879 1203

R199%444 - calendered at
130-150°F - 692 1173

two passes

R19944L4 ~ calendered at
130-150°F - 763 1157

several passes

R199444 - calendered at
180-200°F - 704 1013
two passes

R199444 - calendered at
170-200°F - 600 814

several passes

145

170

165

145

145

All of the above stocks were press-cured at 320°F for 35 min.

- 09 .

100 polymer (K18352), 30 FEF, £ MgO, 2 stabilizer, 0.5 Vuleup LOKE.
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TABLE XXXV

Use of Vulcup 4OXE in Place of

Vulcup R
Stock R199 -ho8 -k09 =410 =k
Peroxide
Vulcup R 0.2 0.3 - -
Vulcup 4OKE - - 0.5 0.75
Normal Stress-Strain
(cure: 32C°F)
100% M, psi
25" 750 1168 651 1060
35 728 1132 €567 930
45 770 1284 730 --
Tensile, psi
25 1106 1266 1100 1291
35° 1111 1132 1005 1254
L5 1197 1284 1107 1020
Ult. Elong., %
25" 170 110 190 130
35 170 100 160 135
45 165 100 165 80

Recipe: 100 polymer (K18161-302A), 30 FEF, 6 MgO, 2 stabilizer,
peroxide as shown.




TABLE XXXV

Evaluate Polymers with Reduced
Heat Aging Times

DSV vs. Aging Time Time @ 300°F Dsv % Gel %

0 3.50 0.0 §

| 2 hrs. 2.66 0.0 { 1
1 4 hrs. 2.13 0.0 ]
E! A 6 hrs. 1.76 0.0 %.

2 8.5 hrs. 1.51 0.0
E ! Stock R199 -2 -k13 bk I
d Polymer K18161-302A K18352 K18353 .

i 300°F Aging Time 8.5 hrs. 6.0 hrs. 4.5 nrs. z

Mix Evaluation :

Mixing CGood CGood Good ?

Dump Good Good Good
Milling Good Cood Fair a

Calenderable Yes Yes Probably

Normal Stress-Strain
(cure: 320°F)

100% M, psi

_ 35¢ 643 812 787

3 b5 - 734 761 880
'? Tensile, psi

§ 35" 1010 1184 1208 i
R b5 1021 1150 1213 |4
-E : Ult. Elong., %
1 ! »" 165 150 155
l b5 145 150 140 »
g . Trouser Tear @ R. T. -
q i (cure: 40' @ 320°F) 16.2 b 13.2 4
i | Gehman Low Temp. Properties _ :
.. Ty °F -70 -67 -70 2
i GeR. T., psi 86.6 82.6 88.0 i
B G @ -55°C, psi 303.4 . 357.9 331.3 :

Recipe: 100 polymer, 30 FEF, 6 Mg0O, 2 stabilizer, 0.2 Vulcup R
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Table XXXVI

BEvaluation of SAF-Austin Black Combinations

Stock - RI99  -h2s =426 =427
Black 30 FEF 10 SAF 15 SAF
20 Austin 15 Austin
iix Evaluation
Brabender nmixing good good good
Dump ‘ good sticky sticky
Milling good bands both rolls bands both rolls
Calenderable yes no no
Normal Stress-strain - cure: %20°F
100°M, psi
350 862 468 597
L5 825 538 615
Tensile, psi
35! 1092 637 894
450 1091 706 835
Ult. Flong., %
35" 140 155 _ 170
L5 140 150 150
% Compression Set (73°F) (25%/70 hrs.) - cure: 40' @ 320°F
16.8 18.4 20.0
Shore "A" Hardness (73°F) - on compression set buttons
52.5 k5.5 50.0
Trouser Tear (73°F)- cure: LO' @ 320°F
1 1bs./in. 12.5 11.8 12.7
Gehman Low Temp. Properties - cure: 40O' @ 320°F
Tgy °F -62.0 -67.0 -62.5
G @ R.T., psi 79.0 67.8 72.0
G @ -55°C, psi 566 353 46

428
10 SAF
30 Austin

good
sticky
bands both rolls

no

476

483

613
624

170
170

18.4%
52.0
11.1
-65.0

63.7
388

Recipe: 100 polymer (K18161-302A), black - as shown, 6 MgO, 2 stabilizer,
Vulcup 4OKE ~ 0.5 to 1.0 (higher for higher SAF).
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Table XXXVIT

Evaluation of SA¥-FEF Black Combinations

Stock - R199 -429 =430 L
Black 30 FEF 15 FEF 20 FEF
5 SAF 5 SAF
Mix Evaluation
Brabender Mixing good goqd good
Dump good good good
Milling good sticks sticks
both rolls both rolls
Calenderable Yes no no
Normal Stress-Strain - cure: 320°F
100% i, psi
35! 560 Lek 631
L5 585 564 6Lk
Tensile, psi
35! 1129 1295 120k
L5 1189 1252 1256
Ult. Elong., %
k- - o 1§5 210 165
ks 190 180 165
% Compression Set (73°F) (25%/70 hrs.) - cure: L0O' @ 320°F
30.0 20.8 20.8
Shore "A" Hardness (73°F) - on compression set buttons
k9.0 41.0 L5.0
Trouser Tear (73°F) - cure: LO' @ 320°F
1bs./in. 28 11 9
Gehman low Temp. Properties - cure: 40' @ 320°F
TS’ °F -71.5 -73.0 -71.0
G @ R.T., psi 81.7 62.3 53.8
G @ -55°C, psi 301 216 207

=432
10 FEF

10 SAF

good
good

sticks
both rolls

no

628

656
836

100
120

21.6

48.5

~70.0
60.1
283

Recipe: 100 polymer (K18352), black - as shown, 6 MgO, 2 stabilizer,
Vulcup 40 KE - 0.5 to 1.0 (higher for higher SAF)
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. T2ble XXXVIIT
{ Evaluition of ISAF and ISAF-FEF Blsck Combinations
E Stock - R199 s 456 457 -458
b Black 25 ISAF (HS) 25 ISAF 15 ISAF 10 ISAF
k. 10 FEF 15 FEF
a Vuleup BOKE 1.25 1.25 10 s
&
3 Mix Evaluation
4 Brabender Mixing good good good good
Dump good good good good
i Milling good good good good
E | Calenderable yes yes probably  prcbably
é‘, Normal Stress-Strain - cure: 320°F
|
| 100% M, psi
a5 1256 1105 1056 1167 |
k| L5t 1282 1073 1036 1157 |
Tensile, psi
551 1486 1526 1358 1559 :
45t 1578 1467 1391 1203 |
Ult. Elone., %
: 35! 120 155 135 120
b | Ls: 120 135 130 110
% Compression Set (73°F) (25%/70 hrs.) - cure: 40' @ 320°F :
. |
3 14,4 16.8 13.6 12.0 ]
= |
3 Shore "A" Hardness (73°F) - on compression set buttons
| 55.0 55.0 51.0 51.0 ;
% ! |
fﬂ ; Trouser Tear (73%°F) - cure: 40O' @ 320°F
4 1 1bs./in. 8 11 11 7
. A G .i Gehman Iow Temp. Proparties - cure: 40' @ 320°F
% }
{ Ty °F -65.0 -65.0 -69.0 -69.0
1 { G’@ R.T., psi 90.8 105.3 79.5 47.9
(g : | G @ =55“C, psi 540 643 346 203
Gy | Recipe: 100 polymer (K18352), black - as shown, 6 MgO, 2 stabilizer,
/ RGN, ]
5 { Vulcup 40KE as shown.
2 A
{ ‘ - & -
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Table XXXIX

Evaluation of Degussa Blacks

\v

Stock -~ R199 -433 | =zt

Black Printex 60 RUB Corex P
Mix Evaluation ¥

Brabender mixing good good

Dump good good
Milling good (2 80-100°F) good (@ 80-100°F)
Calenderable yes yes

Normal Stress-Strain - cure: 320°F

100% M, psi

bk 484 557
L5 588 618
Tensile, psi
35 1256 1296
L5 1296 1305
Ult. Elong., %
35! 225 225
45 215 210
% Compression Set (73°F) (25%/70 hrs.), cure: LO' @ 320°F
35.7 36.7
Shore "A" Hardness (73°F) - cure: bLO' € 320°F
57.0 58.0
Trouser Tear (73°F) ~ cure: LO' @ 320°F
1bs./in. 27 42
Gehman Low Temp. Proverties - cure: 40' @ 320°F
'1‘5, oF -62.5 -62.0
G @ R.T., psi 106.7 107.7
G @ -55°C, psi 756 675
Recipe: 100 polymer (K18352), 30 black, 6 MgO, 2 stabilizer, 0.75

Vulcup 40 KE.

- 83 .
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3 TABLE XL
4 ' EVALUATION OF QUSO WR-82 AT IOWER PEROXIDE LEVELS
1 : Stock R199 439 ckho ok
: Vulcup LOKE 0.75 0.50 0.25
_ Normal Stress-Strain - cure: 320°F
E / 100% M, vpsi
l 35 ‘ 935 6is2 399
Ls* 957 658 398
4 Tensile, psi
% e
| Ult. Elong., %
1 35¢ 110 165 270
L5 110 155 255

Recipe: 100 - polymer (K181€1-302A), 30 - Quso WR-82, MgO - 6,
stabilizer - 2, Vulcup - as shown.
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Table XLI

Evaluation of Adhesion of Hose Compounds
to Various Fabrics

Stock - R199 ~-420

K18161-3024 100.0
EPDM —
FEF 30.0
MgO 6.0
Stabilizer 2.0
Vulcup R B2
138.2

Normal Stress~Strain - cure: 35' @ 320°F
100% M, psi » 781
Tensile, psi 876
Ult. Elong., % 110

762
1102
165

T-adhesion @ R.T. (lbs./in.) - cure: 45' @ 320°F

Nylon (treated) 13
Nylon (untreated) 7
Rayon (treated) 10
Rayon (untreated) ?
Polyester (treated) 10
Polyester (untreated) 8

12
6
11
9
10
8
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G
TABLE XLIII
3” VARIOUS TEST RESULTS ON THIRD HOSE COMPOUNDS
4 Stock R199 464 (Tube) -465 (Cover)
}’ Formulation
f Polymer K18352 100.0 97.5
EPDM - 2.5
; FEF 30.0 30.0
/ MgO 6.0 6.0
j Stabilizer 2.0 2.0
“ Vulcup 4OKE 0.7 0.7
138.7 138.7
. Normal Stress-Strain - cure: 60' @ 320°F in steam - specimens cut from hose
B |
_% collapsible = suction collapsible suction
{
100% M, psi Loy 493 580 688
Tensile, psi 871 981 953 1016
Ult. Elong., % 197 193 170 153 _
E | Normal Stress-Strain - on excess calendered stock (after hose building) %
k| cure: press, 60' @ 320°F '
| Tensile, psi 1184 1179
Ult. Elong., % 155 165
Gehman low Termp. Properties - press cure: 60' @ 320°F
7_ Ts' b _73 . -60
3 G“@ RT, psi 123.9 101.9
E G @ -55°C, psi 42,6 709.5
Tso °c "'76 "76
low Temp. Testing @ MERDC (after one day @ -70°F)- additionnl tests in Appendix
q | TSR 3.2 b
_ G @ RT, psi 81 105
3 G @ -70°F, psi 250 462
g 1 % Tension Recovery L5 40
é : Compression Set 59.6 62.6
2 Trouser Tear (7%°F) - press cure: 60' @ 320°F
é 1bs./in. 1 14.5
i T-ndhesion to Rayon - press cure: 60' @ 320°F
A

13 17
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3 El Table XLIV
1 : Test Results on Third Hose
3 Jest Results
i Suction Discharge
» Inside Diameter an il
' ] Outside Diameter 2.70" 247
/ Hydrostatic Proof R no leaks no leaks
125 psi 50 twist, 1.82% length A o,
100 psi - no twist, 0.53% length A
1 Minimum Burst 850 psi 750 psi
Adhesions "~ tube to ply 0.312" separation 1.75" separation
| (10# load, 1 min.) '
! ; cover to ply 0.187" separation 0.175" separation
All tests were done on hose or sections cut from hose.
3
&
1
'
4

W N
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2
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TABLE XLV

FUEL AND WATER RESISTANCE OF STOCKS IN THIRD HOSE BUILDING TPIAL

Stock R199464 (Tube) R199465 (Cover)

Immersed in Type II
Fluid (TT-S-735) @ 73°F for 94 hrs. 14 days 94 hrs. 14 days

Tensile retained, % 93.0 93.8 80.4 105
Stress (100% E) retained, % 93.8 102 83.9 107
Ult. Elong. retained, % 102 9l.3 94.1 97.5
Vol. increase, % 9.6 22.1 20.2 32.3
Wt. decrease, % 0.94 1.07 1.03 V.91

Immersed in Distilled ;
Viater (pH = 7) @ 160°F for 14 days L2 days 14 days L2 @days

Tensile retained, % 78.7 75+5 86.8 86.4
Stress (100% E) retained, % 8h.1 78.8 81.8 82.5
Ult. Elong. retained, % 93.3 81.6 97.5 103
Vol. increase, % 13.2 18.4 10.6 15.3
Wt, decrease, % 1.49 1.57 1.56 1.64
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Table XLVI

Poly-Bd as Additive for Cover Stock

S A e GRBEN Sa s e A T I S R R,

Stock - R199 =473 =h7h =475
Polymer
K18161-302B 100.0 98.0 96.0
Poly-Bd - 2.0 k.o
Vulcup 4O KE 0.6 0.5 0.5
Normal Stress-strain - cure: 35' @ Z20°F
100% M, psi 871 758 717
Tensile, psi 1166 1125 1044
Ult. Elong., % 145 165 160
Fuel Diffusion Pate Ratio (cover/tube) - cure: 35' @ 320°F
tube 1.62 1.58
Gehman Iow Temp. Proverties - cure: 40' @ 320°F
T5, oF -69.7 -68.8 -70.6
G @ R,T., psi : 79.7 R 138
591

G @ -55°C, psi 309 534

Recipe: Polymer - as shown, 30 FEF black, 6 MgO, 2 stabilizer,

peroxide - as shown
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EVALUATION OF GPF (HS) AND ISAF (N234)

TABLE XLVIT

T

%

T o 50 A A '+ SO L SN A

Stock R199 -466 =467 -468
Black FEF GPF (HS) ISAF (N234)
Mix Evaluation
Brabender mixing good good good
Dump good good good
Milling good good good
Calenderable yes yes yes
Normal Stress-Strain - cure: 320°F
100% M, psi
k- by 1059 1155 752
h5* 1157 1054 806
Tensile, psi
35! 1242 1155 1465
hg 1294 1182 1422
Ult. Elong., %
35" 135 100 225
Ls! 120 125 200
% Compression Set (73°F) (25%/70 hrs.) - cure: LO' @ 320°F

15.2 15.2 43,8
Shore "A" Hardness (73°F) - on compression set button

53'0 52“.0 6200
Trouser Tear (73°F) - lbs./in. 20 9 72
Gehman Low Temp. Properties - cure: L40' Z 220°F
qu OF "'67-9 "6709 "5106
G’@ RT, psi 74 79 134
G @ -55°C, psi 293 311 1373

Recipe: 100 - polymer (K18161-302B), 30 - Black, 6 - MgO,
2 - stabilizer, 0.6 - Vulcup LOKE.
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TABLE XLVITI

EVALUATION OF ISAF-FEF COMBINATIONS

Stock R199 478 -479 -480 -481 -482
Black

ISAF (HS) 10.0 15.0 — e iy 5
ISAF - - 10.0 15.0 —
FEF 15.0 10.0 15.0 10.0 30.0

Normal Stress-Strain - cure: 320°F

100% M, psi

35 1255 1155 1077 1021 1223
60" 1260 1319 1156 1014 1290
90" 1262 1270 1198 1158 1181

Tensile, psi

35 1307 1414 1258 1333 1301
60’ . 1260 1319 1256 1286 1330
90" 1262 1325 1296 1309 1223

Ult. Elong., %

35" 110 125 125 130 110
60" 100 105 115 130 105
%! 100 110 115 120 110

Trouser Tear (73°F) - cure: U45' @ 320°F

1bs./in. 9.2 9.3 9.5 10.6 11.1

Gehman Low Temp. Properties - cure: U45' @ 320°F

Tae F -82.3 -78.7 -79.6 ~81.4 -80.5
G’@ RT, psi 79 85 69 76 88
G @ -55°C, psi 186 251 183 187 251

Recipe: 100 - polymer (K18161-302A), black - as shown, 6 - MgO, 2 -
stabilizer, 1.0 - Vulcup 4OKE except for 482 (0.75).

Lo e "
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TABLE IL
EVALUATION OF ADJUSTED HAF. ISAF (HS), RUB COREX P COMPOUNDS

Stock R199 -486 -L87 -488
Black 30 HAF 25 ISAF (ES) 27 Rub Corex P
Vulcup LOKE 12 3.3 1.0

Mix Evaluation

Brabender Mix good good good

Dump Condition good good good
Milling* fair fair fair
Calenderable yes yes yes

* Rating given for 130°F mill temperature. With these blacks, milling was

better at 100°F.
Normal Stress-Strain - cure: 320°F
100% M, psi

35! 882 814

60’ 984 970

Tensile, psi )

35! 1Lg6 1392

€0 1332 1346

Ult. Elonz., %

k- - 255 1€0

60" 120 130

% Compression Set (73°F) - 70 hrs./25%, cure: L40' @ 320°F
8.8 8.0

Shore "A" Hardness (73°F) - on compression set button
58.0 56.0

Trouser Tear (73°F) - cure: U40' @ 320°F

lbs./in. 13.6 115

Gehman Low Temp. Properties - cure: 40O' @ 320°F

T5' oF -L6.3 -62.5

G“@ RT, psi 83 101

G @ -55°C, psi 780 690

806
96

1348
1284

155
135

9.6

59.0
12.5

-58.9
ol
668

Recipe: 100 - polymer (K18161-302A), black - as shown, 6 - MgO, 2 -

stabilizer, Vulcup 4OKE - as shown.
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TABLE L

# EVALUATION OF SHAWINIGAN BLACK

5’ Stock _R199489

Mixing Evaluation

Brabender Mix good i
Dump Condition good 1
Milling good '
Calender=ble yes

Normal Stress-Strain - cure: 320°F

50% M, psi
SR 952
60" Sis7

Tensile, vpsi

i 351 ’ 1298
o 60’ 1226

Ult. Elong., %

9 35 70
60" 65

% Compression Set (73°F) - 70 hrs./25%, cure: U40' @ 320°F

p 13.6

Shore A Hardness (73°F) - on compression set button

P

H 66.5

e ; Gehman low Temo. Proverties - cure: 40' @ 320°F

;Q Tey °F «78.7, «75.1
4 G’@ RT, psi 156, 185
f G @ -55°C, psi 528, 700
é Trouser Tear (73°F) - cure: 40' @ 320°F

g . 1bs./in. 4.0

|

} ‘ Recipe: 100 -~ polymer (K18161-302A4), 30 - Shawinigan black,
| 6 - Mg0, 2 - stabilizer, 1.1 - Vulcup 4OKE.
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TABLE LI

EVALUATION CF TEFLCN 6

Stock R199 -L8L -485
Teflon € 2.0 4.0

Normal Stress-Strain - cure: LO' @ 325°F

100% M, psi 820 1147
Tensile, psi 1154 1440
Ult. Elong., % 145 150

% Compression Set (73°F) - 70 hrs./25%, cure: 50' @ 320°F
12.3 17.7

Shore "A" Hardness (73°F) - on compression set button
63.0 65.0
Trouser Tear (73°F) - cure: LS' @ 220°F

lbs./in. 17.5 14.8

Gehman Low Temop. Proverties - cure: U45' @ 320°F

T5’ o ~70.6 -74.2
G’@ RT, psi 95 146
G @ -55°C, psi L76 540

Recipe: 100 - polymer (K18161-202A), 30 - FEF black, 6 - MgO,
2 - stabilizer, Teflon 6 - as shown, 0.6 Vulcup 4OKE.




o A RSB s M G S L v o T o ik

k| TABLE LIT

|
b | EVALUATION OF TEFLON 8-A IN COMBINATICN WITH SITANE A-17%
3 Stock R199 492 493 Lok
3 Teflon 8A 4.0 2.0 4,0
Silane A-174 - 2.0 2.0

Normal Stress-Strain - cure: 320°F

P (N

3 100% M, psi
95 1596 1300 S
60! 1144 S =

Tensile, psi

35" 1650 1300 1348
60" 1248 1194 1310

Ult. Elong., %

E 351 125 100 80
' 60" 140 80 85

: % Compression Set (73°F) - cure: LO' @ 320°F
: 16.9 9.5 14.7

Shore "A" Hardness (73°F) - on compression set buttons
67.0 71.0 72.0
Trouser Tear (73°F) - cure: L40' @ 320°F

1bs./in. 50 14 50

Gehman Low Temp. Properties - cure: L40' @ 320°F f

s adan

'1‘5. oF -42.7 =51.7 -29.2
} G’@ RT, psi 103 128 115
4 G @ -55°C, psi 1328 1137 1878

Recipe: 100 - polymer (K18161-302B), 30 - FEF black, 6 - Mg0, 2 -
stabilizer, Teflon and Silane - a2s shown, 0.6 - Vulcup OKE.
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TABLE LIII
ANALYSES OF NEW PNF2-LT

No. RPP  -10721  -10743  -107%9  -1075%  -10758  -10759

DSV 1.91 1.70 1.58 1.39 2.39 2.51

% Gel 0 0 0 o 0 0

Tg, °C -82.5 -84.5 -85.0 ~-84.0 -83.0 -82.0
: % Na 0.039 0.022 0.018 0.023 0.26 0.02
3 % Cl 0.033 0.05 0.05 0.036 0.39 0.18 .-
4 % R O* 82 69 67 67 79 75 ]
b % RO* 18 31 33 33 21 25 ¥
9 wt. % F** 45.2 39.6 38.7 38.7 .0 41.3 3
3 §
3 * Mole % of pendant groups based on NMR determination. (3
3 *»* Determined on the basis of pendant group analyses (NMR). !

i
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TABLE LIV

EVALUATION OF NEW PNFO-LT'S FOR PRODUCTICN OF ARCTIC FUEL HOSE

Stock R -199498  -203807 -203308 -203811 -203812 -203814
Polymer RPP -10721 -10743%  -10749 -10754 =10758 -10759
Vulcup 4OKE 0.7 1.0 1.0 1.3 1.0 1.0

Normal Stress-Strain - cure: 35' @ 320°F

100% M, psi 272 317 570 229 852 687
Tensile, psi 1232 892 900 795 852 985
Ult. Elong., % 195 185 125 210 100 145

Mill Processing - poor for all stocks--would not form tight bond.

Trouser Tear (73°F) - cure: U40' @ 320°F

1bs./in. 16.6 21.0 125 31.0 13.0 11.0

Gehman Iow Temp. Proverties - cure: 40' @ 320°F

T, °F 2 -76.0  -=79.6
G’2 RT, psi 43 29 L9
G @ -55°C, psi 136 ok 136

% Vol. Increase in Type IT Fluid (TT-5-735) (73°F

94 hrs. 36.5 72.7 60.7
14 days 38.3 w— e

Recipe: 100 -~ polymer, 30 - FEF black, 6 - MgO, 2-- stabilizer, Vulcup - as
shown.
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TABLE LV

EVALUATE BLENDS OF PNF®-LT AND BNF2-200

Stock R -203809 -203810 -202805 -203806
Polymer

RPP1O743 (LT) : 80.0 60.0 4o.0 -
RPP10380 (200) 20.0 40.0 60.0 100.0
Vulcuv 4OKE 2.1 1.1 % 1.2

Mixing Evaluation

Brabender Mix good good good good
Dump Condition good good good good
Milling fair fair fair
Calenderable probably probably probably

Normal Stress-Strain - cure: 35' @ 320°F

100 M, psi 957 - 956 1200
Tensile, psi 1126 1286 1599 1960
Ult. Elong., % 105 100 140 120

Trouser Tear (73°F) - cure: 40' @ 320°F

lbs./in. 5.7 8.8 14.8 22.8

Gehman Low Temp. Pronsrties (73°F) - cure: 40' 2 320°F

Ts, a0 "6502 "’67-9 -5}-5 "5503
G’@ RT, »psi 77.0 139.4 575 96.6
G @ -55°C, psi 369.1 565.1 472.0 921.0

% Vol. Increase in Type II Fluid (TT-S-7%5) (73°F) - cure: 35' @ 320°F

9% hrs. 3.1 31.8 25.3 6.9
14 days 43,4 332 26.2 7.7

Recipe: polymer - as shown, 30 - FEF, 6 - Mz0, 2 - stabilizer, Vulcup
LOKE ~ as shown.
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TABLE LVI

- EVALUATION OF BLEND OF 6 BATCHES OF PNF®-LT
FOR PRODUCTION OF ARCTIC FUEL HOSE

, Stock R -203816 -203817 -203818

Normal Stress-Strain -~ cure: 320°F, measurements on ring specimens

T

100% M, psi ‘
35" 364 ks 369

Tensile, psi
o 978 1077 1045
; Lk 978 1029 963
1 Ult. Elong., %
4 35 200 203 220
a L5 193 187 193
Recipe: 100 - polymer (K15900 - three samples from three of six lots
- obtained from blending), 30 - FEF black, 6 - MgO, 2 - stabilizer,
| 1 - Vulcup 4OKE.
|
i‘
*
4 "‘f_‘:
ey - 100 -
TR




TABLE LVII

OPTIMUM BLEND OF PNF@-LT AND PNF®-200

Stock R

Polzmer

K15%00 (LT)
RPP10424 (200)

Vulcup LOKE

Normal Stress-Strain - cure:

100% M, vsi

-
60"

Tensile, psi

5"
60"

Ult. Flong., %

25
60"

% Compression Set (73°F) - 70 hrs./25%, cure:

Shore "A'" Hardness (73°F) - on compress

~20382

320°F

658
665

1041
9h6

165
140

20.0

50.0

Gehman Low Temp. Properties - cure: &4&0' @ 320°F

oF
RT, psi

Tey
6a
G @ -55°C, psi

Trouser Tear (73°F) - cure:

1bs./in.

"'7‘*02
64
219
Lho' @ 320°F

15

-203825

60
ko

1250
1328

145
135

LS' 2 320°F

13.2

ion set button

56.0

17 10

Recipe: polymer - as shown, 30 - FEF, 6 - Mg0O, 2 - stabilizer, Vulcup 4OKE -

as shown
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TABLE LVIII

OPTIMUM PEROXIDE LEVEL FOR 60:40 PNF®-LT:PNF-300 BLEND

Stock R -203820 -203821 -203822

Polymer

K15900 (LT)
RPP1C424 (200)

Vulcup LOKE

Normal Stress-Strain - cure: 35' @ 320°F

100% M, psi
Tensile, psi
Ult. Elong., %

% Vol. Inc. in Type II Fluid (TT-S-735) (73°F)

94 hrs. 34.0 31.9 31l.1

Recipe: polymer - as shown, 30 - FEF black, 6 - ¥g0, 2 - stabilizer, Vulcup
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TABLE LIX

& TRIAL BANBURY MTX, CALENDERING

Stock R -203828 -203829
K15900 (PNFR-1T) 60.0 60.0
RPP10O42L (PNF@-200) 40,0 Lo.0
4 Polybutadiene (HD-35) - 2.0
ke FEF 30.0 30.0
Mg0 6.0 6.0
Stabilizer 2.0 2.0
Vulcup 4OKE 1.3 1.1

Normal Stress-Strain - cure: 35' @ 320°F

100% M, psi ) ' 1264 1045 %
4 Tensile, psi 1360 1236 3
o Ult. Elong., % 110 125

Stress-Strain After Calendering - cure: 35' @ %20°F

100% M, psi

‘ After calendering @ RT 1354 1137
| After calendering @ 140°F 1250 1164
After calendering @ 180°F - 1069

Tensile, psi

;i After calendering @ RT 1354 1228 1
E After calendering @ 1%0°F 1250 1164 :
b | After calendering @ 180°F - 1160

Ult. Elong., %

&3 5

After calendering @ RT 100 110
, After calendering @ 140°F 100 100 5
# ‘ After calendering @ 180°F - 115

$
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TABLE 1X

BANBURY, MILL MIXING OF STOCKS FOR FINAT, HOSE BUILDING

Stock R

K15900 (PNF®-LT)
RPP1OL2L (PNF®-200)
Polybutadiene (HD-35)

FEF
MgO
Stabilizer
Vulcup 40KE

-203833 (Tube)

Normal Stress-Strain After Calendering -

100% M, psi
hge
90"

Tensile, psi

45
90"

Ult. Elong., %

45"
%'

1148
1114

1246
1216

120
110

cure:

-203834 (Cover)

60.0
Lo.0
2.0

320°F

99N
923

1195
1184

135
145

ik
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; Table LXI

' Testing Results on Final Hoses - Physical
Requirements

4 A. Collapsible Hose

{ Test Result Spec.

2 Inside Diameter 2 1/16" 2 2 110"

gy

ST W T T
FE

S
"L

S S5

st i B g

..

by .
P a8 L

Weight
Hydrostatic Proof

Length Change and

Twist

Burst Pressure

Initial Adhesions
Tube to ply
Between plies
Cover to ply

Adhesion after filling (Tyvpe II Fluid)

Tube to ply
Brtween plies
Cover to ply

B. Suction Hose

Inside Diameter
Weight

Length Change and
Twist

Burst Pressure
Crush Resistance -
% of original 0.D.

16.32 oz./ft.

No leaks or
imperfections
Length change - O
Twist - O

650 psi (coupling)

8 1bs./in.
7 1bs./in.
7 lbs./in.

5 1bs./in.
6 lbs./in.
S 1lbs./in.

2 1/16"

20.72 oz./ft.

Length Ch:nge - 2%
Twist 0.89°/ft.

400 psi (coupling)

92.3% under load

98.7% after load release

- 105 -

16 oz./ft. (max.)
No lenks or
imperfections
Length - 3% max.
Twist 7°/ft. max.
200 vsi min.

10 1bs./in. min.
10 1bs./in. min.
10 1bs./in. min.

6 1lbs./in. min.
6 1bs./in. min.
6 lbs./in. min.

2 16

32 oz./ft. max.
Length = 3% max.
Twist 7°/ft.

200 vsi min.

85% under load max.
G5% after load
release max.
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Proverties of Tube and Cover of Final Hose

( Initial Tube Cover
'§ Obtained Spec. Obtained - Spec.
! 100% M, psi 170 ——r 626 : s
Bl Tensile, psi 955 1500 912 1500
L Ult. elong., % 200 150 163 150
s
| Tube Cover

Immersed in Type II Fluid
of TT-S-735 @ R.T. for 94 hrs. Spec. 14 days Spec. 94 hrs. Svec. 14 days Svec.

£ 100 % M retained, % 103 —-—— 84.5 —-— 70.4 —-— 69.9 ———
i Tensile retained, % 79.3 60 51.3 60 76.3 4o 67.2 Lo
; Ult. elong. retained, % 81.5 85 62.5 8o 92.0 80 84.3 75
| Volume increase, % 24,2 Lo 32,3 - 4o %2.7 70 32.5 70
7 Wt. change, % —— -— 3.8 5.0 ———e e 3.7 5.0
9 Immersed in Distilled Tube Cover
Water @ 160°F for 14 days Spec. 42 davs Spec. 1k days Svec. t2 days Spec.
100% M retained, % 106 -— 774 -— ,
Tensile retained, % 85.1 80 75.3 80 ;
| Ult. elong retained, % 83.8 8o 92.0 80 '
Volume increase, % 2Lk.9 15 17.7 15
After Accelerated Weathering Cover only
(500 hrs) Found Srec.,
: Tensile retained, % 106 85
! Ult. elong. retained, % 95.5 85
After Ozone Exposure Cover only: nro cracking or checking
; Existent Gum Found Stec.
k& Unwashed, mg/100ml 1880 20
VWashed, mg/lOOOml 16.5 5
& Brittleness - after No cracking
8 166 hrs @ -70°F
4
1 Gehman Properties Tube Cover
i T5°F 638 69
‘B G @ R.T., psi 6 145
g § G @ -55°C., psi 429 700
;
I
|
0t
i
- - 106 - ;

i
¥
i &

4
3

t
3 .
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: Table TXIIT

Tests on Press - Cured Samples of Excess
Stock from Final Hose Buildingz

Stock R203 83% (Tute) R203 834 (Cover)

Normal Stress - 'Strain - cure: 35' @ 320°F

100% M, vsi 1118 1054
Tensile, psi 1308 1322
Ult. elong. 125 135

Aged 9% hrs in Type II Fluid (R.T.) =
' original aged % retained oririnal aged % retained

100% M 1103 975 83.% 022~ 789 — 79.3
Tensile 1245 1186 95.3 1219 1071 87.9
1 Ult. elong. o 123 109 125 147 118

i Aged 14 days in Tyoe IT Fluid (R.T.)

| 100% M s 1030 —=w- 1010 990 98.0
£ |

: Penaile 1250 1190 95.2 1200 1120 93.3
\ ’ ;

: Ult. elong. 90 120 - 135 130 110 84.6
9

|

&

l 2

"; .

4

|

éAi - 107 -
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DEPARTMENT OF THE ARMY
US ARMY MOBILITY EQUIPMENT RESEARCH & DEVELOPMENT COMMAND
FORT BELVOIR, VIRGINIA 22060

orxes-VU : 7 September 1976

Evaluation of Firestone PNF Elastomer Compounds for Arctic Fuel Hose

Report No: 06343 EBBY
Requested by: Fuels Handling Equipment Div, Lab 2000, ATTN: Mr, P. Mitton

Authority: A6H67FD0231

1. The purpose of this work was to evaluate PNF rubber cbmp0unds developed
by Firestone for fabricating an arctic fuel hose.

press cuved
2. The PNchompounds submitted by Firestone were identified as follows:

a. R 197-369 - Compound used in hose fabrication studies in Contract
DAAG53-75-C-0187 and described in Interim Report dated Nov 75.

b. R199-464 - Tube Compound used in third hose fabrication studies in
Contract DAAG53-75-C-0187 and described in Letter Report dated May 17,1976.

c. R 199-465 - Jacket compound used in third hose fabrication studies
in Contract DAAG53-75-C-0187 and described in Letter Report dated May 17,
1976.

3. The formulations and test data are presented in Table 1.

4. The candidate hose compounds exhibited low original tensile strength.
All other hose properties such as water and fuel resistance as well as
low temperature flexibility were met by the PNF compounds.

5. Conclusions and recommendations are withheld at this time pending a
complete evaluvation of the hose fabricated by Firestone to be submitted

at a later date.
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TABLE I

]

Formulations and Test Results of Firestone Arctic Fuel llose Compounds

PNF
PNF
EPDM

FEF Black
1g Oxide
stabilizer

/ulcup R
/ulcup 4OKE

Jured at 320°F

'riginal Properties
Tensile Str.
Elongation
Hardness
100% Modulus

od. of Rigidity,"G",PSi

fter Immersion in Distilled Water 14 Days at 1600F

Tensile Ret,
Elong.Ret.

Hardness Ch.
Volume Swell
1007% Mod Ret

‘frer Immersion in Distilled Water 42 Days at 160°F

Tensile Ret.
Elong. €

Hardness Ch.
Volume Swell
100% Mod.Ret.

"=&ter Immersion in Type

Tensile Ret.

ji Elong Ret

llardness Ch

.4 Volume Swell

100% Mocd Ret

Polymer R197- R199- R199-

I.D. 369 464 465
K18161-302A 100 - ———
K18352 — 100 97.5
—-—— ——— 2.5

30 30 30

6 6 6

2 2 2

iy = -

TR c7 07

35" 60! 60"

PSi 940 870 860
% 150 170 180
Shore A 60 58 58
PSi 610 . 350 400
71 81 105

% 70. 87 94
% 93, 97 103
Points 0 +2 +2
% 9 9 8
YA 77 113 83
% 63(1) 72 97
. 10022 94 79
Points -5(1) 0 +2
% 15¢(1) 15 13
9 sg(1 99 89
II Fluid of TT-S-735 for 94 Hrs at 73°F
% 58 56 55
% 93 85 83
Points -13 0 -6
% 22 25 33
y 4 57 60 59

Hose PD
Requirements

Tube

Jacket

1500minl500min
150min 15Cmin

60min
85min

40max

80min
8Cmin

15max
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TABLE I (Cont.)

§”§ Formulations and Test Results of Firestone Arctic Fuel Hose Compounds
El . Polymer R197 R199-465 R199- Hose PD
1 I.D. 369 464 465 Requirements

. | After 7 Days at -70°F

b | Ten.Rec. % 40 43 39 20min 20min
b | Comp. set % 66.1 60 63 -—— —
TSR % 4.9 3.2 5.2 Smax  Smax
G P&i-. 347 257 543 -—— ——
. After 7 days at -40°F
| Ten.Rec. % 73 60 60 = ———
Comp Set % 54 42 43 -— -— i
TSR —— 2.1 2 | 2,7 -— -— ;
| G PSi 146 168 283 — -—
ixistent Gum . |
- Unwashed mg/1000ml 4 20 — 1
] Washed mg/1000ml 2 ; 5 R %-
BTES: i

1. The properties were determined after 1mmeréion in water for 70 days at 150°F,
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