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SUMMARY

1-~efue1ing operations in the Arctic region must be conducted at tempera-

tures as low as —70°F. A critical need exists for fuel resistant elastomers

• that could be utilized for fuel hoses at such temperatures. This work was

directed toward providing such a hose.

The elaston~er chosen for this study was a modified phosphonitrilic

fluoroelastomer (PNF~ ). PNF~ utilized in an earlier contract (No. DAAKO2—

73-C—01+6~) produced hose capable of use at about —‘+5~F. This rrogram was

I an r~t temp t to lower that use temperature down to —70°F.

• The initial phase of this investigation was a compounding study to

develop processible cormounds which could be fabricated into collapsible

and suction type hoses. It was shown that 3everal formulations of the

modi fied 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 prov ide both good processibility and low temparature flexibility.

Using an FEF black compound, it was dernonatrated that large lengths of

both collapsible and suction hoses could be manufactured. These hoses

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

good dimensional stability and physical strength. Rather low tensile and

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

of tube and cover to inner plies were caused ~rimarily by the low tear

strength.

All trial hoses showed good fuel resist nce. The fina l, large lengths

of hose showed adequatt volume swells but high levels of residue from the

-- —— — --- —- -——--a ~~~~~~ — --
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:j ~~ existent gum test. However, it appears that considerable amounts of fuel

components were present in the residue along with some low molecular weight

PNF~.

It can be concluded that the modif ied 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

C This report describes all work performed under Contract No. DAAG53—

75—C—0187 and a modification to this contract ( P00002) . 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 ca~able of

service in Arctic environment (—70°F to +95°F).

This fina l report was prepared by the Central Research Laboratories

of The Firestone Tire & Rubber Comoany. 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 Research, and Dr. J. A. Bec1c~an , Manager of the

Elastomer 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—046’+; 6/73-

12/73). In these prior studies at the Firestone Central Research

Laboratories, it was shown that fuel hoses could be fabricated from

phosphonitrilic fluoroelastomers. However, a major deficiency of the

hose was poor low temperature f lexibil i ty (relative to the desired goals) .

A Gehean T
5 
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

fluoroelastoner (PNF~’) exhibiting improved low temnerature flexibility

was developed at the Firestone Central Research Laboratories. The present

contract utilizes this modified PNr 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 oarts:

1. Development of processible compounds.

- 

I -~ 2. Development of all techniques for satisfactory manufacture of hoses.
- 

- 
t 3. Production of fuel hose.
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In the compounding or first phase of the Program , the major objectives

were :

1. To optimize low temperature (_700F) serviceability while

-: . maintaining fuel and water resistance.

2. To obtain sufficiently high “green” and cured strength f o r  hose

- - 

- 
manufacture.

3. To attain good mill and calender release.

4. To maintain good rubber to textile adhesion.

Suitable compounds developed in the compounding studies were then

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

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

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

j -

~
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INV ESTIGATION -

1. Polymer

The polymers utilized in these investigations are modified phosphoni—

trilic fluoroelastomers (PN~~). The improved low temperature flexibility

of the modified PN~~’ 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—

t a m ing a proper balance of low temoerature flexibility and fuel resistance.

For the bulk of the work in this contract , a modified ~~~~ with a good

balance of low temperature flexibility and fuel resistance was uti1i~ ed

(K18l61). However, this high DSV rolymer could not be processed on a

rubber mill. Heat -aging -it 300~F reduced the rerve ” of this nolymer

and resulted in adequate processibility.

Additional polymer had to be synthe-~ized for tha rrod~ction phase of

the contract. The polymer produced was too los-: i~ fluorine content -and

resulted in unsatisfactory fuel resistance. However , earlier inderendent

studies at the Firestone Central Research Laboratories indicated tha t good

control of the low temaer-ature—fuel resistance ha~ ance cou ld be attained

through utilization of blends of modified and un.rodified phosohonitrilic

fluoroelastorner (PNr-.2c)0). This was an important finding since precise

control, of the fluorine content in these syntheses has not yet been worked

out. Thus, after e7aluating several blends, it was decided to utiliz’~ a

- - 
60:40 blend of modified PNF”~ to PNF~—2O0. it was also shown th—~t heat

~~ ~~ -f- treatment of this blend was unr.ecc~ssary.

~:1 .4ç..
f -
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These modified pho~phonitrilic fluoroelastomers are characterized by

lower Tg ’3 (ca. —79°C) tha n the ~N~~~2O0 (ca. —67°C).

• 
I 

- 2. General Aoproach

Since the modified ~N~~ ’s are inheren t ly  good low temperature nolymers,

the basic objective was to conoo~nd this roi y~ er in order to achieve good

rroeessibiiity and satisfactory c~ysical ororerties while still maintaining

the low temoerature flexibility. Particularly icmortant in the processing

area was to develop comnounds which showed good mill and calender release.

Compounds which could be calendered and which possessed good low

temperature and stress—strain oroperties were to be used in trial pro-

ductions of short lengths of hose. The best comrounds and hose manufacturing

techniques found were then to be utilized in fabrication of large lengths of

fuel hose.

3. Compound Develooment

The init ial  stage of our cc~ raun di rz  studies was an attempt to find

stocks which processed adequate ly .  Once good orocessing was achieved ,

attempts were made at attaining imrroved ter.sile strength, tear strength

and adhesion to fabric. In thes~ studies, i t  -.-;a s deemed necessary that

low temperature f l ex ib i l i t y  -~Geh~ an T~ —7 ~~~’) be maintained before the
-)

stock would be considered for hose buildir~ trials.

4. Trial Hose F-abrjcations
H ~~~~~~~ - - I

Sitieflctory comnound~ de~o er’~d under ~~-i s  cont rac t  were ut ilized

in bu i ld ing  of short lengths of hose by the ~aston Industrial Products
-
~ : ~ 

-

- 7 -
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Division of American Biltrite, Inc. (subcontractor). In all of the hose

- 
- prepa rations, a laminated calendered sheet construction was utilized. Also,

rayon was braided in such a manner as to p ermi t  strike through and knitt ing

of the rubber throughout the hose. Both collapsible and suction type fuel

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

provide direction for future manufactur ing effor ts .

5. Final Hose Production

The final hose building effort was an a tt emp t  to prepare 125 feet

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

hose building techniques developed during the cont ract were utilized in

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

6. Exoerimentul Details

A. Instruments

1. Laboratory Pubber Mi1l~

a. 2” x 6”, L. A’bert and Son , yodel A—6974, capacity:

ca. 100 g of PNF~-LT stock

b. 6” x 12”, Farrel—Birrningham , :~c., Model 44630,

H capacity: ca. 2 lbs. of PNY~-LT stock —

c. 10” x 12”, Farrel—~ irmingham , Inc., Model 44667,

capacity: Ca. 
~ lbs. of’ PN~~—LT stock

2. Brabender Mixer -— Model PL—V150, C. W. Brabender Instruments,

Inc., capacity: Ca. 120 g of PNF~—LT stock

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

~ 
- T capacity: cm. 1900 g of PNF~-LT stock

- -~~~~~~~~~~~~~~~~~~~~~~ , k_I&- 
- ~~~~~~~~~~~ 
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4. Laboratory Balances

-
~ 

a . Sartorius, Model 2403 —— used for weighing of curing agents

and pigments for small batches (~ O.Ol g)

b. Toledo , Model 37l() —- used ror weighing of pigments for large

batches -

- • 5. Tnstron Model No. 1130 —— The Inst.ron Coro . —— was used for stress—

strain measurements. This instrument was interfaced with  an IBM

1130 Computer for concutation of stress-strain data

6. Shore Durometer —— Shore Instrument and Mfg. Co., Inc.

7. Gehman Torsion-al Wire Aor-arat~ s —— Firestone instrument constructed

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

8. Compression Set Jigs ~~ — 25% ~eflection , Method B, were constructed

at Firestone according to ASTM-D-.395

9. Forced Air Oven -- Blue ~
‘-

~ Electric Co., f or hea t acing of polymer

10. Cold Tension Pecovery —— The test instrument consisted of a
measuring board to which are mounted several s t re tching devices

consisting of a movable and a fixed cla r. Lines are engraved on

the board at intervals corresronding to ~ach 10% stretch, based on

the length of the snecimen between the 1 ~~~ inch stubs.

B. Mixing Techniiues

Brobender and Banbury Mixes -— A. small amount of black is added to the

mixer followed by addition of the rolymer. The remaining black, MgO and

stabi l izer  are added in increments. The corround is mixed For 8 to 10

minutes and dumped. Curing agent is then added to the masterbatch banded

on a warm (130°F) mill.

- 
-

—- — - 
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- i
C. Physical Test Methods

— Test specimens were sheeted out on a rubber mill and press cured at

- - 1000 usi unless otherwise stated. Tests were -~1so run on specimens

- 
- obtained from hose samples.

- 1. 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.
- 

- 

2. Shore “A” Hardness —— ASTM—D-2240, tests made on small cylinder

(0.25” h x 0.53” d)

— 3. Compression Set —- ASTM- D-395, Me thod 3, 25% Deflection, press

- ~- cured cylinder. Low temperature tests —— ASTM—D—l229, same

-d sample and conditions.

4. Gehman Low Temperature Measurements -- ASTM-D—l053. Soecimen

1.5” x 0.125” was cut either from -a hose samaie or a uress

- cured 6” x 3” x 0.075” slab. An IBM 1130 Computer was oro—

- 
grarnmed for computation and r,rint—nut of G~hman data and gra~~hm .

All testing was r erformad in aeco~-d - -nc  e w i th  guidelines of

Attachments  #1 and #2 cited under Para~~ranh F. 1 of Sect ion F

and Section J entitled “Suecial Provisions.”

5. T—Adhesion Test —— A Fi restone test cerformed a~~ follows:

a. Using a Hytronic Cutting Machine (Model A; United Shoe

Machinery Corp.) and a 6” x 0.50” die oresare an

adequate number of sheeted strirs (0.110”) for pad

-- - building.
-i ,,~~~,- i _

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

- un to on~ piece of’ calendered fabric backing (0.051”).

4 - -
‘

-10 -
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c. 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 niece assembly, made as in a. and b.,

on top of the cords so that cords are between two layers

of stock to be tested.

f .  This assembly should now f it snug1~r into mold.

g. Cure adhesion pad-s as desired (usuall y 14~5’ @ 320~F in this

work).

h. Cords are pulled from the rubber r.ads by means of an 1130

Instron at a test speed of l0”/rinute. The top grip is a

- - srecial holder made for the cur’~d sara n i e , w i t h  a slot in

the bottom to permit the sacrie to be inserted with the

cord protruding. The bottom m~~r is 
- wedge type designed

to exert increasing tighteniru~ -s the  cord is rulled.

i. The ten cords are pulled and averaged. Multiplication by

two yields the lbs./in. value rerorted.

6. Trouser Tear —— Test followed AS T M l93~ except for these modi—

ficatiorm :

:~ Force necessary to propragate a tear measured on a rubber

sheet (0.075 ”) and not a plastic film .

b. The specimens consist of strir~ 3.5” x 2.0” with a longi—

tudina l slit 2.5” long down the middle of the sheet.

7. Tension Pecover~ —- Thi s test followed the procedure given in

the Purchase Description of’ this contract and outlined as

follows:

— 1OA —

- _ _

~ 
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a. With the stecirens at a temperature ranging from 68°F to

78°F, they are clamped j~ the stretching devices and pulled

back until the 1 1/2 inch portion of the specimen has been

stretched to 100% elongation and fixed in tha t position.

b. The stretching devices and the specimens shall be conditioned

in a low temp erature chamber for 166 hrs. 1 hr. at —70°F

2°F. The measuring board shall be conditioned for not less

than two hours at the same temperature.

c. With the test instrument and specimens still in the low

temperature chamber , the movable d amn is released from its

fixed position , and the ass~mbly is conditioned for an

additional 3~ minutes at — ‘?O~F.

d. The fina l length of the sr ecimen is determined 30 m m .

+(—10 sec.) after release of th-~ clamr3 and with the stretching

devices and s~ ’-c imens held at an ang le of 15° from the vertical.

e. The cold ter.:~on recovery percentage for each set of three

srecimeas is calculated and ~veraged. The average value is

used to determine compliance with the snecification requi re—

rr.ents.

f. The rercentage of cold tension recovery is computed from

the formal-a :

Ls-Lf’
- 

- 
% cold tension recovery = L s t h  x 100

I
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• where : Ls stretched length of snecimen

U fina l length of specimen

Lo initial length of specimen

test specimens: 0.080” wide x 1.5” long with 0.25” square

at each end

8. Brittleness —— determined in accordance with ASTM designation

D746. F
9. Torsion-al Stiffness Patio —— determined in accordance with

Method 5612 of Federa l Test Method Standard No. 601.

10. Existent Gum -— This test followed the nrocedure given in the
Purchase Description of this contract and AST!~!— D—381--70. A

test sample of hose not le3s than 1~ inches long is plugged

with a clean corrosion resisting cylinder 2 inches long

secured in place with a clamp. The sample of hose is filled

to within 2 inches of the top with TT—S—735, Tyoc II fluid. The

top of the hose is then plugged in a manner similar to the bottom.

The sample is stored in a vertical position for seven days at

ambient temnerature of lO0~F (
~2°F). Every 24 hours, the

fluid is a,~itated for five minutes by moving the hose back F
and forth from vertical to horizontal nositions at a rate

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

fuel is agitated again for five minutes end immediately removed.

:1 -
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The fuel is tested for washed -n d  unwashed existent gum in

accordance with paragrarhs 9.1-9.6 nd 9.8-9.12 resrectively

of ASTM-D-381-70.

A modified version of this test utilizes diced samples

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

II Fluid. The fl-ask is kept for 48 hrs. at 735°? (~~5°F)

with occasional stirring. Af te r  f i lt ra t ion through Whatman

41H (or equivalent) parer , the existent gum content is

determined (as above).

7. Preliminary Corn~ounding Studies

A. Unaged Polymer

H The 15’ pounds of’ nolymer u5e ] in thi.s work were r~~ -r-a r~ d in four

- batches. Stress—strain and G ’hman data for the individual t atches ‘Table I)

show all to be close to sreeifications and co~ rar- h~e. Analyses of the rjw

oolymer’ were quite consistent for the four b atches .  As a r~ s-~1t, the four

- IOD —
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batches were combined to yield a uniform lot of polymer to be used for all

development work . This polymer was designated 1u8161 and utilized as is in

all of the preliminary studies to be described.

Since earlier studies in our laboratories showed black—filled stocks

4 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

poorly and showed excellent low temperature flexibility. Processing was

improved considerably at 50 phr FEF, but the low temperature flexibili ty

became poorer with a Gehoa n T
5 

of only —59°F obtained. Stress—strain

properties were only fair  with modulus increasing and tensile remaining

— 
about the same with increasing black level.

- 

t 
G~F and a combination of MT and FEF blacks were also evaluated in the

standard formulation (Table iii). Although strass—strain properties were

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

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

lacey and could not be ealendered.

HAF black was tried at different levels and presented similar

- problems. The compounds processed very poorly and low temperature

I 
- 

f lexibili ty was poor at high levels of black (Table Iv) .

-
- 

It was felt tha t Austin black would have little erfect on low
- - 

- —  1 -
temperature properties and , ther~ fore , was tried in ca b inat ion with

— 1 1 —
- - -
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FEF black (Table V). Even at the high levels of blacks, processing

difficulties were evident ; also, the low temnerature flexibility was not

accopt-~b1e.

The processing problems experienced were similar to those evident with

high nerve polymers. To reduce this nerviness, the polymer was heat—aged 4

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 VIr). At lower

level3 of ~TF required for low tenrerature flexibility, however, the

~tearic aeid did not have any influence on mil l  Processing (Table VIII) .

The good processing formul at ion  with 50 rh r  ?EF w~ a u nr -~t i s fn ct or y  for

lo-~; tenr’~r-tture flexihilit:.’. Using this formul~-tion , lower levels of

rercxid’— . - c -~ce tried to determine if reduced cure states mi~ ht improve low

t e r rneratvr~- f lexibil i ty.  Slightly lower T
5 

an d G at  —55 °C vr~lues were

observed w i t h  the lowest peroxide level compound (Table I X ) ,  but  the

improvement s were i n s u f f i c i e n t  to warrant  use of this formulation for

hose bui ldi ng.

An evaluation of a precipitated silica , Quso ~P-82, was also ~aade.

At -.11 levels of this silica , poor processibility - -;--~s obtained (Table x) .

B. Heat—”g~d Pol ymer

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

logical c-iuse of  our processing d i f f i cu l t i e s .  It waa shown e-arlier that a one

- 12 — 
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hour t rea tment  at 300°F produced no improvements in processing and no

-
~ adverse effects on normi l  vulcanizate properties. Thus, the polymer was

subjected to more vigorous heat treatments and then conmounded in ~ standard

formulation with only 30 phr FEF. The results shown in Table XI indicated

that longer heat tre-atments did indeed remedy our processing problems.

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

was achieved as evidenced by the Gehoan 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. Fi rst Hose Bu ilding Trial

-
~~~~~ Having at tained ~iat i sfac tory  processing -and low temperature

flexibility, we proceeded to a t r ial  hose building effor t  with  the heat— -

t reated polymer. The formulation chosen was our standard one consisting

of 100 parts rubber, 30 FEF, 6 MgO , 2 stabii.iz~ r and 0.~ Vulcup P.

Our goal in this trial was to determine if our standard formulation

could be utilized in the hose building process. The suction tyne 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 collapsi ble

1 hose. Both hoses were to be prenared from laminated calendered sheets

1: - 
with braided rayon (220() deniei’, 2 ru es) requirement.

,-~~ ~ Five small Banbury mixes were necessary in order to produce the

~~ required stock for this initial tr ial .  The stocks mixed very well , and
- - ~~

.
-

each mix was cure checked P~’sult of th~se cure checks (Table XII)
-
~~ .T-

~~~~ 
;‘~~~ -~~$
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indicated that  the five batches could be blended -and calendered. The

c- ’ lendering, on a 20” ea1t~~~er wi th  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 as follows:

1. Tube stock (0.050”) was wrapred twice around a 2” OD mandrel.

2. The tube surface was freshened with MEK.

3. Tube was passed through a ~8 carrier textile horizontal braider

where one layer of rayon (2200 denier, 2 o l i es)  was applied 4n a

2 over, 2 under pattern.

t
~. Fabric—tube assembly was covered with a cement consisting of 20%

— PNF~—L T stock (xs from calendering) dissolved in acetone.

5. One inner ply (0.037”) was -applied.

6. Steel wire (0.065” OD) was sriraled on at a spacing of 0.25”.

7. Another inner ply (0.037”) was aprlied.

8. The entire assembly was passed throu~th the braider for

application of another layer of rayon (identical to the previous

layer).

9. The PNF~~LT cement was again applied.

10. Two plies of cover stock (0.050” ) were added to comnlete the hose.

11. The hose was double wra tmed with wet nylon curing  tape -and cured in

st eac au tocl ave  for two hours a t  320~ F. Th’~ mandre l  w~ s ho l lo - . ’ to

allow steam to circulate inside.

The colla psible hose was bu i l t  in s i m i la r  fa shion but consisted of only

two pl ies of tube stock , braided rayon , on° inner  rly , br~ ided rayon and two

plies of cover stock.

_ l z ~_ _
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No problems occurred during these hose bailding orerations. Green

strength of the stock was -adeouate to resist any  mill down by fabric or wire.

The hoses cured satisfactorily and removal of the hoses from the mandrel was

relatively easy with McLube 1775 as a 1u’oric~~t.

Tests were performed on the suction hose only, and ‘results are summar—

- 
- 

ized in Table XIV . In general , t~ e results were encouraging. Hydrostatic

pressure test results met or exceeded specific’tions. One problem area was

the low tensile strength and low elongations. Also, the adhesion 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—7 ~- 5)  and for water resistance.

I~~ta in Table XV illustrate satisfactory results in both fluids for our

compound.

9. Additional Compounding Studies

Following our first hose building trial , our efforts focused on improving

stress—strain and tea r nroter t  ies , i r .cr easinr  adhesion of tube rind cover, re—

ducin~ cure times and d~velorm-~nt of a rover ~arr-ou nd which would nroduce the

desired furl diffusion ratc ratio for tube n.r~ co ;er. Practically all of this

work was done with polymer (Kl8i~-l ’
~ tha t w- s :~—;a t—~ged 8.5 hours at 30O~F.

To improve the elongoti-an of our hose for m u l a t i o n , compounds with lower

1 Vulcup P levels were evaluated ~T-~ble XVI). ;~t the lower reroxide levels, the

desired elongations C> 150% ) were re-alized while modulus decreased and tensile

strengtha remained unchanged. Surnrisingly, these stocks with lower cure

states did not exhibit higher tear  strengths. Gehman low temperature proper—

ties were essentially the same for al l  compounds. All in all , it appeared

that the reduction in peroxide level would not cause any problems.

-15 -
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The Vulcur P used ~s curative in all of our work is designed for cures

at 31~0”F. However, the max~ rrum cure temperature attainable in production
— 

autocinves was 320~F. Thaa, i t  w a a  felt that improved properties and shorter

cure times could be re-t Im ed w i t h  peroxides that ini t iate at lower tempera —

- tures. Severa l dif ferent  reroxides were evaluated with our standard

formulation (Table XVII). Monsanto Pheometer data indicate shorter times

to 90% cure for Dicun aaz~ Luterco -a f ter  35’/320°F cures; however, norm—il

stress—strain propertins were essent ially identical for all compounds ,

including the Vulcup P formulat ion.  Trouser tear strengths and low

temperature flexibilities were alco compara ble for all compounds. Thus,

at 320°F, there seemed to be no advantages evident from these lower

temperature curing peroxides.

Our approach to a t ta i nin g  greater fuel diffusion rates in cover tha n

in tube stoaks was to add small -amounts of polymers with poor fuel
S

res is tance to the cover cosround. A first a t t emp t  wi th  a silicone rolymer

was futile in that the comnound rrocessed poorly and probably would not

calender (Table XVIII) .  A rre l imisary evalu-at ion of EPDM and po lybuta—

diene containing compounds indica ted  tha t Processing and normal stress—strain

-
~~~~ properties were not adversely -affected (Table XIX ) .  Fuel. diffusion rate
— 

ratio determinations showed that less than 5 phr of EPDM would suffice to

att:~in the desired ratio of 1.30 (Table Xx). Thus, a com pound with on1y

- - ; - -
~~ 2.5 phr of ~~DM was evaluated , and results were quite good (Table XXI).

Physical properties were un-affected by the EPDM rind a fuel diffusion rate

- H ’ ratio of 1.1.2 was achieved. At the same time , low levels of a non—

- .~~~ fluorina ted po].yalkoxyphosnhazene were tested. Satisfactory diffusion

H - ; ‘-
~~~~ — 16—

~~~~ 
;
~~~~~~~

‘
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rate-i resulted , but the normal stress—strain values fell well below

specifications (Table XXI).

A serious problem with our fi rst hose was poor tea r strength.

Besides the obvious consequences , roar 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 PNr—200 indicated that small quantities of

Teflon 8A improved tear strength significantly. Data in Table XXII

illustrate the influence of increasing levels of Teflon 8A on tear and

normal stress-strain properties of our standa rd PN~~ —LT formulation.

These preliminary results were qui te  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 a

problem existed with the Teflon—conta ining stocks. The compounds appeared

to consist of thin layers of rubber which could readily be 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 addit ion of the Teflon in the

Brabender rather than on the mill as in our ini t ial  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 - - 
-

XXIII). Another mixing variation , addition of silicone oil to ’ improve- -

Teflon dispersion , also had no influence- on the delamination problem

-
- 

- 

(Table XX IV) .
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A courle of silica fillers were evaluated to determine their influence

on stress—strain and tear properties. Quso WP-82 filled compounds showed

- 
- very poor tea r strengths that  coui. d h-ave been cu-’sed in tart  by the over—

cured n a tu re  of the stocks (Table xxv) .  Hi 611 233 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

qt~ite low , and there was no evidenc e of rubber on- the cord following the

test.  To remedy this situation, various known adhesion promoters were ridded

to our standard formulation and tested. None of these additives greatly

improved adhesion; all , except Cohedur RL, had detrimental effects on normal

vulc—inizite promerties (Table XXV III ) ,  and none showed any rubber on the cord

following the test.

Se -j era l d i f f e r e n t  black fillers, some of which were evaluated with  unrig ed

nolymer, were tried with the he--it aged r-olymer to determine their effects on

norma l stress—strain , tear  strength ~‘nd low temperature fl exibi l i ty .  The

results of this study are illustrated in Table XXIX. ~4il of the comnounds

procesued f-ai r ly  well , although calendering problems probably would have been

eneoustered ,-iith the lo’M structure HAF and the GPF stocks. The SAF compound

showed considerably higher tea r strength , but low temperature f lexibi l i ty

was uriaccepteb le. The HAP compound had fairly good low temperature

-
~

r
~~ 

-: f lexibi l i ty ,  but tea r strength was very poor. It appeared that the best

-
‘ 

- ‘ 
~
‘ 

overall properties were pbta ined with  the standard FEF formul~tion.

-

- 
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- -

~~~~~k~i -  - 
- - - _ _  

_ _ _ _ _



• - - -  — ---• -•--‘------- “—‘-.- __- _ _~~
__:fl ~~•_•~

__ 
~~~~~~~~~~ - - , -  P - ---

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—‘—

~
‘---- ‘•

~
-“ — - - .- :  ~~~~~~~~~~~~~ ~‘~~- -vr~

-,’mT -
~ 

- 
- -

10. second Hose Building Trial

Another hose building trial was attempted with  the cover stock (P 198625)

U described earlier (Table XXI). Besides attemp ting to attain the desired fuel

diffusion rate ratio between tube and cover, we were also attrnpting to in—

crease the elongation values obtained in our first hose building effort . To

achieve the lat t er eff ect , the Vulcup P level was reduced from 0.~ phr level

used in the first trial to 0.2 phr. Otheriwse , the formulation for this trial

rem—iined unchanged. Table XXX shows the cure check results on three Banbury

mixes each of tub e 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.

We exrerienced a little more difficulty in calendering these stocks.

The compounds were sticking slightly to the calender rolls. In spite of

this stick iness, sufficient stock a~-1s calendared to ~u i l ~i 10—15 feet of

colirtosible hose.

In th is  c’~cond t ri tl , we a t t a m pt e d  to sreaa re only collansible type
-

~~~~
, hose (15 f t .)  by the identical process described earlier. The hose

building itself went smoothly with no probl ems encount ered up to the curing

stage. After  curing for 90 m m .  at  325°F , great d i f f icul ty  was experienced

- 1 in removal of the hose from the mandrel. We eventually were forced to cut

the hose. Stress—strain properties of the tube and cover sections were

• ‘, very poor (Tabl e xxxi), and the undercured na tu re  of the tube could have

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

-

~ 
identical to that used in our f i rst , t r ia l  (McL’~be 1775).

— 19 -. 
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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 a-risen during the calendering process. To —

tent this hypothesis , a study was made of the influence of cal endering

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,

-j 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 buildi~tg tria . our efforts continued to

focus on improvement of processing, tensile strength , t e ar  strength and

adhesion to rayon. We also investigated the replacement of the pure

peroxide, Vulcup P, with a ~+0% disrersion of Vulcup on Burgess KE

(Vulcup kOKE). The results presented in Table XXXIV indicate compa rable

cures with the two peroxides. We decided to utilize the Vulcup ZfOKE

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

It w-ii also felt that improved tensile, green and tear strengths

migh t bp at tained through use of a pclvm~ r b - at  ..as heat aged for n

-2 0 -
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shorter period (< 8.~ hr~;. ~ 300°F). We f irst  followed the drop in d i lu te

solution viscosity (~sv) w i t h  30(Y’F ag ing up to 8.5 hours (Table XXXV).

Polymers (1(18161) aged for 4.5, ~.0 and 8.5 hours were then co~ r’ounded ,

cured and tested (Table xxxv). it was shown that 4.5 hours aging (1(18353)

was not sufficient to reduce nerve and yield goad Processing. The polymer

aged for 6.0 hours 0(18352) did t rocess well. ~
‘orm- l stress-strain ~roper—

ties were improved slightly by ~he reduced agir•g times while tear strength

and low temperature flexibility were essentially unchanged. It was decided

to cont inu e looking ~t ~,oiymers aged for both 6 -md 8.5 hours to determine

if there were any benefits from shorter ~•gin~ ti—es .

Continuing our search for improved reinforcement -~nd Drocessing, we

evaluated additional carbon blacks and combinations of aarb rn  b~ -~aks.

Attempt s to utilize sr~al1 amounts of SAF in conbi:wition with Austin

black did give reasonabi y good lo-~; t r m p ~~r o t ur e  flexibility, but, processing

and st ress—strain prorer t ics  were i9-~ti .a f~ c t ory Tahle X X X V I ) .  SAT’ black

in combination with FEF b l-t ck produc~ d e~ celIe nt low te  -~~ ‘~tu r e  r’ror’erties

and good tensile strength , but rrocessin~ ‘~~s aga in  very ~eor (Table XXXVII).

Use of ISAF and FEF black:~ in combination (2~ nhr to ta l)  of fe red  somewhat

better processing tha n the other combin at ions but still roorer than 30 phr

FEF black alone (Table X X XV II I ) .  Imrr oved t en~~ le stren~th and good

processing were rea ’ized wi th  IS~ F blacks alone (I-able XXX VI I I ) .  However,

tear strengths were poor and low temp erature  nror -arties only rar~ir,al.

- - - Finally, a pair of b lac ’~s u t i l i zed  in the p r i n t i nl  i ndw ;try were

- :~~ 
--  

evaluated. These blacks yielded good mill processing at low temr~er~tures,
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good stress—str-iin properties and improved tear strengths. However, low

temnerature properties were deemed unsatisfactory (Table XXXIX).

L An earlier study wi th the silica Quso WR—82 produced vulcanizates

that were overcured. Hence, a re—examination was made at lower peroxide

level and showed tha t reasonably good stress—strain nroperties could be

achieved at 0.75 phr Vulcup 4OKE (Ta 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

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 exparienced in our second hose building

— 1 effort, a third trial was made in ordé~r to produce hose with the desired

differences in fuel diffusion rotes between tube and cover stocks We

also hoped to remedy our calendering problems -and to try Vutc un  40KE and

the polymer aged for oni.y 6.0 hours.

Both press and steam cure checks were run on our preferred hose

compounds. In addition , a cure check was made after culendering on a

small laboratory calender (Table XLII). Little difference was observed

- , •~ between stocks (P199437) that were press and steam cured. However,

4. e-ilendering did produce a sizeable reduction in cure state (P199463)

- ~~
- Normal stress—strain properties were still fair ly  good a ft e r  calendering

(Table XLII) .  A slight increase in V’zlcup 40Krn was made in the hose

formulations (illustrated in Table XLIII).

_ _ _ _ _ _  
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In some calendering work on a small lab calender , it was observed tha t

our sto~ km tended to stick more --t  130°F tha n a t  l50~’F. This fact was used

to our advantage in calendering for our th i r~ hose bu i ld ing  trial. The

lower roll of th~ cal ender which contain:  th~ cu ;t i ng  knives was kept at

]J O°F whilc the upper roll was maintained 150 F. This prevented the

stocks from going to the top roll and pu~li a.~ay  fr6m the cutt ing knives.

calendering of both tube and cover stocks ~roceeded very smoothly.

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

ly) went very well except for diffic’~lties in removal of the collapsible hose

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

with a wrapped b-ar. This same technique resulted in release of the collapsible

hose but only after a considerable length of tirt-~ during which slight damage

occurred to the hose.

Results of various tests on the hose comnounds are summari7ed in Tables

XLIII to XLV. Stress—strain t~rorertiea were fair but be1o~-: the desired

soecification. Elongation;; were abo~?e the dea~ red 15~~ level , and tensile

strengths were around 1000 m i  oxc -~rt for the tube section of the collars—

ibie hose which -appeared to be undercured. ~ress cures on excess stock gave

much better normal properties and indicated t ha t  the ste-am cure had produced

poorer cures this time. Gehman low t emp er a ture  test results were excellent

for tube sections, but the Tr v-s undesirably hi -h for the cover. Apparent-

ly the ~a- ll amount of E~ L~-Y was detrimental to low temperature flexibility.

Additiona l low t emp ”r - tu re  tests were perfor~cd by the Derartment of the

- 
- Army and are summarized in the lett~ r shown in the Appendix. In general ,

H 

~~~

-

~~~~~~

- -

~~~~~~ 

the results were quite favorable with no serious problems resulting from

H the condit ioning of specimens for 7 days at  _70~ F. Tear strengths were

- 23 -

- -

—

~

-—-----



~~~~~
—

~~~~
--

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—

not very good but about as high as we can extect (Table XLIII). Adhesion

values for tube and cover to ply of the suction hose -nd for cover to ply

for the collapsible hose were well wi th in  scecif icat  ions (Table X LI V ) .

However, tube to ply adhesion for the collarsih e hose was unsatisfactory.

The latter result was d i f f i cu l t  to un derstan d since identical  compounds

were used for both hoses. The hydrostat ic  rressure tests gave accept-able

results for both hoses. Fuel and water r e s is tance  was also sat i s fac tory

for both tube and cover stocks (Table XLV).

13. Fina l Com~oundin~ Stu dies

Af t e r  our third hose buildiri~ t r ial , it - - -as  evide nt tha t we still

needed improvements in tear and tensile strer .gths and a be t tor  mandrel

lubricant was required . We also had to deve~~ r a new cover stock that

provided the desired fuel di ffusion rate and did nct inf1u~ ncc low

temp erature f lexibil i ty.

Earii~ r stUdir~3 shoved that  addi t ion of ~~~~~~~~ 1 ar ount s  of molybuta—

diene produced the desired fuel d i f fus ion  ra:a in cover stock. We repeated

this work and checked the e ffec t  on Geha-ar . low temoerature properties. It

was found that the fuel di ffusion r ate  and la-~ t —~-e r at u r e  cromert ies were

acceptable for a cover compound cont ain in ~ 2 of colybutadiene (Table

XLVI).

Continuing our search for improved rh y s i-~a~ . rroce r t ies, we eva luated

additional. black reinforcing agen ts .  A hi gh s tr ~;c ture  G?F and N 234 ISAF

blacks were compared to our standard FEF f or r u lat i o n .  The ISAF comuound

fared qu i t e  well in all tr ’sL;, t ar t i cu l a rl y  te~~r 3t r ength , but the Gehrna n

- 24
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low temperature properties --;ere well below specifications. The GPF corn—

pound showed no a d v - in t -~ges over the FEF stock and was noorer in tear

strength (Table XLVII).

An earlier investi~ation with  combinations of ISAF -and FEF blacks

indicated tha t these coocounds were c1ose to meeting specifications and

that  a repeat ana lysts was warranted. Data in - - b le XLVI I I summarize this

- I reinvestigation. Norma l stress—strain mrop ert i -~~, lo— ~ t re~--itu re  f lexibi l i ty

and tear strengths were essentially the same as cur FEF cosround. Although

the low temperature prop ert ies were greatly improved , the control compound

was also bet ter  than usual. This may indicate some problems in this series of

Gehman tests. Since processing of the FEF formulation v-is slightly bet ter, we

would not recommend a switch to the ISAF— FEF combination.

Sever— i l other blacks also provided properties close to or bet ter  than

snecifications. Hence , these compounds wore evaluated again with  some minor —

adjustr- iant s in peroxide and black levels. Goo� s t ress—strain properties were

realized with the HAF , ISAF (HE) and Pub Corex P stocks , bat low temperature

flexibility was not very good (Table IL) .

- 
- 

An acetylene black, Shawi nigan , was also eva luated at 30 phr level.

This stoc~k processed iel l -and showed fai r ly  good tensile  strength -~ltha ugh

the stock ;-;-is obviously overcured (Table L) . The Gehma n T
5 

val ue v-as ox—

cellent , but the G va lue at  -55CC was higher than desired. Tear strength

wa:; very poor , but this  v-a s undoubtedly in f luence d  by the t ight  cure obtained

fl - . ~~ on this s ock . All , in -all, the Ehawinig-tn comnound with a reduced cure state

would prob—ibl.y be conra ra ble to our FEF formul -~t ion.  Any fu ture  studies ,

possibly involving extrusthn of hose compounds, should consider both thr

Shawinigan and the ISAF—FE F combination compound3.

- 2 5 -  
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F;tr-lier work showed that Teflon increases our tear strength but also

produced a laminated stock that could be peeled apart. We tried a dif—

ferent t :-rr~ 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 s ignif icant ly  ‘~Table LI) .  ~/e also invest i—

gated the effects  of Teflon 8—A in combination with  Silane A—174 , a

cou~ling -agent. The stocks could still be delaninated , and low tempera-

ture properties were quite poor (Table LII).

14. Evaluation and Cog~roundin~ of’ New Polymer for Hose Production

In order to prepare 125 feet of collamsible hose and 35 feet of

suction hose, it was necessary to synthesize an additional 168 pounds of

PNY~’—LT. Table LIII illustrates the raw oolvrr’~r analyses of six batches

of material that would provide su f f i c i en t  m at e r i a l .  These -ana lyses show

tha t the DSV’s of these polymers are si~:a~ f i c - antl y lower  than obtained for

earlier rolym~ r (K18161 ) and that the Tg ’s are lower. The latter result is

due to the low er lovcl~ of fl uorine observed in these polymers.

Ve compo unded , cured and tested each of t~~~~t~ indivi d-i---il batches.

Normal stress—strain properties were not very good and mill processing

was very poor. The stocks would not form a t ight band but simmly ba~~ed

off the tr ill .  Qehman low t e m ne r at u r e  propert ies were eacent ional ly  good ,

hut fuel re~-; i s tance 4am \-ery poor ‘Table I T V ) .

All of the problems of the -above compounded stocks could be ascribed

to too low a level of f luori ne in the polymer. This conclu .~ion is

drawn from previous experience in our laboratories. Our earlier ,

- 2 6 -
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independent s tudies - iso Ind i c at ed  t h . t  the ~~~‘~-LT rolymers with very

low levels of fluorine could be blended w i t h  ?NF~—20fl to a t ta i n  a good

balance ot iow temperature  f x ib~ l i t y  an d  e-alvc-nt resistance. .ith this

in mind , we evaluated bl ends of one of the me— : P~ Y~—LT ’s and a PNF~ — 200.

Pesults of this investigation , summarized in Table LV, were very en—

cour-aging. First of all, the addition of ~~~~—2OO greatly improved

mill processing. Also , stress~str-ain ororer:ies were improved so that

even at 20 parts of PNF~
’-200 to 80 parts ~Nr— LT, properties equiv—ilent

to those observed in our earlier work were obtained. Both -at 20 and 40

parts of PNF~ —20O , riccertable low temperature properties were realized.

- 
- Fuel resistance was marg inal with 20 parts of ?NE~—2O0 and within

specifications (‘40%) for the 6O:~ o blend. :~ going to 60 parts of
PNF~—200 and 40 p-arts PNl~ -LT , low temperature properties fell into the

undesirable range. Thus, i t appe~, red that  blends of the two polymers

would yield desired nrsoerties rr o- iided the blends did not contain pre—

dor!:inan~ly PNV~—2O0.

The six batches of ~N~~—L we r e blended in six sep-irate lots on a

2O~ rubber mill. A cure c~~~ -~ am t h r ee of t he six lots indicated a

uniform blend ~-:a m ru - a c iuee d ~Tae l r  ~V 1) .  This blend ( 1(159-30 ) was utilized

to optimi”~ and rerform f ur t h e r  chec ks on the  ~~ F~—LT and PNF~’—200 biend~.

T:
~~

1e LVII i l l - :m~ x -a t ea  r e su l t s  of our investigation of 80:20, 60:40

~~ ~~~~~~~~ 
j and 5O:~ 0 ( :- T-~ —LT~ P ~~~~~~~~~~~ blend s .  Good r ess—s t r -~ in properties and

-
- 

-~ reasanabl y good prncesstn-~ were n~~a i n  observed for all of the blends.

- 
~~~~~~
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Low temperature properties were also acceptable for all compositions

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 Vulcu p 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 B-anbury mix , we performed a

Banbury mix and checked the calendering of recommended tube and cover

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

good stress—strain properties (Table LIX). The stocks were purposely

cured t ighter  than ultimately desired in antici p-ation of losses in cure

state during calendaring and steam curing. The slight ly  h ighar peroxide

level in the tube stock was also used to com~ ensite  for the lower cure

states usually observed in the tube section of t~he hose. The calendering

was somewhat d i f f i cu l t  du~ to slight stickins of both corn ounds to the

calender rolls. Temperature did not seem to have -a:; great an influence on

release, although higher temperatures did improve the calendering sligh t ly.

P-ither surprisingly, the c ilendering did not ap ocar  to influence the

subsequent curing and mechanical properties of these stocks (Table LIX).

-1 In view of these results, we proceeded to our large mix of final compounds

with the same formulations except for a alight decrease in peroxide levels.

15. Production of I~ rge Lengths of Hose

The fin-il, large hose building effort was performed with tube and

- 
- 

cover formulations illustrated in Table LX. A ri~ sterbat ch to tal ing  232

pounds and excluding peroxide and polybutadiene was mixed in a Banbury.

- 2 8 - 
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The batch was mixed in 6 minutes and dunned at 250°F. No free pigments

were evident , and the stock dropped readily. The batch warn then divided ,

and peroxides and polybutadiene were added on a mill. The mill mixing went

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

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

stocks reached 212°F duri ng the mill mixing. Cure checks showed good

properties for both compounds (T-ihle LX).

The calendering oreration was then performed with top rolls maintained

around 150°F and the bottom roll kept at l3O~F. We managed to calender all

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

comrounds occasionall y stuck to th~ top rolls causing -a tearing of the

calendered sheets. A sliRht 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 prepa ration of about 36

feet of collapsible hose in which t—’o different mandrel release agents1

talc and silicone mold reiease, were evalua t~ d. The hose building was

marred only by a build-up of stock which OCC rred durin~; the braiding

operation and resulted in a small knot in the hose. Pelease of the hose

was quite good with both tyne s  of release a~~ents. The hose had to be cut

at the location of the kno t , and th is  resulted in only 22 instead of the

• - 

- - required 25 feet. The ren-ainder of hose was used for testing purposes.

With the good release obtained in the rreliminary run, we continued

- 

- on to the pre~ -i ration of the 100 feet of collapsible and 35 feet of
7—
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suction hoses. These lengths were prepared with no problems and release

from the mandrel was good. Talc was utilized as the lubricant for  al l  of

these prc-t’-arations.

Both types of hoses were subjected to hydrostatic i~ressure testing,

and results of these tests are illustrated in Table LXI. All of the

requirements of these pressure tests were met for both the collapsible

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

and the collapsible hose was slightly above the desired 1 lb./ft.

requirement. Since identical compounds were used in the two hoses,

adhesions were determined on the collapsible hose only. Both before and

after filling with fuel , the adhesion v-alues were below the desired 10

lbs./in. Crush resistance on the suction hose ---as satisfactory.

Remaining test results from American Biltrite are ssmraarized in

Table LXTT. These test -s were perfor med on the ~~ll a r s ib l e  hose only,

and results  should he i d e n t i ca l  for the suction hose. T’~~sile  s t rength s

of bo th tube and cover -aare beio-~ s~ e c if ic at i o m  and ia~- -’~r than exp ected from

-~~~ tests ~r i c r to hose bu i ld ing .  ~~~~ m y - i n , the tub e ::ect~ a n was not cured -s

— t i g h tt y  -as thc cover. .~tress— strr ,in me asurem ents  a f ter  immer sion in Type II

Fluid of TT—S— 73~ ‘n d  d s ~ illed w-~ter (160°F) indicated ma rginal retent iort s

of vulcanir-ate pro~arties. Rather surnrisingly, the cover stock which con—

tai ns the ro lybut adien e sho-.-ied better retontion of ç~sim -i l pronerti.es after

l~i days in the Type II iluid. Voli increaSes and -;ei~ ht changes in

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

— 
-, bothersome was the high existent gum value. This rro~ rted rome further

~~
- -
~:. 

examin;~tions in the Firestone Iiibor-ttories which will be discussed shortly.

-
~~~~~- - 30-
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No crac~zing or checking of cover stock was observed a f t e r  the required

ozone exposure , and retention of stress—strain properties after accelerated

- 1  weath c-r ing was excellent. The low tem~erature urorerties of the tube and

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

Gehman test results (Table LXII). The Gehman Tr values were—63—69°F and G

values at —55°C were ~f 29—700 psi. -

To check that no problems were incurred during l-a.rge scale mixing and

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 s raole taken from the hose. Petentioss

of stress-strain properties after aging in Type II Fluid of TT—S—735 were

a lso much better for these press cured stocks. ~Requirements were easily

- — met for these fluid a~-,irg studies.

Due to the extremely high levels of existent gum found in American

Bilt r i te ’s testing , we repeated these tests at Fi restone. U t i l i z ing  the

diced sample technique , a va ’~ue of 60 mg/iOU ml .-~ s obse rved. Use of a

l~ ” length of hose, however, yielded 1880 mg/lOU ml.. The latter level,

confirming American Biltrite ’s results , promrtad an investig-ation of the

residue from the existent gum tea . It ‘-‘a s found tha t the residue con-

sisted of two liould layers. The two rhasas were ser-a rat .ed and analyzed

by NNP. The upper layer showed chemi cal shifts at 6.91 -~ , 2.12 ~ and

0.78 6 indicative of the arom-atic and aliphatic hydrocarbons of the fuel

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

modif ied Pr~~~. These same peaks were evident in the NMP of the lower layer

except tha t the peak at  3.95 ~ was gr’~atly increased. Also evident were

- pe-iks -at 5.65 S and 6.0 ~ indicative of the terminal proton in our C

uluoroalkoxy pendant groups. The upper phase of this residue was by far

the rt~jor constituent.

~ : ~~~
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4L DISCUSSION

The basic problem in this stu ~ y was to take an inherently good low

temperature rubber, our modified phosphonitrilic fluoroelastomer (PN}~ —LT)

and produce -fuel hose from it while maint-aining the good low temperature

properties. Thus, the problem was one of developing PNF~—LT compounds

which satisfied requirements for hose building while still maintaining

good low temperature properties and fuel resistance.

The key requirements -for compounds utilized in the fabrication of

collapsible arid suction type fuel hoses are enumerated below :

1. Must be calenderable —-  compounds must release well from mill

rolls and possess suff icient  tear strength to resist damage to

stock.

2. Must have building tack —— calendered sheets will be built up

from sever~a1 piies and green stoc~ c must stick slightly to

facilitate this operation.

3. Must resist rull down of fabri c and wire reinforcement ; here

-~~ again , good green strength is nac-ersary.

k. Must ha ’;e good adhesion —— layers of rubber and reinforcing

fabric must adhere well. With design of hose utilized , th is

is accormi  ished by good adhesion of rubber to fabric and by good

tear strength. The latter~ factor is important because of the

fibric 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 arid tear

strength are desirable.

6. Good release of hose from the mandrel —— this should be accorn—

pu shed 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 which processed well on rubber mills and showed good

green strength, tear strength and norma l stress—strain properties. The

adhesion problem was addressed sena rately and only af ter  the above

properties were realized.

It was felt tha t realization of our initial goals ~‘ould be possible

through judicious choice of reinforcing agent. Consequently, major

emphasis was given to evaluation of different fillers. As pointed out

in ou r earlier studies, a majo r restrict ion in these invest igations 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 w ith our first large batch of PNF~’—LT

w-as overcome by hea t 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 tow temperature flexibility of the

PNF~—LT, we felt that it might be possible to withstand some losser

- _ 3 !4 ...
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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 uns-atisfactory low temnerature 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 tensil e 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 combin-a—

tions at 25 phr and the Shawinigan formulation , were closest to the FEF

in overall proper t ies.

A major deficiency of the FEF compound was low -tear -stiength;.

Other formulations with improved tear did not meet low temperature

specifications. Teflon 8—A was found to imrrove tear resistance

signi ficantly, but it also produced a serious delamination problem.

Attempts to eliminate the delamination difficulties failud. To

optimize our FEF compound, we t r ied to m -a in t - in  elongation a t  break
~

above l5r~%.

In our hose buitding trials, it w-as fo~md that buil dinc~ tack w~is

very good , adhesion of tube and cover to i nner nlies was marginal and

release of the hoses from the n~ndre1 was dif fi~ uit. The mandrel

~ I , release problem was solved through use of better lubric-in4 s such as

— 3 5 —
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talc or silicone mold release. In our initial trials , we used a

lubricant , NcLube 1775, which offered the lowest t~rob~i hi l i ty  of 

uining in the completed hose.

The adhesion v-alues observed in our trial hose preparations were

marginal. We felt this situation could be greatly improved by attaining

better tear strength in our stocks und/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 fron these compounds and the

hoses were satisfactory except for low adhesion and low tear strength.

‘-e proceeded with production of larger lengths of hor o w i t h  the s- re FEF

form lat~ons because the major obj’~ct ives were fu1 fi il -~~ ~nd no t t~~r

formulaL ons were avail-able.

— The production of large lengths of hose r s~;itut~ d t~~ s~ synth~~ is

of additi-an-~i PNF’~— TIr . This synthesis work rainted out -another problem

J with P?~F~ -LT——that of good cont;-oi of fluorine content. Th~se prep-ira —

tions yielded po~ y~~ rs with lower l evels of’ fluorine than dcsired and

resulted i n  out st -nd ing  low te mp er — t t u r o  f lex i b i l it y  but poor fuel reai~~ta nce

~nd physical pro~ ertie:;. However , th is pr ob ie”~ was remedied through use of

blends of the PNF~—LT with our PNY~—200 which contains high fluorine levels.

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

- 3 6 -
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control1in~ the fluorine content and the balance b~tween low temperature

flexftility and fuel resistance.

Use of a production ~ize Banbury and rubber mill caused no unusual

problems. ~ Banbury mix of 23~+ lbs. of stock was completed in 6 minutes

and produced a uniform compound with  no loose black evident . Peroxide

and ~,m1vhiitadiene (to cover stock ) were added ta the formulations on a

mill , and this operation showed that these comsounds could be handled

readily on a production size mill . The entire batch was then converted

to c-ilcndered sheets of desired :-ize. Altho~~ h required lengths were

obtained , some holes were later four.d in the sheets and were caused by

occasiona l sticking of stock to the top roll. The sticking was only slight

and sporadic so tha t only a small ir~rovement ~n ca l ender release would

probably make this omeration free of any difficulties.

— The hu i id in .~ of bo th co l l”r s ib lo  and suctthr .  hoses proceeded very

wel I .  The few hol “i; r t -odu ’~~d du n C - I l  ~r~der I n~ w~ re mc nd~ d by cover ing

!~71 th ~ma excess stock. Building tu ck - r d  ~~‘~ n strengt h of t he comoo’ ndu

were good. Fo l- lowin~ s~ c-a r cu res , al. l lengths  of hose released re-- umnab l y

weIl - from the mandrel .

Hydrostatic rress’ire tests sho.-ied the hose construction of both ty~es

of h c;e. to be sound. Also , the major objective of maintaining good low
S

t ennera t~~r -~ fl e x ib i l i t y  was achieved.  Ozone and weathering were also good.

Volume incre-i rie~ in Tyo~ II Fluid of TT—S—735 were within specifications,

but existent gum content of fuel contained in the hose for seven days was

qui te  high. Hig h level.s of fuel components were evident in the residue
4

from the existent gum test and make the validity of our results questionable.
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Samole-s out out from the hoses showed tensile strengths of 912—925 psi.

Press cured samples prepared from excess stock showed tensile strengths of

1300 rsi. This difference is greater than usual ly  observed between a samp le

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 samoles. Considerably longer cure times, compared to

press cured slabs, were utilized in the hose fabrication. Perhaps, with

the thickness of the hosa-3, higher cure tamper-itures should also be utilized.

The adhesion of cover and tube to inne r ru es was below specification.

We h~ d exrected the adhesions to be marg inu l because of th ’~ use of FEF

black which results in low tea r strength. Howev:~r , th is  type black was

reouired in order ~o r n a i n t a  tn rrac~~si bili t - ,’ and low te~ perature flexibility.

The search for additives to improve te-~r strength of these FEF compounds

shoul d continue. With the good striVe thrnur~i of rubber, the imoroved tea r

st:-en~ th would resuU in much better adh e s i o n s .  Addjtive~; to inrrove

adhesion ta rayon might hel~ sorre’ but roor t e r  strcngtr ’. of the rubber

phase would r-~gate the benefits of better ruh ~~er to fabr ic  in ter-act ion.

Retentions of stress—strain rroperties follo-4in~ imaersions in Type ri

Fluid and water were nargin~l. Big improvements could be realized here if

the initial stress—strain properties were irproved. This is clearly shown

by the excellent retentions observed for press—cured samples of the hose - -

compounds. The latter samples had considerab~ y better in i t ial  properties.

Over-all1 the results of the large scale troduction of Arctic fuel hoses

was fairly satisfactory. Hoses could be built from our modified PNF~’, and

the resultant hoses showed good low temrer-atur~ flexibility. Properties

:
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A modified phosphonitrilic .uoroel-stor~ r has been utilized to

oroduce collapsible and suction t r e  Arctic faol hoses. Based on

- - 
brittleness and Gehman tests , these hoses shawed good flexibility at

—7 ~)°F. Both types of hoses exhibit ed excellent  dimensional s tab i l i ty  and

physical strength. In f-uct , i t ac~ ea rs th a t  a reduction in fabric , which

would improve flexibility, is fea a~b1e. Fuei resistance was generally

good except for some questionable existent ~-ur test results on our final,

large lengths of hose.

The modified PNF cormounds csn be ha ndled quite well in factory

equi pment , and it was shown that  1-argo lengths of hose could be made

Bunbu ry and mill mixing proceeded very smooth ly. Cons~d~ r~,able lengths

of ~~ teri-ai were calendered du r i n ~ the course of th is  work. It apPea rs

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

O
~

cs
~~

ian -  1 sticking of rorcauacI 3 to calender rolls caused some difficulties.

A sl i gh t improvement  in release weuld a U a v ~ -- t e  - il l  problems.

Although the modified ‘
~~~ h -a improved ‘L O -  temperature fl exibility,

it ‘~--~r found tha t h~yhl~r rei cu-r~ r~g filters ~~ill. could not be utilized

b - -ca -~~c of detrimental. effectr er desired low temperature f l ex ib i l i ty .

With ~‘- r~ ar c - ar t i c l e  size fill~ r~ , such -s PTT black, good low temperature

r - -m~~~~t. i ’-~ -?ere - I chiev .ai , ~~ t on~~- r-~rginal tensile and tear strengths

r .- -aul ted . With th” ~~a i~~ ’l ar  hea~ design utilized , the low tear strength

result ~I jri poor adhe~;ion ‘tw— ~en t’ he and co-;er to inner plies.

~~~
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RECOMMENDATIONS

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

i.n large scale hose manufac ture  and exhibited good low temperature

flexibility. Thus, major 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 he made.

In large scale production , the use of an extruded tube could be

benefici—l. 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 cainting of a solution

of PN~~ compound unto fabric greatly slows ra te of hose rrodu c tion .

An alternate for this orer-ition should be sought. —

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

a hose containing less fabr ic  should be evaluated.  Such -a hose should

possess greater flexibility.

Bec-au c e  of t he tre~ence of ~resum-ably low molecular weight PN~~

in the existent gum res idue , f u t u r e  syntheses o r  these rolymers should

exclude ~ny low molec~~ar~ -- e i ght SP e C i e S.
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GLO~SAP Y

phosphonitrilic fluoroelastomer containing
pond-m t fluoroalkoxy groans. Supplied by
Firestone.

Modified PUF~, PNP~—LT a ~hosphonitrilic fluoroolastomer with
reduced fluorine content.

MgO Stan Nag ELC.

Stabilizer Zinc bis (8—oxyquino]-ate).

Vulcup P (
~
< -~~~—bis (t—butylceroxy)diisopropylbenzene).

Vulcu~ ‘-+OKE a 1~~~% dispersion of Vul .cut P on Burgess
1+OKE provid2d by Hercules.

Teflon 8A fibrous Teflon supplied by DuPont.

Polyhutadiene HD—35, a 35 Mooney viscosity polymer
supplied by Firestone.

Shawinigan black black made from acetylene gas and supplied
by Gulf Oil C~nd a Limited.
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TABLE I

PHYSICAL P~OPEPTIES OF PNP~-LT COMPOUNDS AND RAW ~OLYMER ANALYSES

Batch No. PPP -10159 —10165 -10206 —10208 Zrec

Physical Prooerties

100% Modulus, psi ~~~55 570 575 615 Record
Tensile, psi lO~5 1110 1000 1050 1500
Ult. Elon~ation , % 160 150 165 111 5 150
Gehman T r (°F) -67 -70 —75 —77 —75 ~ 5
G (_7O0F~ (psi) 319 278 257 145 500 max.

Paw Polymer Analyses

DSV 7.29 6.78 3.94 3.39
% Gel 0 0 0 0

% c~~ 65.4 ND 62.3 59.6

% C *  19.0 ND 22.5 27.0

14.5 
- ND 13.8 12.5

Wt. % Cure Site 1.214 1.16 0.71 0.76

~J t .  % N~ 0.093 0.15 0.023 0.0112
wt. %c1 0.090 O.l’~ 0.035 0.031
Tg °C - -78.5 -77.5 —79.0 —79.5
Wr.. % F~~ 115.6 1’D 46.5 48.1

Mole % of pendant groups determined by NMP.
Determined on the b-Lsis of pendant group ar~lyses ( N M P ) .

-H -
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TABLE II

F~’1ECT OF BLACK T EVEL ON PR0CESSIIT -~ LI-ID PHYSICAL PROPERTIES

~‘$tock P.197 ~3i)O -30]. 
- 

—302 
____

FEF )3lack 20 30 11~0 50

Mi dng Eva].vLation
illxing - Fair Fair Good Good
Dump Black Loose Good Good Good
Dump Time, m m .  7 8 9-1/2 8
Milling Sticky Won tt Fair Good

band-
Lacey

Calender&ble I-To No I~aybe Yes

Physic~&l Propet”t ie~
Nor;a~i. l’eSS— St .rllifl — Cured 35~ ~ ~~O°FT WTi~~iiius , p~i 560 705~

’ 975 1050
Tensile , psi 975 1270 1050 1050
Tilt . Elongation, ~ 130 1~-0 110 100

shore_ “A”_ Hardness_ — Cured 1-F0 ~ 0 311.00?
~~~~~~~~~~~ 

______  ______- 

‘i-8 

— 56 6~+ 77
_____çJO )1

~

s. -

~~~~

)

~~~~

ci1

~~

a 1l-0~~~~3~ 0°F
~; Sot 10) F 114.t/ 19.7 28.7

Ge~ r~~n Lo~-r TO~~~~ Proporties — Cured ~~~- -  

73 
- 

-70 .68 _59
— G , RT , psi 6’F 62 88 132

G , —55°C , psi 205 30~- ~+9O 1109

For r -t-ula: 100 polymer, black as shown , 6 1-~~O , 2 Stabilizer,o)÷ Vulcup P..

~ 
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TABLE III

EFFECT OF BLACK LEV2L AND TYPE VARIATION
OTT PROCESSING I-J;D PRO?E iTIEG

Stock P.197 _
~~~~‘~ ~306 -307 3Q~~~~ 

-309 -310

Black
1f5 - - — 30

GPF - - 30 11.0 50
1-IT — - — - - 20

Rixin~g Evaluation
Mixing Good Good Fair Good Good Good
Dump Good Good Good Good Good Good

bu~dry
Dump Time, mmn. 9~- 10 10 10 10-~- 10
1-11111mg Fair— Fair Won’t Won ’t Won ’t Won’t

Good band band band band - 

-

Calenderablo Yes Maybe !To No No No

Phv. ical_Prot~ert1es

- 
1’

~2~~~~ ~~ 
S - cur

10O~ Modulus , psi 1390 1220 1070 1300 —

Tensile , psi 1390 1380 1160 1~+9O 111-80 1300
lilt.  Elong., ~ 100 120 110 110 110 90

~l~ore “A” I rdness — Cuvc~l 110? 12 3~i-O°F
76 72 511~ 63 72 67

Fo~ nm1a : 100 pol-ymor , Black as sho~n , 6 MgO , 2 Stabilizer ,o)~- Vulcup P..

4 
-~

1~1
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~~~~~~
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EFFECT OF HAP BLACK ON PROCESSING

Stock R197 3~L~~~ 32;. ~~~ .317.
HPJF Black level 30 11o 50

Physical ProDerties

Mix Evaluation
Mixing Poor Good Good

— 
- - 

Dump Crumbly Good Good
- - Dump Time, m m .  10~ 16 11

Milling Poor Lacey Lacey
Calezmderable - No No No

- Normal Stress—Strain — Cured. 3~~’ @
— 1OO~ Modulus , psi lOtmfO 1220 1200
- 

Tensile, psi 1011.0 1520 1370
lilt. Elongation, % 100 120 110

- Shore “A” Hardness — Cured ~+O’ ~ 311-0°F
67 70 82

Ge~hman Low Tenm. Prooerties - Cured 35’ @ 3~+O°F
- T~ , °F -65 -6o —11-0

G? RT, psi 132 125 25].
G, —55°C, psi 612 8011- 3269

Formula: 100 Polymer Black as shown, 6 MgO, 2 StabilIzer,
0.6 Vulcup L

1~~ I
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TABLE V

EFFECT OF AUSTIN BLACK ON PROCESSING

Stock R197 -130 -331 -332
- 

- 

FEF Black level 30 11-0
Austin Black level 20 10 20

Physical Properties

Mixing Evaluation
Mixing Good Good Good -

Dump Good Good Good
Milling Won’t Poor Fair

Band.
Calenderable - No No Marginal
Torque @ Dump (m-gms.) 3990 3920 3850

Normal Stress-Strain - Cured 1’’ ~ 31f0°F
l0O~ Modulus , psi - - -
Tensile , psi 1025 1050 - 91~5
lilt. Elongation , % 95 95 80

Shore “A” Hardness - Cured 110’ @ 31i-0°F
- 

70 7~+ 76

Gebman Low Temperature Properties — Cured. 3~~’ ~ 31+0°F
T5, °F — - -59
G,RT,psi — — 185

- 

- 

G, —55°C, psI — — 13211

Formula: 100 Polymer, Black level as shown, 6 MgO,
2 Stabilizer, 0)-i Vulcup B.

- 4 7 - :~

- -~~~~~~ 

- -



EFF~ECT OF itFd~T TREATflE!~T ON PROCESSING

-: 
- 

Stock R197 ~3O1f —30~
-

- Fe~ture Control Heat Treated
— Polymar (1 hr.

~ 300°?)

Mixing Evaluation
- 4 Mixing Fair Fair

Dump Good Good.
Dump Time, m m .  7-1/2 7—1/2
Milling Won ’t Won ’t

band- band-
Lacey Lacey

Calenderabl e i~O ITO

~~y~ical Properties

11orr~.ai Stress—Strain — Cured 35’ ~‘ 31--0~F
1OO~Thodu1u~ , psi 900 l0~+O
Tensile, psI. 900 1225
lilt. Elongation, ~ 100 110

Shore “A” Hardne~ s - Curod 11.01 ~ 3~-0~ i?
- 59 62

Formula: 100 Polymer as shown , 30 F~~~, 6 MgO , 2 Stabilizer ,
0)-i Vulcup P..
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TABLT~ VII

EFFEcT OF STEARIC ACTD ON PROCE SSING

Stock R197 ~3~O3 -3 3  _ _ _ _

Feature No S.A. 2 S.A. 2 S.A.
6 1-IgO 0 }lgO 6 1•1g0
0 ZnO 2 ZnO 2 ZnO

I-1ixin~ Evaluation
Good. Good Good.

Dump Good. Good Good
Dun Time , m m .  9 9 9
Milling Good Excellent* Excellent
Caleriderable Yes Yes Yes

*5-bock was softer than R19731~+ probably too soft to build
suction hose.

Forrru~p:~ 100 polymer , 50 FE?, Stearic Acid , 1’!gO, and. ZnO as
H sho~-m.
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TABLE VU,I,

- 
- EFFECT OF STEARIC ACID AS A PROCESSING AID

Stock R197 ~318 —321 -322 —321

Black level 30 ~+o 11.0
Stearic Acid level 2 2 1 0.5

Physical Properties

Nix Eva luation
Mixing Good. Good Good Good.
Dump Good Good Good Good
Millin g Lacey Lacey Lacey Lacey
Calexmderable No No No No

- 
- Torque @ Dump (m-gms.) 3000 3750 3500 3500

Normal Stress-Strain — Cured 35~ (-~3 1)+00F
100% Modulus , psi ‘~85 875 920 1350
Tensile, psi 1250 1250 1360 11+65
lilt. Elongation , % 190 150 150 110

Shore “A” Hardness - Cured 1+0’ (~ 31+0°F
- 57 67 65 68

Formula: 100 polymer , FE? Black and Stearic Level as shown ,
6 NgO , 2 Stabilizer , 0)-i- V-ulcup R.

- 5°-
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TAi3LE IX

EFFECT OF LOWER PEROXIDE LEVEL ON PHYSICAL PROPERTIES

Stock P.197 —303 —311 —112

Peroxide Level 0)-i 0.3 0.2

Physical Properties

Normal Stress—Strain - Cured 35’ ~ 11+0°?
ioo% Modulus, psi 1285 1000 760
Tensile , psi 1285 1200 930
Ult. Elongation, % 

100 120 130

Shore “A” Hardness - Cured 1+0’ @ 11+0°?
79 75 73

Gebman Low Tem~eratur e Prouerties - Cured 35’ ~ 111-0°?
• —51 —~11.

G, RT, psi 215 175 111-8
G, —55°C, psi 191+6 11+92 1225

Formula: 100 polymer, 50 FE?, 6 MgO, 2 StabIlizer, Vulcup B
as shown.

I

— 

• 

~~~~~~~~~~~~~~ 

-———— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~~~~~~~~~~ 

—

~~~~~~~

- - 

~~~~~

- -

~~

- 
-

~~~~ 

• - - -  - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -

~~~~~~~~~~~~~~~~~~~~~~~~~I T ~~~~ TT~~~~p 
4-

TABLE X

EFFECT OF SILICA ON PROCESSING

Stock R197 -3’+8 —11+9 —3~ O

Quso ‘WR-82 SilIca 25 30 35

Mixing Evaluation
Mixing Good Good Good —

Dump Good - Good Good
Milling Lacey Lacey Lacey
Calenderable No No No
Torque @ Dump (m—gms.) 21+00 21+00 2500

Formula: 100 Polymer, Silica as shown, 6 MgO, 2 Stabilizer,
0.11 Vulcup P.. -
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~~~~ TABLE XE

NEAT TREATED POLY!1ER

Stock R197 -353 —355 - - —361 ..351~ —356 
—

- 
- Heat Treatment — 16 hi’s. 16 hi’s. 16 hi’s. 16 hi’s. 8+ hi’s.In forced air oven (~)

- 250°F 275°F 290°F 302°F 302°F
Physical Properties

}Lixing Evaluation
Mixing Good Good Good Good Good

( Dump Good Good Good Good Good
Dump Time , nu n. 9 8 9 9 10
Milling Good* Good* Good Good** Good

- Calenderable Marginal Marginal Yes Yes Yes
Viscosity @ Dump 11-250 3250 2850 2750 2800

(rn-gins.) -

Normal Stress-Strain — Cured 35.’ @ 31+0°F
100% Modulus, psi 1330 12’iO — — —Tensile , psi 1330 121+0 880 930 1210
lilt. Elongation, % 100 100 75 80 90
Shore “A” Hardness - Cured i-tO’ @ 31+0°?

60 63 - 65 61+
Gehman Low Temperature Prop s. - Cured 35’ @ 3110°?- 

—70 —72 —67 —72 —70
G, RT , psi 85 1011- 116 131 117
0
, -55°C, psi 3110 392 587 519 509

Formula : 100 Polymer (heat treated as shown) , 30 FE?, 6 MgO ,
• 2 Stabilizer , 0.11- Vulcup R.

* Small Bank on mill cool rolls.
**Probably too sof t build suction hose.

- 5 3 -
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TABLE XII

STRESS— STRAIN PROPERTIES ON HOSE STOCK

Rl97 —369-1 —2 -3 -11- — 5

Normal Stress-Strain - Cur e~~~~~~~~ 320°?
1OO~ Modulus , psi. 995 ’ 1060 930 1000
Tensile , psi 1170 1085 1180 1060 1160
lilt . Elong., ~ 120 110 110 110 110

- Formula: 100 Polymer (Heat treated 8+ hi’s. @ 302°?) , 30 FE?,
6 1-Ig O , 2 Stabilizer , 0.1+ Vulcup R.

- 
- These were 5 batches mixed in a Banbury Mixer (TyD e B) and

blended for hose fabrication.
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TABTLE XIII 
- -

DIMEN~~ OjI-S OF STOCK FOR HOSE FABRICA.TIO~I - -

Suction Hose

Tube 13.625” x .050” —

Inner Plies 7.625” x .037”
8.125” x .037”

Cover 16.875” x .050”

Dischar i~e Hose

Tube 13.375” x .037” -

-

- 
Inner Ply 7.375” x .015”
Cover 15.125” x .037”

~~~
, 

.~~ ?

— 5 5 —

- --

— ---‘--~~~~~~~*-~~~~ - - ~~~ --  —---—- -- --- - - -—-~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ -~---~~~~~~~~~~~~~~~~~~~~~ -~~~~~



~~~~~~~~~~~

- 
~~~

- -
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _

- TABLE XIV

TEST RESULTS ON SUCTION ~flSF~

The followi ng tests were perThrrned by American Biltrite on the first
suction hose built  on November 5, 1975. All te3ts are comoared to standt~rds
specified in Purchase Th?scription of thi~ contract ~nd in MIL—H—370C.

Test Standard Test Results

Inside Diameter 2” ~ 1/16” 2”
Outside Diameter 2.656 ~ .062 2.60
Hydrosta tic Proof No Leaks @ 100 psi No Leaks
125 psi vax. Twist 7°/ft. - No Twist

— 3% Length Change + 1.31%
Minimum Burst 200 psi Mis. 750 psi
Ori ginal Tube Tensile Strength 1500 psi Mis. 960 psi
Origin-il Tube E1ong~ition 150% Min. 140%
Original Cover Tensile Strength 1500 psi Mis. 950 psi
Original Cover Elongation 150% M m .  110%

70 hrs. ~ 7 3’F  — Reference Fuel B

Tube Tensile Strength 600 psi Mm .  803 p~i
Cover Tensile Strength 600 psi M m .  770 psi
Tube Elongation 100% Mis. 100%
Cover Elongation 100% M m .  100%

Adhesions (Original)

Tube to Ply 1” Max. senarition 3/4”
Cover to Ply Under 10 lb. Load 9/16”

Adhesions (ASTM #3 Oil)

Tube to Ply 1” Max. seraration 3/4”
F Cover to Ply Under 6 lb. load 7/8”

Vv,lur~ In-: rease — 70 hr-s. E~ 73°F — Reference Fuel B

Tube - 60% ?~~x. 18.8%
Cover 100% Mnx. 18.8%

Shore “A” 1-hrdness

Tube - 
-— 56

Cover —— 60

— 5 6 -
ii - - 
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TABLE XIV (CONTINUED )

- ; TEST RESULTS ON SUCTICN H0~E

Test Standard Test Results

- Low Temperature Flexibility

- After  36 hours at —70°F the hose was very flexible

Existant Gum Max. 20 MG/100 Ml. 4.2 MG

-
j Test (Tube)

- 
I 

Crush Resistance - —15% Max. Deformation -9.6%
- 95% Mis. Recovery 97.4%

- I 
Ozone Cover Resistance

-

~ 72 hrs. ~ 50 PPIU4 No cracking 7X Mag. No. Cracks

The hose manufactured wem ghed approximately l.~ 5 lbs./ft.

-5? -

— p p



‘I

TABLE X V

• PP0PF PTIEC~ ON STOC K IN F~P~ T ~fl~-: BUILD

P197 —369

- I 
Form-ila

Kl8l6l—302A~ 100

FE? Black 30
MgO 6

Stibilizer 2
Vu Lcup R Peroxide 0.4

Physical Pro nert i t-s

- 

- Norn-il Stress—strair. — press cured 35’ Q 320 F

100% Modulus, psi 750
Ten~;ile , psi 

1120
Ult. Fiorigation , % 150

Aging in So1v~mts — ~~~~~ cured (35 ’/3 2 0 °F ’) s-u..oles

Aged Stress—striin~ — 94 hr.~~ 
(~ 73”V i n  Tv~ e II Fluid

Contro l Aged % Retention Spec

10(I~ Modulus , psi 780 650 ——
Tensile , psi 1110 86(1 77.5 60
Ult. Elong., % 140 125 89.5 BC)

~ged Streca—~ trnin — 14 diys @ 73°? in Tyre TI Fluid

Control Aged % P~— t e n t i o n  Frec

p - i v ~ ~~ i~ ius , ~si 8~o 700 ——
Tensile , nsi ~~~ 

84() 74.5 60
Ult. El ong., % 1~0 125 89.5 8o

A_giid St.re~;~-~~ r-’in - 14 days in distilled ~~~ ~ 160°F

Control Aged % Retention Spec

100~ Modulus , psi 910 770 -- —

Tensile, psi 1100 940 85.5 8o
Tilt. Elongation , % 120 140 117 80

K18161 heated 8 1/2 hr~. ~~. 302°F.
A control from the same sl~ib was testcd with e~ch aged sample.

- — 58— 
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TABL E XV (CO N TIN UED )

PPOPEPTIES ON STOCK IN FIP~ T HOER B U IL T )
- 

1 P197 -369

Volume Change

Type II Solvent £am~le Spec

94 hrs. @ 73°F, % ch’inge 19.8 40
14 days C~ 73°F, % ch-~inc~ 18.5 40

Di stilled

i~
; d-~y~ ~~~ 160°F, % change - 10.9 15

42 days @ 160°F, % change Not Comnleted

~~ i~ ht change

Tyne II Solvent Samr1~ Spec

94 hrs. 0 73°F, % change 2.1. 5
14 d -~y~ 0 73°F, % change 1.1 5

Distilled H
2
0

14 days 0 160°F, % change -1.2 5
42 days ~ 160°F , % change Not Co~p1eted
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________________TABLE XVI

EVALUATION OF LOWER PEROXIDE LEVELS

Stock R197 —356 -362 —363
Peroxide Level 0)-i- 0.3 0 2
Physical Properties

Normal Stress-Strain - Cured @ 320°F
lO0~ I-4odulus, psi

cure 980 700 500
35’ cure 1050 850 675
Tensiie~ psi
251 cure 1080 1120 1050
35’ cur e 1110 1190 1100
Tilt. Elong~ation , ~25’ cure 120 150 200
35 ’ cure 110 150 170

Shore “A 11 Hardness - Cured ~i-0’ ~
6’i- 59 Sif

Conrnression Set @ RT - Cured ~+o’ ~ 3~i-0°F
70 hi’s, % Set 16.8 20.0 23.2

Trouser Tear @ RT - Cured 3’~~ @ 320°F
lbs./in. 11 8 12

Gehnian Low TemDeratur e Properties — Cured 3’~~ ~ 320°F
T5 °F —65 —69 —67
& RT , psi 99.0 96. 0 82.8
G @ —55°C , psi 52~+.5 ~+O6.O ‘+08 )-i-

- - ReciDe: 100 Heat treated polymer , 30 FEF , 6 MgO , 2 Stabilizer,Vu~cup R peroxide as shown.

I
- -
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TABLFL XVII

EVALUATION OF DIFFEREI~T PEROXIDE TYPES

R197 -369 -370 —371 -372
Peroxide Type

Vulcup R 0.’+ - - -

Dicup 1F0C - 1.6 - —

Vulcup ‘+0KB - - 1.0 -- Luperco 230XL - - - 1~7
Physical Properties

Monsanto Rheometer 
~ 320°F,, 1° Arc 100 RPM

Scorch (2 unit rise) 6.0 5.~ 6~8 3 2  —

“in.
90% Cure, m m .  38.0 2~+.3 39.8 11.7Torque (mm .) , 9.8 9.1 9.1 10.9dn.m
Torque (90% Cure), 20.6 18.1 19.9 18.9

dn.m
Torque (100% 21.8 19.1 21.1 19.8

Cure) , dn.,n

Normal Stress-Strain — Cured 35’ ~ 320°F
100% Modulus, psi 770 ~+65 7’+O 800
Tensile , psi 1260 1150 1170 1210

— lilt. Elong., % 150 160 1’+O 1’+O
Trouser Tear (~ RT - Cured IS’ @ 320°F
lbs./in. 11 11 11 10

Gehman Low Temp. ProDerties — Cured 35’ @ 320°F
T~ °F - -67 -71 -71
G4RT, i~~

i . — 85.9 82.9 77.5a ~
@ —~~°c, psi — 390.8 320.5 273.9

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

• — 61—
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~~BLE XVIII

EVALUATION OF SILICONE AS AN ADDITIVE IN COVER STOCK

Stock R197 —3 56 —379 -380 -~38i

Polymer System
K18161~.302A* 100 95 92.5 90
Silicone** — 5 7.5 10
Physical Properties

Mixing and Processing Evaluation -
- 

I Mixing Good Good Good Good
Dump Good Good Good Good
Dump Time , m m .  8 

- 

9 8 8
Milling Good Won’t Band Won’t Band Won’t Band
Calenderable Yes No No No

Normal Stress-Strain - Cured 35’ ~~~~ 300°?
100% Modulus, psi 1150 870 800 820

— Tensile , psi 1310 1075 975 1010
Ult. Elongation, % 120 120 120 120
Shore “A” Hardness - Cured 35’ ~ 320°F

- 63 58 57 59

* Heat treated K18161, 8-~- hrs. @ 302°F

**Union Carbide W-982 Silicone Rubber.

Recipe: Polymer as shown , 30 FE?, 6 14g0, 2 StabilIzer ,
0)-i- Vulcup R.

- ~~~~~~~~~~~~~ ~~~ — - -
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TABLF~ XIX

EVALUATION OF POLYBtITADIENE AND EPDM AS ADDITIVES FOR
THE COVER STOCK

Rl97 —35 6 -391 ~ 392 -393 — _391f

Polymer System
— 

K18161-302A 100 95 90 95 90
EPDM - 5 10 — —
Polybutadiene - - - 

- 5 10

Physical Properties

Mixing Good Good Good Good Good
Dump Good Good Good 

- Good Good
F . Dump Time, m m . 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 85 60

Recipe: Polymer as shown, 30 FE?, 6 NgO, 2 Stabilizer,
0)-i- Vulcup R

S 

-

~~ 
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TABl E XX

FUEL DIFFUSIO2I RATIO OF EPD~-~ COVER STOCK

____ R197 — 356 -391 —392

Polymer Sy stem
~T8161-3o~~ 100 95 90

-

~~ 
EPDM - 5 10

Physical ProDerties

Nix Evaluatiofl 
-

Mixing Good Good Good
— Dump Good Good Good

Dump Tim e , m m .  7 10 6
Milling - Good Good Fair

- 
- 

Calenderable Yes Yes Marginal

Monsanto Rheometer @ 320°F . 1°Arc , 100 RPI-I
Scorch (minutes) 7.1 5.5 5.3
90% Cure (minutes) ~+6.O ‘+‘+.O
Torque (Mm .) , d N m  10.0 11.0 11.0
Torque (90%) , dN~ m 22.1 29.0 30.8
Torque (Max.), dN•m 23)-i- 31.0 33.0

Normal Stress—Strain - Cured 35’ @ 320°F
l0O~ Modulus , psi 1130 1000 1000
Tensile, psi 1320 1075 1120
Ult. Elongation , % 120 110 105

- - - Fuel Diffusion Rate
- : Rate - 11. oz. ft. 2 .2~+ hrs.~~ O.9~i- 1.87 2.87
J Diffusion Ratio - 1.99 3.05

- Recipe: Polymer as sho~m , 30 FEF, 6 11g0 , 2 Stabilizer ,
- 0)-i- Vulcup H.

S

I
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TABlE XXI

Cover Stocks for 0oti~ u~
Fuel Diffusion Rate Ratio

Stock - R197363 P19B625 R198626 R198627

Polymer
K18161-302A 100.0 97.5 97.5 95.0
EPDN -- 2.5 — -  — -

K18315
1 -- -- 2.5 5.0

Mix Evaluation -

Mixing Good Good Good Good

Dump Good Good Good Good
Milling Good Good Good Good

Calenderable Yes Yes Yes Yes

Monsanto Pheometer

(0 320°F, 1° Arc , -

100 RPM)
Scorch (mm .) 11.3 12.6 12.8 17.8
90% Cure (mm .) 50.3 45.8 ti4.8 44.3
Torque (mm .), dN • m 7.8 7.9 7.8 6.8
Torque (90%), dN • m 13.1 13.2 12.~-i 10.7

H Torque (max.), dN • m 13.7 13.8 12.9 11.1
Normal Stress—Strain -

P (cure : 320°?) 
-

100% M, psi

35’ 560 5-30 377
45’ 563 616 452 478

Tensile, psi.

35’ 1020 1000 852 738
L ~~ ~~ - 

-
- - “5’ 1038 1038 853 768

- ~~~~~~~~~~~~~ lilt. Elong. , %

- i -

- 

35’ 160 155 198 205

1e5~ 135 150 190 185
Fuel Diffusion Pate Ratio

- 
Tube 1.42 1.36 1.74

1. A non-fluorinated polyalkoxyphosphazene.

Recipe : Polymer as shown, 3OFEF, 6 ?1g0, 2 stabilizer , 0.2 Vulcup R.

____________ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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H TABLE XXII

- EVALUATION OF TEFLON 8A AND ITS EFFECT ON TEAR RESISTANCE
- - R197 —356 -3~82 —383 ~38’i- -385

- Teflon 8A 0 2.5 5 7.5 10
- 

- Physical Properties

Nix and Processing Evaluation
Mixing Good Good Good Good Good
Dump Good Good Good Good Good - ;

Dump Time , m m .  - 8 7 7 5- Milling Good Good Fair Fair Fair
Calenderable Yes Yes No No No

Normal Stress-Strain - Cured 35’ @ 320°F
10O~ Modulus , psi 1100 1370 1790 - -

Tensile , psi 1170 1~+9O 1790 1750 1970
Ult. Elongation, % 110 120 100 80 80

Shore “A” Hardness - Cured 35’ @ 320°? F l
58 - 6 3  70 71 68 H

Trouser Tear -@ RT - Cured 35’ @ 320°F
lbs./in. 7 15 36 59 56
Crescent Tear (Die B) @ RT - Cured 35’ ~ 320°Flbs./in. 128 203 266 313

Recipe: 100 Heat treated polymer , 30 FE?, 6 Mg O , Tef lon 8A
a~ shown, 2 Stabilizer, 0)-i- Vulcup It.

t
i1~1 -66 - 
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TABLE XXIII

Evaluation of Teflon—8A (Added in Brabendor)

Stock P199 -43.7 - 418 —419

• Teflon-8A (phr) 0 2 5
Mix Evaluation

-i Mixing Good Good Good

Dump Good Good Good

Milling Good Good Fair
Calenderable Yes Yes Maybe

Normal Stress—Strain

(cure : 32007) -

100% M, psi

35’ 
- 784 948 1201

45’ - 

- 

784 1013 1201
Tensile , psi

35’ - 
1126 1244 1263

45’ 1094 1162 1400

Ult. Elong., %

35’ 150 140 110

- -j 125 135
Trouser Tear @ P. T.

(cure : 40’ 0 320°F) 12.3 34.4 93.8

- i Shore “A” Hardness (73°F)
(cure: 40’ 0 320°F) 

52.5 64.0 63.0

Comjression Set

70 lire. 0 P. T. 17.6 20.0 27.7

(cure : 40’ 0 320°F)

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

7
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TABLE XXIV

Evaluation of Teflon-8A and Silicone Oil

Stock P199 -422 -423 —424

Teflon-8A3 0 2.0 5.0

Silicone Oil’ 0 2.0 5.0

Mix Evaluation
Mixing Good Good Good

Dump Good Good Good

Milling Good Good Won ’t Band
Calenderable Yes Yes No

Normal Stress-Strain

(cure : 320°?)

100% M, psi

35’ 788 900 816
- 904 853 941

Tensile , psi

35’ 1085 1204 995
65’ 1021 1123 941

Ult. Elong. , psi

35’ i4o 195 150

45’ 120 185 100

Shore “A” Hardness (73°?)
(cure: 40’ 0 320°F) 52.0 63.0 67.0

Trouser Tear 0 P. P.

-
~~ 

(cure : 40’ 0 320°?) 
11 155

1 Dow Corning Fluid (710)

Recipe 100 polyrer (K1816l-302A), 30 FE?, 6 MgO, 2 stabilizer ,
— 

- 
0.2 Vulcup R , Te flon 8-A and silicone oil as shown.

68- .
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-: TABLE )CCV 
-

EVALTJATION OF OTJSO ~JR-82 SILICA AS A FILLER

— Stock R198 -603 -6o~÷ -6Q~. -606

- - Quso ~JR—82 Silica, phi’ 20 25 30 35

- Physical Properties

Hlx Evaluation - 
- 

- 
-

Mixing Fair Fair Fair Fair
• Dump Loose Powder on all Stocks

Dump Time, m m .  10 - 10 10 10
Milling Sticky Good Good Good
Calenderable I-so Yes Yes Yes

Monsanto Rheometer ~ 320°F. i°Arc. 100 RPM
Scorch (minutes) 5.0 3.9 ~+.0 ~-1. 0

- 90% Cure (minutes) 37.6 37.8 38.8 38.8
- Torque (minutes), dN.m 5.3 6.1 6.0 6.5

Torque ( 90%) , dN .rn 15. 7 22.2 23.5 26.7
Torque (i-lax) , dN .m 16.8 21+.0 25)-i- 28.1

r -

~T ’ ~t~~ ~~~~~~~~~~~~~~~ -_(h,rc~ri ~~~ ? (
~ ~2fl °W

100% Mothilus , psi - 

- 

-

Tensile , p si. 8~÷O 960 810 820 -

Ult . Elong.,  % 90 90 70 60

~~~ user Tear -@ RT — Cured 35’ Q 320°F
lbs/in 3 }~,- 5

L -
- 

Recipe: 100 K18161-302A , Filler as sho~-m , 6 1--IgO , 2 Stabilizer ,
:- - O)+ Vulcup R
~~~~~~ - -:~1

-- 
-i .:

~~; - - - -
- :- - -
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AT3T E )Oc’1I

EVALIJATIOM OF HI SIL SI LICA AS A FILLER

Stock R193 -608 -609 -610 -611

Hi 811 233, phr 20 25 30 35

Physical. ProDert ies

Mixing Evaluation
Mixing Good Good. Good Good
Dump Good Good Good. Good
Dump Time, minutes 10 12 12 12
Milling Stic1-~y Sticky Fair Good
Calenderable No ITo No Yes -

Monsanto Rheometer @ 320°F , l°Arc , 1OC RP~-~
~-corch , (minutes) 

1+.7 5.6 5.3
90% Cure, (minutes) 32.5 35.7 25.5 15.1
Torque (mm .), dN.m 10.8 10.1+ 16.8 32.1
Torque (90%), dN~~m 23.9 25.2 36.1+ 68.9
Torque (Max) , dNm 25.1+ 26.8 38.6 73.0

Normal Stress-Strain - Cured 35’ -@ 320°?
1O0~ Modulus , psi — - - —

T ensile, psi 500 560 71+0 880
Ult. Elong., ~ 60 50 60 

- 
50

Shore ‘tA” Hardness
63 68 78 82

Trouser Tear @ RT - Cure~~~~~~~~~20°?
1b~~/in 7 9 8 12

‘~~~~ j~~ - - - :  ‘00 I~1 -~~6’-302i~, Filler as sho~~~, 6 1-g 0 , 2 Stabilizer ,
0. ~i V t1 t:~p . H
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TAi3rz~ XXVII

ADJ-2310N OF STOCK TO RAYON

• Stoc R197 -3~69

-

~ 

- T-Adhesion to Rayon U3ed In Hose — Cured 35 ’ (~ 320°?  
- Tes ted (

~ RT
Beaver Rayon
lb s/in 20
% Coverage 0

Beaunit Rayon
ifs/in 18
5~ Coverage 0

Recipe: 100 K18161-302A , 30 F~~F , 6 MgO , 2 Stabilizer, o)+ Vulcup R
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TABLE XXVIII

Evaluation of Potential Promoters of
Adhesion of Rayon to PNF~~~~_

Stock P197363 P198615 P198616 P193617 P198618 P198619
Additive None Cohedur Resorcinol Cyrnel 301 Resorcinol Manobond C

- - RL + Hexa + Cyrnel 301

Normal Stress-Strain

(cure : 35’ 0 320°?)
100% M , psi 693 859 -- 471 530 533
Tensile , psi 1070 1067 800 651 530 777
tilt . Elong. , % 165 135 8~ 155 100 190

P-Adhesion 0 P. P. -

to Beaver Rayon ;

(cure : 35’ @ 3200?)

lbs./ i n 16 15 15 13 27 8
% coverage 0 0 - 0 0 0 0

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

— 72 — 
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TABLE XXIX 
—

Evaluation of Various Blacks with
Heat-Treated Polyr~er

Stock R199 - -400 -401 -402 ~1l-o3 -404
Black FEF HAF(LS ) liPS SAP GPF

Mix Evaluation

Mixing Fair Fair Fair Fair Good

~‘1 -

Dump Good Good Good Good Good

Milling Good Fair Good V . Good Fair

Calenderable Yes Maybe Yes Yes Maybe

Normal Stress-Strain

(cure: 35’ 0 320°?)
100% M, psi 554 740 743 519 - 

512

Tensile, psi 
- 

1200 1184 1512 1257 1144

~Jlt. Elong., % 185 130 155 205 180

Shore “A” Hardness (73°?)
(cure : 40’ 0 320°?) 47. 5 5~~5 54.5 61.0 40,5
Conrnression Set

70 hrs. 0 P. P. 16.8 19.2 19.2 34.9 16.0
(cure : 40’ 0 320°F)
Trouser Tear 0 P. P.

(cure : 35’ 0 320°?) 16.8 10.9 9.1 34.1 10.4

Gehman Low Te~ip. Properties -- cure : 35’ @ 32(Y~F
:1 P

5 

°F -77 —70 -67 —58 —73
G 0 R. T., psi 84.9 72.4 93.4 122,9 60.5
G 0 -55°C , psi 198.9 ?5~•9 

386.2 1006 186.1

Recipe : 100 polymer (K18161-302A ), 30 black, 6 NgO, 2 stabilizer, 0.2 Vulcup P for -4cx
1 and -~io4, 0.5 Vulcup R for -401, —402, -403.

- -73 - 
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- TABU~ XXX

Stocks Used for Second Hose
Building Trial

- Stock P199415 -1 -2 -3 P199416 -l -2 -3
Polymer 

-

Yd8161-302A - 100.0 100.0 100.0 97.5 97. 5 97. 5

~~D~4 -- -- -- 2.5 2.5 2.5
Mix Evaluation

- Banbury Mixing Good Good Good Good Good Good

Dump condition Good Good Good Good Good Good
Dump time/temp. °F 8’/302 8’/305 8’/310 8’/305 8’/3o5 8’/305 

-

Milling Good Good Good Good Good Good.

~a1enderab1e Yes Yes Yes Yea Yes Yes

Normal Stress—Strain

(cure : 35’ 0 320°?) -

- - 
100% H, psi 964 891 970 850 851 722

I Tensile , psi 1156 1157 1175 1102 1037 1059

tilt. Elong. , % 130 140 130 11+0 11+0 160

- P199415—i, —2, —3 mill blended—tube stock l_ Polymers as shown above , 30
P199416— i , -2 , —3 miii blended-cover Stoc;~J 

stabilizer,

‘
~
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TABLE XXXI

Stress-Strain Properties on
Second Hose

Stock R199415 (Tube) P199416 (Cover)
Stress-Strain Measured at American Biltrite - cure : 90’

@325°?

- I 
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.

~;
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Table XXXII

Cure Checks on ~a1endered
- 

• Stocks used in Second Hose Building

Stock P199416 (cover)

Stress—strain (stean cure — 320~F) 
-

- 

- 100% H, ~~~

45 ’ 522

60’ 553

_ 90’ 540

Tensile , psi

851

• 6o’ 873

90’ 799

Ult. Elong., 5~

45’ 200

60’ 170

90’ 160

(press cure — 45’ 0 320°F)

100% H, psi 487

Tensile , psi 937

- I tilt. Elong., % 205 4

-
~~~~~~~
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Table XXXIII

Effect of ~a1enderin g on
S i  

- Stress—Strain Properties

Stock — Treatment 100~ 14, psi Tensfle~ psi tilt. E1on~ation , %

1. P199444 — no calendering 879 1203 11.5

2. P199444 — calendered at
- 

130-150°? - 692 1173 170
two passes

3. P199444 — calendered at
130-150°F — 763 1157 165
several passes

4. P199444 — calendered at
18o~2oo°F - 704 1013 i4~two passes

5. P199444 — ca].endered at
- - 170-200°? - 600 811. 11.5

several p~sses

All of the above stocks were prosn-cured at 3?0°F for 35 ru n.

P199444 Recii~e: 100 po1~:~er l~-3S~’), 30 i’E~ , ‘ “~~~~ , 2 nt h i 1 i - r r , (‘.~~. Vi,lct,r ~CWE .

- i

;~i

¶
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TABLE XX X IV

Use of Vulcup 4OXE in Place of
—~~~~~~~ 

Vulcui, P

Stock P1 99 —1.08 —409 ~1+1O —4fl

Peroxide
Vu]cup P 0.2 0.3 -- --
Vulcup 4OKE -- -- 0.5 0.75
Normal Stress-St rain

(Cure : 320°F)

100% N, psi
25’ 750 1168 651 1060

35’ 728 1132 667 930

1.5’ 770 1284 730 --
Tensile, psi

25’ 1106 1266 1100 1291

35’ 1111 1132 1006 1254
1.5’ 1197 1*4 1107 1020

Ult. Elong.,, %

25’ 170 110 190 130

35’ 170 iCE) 160 135
1.5’ 165 100 165 80

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

Evaluate Polymers with Reduced - 

-

Heat Aging Times 5 -

DSV vs. ~~~~~ Time Time © 300°F DSV % Gel —

0 3.50 0.0

2 hr s. 2.66 0.0
4 br a. 2.13 0.0

- 

- 
6 hrs. 1.76 0.0
8.5 bra. 1.5]. 0.0

Stock P199 —412 -13 —414

Polymer K18161-302A K18352 K18353

300°? Aging Time 8.5 bra. 6.0 hrs. 4.~ bra.
Mix Evaluation -

Mixing Good Good Good
Dump Good Good Good

Milling Good Good Fair

~a1enderab 1e Yes Yes Probably
Norm’l Stress-Strain - -

(cure : 320°?)

100% N, J)Si

35’ 643 812 787
45’ - 731+ 761 880

Tensile, psi

35’ 1010 ii84 1208

45’ 1021 1150 1213

tilt. Elong., %

-
~~ 

35’ i6~ 150 155

45’ 1.45 150 140 H
- — - Trouser Tear @ P. P.

(cure : 1+0’ @ 320°F) 16.2 14. 4 13.2

-~1 Gehman Low Temp. Properties -
-

- 
- -

- 

P °F -70 -67 -70

G @  P. P .,  psi 86.6 82.6 88.0
o~~-55°c, psi 303.4 .357.9 33r.3

Recipe : 100 polymer , 30 FE?, 6 MgO, 2 stabilizer , 0.2 Vulcup P
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Table XXXVI

Evaluation of SAF—Austin Black Co:nbinations

H 
- 

Stock — P199 

- 

—425 —426 —427 —1+28
Black 30 FEF 10 SAF 15 SAF 10 SAF

20 Austin 15 Austin 30 Austin

Mi x Evaluation
Brabender mixing good good good good

Dump - good sticky sticky sticky
Milling good bands both rolls bands both rolls bands both rolls

- - 
Calenderable yes no no no

!-!ormal Stress—strain — cure : 320°F

0°M , psi 
F

35’ 862 1+68 597 1+76
825 538 615 1+83

Tensile , psi

35’ 1092 637 894 613
1091 706 835 624

bit. Elong., %

35’ 140 155 - 170 170

43 ’ 140 150 150 170
% Con~pression Set (73°F) (25%/70 hrs.) — cure : ~+O ’ 0 320°?

16.8 18.4 20.0 18.4

Shore “A” Hardness (730F)  — on compression set buttons

52.5 45.5 50.0 52.0

: 1  Trouser Tear (73°?)— cure: 40’ © 320°F

-~ lbs./in. 12.5 11.8 12.7 11.1

- - 
- -

~~~~~~
-
~~~: Gebman Low Temp. Properties - cure : 40’ 0 320~F

P5, °F —62.0 —67.0 —62.5 —65.0
- ~~~~~~ G © R.T . , psi 79.0 67.8 72.0 63.7

• G @ —55°C, psi 566 353 546 388

Pecipe 100 polymer (K18161—302A), black - as shown , 6 MgO, 2 stabilizer,
Vulcup 4OKE — 0.5 to 1.0 (higher for higher SM).

_ _ _  - 
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Table XXXVII

Evaluation of SM-FEY Black Co~b~ri~tions

Stock - P199 —429 —1+30 —431 —432

Black 30 FE? 15 FE? 20 FE? 10 FEF

5 SAF 5 SAF 10 SAF

Mix Evaluation

Brabender Mixing good good good good
Dump good good good good
Milling good sticks sticks sticks

both rolls both rolls both rolls

~alenderable yes no no no

Normal Stress—Strain — cure : 320°F

100~ 1-i, psi

35’ 560 461+ 631 ——
1+5’ 585 564 641+ 628

Tensile , psi

35’ 1129 1296 1201+ 656
1+5’ 1189 1252 1256 836

tilt. Elong., %

35’ 185 210 165 100
45’ 190 - 180 165 1.20

% Compression Set (73°F) (25%170 hrs.) — cure : 40’ 0 320°F
30.0 20.8 20.8 21.6

Shore “A” }hrdness (7 3°F )  — on compression set buttons

49.0 41.0 1+5.0

1 
-
- 

Trouser Tear (73°F) — cure : 40’ © 320°F
lbs./tn. 28 11 9 8

Gehman Low Temp. Prorerties — cure : 40’ 0 320~F

- T~, °F -71.5 —73.0 —71.0 —70.0
-A - . ~1

G O  R.T., psi 81.7 62.3 53.8 60.1
~~i

G 0 -55°C, psi 301 216 207 283
Reci pe: 100 polymer (K 18352), black — as shown , 6 MgO, 2 stabilizer,

t Vulcup 40 KE - 0.5 to 1.0 (higher for higher SM’)
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T- ble XXXVIII

Ev-ilu-.ttha of I~AF Rnd ISAF—FEF’ r3Thck Cornhin-~tions

Stock — P199 —‘+55 —1+56 —‘+57 —1+58

B1-ick 25 ISAF (ils) 25 I~AF 15 ISAF 10 ISAF
10 FEF 15 FEY

Vulcun 4OKE 1.25 1.25 1.0 1.0

Mix Ev-~lu-~tinn

Braberidor Mixing good good good good
Th~znp good good good good
Milling good good good good
C~iienderab1e yes yes probably probably

Normal Stress—Strain — cure: 320°F

100% M, ~si

35’ 1256 1106 1056 1167
45’ 1282 1073 1086 1137

Tensile, psi

35’ 1486 1526 1358 1359
- 

- 
45’ 1578 1467 1391 1203

IJit. Eionr ., %

35’ 12) 135 135 120
45’ 120 135 130 110

% Compro~~iion Set (73°F) (25%/?0 hrs.) — curf): ~C’ ~ 320°F

16.8 13.6 12.0

Shore “A” Hardness ~73°F) — or~ compression set buttons

55.0 55.0 51.0 51.0

Trouser Ts~~r (7:~°~
) — &:ij r~~: 1 4 Q 1  320°F

lbs./in 8 1~. 11 7

Gehman I~~-: Temp . Pror~rt;ios — cure : 1+0’ 0 320°F

T , °F -65 0 -65 0 -69.0 -69 0
- ~~~~~~~~~~~~ G5~ P.T., psi 90.8 105.3 79.5 47.9

N - G (-~ —55~
’, p~i 51+0 643 3-46 ?03

P~cipe 100 po1yTn~r (K18352), b’ack — shown , 6 V,0, ? r t  hll l?er ,
Vulcup 40CE ~s shown.

- 82—
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Table XXX IX

— 
Evaluation of De~~ssa Blacks

Stock — P199 —433 
-

Black Printex 60 RUB Corex P

-• 

Mix Evaluation
Brabender mixing good good

Dump good good

Milling good (0 80-100°?) good (0 80-100°F)

Calenderable yes yes

Normal Stress—Strain — cure : 320°F

100% M , p~si

35’ 481+ 557

~88 618

Tensile 1 psi
- - 35’ 1256 1296

4~’ 
1296 1305

flit. Elong., % 
-

35’ 225 225

45’ 215 210

% Compression Set (73°F) (25%/?0 bra .) ,  cure : i-0 ’ © 320°?

35.? 36.7

Shore “A” Hardness (73°F) — cure : 40’ ~ 320°?

57.0 ~8.o

Trouser Tear (73°F) - cure : 1+0’ 0 320°?

lbs./in. 27 1+2

Gehman Low Temp. Pro~ertie5 - cure : 
1+0’ 0 320°F

P , °F -62.5 —62.0

~~ ~~~~~~~~~~~~~ 
G O  LT., psi 106.7 107.7

0 0— 5 5 ° C , psi 756 675

Recipe 100 po1vrre~’ (z( 18352), 30 black , 6 MgO, 2 stabilizer , 0.75
Vulcup 40 KE.

— --- ~~— —
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TABLE XL

EVALUATION OF QUSO WR— 82 AT LO~vTP PEPOXIDE LEVELS

Stock P199 —~+39 —~~.0 — L~~1

Vulcup +OKE 0.75 0.50 0.25

Normal Stress—Strain — cure: 320°F

100% M, ~si

35’ 935 642 399
115 ’ 957 658 398

Tensile, psi

35’ 935 969 860
1026 895 811~6

Ult. Elong., %

35’ 110 165 270
L~5’ 110 155 255

Recipe: 100 — polymer (K18161—302A), 30 — Quso WP—82, MgO — 6 ,
stabilizer — 2 , Vulcup — as shown.
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Table XLI

Evaluation of Adhesion of Hose Compounds
to Various Fabrics

Stock - P199 —420 —421

1c18161-3o2A 100.0 97.5
EPDN -- 2.5
FEF 30.0 30.0

MgO 6.0 6.0
Stabilizer 2.0 2.0

Vulcup R 0.2 0.2

138.2 138.2

Normal Stress-Strain - cure: 35’ © 320°F

100% M, psi 781 762

Tensile, •psi 876 1102

lilt. Elong. , % 110 165

P-adhesion @ R.T. (lbs./in.) — cure: 115’ © 320°F

Nylon (treated) 13 12

Nylon (untreated) 7 6

Bayon (treated) 10 11

Rayon (untreated) 7 9
Polyester (treated) 10 10

Polyester (untreated) 8 8

4 1

•1

*~J
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TABLE XLIII
- I VARIOUS TEST RESULTS ON THIRD HOSE COMPOUNDS

Stock R199 ~461+ ( Tube) -465 (Cover)

0 Formulation

Polymer 1(18352 100.0 97.5
EPDM —— 2.5
F’EF 30.0 30.0
MgO 6.0 6.0
Stabilizer 2.0 2.0
Vulcup 40KE 

— 
0..7 0.?

0 1~W.7 138.7

No rmal Stress_Strrd n — cure : 60’ @ 320°F in steam — specimens cut from hose
0

0 collapsible suction collapsible suction

100% M, psj 424 493 580 688
• Tensile, psi 871 981 953 1016

lilt. Elong., % 197 193 170 153 
0

Norma l Stress—Strain — on excess caler.dered stock (after hose building)
cure: press, 60’ @ 320°F

100% M, psi 773 724
Tensile, psi. 1184 1179
lilt. Elong. , % 155 165

H Gehnt~n T~ w Term. Pro pertie s - press cure : 60’ © 320°F

T , °F -73 -60
0 

G5@ RT , psi 123.9 101.9
G @ —55°C, psi 442.6 709.5
Tg, °C —76 -76

Low Temp. Testing @ MERDC (after one day @ —70°F)- additiorr~1 tests in Appendix

TSR 3.2 11.6
G © R T , psi 81 105
0 ~ -70°F , psi 250 462
% Tension Recovery 45
Compression Set 59.6 62.6

Trouser Tea r (73°F) - press cure : 60’ ~ 320°F
lbs./in. 11 i4 .~
T- Cdhesion to R-~yon — press cure : 60’ @ 320~F
lbs,/in. 13 1?
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Table XLIV

Test Results on Third Hose

Test Results

Suction Discharge

Inside Diameter 2” 2”

Outside Diameter 2.7011 2.47”

Hydrostatic Proof 
. 

no leaks no leaks

125 psi 5° twist, 1.82% 1ength .~ ——
3.00 psi -- no twist , 0.53% length A

Minimum Burst 850 psi 750

Adhesions • tube to ply 0.312” sepa ration 1.75” separation
(1O# load, 1 nu n. )

• cover to ply 0.187” separa tion 0.175” separation

All tests were done on hose or sections cut from hose.

-.

“- .  
.
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TABLE XLV

FUEL AND WATER RESISTANCE OF STOCKS IN THIRD HOSE BUILDING TRIAL

Stock P199464 (Tube) P199465 ( Cover)

5, 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 80.6 105
Stress (100% E) retained, % 93.8 102 83.9 107
lilt. Elong. retained, % 102 91.3 94.1 97.5

• Vol. increase, % 9.6 22.1 20.2 32.3
Wt. decrease, % 0.94 1.07 1.03 1’.91

Immersed in Distilled 
-

Water (pH = 7) @ 160°F for 14 days 42 days 14 days ~2 days

Tensile retained, % 78.7 75.5 86.8 86.4
Stress (100% E) retained, % 8’+.i 78.8 81.8 82.5

• lilt. Elong. retr ,ined , % 93.3 81.6 97.5 103
Vol. inc~rease , % 13.2 18.4 10.6 15.1
Wt. decrease , % 1.49 1.57 1.56 1.64
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Table XLVI

Poly-Bd as Additive for Cover Stock

Stock - P199 —473 ~~74 
- —475

-: Polymer

IcL8161-3o2B 100.0 98.0 96.0

Poly—Bd —— 2.0 4.0

Vulcup 60 KE 0.6 0.5 0.5
Normal Stress—strain — cure: 35’ 0 320°F
100% N, psi. 871 758 717

Tensile, psi 1166 1125 1044

Ult. Elong., % i45 165 160
Fuel Diffusion Pate Patio (cover/tube) - cure : 35’ 0 320°F

tube 1.62 1.58
Gehman Low Temp. Pro~erties - cure : 40 ~ 320°F
T5, °F —69.7 —68.8 —70.6
0 0 R.T., p~j  79.7 117 138
G 0 —55°C, psi 309 5311- 591

Recipe : Polymer — as shown , 30 FEF black, 6 14g0, 2 stabilizer,
peroxide — as shown
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TABLE XLVII

EVA LUATION OF GPF (H S) AND ISAF (N234)

Stock P199 —466 -467 —668

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

H lOO% M , psi

35’ 1059 1155 752
1157 1054 806

Tensile , psi 
-

35’ 1242 1155 1465
45’ 1296 1182 1422

lilt. Elong., %

35’ 135 100 225
65’ 120 125 200

% Compression Set (73°F) (25%/7O hrs.) — cure: 40’ ~ 320°F
15.2 15.2 43.8

Shore “A” Hardness (73°F) — on compression s~t button
53.0 54.0 62.0

Trouser Tear (73°F) — lbs./in. 20 9 72

• Gehman Low Temp. Properties — cure : 1~~ ’ ~ 32O~’F

• T , °F —67. 9 —67.9 —5 1.6
PT, psi 76 79 134

0 0 -55°C , psi 293 311 1373
Recipe : 100 — polymer (K18161-302B), 30 - Black , 6 — MgO ,
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TABLE XLVIII

EVA LUATION OF ISAF-FEF COMBINATIONS

Stock P199 — 11-78 —479 —480 —48 1 —482

Black

ISAF (HZ) 10.0 15.0 -- -- --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 14111- 1258 1333 1301
60’ - 1260 1319 1256 1286 1330
90’ 1262 1325 1296 1309 1223

lilt. Elong. , %

35’ 110 125 125 130 110
60’ 100 105 115 130 105
90’ 100 110 115 120 110

Trouser Tear (73°F) — cure: 45’ 0 320°F

lbs./in. 9.2 9.3 9.5 10.6 11.1

Gehma n Low Tem~. Proper ties - cure : 45’ 0 320°F

T , °F —82.3 —7 8.7 —79.6 —8 1.4 —80.5
G50 PT , psi 79 85 69 76 88

• G 0 —55°C , psi 186 251 183 187 251

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

stabili zer , 1.0 — Vulcup 4()KE except for 482 (0.75).

ft
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TABLE IL

EVALUATION OF ADJUSTED HAF. ISAF (Es ), PUB COPEX P COMPOUNDS

Stock P199 —486 — 8 7  —483
-~ I 

Black 30 HAF 25 ISAF (ES ) 27 Rub Corex P

• I Vulcup 4OKE 1.2 1.1 1.0
Mix Evaluat ion

• 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.
• Norma l Stress— Strain — cure : 320°F

100% M , asi
35’ 882 814 806
60’ 984 970 914.6
Tensile , psi 

-

- - 35’ 1~96 1392 1348
• 6o’ 1332 1346 

- 
1284

Ult. Elong., %

35’ 155 160 155
60’ 133 130 135

% Comrression Set (73°F) - 70 hrs./25%, cure: ~o’ ~~ 320°F -

8.8 8.0 9.6
Shore “A” Hardness (73°F) — on compression set button

58.0 56.0 59.0
Trouser Tear (73°F) — cure: 40’ 0 320°F
lbs./in. 13.6 11.5 12.5
Gehntan Low Temp. Properties - cure : 40’ 0 320°F
T , °F —46. 3 —62.5 —58.9

- G5@ PT , psi. 83 101 94
G 0 —55°C , psi 780 690 668

••*1 -

Recipe: 100 — polymer (K 1816 1—302A), black — as shown , 6 — MgO, 2 —

1 stabilizer, Vulcup 40KE — as shown.

- 93 - 

-~~~ -• - • - --— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



• 
~~~~~~~~~~~~~~~~ ~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~ f

- ii

TABLE L

EVALUATION OF SHAWINIGA N BLACK

-
• 

Stock P199489

Mixing Evaiwition

- 
- Brabender Mix good

Dump Condition good
Milling good
Calender°bie yes

Normal Stress—Strain — cure : 320°F

50%M , psi
- 

- 35’ 952
60’ 947

Tensile , p~ j

35’ 1298
- - 60’ 

• 1226

lilt. Elong., %

35’ 70
60’ 65

% Compression Set (73°F) — 70 hrs./25%, cure : ~40’ 0 320°F

13.6

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

66.5

Gehman Low Tem.~~ Propertie3 — cure : 40’ ~ 320°F

T , °F —78.? , —75.1
PT, psi 156, 185

G 0 —55°C, psi 528 , 700

Trouser Tear (73°F) — cure : ‘~0’ 0 320°F

lbs./in. 4.0

- 
- 

- Recipe: 100 — polymer (K 18161—302A), 30 - Shawinigan blick,
6 — MgO, 2 — st~ibilizer , 1 1 — Vulcup 6OKE.

I 
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TABLE LI

EVALUATION OF TEFLCN 6

Stock P199 —4 8k —485

Teflon 6 2.0 4.0

Normal Ztress—Str~in - cure : 40’ 0 325°F

100% M , psi 820 1147
Tensile, psi 1144 1440
Ult. Elong. , % 145 150

% Com-oression 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 : 45’ 0 320°F

lbs./in. 17.5 14.8

Gehma n Low Peas. Prorerties — cure: 45’ 0 320°F

T , °F -70.6 —74.2
PT , pai 95 146

G 0 -55°C , psi 1+76 540

• Recipe : 100 — polyirer (K 18161—302A), 30 - FEF black, 6 — MgO ,
2 — stibilizer , Teflon 6 — is shown , 0.6 Vulcup 4OKE.
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TABLE LIL

EVALUATION OF TEFLON 8—A IN COMBINATION WITH SILANE A—174

- 
Stock P199 _1+92 ...493 —4914

Teflon 8A 4.0 2.0 k.O
- j • Silane A—171+ — —  2.0 2.0

Normal Stress—Strain — cure: 320°F

• 1 100% M, psi

35’ 1596 1300 ——
60’ 1144 —— ——
Tenèile, psi

1 35’ 1650 1300 1348
60’ 1248 1194 1310

lilt. Elong., %

35’ 125 100 80
• 60’ 11+0 80 85

- 
• % Compression Set (73°F) — cure : 40’ 0 320~F

-~~ I 
16.9 9.5 14.7

Shore “A” H~irdness (73°F) — on compression set button s
- 67.0 71.0 72.0

Trouser Tear (73°F) — cure : 1+0 ’ 0 320°F

lbs./in. 50 14 50

Gehmn n Low Temp. Prorerties — cure : 1+0’ 0 320~F

T , °F -42.7 —51.7 —29.2 —

PT, psi 103 128 115
0 0 —55°C, psi 1328 1137 1878

-

~ f Recipe : 100 - polymer (1u816l—302B), 30 — YE? black, 6 — MgO, 2 -
stabilizer, Teflon and Silane — as shown, 0.6 — Vulcup 4OKE.

-
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TABLE LIII

I ANALYSES OF NEW PNF~-LT

No. RPP —10721 —107143 —10749 —10754 -10758 —10759

DSV 1.91 1.70 1.58 1.39 2.39 2.51
%Gel 0 0 0 0 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
% C~ 0.033 0.05 0.05 0.036 0.39 0.18
% p ~~. 82 69 67 67 79 75

P0’ 18 31 33 33 21 25
wt. % F” 45.2 39.6 38.7 38.7 44.0 41.3

* Mole % of pendant groups based on NMR determination.
•~ Determined on the basis of pendant group analyses (NMR).

~~ 
~~~~~~ H

Hi-I

- 9 7 -



-••-- -• - •  - - - - -- --- ——--- 
~~~~~~

--•-- --- - _ _ _ _  _ _ _  _ _ _

TABLE LIV

EVALUATION OF NEW PNF®~LT ’S FOP PRODUCTION OF ARCTIC FUEL HOSE

Stock p -1991+98 —203807 -203308 —203811 —203812 —203814

Polymer RPP -10721 -107143 -lO7~+9 — 107514 —10758 —10759

Vulcup L*OKE 0.7 1.0 1.0 1.3 1.0 1.0

-
• 

Norma l Stress—Strain — cure: 35’ 0 320°F

100% M, psi 372 317 570 229 852 687
Tensile, psi 1232 892 900 795 852 985
lilt. Elong. , % 195 185 125 210 100 145

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

Trouser Tear (73°F) - cure: 40’ 0 320°F

lbs./in. 16.6 21.0 12.5 31.0 13.0 11.0

Gehman Low Temp. Proserties — cure : 40’ 0 320°F

T , °F —74.2 -76.0 -79.6
G5@ PT , psi 43 29 1+9
G 0 —55°C , psi 136 914 136

% Vol. Increase in Type II Fluid (TT-S—735) (73 T)

94 hrs. 36.5 72.7 60.7
14 days 38.3 -— --

Recipe: 100 — polymer, 30 — FEF b1~ ck , 6 — MgO , 2• — stabilizer, Vulcup — as
shown.
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TABLE LV

EVALUATE BL~~DS OF PN}~ -LT AND PN~~~ 200

Stock P -203809 -203810 —203805 —203806

Polymer

RPP1O743 (LT ) - 

8o.o 60.0 40.0 --• RPP1O38O (200 ) 20.0 40.0 60.0 100.0

Vulcu , ~0KE 1.1 1.1 1.1 1.2 —

Mixing Evaluation -

Brabender Mix good good good good
Dump Condition good good good good
Milling fair fair fair

- I 
Calenderable probably ~robably probably

Normal Stress—Strain - cure: 35’ 0 320°F

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

Trouser Tear (73°F) - cure : 40’ 0 320°F

lbs./in. 5.7 6.8 14.8 22.8

Gehman Low Tei~rn. Prosertj es (73°F) — cure: 40’ ~ 323°?

P , °F -65.2 -67.9 -53.5 -55.3
PT , psi 77.0 139.4 57.5 96.6

0 0 —55°C, ~~~ 369.1 565.1 472.0 921.0

% Vol. Increase in Typ e II Fluid (
~~—S —7 3 5) (73°F) — cure : 35’ 0 320°F

94 hrs. 43.1 31.8 25.3 6.9
14 days 43.14 33.2 26.2 7.7

Recipe: polymer — as shown , 30 — FEF, 6 — MgO, 2 — stabilizer, Vulcup4+OKE - as shown.
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TABLE LVI

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

Stock P —203816 —203817 —203818

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

100% M, psi

‘ 
35’ 3614 #15 369

45’ 377 41+1 398

Tensile , psi

35’ 978 1077 1045
45’ 978 1029 963

lilt. Elong., %

35’ 200 203 220
193 187 193

Recipe : 100 — polymer (1(15900 — three samoles from three of six lots
obtained from blending), 30 — FEF black , 6 - MgO, 2 — stabilizer,
1 — Vulcup 4OKE.
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TABLE LVII

O~TIMW4 BLEN D OF PNF~-LT AND ?NF~-2o0

Stock P —203824 -203825 —203826

J Polymer

1(15900 (LT ) 80 60 50
- 

I pPP104214 (200) 20 40 50

Vulcup 4OKE 
• 

1.0 1.0 0.9

Normal Stress—Strain — cure: 320°F

100% M , r~1
35’ 658 897 1098
60’ - 665 1062 958

Tensile , p si

35’ 1041 1250 141+0
60’ 91+6 1328 1145

Ult. Elong., %

35’ 165 1145 130
60’ 11+0 135 120

• % Compression Set (73°F) — 70 hrs./25%, cure: 45’ ~ 320°F
20.0 13.2 10.11

Shore “A” Hardness (73°F) — on compression set button
- 50.0 56.0 ~6.o

Gebman Low Temp. Properties — cure: 40’ 0 320°?

T , °F -74.2 -66.6 —67.5
G50 PT, psi 61+ 85 97
0 @ —55°C, psi 219 1+06 432

Trouser Tear (73°F) — cure: 40’ 0 320°F

lbs./in. 15 17 10

Recipe: polymer — as shown, 30 — FEF, 6 — MgO, 2 — stabilizer, Vulcup 6OKE — •1

as shown

- 101 -
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TABLE LVIII

OPTIMUM PEPOXIDE LEVEL FOP 60:40 PNr-LT:?NF~..300 BLEND

Stock P -203820 —203821 —203822

Polymer

K15900 (LT) 6o 60 60
RPP1O424 (200) 1+0 +O 40

Vulcup 4OKE 0.8 1.0 1.2

Normal Stress—Strain — cure: 35’ 0 320°?

100% M, psi 551+ 7140 733
Tensile, psi. 1231 1260 1235
Ult. Elong., % 190 150 150

% Vol. Inc. in Type II Fluid (TT—S—735) (73°?)

94 hrs. 34.0 31.9 31.].

Recipe : polymer — as shown , 30 — FEF black, 6 — MgO, 2 — stabilizer, Vulcup

I
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TABLE LIX

TRIAL BANBUP Y MIX , CALEN D~PING

Stock P —203828 —203829

1(15900 (PNP!!LLT) 60.0 6o.o• RPP1O4214 (PN]a~~20O) 40.0 40.0

• Polybutadiene (HD-35) -- 2.0
FE? 30.0 30.0
MgO 6.0 6.0
Stabil izer 7.0 2.0
Vulcup 1+OKE 1.3 1.].

• Normal Stress—Strain — cure: 35’ 0 320°F

- • 100% M , psi - 

• 1264 1045
Tensile, psi 1360 1236
Ult. Elong., % 110 125

Stress-Strain After Calendering — cure : 35’ ~ 320°?

100% M, psi

After calendering 0 PT 1351+ 1137
After calendering 0 140°? 1250 1164
After calendering 0 180°F —— 1069
Tensile, p:~i

After calendering 0 PT 1354 1228
After calendoring 0 140°F 1250 11614
After calendering 0 180°F —— 1160

lilt. Elong., %

After calendering 0 PT 100 110
After calendering 0 1140°? 100 100 

- -• After calenderthg 0 180°? —— 115

• - - •~•
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TABLE LX

BANBUPY, MILL NTXING OF STOCKS FOR FINAL HOSE BUILDING

Stock P —203833 ~Tube ) —203834 (Cover)

1(15900 (PNFO-LT) 60.0 60.0
RPP1O424 ( PNP~’—2OO ) 40.0 40.0
Polybutadiene (110-35) -- 2.0
FEF 30.0 30.0
MgO 6.0 6.0
Stabilizer 2.0 2.0
Vulcup 4OKE 1.2 1.0

Normal Stress—Strain After Ca1ende~~~~ — cure: 320°F

100% M, psi

45’ 1148 9914
90’ 1111+ 923

Tensile, psi

1246 1195
90’ 1216 118’.

Ult. Elong., %

45’ 120 135
90’ 110 11+5

~_1

V

-~~~~~ 
_ _



_—•
~— .—

~
-_-•

~~
• _ ••~ •-•r~~~~~~ _ I,_.- •-.•-.- _ _

-
-

~ •- •— —~~~~~ ~~~~~~~~~~~~~~~~~~~ —~~~~~~-~ •‘~~~~~~~~q~~~ -~~~__ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _-

I-
Table LXI

- 
Testing Results on Final Hoses — ~hysica1

Requirements

A. Collarsi .blc? Hose

Test - Pesult Sr ec.

Inside Diameter 2 1/16” 2 ~ 1/10”Weight 16.32 oz./ft. 16 oz./ft. (max. )
Hydrostatic Proof No leaks or No le~’ks or

imperfections imperfections
Length Change and Length change - 0 Length ~ 3% max.
Twist Twist — 0 Twist 7°/ft . max.
Burst Pressure 650 psi (coupling) 200 psi m m .
Initial Adhesions

Tube to ply 8 lbs./in. 10 lbs./iri. m m .
- Between plies 7 lbs./in. 10 lbs./in. m m .

Cover to ply 7 lbs./jn. 10 lbs./jn. m m .
Adhesion after f illing (Ty oe II Fluid)

Tube to ply 5 lbs./in. 6 lbs./in. m m .
Br’tween plies 6 lbs./in. 6 lbs./in. m m .
Cover to ply 5 lbs./in. 6 lbs./in. m m .

B. Suction Hose

Inside Diameter 2 1/16” 2 ~ 1/16”Weight 30.72 oz./ ft . 32 oz./f t . max .
Length Change and Length Ch~ nge 2% Length — 3% max.
Twist Twist 0.89°/ft. Twist 7°/ft.

• Burst Pressure 1+00 psi (coupling) 200 psi m m .
Crush Resistance — 92.3% under load 8~% under load max.
% of original 0.D. 98.7% after load release 95% after load

release max.

•

~ 
-
~~~~~ •~~
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LXII

Properties of Tube and Coier of Fin~al Ho3e

- • 

Initial Tube Cover -
•

Obtained Spec. Obtained - Spec.

100% M, psi 1+70 -— 626 -—
• Tensile, psi 955 1500 912 1500

lilt. elong., % 200 150 163 150

. . Tube CoverImmersed in Type II Fluid
of TT—S—735 0 R.T. for 91. hrs. Sp ec.  14 days Snec. 914 hrs. Spec. 14 days Spec.
100 % M retained, % 103 — — —  84.5 --- 70.4 — - -  69.9
T~nsi1e retained, % 79.3 60 51.3 60 76.3 40 67.2 40
Ult. elong. retained, % 81.5 8~ 62.5 8o 92.0 80 84.3 75
Volume increase, % 214.2 ~+O 32.3 - 1+0 32.7 70 32.5 70
Wt . change, % —--- —— — 3.8 5.0 —--- -—-- 3.7 5.0

Immersed in Distilled Tube Cover
Water 0 160°F for 11+ days Stec. 42 days Spec. 14 days Spec. 42 days Spec.
100% N retained, % 106 — - —-  77.4
Tensile retained, % 85.1 80 79.3 80
Ult. elong retained, % 83.8 80 92.0 8o
Volum~ increase, % 214.9 15 17.7 15

After  Accelerated Weathering Cover only
(500 hrs) 1~ound Srec.

Tensile rct~ ined , % T06 8~5U 1t. elong. retained , % 95.5 85

After Ozone Exrosure Cover only: no cr-cking or checking

Existent Gum Found Snec.
U Unw~shed, mg/lOOnl 1880 20

Washed, ing/1000m1 16.5 5

Brittleness — after No cracking
166 hrs 0 —70°F

Gehir.an Properties Tube Cover
T5°F 68 69

4 G 0 P.T., psi 86
I G 0 —55°C., psi 1+29 700

— 106 —
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— Table LXIII
- 

Te$ts on Press — Cured Samnies of Excess
- - 1 Stock from Final Hose Bui1din~

Stock P203 833 (Tube) P203 8314 (Cover)

Normal Stresc — Strain — cure: 35’ 0 320°F
• 100% N

1 
psi. 1118 1054

- 

- Tensile, psi 1308 1322

Ult. elong. 125 135

Aged 94 hrs in Typa II Fluid (P.T.) —

- I oric~~nal aged % retained orit~ina1 aged % retained
- 100% N 1103 975 ~~&8.4 1022 789 77.2

Tensile 121+5 1186 95.3 1219 1071 87.9

Ult. elong. 113 123 109 125 147 118

• Aged 14 days in Type IT Fluid (P .T. )

100% M —-—- 1030 ---- 1010 990 98.0

— 
Tensile 1250 1190 95.2 1200 1120 93.3

lilt. elong. 90 120 133 130 110 84.6

I
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DEPARTMENT ~~~ ~~~~ ARMY
I US ARMY MOBIL ITY ~ OUIPM~~NT R ESEARCH & DEVELO PMENT COMMAND

‘
~~~~~~~~~~~~~~~~~~~~~~~~~ FORT 8~~LVOIR. V IRQINIA 22060

• 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, ATTh: Mr. P. Kitton

Authority: A6H67FD0231

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

- - -  pii~.s c~ured
2. The PNFAcompounds submitted by Firestone were identified as follows :

a. R 197—369 — Compoun d used in hose fabrication studies in Contract
DAAG5 3—75—C—0187 and described in Interim Report dated Nov 75.

b. R 199—464 — Tube Compound used in third hose fabrica t ion studies in
Contract  DAAG 53—75— C—01 87 and described in Letter Report dated May 17,1976.

c. R 199—465 — Jacket compoun d 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 exhibi ted  low original tensile strength .
Al] other hose properties such as watei and fuel resistance as well as 

I -
-

low temperature flexibility were met by the PNF compounds .

5. Conclusions and reconune~dations are withheld at this time pending a
complete evaluatIon of the hose fab ricated by Firestone to be submitted

• at a later date.
•_.,•

I 

• 1 m c i  
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TABLE I

Formulations and Test: Results of Firestone Arct ic  Fuel Uose Compounds

‘ Polyme r R.l 97— R199— R199— Ho8e Pt)
I.!). 369 464 465 Requi rements

PUP K18161—302A 100
PNF K18352 ——— 100 9 7 5

2.5
— FEF Black 30 30 30

-Ig Oxide 6 6 6

- 
- tabil izer 2 2 2

• !ulcup R .4
/ulcup 4OKE 

. 

_ ‘ .7

~ured at 320°F 35’ 60’ 60’
Tube Jacket

‘~ igina 1 Properties
Tensile Str .  PSI 940 870 860 1500min1500~ in
Elongation % 150 170 180 ].SOmin lSOuiIn
Hardness Shore A 60 58 58
100% Modulus PSI 610 • 350 400

u d .o f  Rigidity, ”C” ,PSI 71 81 105
•fter Immersion In Distilled Water 14 Days at 160°F 

• 
-

Tensile Ret . % 70. 87 94 80m m 80mm
Elong. Ret. % 93. 97 103 80mm 80mm
Hardness Ch. Points 0 +2 +2
Volume Swell % 9 9 8 l5max iSmax
100% Mod Ret 7. 77 113 83

S

~ft e r Immersion in Distilled Water 42 Day s at 160°F
~ Tensile Ret. % 63(1) 72 97 60mm 60mm

- -
~~~ Elo ng . R et .  % ~~~~ 94 79 60mm 60m m

Hardness Ch. Points _ 5( l)  0 +2
- 

~ Volume Swell % is 9.) 15 13 2Omax 2Omax

~
- 100% Mod.Ret . % 58~~ 99 89

Immersion in Type II Fluid of TF- S— 735 for  94 Mrs at 73°F
Tensile Ret.  % 58 56 55 60mm 60mm
Elong Ret % 93 85 83 85mm 80mm

- ~~~~~~~~~~~ llardneas Ch Points —13 0 —6
- - — ~ Volume Swell % 22 26 33 40max 70max

* 100% ‘~~d Ret 

~~~ 

59 —-- ---
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• TABLE I (Cont.)

.1 Formulations and Test Results of Firestone Arctic Fuel. Bose Compounds

Polyme r R197 R 199—465 R199— Hose PD
I.D. 369 464 465 Requirements

After 7 Days at — 70°F -

,. 1 Ten.Rec. % 40 43 39 20mm 2Ontin
-

• 
Coup . set % 66.1 60 63
TSR % 49 3.2 5.2 Sumax 5m ax
C f-Si-• . 347 257 543

~ft~ r 7 days at —40°F

Ten .Rec. % 73 60 60
- • Comp Set % 54 42 43

1 TSR ——— 2.1 . 2.1 2 7
C PSi 146 168 283

~xistent Gum 
•

Unwashed mg/l000ml 4 20
Washed mg/l000ml 2 

- 5 ——— V
tOTES: -

1. The properties were determined after  imxc~rsion in water for 70 days at ~.60°F.
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t w~s found th•-it the polymer , PNF~—LT , a modified phos~honitri].ic fluoro— •

elastomer, could be compounded to permit ~roduction of Arctic fuel hoses which
possess good low temperature flexibility. The hoses possessed good dimension—

~l stability and physical strength, but tensile and tear strengths on samnies 
ban 
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~ 
J. from the hoses were lower than desired.
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