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SUMMARY

UNIROYAL has evaluated coatings and adhesives for the purpose of
improving the performance of the coated fabric from which self-
supporting collapsible fuel storage tanks are fabricated . The
evaluation was concerned with polyu rethane coat;ngs , and was
performed uti lizing Glass , Keviar , Dacron and Ny lon fabrics as
reinforcing members .. Emphas~s was directed toward the fol l owing
specific areas of fuel stotage tank technology :

1. reducing stiffness of coatings at l ower temperatures ,
. 1  

2. improving long-term aging of coatings in water at ele-
vated temperatures ,

3. improving ag’ng of coating s in ac idified fuel ,

4. applying coatings by a non- sol’ent , spray technique.

UNIROYAL ’s approach involved 2 distinct but complementary efforts:

1. developing new coatings at its Corporate Research Center
in Connecticut through the ut ’iizatfon of a non-solvent ,
one-shot polyurethane system ‘~n place of the currentlyused sol vent prepol ymer polyui~ethane system ,

2. develop ing new adhes ives at its Mishawaka , In diana
facility for bond ing one-sho t pol yurethane coat Ings
to themselves , to fabrics and to metal .

An optimum polyether and an opt~mum po yester pol yurethane were
defined at the UNIROYAL Research Center . At Mishawaka , adhesives
were defi ned for bond ing coatings ~o fab ics , coatings to coat-
in gs , and coatings t~ alum inum 

Ai so at Mishawaka , the spraying
technique was e~aluated f~~t appl icat ion ot one-shot po~yurethanecoatings onto fabFlcs .

The optimum coatings and opt’rnum adhesives were used at Mishawaka
to fabricate seams and coated fabr i~ -to-meta l laminates . The
coated fabric precursors fo~ these seams aria laminates were spray
applied . Long term aging Studies were made on these seams and
laminates in order to determ i ne their effectiveness in resisting
degradation when exposed to water and fuel at ele~ated tempera-
tu res .

ii
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FORWARD

The program is entitl ed, “Investigations of Coating Compounds
and Adhesives for Self-Supporting Collaps ible Fuel Storage
Tan ks” . It was performed under Contract No. DAAG53-76-C-0140,
under the cognizance of Dr. J. V. Mengenhauser of the U. S. Army
Mobility Equipment Research and Development Center , Fort
Bel vo ir , Virginia.

The DA Project Titl e and Project No. are “Combat Support Tech-
nology” , No. 1G762708 AH67. The Task Titl e and Task No. are
“Bulk Storage” , No. VA .

The program was directed towards improving the service life of
self-supporting collapsible fuel storage tanks in tropical
cl imates , as wel l as , improving its handling characteristics
at lower temperatures.

Polyurethane coating studies were conducted at the UNIROYAL
Research Cen ter loca ted in M idd l ebu ry, Conn. The principle in-
vestigator there was Mr. G. W. Bernier , an d the Research Mana ger
was Dr. B. M. Murphy .

The adhesion studies were conducted at the UNIROYAL plant faci-
lity located in Mishawaka , Indiana. The principle investiga-
tor was Ms. K. K. Dyck, and the project leader was Mr . D. V.
Perkins. The writers wish to acknowl edge the contributions of
Messrs. J. R. Kul esia and R. J. Hillebrand who were in charge
of the polyurethane mixing equipment.

The Project Manager for the contract was Dr. C. 1. Chmiel , and
the Contract Administrato r was Mr. D. E. Hu e. Both are
located in Mishawaka , Ind iana .

References reviewed in the performance of the contract are
listed in Table 1.
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Introduction

The majority of sel f-supportin g col lapsible fuel storage tanks
are fabricated from pol yurethane coated fabrics . The fabric is
invariably nylon , and the coating is usua ll y a po l yether poly-
urethane on the outs i de and a pol yester polyurethane on the in-

• side , or next to the fabric , The polyethet pol yurethane pos-
sesses good hydrolytic stab ility , but lacks resistance to fuels
and has a high permeab ility to fuel . The pol yester po l yurethane

~~~~ 

possesses good adhesion to fabric , is highly impermeable to fuel
and resists attack by hydrocarbon fuel s. But it suffers from
suscept ibility to hydrolytic degradation-

Field experience with self-support ing coHaps~b1e fuel static
storage tanks shows a need for improvements in the following
areas:

1. increased service life in trop ical areas beyond 18
months ,

2. better crease resistance of coatings upon handling at
temperatures l ower than _25o F ,

3. increased resistance to fuel and water of adhesive bonds
between coating and fabric , coating-to -coating, and
coating-to-meta l

4. increased resistance o~ the outer coating to weathering ,
particularly in the presence of fuel wet spots ,

5. better abrasion resistance of the outside Coatin g .

Cur rent l y, improvement in fuel res’stance is atta i ned through
use of diff erent prepo l ymers and increased cros si ’nk ing . Incor-
porat ion of addit~ves also improves the resi~ tan’~e t~ hydrolysis.
But these techniques are li mited by the prepo lym e r s ai~a ’lab le onthe market , drid by the amount or jdd ’tives that c...n be incorpor-
ated into a formulation vn thout dete riora t rig tne in i t~a prop-
erties of the coating

The purpose of this contract waS to attempt to etl ect the afore-
mentioned improvements by experimental research and development
work on one-shot polyurethane coatings to ieplace the currently
used prepol ymer pol yurethane coatin 9s In the latter appro ach ,
prepol ymer pol yester and/or pol yether chains ot about 5000
mole cular weight and possessing isocyanate end group s are cured
with diamines -in order to achieve workabl e propert ies . Agai n ,

~ 
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the properties attainab e are 1 ~m ted by the yepo m ers avail-
able on the market .

In the one-shot polyurethane case , the precurso s which would
ordinaril y be used in the prepar~ation of the p~-epo~ymers areadded in the presence of the cu~at~ve ~o that cha~n growth andpo l ymer chai n cross link ng proceed s~muitaneousl y More varied

~ properties and better cont~~1 o~ prope t~es a-c expected from
the wide choice of types and concent’~ tfons of po~yols , chain
extenders , curatives and addit’ves a-iaHab~e.

A concomi tant purpose o~ this contract w~s to opt im Ize the adhe-
sion in. the foll ow ing ‘nterfaces : co~tn ; . ~ o r c , coat ing /coat—
‘ng and coating/metal . The coating~ w ee l~m r t€a to one-shot
po i yether and one-sho t pol yester pol yurethanes The fabrics
under investi gation were g lass , Dacron , Keilar , and ny lon.

The one-shot pol yurethane a~croac h , un~~ke the p~eç~l yrner approach ,
does not invo l ve solvents , The-e~ o.e , there ~ no wastage of
solvent , and there is m in ima l ~oH~ tion at the a tmosphere .

Al so, the one-shot pol yurethane system ‘s amenable to spray coat-
ing. An objective of this cori tr~~t was to ~p~ay coat fabrics
using optimum one-shot polyethet and ~rie— .ho t pol yester polyure-
thane formulations~ This approach when app li ed to see~e-typefabrics wil l reduce the numbe — of seams n a fue l stoiage tank.
Reducing seams w i ll reduce the fl)l t)~~’ o~ p~tent al weak spots .

UNIROYAL s effort was directed towa rd a ornp i rig the stated
object ives through a research and de~~ upni ent p og’dm consisting
of six phases as fo~low~.

Phase I - Rev :ew ot Past i’~- ;rk

Phase II - Coat ing Mate~ ia i~ E~a).j~ti on

Phase Iii Adhes~~es E~~i ujtiu~
Phase IV - Coatin gs App l-ca ~ ’on [~u~uat ion

Phase V - Aging Ev aiua t ’-: n -:‘~ ~e~~+s and Coated Fabric/
Metal Ad hes iv e Bond~

Phase V i - Data Ani~y~ i~ and L~cumentat~on
+

+ 
The effort inc l uded I r , these ~i~~~~cS ‘5 ~~~~ comp~ete , and th~s

- , report descrioes the wo rk pe r tOY(, t~d ~i id th e e~ul L obtained .

+ 2 
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Investigation

A. Studies at UNIRO YAL s Research Center

The effort at the Research Center was directed towa-’d screen-
ing of polyether and pol yester spines as cand’dates in the
formulation of one-shot pol yurethane codting s (Phase 11).
The screening resulted ~n the recommendat~on of the bestpol yether and polyester type pol yol to use ~n further eval-

- 

- uations performed at Mishawaka .

1. Description of Poi~~l~~~~ es

Ten (10) different polyo l spines were selected for
evaluat ion :

5 pol yesters
— 3 po l yeth ers

1 po]ye~ter . pol yether mixture
polycapro Jactone

Several of the pol yo ls we re studied at two different
molecu lar weights , so ~n a ll there were 14 different
pol yurethane coatings investigated~ The li st is shown
in Table 2, together with the ir chemical compositions
and equiva lent weights .

The pol yols were converted into pol yurethane fi lms using
a proprietary UNIROYAL formu l ation - These formulations
have been coded for rutu e refe,~enre; the code number ’
letter des ignation s appear n the tables wh ich depict the
properties of the ~i~ms prepared from the appropriate
pol .~ols , Al l or the cast I-u rns we’e cu ed 10 m m .  at
3OO~ F , and then post cured 20 hour s at i~~~0 F Tensm~e• and low temperotuce st-’ftne~s prope rties were determinedon the films , and the d~ta ~s shown in Table 3. Test
procedures used in th s s tudy are compu lea in Append ix A.

2. Effec t of Typ~~oL Curati~e

The properties of a pol yurethane f il m w i l i  depend on the
type of isocyanate used in cur ng the pO? ych Therefore ,
the polyols in the screening phase of this contract were
cured usin g 2 types or ~socyanates , he ea t te to be re-
ferred to as isocyanate A and usocyanate C - The effects

• of different isccyanates on po l yurethane fi l m pvopert ies
- • are also shown ‘ri Tabl e 3, together with the formulat ion

+ . codes. 

--- + + - - .-- - -~~~~~~~~~~~~~~ - - ~~~~ , -~~~~~~~~ + +~~~~~~~~~~~ ~~~~~ -- - .-- ~~~~ ,- --~~~~~~~~~~~~~ -~~~
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3. Effect of Ca ta1yst Lej~~~ Q_ n~j~ )ni Proper-ties

Preliminary work at the Research Center- arid at Mishawaka
indicated a strong independence of tensile properties on

• catalyst leve l , In o’der~ to opt ;nitze the catal yst level-in the formulatIons , one pol yester polyo l lS~O35-55), one
polyether po lyo l (24-32) and one poiycay~iac tone (PCP-
0260) were converted to ~ lms ~~~~ ~ le~eJ s of catalyst
concentration - At each concent ration , eacri ~,f thesefilm s was cured us~ ng the 2 ~socyanates mentioned in A-2
above . The tensile strength , 200% modulus and elonga-
tion val ues for ea8h coating ini t~a1i y, and a fter aging
for 21 days at 160 ~ ‘n water , ‘re ~f c w ~ - n Table 4 ,
together with the fo r r rui ot u on codes

4. Fue l Aging of Orj~~~~l F ~ ’m~

As an addit ona l aid i n screen~ng trie p~~yo~ sp ines , the
films were exposed to fuC) ag~ ng at 160° F - The tensile
retention properties of the fii m s upon fue l aging are
also shown in Table 3+ The or iginal intent was to age
the films for 42 days , but the rubber workers ’ strike
interfered with normal hand~ ‘rig 01 samples . The films
were aged for 63 days instead -

5. Select ion of 6 Pol~ols fo Furthe r_ Eva~uation

From an analys is of the data incorpc rat ed in Table 3,
UNIROYAL (educed the )~~ t ~f ~0

i ,0~ sp ine candidates to
6 for mo re ex tensive unvest ’gat ’cns The 6 candidates
are shown i~ Table -b

6. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The f i l ms f rom the 5I~ po lvo~s selectea ~~ A-5 were Sub-
jected to tests spec i ‘ed in i~b le of the Purchase
De scrm pt uo n ;n Request to- Quctat or. DAAG53-16-Q-0032 ,
and as mod iil ed ‘n UNIROYAL s techn ?co ? pr oposa l EP
608-76, p 14 O~ c~~na~ fi lm ~~opert’es and etef ion
properties obtained arte aging f or u~. to 90 da~s at
160” F and for up to 28 days at 800 F are shown in
Tables 6-10. As per UNIRO YAL s Intent de~c~ibed ‘n ~tsproposa l an anal ys is ot the data was moac and a dec i-
sion was reached as to wh ich one of the 3 polyesters
and wh ch one o 1 the other’ 3 pol yo~s had performed the
best after 42 days or aç,’ng A lthough the water aging
stud~es at 160

0 F were cont~nued 
~
p to 90 day s, the

optimum poiye~ter and po ket i-e r tc, (rru ’ at ;onS were

_ _ _ _  - - . -  --~~-- - -- -- 
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transmitted imm ed’ ate lv to personnel of the Engineered
Systems R & D Section ~t M~shawak a , ind aria for use in
their adhesion eva lua tions

B. Studies at UNIROYA L ~~~~~~~~~~~~~~~~~~~~~~~~~~

The effort at M~shawaka , ~nd ana was direc ted towa r~d
screening of ad~’esi~es for bonding coat~ng to rabric , coat-
ing to coating and coat’~ng to meta~- . In ada~t~on , spraytechniques were ‘nvestlgated to’ ~çp l~cat~on of the one-
shot polyurethane mater ials to fabrics . And finally,
studies were made of the fuel and water ag i ng ‘es i stances
of seams and coated ~abr 1c,m eta~

Screen ing of the adhesi~es for adher’ng one-shot pol yether
and pol yestet po1 yu ethanes to 4 types or fab- i cs was done using
coating formu lations a~a~~ab~e at. the M~shawo~a tctcili ty-
The work at the Research Center was not programmed to be to
the point where a decis~on cou ld be made as to the optimum
polyester arid po’yethe cciat~.ng t. ‘~se Fab’~ cs used were
glass , Kevlar , Dacron and nylon .

Screening of aahes ives fOr bond ng coating to coat’ ng and
coating to meta 1 was done using the optimum pol yethe’ and
polyester po l yurethane s selec ted ;n A-6 above , and nylon
fabric.

Fina l long term agingt were done on s~~ay coated samples of
each of the four fabr~~s us rig the o~ t riiized one-sho t poly-
ether and polyester form ulat \oris selected in A-6 and the best
adhes~ve comb inat ’ons ic- bond ing coating tO rubr i C , coat ing
to coating and coating to •y,eta i aS dete minea in the screen-
ing experiments -

I . D e s c r i p t i o n _ot  Adhes es ior Bond ng Coa t ng to Fabr ic

Three c 1 asses o~ adhe si ves were mn ~est’gated : isocya-
nat e, epoxy arid po~yurethane Three separate adhes ives
from each clas s we’e 3tudi ed , gi-~iin y a tota l o 9 adhe-
sives screened The 1 s t  of adhes ”es , the ir sources ,
and the prepa’ed solut ons ~ur d~ ruk’ng 01 fabr ics is
shown ‘n Table Ii

ca~ Proced~tes tor A~~H ca t o n o f A d hes,,,es to Fabrics

( 1 )  ~p~x 1e s and I~~~~~nates

• ~a bv i ~~ were dunkC~ ‘nt~ the adhes1~ e ~o
1 utiOnS ,

5 
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al’ dried , and then heated for 5 m m . at 3000 F
to effect cur-e of the adhes~~e-

(2) Polyurethane

• Fabrics we -re dunked i nto the adhesive solutions ,
air dr ied and then heated for 2 m m .  at 3QQ0 F
to effect cu re of the adhesi-~e.

4 - (b) Procedure for Application of Coatings to Treated
Fabrics

The trea ted fabr’l cs , and gray fabrics as controls ,
were ro il coated with one-shot polyether or poly-
ester polyurethane dispensed from an automatic mix-
‘ing mach~ne~ Before coa~i’ng, the treated fabrics
were equilibrated at 250 F - Immediately after-
coating , the fabrics w e e placed in an oven and
heated at 250° F for 1 hour’.

(c) Prepa ration of Peel Adhesion Samples

Peel adhesion samples were prepa r ed by bonding sim-
ilar pieces of the coated fab -ics to each other
using as an adhesive the one-shot polyurethane that
made up the coating~ The test pieces were placed
in a pres s at 250° F for 1Q mi8 foli owed by 50
m m .  heating in an oven at 250 F In all , 80 poly-
urethane/fabr Ic comb inat ions were prepared (4
fabrics x 9 adhes’ves x 2 coat’ngs t 4 grey con-
trols x 2 coat’ngs). The pee) adhes on ~a1ues ob- 

+

ta m e d  at room temperature a-e shown Ifl Table 12.

(d) Selection of Adhe sives for Further Evalu at ion

From an anal ys~s of the data in Table 12 UNIROYAL
reduced the l is t  of- coati r ig.f a br c adhesi ve comb i-
nations f rom 80 to 32 The st o adh esives that
were eta ined fo long-term ag ny is shown in Table
13-

(e) Long-Term Ag in~~pf Coatin grFab ric Ad nesive Combinations

The coat ing/ tabr ic adhes~~e comb~nat ions shown in
Table 13 were ~mme r~~d i~~ wate~ -nd fuel for 42 da~long-term aging at 1600 F Samp l es were removed
after 14 , 28 and 42 days aging ihe peel adhesion
values obtained are shown ‘ri Table 14,

~ 
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2. Description of Adhesi~es ~~~onthn Coat ’nLt o Coating

-; Three adhesives were screened for bond ing one-shot poly-
ether polyurethane to itself , and three adheshes were
screened for bonding one-shot pol yeste’ po i yurethane to
itself .

• The adhesives used are shown ~n Taule 28- Ad hes ives A-I ,
A-2 and A-3 were used ‘n the case of pol yester pol ,yure-
thane coatings whereas , B-I , A-2 and B-3 wer’e used for
the polyether polyurethane coatings .

-
‘ (a )  Preparation of Coated Fab ri c tor Adhesive Screening

Nylon fabric was chosen as the base fabr C for the
• adhesive screening trials Samples o~ ny ’on fabric

(untreated ) were roller coated using tre opt”m’zed
polyester and pol yether one-shot polyurethanes fro~A—6 above . The nylon fabric was pre-heatea to 250
F pr ior to app~ ~cation ci- the coat ing compounds
which were dispensed from an automatic mix ’ng
machine. Immediately after coating , the0fabricswere placed in an oven and heated at 250 F for 1 hr.

(b) Preparation of Coa~~~_to Coating Adhesion Samples
for Screening Ti~ts 

—-

Seam peel adhes ion sampl es were prepared from each
of the polyester and polyether one--shot pol yurethane
coated nylon samples using the adhes’ ves described
in Table 28 The adhesives were bru sh coated and
allowed 15-20 mm open t’me pr -~or to seam fabrica-tion. The labr’cated seam samp les were then cured
at 2900 F- 

~or 1 hour at a p’essure ci 90 ps’ . The
ori ginal peels we’e then taken and the samples im-
mersed for fuel and water exposure at 1600 F. The
results of these exposu?es is Shown in Tables 16
and 17 .

3. Descript -on of Aø hes i v es and Pr rners tor BondIng Coating
to Meta l

Three adhes ives were screened tor bondina one-shot poiy-
ether pol yurethane to metal , and three adhes ives were
screened for bond ’ng one-shot pol yester po)~u!ethane tometal . The adhesives ate the same used in B-2 above ,
and shown in Table 28

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~--~~~~~ --~~~~~~~~ -~~~~~~~~~~~~~~~
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(a) Preparation of Coated Fabric for Adhesive Screening

The coated fabric described in B-2a was used .

(b) Preparation of Coating to Metal Adhesion Samples
for Screening Tests

~ Coating to metal adhesion samples were prepared
from each of the polyester and polyether one-shot

- -. 
polyurethane coated nylon samples , using the adhe-
sives and primers described in Table 28. The 2”
x 12” x 1/80 2024 T6 aluminum bars were prepared

• by degreasing , vapo r blasting, and degreasi r~g fol-
l owed by applicat ion of the primers . The primers
were applied by brush and allowed to dry 20 m m .
before being fused at 3000 F for 20 m m .  Coating
to metal adhesion samples were then prepared using
each of 6 adhesive/coated fabric combinations on
each of the three primed metal types for a total of
18 sample types. The adhesives were appl ied by
brush to both fabric and metal and al lowed 15-20
m m .  open time prior to cure.0 The samples were thenput together and cured at 290 F for 1 hour at a
pressure of 90 psi. The origin al peel s were then
taken and the samp l es immersed for fuel and water
exposure at 1600 F. The results of these exposures
is shown in Tables 16 and 18.

4. Sel ection of Best Adhesives and Primers for Long Term
Aging

Selection of the best coating to coating adhesive and
adhesive/primer combinations for- bond ing coating to
metal was made by analysis of the 42 day aging data pre-
sented in Tables 15-18.

5. Preparation of Coated Fabric Samples for Use in the
Final Coating to Coating, and Coating to Metal Ad1T~

’sion
Study

Each of the four fabrics (glass , Keviar , ny l on and Dacron)
was treated with the adhesive which was found to be spe-
cific for bonding the polyester and polyether one-shot
coatings (See Table 14). The eight treated fabrics were
then spray coated with eithe r one-shot polyester or one-

+
- shot polyether po l yurethane using a Binks Model 101-

52212 spraying unit equ~pped with a Model 18 FMP spray

_ _ _ _ _
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gun. Each fabrtc sample was heated to 250° F prior to
-
‘ spray appi tcatton of the coating and trmiediately placed

tn an oven for 1 ho ur at 2500 F after spray coating .

• (a) Preparation of Coating to Coating and Coating to
Metal Adhes ion Samp les for Fi nal Agi ng

Coating to coating and coating to metal adhesion
samples were prepared for the eight coated fabric

-‘ types , (4 polyester-4 polyether) using the adhe-
sives and adhesive/primer systems determined to be

F the best from analysis of the data in Tables 15-
18. The samples were prepared using the same
methods as described in 2 (b) and 3 (b) above.

(b) Aging of Final Coating to Coating and Coating to
Metal Adhesion Samples

The samples prepared according to the procedures
noted in 5 (a) were subjected to the schedule of
testing shown in Table 2 of RFQ DAAG53-76-Q-0032
and as modified i n UNIROYAL ’s technical proposal
EP-608-76, pps. 26 and 27. The results of these
aging tests are presented in Tables 19 , 20, 21 , 22,
23, 24 25 and 26.

Di s cussio n

A. Work Conducted at the UNIROYAL Research Center on Screening
of Polyols

1. Curing of Polyol s and Film Properties

The proposal called for screening of 5 polyethers and 5
polyester type polyols. However , preliminary experi-
ments with casting one-shot polyurethanes from polyether
polyols showed that not all of the available spines pro-
duced favorable films suitable for further work. In
view of this , the 5 polyether polyurethanes originally
planned for were replaced by 3 polyether polyurethanes ,
one polyester/polyether polyurethane mixture and one
polycaprol actone. In a way , the program effort was
broadened by including other types of polyol spines .

Varying the catalyst concentrations in the formulation
did not affect significantly the initial physical prop-
ertles of a polyester , polyether or a polycaprolactone

9
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polyurethane coating (see Table 4). This is in variance
with some prel iminary work conducted at the Research Cen-
ter and at Mishawaka . A more severe postcure used in
the current studies may have resulted in a levellin g
effect. The catalyst l evel used in casti ng the films in
our screening of the polyols was intermediate between
the high and low values used i~ the catalyst concentra-
tion study .

Table 4 also shows that within the range of catalyst con-
centrations studies there was no significant effec~. ofcatalyst level on the physical properties of these fil ms
aged 21 days in water at 1600 F. This is encouraging
because , un like some observations reported in the lit -
erature , the cata l yst is not contributing to the accel-
eration of hydrolytic degradation in the systems under
investigation .

The effects of 2 different types -of i socyanates are
shown in Tables 3 and 4, lsocyanate A gives rise to a
stiffer film than does isocyanate B as measured by the
torsional stiffness ratio. This reflects itsel f in
lower elongations for the isocyanate A films ; the 200%
modu li values for the isocyanate A films also tend to
be higher , al though some exceptions do exist.

But isocyanate A imparts better film resistance toward
fuel than isocyanate B as measured by retention of ten-
s u e  strengths after aging . The overall retention of
tensile strength for isocyanate A films after 63 days
aging is 34% which reflects good resistance to fuels
when compared with the guideline value established for
this investigation of 30% minimum after 42 days aging .

In the case of water aging up to 21 days , the type of
isocyanate does not affect signif icantly the hydrolytic
stability of the polyether polyurethane , but i socyanate
B has a dramatic deteriorating effect on the polycapro-
lactone polyurethane - For the polyester polyurethane
coating, isocyanate A is slightly better than isocyanate
B in imparting resistance to hydrolysis. Based on these
aforementioned analyses , isocyanate A was reta i ned as
the curative for future polyurethane coating evaluations .

The data in Table 3 was used to reduce the list of
polyol spine candidates from 14 to 6 for more extensive
investigations . In general , the minimum film tensile

10



—,- . —-- - 

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

- - --

~~

- ,-

~~

-. -.

~~

---- ---- --.--.--— • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ——-
‘I”

strength of 2500 psi is readily obtained from most polyols.
Formulation changes can bring the tensile strength up to
the minimum where deficiencies still exist.

The 200% moduli and torsional stiffness ratio values for
the polyester fi lms are significantl y higher than the
guideline values. It appears that the gu ideline maximum
values for these properties will be exceeded by the poly-
ester polyurethane coatings.

The torsional sti ffness ratio values for the polyether
films are rather close to the guideline values , although
somewhat on the high side. However , for polyether polyol
PTMG-2000 cured with isocyanate A the values are within
the guidelin e range. On the other hand , the 200% moduli
values are appreciably on the high side , comparable to
that observed for the polyester pol yurethane films .

The lower mole cular weight spines with isocyanate A pro-
duced films possessing better tensile retention in fuel
than the higher mol ecular weight spines .

The properties of the coatings from the 6 polyol spines
chosen for future investigations are consol i dated in
Tabl e 5. All of the polyols were cured with isocyanate
A for best performance of the coatings .

In choosing these 6 polyols strong emphasis was placed
on the films ’ resistances to fuel at elevated tempera-
tures as judged by their tensile strength retentions.
The isocyanate B films tended to possess 200% moduli
and torsional stiffness ratios closer to the guidel i ne
values , but these films showed significantly greater
deterioration upon fuel aging which ruled them out
from further consideration .

Initial properties and retention values for the 6 polyols
obtained after aging at elevated temperatures for up to
42 days are compared in Tables 6-10- The data in Table
6 shows that , except for PCP-0260 (a polycaprolactone),
all of the polyols produce polyurethane films whose
tensile strengths exceed the guideline retention value
of 30% of initial after 42 days aging at 160° F in
water. The polyester S1034-50 is particularly outstand-
Ing, having retained 75% of its tens ’le properties .

All of the polyols produce films which have initial

11
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tensile strengths above the g’~1de l ’ne v a iue of 2500 psi ,
except for PTMG-2000, which ~s a poi yeth er. None of the
films meet the 500 psi maximum tens~le st-tess value at
200% elongation~ Only PCP-0260 meets the minimum ulti-
mate elongation value of 300%

Table 6 also shows that onl y nal f o~ Lne pol yols produce
films wh ich pass the gu !deiine ‘etent~on •al ue of 65% of
initial tensile strength upon We at he rornete~ aging~
Table 7 shows 3 of the 6 polyu rethane films passing the
guideline retention value of 40% of ‘n~ta l tens~le

• strength after ag’~ng for 28 days ~n wate’ at 180 F.
These are the same 3 which passea the Weatherometer test ,
and include a pol yether pol yol (PTMG-2000), a mixed pol y-
ether/polyester pol yol G443 1014- 75 and a polyester
polyol (51014—75)-

Table 8 shows tens ile strength ete~t1ofl data obtained
after exposure to fuel fc~ 42 Gay S at 73 50 ~ and 1600
F. At the l ower temperatu r-e , the guidehne value of 30%
retention of tens ’le strength is met by PTMG-2000 (a
polyether) and SlOl4-75 (a pol yester) At the higher
temperature it is met only by G443~ l 0~4- 75 (~a mixtu re ofpolyether and polyeste r po l yols)

The tensile retention va lues ~n Tab ie 8 show a d ramaticdrop after 14 day aging , and then a signif icant increase
up to 28 day ag~ng - This ~ ina cati.ie o~ a l ower than
optimum crossl inking dens ity ~n the fi lm s The rela-
tively poo r retention va 1 ucs obsei~eu in fue ’ ~s attr~—
buted to this fact

When exposed to aci~ ’fied fuel , a l l of the po~yurethanespassed the guidel ine va l ues when ex~ .-ed at the l ower
temperature (see Tab l e 9) 0n~y G443- 0 4--/5 met the
guide line value at the highe r. tempelatu .e . The data here
is comp licat ed by a l ower than opt im um c.oss i ink ing den-
sity as it was wth the nor-ac~d it ’e d soErç.ies

Comparison of rab ies 8 and 9 ~hOw~ that the etfect of
acid in fuel has no effec t at low tempe~~tures , and onlya small deter iorat~ng effec t at the h i gh temperature ,
i-f at all.

The modulus o’ rig ’d ity data and Lo v so n .~ st~ftnes sratios are shown in Table ‘0 Or~y S1 0~4-50 (a pol yester)

12
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meets the initial guideline value for torsional stiffness
ratio , but it exceeds the recommended maximum after fuel
extraction. The high value after extraction may be due
to a lower than optimum crossl inking density in the poly-
urethane structure .

There are some anomalies in the torsional stiffness ratio
values . For example, several of the ratios are l ower at
-40° F than they are at -25° F. No ex p lana tion i s

-, offered for this phenomenon at this time , The samples
were conditioned the same amount of time prior to test-

F ing in order to minimize crystallinity effects.

The unwashed existent gum values in Table 10 for some of
the films are relatively high and again reflect a l ower
than optimum crosslinking density in the polyurethane
structure .

The small weight losses in the Taber Test shown in Table
10 reflect good abrasion resistances -for the films under
investigation . This is particularly true for films PTMG-
2000, Sl034-50 and PCP-0260.

2. Selection of Optimum Polyether and Polyester Polyols

From an analysis of the data presented in Tables 6— 10
UNIROYAL chose Sl034-50 (a polyester) and PTMG-2000 (a
polyether) for future investigations to be conducted at
Mishawaka . In analyzing the data , the choice of a poly-
ester was among S1014-75, S10l4-47 and Sl034-50; the
choice of a polyether , or other polyol than polyester ,
was among PTMG-2000, G443/l014-75 and PCP-0260. The
polyesters SlOl4-75 and S1034-50, for the most part ,
performed about the same in aging experiments , and both
showed better retention values than S1014-47. Choice
of S1034-50 over Sl014-75 was bas€d then strictl y on its
lower stiffness values at low tem eratures .

In the polyether , or other than polyester category , PCP-
0260 was immediately ru l ed out because of its deteriora-
tion in water and fuel environments. PTMG-2000 and G443/
1014-75 were about the same In all other respects , ex-
cept in stiffness at low temperatures . PTMG-2000 was
chosen over G443/lOl4-75 because of its l ower stiffness
values at low temperatures . The Contract Officer ’s
Representa tive , Dr. J. V. Mengenhauser-, was apprised of
UNIROYAL ’ s emphasis on the low temperature properties of

13
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the candidate po lyo ls , and he ConC.ur ed on the choices
that were made.

B. Work Conducted at the Mishaw aka1 mci. Fac’1’~~~on Adhesives

1. Screening of ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Screening of adhes’ .es fo~ bond ing koi yurethane coatings
to fabric involved 9 adhe sives , 4 tabt cs and 2 pol yure-

- 

- 

thanes . The adhesives stud ied were 3 each from the fol-
lowing class of compounds : epoxy , isocyanate and poly-
urethane. The fabrfcs were g l ass , Kev iar , Dac ron and
nylon , and some of the i r charac te r ’st~cs are shown in
Appendix D. Two polyuretnan es were made, one each from

• a polyether and a polyester POl yOl

From Table 12 it is seen that thc a-Jerciy e adhesion values
for the polyether pol yureth~ne coat ing to the fabrics in-
crease in the sequence . n~i (on ~g.ass ~ Du-.ron ,- Kevlar .The adhesion of the fabr ic w ith out any adhes’~e treat-ment is relat~vely high to” nylon and glass. In general ,
the isocyanates are effective in enhanc ing the adhesion
to Dacron and nylon , the epox~es are effective for glass ,but the Kevlar fabric rema’ns ‘athe ‘,rsens itive to the
adhesive treatments tried in th~~ study -

Table 12 also shows tha t the ave agE- adhesion values for
the pol yester po l yurethane coat ing to fabric increase ;
for the most part in the same sequence ~ tor the poly-
ether polyurethane coating Howe.~er~ the difference be-
tween Dacron and Kev ;ar’ fabr ics ~s riOt a~ grea t as ;t is
in the case oi the po~yethe~ ~o : yu .etrane coating - The
adhesthn of both coat ings to n 1~~n ‘abr’c are about the
same , but tne adnesion ~f the pol ye~tec pol yu rethane
coating is not iceably h-gr ier to ~~~~~ E\~~~l àr ana Dacron
fabr ics than it ~s fOT the po~yethe~’ po l iu ie thane coatinq .

The best perto vm e~’ ~~~~ L-~~ ~ jh CSi~~C c ’ .~- s for each of
the 2 po l yurethane coat ings a~e Sumn~~ 2ed in Table ~3.The samples we’e ~mme’~ ed ~r ,~ite ~r~d 

f uel fot’ 42 day
long-te rm aging at 160° F

Table 14 shows that long-term ag ing of the polyether
polyurethane/ fabric 1 am nates re sult s - ~n a !arJe drop
in peel adhe sion ~a1ues atte ’ e~po~ure ~o’ 14 days for
all samp les tested But the’e ‘s r~’j s’gn ficant deteri-
oration ‘n peel adhe~~on ~a l u e s ~ oi- then on up to 42

14



days exposure . The 14 day deterioration may be due to
a l ower than optimum crosslink ing density , resulting in
a plasticizing action by the fuel

In fuel aging of polyether polyurethane /fabric laminates ,
the best retention values (on a % basis) for glass and

-
- Kevlar fabrics are observed wi th a polyurethane adhesive.

In the case of nylon fabric the best retention was ob-
served with an epoxy adhesive , whereas for Dacron fabric
the isocyanate and polyurethane adhesives -, and no adhe-
s i ve , are equally effective.

-
- 

.- . In the case o~ water aging of polyether polyurethane !
fabric laminates , the 14 day ag ing results do not show

‘
~- the severe drop in adhesion values observed in fuel

aging. Further aging through 42 days produced no signi-
ficant deterioration in adhesion values .

The best adhesion retention values for each fabric to a
polyether polyurethane coating were observed with the
following adhesives :

Glass - isocyanate and no adhesive
Kevlar - epoxy
Nylon - no adhesive
Dacron - ‘socyanate

The peel adhesion data for polyester po1yu~ethane /fabriclaminates is also shown in Table 14. The drop in adhe-
sion values after 14 day fuel aging is not as dramatic
as in the case of the polyether polyurethane/fabric lam-
inates. Continued fuel aging through 42 days produced
no , or small , additional reductions in adhesion values .

The best adhesion retention values for each fabric to a
polyester polyurethane coating were observed with the
following adhesives :

G lass - no adhes i ve• Kevlar - no adhesive , epoxy and isocyanate
Nylon - no adhesive , epoxy and isocyanate
Dacron - no adhesive and epoxy

p~ In the case of water aging , the best adhesion retention
values for each fabric to a polyester polyu rethane coat-
ing were observed with the following adhesives :
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Glass - no a-ines~ ye ~r~i
Kev lar - no adhes ive and epoxy
Nylon — isocyanate
Dac ron - no adhes ive and Isocyanate

2. Sel ect ion ~~~~~~~~~~~~~~~~~~~~~~~~~ -~‘es

The lis t of best s~ng i o adhe s~ -~ f: , a p~rt1c u lar po ly—
urethane /fabr ic comb inat ,on ~s the t u l l owFng :

Fabr~cGlass ~~~~~~~~~~~~ Dacron

- Pol yether I5Ocy dndt~ ~~~~ Nor ~ Isocyana te
• Pol yure thdne i~3

2. Pol yester Epo~ j 1so~~~riate Isocyanate
Pol yure t~ia ne ~2

Because of a sus pected rion~ c~~t’ i .~rr c.(J - Si nk~flg in the
polyurethane st ru~ t u e~ , g eate emphas is was placed on
the retention a lu es in w ate r - it was felt that fuel
would have a more dete r ior at in g e~ 7ec t on the coatings ,
and therefo re , the coat ’ng’~ ob~ c adhe siur va lues in
fuel wou 1d not be .c~ rcsentat’ .e

3. Screen ’ng ot ~dhe sives and ~esi~~ i S stems for
Coat ing to ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Nylon fabric was chosen as t ie ‘c’n ~ orcernent for samp les
fabr~cated fo r  the coat~r~ to CCc ~.l’i9 and coat i nq to
meta l adh e~’on sc~ c e i i ’ng  st~d~- ~a~ :l~~- o f non treated
ny lon fabri c we re o l1 c r coated w~ th the opt 1m~zed one-
shot pol yeste’ and p~~1 y~~ti~~r i~ .~ e t - ~rs~ com pound from
the work aone dt  fl~- ’ o ~’ d -  Du~ i.~ th . . 1 ow ~‘1scosity of the
opt~m’zed pol othe r compound , ~t was necessary to app ly
two ro ll er ccj a tb  of ~~ ~- e~ s ’ ae t-’~ insur e that
su ff~cien t cnat e ’iai .-.d S p e ~~..-i~t t i ~~~iu ce a uniform
bond ing surface The po ’ye~~c c~ dtCd r.~lon an d the
pol yether were then used tc ~ai~ c-i t~ s-~c 1t 1n g to coat ing
and coa tiny to niet -.~ i a r L~ i o n  -

~wi~

Three adhes ives  v c - ’ c  used to u.- i~ iiy pol yester to poly-
este r arid three ~idhci.~ - e s  we rc  u~ed to bond the poly-
ether to ‘tse~t The u~lH~~ — ~re as toHows :

_ _ _ _ _ _ _ _ _ _ _ _  - 
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for polyester Al - moisture cured polyester
A2 - 2-part polyester
A3 - one-shot polyester coating

for pol yether Bi - 2-part polyether
A2 - 2-part polyester
B3 - one-shot polyether coating

The A2 adhesive was used in forming seams from both the
- • polyether and polyester polyurethane coated fabrics be-

cause prel iminary experiments showed it to be effective
for both types of coatings.

Each of the six adhesive/coated fabric combinations was
evaluated aga inst each of the aluminum metal primers:
Chemlok 607 from Dayton Chem ical Products , Thi -xon AB 1 244
from Whittaker Corp . and AP1 O from M & T Chemical Co.,
yielding a total of 18 coated fabric/adhesive /primer
combinations.

A ll samples were fabricated for testing in accordance
wit-h the test procedures as outlined in Appendix B and
C of this report .

The results of the 160° F water agings up to 90 days and
the 160° F Type II fuel ag ing up to 42 days are shown in
Tables 15 , 16 , 17 and 18.

The peel adhesion data for the poIyether adhesion samples
is shown in Tables 15 and 16. The data in Table 15 for
coating to coating adhesion shows poor initial adhesion
values , none of which pass the guideline value of 25 lbs/
in. These low values were obtained because the prima ry
mode of failure was between coats of the polyether coat-
ing compound . This failure indicates that the first
polyether coat reached too high a state of cure to
allow proper adhesion of the second coat. The coating
to coating adhesion values in water dropped off slightly
but then retained a signif icant percentage of their ori-
ginal values . The order of performance for the adhesives
was A2 < B2 < Bl . The data for the Type II fuel aging
showed a large drop th adhesion initially, however , no
change in values was noted through the 42 day aging
period . From the % retention figures the performance
of the adhesive was A2<B l <.B2.

17
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The polyethe r coating tc m eti .~Che~ -on va~ ueS are pre-
sented in Table 16 Anal y s i s of the data shows that
one adhesive/primer (B2/AP1O) meets the guideline value
of 45 lbs/in. int t ia l  adnes~ on - Upon 42 day wa ter aging
at 1600 F , the data show s t h ree adh esi ve ’ pr~mer comb ina—
tions passin g the 90 da y g o - d e l  ~ne t U J ~es o f 15 lbs/ in.
or 30% These comb inatior~ are AP IOi B s AP 1O;A2 and
AP1O/B2 . The order o~ pe~i o - -n~ iice of the adhesives was
A2 (Bl < B2. The order of pe~~c rmance c f  the primers
was APl0(i244~~607. Analys is OT the tue l aging data
shows a large drop in adhesion initially with little

-
~~~ further loss through the 42 day ~g;ng ~er’od None of

the adhe sive ,pr~mer comb inat or.s passea the 42 day
guide line f’gures of 30 1bs/~ n or 50% of init i al after
the 42 day aging pe riod Th~ oi~de’ or performance of
the adhesives was B2 A2 - B) The order of performance
of the primers was 607 (AP1U<)244

The peel adhes ion data ~or the po i yester adhes~on sam-pies is shown in Tabl es 17 and 18 T he data ifl Table
17 for coating to coatin g adhes~on shows two of the
three adhesives (Al and A2) pass ing the guide line value
of 25 lb s/ in. The coating to coat !ng adhesion values
in water show two of the adhes t ves (A2 and A3) passing
the 90 day gu id e li ne figure of JO lbs or 40% with the
A2 adhesives ga ining ~ strengtr; thvoug h the aging
period. The order of performance to” the adhesives in
water was A2 <A3 <A 1 Ana l ys~s ct the fuel aging data
shows a large drop in adhesion i n t ~a l l y, however ,
there was l~ttle furthe r l os s -~~ adhes~on th ough the
42 day aging period Trie orde r o~ performance of the
adhesives was as foHows : A2 -.~A3 < A l

The polyeste r coating to met~ i adhesion data i~ present-
ed in Tab le 16 Ana )~~ ’s ut the aata ShOw~ that two of
the adhes ive prim er comb’nat~on~ H244.-A 3 and AP IOiA3 )pass the gu ide l ine in;t~a adti e-~ 1on 0 ’ igu re  or 45 l bs/
in. Upon 42 day wate r ag rig at. 160 F the data shows
three adhesive pr;me r’ comb 1r.ai.ca -~ 1 244..I~2, AP~0,A2and AP1O/A3 pass’ny the 90 do, g-~-de iin e ti g u~e of15 lbs/in , or 30% The olde r j 1 

~v e r a i i  perform ance
of the adhes ives was A3(A2<A l The order ot the
overal l performan ce of the h r r 11e ,~ was APl0~ i 244~ 607 .
Anal ysis of the fuel ag’,ng data ;UwS a moderate drop
in adhes ion ln ’tiaH y, howeve .- • ti~ ~cilue~ are main- -tam ed throughout the 42 day pe’ ~ou- A ’though none o’f
the adhes’ ve p ri me comb inat ion s ~~~~ the 42 day
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guideline values of 30 lb si in. or 50%, several of the
samp le types retained 15-20 lbs. of adhesion and 50-75%
of their original strength . The order of performance
of the adhesives was A2< Ak A3 , and the order of per-

-~~~ formance of the primers was APl0~ 607~ 1244.

Analysis of the combined fuel and water aging data for
each type o~ coating compound , considering the initial
adhesion values, water and fuel aging data , including
absolute adhesion data , % retention figures , and mode of
fa i lure, resulted in choosing the following combinations
for the final long term adhesion studies :

Pol~ es ter Coat i~~ Polyether Coating

Coating to A2 A2
Coating

Coating to A2/AP 1O A2/AP1O
Metal

4. Coatings Applications Evaluation

During the coating to fabric , coating to coating and coat-
ing to metal adhesion screening studies investigations
into methods of coating the one-shot pol yurethane mater ial
onto fabric were investigated . With typical viscosity
of the one—shot ethers being approximately 1000 cps and
a typical ester approximately 2400 cps , machine coating
of fabric is feasible. The reactivity of the material
necessarily rules out dunk coating since a reservoir of
material is required and would gel because of the rela-
tively short pot life , i •e ., ~‘lO m m .  The materials
will , however , l end themsel ves to either a flow coating
or knife over roll operation.

During the period of time the screening tests were be ing
done , work was acc omp lished in optimizing a method fo~’spray applications of the one-shot urethane materials
geared toward spraying of large irregular surfaces , such
as might be encountered in spray coating a sleeve con-
struction which is being considered for collaps ible
storage tanks.

A Binks Model 101-52212 spray un it util i zing a Model 102-
2100, 18FMP spray gun (air atomization), or a model 102-
1700, 43P spray gun (airless atomization) was used in the
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spray appl icat ion wOrk T ne !8FMP ~~~~ was evaluated using
two atomization systems , inte rna l a tcrr’zatfon using a
9—41 nozzel and external atomization utiliz ing a 68PB
nozzel . The cr iteria for evaluat ion cf the various spray
methods were porosity , coaYng u~~ ~~~m- t y , thickness, and
overspray . The method of ~p ’ a , ap~~~c~tion yielding the

& least porosity , best ur; fo’-mt t .,- , greate st thickness per

~~ pass with acceptabl e ov er sp - - ay was a :n e~ed using the
18FMP gun equipped w~th a 9-4~ nc-~ze~ arid internal atomi-
zation. The cond :~ti on~ esta H~ h~c ~o~’ spray applica-tion of the final coated fabric samp les was as follows :

P0 - L este r Polyether

f 

- Formula ‘01525K l0l575U
Nozze l 9-41 9-41
Pot pressure cure (psi) 2 2
Pot pressure pol yol (psi) 60 60
Pot pressure solvent (psi) 60 60
Line  pressure-ma’n (a’r) (psi) 92 90
Atomizing air pressure (ps’) 10 60
Pump pressure (psi) 20 20
Line pressure cure (psi) 200 100
Line pressure po1 yol (p am ) 200 400
Line temperature ° ~ 160 160
Polyol heater temperatu re ~ f 160 160
Cure heater temperature 0 F 25 75
Polyol pot temperature F 160 160
Cure pot temperature ~ F 75 75

Both the pol yester and ro 1~ etr~c’ ~‘at ~-d fabrics sprayed
under the above co nd -t lo i S sh~wea -~ome coating porosity .
It was necessary to modi’~ t e  Cat~~y~~t system for sprayapplicat ion , to m In im~ze ch c sag~j ’~ or the sprayed coat-
ing when app lied to a ye t c a : f v..e T~e resultantcompounds possesse d -3 ge~ t i 1 C :;t ~~ .r~~iirnately 20 secs.
The mod ificat ion ;n.-o l~~d ~ ? L  r.h~ny’viy of the type of
catalyst rather than the ~~~ t 1  becauSe gel times of the
order desired were not teas ’b~e ~~th the o’~iginal cata-lyst system .

5. Final Lon g Term ~~ing St~~ oi Ccat’nLto Coating and
Coating to Metal Bonds

Coated fabric samples were p~epi red t :r t inal coating to
coating (seam), coat ng to meta l and dead load shear
test’ng .
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The coated fabric samples were prepared i~j spray coating ,
using the method described in B. 5,, page 8.

One set of glass , Kev lar , nylon and Dacron fabrics were
spray coated with the optimized one-shot polyether poly-
urethane and one set spray coated with the optimized
polyester polyurethane.

L.~. 
Prior to spray application of the coatings the fabrics

-
~~~~ -. were given the optimum treatment spec ’~fic for the poly-

ester or polyether coating as determined in the coating
to coating adhesion study as outlined in B. 2., page 16.

Coating to coating, coating to meta l and dead weight
load adhesion samples were prepared for each set of poly-
ester and polyether urethane coated fabrics using the
A2 adhesive and AP 1O meta l primer determined as optimum
systems in the adhesive and primer screening evaluation.

Sampl es were made in sufficient quantity to per form the
tests as outlined in Table 2 of RFQ DAAG-53-76-Q-0032
and as modified in UNIROYAL ’ s technical proposal EP-608-
76, pps. 26 and 27.

Table 19 shows the 160° F fuel and water aging data for
polyether coating to coating and coating to metal adhe-
sion sampl es . As can be seen from the fuel data , very
poor initial pee l values and after aging data exists .
The modification to the catalyst system to shorten the
gel time is bel ieved to be responsible for this very
poor performance of the polyether ~ompound ~ri tuel .
Polyether samples made for the 180 F water aging ,
73.5~ F Type II fuel aging and dead we ght load testing
were made using the po l yetner compound containing a dm f~
ferent catalyst system ‘n an attempt to improve the
original and fuel aged prope ties . In add ition , the 42
day 1600 F fuel samples were remade. This data is pre-
sented in Table 26. Comparison of the ibO ’ F water
aging and the 1800 F water aging also shows tha t the
catalyst type affected the initial and aged properties
of ~he polyester compound . The poor performance of the
160 F fuel and water coating to metal samples shown in
Table 20 also appears to have been caused by the catalyst
mod ification. Examination of the failure mode for all
samples made for the 1600 F aging study indicates that
not only the polyether compound was affec ted , but also
the performance of the A2 adhes~ve , sinc e fail ure within
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the A2 adhesive was not chata~ t~i~~ ti~ ou’ ng the ~.‘een-ing trials.

Analysis of the more representat’ ie “Remake 1600 F fuel
aging data presented in Tab le 25 ~~~~ that none of the
samples pass the guide~ine f~~ i ”e ~ 25 bs ’’n - 1 - ’~ On-
ginal pee l or the 15 ~b - - n . -‘ 50;~ ~igu ’e to” 42 dcy ~~,however- , both the ny lon and Ke- o. :am~~e5 ie ta ’ned 46%
of their origina l 13 lbs~~n ~tter tile 42 day a~ in9
period.

The analysis of the 180° F wat e r ag~nci data fo” the
polyether coated fah ’cs shown ~i 

rab~e 2~3 ~rio~s none ofthe samp l es pass ing the gu’de )’ne ~1 q u re  -~~~ 25 ibsi ‘n .
for orig lna l peel w~th the pu~ yethe ’ g~ a ss  samp le the
highest at 22 lb si in . The adhes~on te~ the glass , Kev i ar
and ny lon graduall y dropped throug h the 28 day aging
period , however , the % retent ion at 28 o~y s was r-e~ative-ly high at 36~ fo~ glass , 41~ to” Kev~a and 27% for
nylon. The Dacron samp 1 e ~nc v eased in adhe ’on trom an
initial of 10 lbs/in , to 23 lbs~ in ai’ ter 1 days and
gradually decreased to a va lue Ot 1 lb~,- m~ or 70~retention.

Analysis of the 73,50 F lu e l aging data to’ the po ’y-
ether coated fabrics presen ted in Table 24 shows in itial
peel adhesion of all samp le types to be below the 25 ibs/
in. guidel i ne figu re and a ~age ;n l ti a l drop in adhe-
sion after 14 days followed b~ l i ttle tur thel degrada-
tion through the rema ’inder of the 42 day ag~n~ period~

The results of the dead we ight l~ àd test~ fl c j of the one-
shot polyether coated tab r’’cs ~s p ’e~ent~o in Ta b1 e 27.
The glass , Kevla r and ny !on samp es pa :.~eo the yi ’de ine
requirem ent for coating to coat-ny and Loat ’ny to metal
bonds - The Dacron samp l e f a ’ ed to ~-ect the coating to
coating and coating to meta 1 ‘-eQu~~emen’ s.  Fa~iu,e ot
the Dacron samp l es ap pea rs to be uu’~ t-. the “e ia t i~ e~ylow coating to lab~m c adhes’on exh~o ted by the nciy-
ether/Dacron samples

The coating to coat ing adhesio n dat- - ‘~~~‘ on~ - ’ ho i po 1y—
ester pol yurethane coatea tao’-!cS s-~L~ e t e d to water
and fuel aging at 160 0 

~ is present o r, Tab~e ~ Anal-
y s i s  o f the data Sh~ -NS bot r t i€ p i~ c~ t~ ’ c nated r’~ on
and polyeste r Dacron c~ sSed t e  ~~‘de~~ne .a I ue Ot 25 lbs /
in . for ori g in a l peel ao~-e~ ’on The wøte” ~q i rig data
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shows a g”adua l decl ine of adhes ion va lues for all sampl e
types to 10 days with complete failure of all samples at
90 days, with the mode of failure being primar il~ 1 00%
coating to fabric for all sample types . The 160 F fuel
aging data shows a sharp drop in adhesion values for the
polyester coated glass and polyester coated Dacron with
the polyester coated glass m ainta inlng its adhesion
level through the 42 day period and the polyester coated
Dacron sample showing a gradual drop ~n adhes’on through
the 42 day period The polyester coated Kevlar and
polyester coated nylon samples , however , show good reten-
tion up to 28 days with the polyester Keviar dropping
off at 42 days and the polyester ny lon sample maintain ing
a high level of adhesion to 42 days and passing the guide-
l4 ne figure of 15 lbs /in or 50%

The coating to meta l adhesion data for one-shot polyester
coated fabric samples is presented in Table 22~ All ori-
ginal adhesion values , although relatively high , failed
to meet the guideline figure of 45 l bs/in , except the
polyester nylon samples , which did pass the requirement.
Upon aging at 160° F in water all samp~es show ~‘eiative lygood absolute values at 14 days~ however , from 14 to 70days exposure they show a steady decl i ne with the 90
day exposure resulting in complete failure of all samples

Fuel aging of the polyester coating to meta l samples shov~an initial drop for all but the Kev lar sample after 14
days then a moderate dec line in all adhesion values except
those for the pol yester coated Kevlar . The polyester
coated Kevlar value at 42 days was 6 lbs - in. higher than
the original peel adhesion value . None of the polyester
coating to metal adhesion samples passed the guidel i ne
values of 30 lbs /in , or 50% for 42 day 160~ F fuel aging

Exam inat ion of the 1800 F water aging data for the one-
shot polyester coating to .oating adhesion shows the glass
and Dacron samples pass the guideline values for origina l
peel adhesion. Upon aging all samp les show a steady de-
cline up to the 28 day testing. Values for the glass and
Dacron samples at 28 days are 3 lbs/~n, and 1 lb/in., and
the Kevlar nylon samples show a complete loss of bond .

The fuel aging data for the coating to ccat ng adhesion
samp les made from one-shot polyester coated ta br c5 iS
shown in Table 24. The data Shows that gcod initial
adhesion value s were obta’ned with the Ke~lar and Dacron
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samp l es pas s~ng the g~~de iir ~ ~i~ - -~ ~~‘ 25 1b s~~ n
init ial adhes ion Good adh esion wa~ —~~ nta’nec by a - ’
the samples throughout the 42 day aging period wlth all
samples passing the gu~do~~ro adhe~ :on f’gure of IS lbs~in. or 50% for the 42 day ag~ng

The dead we i ght Lad test aat ~ ~~~~~
- tne ~~a i~ ng t:~ ~~at-

~ng and meta l to coated ~~b- o~- ’i~ made ;:iny the ore-
shot po )yeste~ co~ted b-~c : s ’ ~n~wn ‘n Tab~~ 2) The

- -. glass , Keviar and nylon all passed tfle seam test with
the Dacron sample fail ing - The coating to meta l tests
showed the Kev 1a~ and Da~ 

- .~ ‘ r,as~~ 1-~ i~ d th~ y i~~~ and
nylon ra iling Th~s l eavc~ tht .-n e --~hot ~~t~ ’ Kev iar
as being the onl y s-3 m~

1 e s~~t C o - ” i~j  both the ;-~o t i r ,g
‘ 

- to coat ing and coat~n~ t~ m~ toi t~-~~t

pH measurements of the ~~~~~~~~~~ ~ n ~h l- ’~h th~ p~
1 ~e~-te and

po lyether one- sh-D t adh e~ -:i n ;amp ’ e~ .~e~ r’ ag ed i r ~ (‘:t
being reported because ~rr~ ~~~~

-
~~p e~ v,~~~e ~nad~e ’ tent l y re-

placed nto di~~ eren t j~ ”~ a’ ~~~~“ ~emo .-~~ ~-o’ te~~t~~r-.~

Conclusions

1 , The pol yether pol yo l , pTM~.2QrJ0 ~~ ~O~ y t.:t .iTet r y ene ~
1 yC0))

and the pol yester po i yo~, S O~4-~ L- ~ ,6 he .and’o~ .~~e late j ,produce the best pc~yu etl1 are 1 ~~e ’te. ~t t~e 4 ~-Dl j(;iS
screened . In choos~ng the or. ,itT )m -

~~~~~~~~, i~ r1~i~’.;~ waS
placed on the low tempe ’atu-e e* p ~~~~~~ i t-  ~~~

‘ t r - ~ i1m ~

2. Tensile p ope’t~es O~ thE cne~ - ’~~t . . ,,r~~tr~-fl~ T i  ~ -

not atfec ted by mOde~’ate C h a r ~~~
t -  r~ ~~~ ~~~~ ~~~~ •ag’ng and adhes~on :hc ’~~c t o - i t - c - . t-~~- t: be d~~ L-~ ted ()y~the type of cata l 1st err p~c~ co

3. Atta r;ng the ~u d e ; n ~ 0w tC i -~~: J~~’..-~~~’ .~~~~~~~
- !. c~ ~ing compounds and m tanei~~~y t~:-i n i  the 9u dC~~n~f oe 1 and w -tt ” ‘e sta r-’.e~ ~~~ ; .~~ O e  u n y  ‘ u

comm erc ’a ll y a~~ i~-ob e fr ’ C~~~~ . ’~~ ~r : - ~ ~~~~~~~~~~ ~ (l ‘.~‘t C i ’ S

la’~, the ~t i t ~ess ~ th e ene-~~- .~ 1u e tranE ~ -at ng~ tend
to be h ghe than t r e  g’~~de ne ~ 3 ) u~~-

4. Ag ing propert es -
~~~ ~-c- ~ yu ’et h~ nt - : -~t n ~ in ~~~~ ~tud~ were

strong ly dependen t u~~n 
~~~~~ ~~~~~~~~~~~~~~~~~~ ~ed ~n c-~’’n~ the

polyo i 
-

5. Ac id ‘n fuel does riot ha ’e  Y g r i ’ ’ ca nt  e ’ t c c t  c•n the ~et en—
t’on prope”t e~ -~~~~ coa t i n~~ 1~~n ~~

~ 
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3. The best performing adhesives for bonding one-shot polyester-
polyurethanes and one-shot po lyether polyurethanes to four
fabric types were determined from initial screening and fuel/
water aging studies.

7. A 2-part polyester adhesive proved to be optimal in bonding
one-shot polyester polyurethane coated fabric to itself and
one—sho t polyether polyurethane coated fabric to itself.

8. A 2-part polyester adhesive/metal primer combination proved
to be optimal in bonding one-shot polyester polyurethane
coated fabric to metal and one-shot polyether polyu rethane
coated fabric to metal .

9. In the long term aging studies the one-shot polyether pol y-
urethane showed better adhesi-i e bond performance in water ,
and the one-shot polyester polyurethane showed better adhe-
sive bond performance upon fuel aging .

10. In the long term aging studies in fuel and water none of the
coating to coating or coating to metal adhesion samples passed
all of the guideline values .

11 . Seams prepared from Keviar and Dacron polyester polyurethane
coated fabrics using the 2-part polyester adhesive passed the
guideline values for ori ginal peel adhesion. Glass and ny lon
seam samples were deficient. However , all of the polyester
polyurethane seam sampl es passed the guideline values for
fuel resistance when aged 42 days at 73.5° F.

12. It is believed that the formulating done for the atta i nment
of the desired low temperature properties produced compounds
with crossl ink densiti es much l ower than the optimum needed
to impart a high degree of hydro l ysis resistance and resis-
tance to swell ing by aromatic and aliphatic hydrocarbons .

13. A method was developed for spray coating fabric substrates
wi th one-shot pol yurethane materia ls yielding a coated fabric.
Microscopic examination showed the presence of some porosity
in the coating .
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Recommendations

1. In order to improve coating properties, studies should be made
to increase crosslinking density of the polyurethane chains.
This may compromise low temperature prope rties but should
lead tc increased resistance to fuel and water degradation -

2. In v iew of recommendation 1., emp hasis in ~~~~~ studiesshould be concentrated on increas ing ~on g term aging proper-
ties even to the acceptance of non-opt imal low temperature
properties .

3. Isocyanate A should be used in the cu rlng of the po l yo ’l s ‘n
order to obta~n good propert ies

4. The anomalies in the torsiona l stiffness ratios suggest tr-ans-
istions occurring as a function of temperature. In screen-
ing several coatings for low temperatv’e per-fc mance , a curve
should be generated rather than 2 point s taken o~ stif ’nessproperties as a function of teniperature-

5. The tensile propert ies of the coatings were not sensitive to
changes in concentration of catalyst investigated , but re-
suits showed percept ible affec ts due to the type of cata lyst
used . Therefore, futur2 studies should i ncorporate addit ional
catalyst type/concentration studies -

6. Coating to fabri c adhesion was opt tma l in many cases after
treatment of the fabric with isocyanate or epoxy Futu re
studies should incorporate the eftect of fabric trea tment on
tear and penetration p’opertles of the coated fabric

7. Future studies on spray i ng of one-shot pol yorethanes should
be conducted at var ous re la ti .e humld it -es to dete”im ne
effect of mo isture l evel in the a~r or~ pcfos~ty in films -
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Ta ble 2 (Cont inued )

Chem ica l Equ ivalent
Pol yol Type Ccmposit on Weight

4 Po1 yireg Poiytetramethy- 2000
PTMG 2000 1 ene cjlycol

S C~~ve Ro l y Slend of ethylene 462
~ 443~~oo~er oxide CàP~Cd PPG
1O~4 - 7 5  and pol yester

C - aol ycaprola ctone

1 . N~~c PC°-0230 D~ol terminated 634
caprolactone

2 Niax PCP-0260 Diol terminated 1496
i aprolactone
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Table 4

S1035-55/Is ocyanate .~

II 

• ?.

t~ vc R T .

Ta’n ’iia ’ ~; t a - p n c t k  43~5 453 7 4270 4469

~:c ‘ o*~ 
-
~~~ 

7 ’9,
~ 

2049 2218 20~-4
245 27(~ 255 250

Tensile Strenqth 4643 4230 3832 4265

2OO~ ~cidu1uS 
1514 151 1 1439 1345

Elongatica n 310 305 300 320

Percent  ~~~~~~~~ 
1c r

Tens~1e ~~ r~ ’ ~ 1C~
, 93 90 91

200 - ‘ r~~
_ I~ ~~~ 74 6’-~

E1onq~ t ic 1 n l~~~ 
112 117 123

Code 101516 B C

34



-

~~~~~~

I-~~.L4 (Cont inueo 1

~ )35-~~ -~ ~OC yd~ 4t ~ B

Level 2 3 4

?1 Ii,; .~ T.

r Ter -s i l e  S reri ’~th 
4677 4166 434~ 3778

~30’ ~-JCuluS 
1298 1 346 l3~4 1215
3~5 375 370 370

a 5 1 6 0 ° F )O -

Tens i l e  S t rengtr l 2746 3491 4033 3207

200’L Modulus 888 909 949 1004

Elongat ion 545 454 450 445

~erc~ ’ * ~e :-~’~ 
—

T~ r s~ i c-  ¶~t - t r  t~ 
59 34

202 ~~
-- ~~1 £8 68 70 53

E1or~~z~~ - 142 121 121 120

C.j~e 1.L157~ E F B H
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Table 4 (Continued)

24-~~~isoc yanat ~ A

~at31 /St L~~ve i  1. a

S aLs 
~~I1

~~ r 1s i1e  Streng~ ’ 1( 15 1692 2019 1703
?0-_
~ ~ ‘i_ l- ~s 

lt-2i 1570 1254 1135
E1- Dnça t io n 200 220 267 237

21 days 160°F ~
-

Tens i l e  Stren Qt ~1 1383 1838 1941 1701
- -  200~ Mod ul us 926 1161 925 862

E1ongat ~ on 237 253 267 280

Perce nt Rptent ‘
~~

Tcr- sil e 5tren~’ 86 108 96 100
57 74 73 73

118 115 100 118

~~-~ie 1-01576 1 a) K I.
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Tdbl e A (continued)

24-3 j~ocyanate B

C~ ta~y~~~ Level a

-,

Ten s ile Strer- -~t 
1242 1353 1622 1513

2000 ~o i-.4i us 916 950 988 931

El on gat ~:-n 500 440 437 470

2l day~~1 C0~~ - -
*

c-ns~~ie :.tr~~~: ’ . 1120 1351 1247 147e

200t ~o~- - i~ s 3.~’- 854 851 896

~
iongaticr

~ 
44 0 463 417 425

~\-rccr-t 
- ~~~~~

~~~~~~~ -~r~r 1Y 90 100 77 98

203 . ‘1c~1 ,~~~.., 
91 86 96 —

Elongat ’ 105 95 90

~~~~ 3 ~~~ 
C P

~_ __
i 
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Table 4 (Continued)

-• 
rC~-0260/1sn~~~~te~

Cata~y~t Level 1.

2 ] y j~~L
Tensile St rength 3157 3533 34 14 3575
200~ £tdulus 

602 540 564 531

ElongatIon 355 380 370 410

_ _ _  -

Tensile Strength 3487 3654 2972 3624
200 - - Modulus 418 393 443 377
ElongatIon 455 470 425 505

P rcent Rete nt ic ~
Ter:ile ~trengt~ 

110 ~03 Si 101

200 - Modu1 u~ ~7 79 71
E ] o r l a t i c 1  12~a 123 115 123

Coce 101576 Q R S T
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--—— ______________

.5-- -- 
‘5-5-.’--- -~~~~~~~~~

~~~~~~~~~~~~~ 
(Cor.tinu€.d)

pcp-1,:-:-o ’lsoc,anate B

2 3 4

21 ~-~~ s R T  -

T~~n~~~1e St r t4. - 1 4577 4595 4624 4602

200 ~~~~~~ 
f- -0~ 

534 554

Elor.9ation 4dB 5)~ 
525 490

21 dayS 160°F ~~~~~

Tensi le Strengtt~ 
1136 1119 1130 1207

200~- ~~~~~~~ 
— — — -

ElongatiOn 50 45 35 45

.
~~ ; - ‘r 1  ~~~~~~~

rs~ le S e c t ~ 
25 24 24 2G

200 -. ~~~~~~~ 
- — - -

ElongatiOn 10 9 7 9

0~ -~e 10157k U V W
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TABLE 6

TENSILE STRENGTH RETENTION OF POLYURETHANE
COATINGS AFTER EXPOSURE TO WATER AT 1600 F ,

AND UPON WEATHEROMETER AGING

G443/
PTMG- 1014- S1014- S1014- S1034- PCP-
2000 75 75 47 50 0260

Initia l
Tensile Strengtti (psi) 2153 4462 5738 582~- 4135 4376
200% Modulus (psi) 1775 - 5194 2272 2228 581
Elongation (%) 225 170 210 280 260 367

Dais Aging
14 Days
Tensile Strength Retention (%)  56 60 68 47 85 63
E l o n g a t T h n  Retention (%)  118 172 119 134 128 144
pH - 4.30 4.00 5.30 4.45 4.25 4.52

28 Days
Tensile Strengtr~ Retention (%) 68 69 62 47 76 46
Elongation Retention (%) 136 190 133 145 140 171
pH 4.90 3.98 4.~ 3 4.40 4.30 4.82

42 Days
Tensile Strengt~ Retention (%) 62 69 62 43 75 18
Elongation (%)  130 190 137 154 155 22
pH 6.16 4.26 4.48 6.29 5.27 5.88

70 D&/ S
Tens~~e Strength Retention (%) 68 56 46 15 49 Dec.
E r ~~t~on Retention (%)  137 199 151 158 176 Dec .
pH 5.91 4.34 4.62 5.30 4.82 3.~4

90 Oays
ni~T~ Strength Retention (%) 65 43 30 6 23 Dec .

Elongation Retention (%)  136 190 130 58 135 Dec .
ph 5.32 4.99 5.41 4.7 5.41 3.64

Code 101575 U W C A K AA
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TABLE 6 (Cont4d .)

WEAThEROMETER AGING

I
I ~443/P1MG 1014- 51014- 51014- 51034- PCP-

~~~ 3~~~ ._i.L ~~ L_ 5° ~~PS
250 r lr~. -

T ens I le  Strength Retention ~~a .)  85 70 64 59 75 70
E1on~iat ion Retention (~

-) 93 94 87 87 86 94

- 500 Hrs .
-
, Tensi le Strength Re t e n t i o n  ( )  71 71 68 57 59 54

Elongatio n Retention (~-) 87 79 81 92 83 89

750 Hr-a .
tensi1~ Strength Retention (~

) 57 59 65 37 61 44
El ongation Retenti on (i- ) 82 98 78 78 80 71

Oo-ie 1 31573 U W C A K AA
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T ens i le  Strenyt~. ~~~~~~~~ of ~ol y~r e~- -~ne~oatln~s A f t e r  5A P C ~~~~~~~C to .~at e r  a t

- - ________ 
Polyo ls 

_____

6443/ 
-— 

- PTMG— 014- S1014- S1014- 51034- ~~~~~
-
~~
-

2000 
- 
7s 75 47 ~0 3263

I f l i  t - ~
e r.s c S~~~~r~~t~ \ DS 1 J ~~z.i ~~~~~ 57~-~ ~c .~-- - ~~~~~~~~~

233~ o~~l -~ ~p~ i 1775 - 5194 22 72 2228 531
E1~~noat ~ or 

~~~) 225 170 213 2s~ 2 65 367

~~ns ’ e Stren~t~ Retention (%)  79-2 54.6 74 54.1 84.2 52
Elor.~ at~cn Retention ~ %) 112 145 139 1 1 7 122 135

143 ~ys
~~~~~~ Strengtr Retention (4) 112 .5 52.4 58.9 41 .8 63.4 53.9

ongation Retention (~~) 136 149 lii 115 116

21 Days 
-Tensi le Strer-çjtn Retention ( % )  92 53 51 .9 35 47 21

Elc-ngat ion Retention ~~~) 12 7 133 109 128 125 9.5

~~
e Strer.gt~ Retention (

~~
) 82 41 87* 16 29 3

E longat ion Retention (%)  159 160 115 140 136 3

Coce 101575 U W C A K M

*~ncons~ste..~t ~~~t ;~ other cata - extr0polated vo .ue is about 46.
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-5 
~~~~~~~~~~~ ~-5~~ ~~~~

~ens’ le t~en9t~ ~e~ : ~- :r  o~oot~ngs A-~ter Expos ure to~~ 5 F~e~ at ~-3 5° F an~ ~O° F

________ 
Polyo ls

L;L43 /
PT~3- i01 4- S1014— 51014— S1034- PCP-
2053 75 75 47 50 0260

• a
~~~~~~~~~T 

~~~~~~ ~p~~) ~~~3 ~462 ~~~ E32~ 4135 ~~~~~
23~~ :- ~cG~~l us ~ps~~~ 775 - 4 227 2 222~
5l~~-:~ t-on (~~) - 2 D ‘75. 

- 
210 253 265 567

~~~~~~~ h i  r ~ 13 o’ ~~~

• 
~~~~~ ~-t~~rqt r~cte n tio n  (

~~ 
2i 4 3 12 15 11

~~ 0n:ut ’ o n  2~ter-~ 1on (~
) 12 51 63 65 66 44

. erIs .~ - St r-~ tl R~ t~ r t o n  (,
~

) ~3 15 27 2 21 2~6 : o i ~~ t~or ~ctert’on ( ,
~ 86 132 54 53 7~

42 3~~ s
e~~~~~ S~ r~~~tr Retent on (,

~
) So 22 Il 17 13

E1orç~~~~r~ k o te r - t l on  (~~
) 71 91 105 73 54

4 - u , ’S
T~~ 5tr~ i-gt~ Ret~ r sio ~. (4) 53 - 29 21 16 14

~~~~~~~~~~~~~~~~~~ (~~) S~ - 11 9 122 91~

2S
I-~T-i .~ ~t rer~ tr ~ete n t~on (%) 23 31 25 ~33

Ei:~r~~~ t Io r. Reter~~~nn ~%) 03 55 27 -~~~~

-5

~~ ns ’ :- St~~~~ t~ ~etent~on ~% 21 54 6 15 13 3
E~ or~~ o 1 or ~e te rt ’o n  (%) 205 115 11 3 62 107

Code 101575 U W A AA
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Ten si l e Strength Retent~o of Pol yure tnane Coatlngs 0-~-~ ter Exposure to Ac idif ied it5 Fuel ~~ 73.5° F and 160 F

Poiyoi s
G443/

PTMG- 1014— Sl014- S1014- S1034- ~c~-2000 75 75 4 7 50 0230

1 ~~1 ~

k TT~T~ ~;erc1t1 , (p5 2~5 446- 2 3135 5624 4135 4375
-5 .• ~53 M~~ ,l- ~ ~~~~

-
t )  171 5 - 5104 2272 2228

‘L~~ at~ c- -r (
~~, 

226 110 2~3 280 260 3I~~

~~~~~~~~ Ac~ r-: 173 5° ~
- - - - - - - -

— Or~~ie S;ro:.~Jtn ( ‘le te r l t ion  (4 )  2 3 ~7 L
• 51onga t~cn 7’l~tent~on (~~

) 79 13 78 62 58 36

Th nsT~~ Str-engti ~et~nt1on (2 )  3s 31 29 24 29 19
E~ongat1on Retencion 

~~~~~~ 
88 i S O  1 ) 9  11 55 53

.;5
-~~ ns~ ~ Stre nçtn Retention (

~~ 
3-5 40 21 27 53

~1orgot~or Retent~on (~~) 84 1i4 98 ~5 65 53

— - - ~~~_ , , . s  1 ‘~~ ~~~~j ’~ -~
_ —i --- - - c -- (j ’~-

- - ~

~~- -~~~e Str en tn Retention ( -
~

) 1/ 31 23
Ei~~ ga tb O fl Retent ion ( % )  109 215 233 118 132 147

-
- 

- - - S
7e~ —~~o Strengtn Retent’on (~~) 22 51 53
Ei or~oat ofl Ret~rtio n (%) i2’~ 229 217 124 168 :4

..2 5 3 ’ -~
~e~T- ’T ~tren~ t. Retention (~~

) 18 2/ 16 8 16 C
E ’ c r- t - o n  : c n  ( % )  106 211 142 533 129 0

135375 U W C A K AA
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• 1à~i1 e 10

S~ i~~~e~s, P.5~~s1on an d F~ei Eit rac t lon
Propert ies of Pol yu rethane Coatin gs

Pol yo ls
G443/

PTMG- 1 314- S1014- S10l4- S1034- PCP-
2000 75 76 47 50 0260

-

~~~~ MOd~~~~S O ~~~~ I i d  1 ty

262 ~ 2 75 0 531 6 218 1 185 5
- 5 3 —  1154. 5 77653, 2 5530/.4 56422.7 24219 2 1194.8
-~~~~~~~ F 2D3O.3 59311 7 10771553 78522.0 66945.2 27412 3

F~~~~i 5At ~~a~~L~ Or
~~~~~~ , Te~::- 254 .9 2~~ 7 268-3 210.1 131.2 155.4

• ~2b0 F 97s.8 46384 8 71182.5 3914o 8 9699.9 5 83 - 3

Tors ona i Stittr iess Ratio

~ni t~~1
~~~~~~~ F 3 9- 3 /  95 46 3/ . 24 40 .42 2 - 73  24 .28
-40° F 2 ,7 4 112 86 4 1.45 52.98 4 .15 1.56

Af te r  Fuel Ex t rac t ion
-25° F 86 .54 39 - 74 25 .37 42.01 14.92 1.29
-40° F 3.12 39.13 38.s8 43.29 34.60 1 31

Taae r Abr-as~on

—i .’iS \ -~eei , 1 ,003 revolutions ,
1003 

-

,~~‘~ n t  l o s s (g I 0 .0215 0 3433 0.4051 3 11 1 4 0.0779 0 0404

Fue~ CuI t~~~’iâ L lon

~r, - ds ned exisc en~53n, ~mg/i QQ ml) 41.1 28 4. 8 13 - 1  28-6 40 2

~~~~~~~~~~ ~~~~~- - — - ~ + -- ~_ I I.

(r’~/133 H , 5.56 0.40 0 52 - 44 256 7.52

Code 101575 U W C A K AA
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Table  11

Adhes ive-s for Bonding Po’yurethane
Coatthgs to 1~~1jcs___

A Epox ies

1 15 parts Epon 828 (Shell Chem ical Co )
73 V ib ra t hane  8600 (UNIROYAL , Inc
52 Methy l ene D~ani1 ’n€. - MDA (Dow C~i er’~ca~ Co )

9800 Methy l Ethy l Ketone - MEK

2 Ia 
H Epon 828

Versamld 140 (Gene~-a 1 M~ l 1s Co
980 ME1<

3 ‘56 DEN 438 (Dow Chem~c a 1 Co
44 MDA

9800 MEK

3 ~‘ocy ~3natec

1 20 I Mond’jv- CBI5 (Nat tone- Co
980 MEK

2 20 PAP I (Upjohn Co.)
980 MEK

3 20 II )43L (Upjohn Co.)
980 MEK

C. Pol yurethanes

1 1~~(J 
‘I Permu thane U-23-006 (Pe~mu -thane Co )

5 II U-40—152
352 II 

~s o p r o1 V 1  A1 c -~hol I Mixeij
35 •I Toluene f ,~~~~

2 129 - ~~~~~~~~ U-23-1 7
5 - -  II U-40-152

Ace tone

3 ~~ V ’L ’r— a t.hdfle 6007 (UNIROYA L , Inc
Stâ b ox ô l #1 lNa t tovie Co

3 To nox (UNIR0~YAL , Inc )
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Table 12

A. Or iginal Pul ls in lbs/in on Pol yether
Polyurethane Coated Samp les

Fabr ics
Ad~iesives G lass Keviar Nylon Dacron

Epoxy ~1 22 ,18 8 ,9 36 ,44 14 ,13
28,27 13 ,17 36 ,24 15,16
15 ,15 9 ,15 36 ,4-a 1 1 ,12

‘ socyanate H 19 ,19 lo ,8 54 ,i.1 15 ,12
18,19 8 ,8 54 ,50 17 ,12

#3 20 ,18 10 ,14 52 ,48 1 7 ,18

Pol yu rethane H 19 ,24 13 ,12 2 ,30 1 1 ,12
~2 19 ,22 12 ,10 43 ,40 16 ,16
#3 20 ,20 11 ,12 53 ,41 13 ,14

Contro l
(no adhes iv t~) 2 1 ,21 12 ,10 43 ,43 10 ,11

8. Original Pul 1~ in lbs/ in on Pol yester
Polyurethane Coated Fabrics

Epoxy #1 24,24 13 ,16 52,53 16 ,20
32,36 18,15 38,35 15 ,17
36,29 16 ,16 50,50 12 ,13

Isocyanate #3 32,27 21 ,16 43,40 20,20
# 2 30 ,43 1 9 ,17 29 ,30 34 ,33
#3 26 17 ,17 42,48 21 ,23

Po l yure thane H 26,25 15 ,14 34,38 25,20
~2 29,25 14 ,1 7 21 ,25 17 ,17

~3 15 ,8 16 ,16 24 20,23

Contro l 17 ,30 14 ,14 60,32 12 ,17

48
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Tab le 13

- Fabric/Coating Adhesives Retained

- - 
for Long~Term Aging

[ Glass Keviar Nylon Dacron

1. Polyet her Epoxy #2 Epoxy #2 Epoxy #1 Epoxy #2

~ Isocyanate #3 Isocyanate #3 Isocyanate #1 Isocyanate # 3

- 

Polyure thane #1 Polyurethane # 1 Polyuret hane #3 Polyure thane #2
- 

.
- 

- Control Control Control Control

2. Polyester Epoxy #2 Epoxy #2 Epoxy #1 Epoxy #1
5. Isocyanate #2 Isocyanate #1 Isocyanate #3 Isocyanate #2

Polyurethane #2 Polyurethane #3 Polyuret hane #1 Polyurethane #1
Control Control Control Control
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TABLE 27 -

DEAD LOAD SHEAR RESISTANCE OF SEAMS
AND ALUMINUM TO COATED FABRIC BONDS

50 lb/in STRESS at 2OO~ F for 8 hrs.

Coating/Fabric Seams Al uminumJCoated Fabric

Glass OK OK
s_ I

Keviar OK OK

Nylon OK OK

Dacro n Failed Failed

~ Glass OK Failed

Keviar OK OK

~~ Nylon OK Failed

Dacron Fa iled OK

66

- - -

~

- ---  - - - -



p--- - —--
~~~~~ 

-

~~

TABLE 28

ADHESIVES AND PRIMERS UTILIZED IN
SCREENING EVALUATIONS

Adhesi yes

Code Material and Supplier Parts w/w

Al Urethane 6001 (UNiROYAL , Inc.) 48
Saran F310 (Dow Chemical 8
Staboxal M (Mobay Chemical) 2
Methyl Ethyl Ketone 44

A2 PA3O (K. J. Quinn Corp.) 100
Saran F310 (Dow Chemical ) 10
Q303 (K. J. Quinn Corp.) 50
Methy l Ethyl Ketone 1667

A3 101575K UNIROYAL proprtetary compound

Bi Vibrathane B600 (UNIROYAL , Inc.) 100
MDA-Methyl Dianiline (Oow Chemical ) 3
Tonox (UNIROYAL , Inc.) 2.33
Methyl Ethyl Ketone 187

82 l0l 575U UNIROYAL proprietary

Primers

AP1O Primer (M & T Chemical Corp.)
Chemlok 607 (Dayton Chemical Corp.)
Thixon AB1244 (Whittaker Corp .)

I
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APPENDIX A

Test Methods For Coating Compounds 11

Test Method
Property Spec/Std Para/ Method

Tensile strength (initial ) Fed . Std . 601 4111

Tensile stress at 200%
elongation Fed . Std~ 601 4131

Ultimate elongati on Fed . Std . 601 4121

Initial tensile strength
retained after inrnersion
in distilled water for:

90 days at 160° F Fed . Std . 601 6111 m c i .
4.8.1

28 days at 1800 F Fed . Std . 601 6111 m i .
4.8.1

I n i t i a l  t ens i l e  s t rength
retained after fuel imnier-
sion in Medium No. 5 in
sealed containers Z/ for:

42 days at 160° F Fed . Std . 601 6111 m d .
4.8.1

42 days at 73.5° F Fed . Std . 601 6111 m c i .
4.8.1

Initial tensile strength
retained after acid fuel
immersion in sealed con-
tainers for: 3J

42 days at 1600 F Fed . Std . 601 6111 m d .
4.8.1

42 days at 735° F Fed . Std 1 601 6111 m d .
4.8.1

_  _ _ ±_ ___ _*__ _ -..-~~ 
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APPENDIX A (Continue d)

Test Method
Property ~pec/Std Para/Method

Initial tensi le strength Fed. Std . 601 7311 4_/
retained 500 hours of
accelerated weathering
at 10% elongation 3_I

Fuel contamination :
Unwashed existent gum MIL-T-52766 4,6.8

Heptane washed
existent gum MIL-T-52766 4.6.8

Cracking resistance of
sheets of coating
compound 40 mi ls thick:

at minus 25° F MIL-T-52766 4.6.11
at minus 40° F MIL-T-52766 6J

Modulus of rigidity
(initial) LI
at room tem2erature Fed . Std . 601 5611-1
at minus 25’~ F Fed , Std . 601 5611-1
at minus 40° F Fed . Std . 601 5611-1

Modulus of rig idity
(after fuel extraction):

at room temgerature Fed. Std . 601 5611-1
at minus 25 F Fed . Std . 601 5611-1

Torsiona l stiffness ratio
(ini tial) :
at m inus 25° F Fed . Std . 601 5612
at minus 40° F Fed. Std . 601 5612

To rsional st i ffness ratio
(after fuel e~traction ) :
at minus 25 F Fed . Std . 601 5612
at minus 400 F Fed . Std - 601 5612

69 
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APPENDIX A (Continued)

Test Procedures for Coating Compounds

1. Specimens. Three specimens shall be prepared for each modu-
lus of rigidity test and for each torsional stiffness ratio
test. Specimens shall be 1 5 inches long , 0.080 inch wide ,
and 0.75 (+0 010 or —0.035) inch thick. The spec imens shall
be cut with a sharp die.

2. Fuel extraction procedure. Three specimens shal l be immersed
in test medium No . 5 or Method 6001 , Fed . Test Method Std . No.
601 . The vo l ume of the test medium shall be not less than 20
times that of the three specimens , and shall be sufficient to
completely cover the spec imens after swell ing . Specimens
shall remain immersed in the test med i um for 94 hours t 2
hours at 73 ,50 F ± 20 F. After fuel extraction , the s pec i-
mens shall be dried in circulating air at room temperature
for not less than 1 2 hours , then dr ied in a forced draft air
oven at 1300 F until successive weigh ings at 4 hour intervals
show no change in weight .

3. Low-temperature cabinet. The low-tem perature cabinet to be
used for conditioning specimens shall be of the mechanically
refrigerated or dry-ice type , and shall confo rm to the fol-
lowin g requirements .

a. The heat-transfer medium in the test chamber shall be
air-carbon dioxide , ni trogen , or a m ixture of these gases.

b. Temperatures shall be ma intained within a range of plus
or m inus 20 F of the specified temperature .

c. The heat—transfe r medium sha ll be thoroughl y c i rcula ted
in the tes t chamber by means of mechanical agitation,
which shall function at all times during both the condi-
tionin g and testing periods.

d . Automatic temperature control shall be used .

e. Each of the dimensions of the test chamber interior shall
be at least 24 inches-

f. I f incandescent l amps are provided for il lumination , they
shall be loca ted at least 16 inches from the test specimens.

g. For cab inets other than those of the walk-in type) the
fol low i ng shall  apply:

70
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A P P E N D I X  A (Continued )

1) Two observation windows shall be provided , one in the
s i de of the box , and one in the top. W indows shall be
either 3- or S-ply glass construction - Windows shall

• be at least 7 inches square .
‘4--

2 ) For operation of the test equ ipment , hand ho~es equip-ped with insulated sleeves shall be ~nsta 1 le d in the
wall of the cabinet . Hand holes shall be at least 5

- . 
inches in diameter.

3) In the dry— ’ce type of cabinet , a fan or blower in the
dry- ice compartment shdll o i rcu iate the heat—transfer
medium from the dry-ice compartment into the test
chamber , and bac k . The amount and mov emen t of the
hea t—transfer nedium shall be adjusted to minimize
the fluctuations of the temperature in the test
chamber .

4. l1odulu~ f rigid ity . The modulus of rigidity shall be deter-
m ined ai. rdin g to Method No. 5611-1 of Fed . Test Method Std
No. 601 . Determinations of the modulus at low temperatures
shall be performed after the specimens have been refrigerated
for 166 rours ± 1 hour at the prescribed temperature 20 F
i n a low~tern re~ature cab inet of the type presc ribed in pa ra-
graph 3 ab ove , and without removing the spec~mens from thecabinet .

5. Torsional stiffness ratio The torsional stiffness ratio
sha ll be calculated accord ing to Method No. 5612 of Fed . Test
Method No . 601

71
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APPENDIX A (Continued)

Footnotes:
L ~

1/ Pro~”~rties after cure .

?/ Medium No . 5 of Method 6001 of Fed . Test Method ~td . No. 601 .

3/ Applicable to all exterior compounds. That is , compounds
— 

between the fabric and the outside of the tank.

4/ Al ternate corex D filters in place.

5/ Applicable to all interior compounds. That i~~ , compounds
4- between the f~~ric and the inside of the tank.

6/ Procedures of paragraph “.6.11 shall be fol lowe d exce pt that
the temperature shall be minus 40° F instead of minus 25° F.

7/ See paragraphs 1 , 3 an d 4 of Test Proce dures for Coat i ng
Compounds.

8/ S~e para g ra phs 1 throu gh 4 of Test Procedures for Coatin g
Compounds.

9/ Acid fuel shall be prepared by acidifying Med ium No. S of
Method 6001 , Fed . Test Method Std . No. 601 with glacial
acetic acid to a Total Acid Number (TAN) of 3.0 as deter-
mined by ASTM Des i gnation: D-664 “Neutralization Number by
Poten tiometr i c Titra t i on ” .

3
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APPENDIX B

Test Metho d s for Seams ii

Pro perty Test Method

Dead l oad sht~ar res’stance Para . 4-6 . 15 ,
under 50 lb /in , stress at MIL-T-52766
200° F for 8 hours

Peel adhesion (initial) Method 8011,
Fed Std - 601

Peei adhes~on afte’
i mmers ion in dist i ll ed
water for:

90 days at 160° F Methods 8011 and
600’i ,

Fed . Std . 601 ,
para . 4-6.14 ,
MI L -T— 52766

28 iays at 180° F Methods 8011 and
6001
Fed . Std , 601 ,
para ,  4.6.14,
MIL-T-52766

Peel adhesion after im e-
s ion in Med ium No - S ‘n
seale d conta iners for:

42 days at 160° F Methods 8011 and
6001
Fed Std . 601 ,
para . 4.6.14 ,
NIL- 1-52 766

42 days a t 73 - 5 0 F Methods 8011 and
6001
Fed Std . 60~
para , 4.6.14

Footnootes : i-IIL—T—5 276 6
1/ Properties after cure-

2/ Med ium No - of Method 6001 of Fed les t Method Std No - 601
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APPENDIX C

Test Methods For Coatings-to-Metal Bonds i/ ~

Pro perty Test Method

Dead load shear resistance Para . 4.6.16.3,
L und8r 50 lb./in. stress at MIL-T-52766 .~./

200 F for 8 hours

Peel adhesion of aluminum Para . 4.6.17,
stri p to coated fabric MIL-T-52766
(initial )

Peel adhesion of aluminum Method 8031,
stri p to coated fabric Fed . Std . 601 ,
after immersion in para . 4.6.17 ,
disti lled water at 160° F MIL-T-52766
t 2° F for 90 days

Peel adhes i on of aluminum Metho d 8031
strip to coated fabric Fed. Std . 601 ,
after immersion in para . 4.6.17 ,
Medium No. 5 ~

j MIL-T-52766
at 160° F ± 2° F for
42 days

Footnotes :

~J Properties after cure .

2/ Test specimen shal l be prepared according to paragraph 4.6.16
of MIL-T-52766, except that the coated fabr~c stri p 1.0 inch
± 0.02 inch wide shall overlap an end of the aluminum stri p
for a distance of 1.0 inch ± 0.02 i nch.

3/ Medium No. 5 of Method 6001 , Fed . Test Method Std . No. 601
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APPENDIX 0

Characteristics of Fabrics

Weight
Type (oz.iyd 2 ) Wea ve Manufactu rer

-. 
Kev lar 6.8 Plain 3. P Stevens

Glass 19 Plain 3. P . Stevens

Dacro n 14.8 2 x 2 basket UN IROYAL

Nylon 13 2 x 2 basket UNIROYAL

1~
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APPENDIX E

Failure Mode Description

IY2~
c-f - coating to fabric bond failure

c-a - coating to adhesive bond failure

a - bond failure within the adhesive 
- -

c - bond failure with in the coating

a-p - adhesive to metal primer bond failur e

b-c - bond failure between coating l ayers

p-rn - bond failure between primer and meta l

Degree

The numerical fi gure represents the percentage of the failure
attributed to the spec ific type indicated by the letter des-
cri p tion.

~


