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FOREWORD

This report vas prepared by Whittakes Corporation, Narmeo Resenrch
& Developuwent Division, under Contreet No, BASE-11068, Cont ol No, 1-7-
54-20106(1F), entitled "The Developwent of Structural Adhesive Systoms
Suitable for Usce with Liqaid Oxygen," for Lhe George C. Marshall Space
Flight Center of the National Aeronautics and Space Administration,
The work was adminicteroed under the direction of the Propulsion and
Vehicle Fngineering Division, Engincering Materials Branch, with Dr,
W. E. Hill acting as project officer. The research work was conducted
in Narmco's laboratory by Dr. Jerome Hollander, Rescarch Specialist,
who served as program manager and priuciple investigator. Also con-
tributing to the program were M, Floyd D, Trischler, Senice Chemist,
and Messrs, Robert M. Delorde, Edward Harvison and Peter Kovacs,
Chemists, This report covers the period from 1 March 1967 to 30
Novembher 1967,
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»
*

Worlk durine this program focused on the preparvation of fluorin lead
polyurcthanes and their use as LOX-compatible adhesives. Two polyure-
thanes synthesized from the polyether of perfluoropropylence exide showed
promisc,  The polywrethane prepared from tetrafluoro-m-phenylene diiso-
cyanate and this polyether does not possess the required bond strengths
unless prepared with catalyst; when catalyzed, however, its pot life is
too short to be practical., The polyurethane prepared from l-chloro-2,4-
diisocyanato=3,5,6-trifJuorobengene and the perfluoropropylene oxide
polyether appears to mecet the requirenents of the desired LOX-compatible
adhesive. Bouds made with this adhesive system meet strength require-
ments at both room temperature and -320°T if the system is prepared
either by recacting the diisocyanale with the polyether or by using the
isocyanate~terminated prepolymer. Two other polyurethanes were synthe-
sized from the polyether of hexafluorobenzene and hexafluoropentancdiol,
and cither tetrafluoro-m-phenylene diisocyanate or l-chloro-2,4-diiso-
eyanato-3,5,0-tvifluorobenzene. They had poor bond strengths when
preparced without catalyst, however, and had such short pot lives when
prepared with catalyst that they could not be used as adhesives,
Synthetic studics were carried out on the polyether of perfluoropropy-
lene oxide and the polyether of hexafluorobenzene and hexafluoropentane-
diol. A new diisocyanate, l-chloro-2,4~diisocyanato-3,5,6~txifluoro~
benzene, was syuthesized,
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T.  SUMMARY

[d
.

The polyuwrcthane of th hexafluorobenzene-hexafluoropentanediol
polycther aud tetrafluoro-u-phenylene diieocyanate, prepared in the
nelt with staunous octoate caialyst, was 1.OX ivcompatible. It is
poseiliic that this incompatibility was due to the catalyst,

Two polyurethane systems based on the polycther of perfluoropropy-
Tene oxide were studied as adhesives. Lap shear test specimens were
prepared with each of these polyurcthanes, both by recaction of the di-
isocyanate with the hydroxyl-terminated polyether and by rcaction of
isocyanate~terminated prepolymer with additional polyether.

The polyurcthanes prepared from l-chloro-2,4~diisocyanato~3,5,6-
trifluorobenzene and the perfluoropropylene oxide polyether (Baglbond
420) gave cxcellent bonds by both methods when catalyst was used. The
pot life of the Baglbond 420 adhesive prepared by the diisocyanate~diol
method was very good, but the adhesive prepared from the iscceyanate-
terminated prepolymer had a relatively short pot life. Further studies
on this system established that the optimum NCO:0H ratio with either
method was 1.8:1, that the optimum molecular weight of polyether pre-
polymer was approximately 1150, and that catalyst was neccessary to
develop acceptable bond strenglhs,

The polyurethane prepared from tetrafluoro-m-phenylene diisocyanate
and the perfluoropropylene oxide polyether (Baglbond 400) gave fair
bonds by both methods of preparation when catalyst was used, but the
pot lifc was too short to permit satisfactory use of these adhesives.

Two other promising polyurcthane systems, based on the polyether of
hexafluorobenzene and hexafluoropentanediol, were investigated as adhe-
sives.  Polyurethanes prepared by reaction of this polyether with either
tetrafluoro-m~phenylene diisocyanate of l-chloro-2,4-diisocyanato-3,5,6-
trifluorobenzene without using catalyst gave bonds which did not have
the required strengths. Poor strengths were also exhibited by bonds
prepared from the isocyanate-terminated prepolymers of these two poly-
urethane systems when no catalyst was used. Bonds could not be con-
veniently prepared from either of these isocyanate-terminated prepolymers
when catalyst was used because of their very short pot lives.

Studies were continued on the preparation of hydroxyl-terminated
polyethers of rerfluoropropylene oxide. In the polymerization of per-
fluoropropylene oxide with perfluoroglutaryl fluoride and cesium
fluoride, only the highest boiling distillation fraction obtained was
completely acid-fluuride terminated.

Studies were also continued on the preparation of hydroxyl-termi-
nated polyethers of hexafluorobenzene and hexafluoropentanediol. It
was discovered that completely hydroxyl-terminated polyethers can be
prepared in tetrahydrofuran solution when copper (I) iodide is used as
catalyst,

A new diisocyanate, l-chloro-2,4-diisocyanato-3,5,6-trifluoro-
benzene, was prepared aud characterized,

Ckae

T P Y




11, INJRODUCTION

The present and future use of liquid oxygen (LOX) in space vehielen

has created an urgent requireaent for maltoerials which are conpatible with

LOX, This requirvement exists for mmy applications, includiug coalings,
elastomers, and adhesives. The developuwent of LOX-compatible adbesives
which have structural utility at cryogenic temperatures is espeeially
desired to achieve cortain ceritical bonding operations in vehieles usiug
LOX,

The development of such adhesives depends entirvely on the avail-
ability of suitable polymers which offer resistance to LOX. Prior to
this contract, such polymers were not available, This fundamental pro-
gram of polymer syuihesis has therefore been essential to the develop-
ment of a LOX-compatible adhesive,

The intent of the program was to develop polymers especially suited
to the formulation of adhesive systems., The application of these poly-
mers would not be limited Lo adhesives, however, .

The outgtanding characteristics of p»lyurethanes in clastomers and
adhesives for cryogenic application have been observed by several in-
vestigators., Iighly flucrinated polymers, such as Teflon and Kel-F,
have also demonstrated eryogenic capability. Although thesc available
materials form excellent bonds which offer LOX compatibility and ceryo~
genic performance, the processing conditions required are prohibitive.
Polyurethanes show greater utility in that they are capable of being
cured under mild conditions, ¢: even at ambient temperature., The
coupling of this processing capability with good eryogenic performance
and 10X compatibility intimates that the highly halogenated polyure=
thanes are the most logical polymer systems. Thercfore, emphasis during
this program was placed on the preparation of highly halogenated poly-
urethanes and the monomers required for their preparation,

A lesser amount of work was directed toward the preparation of
highly halogenated analogs of other common polymers, such as polyamides,
polyimides, and polyureas, which have demonstrated some particular
characteristics in adhesive formulations.

Fundamental research was carried out to obtain the following in-
formation regarding the LOX compatibility of polymers:

1. The type and amount of halogen nccassary to impart
LOX compatibility to candidate polymers,

2. The effect of different functional groups and other
structural features on the LOX compatibility of
various polymers with similar halogen content.

The polymers prepared during this program were designed to provide the
most basic information of the nature described above. This information
will be useful in the design and preparation of an improved LOX~compat-
ible adhesive.
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Work carvied oul on thls program prior to thig report period indi=-
cated that polyurcthanes prepared from hesafjuoropentancdiol and varjous
halogenated diisceyanates are stable to fwmpact o LOX. This year,
modifying the dial portion of the polyurctlume to impart uscful low-
temperaturce propertices resulted in a highly fluorinated polyct her,
poly(perfluoropropylence oxide), which appears to be most prosisiug as
a urethane prepolymer, Initial Jap shear specimens bouded with poly-
urethanes bascd on this polycl iy gave extraacly promising resull s,
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T11, DISGUSRSTOL

A, Liquid Qoyeen Goegqeit ihitity

Svweocry Report IV contained the 1OV =impact Lest yesnlts iy poly-
urcthsnes propared froe Che hexaf Tuorebeazene hecaf Tuoropoitacatiol
polyvtlicr s and tetraflucrosa~phenylen. dijcoeyinate Baglboad 360) and
tetraf Tuorc-pe pheuylene difsoeyanate (Baplbond 310),  Both of the se
polyus cthanes vere LOX dncospatible, The fncompatibility was ascribed
to trapped NyN-dimethylformndde (M) solvert,  This yoar, the Baglhoud
300 polyurethane wag asain prepoved, this tine in the melt without sol-
vent bul with stanpous octoate eatalyst, Testing again showoed it to
be LOX incompatible, This polyurethane system may be LOX focoupatible,
but the incompatibility exhibited by these specimens may be due to the
stamous ocloate catalyst used in their preparation,

P. Polyurcthanes

.

1. From lydrozvl-Teriiuated Polyethers of Perflueropropylene Oxide

Summary Report LV (January 1967) described the .mthesis of poly-
urethanes by reaction of the polyether of perfluoropropylene oxide and
tetrafluoro~m-phoenylene diisoeyanate, Lap shear test specimens bonded
with this polyurcthane adbesive system (BPaglbond 400) exhibited strengths
which were very promising.

This year, Baglbond 400 polyurethane was again used in the prepara-
tion of bonds. The perfluoropropylene oxide polyether uscd had a mole-
cular wveight of 1160. Considerable difficulty was encountered in making
bonds with this adhesive system. When the reactants were mixed without
catalyst, wvery little reaction occurred up to 90°C, but the mixture
gelled rapidly if heated much above this temperature. If the reactants
were mixed at as low a temperature as 65°C for any length of time,
followed by cooling to room temperaturc and ihe addicior of stannous
octuate catalyst, gelation occurced almost immediately., By heating the
reactants at 70°C for only 1 minute, cooling them te room temperature,
then adding the catalyst, sufficient pot life was obtained to prepare
bonds. '

Using this method of synthesis for the polyurethanes, lap shear
test specimens were prepared. Polyurethanes prepared from tetrafluoro-
m-phenylene diisocyanate and 1160 molecular weight pexfluoropropylene
oxide in the ratios of 2:1 and 1.8:1 were used. All the specimens were
cured by keeping them in a vacuum bag at 1/2-atm pressure (7.5 psi)
overnight, then heating them for 48 hours at 160°F in air.

The average lap shear strengths of the Baglbond 400 bonds using
and NCO:OH ratio of 2:1 were 1240 psi at room temperature and 3230 psi
at -320°F, The average lap shear strengths of the Baglbond 400.bonds



with an NCO:0H ratio of 1,8:1 were 248 psi al roou taemperature and
253 pui at =3207£. The pot 1ife of these adhesives was about 30 minutes,

1T a pelyurcthane-bascd adhesive syston ig Lo be developed which
is ugable, however, av isocyanate-terminated propolymer shuuln be pre-
pared. This would eliminale the use of the volatile diigocyaunte. An
isocyanate~torminated prepolywer was prepared by reaction of a poly-
ether of perfluoropropylene oxide with tetrafluoro-m-phenylene dijso-
cyanate. In the first attempt to prepare this prepolymer, too long a
reaclicen time was used and gelation occurred, resulting in an infusible
rubbeis,  The isocyanate~terminated prepolymer was prepared successfully
when the reaction was run at 807°C and the reaction time kept short.,

Lap shear test specimens were prepared, using the polyurcthane
adhesive (Baglbond 400) wade from this isocyanate-terminated prepolymer
and a hydroxyl-terminated perfluoropropylene oxide polyether reacted in
the ratio of 1.,5:1. No catalyst was used. The pot life of this adhe-
sive secmed to be about 30 minutes. The specimens were curaed by keeping
them overnight at room temperature in a vacuum bag at 1/2-atm pressure
(7.5 1b/in.4) then removing them from the bag and heating them for
24 hours at 160°%,

The average lap shear strengths of these bonds were 655 psi at
room temperature and 451 psi a¢ -320°%.

Because of the difficulty in using the Baglbond 400 adhesive system,
even without catalyst, further investigations to improve the adhesive
performance of this system were not considered worthwhile., Various
approaches to extending the pot life were considered., [The approach
deemed most promising was through the use of diisocyanates that are
less reactive than tetrafluoro-m~-phenylene diisocyanate or tetrafluoro-

-phenylene diisocyanate. A diisncyanate which should be considerably
less reactive is l-chloro-2,4-diisocyanato-3,5,6-trifluorobenzene,
(The preparation of this new diisocyanate is described in the Monomer
Scction of this report.)

The polyurcthane adhesive system prepared from 1160 molecular weight
polyether of perfluoropropylene oxide and l-chloro-2,4-diisocyanato-
3,5,6-trifluorobenzene (Baglbond 420) was uséd to bond lap shear test
specimens, Specimens were bonded with polyurethanes prepared using
NCO:OH. ratios of 2:1 and 1.8:1 and stannous octoate catalyst. All the
specimens were cured by keeping them in a vacuum bag at 1/2-atm pressure
(7.5 psi) overnight, then heating them for 48 hours at 160°F in air,

The pot life of these adhesives was about 3 hours.

The average lap shecar strengths of the Baglbond 420 bonds with an
NCO:0H ratio of 2:1 were 1940 psi at room temperature and 3650 psi at
-320°F. The average lap shear strengths of .the Baglbond 420 bonds with
an "CO:0H ratio of 1.8:1 were 2025 psi at room temperature and 4730 psi
at -320°F.



Significantly, this Jart eot af boud strengthe representoed the
achicven wt of the miniree tencile sheay ‘truthh reguircments (appromis-
mately 2000 psi ab voonm Lesperalure and 2300 pei oat -320°") by an
adhesive eyston developdd Ll“ﬁibl' thig contract,

Additic, | specimenc of these Baglbond 420 bonds preparal with
NCQ:Ol ratijos of 2:1 and 1.8:1 vere testod at 4250, the average lap
shear strengths obtaiaed were 93 pei and 107 psi regpeetively. The
adhesive in these bonds became thercoplastic at this test tempeoratu e,

Since this Baglbond 420 adhesive appeared to be most promising,
work was continued on this system., A e¢tudy wvas carrvied out on the re-
lationship between lap shear strength and the isocyanate:hydroxyl ratio.
Lap shear test specimens were prepared in NCO:0H ratios of 1.2:1,

1.4:1, and 1.6:7 in addition to thoge above (1.8:1 and 2:1). The

results, shewn graphically in Figure 1, indicate that the room tempera-

turce lap shesr strength of the bonds inercases with increasing NCO:OH
ratio to a wmaxjwmun valuce at 1.9:1, then deereases., The crosslink den-
sity increascs with increasing NCO:OH ratio; therefore, the bond

strengths increase to a certain point. The crosslink densiﬁy of the

polyurethance probably reaches a point at the NCO:0H ratio of 1,9:1,

after which any increase results in a progressively more brittle material,

The lap shear strengths of the bounds at -320°F show a similar trend
but recach a maximum valuc at an NCO:OH ratio of 1,7:1. This is reason-
able, because the polyurethane will not be brittle at room temperature
until a much higher degrcee of crosslinking is reached.

Another study was conducted on the relationship between lap shear
strength and molecular weight of the polyether prepolymer., The results,
shown graphically in Figure 2, point out that the lap shear strength of
the bonds, both at room temperature and at -320°Y, decreases with in-
creasing molecular weight in the range from 1160 to 2350.

Effort was then devoted to preparing bonds from the isocyanate-
terminated Baglbond 420 prepolymer. An adhesive was synthesized by
reaction of the isocyanate-terminated prepolymer with additional
hydroxyl-terminated polyether in the molar ratio of 1.8:1 (the actual
NCO:0H ratio in this adhesive was 1.28:1). 7The lap shear strengths of
bonds made with this adhesive was quite poor, with values of 871 psi
at room temperature and 125 psi at -320°F. The pot life of this adhe-~
sive was short, the material gelling within 15 minutes after mixing the
reactants and stannous octoate catalyst. This short pot life is in
sharp contrast to the long pot life (3 to 4 hcurs) exhibited by this
adhesive system when it isg prepared by reactice of the diisocyanate with
the hydroxyl-terminated polyether in NCO:0I ratios ranging from 1.2 to
1.8.

Another adhesive was prepared by reaction of the isocyanate-termi-
nated prepolymer with additional hydroxyl-terminated polyether in the
molar ratio of 10:1 (the actual NCO:0H ratio in this adhesive was 1.8:1).
The lap shear strengths of bonds made with this adhesive were excellent,
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having values of 2050 psi al voom temperature and 3070 pei at -320°F,

" These values meet Uhe miniuuin strength requivement s, as stated in the
coutract, both at roun tewperature and at. -320°F,  The pot Jife of this
adhesive wag short, with the material gelling within 15 wminutes after
mixing the isocyanate-terminated prepolymer, the hydroxyl-Lerminated
prepolymer, and staonnous octoate catalyst. The gelled adhesive could
still be spread casily on bonding panels if it was heated slightly with
a heat gun,

All the Baglbond 420 polyurethanes used for the above-mentioned lap
shear test specimens were prepared with stannous octoate catalyst. The
effcel of catalyst on the strength of the bouds was investigated by pre-
paring lap shear test specimens using polyurethanes synthesized without
catalyst. An adhesive was made by the uncatalyzed reaction of the di-
isocyanate and polyethier in an NCO:0l ratio of 1.8:1. The average lap
shear strength of bonds prepared without catalyst was significantly less
than the strenglh of the corresponding bonde prepared with catalyst:

RT -320°F
With Catalyst: 2025 psi 4730 psi
Without Catalyst: 982 psi 1166 psi

An adhesive was also made by the uncatalyzed reaction of an isocya-
nate~terminated prepolymer with the polyether in an actual NCO:0l ratio
of 1.8:1. The lap shear strengths of bonds made with this adhesive were
also significantly lower than the bonds made from the same isocyanate-
terminated prepolymer based adhesive in which catalyst was used.

RT -320°F
! - With Catalyst: 2050 psi 3070 psi
Without Catalyst: 789 psi 836 psi

Because catalysis was required to obtain satisfactory bond strengths
with this adhesive system, and because the pot life of this adhesive was
fairly short when stannous octoate was used, a study of other catalysts
was initiated, DBonds were made using adhesives catalyzed with tetra-
butyl titanate, antimony trichloride, uranyl nitrate, and cobalt naph-
thenate. Bonds were also made, with stannous octoate again used as a
control. New batches of both l-chloro-2,4~diisocyanato~3,5,6-trifluoro~
benzene and perfluoropropylene oxide polyether were prepared for this
study. The lap shear strengths of all the bonds were extremely poor.
The lap shear strengths of the control bonds made with stannous octoate
were also very poor. This indicated that either one or both of the re-
actants were not of sufficient purity for the reaction to occur pro-
perly. This observation thus invalidated the results of this catalyst
study.

A preliminary study of cure conditions was also carried out using
thesc new reactants. The cure conditions used throughtout this current
work were overnight at room temperature at 1/2-atm pressure (7.5 psi) in



a vacuua bay, followed by 48 hourd ab 160°F in air. DBonds woere mad.
using these conditions as a control., To determine if the initial o.
night room temperature care had to be carried out in vacuum, a set o3
bonds was cured overunight at room tewperature at 1/2-atm pressure
(7.5 psi) in air, followed by 48 hours at 160°1,

To determine if substantial strengths could be obtained without
heat, a set of bonds wag cured overunight at room temperature at 1/ 2-atm
in a vacuun bag, followed by 12 days at room temperature in air. Be-
cauge the control bonds exhibited very poor lap shear strength, the
result s of this cure study were considered to be invalid,

Two thin shects of Baglbond 420 polyurethane were prepared by re-
acting the diisocyanate and polycther in the ratio of 1.8:1 and curing
the resulting polymer in a heated press. One sheet was prepared with
stannous octoate, and the other was prepared without catalyst. TLOX-
impact specimens were punched from cach of these sheets., The specimens
were submitted to Marshall Space Flight Center (MSFC) for testing but
the tests have not been completed. .

2. From Hydroxyl-Terminated Polyethers of HNexafluorobenzene and
Hexafluoropentanediol

In Summary Report IV (January 1967), the preparation of polyure-
thanes by reaction of a polyether of hexafluorobenzene and hexafluoro-
pentanediol with tetrafluoro-m-phenylene diisocyanate and tetrafluoro-
p-phenylene diisocyanate were described. These reactions proceeded
extremely fast, and the product polyurethanes were LOX incompatible.

In that report, we speculated that the rapidity of the reactions and
the apparent LOX incompatibility were both due to trapped DMF which had
been used as the solvent in the preparation of the polyether prepolymers.

This year, we have prepared completely hydroxyl-terminated hexa-
fluorobenzene-hexafluoropentanediol polyethers, using copper (I) iodide
catalyst in tetrahydrofuran (THF) solvent. The reaction of these poly-
ethers with tetrafluoro-m-phenylene dijsocyanate was considerably slower
than the same reaction described in Summary Report IV,

A limited evaluation was made of the adhesive performance of
polyurethanes based on the polyethers of hexafluorobenzene and hexa-
fluoropentanediol. Two attempts to prepare lap shear test specimens
from tetrafluoro-m-phenylene diisocyanate and 3840 molecular weight
polyether, reacted in a ratio of 1.2:1, were unsuccessful., The 3840 mo-
lecular weight polyether was so viscous that it had to be heated to
100°C before it could be stirred. At this temperature, reaction with
the diisocyanate was so rapid that the mixture gelled to a rubber ball
within 2 minutes. In a modified procedure, the temperature of the re-
action mixture was quickly lowered to room temperature immediately after
the addition of the diisocyanate to the heated polyether. The mixture
gelled to a rubber ball within 7 minutes, barely allowing sufficient
time to prepare bonds. "The products obtained were tough elastomers
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which had apparent ly undergone soue crosslinking through allophanate
formation., Two possible approaches were (ried to avoid this problem,
Oug involved the use of a lower molecular weight polyelher which would
be stirrable at a tomperature low cnough to avoid allophanate forma-
tion., The other involved use of a less reactive diisocyanate.

Lap shear test specimens were successfully prepared, using a
2620 molecular weight hexafluorobenzenc-hexafluoropentanediol polyel her
which nceded heating only to 65°C in order to be stirrable. At this
temperature, allophanate formation scems to be fairly slow, and gela-
tion did not occur for 45 minutes to 1 hour. Lap shear test specimens
were bonded with two polyurethance; onc (Baglbound 300) formed by reac-
tion of the polycther with tetrafluoro-m-phenylene diisocyanate and the
other (Baglbond 320) by rcaction of the polyether with the less re-
active l-chloro-2,4-diisocyanato=-3,5,6-trifluorobenzene,

Two sets of lap shear test specimens were prepared from each of
the polyurethancs., The ratio of diisocyanate to polyether in all the
preparations was 1.2:1, Half of the specimens were cured by keeping
them overnight at room temperature in vacuum bags at 1/2-atm pressure
(7.5 1b/in.4) then removing them from the bags and heating them for
24 hours at 160°F., The other half of the bonds were cured by applying
7.5 1b/in.? pressure to the bonds in the air overnight, then heating
them for 24 hours at 160°F,

The average lap shear strengths of the bonds made with tetrafluoro-
m-phenylene diisocyanate and cured initially in the vacuum bag were
478 psi at room temperature and 1897 psi at -320°F. The bonds made
from the same polyurethane adhesive (Baglbond 300) but cured initially
in air bad strengths of 689 psi at room temperature and 2295 psi at
-320°Tr.

The average lap shear strengths of the bonds made with l-chloro-
2,4-diisocyanato~3,5,6~-trifluorobenzene and cured initially in the
vacuum bag were 374 psi at room temperature and 1338 psi at -320°F.

The bonds made from the same polyurethane adhesive (Baglbond 320) but
cured initially in air had strengths of 301 psi at room temperature and
1167 psi at -320°F.

The disappointingly low strengths of these bonds may be due to the
low ratio of diisocyanate to polyether. Even a swmall amount of hydrol-
ysis of diisocyanate groups would result in very few terminal isocyanate
groups available for crosslinking.

All of the above adhesives, which gave low-strength bonds, were
synthesized by reaction of the diisocyanate with the hydroxyl-terminated
prepolymer in the ratio of 1.2:1 without catalyst. It was determined
that, at least in the Baglbond 420 system, the optimum NCO:0H ratio is
1.8:1 and that catalyst is necessary to obtain satisfactory bond
strengths, Therefore, an attempt was made to prepare bonds with Bagl-
bond 320 adhesive synthesized from the reactants in an NCO:0H ratio of
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1.8:1, using slanusus ocloate catadlyst, After adding one drop of
catalyst to the mixtwre of reactauts, the material gelled withip
1 minute to a rubber,

Initial attempts to prepare these polyurethanes from isoeyanates
terminated prepolymers were uasucecessful,  An attempt was made to pro-
pare suech a prepolywcr by a veaction of a 4300 molceular weight polyether
of hexafluorebenzene and hexaflluorepentanediol with an exceess of tetra-
fluoro-m=-phenylene diisocyanate (Baglbond 300). The product obtained
was a moderately tough clastomer which had apparently und.rgone some
crosslinking through allophanate formation, Il was necessary to heat
the hydroxyl-terminated polyether to 65°C before it could be stirred,

At that teuwperature, the diisocyanate was so reactive that allophanate
formation apparently occurred.

Since bouding experiments indicated that l-chloro-2,4-diisocyanato-
3,5,6~trifluorobenzene was considerably less reactive than tetrafluoro-
m-phenylene diisocyanate, an attemplt was made to preparc a similar
isocyanate~-terminated prepolymer with this chlorine-containing diisocya-
nate. The hydroxyl-terminated polyether used had to be heated to 100°C
for stirring. At that tempcrature, even this diisocyanate was so
reective that allophanate formation occurred very quickly and resulted
in a rubber. This rubber could be further cured by milling tetrafluoro-
m-phenylenediamine into the material on a rubber mill and press curing
at 300°F. A clear, amber sheet was obtained, but it was somewhat
brittle.

By using lower molecular weight polyether, both of these isocyanate-
terminated prepolymers were successfully synthesized and used to bound lap
shear tesi specimens.

The isocyanate-tcrminated prepolymer from l-chloro-2,4-diisocya-
nato-3,5,6-trifluorobenzene was prepared without difficulty, and initial
assessment of its storage life appeared very promising. It was stored
in a refrigerator under a nitrogen atmosphere for 5 days with no appar-
ent change in properties., Two scts of lap shear specimens were prepared,
using the polyurcthane adhesive (Baglbond 320) made from this isocyanate
prepolymer and the hydroxyl-terminated hexafluorobenzene-hexaf luoro-
pentanediol polyether reacted in the ratio of 1.5:1. This adhesive had
a pot life of about 2 hours. One set of specimens was cured by keceping
the bonds overnight at room temperature in a vacuum bag at 1/2-atm
pressure (7.5 1b/in.2) then removing them from the bag and heating them
for 48 hours at 160°F. The other set of specimens was cured by applying
7.5 1b/in.? pressure to the bonds in air overnight, then heating them
for 48 hours at 160°F.

The average lap shear strengths of the Baglbond 320 bonds cured
initially in the vacuum bag were 450 psi at room temperature and
1290 psi. at -320°F, The bonds cured initially in air had average
strengths of 685 psi at room temperature and 1570 psi at -320°F,
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Ditficultics vere encenntoreg in the prepuation of the igocyanate-
Lerminat ¢ prepolyeer froa telraf bum eepephonylone difsoeyanate,  In one
attewpt Lo preporve this prepolym e, the reaction tevperature wag alloged
to inereare slizhtIy above thot usad in the proparation of the I-¢hloro-
2,43 socyanato-3,5,0-trifTuorchengoae basoed proepolyicr,  Gelation
occur rad, whieh resalted in a rubber thet would uot melt, The isecya-
nate-terminated prepolyier could be prepared sueeessfully vhen the
reaction touperature wag kept below 90°C and the reaction time kept
short, 7The storage lifo of this prepolymer appears to be fairly shore,
After being stored in a refrigerator under a nitrogen atmosphere for
4 days, this prepolywer had gelled and could not be melted,

Lap shear bonds were prepared by synthesizing the isocyanate-
terminated prepolywer, storing it in the refrigerator overnight, ond
reaeting it the uext day with the hydroxyl-terminated polyether of
hexaf luoroboenzene and hexafluoropentanediol in the ratio of 1.5:1.
The pot life of this adhesive was only about 10 minutes. Two sets of
lap shear specimens were prepared from this polyurcethane adhesive
(Baglbond 300). One sct of specimens was cured by keeping the bonds
ovarnight aL room temperature in a vacuum bag at 1/2-atm pressure
(7.5 1b/in.2), then removing them from the bag and heating them for
48 hours at 160°F, The other set of specimens was cured by applying
7.5 lb/in.2 pressure to the bouds in air overnight, then heating them
for 48 hours at 160°F.

The average lap shear strenglhs of the Baglbond 300 bonds cured
initially in the vacuum bag were 462 psi at room temperature and 1490 psi
at -320°%, The bonds cured initially in air had average strengths of
188 psi at room temperature and 990 psi at -320°T,

The large differcnces in storage life of the isocyanate~terminated
prepolymers aund in pot life of the polyurecthane adhesives just describ-
ed point out the difference in reactivity of the two diisocyanates used.
The l-chloro-2,4-diisocyanato-3,5,6-trifluorobenzene is fairly slow in
its reacticn, and the polyurethane system based on its reaction with
the hydroxyl-terminated hexafluorobenzene-hexafluoropentanediol poly-
ether is quite practical,

The preparation and LOX impact test results of polyurethanes pre-
pared from the hexafluorobenzene-hexafluoropentanediol polyethers and
tetrafluoro-m-phenylene diisocyanate (Baglbond 300) and tetrafluoro-p-
phenylene diisocyanate (Baglbond 310) were described in Summary Report
IV, These polyurcthanes, prepared in DM solvent were LOX incompatible,

This year, the Baglbond 300 polyurethane was again prepared, but
in the melt with stannous octoate catalyst. 1t was again LOX incompa-
tible. To determine if the incompatibility of these specimens was due
to the stammous octoate, specimens were again prepared from a sheet of
Baglbond 300 synthesized without solvent or catalyst. The LOX impact
tests have not been completed at this writing.
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C. Malyethers

1. Frogw Perfluocoir opvlon: Oxide

The synthesis of hydroa s termindted polyethers of perflueoros
propylene oxide wie deseribed in some detadl in Summary Report 1V,
This year, additional polyaerization reactions of perfluoropropylene
oxide with perflvorvoglutaryl fluoride and cesiun fluoride were carried
out, The polycther products were fractionally distilled at reduced
Cpressures,  In the first three polymerizations, four fractions were
talen in cach run, On tho basis of our past work, we assumed that in
ecach case, the lowest boiling fraction woe the monocether of perfluoro-
propylence oixide and perfluoroglutaryl fluoride. The sceond and third
fractiong from cach run do not appear to be completely acid fluoride
terminated., Fractionsg IT and 1T from the first (medium size) run were
combined and veduced with Lithium alwainum hydride.  LThe molecular
waeight of the hydroxyl-terminated product was 700 (by VPQ) and its
hydroxyl number was 5423 it did not contain any acid groups or unreacted
acid flvovide groups. The reduced Fractions 11 and TIT from the second
run had molecular weights of 670 and 790 (by VIP0O) and hydroxyl numbers
of 764 and 795, respeetively.

It thus appears that the polyethers have some trifluoromethyl end
groups which could rvesult from competitive initiation by the fluoride
ion,

Desired Reaction:

¢ i © |
Fe-l- 1FC(CF2)3(}F ——ie 60—‘((}13‘2)401? -~Ii--*--->~ @O~(le‘2)5~()®

0 CF CF. O
0 3 3

@ - o - @ N S «/.......: b e PO - O () " - ..'c
0-(CF,) -0 + 2CTF,-C¥ cr, »  FC-C¥-0-(CF,) -0-CF—CF

2 v /O\
7§ s Fs 3 9 ¥, ~CF ——CF
FC-CF-(0-CT,~CF )20~ (CT,5) 0~ (CF~CF0) oCF—CF ==

Competitive Reaction:

0
© e\ . N C)
F + Cb3~CF-w~——CF2, e CFBCFZCLZ—O
] 0 . P,/O\\ . .. 1 %ﬁ3 | | ?bB ﬁ
CF3CFZCb2~O + C*B-C*-~»~Cb2 CFSGFsz2~O-(CBvCF2~O)x~CF-CF

Fraction IV in each of these runs was completely acid fluoride
terminated. Each was reduced with lithium aluminum hydride. The re-
duced fourth fraction from the first run had a molecular weight (by VPO)
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of 945 amd a ydroayl msher of 49%; that frow the seeond run o nolecu-
lar weight of 1170 aud o hydrony] nuehics of 5803 and that from the
third run o wedeculinr weieht of 1151,

In addition to the fomy distillable fractions in the third polyrri-
zation, o residue, vepresentfug 1074 of Lhe produet, was obtaioned, This
residue, wvien reduced with Tithium alvaio hydride, yiclded a hydroxyl-
ternineted polyether of molecular weight 2349 (otermined by Vo),

From the analytical resulls of the reduced polyethers, it scems
that only those groving pelyether chaing which have acid flueride ends
grow to any substant ial nolecular weight, Therefore, only the highest
moleeular weight fraction is complctely acid {luovide~terminated when
the polymerizatien is carried out by this oue-step method,

A fourth, large-ceale polymerization wus conducted using the same
procedure. Reduction of a selected fraction of this acid fluoride-
termiuated polyether yiclded a Jarge amount of hydroxyl-terminated poly-
ether of 1100 molceular weight,

2. From Hexafluorobenzene and Hezafluoropentanediol

i

Until reecently, we had been running the reaction of hexafluoro-
benzene with hexafluoropentanediol in DMF golution, Although the re-
action proceceds readily in this solvent, difficuvlties were encountered
in achieving moderately high molecular weights, predictable molecular
weights, and complete hydroxyl termination. TIn addition to these
problems, specimens of this polyurcthane prepared in DMF solution were
LOX incompatible. It was our belief that this incompatibility was due
to trapped DMK, Because of these psoslems, it scemed advisable to
reduce or climinate the DMF, if possible.

The successful reaction of hexafluorobenzene, hexafluoropentane-
diol, and potassium hydroxide (in the ratio of 1:1:2) in THF solution
with a catalytic amount of DMF was reported in Summary Report IV,

This year, investigations of this reaction continued,

Since water is formed in the rcaction of hexafluorobenzene, hexa-
fluoropentanediol and potassium hydroxide, a brief study was conducted
to determine the effect of water on the polymerization. Two reactions
were run under the same conditions, except that in one reaction, the
water formed was removed by azcotropic distillation, The polymers
obtained from the two reactions had essentially the same molecular
weight distribution with the product from the reaction in which the
water was removed having a slightly larger percentage of the higher
molecular weight materials. The presence or absence of water, there-
fore, secms to have little effect on the coursc of the polymerization.



In order to propare 2 sodarpte woleeular veight polyether with some
hydroxy] tersimition, the reaction was rua in THF solulion with a cata-
Iytie amount of DHP using a ratio of {hree ports of hezafluoropentane-
diol to twe pacle of herafloorobeszeane,  The produet obtaived wes a sofl,
rubbery witerial with a woloeuloy weight of 31950 (det ermined by VPO),
Sinee the smue reaction, run undere fdeatical conditions but with a ratio
of hexafluorepentapediol to hexafluorel canzene of 1:1 Geported in Summary
Report IV) yiclded 1850 moleenlar weight polyner, a brief study wes
comnlue Led using other reactant ratios,

Since an inerease in the relative amount of hexafluoropentanediol
to hexafluvorobenzene froa 1:1 to 3:2 resulted in an inerease in moloecu-
lay weight rather than the evpected decrease, the ratio of hexafluoro-
pentancediol to hexafluorobenzene was inercased further to sce whether
the molecular weight would continue to inerease, Surprisingly, cross-
linked polyiiers were obtained when the ratios of 2:1 and 3:1 were used.
These polywers were gale which were insoluble in the THF reacetion sol-
vent, At this time, we can only speculate as to the mechanism or
mechanisms by which erosslinking occurced in this polymer system,

Another stiudy was conducted to sce if DME could be replaced by
another catoalyst, The reactions of hexafluoropentanediol, hexafluoro-
benzene, and potassium hydrozxide were carried out under conditions
ideutical to a previous reaction using DMF as catalyst, a ratio of
three parts of diol to two parts of hevafluorobenzene in THF solution,
Both new catalysts used, pyridine and copper (1) iodide, were effective
in promoting the polymerization reaction. The product obtained using
the pyridine catalyst was a white wax, while that obtained using copper
(T) iodide catalyst was a soft pale ye'low rubber similaxr in appearance
to the product obtained when DMF was used, The molecular weights aund
hydroxyl numbers of the three polymers are shown in Table I.

TABLE I

MOLECULAR WEFGHTS AND HYDROXYL NUMBERS OF HEXAFLUOROBENZENE-
HEXAFLUORCGPENTANEDIOL POLYETHERS PREPARED WITH VARLOUS CATALYSTS

Catalyst Mol Wt (VPO) Hydroxyl No.
Pyridine 2130 3018
DMF ' 3160 2430
Copper (I) iodide 4030 1972

Significantly, the polycther prepared using copper (I) iodide as cata-
lyst is completely hydroxyl-terminated. All previous attempts to pre-
pare completely hydroxyl-terminated polyethers directly have resulted
in partially hydroxyl-terminated materials.
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Repetition of this reaction, tusing the same ratio of reactauts
1 3 [¢]

1.5:1 resulted in a completely hydroxyl-terminated polyether of

) o
almost identical moleenlar weight (3840), In addition, completel
3 )

hydroxyl-terminated polyethers were prepared using ratios of hexafluoro-
pentancdiol to hexafluorobenzene of 1.4:1 and 1.6:1,

When ratios of 1.2:1 and 1.3:1 were used, the products obtained
did nol appecar to be completely hydroxyl terminated.

The molecular weights and hydroxyl numbers of the polycthers made
with copper (1) iodide as catalyst are shown in Table IL,
TABLE 11
MOLECULAR WETGHTS AND HYDROXYI. NUMBERS OF HIEXAFLUOROPENZIENE-

MEXAFLUOROPENTANEDICL POLYETHERS PREPARED USING COPPER (1)
IODIDS CATALYST

Ratio of Mol. Wt
Hexafluoropentanediol (Véo) ’ Hydroxyl No.
to Hexafluorobenzene

1.6 3160 1772
1.5 (Run 1) 4030 1972

(Run 2) 3840 1528
1.4 (Run 1) 2620 1480

(Run 2) 2900 1500
1.3 2035 1894
1.2 1530 1525

In all of the reactions of hexafluorobenzene with hexafluoro-
pentanediol, the equivalent amount of potassium hydroxide used was
assumed to be pure material., A reaction was run with a 15% excess of
potassium hydroxide over the theoretical equivalent amount because
commercially available potassium hydroxide has a minimum assay of 85%
purity. The ratio of hexafluoropentanediol to hexafluorobenzene was
1.2:1. Instead of a low molecular weight polyether as obtained in the
previously described 1.2:1 experiment using the theoretical amount of
potassium hydroxide, the product obtained in this reaction was a high
molecular weight rubber which was only slightly soluble in THF. The
elemental analysis corresponds perfectly to the linear 1:1 hexafluoro-
benzene~hexafluoropentanediol polyether.

The base used in the preparation of the hexafluorobenzene-hexa-
fluoropentanediol polyethers has always been potagsium hydroxide. A
reaction identical to that described above was run, but sodium hydrox~
ide was used instead of potassium hydroxide. The polyether obtained
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was not coupletely hydroxyl-terminated, as it had a molecular weight of
2100 (by VrPU) and a hydroexyl number of 1945,

Since several copper salt catalyzed veactions involving displace-
ment of aromatic halides procceced best in nitrobenzene solvent, this
react ion of hexafluoveobanzene with hexafl oropentanediol and potassium
hydroxide was run in nitrobenzene, None of the desired polyether was
obtained,

In order to fully understand the reactions leading to the poly-
ethers of herafluorobenzene and hexafluoropentanediol, the monoether,
5-hydroxy-hexzafluoropentoxy=-pentafluorobenszene, was prepared and polym-
erized. A small amount of this monoether had been isolated earlier in
this program. It was nol possible to obtain this monoether in any
amounts directly by reaction of hexafluorobenzene and hexafluoropentaunc-
diol, probably because of its extreme reactivity as an AB monomer.
Quantities of this monoaether were preparcd by the following serics of
reactions using dihydropyran as a protecting group to prevent further
reaction of the intermediates.

.‘_ -
. _ i 0O
HOCHZ(Clz)SCHZOU b ﬂ:;] P HOCH (cr )3CH 0 0
KOl

P .«.ata])"(“ » 2 Q
HOCH,, (CF,) ,CH, OMO ‘ e < )-0CIL, (CF,) ,C1i, 0

3 \ B X

@) )—ocH, (CF2)3C}IZO~Q RO —0CIL, (CF,,) 4CH,0H

3

In the first reaction, the diacetal was also obtained, but separation
could be accomplished by fractional distillation. The product of the
second reaction, the monoether-monoacetal, was not isolated, but was
hydrolyzed as shown in the third reaction to the desired monoether.
Two catalysts were used successfully in the second reaction, DMF and
copper (I) iodide. A small amount of diether was obtained, along with
the desired monoether. This diether could be prepared in fair yield
by reaction of hexafluorobenzene wi b an excess of the monoacetal.

r + 2 HOCHQ(CF2)3CH 0 Eij] ——p

' B
Q OCH, (CF ) CH, O__._-«O(,H (m?_) CH O\(j ____I_ijé__f_m

2

HOCHZ(Cb2)3CH20~<3§3>«OCH2(CF2)3CH20H
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The monoet her, Sebydroanyl-hexaf Juoropentoxy-pentafluorobenzene,
was reacted with potassium hydroside in T, using copper (1) iodide
catalysl . High molccular weight polycether could not be prepared from
this monowmer. The product obtained when cowmnereial polassium hydroxide
was used had a wolecular weight of 1300, The product obtainad whoen
fused potassium hydroxide wae used had a molecular weight of 860, When
commercial potassium hydroxide was used in 154 excess, the product had
a molecular weight of 1730.

As mentioned several times during this program, a liquid or low=
melting solid LOX-cowpatible curing agent is desirable. One such curing
agent might be 1,5-bis(4-amino-tetrafluorophenoxy)hexafluoropentanc.

In view of the ease with which hexafluoropentanediol reacts with hexa-
fluorobenzene in the presence of potassium hydroxide and copper (L)
iodide in THF solution, the recaction of hexafluoropentanediol with
pentafluoroaniline was attempted under similar reaction conditions.,

- KOIl, Cul
‘ >y 0 T D) Yeremer ALALEILLE S
HOCHZ((I )3 H on + 2 ((k NH2 a7

hl ﬂ T

A small amount of product was obtained which was tentatively identificd
as the desired amino-terminated diether by its infrared spectrum,.

Since the above reaction does not sgeem to proceed readily, N-
acetylpentafluoroaniline was prepared for use in the same reaction.
We felt that acetylation of the amine would reduce its mesomeric
electron donation and allow more facile nucleophillic attack on the
para position.

, ' s . ou__,
HOCH, (CT,) {CH,00 -+ 2 <@>WN1100§1{3 > T

HZN—-<®> ~O0CH, (CF,)) ;CH,0— < >-—-NH

The reaction of N~acetyl—pentafluoroaniline with hexafluoropentane-
diol, potassium hydroxide and copper (I) iodide as ctalyst in THE solu-
tion did not yield any product. The reaction run in DMF solution
yielded a product which was tentatively identified as the desired di-
amine,

D. Monomers

Additional amounts of tetrafluoro-m-phenylene diisocyanate, per-
fluoropropylene oxide, and perfluoroglutaryl fluoride, the syntheses
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of which have been deseribed proeviously, were preparad during this
report period,

One approach to extend the cure time of the polywethane systom
based on the polycther of hexafluorcbenzene and hevaf luoropentancediol
involves the use of diisocyanates that are less reactive than tetra-
fluoro-m-phenylene diisocyanate or tetrafluoro-~p-phenylene diisocyanate,
A diisocyanate which should be considerably less reactive ig l-chloro-
2,4~diisocyanato-trifluorobenzene, The synthesis of this diisocyanate
was investigated. Reaction of chloropentafluorobenzene with aqueous
amnenia yielded the diamine precursor. Phosgenation of the diamine
yielded the desired diisocyanate,

Cl Cl Cl
NiI, COC1 NCO
-2 2
R —— “ ©
112 NCO'

Yo

Brooke and coworkers reported® that chloropentafluorobenzene re-
acted with aumonia to yield a mixture of the three chloro-tetrafluoro-
anilines. The ratio of isomers was determined by vapor phase chromato-
graphy (VPGC) to be 25 ortho:5 meta:70 para. No diamine derivalives
were isolated or identified by these workers.

During this report period, the reaction of chloropentafluorobenzene
with aqueous ammonia was carried out in an autoclave at two tempera-
tures, 200°C and 235°C. Details of the amounts of reactants and reac-
tion conditions are described in the experimental section of this
report.

The products of these reactions were shown to consist of four
di stinct compounds by VPC. Two of these compounds, represented by the
first two peaks on the chromatograms, were separated by distillation
from the remaining materials, Elemental analysis of the mixture of
these -two compounds established that they are two isomeric chloro-
tetrafluoroanilines. Recrystallization of a crude reaction mixture
which contained 90% of the compound represented by peak 4 on the chroma-
togram yielded one pure solid compound. The elemental analysis of this
compound checks closely with that of one of the chloro-trifluoro-
phenylene diamines.

According to the information available from our experiments and
from Brooke's work, it appears likely that the reaction of chloropenta-
fluorobenzene with aqueous ammonia results first in the formation of

% G. M, Brooke et al., Proc. Chen. Soc., 213 (1963).
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h-chloro-tetrafluerouniline and Z2-¢hToro-tetraflnoroaniline. These
two monosaines then react further with excess arszonia to yield 1-chloro-
2, 4-dimminetyifluorobenzene and 2-chloro-1,3-dijaminotrifluorobenzene,

cl Cl ) cl
® ..I\.}_I.é. 4 / N,

NII, /
A\\\\\\$ B}

Cl ' Cl

/1\112 112N Nll2

H2

Large amounts of l-chloro-2,4-diamino~trifluorobenzene were pre-
pared by reaction at 235°C aud subscquent purification.

Reaction of this diamine with chlorocarbonyl pyridinium chloride,
using the procedure deseribed several times during the course of this
program for the preparation of the tetrafluoro phenylene diisocyanates,
yielded l-chloro-2,4-diisocyanato-3,5,6~trifluorobenzene in 44% yield.
The product was identified by its infrared sgpectrum and elemental
analysis.

N-acetyl-pentafluoroaniline, which was used in an attempt to pre-
pare a liquid curing agenlt, was prepared following the method of Brooke.*®

% G. M. Brooke et al., J. Chem. Soc., 2088-2094 (1965).
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IV,  EXPERIMERNTAIL

4
’

A, LOX Cowmpalibility Results

The result of the one LON-compatibility tLest completed this ycar
is shown below for the polyurethane of tetraflluoro-m-phenylene diiso-
cyanate and the polyclther of hexafluorobenzene and hexafluoropentane-

diol. .
i 1l )

e (Voom " ‘/”; 1 . 1
?‘ % NH-C Locuz (C}:2 ) 4CIL,0-- @ xocuz(cl 2) 4CIL,0
~~C-N11-~.<@.> ,

\. F

l
,%\,
%V

7

ilm thickness: 10 mil

LOX Results(Energy level = 10 Kg-M): 19 reactions/20 tests
(LOX sensitivity may be due Lo stannous octoate usged
as catalyst)

B. Polyurcthanes

1. From Hydroxyl-Tcrminated Polyethers of Perfluoropropylene Oxide

a. And Tetrafluoro-m-phenylene Diisocyanate (Baglbond 400)
(1) Lap Shear Test Specimens from Diisocyanate and Diol
(a) NCO:OH ratio of 2:1

Unsuccessful Attempt 1 — The perfluoropropylene oxide
polyether (MW 1160; 8.1 g, 0.007 mole), tetrafluoro-m-phenylene di-~
isocyanate (3.25 g, 0.014 mole) and some 4-mil diameter glass beads
were mixed at 68°C for 2 minutes, then allowed to cool to room tempera-
ture. One drop of stannous octoate was added and the mixture stirred.
Within 1 minute, the mixture had gelled and cculd not be applied to
the bonds.

Unsuccessful Attempt 2 — The reaction was repeated
using the same amounts of materials. They were mixed and heated from
room temperature to 54°C over a 5-minute period, then stirred at 65°C
for 5 minutes and stirred with a vacuum pump pulling on it (to degas
it) at 65°C for an additional 5 minutes. The mixture was still very
fluid. It was cooled to 0°C, then warmed to room temperature and
2 drops of stanmnous octoate added and stirred at room temperature.
Within 2 minutes, the mixture had again gelled.

Unsuccessful Attempt (Without Catalyst) — The reaction
was again repeated, using the same amounts of materials. They were
mixed and heated at 65°-70°C for 10 minutes, and at 70°-80°C for
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5 minutes,  The mixture was then stirred and heated at 80°C with the
vacuwm pump on it, then cooled to roum tewmperature, It was still] fluid,
The mixture was heated again at 65°-82°C for 10 minutes, then at 82°-
90°C for 10 minutes with the vacuum pump on it, It was still liquid.
Some diisocyanate had condensed on the upper walls of the resin flask

so the walls werce heated with a heat gun, The mixture gelled almost
immediately.

Successful Preparation — The perfluoropropylene oxide
polyether (MW 1160; 8.1 g, 0.007 mole), tetralluoro-m-phenylene diiso-
cyanate (3.25 g, 0.014 mole), and some 4-mil diameter glass beads were
mixed at 70°C for 1 minute, then cooled quickly to room temperature with
ice water. One drop of stannous octoate was added and the mixtlure
stirred at room temperature for 1 minute, then for 4 more minutes at
room temperature with the vacuum pump on it to degas the material. The
mixture was still fluid, so one more drop of stannous octoate was added,
the mixture stirred for one minute, then stirred with the vacuum pump on
it for 2 minutes more., The adhesive was then applied to bonding panels
(2024-13 clad aluminum etched with sulfuric acid — sodium dichromate)
which were heated.

The bonded pancls were cured by keeping them at room
temperature overnight in a vacuum bag at 1/2-atm pressure (7.5 psi),
then heating them at Y60°F (71°C) in an oven in air for 48 hours. The
pot life of this adhesive was about 30 minutes, The average lap shear
strengths were 1240 psi at room temperature (three tests; high value
1340, low value 1110) and 3230 psi at -320°F (three tests, high value
3630, low valuc 3000).

(b) NCO:01 Ratio of 1.8:1

The perfluoropropylene oxide polyether (MW 1160;
8.1 g, 0.007 mole), tetrafluoro~m-phenylene diisocyanate (2.92 g,
0.0126 mole), and some 4~mil diameter glass beads were mixed and heated
at 70°C for 1 minute, then cooled quickly to room temperature with ice
water. One drop of stannous octoate was added and the mixture stirred
at room temperature for 1 minute, then for 3 minutes at room temperature
with the vacuum pump on it. The mixture was still fluid, so’'l more
drop of stannous octoate was added and the mixture stirred at room
temperature for 30 seconds, then for 2 minutes at room temperature with
the vacuum pump on it. The adhesive was then applied to the 2024-T3
clad aluminum bonding panels (etched with sulfuric acid — sodium di-
chromate). ' ’

The bonds were cured by keeping them at room tempera-
ture in a vacuum bag at 1/2-atm pressure (7.5 psi) overnight, then
heating them in air at 160°F (71°C) in an oven for 48 hours. The pot
life of this adhesive was about 30 minutes. The average lap shear
strengths were 258 psi at room temperature (three tests; high value 296,
low value 202) and 253 psi at -320°F (three tests; high value 346, low
value 173).
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(2) Prepiaration of Teoeyavute=Termninated Propolymer
(a) Unsuccessful Attonpt

A smple of 945 molecular wejight hydroxyl-terminated
polyether of perfluorepropylene oxide (10 g, 0,01 mole) and tetrafluvoro-
m-phenylene diifcocyanate (4.64 g, 0.2 nole) was mixed al roow tempera-
ture for 40 winutes, At the end of this time, the infrared gpectrum of
the mix@ture indicated there were sti11 unreacted hydroxyl groups. The
mixture was then warmed to 80°C over a period of 20 minutes and stirrcod
at 80°¢ for 3-1/4 lLours, At the end of this time, the material had
gelled.,

The gelled polyurcethane was pressed at 290°T and
under 1200-psi preesure., The clear, colorle.s 17-mil thick sheet which
resultod was very tough,

(b) Successful Preparation

The hydroxyl-terminated perfluoropropylehe oxide
polyether of 945 molecular weight (7.4 g, 0.008 mole) and tetrafluoro-
m-phenylgne diisocyanate (3.71 g, 0.016 mole) were stirred at room
temperature for 8 minutes, at 50°C for 15 minutes, at 50°-80°C for
22 minutes, and at 80°C for 10 minutes., The prepolymer had no hydroxyl
groups (indicated by its infrared spectrum).

(3) Lap Shear Test Specimens from Isocyanate-Terminated
Prepolymer

The isocyanate-terminated prepolymer (11.1 g, 0.008 mole)
describad above, which had been stored overnight in the refrigerator,
was warmed to 67°C and 1160 molecular weight hydroxyl-terminated poly-
ether of perfluoropropylene oxide (6.15 g, 0.053 mole) was added. The
mixture was stirred for 5 minutes at 67°C, then for an additional
10 minutes at 67°C with a vacuum (3 mm Hg) applied. The resulting adhe-
sive was applied to ethced (sulfuric acid — sodium dichromate solution)
2024-T3 clad aluminum adherends which were warmed with a heat gun.

Glass beads (4 mils average diameter) were sprinkled on the test panel -,
The specimens were cured overnight at room temperature in a vacuum bag
at a pressure of 1/2 atm, then for 24 hours at 160°F in air. The pot
life of the adhesive was approximately 30 minutes. The average lap
shear strengths were 655 psi at room temperature (six tests; high value
752, low value 554) and 451 psi at -320°F (six tests, high value 505,
low value 420). '

b. And 1-Chloro-2,4~-diisccyanato-3,5,6-trifluorobenzene
(Baglbond 420)

(1) Lap Shear Test Specimens from Diisocyanate and Diol
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(a) NCO:ON Ratio of 2:1

A sample of 1160 M poerflvoropropylenc oxide poly-
elher (8.1 ¢, 0,007 mole), and I-chloro-2,4~diisoeyanato=3,5,0~tri-
fluorobenzenes (3,48 ¢, 0.014 mole) and sowe 4-uwil diancter glass beads
were mixaed and heated at 70°C for 3 minutes then cooled quickly to room
temperature with fee water, One drop of stannous ocleate was added
and the mixture stirred for 2 minutes at room teuaperature then for an
additional 5 minutes al room teaperature with the vacuws pump pulling
on it. The adhesive was then applied to heated aluminum bonds.

The bonds were cured by keeping them at room tempera-
ture overnight in a vacuum bag at 1/2~atm pressure (7.5 psi), then
heating them at 160°F (71°C) for 48 hours in air in an oven, The pot
life of this adhesive was better than 4 hours. (Tt conld be spread even
after 4 hours when the adhesive had been heated with a heat gun.) The
average lap shear strengths were 1940 psi at room temperature (six tests;
high value 2630, low valuec 1460), 3650 psi at -320°T (six tests; high
valuc 4270, low value 3250), and 93 psi at +250°F (three tests; high
value 119, low value 78). ’

(b) NCO:0H Ratio of 1.8:1

The perfluoropropylene oxide polyether (1160 MW;
8.1 g, 0.007 mole), l-chloro-2,4-diisocyanato-3,5,6~trifluorobenzene
(3.13 g, 0.0126 mole), and some 4-mil diameter glass beads were mixed
at 60°-70°C for 3 minutes, then cooled quickly to room temperature with
ice water. On. drop of stannous octoate was added and the mixture
stirred at room temperature for 2 minutes, then stirred with the vacuum
pump on it at room temperature for an additional 5 minutes, The adhe-~
sive was then applied to heated bonding panels.

The bonds were cured by keeping them at 1/2-atm
pressurc (7.5 psi) overnight in a vacuum bag, then in an oven in air at
160°F (71°C) for 48 hours. The pot life of this adhesive was better
than 3 hours. (It could be spread even after 3 hours when the adhesive
had been heated with a heat gun.) The average lap shear strengths were
2025 psi at room temperature (six tests, high value 2440, low value
1720), 4730 psi. at -320°F (six tests, high value 5340, low value 3790),
and 107 psi at +250°F (three tests, high value 116, low value 101).

(c) NCO:0H Ratio of 1.6:1

A sample of 1200 molecular weight perfluoropropylene
oxide polyether (8.4 g, 0.007 mole), l-chloro-2,4-diisocyanato-3,5,6-
trifluorobenzene (2.78 g, 0.0112 mole), and some 4-mil diameter glass
beads were mixed and heated to 70°C for 3 minutes, then cooled quickly
to room temperature with ice water. One drop of stannous octoate was
added and the mixture stirred at room temperature for 2 minutes, then
for an additional 5 minutes at room temperature in vacuo. The adhesive
was then applied to heated 2024-T3 clad aluminum bonding panels and cured
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as in exanples (a) and (h) above, The average lap shear strengths were
1770 pei at rooa tesperature (six tests, high value 2330, low value 7006)
and 4590 pei ol =320 (six tests, high value 5740, low value 2040),

(1) KCO:0U Ratio of 1.4:1

This synthesis was comdueted exactly as in the pre-
ceding example, but 2,44 ¢ (0,003¢ rwole) of T=chloro-=2,4~diisoeyanato-
3,5,6-triflunrobenzene was used,  The average lap shear sty ingths were
1365 psi at room temperature (six tests; high value 1540, low value
1100) and 2000 psi at -320°F (six testsy; high value 3300, low value
600).

(e¢) NCO:0I Ratio of 1.2:1

This synthesis was also conducted exactly as in the
ona using NCO:0M of 1.6:1 except that 2,09 g (0.0084 mole) of 1-chloro~
2,4~diisocyanato~3,5,6-trifluorobenzene was used. The average lap shear
strengths were 456 psj at room temperature (six tests, high va]uo 584,
low value 280) and 0 psi at ~320°F.

(f) Using 1614 Molecular Weight Poly(perfluoro-
propylene oxide) with NCO:0li Ratio of 1.8:1

This synthesis was identical to that in experiment
(b), except that 7.3 g (0.0045 mole) of 1614 molecular weight poly-
(perfluoropropylene oxide) and 2.01 g (0.0081 mole) of l-chloro-2,4-
diisocyanato-3,5,6~trifluorobenzene (NCO Ol ratio = 1.8:1) were used
The average lap shear strengths were 1760 psi at room temperature
(six tests; high value 2040, low value 1480) and 4630 psi at ~320°F
(six tests; high value 5200, low value 3640),

(g) Using 2349 Molecular Weight Poly(perfluoro-
propylene oxide) with NCO:0H Ratio of 1.8:1

This synthesis was also identical to that in
experiment (b), execept that 6.0 g (0.0026 mole) of 2349 molecular
weight poly(perfluoropropylene oxide) and 1.17 g (0.0047 mole) of
l-chloro~2,4-diisocyanato-3,5,6-trif luorobenzene (NCO:O0H ratio =
1.8:1) were employed. The average lap shear strengths were 573 psi
at room temperature (six tests; high value 879, low value 368) and
1865 psi at -320°F (six tests; high value 2900, low value 800),

(2) Lap Shear Test Specimens from Isocyanate-Terminated
Prepolymer

(a) Ratio = 1.8:1 (Actual NCO:0H ratio = 1.28:1)
The isocyanate-terminated prepolymer was prepared by

mixing l-chloro-2,4-diisocyanato-3,5,6-trifluorobenzene (1.87 g,
0.0075 mole) and 1200 molecular weight perfluoropropylene oxide polyether
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G5 ¢, 00,0937 mole) at 707C for 19 ndutes, at 707=80°C for 5 minutos,
and at 807-1007C Tor 10 mimles,  The prepolyner wis stored overnight
in the rofrigerator,

The above §soeyaual eeterminaled prepolyiar, addition-
al 1200 moleculm weight hydrotwyl terrninated perflueropropylene oxide
polycther (2.52 g, 0,0021 wole), and some 4-pi1 diameloer glass beads
were heated to 70°C, stirred at that temperature for 3 minutes, thea
cooled quickly with an ice water bath. One drop of stannous octodte
catalyst was added and the mixture stirred at rvoom temperature for 7 mine
utes. Dardng the last 5 minutes, the systoem was degassed with a vacuum
pump, The adhesive was then applied to heated 2024-13 elad aluminum
bonding panels. The bouds were cured at room temperature overnight at
a pressure of 1/2~atm iu a vacuum bag, then at 163°T for 48 hours in
air., The average Jap shear strengths were 871 psi at room temperature
(six tests; high value 971, low value 737) and 125 psi at =320°F (six
tests; high value 291, low valuc 0),

(b) Ratio = 10:1 (Actual BCO:0U ratio = 1.8:1)

With catalyst = The isocyanate~terminated prepolymer
was prepared by mixing l-chloro-2,4-diisocyanato=-3,5,6~trifluorobenzene
(1.99 g, 0.008 mole) and 1200 moleculat weight perfluoropropylene oxide
polyether (4.8 g, 0.004 mole) at 60°-80°C for 20 minutes and at 80°-100°C
fer 10 minutes.

After keeping the prepolymer at room temperature for
1/2 hour, additional 1200 melecular weight hLydroxyl-terminated per-
fluoropropylene oxide polyether (0.52 g, 0.0004 mole) and some glass
beads werce added and the mixture stirred for 1 minute., One drop of
stannous octoate was added and the mixture stirred at room temperature
for 2 minutes. The system was degassed during the second minute with
a vacuum pump., The adhesive, which had gelled, was then applied to
heated bonding panels. By heating the adhesive, it could readily be
spread on the panels. The bonds were cured as described in example
(a) above. The average lap shear strengths were 2050 psi at room
temperature (six tests; high value 2310, low valuc 1360) and 3070 psi
at -320°F (six tests; high value 3680, low value 2060).

(3) Lap Shear Test Specimens Prepared without Catalyst
(a) From Diisocyanate and Diol in NCO:OH Ratio of 1,8:1

A sample of 1200 molecular weight perfluoropropylene
oxide polyether (7.2 g, 0.0006 mole), l-chloro-2,4-diisocyanato-3,5,6-
trifluorobenzene (2.68 g, 0.0108 mole), and some 4-mil diameter glass
beads were stirred at room temperature for 5 minutes, The mixture was
then stirred at 60°-70°C for 15 minutes, 70°-80°C for 10 minutes, and
80°-85°C for 10 minutes and 100°-110°C for 10 minutes in vacuo. The
adhesive was then applied to heated bonding panels and cured at room
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tempoerature overnight at a pressure of 1/2-atm in a vacuum bag, then at
163°F for 48 hours in afr, ‘Che average lap shear strengths were 982 psi
at rooe tewperature (six tests; high value 1200, low value 588) and
1166 psi at =320°F (six tests; high value 1584, low value 600),
(b) From Isocyanate-Terminated Prepolyner in Actual
NCO:;0H Ratio of 1.8:1

The isocyanate-terminated prep+lymer was prepared as
deseribed in (2) (b) above and allowed to stand at room temperature for
3/4 hour.,

This prepelymer, additional perfluoropropylene oxide
polyether (0,52 g, 0.0004 mole), and some glass beads were mixed at room
temperature for 35 minutes. The system was degassed with a vacuum pump
during the last 30 minutes of stirring. The adhesive was then applied
to bonding panels and cured as in item (a) above. The average lap shear
strengths were 789 psi at room temperature (six tests; high value 1000,
low value 540) and 836 psi at -320°F (six tests; high valug 990, low
value 634).

(4) LOX~-Impact Test Specimens
(a) With Catalyst

Hydroxyl-terminated perfluoropropylene oxide poly-
ether of 1100 molecular weight (11 g, 0.01 mole) and l-chloro-2,4-di~-
isocyanato~3,5,6-trifluorobenzene were mixed at room temperature for
5 minutes. One drop of stannous octoate catalyst was added and the
mixture stirred for 17 minutes at room temperature. During the last
15 minutes the system was degassed with a vacuum pump. The product was
then poured onto Teflon caul sleets, allowed to stand at room tempera-
ture for 1/2 hour, then warmed on a hot plate until it gelled, It was
then cured in a press at 275°F without pressure for 1/2 hour, then at
275°% and 15,000-1b pressure for 2-1/2 hours. 104 disks (11/16-in.
diameter) were punched from the resulting 5.5 mil thick clear, colour-
less, flexible film.

(b) Without Catalyst

Hydroxyl-terminated perfluoropropylene oxide poly-
ether of 1100 molecular weight (8.8 g, 0.008 mole) and l-chloro-2,4-di-
isocyanato-3,5,6-trifluorobenzene (3.58 g, 0.0144 mole) were heated at
70°C for 1/2 hour, 90°-100°C for 1 hour, and 100°-130°C for 1-1/4 hours,
The gelled product was then transferred to Teflon caul sheets and heated
in a press at 275°C with no pressure for 1-1/2 hours then at 275°F and
15,000-1b pressure for 2 hours. 104 disks (11/16-in. diameter) were
punched from the wwwulting 4.3 mil thick clear, coloress, flexible film.
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2,  From Hydroxyl-Terminated Yolyethers of Hexafluorobenzene and
Hexafluoropentanediol

a, And Tetrafluoro-m-phenylene Diisocyanate (Baglbond 300)

(1) Preparation of Lap Shear Test Specimens from
Diisocyanate and Diol

(a) Unsuccessful Attempts using 3840 Molecular Weight
Polyether

A 3840 molecular weight polyether of hexafluorobenzene
and hexafluoropentanediol (10 g, 0.0026 mole) was hecated in a resin flask
under nitrogen to 110°C., The polyether was stirred and tetrafluoro-m-
phenylene diisocyanate (0.72 g, 0.0021 mole) was added. In about 2 min-
utes, the mixture gelled to a rubber ball and could not be spread on
the bonding pads,

The same amounts of reactants as above were com-
bined at 110°C and the temperature lowered %o room temperature and
stirring continued. The mixture gelled in about 7 minutes to a rubber
ball, precluding its application to the bonding pads.

(b) Preparation of bonds using 2620 Molecular Weight
Polyether

The hydroxyl-terminated polyether of hexafluoro-
benzene and hexafluoropentanediol of 2620 molecular weight (10 g,
0.0038 mole) ‘was warmed to 65°C, a few glass beads (0.005-in. diameter)
added, and tetrafluoro-w-phenylene diisocyanate (1.07 g, 0.0046 mole)
quickly stirred in. The mixture was stirred briefly, then applied to
etched (sulfuric acid — sodium dichromate solution) 2024-T3 clad alumi-
num adherends which were warmed with a heat gun. Four sets of specimens
were made., Two sets were cured as follows. The specimens were kept
overnight at room temperature in a vacuum bag at a pressure of l.2-atm
(7.5 psi) then removed from the bags and heated at 160°F for 24 hours.
The average lap shear strengths were 478 psi at room temperature (six
tests; high value 716, low value 313) and 1897 psi at -320°F (six
tests; high value 2200, low value 1160).

The other two sets were cured as follows. The speci-
mens were kept overnight in air with weights on them which applied
1/2-<atm pressure (7.5 psi) to each bond, then heated at 160°F for
24 hours. The average lap shear strengths were 689 psi at room tempera-
ture (six tests; high value 864, low value 574) and 2295 psi at -320°F
(six tests; high value 2530, low value 2000).
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(2) Preparation of lsocydnate~terminated Prepolymer
(a) Unsuccessful Attempts

The 4030 molecular weight hydroxyl terminated hexa-
fluorobenzene-hexafluoropentanediol polyether (10.0 g, 0.0025 mole) was
warmed in a resin flask *o A5°C and tetrvafluoro-m-phenylene diisocyanate
(1.64 g, 0.0075 mole) was added and the reactiou mixture stirred, Af{ter
45 minutes the mixture gelled. A vacuum was applied and excess diiso-
cyanate was stripped from the system at 65°C. Upon cooling, the material
was found to be a moderately tough elastomer. Infrared spectroscopy
demonstrated that the polymer contained excess isocyanate groups. An
attempt was made at curing this polymer by adding tetrafluoro-m-
phenylenediamine, The diamine proved to be insoluble in the resin.
Press curing at 275°F resulted in a homogencous, partially cured sheet
which was not tough,

A sample of 2900 molecular weight hydroxyl-termi.-
nated hexafluorobenzene-hexafluoropentanediol polycther (12.3 g,
0.0042 mole) was warmed to 80°C in a resin flask under nitrogen,
cooled to 60°C, and tetrafluoro-m-phenylene diisocyanate (1.95 g,
0.084 mole) added. The mixture was heated at 60°C for 5 minutes, then
at 60°-120°C over a period of 30 minutes., The temperature of the mix-
ture was lowered to 80°C and vacuum (3 mm Hg) applied to the mixture
and held at 80°C for 15 minutes. At the end of this time, the material
had gelled.

(b) Successful Preparations

The same amounts of reactants as in item (a) above
were stlrred at 50°C ‘or 1/2 hour, at 50°-80°C over a period of 7 min-
utes, then at 80°C for 20 minutes. Vacuum (3 mm Hg) was then applied
for 10 minutes to the mixture held at 80°C. The first prepnlymer pre-
pared this way gelled on standing under nitrogen in a refrigerator
for 4 days. The prepolymer had no hydroxyls (indicated by its infra-
red spectrum),

The second prepolymer prepared this way was stored
under nitrogen in a refrigerator overnight and used to make bonds the
next day.

(3) Lap Shear Test Specimens from lsocyarate -terminated
Prepolymer

The above isocyanate-terminated prepolymer (14 g,
0.0042 mole), whicli had been stored overnight in the refrigerator,
‘was warmed to 80°C and 2900 molecular weight hydroxyl-terminated
hexafluorobenzene-hexafluoropentanediol polyether (8.1 g, 0.0028 mole)
was melted and added along with some 4-mil diameter glass beads. The
mixture was stirred for 5 minutes at 90°C, then vacuum (3 mm Hg) was
applied to the mixture kept at 80°-90°C for 10 minutes. The resulting
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adhesive was applied to etched (sulfuric acid — sodium dichgomate
solution) 202413 clad aluminum adlierends which were warmed with a

heat gun. After two test pauels were bonded (about 10 minutes), the
adhesive gelled, Half of the specimens were cured overnight at room
temperature in a vacuum bag at a pressure of 1/2 atm, then for 48 hours
in air at 160°F. The average lap shcar strengths were 462 psi at room
temperature (threoe tests; high value 540, low value 400) and 1490 psi
at -320°F (three tests; high value 1720, low value 1110).

The other half of the specimens were cured by weighting
them in air overnight with 1/2-atm pressure (7.5 psi) to each bond,
then heating them in air at 160°F for 48 hours. The average lap shear
strengths were 188 psi at room temperature (three tests; high value
225, low value 162) and 990 psi at -320°F (threc tests; high value 1010,
low value 960).

(4) LOX-Impact Test Specimens

The hydroxyl-terminated polyether of hexafluorobenzene
and hexafluoropentanediol (MW 4030) (10,0 g, 0.0025 mole) was warmed
to 65°C in a resin pot. Tie material was easily stirrable at this
temperature. Tetrafluoro-m-phenylene diisocyanate (0.70 g, 0.0030 mole)
(NCO:0H = 1.2:1) was then added and the reaction mixture stirred under
nitrogen. The diisocyanate was readily soluble in the polyether.
After 30 minutes at 65°C there had been only a slight increase in
viscosity. Nuocure 28 (stannous octoate, 1 drop) was added and
stirring continued, The mixture gelled within one minute., The par-
tially gelled :.:1inous material was transferred to clean Teflon sheets
and pressed at 27:°F for 1-1/2 hours. Specimens for LOX compatibility
were punched from the resulting 10.2 mil thick clear flexible film,
These specimens gave 19 reactions in 20 tests.

A second set of LOX-impact test specimens was prepared
without catalyst. A 2900 molecular weight polyether of hexafl.oro-
benzene and hexafluoropentanediol (10 g, 0.0034 mole) was heated to
100°C. After lowering the temperature to 70°C, tetrafluoro-m-
phenylene diisocyanate (1.42 g, 0.0061 mole) was added and the mixture
stirred at 70°-75°C for 10 minutes then at 75°-98°C for 10 minutes.
The gelled product was transferred to Teflon caul sheets and heated
in a press at 275°F without pressure for 1/2 hour then at 275°F with

20,000-1b pressure for 2 hours., Specimens for LOX compatibility testing

(11/16-in. diameter disks) were punched from the resulting 12-mil
thick film. '

b. And 1-Chloro-2,4-diisocyanato-3,5~-6-trifluorobenzene
(Baglbond 320)

(1) Preparation of Lap Shear Test Specimens from Diiso-
cyanate and Diol with NCO:0H Ratio of 1.2:1

The hydroxyl-terminated polycther of hexafluorobenzene and
hexafluoropentanediol of 2620 molecular weight (10 g, 0.0038 mole) was
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warmed to 65°C, a few glass beads .(0.005-in. diameter) added, and 1-
chloro~2,4-diisocyanato-3,5,6~trifluorobenzene (1.24 g, 0.0046 mole)
quickly stirred in. The mixture was stirred briefly, then applied to
etched (sulfuric acid — sodium dichromate solution) 2024-73 clad
aluminum adherends which were heated with a heat gun. Four sets of
specimens was made. Two sets were cured overnight at room temperature
in a vacuum bag at 1/2-a’ - pressure, then at 160°F for 24 hours. The
average lap shear strengths were 374 psi at room temperature (six tests;
high value 438, low value 295) and 1340 psi at -320°F (six tests; high
value 1660, low value 990).

The other two sets were cured in air overnight with weights
on then applying 1/2-atm pressure (7.5 psi), then at 160°F for 24 hours.
The average lap shear strengths were 301 psi at room temperature (six
tests; high value 328, low value 280) and 1167 psi at -320°F (six tests;
high value 1520, low value 960).

+ (2) Attempted Preparation of Lap Shear Test Specimens
from Diisocyanate and Diol with NCO:0H Ratio of 1.8:1

Hydroxyl-terminated polyether of hexafluorobenzene and
hexafluoropentanediol (molecular weight 2900 ) (8.7 g, 0.003 mole) was
warmed to 70°C and 1l-chloro-2,4-diisocyanato-3,5,6-trifluorobenzene
(1.34 g, 0.0054 mole) and some 4-mil diameter glass beads were added.
The mixture was stirred at 70°C for 3 minutes, then cooled quickly with
an ice water bath. One drop of starnous octoate was added and the mix-
ture stirred. Within 1 minute, the mixture had gelled and the resulting
rubber could not be spread on bonds even with heating.

(3) Preparation of Isocyanate-terminated Prepolymer
(a) Unsuccessful Attempt

A 3160 molecv” ‘v weight hydroxyl-terminated hexa-
fluorobenzene-hexafluoropentaneaiol polyether (10 g, 0.0032 mole) was
warmed in a resin flask to 100°C and 1l-chloro-2,4-diisocyanato-3,5,6-
trifluorobenzene (2.4 g, 0.0096 mole) was quickly stirred in. Almost
immediately, the very viscous mixture gelled and became a rubber ball.

The amber rubber ball and tetraflucro-m-phenylene
dlamlne (0.9 g, 2.005 mole) were kneaded together and mixed in a rubber
mill for about 5 minutes. The milled rubber was then heated in a press
at 300°F and 9000-1b ram pressure for 1 hour. The prciduct was a clear
amber sheet that was somewhat brittle,

(b) Successful Preparation
A sample of 2900 molecular weignt hydroxyl-terminated
hexafluorobenzene-hexafluoropentanediol polyether (13.5 g, 0.0047 mole)

was warmed in a resin flask under nitrogen to 80°C and l-chloro-2,4-
diisocyanato-3,5,6-trifluorobenzene (2.34 g, 0.0094 mole) was added.
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The reaction mixture was stirred at 45°C for 5 minutes then at 80°C for
20 minutes. A vacuum (6 um lig) was applied to the mixture held at 80°C
for 10 minutes. The product had no unreacted hydroxyls, as indicated by
its infrared spectrum,

(4) Lap Shear Test Specimens from Isocyanate-terminated
Prepolymer

The above-described isocynate-terminated prepolymer(l5 g,
0.0044 mole), which had been stored under nitrogen in a refrigerator for
5 days, was warmed to 60°C and 2900 molecular weight hydroxyl-terminated
hexafluorobenzene-hexafluoropentanediol polyether (8.4 g, 0.0029 mole;
ratio = 1.5:1) was melted and added along with some 4-mil diameter glass
beads. The mixture was stirred for 5 minutes at 65°-80°C, then vacuum
(3 mm Hg) was applied for 12 minutes to the stirred mixture held at ‘
80°C. The resulting adhesive was then applied to ethed (sulfuric acid —
sodium dichromate solution) 2024-7T3 clad aluminum adherends which were
warmed with a heat gun. Half of the specimens were cured overnight at
room temperature in a vacuum bag at a pressure of 1/2 atm, then for
48 hours in air at 160°F. The average lap shear strengths.were 450 psi
at room temperature (six tests; high value 529, low value 373) and
1290 psi at -320°F (six tests; high value 1504, low value 1080).

The other half of *he specimens were cured by keeping
weights on them in air overnight which applied 1/2-atm pressure (7.5 psi)
to each bond, then heating them in air at 160°F for 48 hours. The
average lap shear strengths were 685 psi at room temperature (six tests;
high value 922, low value 525) and 1570 psi at -320°F (six tests; high
value 1720, low value 1310).

f C. Po jethers

1. From Perfluoropropylene Oxide

a., Polymerization of Perfluoropropylene Oxide with
Perfluoroglutaryl Fluoride

Three polymerizations were carried out, using the procedure
described previously in Summary Report IV for the reaction of perfluoro-
propylene oxide, perfluoroglutaryl fluoride and cesium fluoride.

In the first polymerization, perfluoropropylene oxide (98 g,
0.6 mole), perfluoroglutaryl fluoride (14.6 g, 0.06 mole) cesium
fluoride (4.6 g, 0.03 mole), and diglyme (25 ml) were used. The re-
action product was fractionally distilled, with the following fractions
being isolated.
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FYraction Bdiling Point Weight

I 45°-66°C/120 mm 24.0 g
I1* 70°C/92 mm to 90°C/60 mm . 36.4 g
TIT* 90°C/50 wm to 80°C/20 mm 23.0 g
1v 130°~136°C/5 mm 39.3 ¢

These fractions were reduced, using the procedure described in
Summary Report IV for the reduction of acid fluoride terminated poly-
ethers of perfluoropropylene oxide. Fractions II and TII were combined
before reduction. The reduced products had the following molecular
weights and hydroxyl numbers.

Reduced Fraction Mol Wt (VPO) Hydroxyl. No.
I1 & II1I Combined 700 542
Iv 945 494

In the second and third polymerization, which were of a much
larger scale, perfluoropropylene oxide (500 g, 3.0 mole), perfluoro-
glutaryl fluoride (73 g, 0.3 mole), cesium fluoride (22.3 g, 0.15 mole)
and diglyme (125 ml) were used., The reaction products were fractionally
distilled, with the following fractions being collected.

Run 2: Fraction Boiling Point Weight
I 35°=75°C/92 mm 80.0 g
II % 80°C/92 mm to 92°C/60 mm 223.0 g
III%% 92°C/60 mm to 90°C/4 mm 80.5 g
1V 120°C/4 mm to 135°C/2 mm 208.1 g
Run 3: Fraction Boiling Point Weight
I 40°-75°C/92 mm 57.6 g
11 80°C/92 mm to 92°C/60 mm 119.3 g
11X 110°C/60 mm to 140°C/18 mm 98.5 g
IV 140°C/18 mm to 184°C/18 mm 75.0 g
Residue -- ) 38.3 g

Fractions II, III, and IV of run 2 and Fraction IV and the
residue of run 3 were reduced using the procedure described in Summary
Report IV. The reduced products had the following molecular weights
and hydroxyl numbers,

* In cuts II and III, 23 g were fluorocarbon products.

%% Fractions I, II, and III all contained fluorocarbon product and
diglyme.
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Run 2: Reduced Fraction Mol Wt (VP0) lvdroxyl No.

4
.

II 676 #30 764 %25
111 790 *10 . 795 %1
1V 1170 %10 580 *2
Run 3: 1v 1181 -
Residue 2349 -

A fourth polymerization was carried out using the procedure
described previously in Summary Report IV and 945.4 g of polyether
boiling between 26°C at 7 mm and 85°C at 4 mm were removed by dis-
tillation. The higher molecular weight residue weighed 483.8 g.

The 483.8 g of residue was reduced using the procedure described
in Summary Report IV, The hydroxyl-terminated perfluoropropylene oxide
polyether obtained weighed 419.4 g and had a molecular weight of 1100
(determined by VPO).

.

b. Polymerization of Perfluoropropylene Oxide with the Monoether
of Perfluoropropylene Oxide and Perfluoroglutaryl Fluoride

The polymerization was carried out, using the procedure des-
cribed in Summary Report IV for the reaction of perfluoropropylene
oxide, monoether of perfluoropropylene oxide and perfluoroglutaryl
fluoride, and cesium fluoride.

Perfluoropropylene oxide (100 g, 0.6 mole), Fraction I
(bp 45°-66°C/120 mm) (12.3 g, 0.03 mole) from the first polymerization
described above, cesium fluoride (2.3 g, 0.015 mole), and diglyme
(25 ml) were used. The reaction product was fractionally distilled.

Fraction Boiling Point Weight
I% 62°-90°C/90 mm 63.5 g

II1% 90°C/90 mm to 90°C/4 mm 34.9 g
III 90°C/4 mm 11.0 g

These fractions were reduced using the procedure described in
Summary Report IV for the reduction of acid fluoride terminated poly-
ethers of perfluoropropylene oxide, Fractions I and II were combined
before reduction. The reduced Fractions I and II had a molecular
weight (b, VPO) of 770 and a hydroxyl pumber of 690.

* Fractions I and II both contained some diglyme.
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2, From Hexafluorobeuzene and Hexafluoropentanediol

a, Study of the Effect of Water on the Polymerization
(1) Water Present

Hexafluorobenzene (18.6 g, 0.1 mole),hexafluoropentane~
diol (21.2 g, 0.1 mole) and potassium hydroxide (11.2 g, 0.2 mole) were
added to dioxane (150 ml) and benzene (30 ml). Dimethylformamide (L ml)
was added and the mixture stirred at reflux overnight, Workup of the
resulting brown mixture followed by partial separation of various mole-
cular weight fractions resulted in recovery of 16.2 g of polymer, ranging
fvom viscous oils to rubbery elastomers. The bulk of the isolate poly-
mer (9.3 g, 58%) had a molecular weight of 101050 (as determied by
VPO).

.(2) Water Removed by Azeotropic Distillation

The same quantities and rcaction conditions were repeated
with the exception that the water formed in the reaction plus any pre-
sent initially was removed by azecotropic distillation (7.8 ml water
recovered) into a Dean-Stark trap. The workup and separation procedure
described in item (1) above was repeated. The recovered polymer (21.8 g)
had essentially the same molecular weight distribution as that described
in item (1). The bulk of the material (17.8 g, 81%) had a molecular
weight of 1325 %60 (determined by VPO).

b. Polymerizations in Tetrahydrofuran
f (1) With N,N-Dimethylformamide
(a) Hexafluoropentanediol:Hexafluorobenzehe (3:2)

Hexafluoropentanediol (63.6 g, 0.3 mole) and hexa-
fluorobenzene (37.2 g, 0.2 mole) were dissolved in THF (500 ml).
Potassium hydroxide (33.7 g, 0.6 mole) and DMF(3 ml) were added and
the mixture stirred. There was a slow rise in temperature to 29°C.
Heat was applied and the solution was refluxed overnight (68°C). After
cooling, the pale yellow solution was poured into 2% hydrochloric acid
(1:1) with rapid stirring. A white, sticky solid came out of the
solution. Thorough washing with distilled water resulted in coagulation
to a solid mass. The polymer was taken up in THF and dried over magne-
sium sulfate. The solvent was stripped under reduced pressure (at
150°C, yielding a very pale yellow, transparent material (84.0 g). The
rubbery semisolid had a molecular weight of 3160 +300 (by VPO) and a
hydroxyl number of 2430 g/equivalent,
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(b) Hexafluoropentapetiol:lexaflluorobenzene (2:1)

HexafJuovopentanediol (42.4 g, 0.2 mole), hexafluoro-
benzene (18.6 g, 0.1 mole), potassium hydroxide (22.4 g, 0.4 mole) and
DMF (1.2 ml) were refluxed overnight in THF (250 mi). An insoluble
(crosslinked) gel had formed which was partially discolored. The polymer
was so swollen with solvent that characterization could not be
accomplished,

(c) Hexafluoropentanediol:Hexafluorobenzene (3:1)

Hexafluoropentanediol (31.8 g, 0.15 mole), hexa-
fluorobenzene (9.3 g, 0.05 mole), potassium hydroxide (16.8 g, 0.3 mole)
and DMI' (1.2 ml) were refluxed overnight in THF (250 ml). A crosslinked
swollen gel very similar to that described in item (b) above had formed.

c. Variation of Catalyst
(1) Pyridine

Hexafluoropentanediol (31.8 g, 0,15 mole), hexafluoro-
benzene (18.6, 0.1 mole), potassium hydroxide (16.0 g, 0.3 mole), and
pyridine (1.2 g) were stirred in THF (250 ml) at room tempcrature over-
night, The slightly yellow solution was poured into 2% hydrochloric acid
with rapid stirring. The precipitated polymer was thoroughly washed
with distilled water, dissolved in THF, dried over anhydrous magnesium
sulfate, and the solvent stripped under reduced pressure at 150°C. The
resulting white, partially crystalline, waxy polymer (33.0 g) had a
molecular weight of 2130 *100 (determined by VPO) and a hydroxyl number
of 3018 %40 g/equivalent,

!

(2) Copper (I) Iodide

Hexafluoropentanediol (31.8 g, 0.15 mole) hexafluoro-
benzene (18.6 g, 0.1 mole), copper (I) iodide (2.1 g, 0.011 mole) and
potassium hydroxide (16.8 g, 0.3 mole) were refluxed in THF (250 ml)
overnight. After cooling, the reaction mixture was poured into 1%
ammonium hydroxide. The blue aqueous layer was decanted and the wet
polymer dissolved in THF., The solution was then poured into distilled
water and the polymer again dissolved in ether and dried over anhydrous
magnesium sulfate., After stripping the solvent under reduced pressure
at 150°C, a very pale yellow rubbery polymer was obtained. The molecu-
lar weight was 4030 +#50 (determined by VPO) and the hydroxyl number
was 1972 *30, indicating complete hydroxyl termination.

d. Preparation of Polyethers from Hexafluorobenzene and Hexa-
fluoropentanediol Using Copper (I) Iodide

(1) Hexafluoropentancdiol:Hexaflunrobenzene (1.5:1)

Hexafluoropentanediol (31.8 g, 0.15 mole), hexafluoro-
benzene (18.6 g, 0.10 mole), potassium hydroxide (16.8 g, 0.30 mole),
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and copper (I) ijodide (2.1 g) were stirrved overnight in 250 ml of re-
fluxing THF. After it had been cooled to room temperature, the solution
was poured into 2000 ml of a 1% solution of ammonium hydrozide, A
white solid settled out and was separated and redissolved in THF. The
product was washed again with ammonium hydroxide solution, then with
dilute hydrochloric acid solution, and finally with pure water. The
product was dissolved in ether and dried over anhydrous magnesium sul-
fate. The magnesium sulfate was filtered off and the ether evaporated
under reduced pressure on the rotary evaporator, yielding 29.1 g of a
yellow semisolid., The molecular weight was 3840 #30 (determined by
VPO) and the equivalant weight was 1528 (determined by hydroxyl end
group analysis).

(2) HMexafluoropentanediol:Hexafluorobenzene (1l.4:1)
(a) Riin 1

Apnother run was made, using hexafluoropentanediol
(29.7 g, 0.14 mole), hexafluorobenzene (18.6 g, 0.1 mole), copper (I)
iodide (2.1 g), and potassium hydroxide (15.7 g, 0.28 mole). The
procedure and workup was exactly as that above. The polyether obtained
weighed 29.0 g, and had a molecular weight of 2620 %100 (determined by
VPO) and an equivalent weight of 1480 #50 (determined by hydroxyl end
group analysis).

(b) Run 2

The amounts used were hexafluorobenzene (74.4 g,
0.4 mole), hexafluoropentanediol (118.8 g, 0.56 mole), potassium
hydroxide (62.8 g, 1.12 mole), copper (I) iodide (5 g), and THF
(700 ml). We obtained 131 g of polyether; molecular weight (by VPO)
2900, hydroxyl number 1500,

(3) Hexafluoropentanediol:Hexafluorobenzene (1.6:1)

Another run was made with hexafluoropentanediol (33.9 g,
0.16 mole), hexafluorobenzene (18.6 g, 0.1 mole), copper (1) iodide
(2,1 g), and potassium hydroxide (17.9 g, 0.32 mole). The procedure
and workup was exactly as those above. The polyether obtained weighed
37.2 g and had a molecular weight of 3160 *50 (determined by VPO) and
an equivalent weight of 1772 %30 (determined by hydroxyl end group
analysis).

(4) Hexafluoropent&uediol:Hexafluorobenzene (1.3:1)

The amounts used were hexafluorobenzene (74.4 g, 0.4 mole),
hexafluoropentanediol (110.2 g, 0.52 mole), potassium hydroxide (58.2 g,
1.04 mole), copper (I) iodide (5 g), and THF (700 ml). We obtained
133.2 g of polyether. It had a molecular weight of 2035 (determined
by VPO) and an equivalent weight of 1894 +100 (determined by hydroxyl
end group analysis). .
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(5) Mexafluoropentanwdicl:lexafluorobenzene (1.2:1)

Another run was made using hexafluoropentanediol (25.4 g,
0.12 mole), hex “luorvheonpgeae (18.6 g, 0.1 mole), copper (L) iodide
(2.1 g), and pucassium hydroxide (13.4 g, 0.24 mole). The polyether
obtained weighed 20 g and had a molecular weight of 1530 250 (determined
by VPO) with an equivalent weight of 1525 #75 (determined by hydroxyl
end group analysis).

(6) High Molecular Weight Rubber from Hexafluoropentane-
diol:Hexafluorobenzene of 1.2:1

Another run was made using hexafluoropentanediol (25.4 g,
0.12 mole), hexafluorobenzene (18.6 g, 0.1 mole), copper (I) iodide
(2.1 g), and potassium hydroxide (15.8 g, 0.24 mole considering KOl 85%
pure). A yellow rubber had come out of solution after overnight reflux.
The rubber was dried in a vacuum oven at 60°C for 1~1/2 weeks. The
dried product weighed 22.4 g.

Analysis: % C % H % F -
Calculated for CllHAFIOOZ: 36.9 1.12 53.2

Found: 36.98 1.12 54,2

(7) Hexafluoropentanediol:Hexafluorobenzene of 1.4:1
with Sodium Hydroxide

The amounts used were the same as in experiment (2)(b)
above except that sodium hydroxide (44.8 g, 1.12 mole) was used instead
of the potassium hydroxide. We obtained 132.8 g of polyether; molecular
weight (by VPO) 2100, hydroxyl number 1945.

e. Attempted Preparation of Polyether from Hexafluorobenzene
and Hexafluoropentanediol with Copper (I) Iodide in
Nitrobenzene

Hexafluoropentanediol (31.8 g, 0.15 mole), hexafluorobenzene
(18.6 g, 0.10 mole), copper (I) iodide (2.1 g), and potassium hydroxide
(16.8 g, 0.3 mole) were stirred overnight in 250 ml of nitrobenzene
at 35°C. The solution was then stirred at 60°C for 1-1/2 hours. The
nitrobenzene was then evaporated on the rotary evaporator and the pro-
ducts dissolved in THF. The THF solution was poured into a dilute
ammonium hydroxide solution and a yellow oil settled ouf, This oil
was dissolved in ether and dried over anhydrous magnesium sulfate.
After the magnesium sulfate had been filtered off, the ether was evapo-
rated on the rotary evaporator; 6.5 g of a yellow oil was recovered.
The infrared spectrum showed no hydroxy, and little or no fluorine was
present. Nitrobenzene contamination was evident,
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f. Preparation of a Polycether: from 5-Hydroxyhexafluoropentoxy-
pentaflluorobenzone

(1) Preparation of the Munocacetal of Hexafluoropentanediol
and Dihydropyran

*

(a) Prepavation of a Small Amount of Monoacetlal

Hexafluoropentanediol (106 g, 0.5 mole) was mixed
with dihydropyran (500 wl) and a catalytic amount of concentrated hydro-
chloric acid (2 drops) was added. There was still some undissolved diol
at this time., After shaking overnight, a clear solution was obtained.
Fractionation under reduced pressure yielded 57.4 g (39% yield) of the
monoacetal, bp 120°-125°C at 5 mm Hg and 88.5 g (46% yield) of the di-
acetal, bp 152°-156°C at 5 mm Hg.

(b) Preparation of a Large Amount of Monoacetal

Hexafluoropentanediol (212 6, 1.0 mole) was dissolved
with heating in 700 ml of dihydropyran., After the solution had cooled
to room temperature, three drops of concentrated hydrochloric acid was
added to the stirred solution, The temperature of the solutiou rose to
60°C in 5 minutes. The solution was quickly brought to room t-sperature
with an ice bath and was stirred for 2 days at that temperature, A
drying tube was used to keep the reaction free from meisture. Several
pellets of potassium hydroxide were added and the solution was stirred
for 1 hour. The solution was decanted off the pellets and distilled
under a vacuum. The first fraction, boiling at 53°-90°C, weighed 25 g
and was a mixture of the monoacetal and unreacted hexafluoropentane-
diol. The second fraction, boiling at 110°-112°C, weighed 265 g and
was the diacetal.

(¢) Preparation of a Large Amount of Monoacectal in
Tetrahydrofuran

Hexafluoropentanediol (212 g, 1.0 mole), dihydro-
pyran (84 g, 1.0 mole) and 4 drops of concentrated hydrochloric acid
were dissolved in 600 ml of THF., The solution was stirred at room
temperature for 3 days in a 2-liter Erlenmeyer flask equipped with a
thermometer and drying tube, Several pellets of potassium hydroxide
were added and the solution was stirred for 1/2 hour. The solution was
poured into water and a white 0il settled to the bottom. This oil was
separated, dissolved in ether, and dried over. anhydrous sodium sulfate.
After the drying agent had been filtered off, the ether was stripped
on the rotary evaporator and the product distilled under vacuum at 2 mm
Hg. The following fractions were obtained: '

bp, °C Weight
Fraction 1 86-95 3.0¢g
Fractiou 2 95-99 99.5 g
Fraction 3 99-100 7.5 g
Fraction 4 100-102 11.0 g
Residue 85 g
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Fractions 2, 3, and 4 were all thd desired monoacetal. The yield of
monoacetal was therefore 118 g (39%). The residue was mainly diacetal.

(2) Preparation of 5-Hydroxyhexafluoropentoxy-penta-
fluorobenzene

(a) Using Dimethylformamide Catalyst

Hexafluorobenzene (26.0 g, 0.14 mole), the mono-
pyranyl acetal of hexafluoropentanediol (20.0 g, 0.07 mole) and potassium
hydroxide (4.7 g, 0.14 mole) were dissolved in THF (250 ml). Dimethyl-
formamide (10 drops) was added with stirring., Tlere was a slow rise in
temperature to 33°C., Heat was applied and the reaction mixture was
refluxed (68°C) for 3-1/2 hours. Aftex cooling, the slightly yellow
solution (along with the precipitated salts) was poured into 2 liters
of distilled water. The resul:ing partial emulsion was salted out and
allowed to stand overnight. The monoacetal product, which was a yellrw
0il, was hydrolyzed by stirring with dilute hydrochloric acid. The
monoether product was extracted with ether and the ether solution dried
over anhydrous magnesium sulfate, After filtering the drying agent and
evaporating the solvent, the monoether was distilled under reduced
pressure, 13.9 g (52.5% yield) of product boiling at 100°-102°C at 2 mm
Hg being obtained.

Analysis: : % C % H % F
Calculated for C11H5F1102: 35.0 1.3 £5.1

Found: 35.15 1.48 54.84
(b) Using Copper (I) Iodide Catalyst

A 2000-ml1 three-necked flask, equipped with a con-
denser, stirrer and thermomcter was charged with the monoacetal of
hexafluoropentanediol (120.7 g, 0.425 mole), hexafluorobenzene (156 g,

.0 .84 mwole), potassium hydroxide (32.4 g, 0.56 mole) and THF (1200 ml)
(dried over CaH). After udding a catalytic amount of pulverized copper
{I) iodide, a spontaneous reaction started with the temperature rising
to 45°C. After 3-1/2 hours of refluxing, the solution was poured into
5 liters of water and extracted . ith 1200 ml of diethyl ether. Upon
evaporation of diethyl ether, the dark yellow oil was stirred with
600 ml of water and 2 ml of concentrated hydrochloric acid for 24 hours.
After completing the hydrolysis, the product was extracted with 500 ml
of diethyl ether and dried cver anhydrous magnesium sulfate. After re-
moval of the diethyl ether by evaporation at reduced pressure, the
product was vacuum distilled. Two fractions were obtained. The first
reaction, which was slightly impure monoether, bp 96°-106°C/2.3-2.5 mm
Hg, weighed 19.6 g. The second fraction, bp 135°-107°C/2.3-2.4 mm Hg,
weigh ' 83.6 g and was pure monoether. The total yield of the monoether,
5-hydr .xyhexafluoropentoxy pentafluorobenzene, was 64%.
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(3) Preparation of the Diefher of Hexafluoropentanediol
and Hexafluorobenzene

The monopyranyl acetal of hexafluoropentanediol (20.0 g,
0.07 mole), potassium hydroxide (4.7 g, 0.14 mole), and DMF (10 drops)
were added to THF (100 ml), and heated to reflux, Hexafluorobenzene
(6.5 g, 0.035 mole) was dissolved in THF (150 ml) and added to the re-
fluxing acetal solution over a 2-hour period. Reflux was continued
for 1-1/2 hours after addition. After cooling, the reaction mixture
was poured into 2 liters of distilled water. The partial emulsion was
broken with salt and allowed to stand overnight. The aqueous layer
was decanted and the product dissolved in THFF, The THF was evaporated
at reduced pressure and the product hydrolyzed by stirring with hot
dilute hydrochloriec acid. After decanting the hydrochloric acid, the
brown o0il was dissolved in THF, decolorized with charcoal, and dried
over anhydrous magnesium sulfate, The drying agent was filtered off
and the THF solvent evaporated at reduced pressure yielding the diether
as a light brown oil.

Analysis: % C % H %»F
Calculated for CI6H10F16O4: 33.7 1.8 53.53

Found: 33.69 1.91 53.53

(4) Preparation of a Polyether from 5-Hydroxyhexa-
fluoropentoxypentafluorobenzene

(a) With Equimolar Potassium Hydroxide

f Potassium hydroxide (1.7 g, 9.03 mole), and copper
'(I) iodide (0.42 g) were placed in 50 ml of THF in a 100 ml, three-
necked flask equipped with addition funnel, thermometer, condenser,
and stirrer. This was followed by dropwise addition of 5-hydroxyhexa-
fluoropentoxy-pentafluorobenzene (11.2 g, 0.03 mole) over a Z-hour
period to the stirred solution. An exotherm to 29°C was observed.
The solution was then refluxed overnight. The cooled solution was
poured into 500 ml of a 1% solution of ammonium hydroxide. The poly-
ether settled out and was separated and dissolved in THF. The poly-
ether was then washed in turn with dilute ammonium hydroxide solution,
dilute hydrochlciie acid solution, and distilled water. Finally, the
product was cissoived in ether and dried over anhydrous magnesium sul-
fate. The magnesium sulfate was filtered off ard the ether removed on
the rotary evaporator, then 6.5 g of polyether was collected which had
a molecular weight of 1300 100 (determined by VPO) and an equivalent
weight of 1965 (determined by hydroxyl end group analysis).

(b) With 15% Excess Potassium Hydroxide
The reaction was, repeated using a 15% excess of

potassium hydroxide. Potassium hydroxide (2.2 g, 0.36 mole), 5-hydroxy-
hexafluoropentoxy-pentafluoroberizene (11.2 g, 0.03 mole), copper )

42



iodide (0.42 g), and THF (50 ml).were usad, The procedure and workup
were the same ag the run above, using an equimolar amount of potassium
hydroxide. The product weighed 6.8 g and had a molecular weight of
1730 £100 (determined by VPO). No hydroxyl end groups were present
(determined by hydroxyl end group analysis).

{c) With Fused Potassium Hydroxide

The reaction was repeated, using an equimolar amount
of fused potassium hydroxide. Fused potassium hydroxide (1.7 g,
0.03 mole), 5-hydroxyhexafluoropentoxy-pentafluorobenzene (11.2 g,
0.03 mole), copper (1) iodide (0.42 g), and THF (50 ml) were used.
The procedure and workup were the same as above. The product weighed
7.7 g, had a molecular weight of 860 180 (determined by VPO), and an
equivalent weight of 1594 (determined by hydroxyl end group analysis).

g. Attempted Preparation of the Amino-terminated Diether
" of Hexafluorobenzene and Hexafluoropentanediol

(1) Reaction of Hexafluoropentanediol with Pentafluoro-
aniline

Pentafluoroaniline (40.9 g, 0.45 mole), hexafluoro-
pentanediol (21.2 g, 0.1 mole), potassium hydroxide (14.0 g, 0.25 mole)
and copper (I) iodide (2.1 g) were added to THF (250 ml). The reaction
mixture was heated to reflux and stirred for 16 hours. After cooling,
the mixture (now brown) was poured into 1 liter of distilled water.

The organic layer was separated and the aqueous solution extracted with
three 100-ml, portions of ether. The organic phases were combined and
dried over anhydrous magnesium sulfate. After filtering off the drying
agent &nd evaporating the solvent, the reaction product was distilled
under reduced pressure. After distillation of the unreacted starting
material, 7 g of a residue remained. The infrared spectrum of this
residue indicated that it might bz the desired 1,5-bis(4-amino-tetra-
fiuorophenoxy)hexafluoropentaue,

(2) Reaction of Hexafluoropentanadiol with N-acetyl-
pentafluoroaniline

(a) With Copper (I) Iodide in Tetrahydrofuran

N-acetyl-pentafluvreantline (9.0 g, 0.04 mole),
hexafluoropentanediol (4.24 g, 0.02 wyole), pevassium hydroxide (2.6 g,
0.04 mole), and a ctalytic amcimt ~f eogper (I) iodide were added to
THE (250 ml). The reaction mixture wag refiuxed for 24 hours. After
cooling, no product had come out of solution and the solution was poured
into water. Extraction of the THF-water solution yielded none of the
desired product. '
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(b) With Dimethylformamide

N-acetyl-pentafluoroaniline (9.0 g, 0.04 mole), hexa-
fluoropentanediol (4.24 g, 0.02 mole), potassium hydrodie (2.6 g,
0.04 mole), and DMF (250 ml) were refluxed for 24 hours., 2fter cooling,
the solution was poured into water and an oil settled out, The oil was
dissolved in ether and dried over anhydrous magnesium sulfate. Evapora-
tion of the ether yielded a brown, viscous oil. The infrared spectrum
of this o0il indicated that it might be the desired 1,5-bis(4-amino-
tetrafluorophenoxy)hexafluoropentane.

D. Mononmers

1. 1-Chloro-2,4~diamino-3,5,6~-trifluorobenzene

a. Reaction of Chloropentafluorobenzene with Aqueous Ammonia

Chloropentafluorobenzene and excess concentrated ammonium
hydroxide were reacted in a shaking autoclave at elevated temperature.
The reaction conditions are described in Table III, along with the
product yield and distribution as determined by VPC. The reaction mix-
ture was filtered, the solid products washed with water, and dried.

The products were purified by distillation followed by recrystalliza-
tion,

TABLE I.I

REACTIONS OF CHLOROPENTAFLUORORENZENE
AND CONCENTRATED AMMONIUM HYDROXIDE

! \ Reaction Distribution of Products Approximate
Run | CPFB, | NH3, | Conditions by VPC Analysis, % pgield.of
No. [ moles | moles Time, | Temp, | Peak 1| Peak 2 { Peak 3 | Peak 4 | Fluorinated
hr °c Products
1| o.1 | 1.5 | 41 200 35% 35 30 80
(L
] -**| 1.0 | 16 200 5 35 60 63
2. o.1 ! 0.38] 2.5 235 40 45 5 10 85
3 0.15 2.25 3.5 235 3 3 4 90 78
(2>

% Peaks not separated.

%% 16 g of product from Reaction 1 (approximately 0.08 mole) was used

as starting material.

Note: All reactions run in a 200-ml autoclave,
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Vapor phase chromotography indicated there were four products,
The products, represcented by the first two peaks on the chromatogram,
[shown as (1) in Table XI1I], were separated and purified by distilla-
tion, The mixture of these products was a sol?d melting at approxima-
tely 55°C. The elcmental analysis of this mixture is shown below:

Analysis of (1): %2 C  %H % Cl % ¥

Calculated for C6H201F4N: 36.1 1.0 17.8 36.1

Found: 35.91 1.07 17.24 35,62
Another of the products, represented by peak 4 on the chromato-
gram, shown as (2) in Table IIIL, was the principle product in one of the
runs. This product was separated and puvified by repeated recrystalli-
zations from hexane. It was a solid, melting at 135°-136°C. Its
elemental analysis is shown below:
Analysis of (2): %»C % H 7% Cl 7% F % N

Calculated for C6H401F3N2: 36.6 2.04 18.1 29.0 -14.25

Found: 37.65 2.41 17.08 27.52 5.30

The high carbon and hydrogen analysis is probably due to hexane conta-
mination. ;

b. Preparation of a Large Amount of 1-Chloro-2,4-diamino-
3,5,6-triflucrobenzene

Chloropentafluorobenzere (70 g, 0.35 mole) and 700 ml of
concentrated ammonium h/droxide was heated in an autoclave at 235°C
for 4 hours. After cooling, the solid product was filtered off and
the aqueous mother liquor extracted with 1500 ml of diethyl ether,
Upon removal of the diethyl ether, the solid residue was combined with
6 liters of hexane, which was used to extract the black tarry residue.
After two separate treatments with activated charcoal, 22.3 g (33.5%
yield) of product crystallized out of the benzene-ether solution as
white needles, mp 134°-135°C.

2. 1-Chloro-2,4~diisocyanato-3,5,6-trif luorobenzene
a. Runl

Ether (2000 ml) was cooled under nitrogenwith a dry ice —
acetone bath. Phosgene (145 g, 1.45 mole) was added in the liquid
phase to the cold ether over a 10-minute period. Pyridine (100 g,

1.26 mole) dissolved in ether was added to the solution over a 1/2-hour
period. 1-Chloro-2,4-diamino-3,5,6-trifluorobenzene (57.5 g, 0.29 mole)
dissolved in ether was then added over a period of 45 minutes. The
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solution was then stirred for 3 hours cold and 1 hour while warming to
room temperature, The pyridinium chloride was filtered off and the
ether evaporated on the rotary evaporator, Varuum distillation of the
product yielded 31.4 g (44%) of the diisocyanate, bp 74°-77°C/1.6 mm Hg.

Analysis: %C  %cl % F % N
Calculated for CSC1F3N202: 38.6 14.27 23.0 11.25

Found: 38.8 14.19 23.1 11.28

b, Run 2

35.7 g (36% yield)of l-chloro-2,4-diisocyanato-3,5,6-tri-
fluorobenzene, bp 118°~120°C/7 mm, were prepared using the procedure
described in run 1 above.

3. N-Acetyl-pentafluoroaniline

[

N-acetyl-pentafluoroaniline was prepared according to the method
described by Broole.¥*

* Ibid.
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V. CONCLUSIONS

Excellent bonds can be made with the polyurethane -:dhesive system
prepared by reaction of the polyether of perfluoropropylene oxide with
l1-chloro-2,4-diisocyanato-3,5,6~trifluorobenzene (Baglbond 429).

In the Baglbond 420 adhesive system, the optimum lap shear strengths
of bonds made via the diisocyanate-polyether reaction are obtained with
an isocyanate to hydroxyl ratio of 1.8:1.

In the Baglbond 420 adhesive system, the lap sheér strength of
bonds made from the isocyanate-terminated prepolymer were comparable to
those made via the diisocyanate-polyether reaction when the NCO:0H
ratio of eazh was 1.8:1,

The lap shear strength of bonds prepared with the Baglbond 420
adhnsive system decreases with increasing molecular weight of the poly-
ether préepolymer over the molecular weight range from 1160 to 2350.

In the Baglbond 420 adhesive system, bonds prepared with stannous
octoate catalyst possess considerably greater lap shear strength than
bonds prepared without catalyst,

Although fairly good bonds can be made from the polyurethane adhe-
sive prepared by reaction of the polyether of perfluoropropylene oxide
with tetrafluoro-m-phenylene diisocyanate (Baglbond 400) if catalyst is
used, this adhesive system is difficult to work with due to its short
pot life.

Bonds can be made using polyurethanes prepared by reaction of the
polyether of hexafluorobenzene and hexafluoropentanediol with either
tetrafluoro~-m-phenylene diisocyanate or l-chloro-2,4-diisocyanato-
3,5,6-trifluorobenzene in a ratio of 1:1.2 without catalyst, but these
bonds do not possess the required streng.h.

The pot life of the polyurethane adhesives (Baglbond 320) prepared
from l-chloro-2,4-diisocyanato-3,5,6-trifluorobenzene and the polyether
of hexafluorobenzene and hexafluoropentanediol in the ratio of 1.8:1
with stannous octoate catalyst is so short that bonds cannot be pre-
pared from it. '

Isocyanate-terminated polyurethane prepolymers can be prepare
conveniently by reaction of hexafluorobenzene-hexafluoropentanediol
polyethers with 1-chloro-2,4-diisocyanato-3,5,6-trifluorobenzene, but
diol cured polyurethane 2dhesives prepared from them without catalyst
gave low strength bonds,

Isocyanate-terminated polyurethane prepolymers can be prepared by
the reaction of the hexafluorobenzene-hexafluoropentanediol polyether
with tetrafluoro-m-phenylene diisocyanate, but the preparation of diol
cured polyurethane adhesives (Baglbond 300) from them is difficult be-
cause of the short pot life even without a catalyst.
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The one-step polymerization af perfluoropropylene oxide with
perfluoroglutaryl fluoride and cesium fluoride in diglyme yields a
series of fractions on distillation, only the hl&hObt boiling of which
is completely diacid fluoride terminated.

The formation of polyether by reaction of hexafluorobenzene with
hexafluoropentanediol and potassium hydroxide is not significantly
affected by the presence or absence of water,

The reaction of hexafluorobenzene with hexafluoropentanediol and
potassium hydroxide in tetrahydrofuran solution can be catalyzed by
pyridine or copper (I) iodide in addition to N,N-dimethylformamide.

The reaction of hexafluorobenzene with hexafluoropentanediol and

potassium hydroxide in tetrahydrofuran solution catalyzed by copper (I)
iodide can yield completely hydroxyl-terminated polyethers.
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