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NOTICE

The invention disclosed in this document resulted from -
research in aeronautical and space activities performed under
programs of the National Aeronautics and Space Administration,
The invention is owned by NASA and is therefore available for
licensing in accordance with the NASA Patent Licensing Regu-
lation (14 Code of Federal Regulations 1245, 200).

To encourage commercial utilization of NASA-owned inven-
tions, it is NASA policy to grant nonexclusive, royalty-free,
revocable licenses to any company or individual desiring to use
the invention while the patent application is pending in the U, S,
Patent Office and within a specified period, presently two years,
after issuance of the patent to NASA. If commercial use of the
invention does not occur during this period, NASA may grant a
limited exclusive, royalty-free license thereby adding an incen-
tive to further encourage commercial development, Any company
desiring to make, use, or sell this invention is encouraged to
obtain a royalty-free license from NASA,

Address inquiries and all requests for licenses to Assistant
General Counsel for Patent Matters, Code GP-1, National

Aeronautics and Space Administration, Washington DC 20546,

o NASA-HQ
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TO ALL WHOM IT MAY CONCERN:

BE IT KNOWN THAT, HAROLD E. MARSH, JR., residing at
La Canada in the County of Los Aﬁgelés, State of California,
and JOHN J. HUTCHISON, residing at Flushing in the County
of Queens, State oﬁ New York,Aboth éitizens of the United

States of America, have invented a new and useful

TRIFUNCTIONAL ALCOHOL

of which the following is a specification.

ABSTRACT OF THE DISCLOSURE

A new trifunctional alcohol made by first converting
trimer acid to an ester form, and either treating the ester
with a lithium aluminum hydride or hydérogenating it to form

the end alcohol.

OR

-
D

Il OF THE INVENTION

-] <.

The invention described herein was made in the performance
of work under a NASA contract and is subject to the provisions
of Section 305 of the National Aercnautics and Space Act of

1958, Public Law 83-5€8 (72 Stat. 435; 42 USC 2457).

BACKGROUND QOF THE INVENTION

l. Field of tihe Invention:

This invention is in the field of a new chemical compound
and its method of manufacture. More particularly, the
invention relates to a new trifunctional alcohol and two

alternative methods of making the same.

2. Description of the Pricr Art:
Organic compounds having three or more reactive sites

are useful in polymerization fcr cross linking various monomers.
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One of the most..desirable reactivé sites is the alcohcl or

‘hydroxyl grouping. Alcohel end groups are pérticularly useful

for polyurethanes. Thus there is significant interest in
trifuﬁctional alcohols as cross linking agents. Typical
trifunctional alcohols utili#edvprior to the herein invention
included trimethylolpropane, alsolknoﬁn as TMP,Vand 1;2,6—hexane'
triol. The disadvantage of TMP is that it is solid and hence
is not readily blendable tc be ihtexmixed with various |
monomers without first beirg dissolved in a suitabie solvent.
The triol, though a liquid,'howavex, is*not feaﬁily'solub1e

in various monomeric meterials such as polyethers aﬂd the"
like, in which it i= cdesirable to achieve'a cross linking.
Other trifunctional materials often.have‘doubié bonds‘preséﬁt_
or unsaturated materials which vpresent problems in contrplling
the cross linking reaptiun ¢r the subsequent environmental
stability.

A further disadvantage of previous trifunctional or
multifunctional alcohols relates to the ciéseness of.tne
alcohol groups in the.structure. #More effective crcs$ linking
occurs when’the functional groups are hot too closelyv spaced

ol reactive sites are

&

in thelalcohol compound. If ths alc
too closély'épaced,'hindrance can cccur ia that not all the
sites are available for the cress linking reacthﬁ, thus
preventing successful end results.

In fofming alcoﬁolé, one often reduces an acid.grogﬁing.
However,vin converting from an acid to anial;ohol it has been

extremely difficult to cbtlain a quantitative chemical conversion

of the acid groups to the desired alcohcl ones. If one is

J

particularly desirous of obtaining a trifunctional alcchol
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Trimer acid is a name which is used to deééribe_a high
molecﬁlar weight tribasic acid. It ié-a nearly saturated
material containing 54‘Carbon atoms. This acid is a stablé
Viscoqs liquid which is fesistant to high temperatures. 1In
the past it hés been coﬁbined with alcohols, polyols and
other reagents to make a variety of products such as.plasti—
cizers, lube oils, and the like. Prior tc tha herein invéntion
there has not been reported‘an éttempt to convert the trimer
acid to a correspoﬁding trifunctional alcohol in a'pure state.

One of the imbortant uses for the trifunctional alcohol
of this invention is as a cross.linking agent for polyurethane
resins. Polyurethanes are particularly useful as solid
propellant binders and in case liners for solid propellant
motors. To serve és a successful cross linking agent it is
épparenﬁ that the functionality 6f ﬁhe alcohol shouid be ébout
3.0. A cross linked network can only be achieved thrcough the
utilization of materials fhat have functicnalities in excess
cf 2. The closer the matérial appreoaches a functicnality of
3.0, the tighter or mére closely cross linked network can
be achievéd siﬁce, aé is apparent, there are more raactive
sites present.

The starting trimer acid is preferably one of a low
jodine wvalue, since as indicatéd it is generally undesirable
to have uhsaturéted hydrocarbons in a cross linking reaction.
Thus, commercially obtained acid .can first be hydrogenated
to lower the.iodine value to a minimum. The following

esterification is accomplished by mixing the trimer acid with
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a 1arée excess of éither ethyl or methyl alcohol in a standard
glass esterification apparatus. The apparatus is equipped
with a condenser and condensate separation unit_so that

the water formed could be removed by azeotropic distillation.
About 20% by volume 6f.toluene is added to form the'azeotroée.
A small quantity of sulphufic'acid which can vary from 0.01

to 1.00 perceﬁt by volume is additionailyvadded'as a catalyst.
The mixture is then refluxed from one hour to 7 days. Water.
is removed during the reaction by.separation of thé ternary

&

N

eotrope distillate and recycling of the.toluene layer at
periodic intervals. After completion. of the reflux, thé
mixture is then cooled and the acid catalyst eXtracted with

a sodium bicarbonate washAor similar technique. The resultipg
trimer acid ester is a non—viscéus 0il with a very low
carboxyl content.

The trimer aéid estsr can be converted to the tri-
functional alechol, as_pteviously indicated, by hydrogenatzion
process. The ester is mixed with 0.1 to 10.0 weight parcent
cof a éuitable cétalfst such- as copper chromium oxide. This
mixing ie carried out in a'pressure reactor. During the

mixing the temperature is raised to about 20° to 150°C

-
2
o
[ &
=
6}

th2 pressure through a hydrogen inlet is raised to at least
éOOG ysi and preferably between 4500 and 5000 psi. Mixing

is continued throughout the entire reaction period. In about
from one heur to three days, the reaction is completed as

indicated by reduction of the take-up rate of hydrogen to the

pre-established leakage rate. The autoclave is then cooled and a

ot

very viscous mass results. The resulting viscous mass is

initially fiitered through a bed of diatamaceous earth to
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;embve a portion of the copﬁer and chfomium compounds. It
is then further subjected to sucéessiye repeated extractions
of an ether solution, with ammonium hydfoxide,lhydrochloric
acid and saturated sodium'bicarbohate'sblution in water. The
series of extractions is performad r;pidly to miﬁimize kydrolysis
cf ester groups to carboxyl ones.

A more preferred synthesis of the trifunctional alcohol
of this ihvention_comprises a reduction of thejester with
lithiuh aluminum hydride. 1In this process, the triester is
initially dissolved in a suitable solvent therefor. An
example of such a solveﬁt is anhydrous diethflether.- Other
solvents ‘include other ethers. The,solution.of fhe triester
is then slowly added with'stirring to a slurry of aluminum
hydride in a solvent therefor which can alsb ke diethyl'éther.
In crder to assure the conversion to the alcohol, a large
excess of lithium aluminum hydride'over'that stoichicnetrically

v

required is utilized. The reaction is kept at room temperature.
and upon standing for a period of 24 hcﬁrs, a thick precipitate
results. This precipitate is then hvdrclized by dropwise
addition of water, followed 5y a dil#te sulphuric acid. The
end trifunctional alcohdlbprmducﬁ.is finally recovered from
the ether layer afteﬁ washing with a suitable solutioﬁ such as
sodium bicarbonate‘and water. The resulting product utiliéing
this method has no trace of remaining carboxyl groups.:

One of the mostlimportant advantages of the method of
making the trifunctional alcohol_uﬁilizing lithium aluminum
hydride lieé in the high functioﬁality of the resulting

alcohel. It has been found that'the functionality of the

alcohol is eignificantly above the functionality of the starting
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trimer acid. This result might havé oécﬁrred because the
trimer acid as obtained contained aldehyde groups in some
sites which would have been occupied by carboxyl gfoups.
Alternatively, during the hydrogenation purificaﬁion.process
applied to the trimer acid, aldehyde groups could have
possibiy resulted.
It is bélieved that the ihvention.will'be better under-
stood from the following specific examples:
EXAMPLE I
. A commercialiy available nearly saturated form of trimér
acid was obtained. This acid is prepéred from the tfimeriZation
of a C-18 fatty acid. It is denoted astmpol 1040 grade trimer
acid madé by Emery Industries. The acid was then hvdro-
genated until the iodine numbeiaof the rYesultant product was

less than 0.4. The hydrogenation was carried out at &

[

temperatuvre between 110° and 140°C at a pressure of 1800 to
2000 psi in an autoclave. The soléent used was cyclohexane.
The catalyst for the hydrogenation comprised 5 weight percent
of paladium on charcoal. Thé resulting hydrogenated trimer -
écid of the aforementioned low iodine number was then ready
for utilizatioﬁ in fofming the desired end'product‘of this
invention. | | |
C BXAMPLE IT

In order to form an ester from ;he trimer acid, one mole
of the trimer acid as prepared in Example I was mixed with
10 moles of ethyl alcohol. This amount of ethyl alcohol
comprises a significant excess over that stdichiometrically
required to convert the trimer acid to the ester. The mixture

took place in a standard glass esterification apparatus which
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was equipped with a condenser and condensate separation unit.
This enabled the water form to be removed by azectropic
distillation.

Additionally added to the mixture of trimer

acid and ethyl alcohol was 20% by volume of toliuene. Toluene
was added to form the azectrope. Aaditionally, 0.1 - 1.0 percent
of sulphdric acid was added to the mixture to serve as a

catalyst. <Upcn addition of the sulphuric acid the mixture was

then refluxed for a continuous period of seven days. During

the refluxing water was removed by separation of the ternary
azeotrope distillaﬁe and recycling of the'toluene layer at
pericdic intervals.  After the refluxing, the mixtufe'was then
alloved to cool to room temperature and the ;cid éafalyst was
extracted with a sodium bicarbonate wash. The resulting
produgt was a trimer acid ethyl:esﬁer.which was ‘a ncu-viscous
oil having a carboxyl content of less than that discernabie

When the same procedure is repeated utilizing methyl

by IR.

alcohol instead of ethyl alcchol, a trimer acid methyl ester

is likewise obtained. The yield is sbout 9% percent of
theoretical, the remaining five percent being washing losses.

EXAMPLE III
'In this example the trimer acid triethyl ester formed

'

in Example II was converted to the triol product of this .

Y.

invention by hydrogenation. To acccomplish thie, 120 giams of

trimer acid triethyl ester of Example II was mixed with 20 grams
of copper, chromiuny, oxide catalyst in a stirred autoclave
pressure reactor having a capacity of 200 mm. ‘The temperature.

of the autoclave was raised to 250°C} wnile the hydrogen inlet

pressuie was raised to 5000 psi. After four hours of mixing

with the hydrogen preséure maintained between 4500 and 5000 psi,
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the autoclave Was‘;hen cooled. A viécous;maés remained in
the autoclave. The mass was then passed through a bed of
powdered Celite to filtér the remaining écpper_and chromium
compoﬁnds. The viséous 0il after filtration through the Celite,
however, still had a significant amount of-metal compounds.
Approximate content was about 0.02 weight copper and less than
0.001 weight éercent ch;cmium.v This amount of metal compqundé
would sericusly affect the use of the triol as a cross linking
agent for pelyurethane and the like in solid propellant |

applications. Thus, to further remove these materials, the

oil was dissclved . in diethyl ether. The ether sclution was

-

then subjected to successive repeated extractions, utilizing

7 molar ammonium hydroxide, 4 mclar hydrochloric acid, and

saturated sodium bicarbonate solution in water. The series

of extractions were pericrmed rapidly in order to minimize
the hyvdrolysis of the ester groups to carboxyl. The reaction
gave a yield of 95%. Analysis of the alcohol indicated a

nich appeared to be a

O]
[
|
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=
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arboxyl compound with

in the infrared spectrum. The hydroxyl

a peak at 1720 cm .
functicnality of the prcduct was 2.14 as compared te 2.55

for the original carboxyl compound. The theoretical function-

-

.ality is 2.0.

EXAMPLE 1V
In this example lithium éluminum hydride was utilized
to achie&e a coﬁversion of the ester of Example II to the
desired triol. To a reaction vessel was first added one liter
of anhydrous ethyl ether and 200 grams of lithium aluminum
hydridé. The lithium'aluminum hydride was slowly mixed in

the ether to form a slurry. To¢ this slurry was then added
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lOO'gramsféfjtrimer acid ethyl este;tas fbrmeéfin‘acco;d
with Example.iI, which had been previbusly dissolvéd in 500
milliliters of anhydrous diethyl ether. The estér was added
slowly to the aluminum hydride slurry while mixing was con-
tinued throughout the addition periqd with mechénical mixers
mounted above the reaction vessel. Evaporation of the ether
kept the reaction at room témperature, A resulting thick
precipitate which. formed immediately was allowed té stand
overnight and was then hydroiized b§ Vefy careful»dropwisé
addition cf water follbWed by dilute sulphuric acid. |
During the addition of the watér and the dilute suiphuric
acid, the product Was continually stirred. The ether layer
was then'separated, washed witﬁ aqueous‘sodium bicarbonate

solution and then with water. The ether was-then evaporafed,
yield;ng a liquid product which was identified as a‘C—54'
branched hydrocarbon chain alcohol by infrared spectroscdpic
analysis. The hydroxyl content of this product waé 3.7 meg/g.
This value corresponds exactly witﬁ the theoretical function-
ality for the trifunctional alcohol ffom:trimer acid. The

carboxyl content, however, of the hydrogenated trimer acid

starting material resulting from Example I had a functionality

of cnly abhout 2.65. Thus, apparently new functional sites

were produced.

Analysis by high resolution NMR showed all the hydr@xyl
groups in the triol product to be pfimary‘and'therefore termingl.
The hydroxyl groups did not-exist prior'fo the reductiog of the
ester. It is also‘hypotﬁesized tﬁé£ séme éf the carboxyl sites

were initially occupied by aldehydes in the trimer acid as

obtained. In the method utilizing lithium aluminum hydride,

-10-
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these aldehydes were converted to hydroxy groups whereas they

N

~were left untouched in the hydrogenation process described in

(&3]

Example III. Thus, it is seen that the method set forth in

NeY

there herein example utilizing lithium aluminum hydride is to
be generally preferred over the hydrogenation one, pérticula¢1y

when the functionality of the starting trimer acid is not 3.0.

< o o;
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