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Description

[0001] Several scientific studies strongly suggest that petroleum feed stocks will be exhausted around year 2050 if
the present consumption of fossil stocks will continue at a constant rate. See, for example, US Department of Energy:
Top value Added Chemicals from biomass. Vol 1. August 2004; Okkerse, C. et al., Green Chemistry (1999), 1(2), 107414;
and Corma, A., et al., Chemical Reviews (2007), 107(6), 2411-2502.
[0002] The Kyoto protocol together with the desire to reduce society’s dependence on imported crude oil has directed
researcher’s attention toward the use of biomass as source of energy and of commodity chemicals. Further, the cost of
petroleum feed stocks has risen dramatically and there is a rising consumer interest in using "green", or renewable
resources as the basis for consumer products.
[0003] Therefore, the era of a chemical industry based on fossil resources will probably come to an end before the
end of the century.
[0004] Terephthalic acid, is a commodity chemical, principally used as a starting compound for the manufacture of
various polyesters, specifically poly(ethylene terephthalate) (PET), which is used in clothing and to make plastic bottles,
Terephthalic acid is produced on an industrial scale by oxidation of para-xylene by oxygen from air in the presence of
a catalyst. However, this synthetic route to terephthalic acid and poly(terephthalates) will either become prohibitively
expensive, as the cost of petroleum rises, or unavailable as petroleum resources become scarce.
[0005] Nature produces a vast amount of biomass per year by photosynthesis. See, e.g., Corma, A., et al., Chemical
Reviews (2007), 107(6), 2411-2502. Terpenes are a large and varied class of naturally occurring hydrocarbons that are
formed by units of isoprene ordered in a regular pattern. Terpenes and other terpenoids are produced primarily by a
wide variety of plants and are a natural and sustainable supply of chemical building blocks. For example, world production
of turpentine oil in 1995 was 330000 tons while limonene production was around 30000 tons per year. See, e.g., Swift
K.A.D., Tropics in Catalysis (2004), 27(1-4), 143-155.
[0006] As described above, terpenes are available as potential candidates for natural feedstock, or bio-based chem-
icals. However, the use of terpenes as a natural feedstock to prepare aromatic groups, such as terephthalic acid (TPA),
to be used for the preparation of thermoplastic polyesters is not currently known.
[0007] GB789809 A is directed to improving the yield of terephthalic acid from a terpene such as pinene by an isomer-
ization reaction involving treatment with sulfuric acid, phosphoric acid, or the like, followed by dehydrogenation of the
isomerization product to obtain para-substituted benzene such as para-cymene, which is then oxidized with chromic
acid or the like to obtain terephthalic acid. D1 found that the isomerization reaction improved the yield of the dehydro-
genation product.
[0008] Schwaner H "Ueber Terephtalsäure und Camphresinsäure" LIEBIGS ANNALEN DER CHEMIE UND PHAR-
MACIE, Vol. 132, no. 3, pages 257-271, 1864; ISSN:0075-4617 discloses a reaction to obtain DMT (dimethyl tereph-
thalate) from TPA, including the use of boiling concentrated nitric acid, by itself, to covert p-cymene to terephthalic acid
in one-step.
[0009] WO 2009/120457 discloses converting limonene to a terpene, converting the terpene to p-cymene, and oxidizing
p-cymene to TPA, wherein the means of oxidation is not disclosed.
[0010] WO 2009/079213) discloses a process of oxidizing para-xylene using a catalyst, obtaining a yield of TPA of
only 75%.
[0011] Therefore, there is a need for bio-based polyesters, produced from a biomass source. There is also a need for
bio-based terephthalic acid and bio-based dimethyl terephthalate, produced from a biomass source, to produce the bio-
based polyesters, such as PET and other poly(terephthalates).

SUMMARY

[0012] The present invention is defined by the appended claims. Thus, the invention refers to:

1. A process of making a composition comprising a bio-based terephthalic acid of Formula I:

the process comprising:
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(a) providing a biomass comprising a terpene, terpenoid or a mixture thereof;
(b) converting the terpene, terpenoid, or mixture thereof to para-cymene at a yield of at least 95%; and
(c) converting the para-cymene to terephthalic acid
at a total yield of at least 85% by oxidation, the oxidation being performed substantially in the absence of
chromium oxide,

wherein the bio-based terephthalic acid is isotopically rich in Carbon-14, by at least 5%, as compared to a petroleum
source, as determined by ASTM D6866;
wherein the biomass is a biological material which excludes organic material that has been transformed by geological
processes into a member selected from the group consisting of petroleum, petrochemicals, and combinations thereof;
and
wherein step (c) is a two-step oxidation comprising:

i) a first step using a mineral acid, and
ii) a second step using a transition metal oxidant.

2. A process of making a composition comprising a bio-based dimethyl terephthalate of Formula II:

the process comprising:

(a) providing a biomass comprising a terpene, terpenoid or a mixture thereof;
(b) converting the terpene, terpenoid, or mixture thereof to bio-based para-cymene at a yield of at least 95%;
(c) converting the bio-based para-cymene to bio-based terephthalic acid of Formula I:

by an oxidation performed substantially in the absence of chromium oxide;
wherein the para-cymene is converted to terephthalic acid at a total yield of at least 85% by oxidation in a two-
step oxidation comprising:

(i) a first step using a mineral acid, and
(ii) a second step using a transition metal oxidant;

wherein the process is performed substantially in the absence of chromium;
(d) converting the bio-based terephthalic acid with methanol selected from the group consisting of bio-based
methanol, petroleum based methanol, and combinations thereof to provide the bio-based dimethyl terephthalate
of Formula II,
wherein the bio-based terephthalic acid is isotopically rich in Carbon-14, by at least 5%, as compared
to a petroleum source, as determined by ASTM D6866; and
wherein the biomass is a biological material which excludes organic material that has been transformed by
geological processes into a member selected from the group consisting of petroleum, petrochemicals, and
combinations thereof.

3. A process according to claim 2 further comprising mixing the bio-based terephthalic acid of Formula (I) with
petroleum based terephthalic acid to make a mixture of bio-based terephthalic acid and petroleum based terephthalic
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acid.

4. A process according to claim 2 wherein the process further comprises:

(e) converting the bio-based dimethyl terephthalate of Formula II to a bio-based poly(alkylene terephthalate) of
Formula III

by reacting the bio-based dimethyl terephthalate of Formula II with a diol of the formula:

HO-R1-OH

wherein

R1 is selected from the group consisting of alkylene, cycloalkylene, cycloalkylene alkylene, and cycloalkylene
dialkylene groups having from two to ten carbons,
n is an integer between 50 and 130; and

wherein the bio-based poly(alkylene terephthalate) is isotopically rich in Carbon-14, by at least 5%, as compared
to a petroleum source, as determined by ASTM D6866.

5. A process according to claim 4 wherein the diol of the formula:

HO-R1-OH

is at least in part a bio-based diol, the diol is isotopically rich in Carbon-14, by at least 80%, as compared to a
petroleum source, as determined by ASTM D6866.

6. A process according to claim 2 wherein the process further comprises:

(e) converting the bio-based dimethyl terephthalate of Formula II to bio-based poly(butylene terephthalate) of
Formula IV:

by reacting the bio-based dimethyl terephthalate of Formula II with 1,4-butane diol,

wherein n is an integer between 50 and 130; and
wherein the bio-based poly(butylene terephthalate) is isotopically rich in Carbon-14, by at least 5%, as
compared to a petroleum source, as determined by ASTM D6866.

7. A process according to claim 6 wherein the 1,4-butane diol is selected from the group consisting of petroleum
based 1,4-butane diol, bio-based 1,4-butane diol, and combinations thereof.
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8. A process according to claim 2 wherein the process further comprises:

(e) converting the bio-based dimethyl terephthalate of Formula II to bio-based poly(trimethylene terephthalate)
of Formula V:

by reacting the bio-based dimethyl terephthalate of Formula II with 1,3-propane diol,

wherein n is an integer between 50 and 130, and
wherein the bio-based poly(trimethylene terephthalate) is isotopically rich in Carbon-14, by at least 5%, as
compared to a petroleum source, as determined by ASTM D6866.

9. A process according to claim 2 wherein the process further comprises:

(e) converting the bio-based dimethyl terephthalate of Formula II to bio-based poly(ethylene terephthalate) of
Formula VI:

by reacting the bio-based dimethyl terephthalate of Formula II with ethylene glycol,

wherein n is an integer between 50 and 130; and
wherein the bio-based poly(ethylene terephthalate) is isotopically rich in Carbon-14, by at least 5%, as
compared to a petroleum source, as determined by ASTM D6866.

10. A process according to claim 2 wherein the process further comprises:

(e) converting the bio-based dimethyl terephthalate of Formula II to bio-based poly(cyclohexylene dimethylene
terephthalate) of Formula VIII:

by reacting the bio-based dimethyl terephthalate of Formula II with 1,4-cyclohexane dimethanol,

wherein n is an integer between 50 and 130, and
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wherein the bio-based poly(1,4-cyclohexylene dimethylene terephthalate) is isotopically rich in Carbon-14,
by at least 5%, as compared to a petroleum source, as determined by ASTM D6866.

11. A process according to claim 1 wherein the process further comprises:

(d) converting the bio-based terephthalic acid to a poly(alkylene terephthalate) of Formula III:

by reacting the bio-based terephthalic acid with a diol of the formula:

HO-R1-OH

wherein

R1 is selected from the group consisting of
alkylene, cycloalkylene, cycloalkylene alkylene, and cycloalkylene dialkylene groups having from two to
ten carbons,
n is an integer between 50 and 130; and

wherein the bio-based poly(alkylene terephthalate) is isotopically rich in Carbon-14, by at least 40%, as compared
to a petroleum source, as determined by ASTM D6866.

12. A process of making a composition comprising a bio-based terephthalic acid of Formula I:

the process comprising:

(a) providing limonene obtained from a biological source;
(b) converting the limonene to para-cymene; and
(c) converting the para-cymene to terephthalic acid

by oxidation, the oxidation being performed
substantially in the absence of chromium oxide,
wherein the bio-based terephthalic acid is isotopically rich in Carbon-14, by at least 5%, as compared to a petroleum
source, as determined by ASTM D6866; and
wherein the biomass is a biological material which excludes organic material that has been transformed by geological
processes into a member selected from the group consisting of petroleum, petrochemicals, and combinations thereof;
and wherein step (c) is a two-step oxidation comprising:

i) a first step using a mineral acid, and
ii) a second step using a transition metal oxidant.

13. The process of claim 12, wherein the biological source comprises lemons.
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14. The process of claim 1, wherein the transition metal oxidant is a permanganate compound.

[0013] Bio-based terephthalic acid, bio-based dimethyl terephthalate, and bio-based polyesters are described herein.
The compounds and processes described herein satisfy the above-described need for bio-based polyesters, bio-based
terephthalic acid, and bio-based dimethyl terephthalate, which are produced from a biomass source,
[0014] Disclosed herein but not within the scope of the invention is a bio-based terephthalic acid of Formula.

[0015] Wherein the bio-based terephthalic acid has a mean bio-based content of at least 5%. Preferably, the bio-
based terephthalic acid has a mean bio-based content of at least 80%, and more preferably, of at least 90%.
[0016] According to one embodiment, the bio-based terephthalic acid of Formula I is prepared from a biomass. Ac-
cording to the process, first a "biomass", which is a biological material excluding organic material that has been trans-
formed by geological processes into a member selected from the group consisting of petroleum, petrochemicals, and
combinations thereof is provided, The biomass is then converted to terephthalic acid, in the absence of chromium oxide.
[0017] The process of making the bio-based terephthalic acid of Formula I comprises providing a biomass comprising
a terpene, terpenoid or a mixture thereof, and converting the terpene, terpenoid, or mixture thereof to para-cymene. The
para-cymene is then converted to terephthalic acid by oxidation, the oxidation being performed substantially in the
absence of chromium oxide.
[0018] The oxidation step is a two step oxidation comprising a first step using a mineral acid, and a second step using
a transition metal oxidant, such as a permanganate compound. The process is performed substantially in the absence
of chromium, and the oxidation step has a total yield of at least 85%.
[0019] Preferably, the terpene or terpenoid has a mono-cyclic or bi-cyclic structure, and/or the terpene or terpenoid
has ten carbon atoms in the chemical formula. The terpene or terpenoid may be selected from the group consisting of
borneol, camphene, camphor, careen, camphene, carvacrol, carvone, cineole, eucalyptol, limonene, phellandrene,
dipentene, pinene, sabinene, terpineol, terpinene, terpinolene, thujene, thymol, and combinations thereof. More prefer-
ably, the terpene is limonene.
[0020] The terpene, terpenoid, or mixture thereof may be converted to para-cymene in the presence of a catalyst
selected from the group consisting of metal catalysts, amine catalysts, and combinations thereof. Also, the terpene,
terpenoid, or mixture thereof may be converted to para-cymene in the presence of a catalyst selected from the group
consisting of transition metal catalysts, Group IA catalysts, amine catalysts, and combinations thereof. Preferably, the
para-cymene is produced at a yield of at least 70% from the terpene, terpenoid, or combination thereof, more preferably,
at a yield of at least 95% from the terpene, terpenoid, or combination thereof.
[0021] Disclosed herein but not within the scope of the invention is a compound comprising bio-based dimethyl tereph-
thalate of Formula II.

[0022] The bio-based dimethyl terephthalate has a mean bio-based content of at least 5%. Preferably, the bio-based
dimethyl terephthalate has a mean bio-based content at least 80%, and more preferably, at least 90%.
[0023] The bio-based dimethyl terephthalate is made by a process comprising converting bio-based terephthalic acid
to bio-based dimethyl terephthalate by esterification of the bio-based terephthalic acid. Alternately, the bio-based dimethyl
terephthalate of Formula II is prepared by a process comprising first providing a biomass as described above, and then
converting the biomass to bio-based terephthalic acid of Formula I.
[0024] The process of making bio-based dimethyl terephthalate of Formula II comprises first providing a biomass
comprising a terpene, terpenoid or a mixture thereof, and then converting the terpene, terpenoid, or mixture thereof to
bio-based para-cymene. The bio-based para-cymene is then converted to bio-based terephthalic acid of Formula I by
an oxidation performed substantially in the absence of chromium oxide, and then the bio-based terephthalic acid with
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methanol selected from the group consisting of bio-based methanol, petroleum based methanol, and combinations
thereof to provide the bio-based dimethyl terephthalate of Formula II. More preferably, the bio-based terephthalic acid
of Formula I is converted to bio-based dimethyl terephthalate of Formula II with bio-based methanol, the bio-based
methanol having a mean bio-based content of at least 90%.
[0025] According to another embodiment, the process further comprises mixing the bio-based terephthalic acid of
Formula I with petroleum based terephthalic acid to make a mixture of bio-based terephthalic acid and petroleum based
terephthalic acid.
[0026] Disclosed herein but not within the scope of the invention is a polymer compound comprising bio-based po-
ly(alkylene terephthalate) of Formula III.

[0027] Wherein R1 is selected from the group consisting of alkyl, cycloalkyl, cycloalkylene alkyl, and cycloalkylene
dialkyl groups having from two to ten carbons, and n is an integer between about 50 and about 130.
[0028] The bio-based poly(alkylene terephthalate) of Formula III has a mean bio-based content of at least 5%. Pref-
erably, the bio-based poly(alkylene terephthalate) of Formula III has a mean bio-based content of at least 60%, more
preferably, at least 80%, and most preferably, at least 90%.
[0029] In the compound of Formula III, R1 is a bio-based group selected from the group consisting of bio-based alkyl,
bio-based cycloalkyl, bio-based cycloalkylene alkyl, and bio-based cycloalkylene dialkyl groups having from two to ten
carbons. According to another embodiment, R1 is an alkyl group of the formula -(CH2)m-, wherein m is an integer from
two to four, and preferably, R1 is a bio-based alkyl group of the formula -(CH2)m-, wherein m is an integer from two to
four. According to another embodiment R1 may also be a cycloalkylene dialkyl group, preferably, according to this
embodiment, R1 is a bio-based cycloalkylene dialkyl group.
[0030] According to another embodiment of the invention, a process for preparing a bio-based poly(alkylene tereph-
thalate) of Formula III is provided. According to the process, first, a biomass, as described above, is provided. The
biomass is then converted to bio-based terephthalic acid, and the bio-based terephthalic acid is then converted to the
bio-based poly(alkylene terephthalate) of Formula III.
[0031] According to another embodiment, the process of converting the bio-based terepththalic acid is performed by
first converting the bio-based terephthalic acid to bio-based dimethyl terephthalate.
[0032] According to another embodiment, the bio-based dimethyl terepththalate and/or terephthalic acid is converted
to the bio-based poly(alkylene terephthalate) of Formula III by reacting the bio-based dimethyl terephthalate and/or
terephthalic acid with a diol of the formula:

HO-R1-OH

[0033] Where R1 is an alkyl group of the formula -(CH2)m-, wherein m is an integer from two to four. Preferably, the
diol is at least in part a bio-based diol, the diol having a mean bio-based content of at least 80%.
[0034] Disclosed herein but not within the scope of the invention is a polymer compound comprising bio-based po-
ly(butylene terephthalate) of Formula IV.

[0035] Wherein n is an integer of between about 50 and about 130.
[0036] The bio-based poly(butylene terephthalate) of Formula IV has a mean bio-based content of at least 5%. Pref-
erably, the bio-based poly(butylene terephthalate) has a mean bio-based content of at least 50%, more preferably, at
least 80%, and most preferably, at least 90%. the bio-based poly(butylene terephthalate) is made by a process comprising
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reacting bio-based dimethyl terephthalate with 1,4-butane diol.
[0037] The bio-based poly(butylene terephthalate) of Formula IV may be prepared by reacting the bio-based dimethyl
terephthalate of Formula II and/or terephthalic acid of Formula I with 1,4-butane diol. In a preferred embodiment, the
bio-based poly(butylene terephthalate) of Formula IV is made by a process comprising reacting bio-based dimethyl
terephthalate with 1,4-butane diol selected from the group consisting of petroleum based 1,4-butane diol, bio-based 1,4-
butane diol, and combinations thereof. More preferably, the bio-based poly(butylene terephthalate) is made by a process
comprising reacting bio-based dimethyl terephthalate with a 1,4-butane diol that is at least in part bio-based 1,4-butane
diol.
[0038] Disclosed herein but not within the scope of the invention is a polymer compound comprising bio-based po-
ly(trimethylene terephthalate) of Formula V.

[0039] Wherein n is an integer of between about 50 and 130.
[0040] The bio-based poly(trimethylene terephthalate) of Formula IV has a mean bio-based content of at least 5%.
Preferably, the bio-based poly(trimethylene terephthalate) has a mean bio-based content of at least 33%, more preferably,
of at least 80%, and most preferably, of at least 90%.
[0041] The bio-based poly(trimethylene terephthalate) of Formula IV may be prepared by reacting the bio-based
dimethyl terephthalate of Formula II and/or terephthalic acid of Formula I with 1,3-propane diol. In a preferred embodiment,
the bio-based poly(trimethylene terephthalate) is made by a process comprising reacting bio-based dimethyl terephtha-
late with 1,3-propane diol selected from the group consisting of petroleum based 1,3-propane diol, bio-based 1,3-propane
diol, and combinations thereof. More preferably, the 1,3-propane diol is at least in part bio-based 1,3-propane diol, and
most preferably, the 1,3-propane diol is at least in part bio-based 1,3-propane diol, the 1,3-propane diol having a mean
bio-based content of at least 80%.
[0042] Disclosed herein but not within the scope of the invention is a polymer compound comprising bio-based po-
ly(ethylene terephthalate) of Formula VI.

Wherein n is an integer of between about 50 and about 130; and
The bio-based poly(ethylene terephthalate) of Formula VI has a mean bio-based content of at least 5%. Preferably,
the bio-based poly(ethylene terephthalate) has a mean bio-based content of at least 33%, more preferably, at least
80%, and most preferably, at least 90%.

[0043] The bio-based poly(ethylene terephthalate) of Formula VI may be prepared by reacting the bio-based dimethyl
terephthalate of Formula II and/or terephthalic acid of Formula I with ethylene glycol. In a preferred embodiment, the
bio-based poly(ethylene terephthalate) is made by a process comprising reacting bio-based dimethyl terephthalate with
ethylene glycol selected from the group consisting of petroleum based ethylene glycol, bio-based ethylene glycol, and
combinations thereof. Preferably, the bio-based poly(ethylene terephthalate) is made by a process comprising reacting
bio-based dimethyl terephthalate with ethylene glycol that is at least in part bio-based ethylene glycol, and more preferably,
the ethylene glycol is at least in part bio-based ethylene glycol, having a mean bio-based content of at least 80%.
[0044] Disclosed herein but not within the scope of the invention is a compound comprising bio-based 1,4-cyclohexane
dimethanol of Formula VII.
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[0045] The bio-based 1,4-cyclohexane dimethanol has a mean bio-based content of at least 5%. Preferably, the bio-
based 1,4-cyclohexane dimethanol has a mean bio-based content of at least 80%, and more preferably, at least 90%.
[0046] Disclosed herein but not within the scope of the invention is a process of making a compound comprising bio-
based 1,4-cyclohexane dimethanol of Formula VII.
[0047] According to the process, first, a biomass, as described above, comprising a terpene, terpenoid or a mixture
thereof is provided. Then, the terpene, terpenoid, or mixture thereof is converted to para-cymene, and the para-cymene
is converted to terephthalic acid by oxidation, the oxidation being performed in the absence of chromium oxide. The
terephthalic acid is then converted to the bio-based 1,4-cyclohexane dimethanol of Formula VII.
[0048] Disclosed herein but not within the scope of the invention is a polymer compound comprising bio-based po-
ly(cyclohexylene dimethylene terephthalate) of Formula VIII.

Wherein n is an integer between about 50 and about 130.
[0049] The bio-based poly(cyclohexylene dimethylene terephthalate) has a mean bio-based content of at least 5%.
Preferably, the bio-based poly(cyclohexylene dimethylene terephthalate) has a mean bio-based content of at least 80%,
and more preferably, at least 90%.
[0050] The bio-based poly(cyclohexylene dimethylene terephthalate) of Formula VIII may be prepared by reacting the
bio-based dimethyl terephthalate of Formula II and/or terephthalic acid of Formula I with 1,4-cyclohexane. In a preferred
embodiment, the bio-based poly(cyclohexylene dimethylene terephthalate) is made by a process comprising reacting
bio-based dimethyl terephthalate with a 1,4-cyclohexane dimethanol selected from the group consisting of petroleum
based 1,4-cyclohexane dimethanol, bio-based 1,4-cyclohexane dimethanol, and combinations thereof. Also preferably,
the bio-based dimethyl terephthalate has a mean bio-based content of at least 5%, and/or the bio-based 1,4-cyclohexane
dimethanol has a mean bio-based content of at least 5%. More preferably, the bio-based dimethyl terephthalate has a
mean bio-based content of at least 80%, and/or the bio-based 1,4-cyclohexane dimethanol has a mean bio-based content
of at least 80%, and most preferably, the bio-based dimethyl terephthalate has a mean bio-based content of at least
90%, and/or the bio-based 1,4-cyclohexane dimethanol has a mean bio-based content of at least 90%.

DESCRIPTION

[0051] According to one embodiment of the present invention, a biomass, such as terpenes and terpenoids, and
mixtures thereof, is converted to bio-based terephthalic acid (TPA) and bio-based di-methyl terephthalate (DMT). In
particular, both α- and β-pinene, the main component of turpentine oil, and limonene, the main component of lemon
essential oil, posses a six member hydrocarbon ring. As described herein, these terpenes are an available biomass
source, and may be transformed into six member ring aromatic compounds such as para-cymene, which is then converted
to bio-based terephthalic acid (bio-TPA) and bio-based di-methyl terephthalate (bio-DMT). The bio-TPA and bio-DMT
may be subsequently polymerized to form bio-based polyesters, such as bio-based poly(ethylene terephthalate) (bio-
PET), bio-based poly(trimethylene terephthalate) (bio-PTT), and bio-based poly(butylene terephthalate) (bio-PBT). A
biomass is also converted to bio-based cyclohexane di-methanol and polymerized with bio-based terephthalic acid or
bio-based di-methyl terephthalate (bio-DMT) to produce bio-based poly(cyclohexylene dimethyl terephthalate) (bio-PCT).
[0052] As used in this disclosure, the following terms have the following meanings:
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The term "bio-based" means a compound, composition and/or other organic material that is "isotopically rich" in
carbon 14 as compared to a petroleum source, as determined by ASTM D6866.
The term "bio-mass" means living and recently dead biological material which excludes organic material that has
been transformed by geological processes into a member selected from the group consisting of petroleum, petro-
chemicals, and combinations thereof.
The term "isotopically rich" means a higher carbon 14 to carbon 12 ratio in a compound, composition and/or other
organic material as compared to the carbon 14 to carbon 12 ratio in a petroleum source.

[0053] Other than in the operating examples or where otherwise indicated, all numbers or expressions referring to
quantities of ingredients, reaction conditions, and the like, used in the specification and claims are to be understood as
modified in all instances by the term "about." Various numerical ranges are disclosed in this patent application. Because
these ranges are continuous, they include every value between the minimum and maximum values. The endpoints of
all ranges reciting the same characteristic or component are independently combinable and inclusive of the recited
endpoint. Unless expressly indicated otherwise, the various numerical ranges specified in this application are approxi-
mations. The term "from more than 0 to" an amount means that the named component is present in some amount more
than 0, and up to and including the higher named amount.
[0054] Disclosed herein but not within the scope of the invention is a bio-based terephthalic acid of Formula I:

[0055] At least 5% of the terephthalic acid of formula I is bio-based terephthalic acid. In a preferred embodiment, at
least 80% of the terephthalic acid of formula I is bio-based terephthalic acid, and more preferably, at least 90% of the
terephthalic acid of formula I is bio-based terephthalic acid.
[0056] The bio-based terephthalic acid of formula I is prepared from a biomass which is converted, substantially in
the absence of chromium oxide to the bio-based terephthalic acid of Formula I.
[0057] Disclosed herein but not within the scope of the invention is a bio-based dimethyl terephthalate of Formula II:

[0058] At least 5% of the dimethyl terephthalate is bio-based dimethyl terephthalate, and more preferably, at least
80% of the dimethyl terephthalate is bio-based dimethyl terephthalate, and most preferably, at least 90% of the dimethyl
terephthalate is bio-based dimethyl terephthalate.
[0059] The bio-based dimethyl terephthalate of Formula II is prepared by converting the bio-based terephthalic acid
to bio-based dimethyl terephthalate of Formula II with methanol. The methanol may be bio-based methanol, petroleum
based methanol, and/or a combinations thereof.
[0060] The bio-based terephthalic acid (bio-TPA) of Formula I and the bio-based dimethyl terephthalate (bio-DMT) of
Formula II may be converted to various bio-based polyesters, such as poly(ethylene terephthalate) (bio-PET), poly(tri-
methylene terephthalate) (bio-PTT), and poly(butylene terephthalate) (bio-PBT). A biomass, as described herein, may
also be converted to bio-based cyclohexane di-methanol and converted with bio-based terephthalic acid (bio-TPA) or
bio-based di-methyl terephthalate (bio-DMT) to produce bio-based poly(cyclohexylene dimethyl terephthalate) (bio-
PCT). However, other polymers may be produced with the compounds and methods described herein, as will be under-
stood by those of skill in the art by reference to this disclosure.
[0061] Disclosed herein but not within the scope of the invention is a polymer compound comprising bio-based po-
ly(alkylene terephthalate) of Formula III.
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Wherein

R1 is selected from the group consisting of alkyl, cycloalkyl, cycloalkylene alkyl, and cycloalkylene dialkyl groups
having from two to ten carbons,
n is an integer between about 50 and about 130; and

[0062] In the bio-based poly(alkylene terephthalate) represented by Formula III above, at least 5% of the poly(alkylene
terephthalate) is bio-based poly(alkylene terephthalate). Preferably, at least 60% of the poly(alkylene terephthalate) is
bio-based poly(alkylene terephthalate), and more preferably, at least 80% of the poly(alkylene terephthalate) is bio-
based poly(alkylene terephthalate), and most preferably, at least 90% of the poly(alkylene terephthalate) is bio-based
poly(alkylene terephthalate).
[0063] In the bio-based poly(alkylene terephthalate) represented by Formula III, R1 is petroleum based, bio-based, or
a combination thereof. In a preferred embodiment, R1 is a bio-based group selected from the group consisting of bio-
based alkyl, bio-based cycloalkyl, bio-based cycloalkylene alkyl, and bio-based cycloalkylene dialkyl groups having from
two to ten carbons, and R1 is a bio-based or petroleum based alkyl group of the formula -(CH2)m-, wherein m is an
integer from two to four, or R1 is a bio-based or petroleum based cycloalkylene dialkyl group. More preferably, R1 is a
bio-based alkyl group of the formula -(CH2)m-, wherein m is an integer from two to four, such as bio-based ethyl, propyl,
and butyl substituents, or R1 is a bio-based cycloalkylene dialkyl group, such as bio-based cyclohexylene dimethyl.
[0064] Disclosed herein but not within the scope of the invention is a polymer compound comprising bio-based po-
ly(butylene terephthalate) of Formula IV.

wherein n is an integer of between about 50 and about 130.
[0065] In the bio-based poly(butylene terephthalate) of Formula IV above, at least 5% of the poly(butylene terephthalate)
is bio-based poly(butylene terephthalate). Preferably, at least 50% of the poly(butylene terephthalate) is bio-based
poly(butylene terephthalate). More preferably, at least 80% of the poly(butylene terephthalate) is bio-based poly(butylene
terephthalate), and most preferably, at least 90% of the poly(butylene terephthalate) is bio-based poly(butylene tereph-
thalate).
[0066] The butylene group, -(CH2)2-, as shown in the Formula IV above may be petroleum based, bio-based, or a
combinations thereof, with bio-based butylene, -(CH2)2-, being preferred.
[0067] Disclosed herein but not within the scope of the invention is a polymer compound comprising bio-based po-
ly(trimethylene terephthalate) of Formula V.

wherein n is an integer of between about 50 and 130.
[0068] In the bio-based poly(trimethylene terephthalate) of Formula V, at least 5% of the poly(trimethylene terephtha-
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late) is bio-based poly(trimethylene terephthalate). Preferably, at least 33% of the poly(trimethylene terephthalate) is
bio-based poly(trimethylene terephthalate). More preferably, at least 80% of the poly(trimethylene terephthalate) is bio-
based poly(trimethylene terephthalate), and most preferably, at least 90% of the poly(trimethylene terephthalate) is bio-
based poly(trimethylene terephthalate).
[0069] The trimethylene group, -(CH2)3-, as shown in the Formula V above may be petroleum based, bio-based, or a
combinations thereof, with bio-based trimethylene, -(CH2)3-, being preferred.
[0070] Disclosed herein but not within the scope of the invention is a polymer compound comprising bio-based po-
ly(ethylene terephthalate) of Formula VI.

wherein n is an integer of between about 50 and about 130.
[0071] In the bio-based poly(ethylene terephthalate) of Formula VI, at least 5 % of the poly(ethylene terephthalate) is
bio-based poly(ethylene terephthalate). Preferably, at least 33% of the poly(ethylene terephthalate) is bio-based po-
ly(ethylene terephthalate). More preferably, at least 80% of the poly(ethylene terephthalate) is bio-based poly(ethylene
terephthalate), and most preferably, at least 90% of the poly(ethylene terephthalate) is bio-based poly(ethylene tereph-
thalate).
[0072] The ethylene group, -(CH2)2-, as shown in the Formula VI above may be petroleum based, bio-based, or a
combinations thereof, with bio-based ethylene, -(CH2)2-, being preferred.
[0073] Disclosed herein but not within the scope of the invention is a compound comprising bio-based 1,4-cyclohexane
dimethanol of Formula VII.

[0074] The bio-based 1,4-cyclohexane dimethanol of Formula VII above, is prepared from a biomass and at least 5%
of the 1,4-cyclohexane dimethanol is bio-based 1,4-cyclohexane dimethanol. Preferably, at least 80% of the 1,4-cy-
clohexane dimethanol is bio-based 1,4-cyclohexane dimethanol, and more preferably, at least 90% of the 1,4-cyclohex-
ane dimethanol is bio-based 1,4-cyclohexane dimethanol.
[0075] Disclosed herein but not within the scope of the invention is polymer compound comprising bio-based poly(cy-
clohexylene dimethyl terephthalate) of Formula VIII.

wherein n is an integer between about 50 and about 130; and
[0076] In the bio-based poly(cyclohexylene dimethyl terephthalate) shown in Formula VIII above, at least 5% of the
poly(cyclohexylene dimethyl terephthalate) is bio-based poly(cyclohexylene dimethyl terephthalate). Preferably, at least
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80% of the poly(cyclohexylene dimethyl terephthalate) is bio-based poly(cyclohexylene dimethyl terephthalate), and
more preferably, at least 90% of the poly(cyclohexylene dimethyl terephthalate) is bio-based poly(cyclohexylene dimethyl
terephthalate).
[0077] The bio-based poly(cyclohexylene dimethyl terephthalate) (bio-PCT)of Formula VIII may be prepared by con-
verting bio-based 1,4-cyclohexane dimethanol of Formula VII, or petroleum based 1,4-cyclohexane dimethanol, and/or
a combination thereof with bio-based terephthalic acid (bio-TPA), or bio-based dimethyl terephthlate (bio-DMT) to produce
the bio-PCT, preferably, bio-based 1,4-cyclohexane dimethanol is converted with bio-TPA and/or bio-DMT to produce
the bio-PCT.
[0078] According to the invention, the bio-based terephthalic acid (bio-TPA) and bio-based dimethyl terephthlate (bio-
DMT) may be used to produce other bio-based polymers, such as bio-based PCTG, elastomeric polyesters, liquid
crystalline polyarylates and their blends with traditional thermoplastic polymers.
[0079] According to the invention, a process for preparing bio-terephthalic acid (bio-TPA) and bio-dimethyl terephtha-
late (bio-DMT) is provided. An example of the process of the invention is represented in Scheme I below.

[0080] As shown in Scheme I, a biomass, containing a terpene, terpenoid, or combination thereof, such as limonene,
is converted in three steps to bio-terephthalic acid. The bio-terephthalic acid is then converted with methanol to bio-
dimethyl terephthalate. In this manner, bio-TPA and bio-DMT, two building blocks for bio-polymers are produced in high
yield.
[0081] Step one of the process of the invention is shown in Scheme II below.

[0082] As shown in Scheme II, a terpene, such as α-limonene, obtained from a biological source, such as from lemons.
The terpene may be selected from the group consisting of borneol, camphene, camphor, careen, camphene, carvacrol,
carvone, cineole, eucalyptol, limonene, phellandrene, dipentene, pinene, sabinene, terpineol, terpinene, terpinolene,
thujene, thymol, and combinations thereof. Preferably, the terpene or terpenoid has a mono-cyclic or bi-cyclic structure,
and/or the terpene or terpenoid has ten carbon atoms in the chemical formula. More preferably, the terpene is limonene.
[0083] The terpene, obtained from a biomass, is dehydrogenated with a catalyst, such as ethylenediamine and anhy-
drous FeCl3 to produce bio-based para-cymene. Preferably, the dehydrogenation catalyst is a catalyst selected from
the group consisting of metal catalysts, amine catalysts, and combinations thereof. Preferably, the para-cymene is
produced at a yield of at least 70% from the terpene, terpenoid, or combination thereof, and more preferably, the para-
cymene is produced at a yield of at least 95% from the terpene, terpenoid, or combination thereof.
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[0084] Steps two and three of the process of the invention are shown in Scheme III below.

[0085] In step two of the process, para-cymene is converted to bio-TPA in the presence of an oxidation catalyst, such
as potassium permanganate. The para-cymene is converted to bio-based terephthalic acid substantially in the absence
of chromium oxide, and more preferably substantially in the absence of chromium. Also preferably, The para-cymene
is converted to bio-based terephthalic acid in a two-step oxidation comprising i) a first step using a mineral acid, and ii)
a second step using a transition metal oxidant. The two-step oxidation has been found to have a total yield of at least 85%.
[0086] The terephthalic acid produced by the above-described process is at least 5% bio-based terephthalic acid,
meaning that the bio-based terephthalic acid is "isotopically rich" in carbon 14, by at least 5%, as compared to a petroleum
source, as determined by ASTM D6866. Preferably, at least 90% of the terephthalic acid is bio-based terephthalic acid,
and more preferably, at least 95% of the terephthalic acid is bio-based terephthalic acid.
[0087] As also shown in Scheme II above, the bio-based terephthalic acid is converted with methanol to bio-based
dimethyl terephthalate selected from the group consisting of bio-based methanol, petroleum based methanol, and com-
binations thereof to provide the bio-based dimethyl terephthalate. Preferably, the bio-based terephthalic acid is converted
to bio-based dimethyl terephthalate of with methanol which is at least 90% bio-based methanol.
[0088] In another embodiment of the invention, the bio-based terephthalic acid may be mixed with petroleum based
terephthalic acid to make a mixture of bio-based terephthalic acid and petroleum based terephthalic acid. In addition,
bio-based dimethyl terephthalate may be mixed with petroleum based dimethyl terephthalate to make a mixture of bio-
based dimethyl terephthalate and petroleum based dimethyl terephthalate. These mixtures of bio-based and petroleum
based terephthalic acid and dimethyl terephthalate may be subsequently polymerized according to the invention as
described herein to make bio-based poly(alkylene terephthalates).
[0089] Disclosed herein but not within the scope of the invention is a a process of making a compound comprising
bio-based 1,4-cyclohexane dimethanol of Formula VII.

[0090] The process comprises providing a biomass comprising a terpene, terpenoid or a mixture thereof. Then, the
terpene, terpenoid, or mixture thereof is converted to para-cymene and the para-cymene is converted to bio-terephthalic
acid by oxidation, the oxidation being performed in the absence of chromium oxide. The terephthalic acid is then dehy-
drogenated to produce the bio-based 1,4-cyclohexane dimethanol of Formula VII. At least 5% of the 1,4-cyclohexane
dimethanol is bio-based 1,4-cyclohexane dimethanol and the biomass is a biological material which excludes organic
material that has been transformed by geological processes into a member selected from the group consisting of pe-
troleum, petrochemicals, and combinations thereof.
[0091] As shown in Scheme IV below, bio-based terephthalic acid and bio-based dimethyl terephthalate may be
converted by methods known to those of skill in the art, such as a polycondensation reaction, or transesterification, or
other methods known to those of skill in the art to produce a variety of bio-based poly(alkylene terephthalate)s of Formula
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III, also known as polyesters.

[0092] As shown in Scheme IV, the bio-based terephthalic acid and bio-based dimethyl terephthalate are converted
to bio-based poly(alkylene terephthalate)s by reaction with a diol of the formula:

HO-R1-OH

[0093] R1, as shown in Scheme IV above, and also shown in the corresponding diol structure above, is selected from
the group consisting of alkyl, cycloalkyl, cycloalkylene alkyl, and cycloalkylene dialkyl groups having from two to ten
carbons, and n is an integer between about 50 and about 130. Preferably, the alkyl group is an ethyl, propyl, or butyl
group, or a cyclohexylene dimethyl group.
[0094] The diol may be petroleum based, bio-based, or a combination thereof. Preferably, the diol of the formula:

HO-R1-OH

is at least 80% bio-based.
[0095] At least at least 5% of the poly(alkylene terephthalate) is bio-based poly(alkylene terephthalate). Preferably,
at least 33% of the poly(alkylene terephthalate) is bio-based poly(alkylene terephthalate). More preferably, at least 80%
of the poly(alkylene terephthalate) is bio-based poly(alkylene terephthalate), and most preferably, at least 90% of the
poly(alkylene terephthalate) is bio-based poly(alkylene terephthalate).
[0096] As shown in Table 1 below, the following poly(alkylene terephthalate)s may be produced according to the
process of the invention shown above in Scheme IV from either bio-TPA or bio-DMT, using the diol indicated in Table 1.

Table 1.

Formula Structure Diol OH-R1-OH
Bio-based 
Content

IV
 

HO-(CH2)4-OH

At least 5%
Preferably at 
least 60%
More preferably 
at least 80%

bio-based poly(butylene terephthalate) (bio-PBT)
Most preferably 
at least 90%
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[0097] The diol shown in Table 1 above may be bio-based, petroleum based, or a combination thereof. Further, other
diol not shown above are within the scope of the invention as will be understood by those of skill in the art by reference
to this disclosure.
[0098] The invention will be further described by reference to the following non-limiting examples, which are offered
to further illustrate various embodiments of the present invention. It should be understood, however, that many variations
and modifications can be made while remaining within the scope of the present invention.

EXAMPLES

Example 1. Preparation of Bio-Based Terephthalic Acid From Limonene.

[0099] Example 1 shows that biologically-derived isotopically rich terephthalic acid was prepared from the terpene,
limonene. The method involved two steps, (i) the conversion of limonene to para-cymene and the (ii) conversion of
para-cymene to terephthalic acid.

A. Conversion of limonene to para-cymene.

[0100] Referring again to Scheme II, para-cymene, as shown below, was prepared from bio-based limonene as follows.

[0101] To mixture of ethylenediamine (525 mmol, 31,6 g, 35,2 ml), anhydrous FeCl3 (0,964 mmol, 0,16 g) and sodium
(145 mmol, 3,34 g) was heated to about 50°C under N2. After sodium dissolution had started, as evidenced by hydrogen

(continued)

Formula Structure Diol OH-R1-OH
Bio-based 
Content

V
 

HO-(CH2)3-OH

At least 5%
Preferably at 
least 60%

More preferably 
at least 80%

bio-based poly(trimethylene terephthalate) (bio-PTT)
Most preferably 
at least 90%

VI
 

HO-(CH2)2-OH

At least 5%
Preferably at 
least 60%
More preferably 
at least 80%

bio-based poly(ethylene terephthalate) (bio-PET)
Most preferably 
at least 90%

VIII

 

 

At least 5%

Preferably at 
least 80%

bio-based poly(cyclohexylene dimethyl terephthalate) (bio-PCT)
More preferably 
at least 90%
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evolution and formation of a dark solution, α-limonene (742 mmol, 101 g, 120 ml), certified as derived from biomass
(obtained from Sigma-Aldrich (St. Louis, MO), was added dropwise into the mixture and the mixture heated to 100°C.
The mixture was heated at 100°C for 8h. The mixture was then cooled down and diluted with water (300 ml) and extracted
two times with dichloro methane (DCM) (300 ml). The organic layers were dried over magnesium sulfate and concentrated
using a rotary evaporator obtaining the crude para-cymene product. Yield: 99% (purity 99%)

B. Conversion of para-Cymene to Bio-based Terephthalic Acid (Formula I).

[0102] Referring again to Scheme III, the para-cymene obtained in step A above, was converted to bio-based tereph-
thalic acid of Formula I, shown below, as follows.

[0103] The oxidation stage was carried out in two steps as shown in Scheme III. To a solution of the crude of
para-cymene product, obtained from the dehydrogenation of α-limonene, (742 mmol, 100 g) in water (400 ml) was added
HNO3 65% (2968 mmol, 288 g, 206 ml). The reaction mixture was heated to reflux for 1 day and then the mixture was
cooled down to room temperature and extracted twice with DCM (400 ml). Then, the organic layers were washed two
times with water (100 ml) and concentrated using a rotary evaporator obtaining the crude product.
[0104] To the solution of crude product obtained from the oxidation of para-cymene in water (1000 ml) was added
NaOH (1484 mmol, 83 g) and the solution was stirred until the solid was dissolved. Potassium permanganate (1484
mmol, 235 g) was then added very slowly. The reaction mixture was heated to reflux for 16 h. The slurry mixture was
then filtered on celite pad and washed with water. Concentrated H2SO4 (98%) was added to the aqueous layer until the
pH of solution was strongly acid and all solid was precipitated.
[0105] The white solid was filtered, washed with water and DCM (in order to remove the excess of acid and all not
completed oxidized products). The resulting pure white solid of bio-based terephthalic acid was dried at 80°C, 50 mmHg
for 12 h. Total yield (2 steps): 85%, 105 g.
[0106] Note: The dehydrogenation step in step A, that produces para-cymene from limonene was also tested using
Pd on charcoal (5% w/w) as a catalyst. The reaction was heated for 6h at 100°C under Nitrogen gas, but only a low yield
of para-cymene was obtained.
[0107] The direct oxidation of p-cymene to terephthalic acid was also attempted using a procedure reported in Ferguson,
L.N., et al., Journal of Organic Chemistry (1960), 25, 668-70 and a low amount of product was obtained. The best reaction
condition were obtained using the two-step procedure described in step B above, comprising first adding concentrated
nitric acid to achieve the oxidation of isopropyl moiety then, next, treating this reaction mixture with potassium perman-
ganate to produce the complete oxidation of the intermediate para-cymene products.

C. Determination of the Biological Content of the Bio-based Terephthalic Acid

[0108] ASTM-D6866 protocol was used to measure the "bio-based content" in a material, in an approach similar to
the concept of radiocarbon dating without the use of the age equation. In this approach, the amount of 14C in an unknown
sample is expressed as a ratio to a modem reference standard. The sample used as a modem reference standard in
radiocarbon dating is a standard from NIST (National Institute of Standards and Technology) with a known radiocarbon
content equivalent to the year AD 1950. Material from AD 1950 was selected to be "zero years old" because it precedes
the thermo-nuclear testing era when large excess of radiocarbon was introduced to the atmosphere. Material from that
year is also represented by 100 pMC, Percent Modem Carbon. A fresh biomass such as corn can give a signature of
107.5 pMC, which is higher level of radiocarbon and is directly related to the thermo-nuclear weapon testing that peaked
in 1963. To express the results in biomass content, 100% is assigned to equal 107.5 pMC, while 0% is equal to 0 pMC.
This result is termed "MEAN BIO-BASED RESULT."
[0109] The results reported in this application as MEAN BIO-BASED RESULT include an absolute range of 6% to
account for 3% on either side of the MEAN BIO-BASED RESULT to account for variations in end-product radiocarbon
signature. All results are based on either bio-based content in "present" material, not amount used in manufacturing
process.
[0110] Procedure: Bio-based content was determined using ASTM-D6866 method. Samples were first combusted to
CO2, quantitatively recovering all carbon species. The CO2 was then reduced in a hydrogen atmosphere over metal
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catalyst to produce graphite. The graphite was then analyzed in a high sensitivity Mass Spectrometer capable of sepa-
rating the isotopes carbon-14 and carbon-12. Carbon-14 isotopes were measured as counts in a solid state detector
and carbon-12 isotopes were measured as current in a Faraday cup (as microamps). 14C/12C ratios were derived for
both a modem reference and the sample to derive the bio-based content calculated according to the following equation: 

[0111] Using the ASTM D6866 test protocols, the MEAN BIO-BASED CONTENT of the bio-based terephthalic acid
was 93%.

Example 2. Comparative Example.

[0112] The method of Example 1.C was practiced, except that ordinary petrochemical-derived terephthalic acid, ob-
tained from Aldrich, was also evaluated for biological carbon content for comparison. Table 2 shows a summary of the
results that were obtained from the measuring of the biological content of Examples 1-2.

[0113] The results shown in Table 2 confirm that the bio-based terephthalic acid that was derived from limonene was
isotopically rich, having a MEAN BIO-BASED CONTENT of at least 93% while the terephthalic acid derived from pet-
rochemical sources did not have any.
[0114] Examples 1 and 2 above confirm that the process described herein is an effective way for making biologically
derived terephthalic acid from limonene.

Example 3. Bio-based Dimethyl Terephthalate (Formula II)

[0115] Referring again to Scheme IV, a synthesis of bio-based dimethyl Terephthalate (Formula II, as shown below)
was prepared from bio-based terephthalic acid (Formula I) as follows.

[0116] To a solution of the bio-based terephthalic acid (632 mmol, 105 g) (obtained in Example 1) in methanol (6320
mmol, 2086 ml) was added concentrated H2SO4 (31,6 mmol, 3,23 ml) and the mixture was stirred for 1 day at reflux.
After cooling down the solution, the solvent was removed and the resulting solid was dissolved in dichloro methane
(DCM) (400 ml). The solution was washed with water (200 ml or until pH of solution is neutral), then the organic layer
was dried over magnesium sulfate and concentrated using a rotary evaporator to obtain the crude product, a solid. The
solid was purified washing it with a small amount of cold methanol and dried at 90°C, for 12 h. The yield that was obtained
was 95% (117 g).

Example 4. Comparative Example

[0117] The method of Example 3 was practiced, except that ordinary petrochemical-derived dimethyl terephthalate,
obtained from Aldrich, was also evaluated for biological carbon content using ASTM 6866 for comparison. Table 2 shows
a summary of the results that were obtained.

Table 2.

Composition Source MEAN BIO-BASED CONTENT, %

Limonene-derived terephthalic acid Example 1 93%

Petrochemical-derived terephthalic acid Aldrich 0
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[0118] The results confirm that the isotopically rich dimethyl terephthalate that was derived from limonene had a MEAN
BIO-BASED CONTENT of at least 81% while the dimethyl terephthalate from petrochemical sources did not have any.
Examples 3 and 4 show that the process described herein is an effective way for making bio-based dimethyl terephthalate
(bio-DMT) from limonene.

Example 5. Bio-based Poly(butylene terephthalate) (bio-PBT).

[0119] Bio-based poly(butylene terephthalate) (bio-PBT) (Formula IV, as shown below) was prepared from bio-based
dimethyl terephthalate (Formula II) as follows.

[0120] Bio-PBT was made starting from bio-DMT, obtained from limonene (100 mmol, 19,4 g) and 1,4-butanediol
(BDO) (160 mmol, 14,4 g) (DMT/BDO = 1,6 molar ratio), triisopropyl titanate (TPT), made by Dupont as a tranesterification
catalyst (0,027 g, 175 ppm of titanium) was added. The synthesis was carried out with a two-stage polycondensation
procedure in a 250 ml round-bottom wide-neck reactor, closed at the top with three-neck flat flange lid equipped with a
mechanical stirrer (100-50 rpm).
[0121] The lid was heated at a temperature of 90°C in the first stage and 120°C in the second stage, with a heating
band. A condenser (liquid nitrogen cooled) was connected to the reactor to collect volatile products during the first and
the second stage. The reactor was heated by thermostated oil bath in which the system was placed.
[0122] In the first stage, conducted at atmospheric pressure, the temperature of oil bath was kept at 180°C, after 10
min at 210°C for 90 min. In the second stage, the pressure was slowly reduced from atmospheric to less than 1 mbar
and the temperature was raised to 245°C for 60 min. The viscous polymer was pulled out of the reaction mixture.
[0123] Bio-PBT was made using the above described procedure, but the raw materials were petroleum derived DMT
and bio-based BDO. Bio-based BDO can be made from biologically sourced C4 acids such as succnic acid or maleic
acid or fumaric acid, etc by hydrogenation.
[0124] Bio-PBT was made using the above described polymerization procedure, but the raw materials were both bio-
based DMT and bio-based BDO in order to increase the green content of PBT to maximum.

Example 6. Comparative Example.

[0125] The method of Example 5 was practiced, except that ordinary petrochemical-derived PBT, obtained from Sabic
Innovative Plastics, USA, was also evaluated for biological carbon content using ASTM 6866 for comparison. Table 4
shows a summary of the results that were obtained.

Table 3

Composition Source MEAN BIO-BASED CONTENT, %

Limonene-derived dimethyl terephthalate Example 3 81%

Petrochemical-derived dimethyl terephthalate Aldrich 0

Table 4

Composition Source MEAN BIO-BASED 
CONTENT, %

PBT made from Limonene-derived DMT + Petrochemical derived 
BDO

Example 5 66

Petrochemical-derived PBT Sabic, USA 0

PBT made from Petrochemical derived DMT + Bio derived BDO Example 5 28



EP 2 370 491 B1

21

5

10

15

20

25

30

35

40

45

50

55

[0126] The results confirm that the bio-PBT had a MEAN BIO-BASED CONTENT of at least 28% while the PBT from
petrochemical sources (Sabic, USA) did not have any. The experiment confirms that the process described above is an
effective way for making bio-based PBT.

Example 7. Bio-based Poly(ethylene terephthalate) (bio-PET)

[0127] Bio-based poly(ethylene terephthalate) (bio-PET, Formula V, shown below) was prepared from bio-based
dimethyl terephthalate (Formula II) as follows.

[0128] Bio-PET was made starting from bio-DMT, obtained from limonene (120 mmol, 23,3 g) and 1,2-ethylene glycol
(EG) (264 mmol, 16,4 g) (DMT/EG = 2,2 molar ratio), with TPT (0,019 g, 100 ppm of titanium). The synthesis was carried
out with a two-stage polycondensation procedure in a 250 ml round-bottom wide-neck reactor, closed at the top with
three-neck flat flange lid equipped with a mechanical stirrer (100-50 rpm). The lid was heated at a temperature of 90°C
in the first stage and 120°C in the second stage, with a heating band. A condenser (liquid nitrogen cooled) was connected
to the reactor to collect volatile products during the first and the second stage. The reactor was heated by thermostated
oil bath in which the system was placed.
[0129] In the first stage, conducted at atmospheric pressure, the temperature of oil bath was kept at 165°C, after 5
min at 210°C for 160 min. In the second stage, the pressure was slowly reduced from atmospheric to less than 1 mbar
and the temperature was raised to 280°C for 90 min. The viscous polymer was pulled out of the reaction flask.

Example 8. Comparative Example.

[0130] The method of Example 7 was practiced, except that ordinary petrochemical-derived PET, obtained from Futura
Polyesters,Chennai, India, was also evaluated for biological carbon content using ASTM 6866 for comparison. Table 5
shows a summary of the results that were obtained.

[0131] The results confirm that the bio-PET that was derived from limonene had a MEAN BIO-BASED CONTENT of
at least 79%, while the PET from petrochemical sources (Futura Polyesters, India) did not have any. The experiment
confirms that the process described above is an effective way for making bio-based PET.

Example 9. Bio-based Poly(trimethylene terephthalate) (bio-PTT)

[0132] Bio-based poly(trimethylene terephthalate) (bio-PTT, Formula VI, shown below) was prepared from bio-DMT

(continued)

Composition Source MEAN BIO-BASED 
CONTENT, %

PBT made from Limonene-derived DMT + Bio derived BDO Example 5 94

Table 5

Composition Source MEAN BIO-BASED 
CONTENT, %

PET made from Limonene-derived DMT + Petrochemical 
derived EG

Example 3 79

Petrochemical-derived PET Futura Polyesters, 
India

0
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as follows.

[0133] Bio-PTT was made starting from DMT obtained from limonene (100 mmol, 19,4 g) and 1,3-propylene glycol
(PDO) (170 mmol, 13,2 g) (DMT/PD = 1,7 molar ratio), with TPT (0,015 g, 94 ppm of titanium).
[0134] The synthesis was carried out with a two-stage polycondensation procedure in a 250 ml round-bottom wide-
neck reactor, closed at the top with three-neck flat flange lid equipped with a mechanical stirrer (100-50 rpm).
[0135] The lid was heated at a temperature of 90°C in the first stage and 120°C in the second stage, with a heating
band. A condenser (liquid nitrogen cooled) was connected to the reactor to collect volatile products during the first and
the second stage. The reactor was heated by thermostated oil bath in which the system was placed.
[0136] In the first stage, conducted at atmospheric pressure, the temperature of oil bath was kept at 180°C, after 10
min at 205°C for 90 min. In the second stage, the pressure was slowly reduced from atmospheric to less than 1 mbar
and the temperature was raised to 245°C for 90 min. The viscous polymer was pulled out of the flask.

Example 10. Comparative Example.

[0137] The method of Example 9 was practiced, except that ordinary petrochemical-derived PTT, obtained from Futura
Polyesters, Chennai, India, was also evaluated for biological carbon content using ASTM 6866 for comparison. Table
6 shows a summary of the results that were obtained.

[0138] The results confirm that the Bio-PTT that was derived from limonene had a MEAN BIO-BASED CONTENT of
at least 71 % while the PTT from petrochemical sources (Futura Polyesters, India) did not have any. The experiment
confirms that the process described above is an effective way for making bio-based PTT.

Example 11. Bio-based Poly(cyclohexylene dimethyl terephthalate) (bio-PCT).

[0139] Bio-based poly(cyclohexylene dimethyl terephthalate) (bio-PCT, Formula VIII, shown below) was made from
bio-DMT as follows.

[0140] Bio-PCT was synthesized starting from bio-DMT obtained from limonene (100 mmol, 19,4 g) and 1,6-cyclohex-
ane dimethanol(CHDM) (170 mmol, 13,2 g) (DMT/CHDM = 1,7 molar ratio), with TPT (0,015 g, 94 ppm of titanium).

Table 6

Composition Source MEAN BIO-BASED 
CONTENT, %

PTT made from Limonene-derived DMT + Petrochemical 
derived PDO

Example 3 71

Petrochemical-derived PTT Futura 
Polyesters

0
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[0141] The synthesis was carried out with a two-stage polycondensation procedure in a 250 ml round-bottom wide-
neck reactor, closed at the top with three-neck flat flange lid equipped with a mechanical stirrer (100-50 rpm).
[0142] The lid was heated at a temperature of 90°C in the first stage and 120°C in the second stage, with a heating
band. A condenser (liquid nitrogen cooled)was connected to the reactor to collect volatile products during the first and
the second stage. The reactor was heated by thermostated oil bath in which the system was placed.
[0143] In the first stage, conducted at atmospheric pressure, the temperature of oil bath was kept at 180°C, after 10
min at 205°C for 90 min. In the second stage, the pressure was slowly reduced from atmospheric to less than 1 mbar
and the temperature was raised to 300°C for 30 min. The viscous polymer was pulled out of the flask.

Example 12. Comparative Example.

[0144] The method of Example 11 was practiced, except that ordinary petrochemical-derived PCT, obtained from
Eastman, USA, was also evaluated for biological carbon content using ASTM 6866 for comparison. Table 7 shows a
summary of the results that were obtained.

[0145] The results confirm that the bio-PCT that was derived from limonene had a MEAN BIO-BASED CONTENT of
at least 49% while the PCT from petrochemical sources (Eastman, USA) did not have any. The experiment confirms
that the process described above is an effective way for making bio-based PCT.

Example 13. Bio-based Polymer Characterization.

[0146] The poly(alkylene terephthalates) prepared and/or analyzed in the above Examples 5-9 were analyzed and
characterized according to known methods, or the information below was obtained from the manufacturer specifications.
The comparative results are shown in Table 8 below.

[0147] The data in Table 8 shows that the poly(terephthalates) prepared according to the invention have similar
properties and thus similarly applicable applications, such as in fabrics, blow molded plastics, and other uses.
[0148] Although the present invention has been discussed in considerable detail with reference to certain preferred
embodiments, other embodiments are possible. Therefore, the scope of the appended claims should not be limited to
the description of preferred embodiments contained herein.

Claims

1. A process of making a composition comprising a bio-based terephthalic acid of Formula I:

Table 7

Composition Source MEAN BIO-BASED 
CONTENT, %

PCT made from Limonene-derived DMT + Petrochemical derived 
CHDM

Example 3 49

Petrochemical-derived PCT Eastman 0

Table 8. General characterization of Polyesters.

GPC TGA DSC

Mw Mn PDI Tpeak (°C) Tonset (°C) Tg (°C) Tm (°C) Tc (°C)

bio-PBT (Example 5) 113000 46700 2.4 415 395 - 222 181

PBT 195 (Example 6) 57000 28000 2.1 413 392 - 223 174

bio-PET (Example 7) 93000 38000 2.4 452 423 82 251 174

PET (Example 8) 62000 30000 2.0 451 426 84 257 192

PTT (Example 9) 70000 32000 2.2 413 390 - 230 158
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the process comprising:

(a) providing a biomass comprising a terpene, terpenoid or a mixture thereof;
(b) converting the terpene, terpenoid, or mixture thereof to para-cymene at a yield of at least 95%; and
(c) converting the para-cymene to terephthalic acid at a total yield of at least 85% by oxidation, the oxidation
being performed substantially in the absence of chromium oxide,

wherein the bio-based terephthalic acid is isotopically rich in Carbon-14, by at least 5%, as compared to a petroleum
source, as determined by ASTM D6866;
wherein the biomass is a biological material which excludes organic material that has been transformed by geological
processes into a member selected from the group consisting of petroleum, petrochemicals, and combinations thereof;
and
wherein step (c) is a two-step oxidation comprising:

i) a first step using a mineral acid, and
ii) a second step using a transition metal oxidant.

2. A process of making a composition comprising a bio-based dimethyl terephthalate of Formula II:

the process comprising:

(a) providing a biomass comprising a terpene, terpenoid or a mixture thereof;
(b) converting the terpene, terpenoid, or mixture thereof to bio-based para-cymene at a yield of at least 95%;
(c) converting the bio-based para-cymene to bio-based terephthalic acid of Formula I:

by an oxidation performed substantially in the absence of chromium oxide;
wherein the para-cymene is converted to terephthalic acid at a total yield of at least 85% by oxidation in a two-
step oxidation comprising:

(i) a first step using a mineral acid, and
(ii) a second step using a transition metal oxidant;

wherein the process is performed substantially in the absence of chromium;
(d) converting the bio-based terephthalic acid with methanol selected from the group consisting of bio-based
methanol, petroleum based methanol, and combinations thereof to provide the bio-based dimethyl terephthalate
of Formula II,
wherein the bio-based terephthalic acid is isotopically rich in Carbon-14, by at least 5%, as compared to a
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petroleum source, as determined by ASTM D6866; and
wherein the biomass is a biological material which excludes organic material that has been transformed by
geological processes into a member selected from the group consisting of petroleum, petrochemicals, and
combinations thereof.

3. A process according to claim 2 further comprising mixing the bio-based terephthalic acid of Formula (I) with petroleum
based terephthalic acid to make a mixture of bio-based terephthalic acid and petroleum based terephthalic acid.

4. A process according to claim 2 wherein the process further comprises:

(e) converting the bio-based dimethyl terephthalate of Formula II to a bio-based poly(alkylene terephthalate) of
Formula III

by reacting the bio-based dimethyl terephthalate of Formula II with a diol of the formula:

HO-R1-OH

wherein

R1 is selected from the group consisting of alkylene, cycloalkylene, cycloalkylene alkylene, and cycloalkylene
dialkylene groups having from two to ten carbons,
n is an integer between 50 and 130; and

wherein the bio-based poly(alkylene terephthalate) is isotopically rich in Carbon-14, by at least 5%, as compared
to a petroleum source, as determined by ASTM D6866.

5. A process according to claim 4 wherein the diol of the formula:

HO-R1-OH

is at least in part a bio-based diol, the diol is isotopically rich in Carbon-14, by at least 80%, as compared to a
petroleum source, as determined by ASTM D6866.

6. A process according to claim 2 wherein the process further comprises:

(e) converting the bio-based dimethyl terephthalate of Formula II to bio-based poly(butylene terephthalate) of
Formula IV:

by reacting the bio-based dimethyl terephthalate of Formula II with 1,4-butane diol,
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wherein n is an integer between 50 and 130; and
wherein the bio-based poly(butylene terephthalate) is isotopically rich in Carbon-14, by at least 5%, as
compared to a petroleum source, as determined by ASTM D6866.

7. A process according to claim 6 wherein the 1,4-butane diol is selected from the group consisting of petroleum based
1,4-butane diol, bio-based 1,4-butane diol, and combinations thereof

8. A process according to claim 2 wherein the process further comprises:

(e) converting the bio-based dimethyl terephthalate of Formula II to bio-based poly(trimethylene terephthalate)
of Formula V:

by reacting the bio-based dimethyl terephthalate of Formula II with 1,3-propane diol,

wherein n is an integer between 50 and 130, and
wherein the bio-based poly(trimethylene terephthalate) is isotopically rich in Carbon-14, by at least 5%, as
compared to a petroleum source, as determined by ASTM D6866.

9. A process according to claim 2 wherein the process further comprises:

(e) converting the bio-based dimethyl terephthalate of Formula II to bio-based poly(ethylene terephthalate) of
Formula VI:

by reacting the bio-based dimethyl terephthalate of Formula II with ethylene glycol,

wherein n is an integer between 50 and 130; and
wherein the bio-based poly(ethylene terephthalate) is isotopically rich in Carbon-14, by at least 5%, as
compared to a petroleum source, as determined by ASTM D6866.

10. A process according to claim 2 wherein the process further comprises:

(e) converting the bio-based dimethyl terephthalate of Formula II to bio-based poly(cyclohexylene dimethylene
terephthalate) of Formula VIII:
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by reacting the bio-based dimethyl terephthalate of Formula II with 1,4-cyclohexane dimethanol,

wherein n is an integer between 50 and 130, and
wherein the bio-based poly(1,4-cyclohexylene dimethylene terephthalate) is isotopically rich in Carbon-14,
by at least 5%, as compared to a petroleum source, as determined by ASTM D6866.

11. A process according to claim 1 wherein the process further comprises:

(d) converting the bio-based terephthalic acid to a poly(alkylene terephthalate) of Formula III:

by reacting the bio-based terephthalic acid with a diol of the formula:

HO-R1-OH

wherein

R1 is selected from the group consisting of alkylene, cycloalkylene, cycloalkylene alkylene, and cycloalkylene
dialkylene groups having from two to ten carbons,
n is an integer between 50 and 130; and

wherein the bio-based poly(alkylene terephthalate) is isotopically rich in Carbon-14, by at least 40%, as compared
to a petroleum source, as determined by ASTM D6866.

12. A process of making a composition comprising a bio-based terephthalic acid of Formula I:

the process comprising:

(a) providing limonene obtained from a biological source;
(b) converting the limonene to para-cymene; and
(c) converting the para-cymene to terephthalic acid by oxidation, the oxidation being performed substantially in
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the absence of chromium oxide,

wherein the bio-based terephthalic acid is isotopically rich in Carbon-14, by at least 5%, as compared to a petroleum
source, as determined by ASTM D6866; and
wherein the biomass is a biological material which excludes organic material that has been transformed by geological
processes into a member selected from the group consisting of petroleum, petrochemicals, and combinations thereof;
and wherein step (c) is a two-step oxidation comprising:

i) a first step using a mineral acid, and
ii) a second step using a transition metal oxidant.

13. The process of claim 12, wherein the biological source comprises lemons.

14. The process of claim 1, wherein the transition metal oxidant is a permanganate compound.

Patentansprüche

1. Verfahren zum Herstellen einer Zusammensetzung, die eine bio-basierte Terephthalsäure der Formel I umfasst:

wobei das Verfahren umfasst:

(a) das Bereitstellen einer Biomasse, die ein Terpen, Terpenoid oder eine Mischung davon umfasst;
(b) das Umwandeln des Terpens, Terpenoids oder der Mischung davon in para-Cymol mit einer Ausbeute von
wenigstens 95 %; und
(c) das Umwandeln des para-Cymols in Terephthalsäure mit einer Gesamtausbeute von wenigstens 85 % durch
Oxidation, wobei die Oxidation im Wesentlichen in Abwesenheit von Chromoxid durchgeführt wird, wobei die
bio-basierte Terephthalsäure im Vergleich zu einem Erdöl-Ausgangsstoff um wenigstens 5 % mit Kohlenstoff-
14 isotopisch angereichert ist, bestimmt gemäß ASTM D6866;

wobei die Biomasse ein biologisches Material ist, welches organisches Material ausschließt, welches durch geolo-
gische Prozesse in einen Bestandteil, ausgewählt aus der Gruppe bestehend aus Erdöl, Erdölchemikalien und
Kombinationen davon, umgewandelt worden ist; und
wobei Schritt (c) eine zweistufige Oxidation ist, umfassend:

i) einen ersten Schritt unter Verwendung einer Mineralsäure, und
ii) einen zweiten Schritt unter Verwendung eines Übergangsmetall-Oxidationsmittels.

2. Verfahren zum Herstellen einer Zusammensetzung, die ein bio-basiertes Dimethylterephthalat der Formel II umfasst:

wobei das Verfahren umfasst:

(a) das Bereitstellen einer Biomasse, die ein Terpen, Terpenoid oder eine Mischung davon umfasst;
(b) das Umwandeln des Terpens, Terpenoids oder der Mischung davon in bio-basiertes para-Cymol mit einer
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Ausbeute von wenigstens 95 %;
(c) das Umwandeln des bio-basierten para-Cymols in bio-basierte Terephthalsäure der Formel I:

durch eine Oxidation, die im Wesentlichen in Abwesenheit von Chromoxid durchgeführt wird;
wobei das para-Cymol mit einer Gesamtausbeute von wenigstens 85 % durch Oxidation in einer zweistufigen
Oxidation in Terephthalsäure umgewandelt wird, umfassend:

i) einen ersten Schritt unter Verwendung einer Mineralsäure, und
ii) einen zweiten Schritt unter Verwendung eines Übergangsmetall-Oxidationsmittels;

wobei das Verfahren im Wesentlichen in Abwesenheit von Chrom durchgeführt wird;
(d) das Umwandeln der bio-basierten Terephthalsäure mit Methanol, ausgewählt aus der Gruppe bestehend
aus bio-basiertem Methanol, erdölbasiertem Methanol und Kombinationen davon, um das bio-basierte Dime-
thylterephthalat der Formel II bereitzustellen,

wobei die bio-basierte Terephthalsäure im Vergleich zu einem Erdöl-Ausgangsstoff um wenigstens 5 % mit Koh-
lenstoff-14 isotopisch angereichert ist, bestimmt gemäß ASTM D6866; und
wobei die Biomasse ein biologisches Material ist, welches organisches Material ausschließt, welches durch geolo-
gische Prozesse in einen Bestandteil, ausgewählt aus der Gruppe bestehend aus Erdöl, Erdölchemikalien und
Kombinationen davon, umgewandelt worden ist.

3. Verfahren nach Anspruch 2, außerdem umfassend das Vermischen der bio-basierten Terephthalsäure der Formel
(I) mit erdölbasierter Terephthalsäure, um eine Mischung aus bio-basierter Terephthalsäure und erdölbasierter
Terephthalsäure herzustellen.

4. Verfahren nach Anspruch 2, wobei das Verfahren außerdem umfasst:

(e) das Umwandeln des bio-basierten Dimethylterephthalats der Formel 11 in ein bio-basiertes Poly(alkylente-
rephthalat) der Formel III

durch Umsetzen des bio-basierten Dimethylterephthalats der Formel II mit einem Diol der Formel:

HO-R1-OH

wobei

R1 ausgewählt ist aus der Gruppe bestehend aus Alkylen-, Cycloalkylen-, Cycloalkylenalkylen- und Cyc-
loalkylendialkylengruppen mit zwei bis zehn Kohlenstoffatomen,
n eine ganze Zahl zwischen 50 und 130 ist; und

wobei das bio-basierte Poly(alkylenterephthalat) im Vergleich zu einem Erdöl-Ausgangsstoff um wenigstens 5
% mit Kohlenstoff-14 isotopisch angereichert ist, bestimmt gemäß ASTM D6866.
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5. Verfahren nach Anspruch 4, wobei das Diol der Formel:

HO-R1-OH

wenigstens zum Teil ein bio-basiertes Diol ist, das Diol im Vergleich zu einem Erdöl-Ausgangsstoff um wenigstens
80 % mit Kohlenstoff-14 isotopisch angereichert ist, bestimmt gemäß ASTM D6866.

6. Verfahren nach Anspruch 2, wobei das Verfahren außerdem umfasst:

(e) das Umwandeln des bio-basierten Dimethylterephthalats der Formel II in bio-basiertes Poly(butylentereph-
thalat) der Formel IV:

durch Umsetzen des bio-basierten Dimethylterephthalats der Formel II mit 1,4-Butandiol,
wobei n eine ganze Zahl zwischen 50 und 130 ist; und
wobei das bio-basierte Poly(butylenterephthalat) im Vergleich zu einem Erdöl-Ausgangsstoff um wenigstens 5
% mit Kohlenstoff-14 isotopisch angereichert ist, bestimmt gemäß ASTM D6866.

7. Verfahren gemäß Anspruch 6, wobei das 1,4-Butandiol ausgewählt ist aus der Gruppe bestehend aus erdölbasiertem
1,4-Butandiol, bio-basiertem 1,4-Butandiol und Kombinationen davon.

8. Verfahren nach Anspruch 2, wobei das Verfahren außerdem umfasst:

(e) das Umwandeln des bio-basierten Dimethylterephthalats der Formel II in bio-basiertes Poly(trimethylente-
rephthalat) der Formel V:

durch Umsetzen des bio-basierten Dimethylterephthalats der Formel II mit 1,3-Propandiol,
wobei n eine ganze Zahl zwischen 50 und 130 ist; und
wobei das bio-basierte Poly(trimethylenterephthalat) im Vergleich zu einem Erdöl-Ausgangsstoff um wenigstens
5 % mit Kohlenstoff-14 isotopisch angereichert ist, bestimmt gemäß ASTM D6866.

9. Verfahren nach Anspruch 2, wobei das Verfahren außerdem umfasst:

(e) das Umwandeln des bio-basierten Dimethylterephthalats der Formel II in bio-basiertes Poly(ethylentereph-
thalat) der Formel VI:
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durch Umsetzen des bio-basierten Dimethylterephthalats der Formel II mit Ethylenglycol,
wobei n eine ganze Zahl zwischen 50 und 130 ist; und
wobei das bio-basierte Poly(ethylenterephthalat) im Vergleich zu einem Erdöl-Ausgangsstoff um wenigstens 5
% mit Kohlenstoff-14 isotopisch angereichert ist, bestimmt gemäß ASTM D6866.

10. Verfahren nach Anspruch 2, wobei das Verfahren außerdem umfasst:

(e) das Umwandeln des bio-basierten Dimethylterephthalats der Formel II in bio-basiertes Poly(cyclohexylen-
dimethylenterephthalat) der Formel VIII:

durch Umsetzen des bio-basierten Dimethylterephthalats der Formel II mit 1,4-Cyclohexandimethanol,
wobei n eine ganze Zahl zwischen 50 und 130 ist; und
wobei das bio-basierte Poly(1,4-cyclohexylendimethylenterephthalat) im Vergleich zu einem Erdöl-Ausgangs-
stoff um wenigstens 5 % mit Kohlenstoff-14 isotopisch angereichert ist, bestimmt gemäß ASTM D6866.

11. Verfahren nach Anspruch 1, wobei das Verfahren außerdem umfasst:

(d) das Umwandeln der bio-basierten Terephthalsäure in ein Poly(alkylenterephthalat) der Formel III

durch Umsetzen der bio-basierten Terephthalsäure mit einem Diol der Formel:

HO-R1-OH

wobei

R1 ausgewählt ist aus der Gruppe bestehend aus Alkylen-, Cycloalkylen-, Cycloalkylenalkylen- und Cyc-
loalkylendialkylengruppen mit zwei bis zehn Kohlenstoffatomen,
n eine ganze Zahl zwischen 50 und 130 ist; und

wobei das bio-basierte Poly(alkylenterephthalat) im Vergleich zu einem Erdöl-Ausgangsstoff um wenigstens
40 % mit Kohlenstoff-14 isotopisch angereichert ist, bestimmt gemäß ASTM D6866.
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12. Verfahren zum Herstellen einer Zusammensetzung, die eine bio-basierte Terephthalsäure der Formel I umfasst:

wobei das Verfahren umfasst:

(a) das Bereitstellen von Limonen, das aus einem biologischen Ausgangsstoff erhalten wird;
(b) das Umwandeln des Limonens in para-Cymol; und
(c) das Umwandeln des para-Cymols in Terephthalsäure durch Oxidation, wobei die Oxidation im Wesentlichen
in Abwesenheit von Chromoxid durchgeführt wird,

wobei die bio-basierte Terephthalsäure im Vergleich zu einem Erdöl-Ausgangsstoff um wenigstens 5 % mit Koh-
lenstoff-14 angereichert ist, bestimmt gemäß ASTM D6866; und
wobei die Biomasse ein biologisches Material ist, welches organisches Material ausschließt, welches durch geolo-
gische Prozesse in einen Bestandteil, ausgewählt aus der Gruppe bestehend aus Erdöl, Erdölchemikalien und
Kombinationen davon, umgewandelt worden ist; und wobei Schritt (c) eine zweistufige Oxidation ist, umfassend:

i) einen ersten Schritt unter Verwendung einer Mineralsäure, und
ii) einen zweiten Schritt unter Verwendung eines Übergangsmetall-Oxidationsmittels.

13. Verfahren nach Anspruch 12, wobei der biologische Ausgangsstoff Zitronen umfasst.

14. Verfahren nach Anspruch 1, wobei das Übergangsmetall-Oxidationsmittel eine Permanganatverbindung ist.

Revendications

1. Procédé de fabrication d’une composition comprenant un acide téréphtalique à base biologique de formule I :

le procédé comprenant :

(a) la fourniture d’une biomasse comprenant un terpène, un terpénoïde ou un de leur mélange ;
(b) la conversion du terpène, du terpénoïde ou de leur mélange en para-cymène avec un rendement d’au moins
95 % ; et
(c) la conversion du para-cymène en acide téréphtalique avec un rendement total d’au moins 85 % par oxydation,
l’oxydation étant effectuée sensiblement en l’absence d’oxyde de chrome,

dans lequel l’acide téréphtalique à base biologique est isotopiquement riche en carbone-14, d’au moins 5 %, par
comparaison à une source de pétrole, comme déterminé par ASTM D6866 ;
dans lequel la biomasse est une matière biologique qui exclut de la matière organique qui a été transformée par
des procédés géologiques en un élément sélectionné dans le groupe constitué par pétrole, produits pétrochimiques
et leurs combinaisons ; et
dans lequel l’étape (c) est une oxydation en deux étapes comprenant :

i) une première étape utilisant un acide minéral, et
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ii) une seconde étape utilisant un oxydant à base de métal de transition.

2. Procédé de fabrication d’une composition comprenant un téréphtalate de diméthyle à base biologique de formule II :

le procédé comprenant :

(a) la fourniture d’une biomasse comprenant un terpène, un terpénoïde ou un de leurs mélanges ;
(b) la conversion du terpène, du terpénoïde ou de leur mélange avec du para-cymène à base biologique avec
un rendement d’au moins 95 % ;
(c) la conversion du para-cymène à base biologique en acide téréphtalique à base biologique de formule I :

par une oxydation effectuée sensiblement en l’absence d’oxyde de chrome ;
dans lequel le para-cymène est converti en acide téréphtalique avec un rendement total d’au moins 85 % par
oxydation dans une oxydation en deux étapes comprenant :

i) une première étape utilisant un acide minéral, et ii)une seconde étape utilisant un oxydant à base de
métal de transition ;

dans lequel le procédé est effectué sensiblement en l’absence de chrome ;
(d) la conversion de l’acide téréphtalique à base biologique avec du méthanol sélectionné dans le groupe
constitué par méthanol à base biologique, méthanol à base de pétrole, et leur combinaison pour fournir du
téréphtalate de diméthyle à base biologique de formule II,

dans lequel l’acide téréphtalique à base biologique est isotopiquement riche en carbone-14, d’au moins 5 %, par
comparaison à une source de pétrole, comme déterminé par ASTM D6866 ; et
dans lequel la biomasse est une matière biologique qui exclut de la matière organique qui a été transformée par
des procédés géologiques en un élément sélectionné dans le groupe constitué par pétrole, produits pétrochimiques
et leurs combinaisons.

3. Procédé selon la revendication 2 comprenant en outre le mélange de l’acide téréphtalique à base biologique de
formule I avec de l’acide téréphtalique à base de pétrole pour faire un mélange d’acide téréphtalique à base biologique
et d’acide téréphtalique à base de pétrole.

4. Procédé selon la revendication 2 dans lequel le procédé comprend en outre :

(e) la conversion du téréphtalate de diméthyle à base biologique de formule II en poly(alkylène téréphtalate) à
base biologique de formule III
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en faisant réagir le téréphtalate de diméthyle à base biologique de formule II avec un diol de formule :

HO-R1-OH

dans lequel

R1 est sélectionné dans le groupe constitué par les groupes alkylène, cycloalkylène, cycloalkylène alkylène
et cycloalkylène dialkylène ayant de deux à dix carbones,
n est un entier entre 50 et 130 ; et

dans lequel le poly(alkylène téréphtalate) à base biologique est isotopiquement riche en carbone-14, d’au moins
5 %, par comparaison à une source de pétrole, comme déterminé par ASTM D6866.

5. Procédé selon la revendication 4 dans lequel le diol de formule :

HO-R1-OH

est au moins en partie un diol à base biologique, le diol est isotopiquement riche en carbone-14, d’au moins 80 %,
par comparaison à une source de pétrole, comme déterminé par ASTM D6866.

6. Procédé selon la revendication 2 dans lequel le procédé comprend en outre :

(e) la conversion du téréphtalate de diméthyle à base biologique de formule II en poly(butylène téréphtalate) à
base biologique de formule IV :

en faisant réagir le téréphtalate de diméthyle à base biologique de formule II avec du 1,4-butane diol,
dans lequel n est un entier entre 50 et 130 ; et
dans lequel le poly(butylène téréphtalate) à base biologique est isotopiquement riche en carbone-14, d’au moins
5 %, par comparaison à une source de pétrole, comme déterminé par ASTM D6866.

7. Procédé selon la revendication 6 dans lequel le 1,4-butane diol est sélectionné dans le groupe constitué par 1,4-
butane diol à base de pétrole, 1,4-butane diol à base biologique et leurs combinaisons.

8. Procédé selon la revendication 2 dans lequel le procédé comprend en outre :

(e) la conversion du téréphtalate de diméthyle à base biologique de formule II en poly(triméthylène téréphtalate)
à base biologique de formule V :
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en faisant réagir le téréphtalate de diméthyle à base biologique de formule II avec du 1,3-propane diol,
dans lequel n est un entier entre 50 et 130, et
dans lequel le poly(triméthylène téréphtalate) à base biologique est isotopiquement riche en carbone-14, d’au
moins 5 %, par comparaison à une source de pétrole, comme déterminé par ASTM D6866.

9. Procédé selon la revendication 2 dans lequel le procédé comprend en outre :

(e) la conversion du téréphtalate de diméthyle à base biologique de formule II en poly(éthylène téréphtalate) à
base biologique de formule VI :

en faisant réagir le téréphtalate de diméthyle à base biologique de formule II avec de l’éthylène glycol, dans
lequel n est un entier entre 50 et 130 ; et
dans lequel le poly(éthylène téréphtalate) à base biologique est isotopiquement riche en carbone-14, d’au moins
5 %, par comparaison à une source de pétrole, comme déterminé par ASTM D6866.

10. Procédé selon la revendication 2 dans lequel le procédé comprend en outre :

(e) la conversion du téréphtalate de diméthyle à base biologique de formule II en poly(cyclohexylène diméthylène
téréphtalate) à base biologique de formule VIII :

en faisant réagir le téréphtalate de diméthyle à base biologique de formule II avec du 1,4-cyclohexane diméthanol,
dans lequel n est un entier entre 50 et 130, et
dans lequel le poly(1,4-cyclohexylène diméthylène téréphtalate) à base biologique est isotopiquement riche en
carbone-14, d’au moins 5 %, par comparaison à une source de pétrole, comme déterminé par ASTM D6866.

11. Procédé selon la revendication 1 dans lequel le procédé comprend en outre :

(d) la conversion de l’acide téréphtalique à base biologique en un poly(alkylène téréphtalate) de formule III :
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en faisant réagir l’acide téréphtalique à base biologique avec un diol de formule :

HO-R1-OH

dans lequel R1 est sélectionné dans le groupe constitué par les groupes alkylène, cycloalkylène, cycloalkylène
alkylène et cycloalkylène dialkylène ayant de deux à dix carbones,
n est un entier entre 50 et 130 ; et
dans lequel le poly(alkylène téréphtalate) à base biologique est isotopiquement riche en carbone-14, d’au moins
40 %, par comparaison à une source de pétrole, comme déterminé par ASTM D6866.

12. Procédé de fabrication d’une composition comprenant un acide téréphtalique à base biologique de formule I :

le procédé comprenant :

(a) la fourniture de limonène provenant d’une source biologique ;
(b) la conversion du limonène en para-cymène ; et
(c) la conversion du para-cymène en acide téréphtalique par oxydation, l’oxydation étant effectuée sensiblement
en l’absence d’oxyde de chrome,

dans lequel l’acide téréphtalique à base biologique est istopiquement riche en carbone-14, d’au moins 5 %, par
comparaison à une source de pétrole, comme déterminé par ASTM D6866 ; et
dans lequel la biomasse est une matière biologique qui exclut de la matière organique qui a été transformée par
des procédés géologiques en un élément sélectionné dans le groupe constitué par pétrole, produits pétrochimiques
et leurs combinaisons ; et dans lequel l’étape (c) est une étape d’oxydation en deux étapes comprenant :

i) une première étape utilisant un acide minéral, et
ii) une seconde étape utilisant un oxydant à base de métal de transition.

13. Procédé selon la revendication 12, dans lequel la source biologique comprend des citrons.

14. Procédé selon la revendication 1, dans lequel l’oxydant à base de métal de transition est un composé permanganate.
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