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Biobased Linear Polyester: Effect of Acids and Diols

Jainishkumar Patel and Ram K. Gupta
Department of Chemistry, National Institute for Materials Advancement, Pittsburg State University

» The tensile strength of GA-BD polyester. It is
recommended that one seriously consider replacing

2 - leum-based starti ials, which are helpful
Abstract Characterization it o ot Bt b romae]

tubes, packaging material, rubber, etc. However, bio-

>P91yester synthet.ics arc wide.ly used in clothing, but creatin.g »FTIR analysis of dicarboxylic acids like W W HD 33‘f e’ ‘46% cm 728’ based linear saturated polyesters were not widely |
environmentally friendly materials from renewable resources is lutar St d lai s showed  ~ 23 e’ ggsdem’ 1164 . o s cm reported. So here, we tried to synthesize biobased | - ~ [
. . ] glutaric, pimelic, and azelaic acids showe QR 'S S cm Lt e | e o dicarboxvli 1 and diol GABD PABD AAB
essential to reduce our reliance on non-renewable resources such uctural b . ficati lvest S S " polyesters with increasing dicarboxylic acid and dio
as petroleum products. Azelaic acid, pimelic, and glutaric acid are SHUC .ra ¢ ar.lges mdicating - potyestet 2 2 chain lengths. The tensile of the polyester films was . e W -
natural dicarboxylic acids that can be used to synthesize bio-based formation. The disappearance of a peak at 1686 § PABD \% £ S \V conducted according to standard ASTM D882. The s oo e i ?
polyesters using azelaic acid, pimelic acid, and glutaric acid with ' 1 indicated the conversion of carboxylic acid to E — 1 B E A 90 Newton: with an extens.lon of up to 4 mm. The
diols of different carbon chain lengths. The process consists of a \ - i ester groups. C-O stretching vibration at 1164 W data dtoesilt fugﬁleit t}.la‘: it f;m corlillclet;:l with th.et
two-step polymerization process, which uses stannous octoate as a cm-1 confirmed diester formation. Peaks at — : CUTTENL POTYESIET TUdL CXISIS 1Ml TE TNATREL, HOWEVEL, 1 ™
catalvst and hvdroquinone as a radical inhibitor The 4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500 shows good remolding capacity. The same film was -
| ystodh yd' quino luding th | ' q 2932 cm-1, 2846 cm-1, and 1464 cm-1 Wavenumber (cm™) Wavenumber (cm™) cut into small pieces, and after hot pressing, an almost " AAHD
ptO ymerlz?tlont ot 1t1§)ns, 1ncdut.1ng the cata gst.arr;mtmt, She,con ] indicated the presence of -CH2 groups. A peak identical film was prepared, as shown in Figure 17. —
stage reaction temperature, and time, were optimized to achieve a S - - ample
h'gil lecul S }; 1 ,h . IIIjI NMR d at 716 cm-1 showed a long-chain alkane d After remolding, its logdlng capacity was reduced .by 0+ e
1E1 HoTeetidt mas.s in the fonger chain. : was used 1o resence. As chain length increased, peaks N N i d vo A R I5 N, and the extension was 2.5 to 3 mm, which 60
analyze the chemical structures of the obtained polyesters. P . ' . . .g > P . 1, 2 E \h/\;)\d/\w indicates material stiffening on remolding. 2
Differential scanning calorimetry (DSC) was used to explore their shifted but didn't significantly affect chain — 3N
physical properties, including the effect of dicarboxylate chain length. 201
length and long-short diol on crystalline structure and thermo- »NMR spectroscopy is crucial for identifying 0
mechanical properties. organic compound structures and monitoring l’“\/\/“\/\/\/]\ MW]L | 20—
: : . : : L. : : : : synthesis. Samples were prepared with acids in h | Extension (mm)
»Increasing the dicarboxylic acid chain length, except for glutaric acid, increased the melting point. The glutaric acid—butane I;IMSO dp | prep . d p l o oA J w0 e
. . : : : : an olyesters 1n cuterate ample
diol film was the most flexible compared to the other polyesters, reflecting good load capacity even after remolding. Overall, this T " ph’fy D e "y Sample 2
., : : : : : : chloroform. The shift in eaks from 3. R T e T -
research shows that 1t is possible to synthesize polyesters with good thermomechanical properties and film flexibility using 5 - | b : . 77003 005550 43403530 23 20 s A0 7705 60 53S0 45 403530 23 20 1510 “
: : : : : : .. m to 4. m 1ndicates polyester tormation. —
renewable and environmentally friendly materials. These materials show promise for practical applications. bp pp oLy E« 40°
Peaks at 2.20, 1.46, and 1.2 ppm correspond to . . M l 3
. . . . . . b 2 5 /\/\/\/ =~ 204
CH2 groups 1n specific acids, remaining stable 'l i 1 ]l D L
e PABD "
I nt rOd u Ct I O n post-reaction. Peak shifts from 1.9 ppm to 1.5- - o I~
1.8 ppm with increased chain length suggest R o o e e e e Yo e v T, e v e e s s e S A LT TR L TR T e L S 0 1 2 3 4
. | ' ' ' electron withdrawing effects. New peaks at Extension (mm)
» Polyesters (PEs) are polymeric materlqls with repea.ltmg ester hnkage [O—(;O—R—]. T i— R ) ] - 0 g 1 =T WAKD prtems of el (e symieszd welesien
» Polyesters are one of the most economically essential polymers, driven primarily by | L | CDCI3 K ) hil : Oy /I\/d\/]l il smmes, Berle B ves el (o comas (e
PET, which is counted among commodity plastics. ey | {"f' ) b | PR R : s W e water I S aw l'iJLl | atterns, and the ratio. of the total area of all crystalline reflexes
» Commodity plastics or commodity polymers are plastics produced in high volumes | | e - g CDCI3 merges with alkyl chains around 1.5 P ’ Y ,

.. . . . ; . g v ~ -~ to the area of all reflexes was used to determine the
for applications where exceptional material properties are not needed (such as r ppm. e = . T ) _
packaging food Containers and household products) ‘ | 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 I’TS ?AIO 6T5 Efﬂ SAIS 51[} 4?5 4TD 3?5 310 275 2TD I,IS 1‘.0 \3: N R i Crystalllnlty. Slmllar dlffractlon peaks Can be Seen 1n AA_BD,

> ’ ‘ | S = = ° :
» Natural polyesters are biodegradable, but most synthetic polyesters, used extensively Conmer /‘”"' | g Z AA-HD, PA-BD, PA-HD, GA-BD, and GA-HD at 22.2% 24.4°
in clothing, are not biodegradable. T_ ﬁk} R I t d d ® o E = The planes (110) and (010) are assigned according to the
> Polyester Fiber: uﬂd | J e S u a n I S c u S S I O n ; QAEVM observed peaks. There are also some minor familiar diffraction
« PET is the most common polyester used to produce fibers - o peaks at 30.5° and 36.06°, set to (120) and (100) planes,
e cost-effectiveness. 100 ) — — AABD 10 20 30 40 50 10 20 30 40 50 respectively. All the synthesized polyesters exhibit abrupt
* Polyester fibers resist weather and light, abrasion, and moisture absorption. | 0.01 = 20 (degrees) 20 (degrees) intensity peaks at 22.2° and 24.4°, indicating uniform
> Polyester Resin: 30 - crystallinity in all the synthesized polyesters.
: : . —0.5-
* many advantages over other thermosetting resins, such as the ability to cure at room Q &) »>DMA examined viscoelastic behavior and glass
temperature, mechanical solid qualities, and transparency. s 60+ 2 0 ST wite (M) oF polyesse "
-1.0 + ransition temperature of polyester films, with a
> Polyester Film: = 40 é » e : , R
: : : : .. > Azeotrope esterification 2D 401 > focus on GA-BD polyester. Films tested from -40°C to
* Optical, physical, mechanical, thermal, and chemical qualities. o weusme Jr L )J\ ]L g E 15 e (0°C. GABD exhivid ) i )
* It 1s mainly used for its high tensile strength, chemical and dimensional stability, A 201 = os 2 } ] Xl 1t.e gc?o m.ec anical  strength,
transparency, and reflectivity. o0 2 allowing DMA analysis unlike brittle films. Storage
» Alcoholic transesterification O - —2,0 - \ r—0.5
- - - e o -0 modulus of GA-BD decreased from 450 MPa, notabl
»Polyester is classified into two categories: . Jro)'\R )J\/} . senon U S S ; 45°C. This. al b hioh 5 ky
»Natural - Cutin component of plant cuticles W e T —2() Sy r r r ' ' ' 2540 i . . . i i P S etween 35 to 45°C. This, along with high tan 6 peak,
»Synthetic - Linear, branched, aliphatic, aromatic. > Acyltion 0 100 200 300 400 500 600 0 100 200 300 400 500 600 femperature ¢ indicated material's Tg. DSC confirmed Tg at 45.72°C,
- It can be a thermoplastic or a thermoset L o™ s JFJ\J\/]L o Temperature (°C) Temperature (°C) aligning with DMA results.

- Poly (butylene terephthalate) (PBT) T
ing-opening polymerization
- Poly (ethylene terephthalate) (PET) : c, /ﬁé , GABD \\[ GAHD C I ~
NI SOl e | onciusions
6 %M = Tm =45.66°C ~
E PABD E Tm = 34.13°C
- 2 [PAHD » Using Tin (II) 2-ethylhexanoate as the catalyst in a two-step melt polycondensation process, glutaric acid and two distinct
Sy nt h e S i S E E aliphatic diols—1,4-butanediol and 1,6-hexanediol-—were successfully converted into a high molecular weight biobased aliphatic
2 Tm =46.08°C 2 ET:: polyester. Using GPC and 1H NMR, respectively, the molecular weight and chemical makeup of all produced polyesters were
Tm = 56.44°C—=
> All volvester was svnthesized bv two conventional fwouste . . é AABD ég AAHD i examined. GA-BD exhibited the highest weight-average molecular weight of 48,439 g/mol and a degree of polymerization of
esteri%c;[ion - polyc}(])ndensation. J 2 W n=35,7 1.83. DSC, TGA, and WAXD were also used to describe the polyester series and learn more about the polymers' crystallinity and
> To create biobased polyesters, this study’s synthons are based on l | ! o 50.850C thermal characteristics. It’s observed that Tm increases with increasing dicarboxylic acid chain length. The same result was
sustainable resources and tin (II) 2-ethyl hexanoate was used as the NN NN PR a0 0 80 I : : ST o i obtained with increasing diol chain length except for glutaric acid, owing to the odd-even effect of carbon chains in crystal
catalyst for polymerization. T oC —40 20 0 20 40 60 30 packing. All polyesters have enough thermal stability for melt processing and are semicrystalline. GA-BD shows a storage
» The reactants were first treated to a reaction containing 0.25 mol% . saoen | o emperature Temperature °C il 6205 TP vl s el syt
Eﬁoc(g(s:t)z"ﬁ? t plcflgmegizfg f gfnglsh(\;lflif[; tg E?;?lplggletgﬁlfrsﬁigatﬁ e »Thermal stabilities of synthesized polyesters were analyzed via TGA. AA-HD and PA-HD exhibited two-step degradation, with
second step was conducted at 230 °C for 5.0 hours while under initial degradation at 275-364 °C and 321-371 °c, respectively, followed by significant degradation. Other polyesters showed single-
Vaclzuum (5 g a). To pileventlp%temlill (_1150010}1;31“011 or yellowing O'f {\”’HT NN \} M\/\/\/} step degradation from 319 to 476 °C, indicating good thermal stability. PA-BD displayed maximum loss at 370 °C, while AA-BD AC k n OWI e d ge m e nts
Efazﬁffjﬁ tenlile)erta(;urte ssfargalimife gdr ioa;f(;l ’oCt gncr::iclzltéor%acl}[lilc)xrfuvrvzz BD based nolvester HD based vol esterﬂ demonstrated the highest thermal stability with 5% weight loss at 374 °C. Increasing diol chain length, as in AA-HD, resulted in
gomplete (the Weissenberg effect was seen or the melt viscosity ot ; POy decreased thermal stability (T5% at 328 °C). The polyesters exhibited good thermal stability due to their high molecular weight and » National Institute for Materials Advancement
increased), the reaction mixture naturally cooled to room ; g -. . material strength. > Pittsburg State University

temperature. »The DSC analysis revealed that all synthesized polyesters exhibited melting temperatures (Tm) ranging from 34 to 57 °C,

indicating their semicrystalline nature. AA-BD, AA-HD, PA-BD, PA-HD, GA-BD, and GA-HD showed single melting points at
specific temperatures. For instance, AA-BD had a Tm of 50.85 °C, which increased to 57.64 °C in AA-HD with a longer diol chain. REfe re n Ce

» The resulting polyesters were purified after dissolving in chloroform =
and re-precipitating in methanol. The refined polymers were then "'fg,

_ ?"_.-g_;

allowed to dry at ambient temperature. Removing excess byproducts T = o
or diol frqm the reaction mlxmrg is crucial to increasing temperature s A 5 e = S o Similarly, PA-BD and PA-HD displayed Tm values of 46.08 °C and 56.44 °C, respectively, following the same trend. However, GA-
and reducing pressure (by applying a vacuum). T BD T GAHD B D

BD and GA-HD showed a reverse trend, decreasing Tm from 45.66 °C to 34.13 °C with increased chain length. > Jing Lu, Linbo Wu,* and Bo-Geng Li, ACS Sustainable Chem. Eng. 2017, 5, 61596166
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