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Abstract

In this work, a series of 1,4-cyclohexanedimethanol (CHDM)-based
copolyester fibers are prepared by chemical structure design and crystal struc-
ture regulation. The chemical structures of poly(ethylene terephthalate-co-
1,4-cyclohexanedimethylene terephthalate, (PETG)) copolyesters are first
confirmed by 'H- and **C-nuclear magnetic resonance which indicates that all
copolyesters are random copolyesters. Then, the crystallization and melting
behavior, thermal stability, and mechanical properties of copolyesters are signifi-
cantly affected by the CHDM content and CHDM cis-trans isomerism ratio,
showing that trans-CHDM can effectively improve the comprehensive perfor-
mance of PETG copolyesters. Besides, the influence of the CHDM monomer
(amount and cis-trans isomerism ratio) and melt-spinning drawing process on
the crystal structure and mechanical properties (tensile strength, elongation) is
also investigated by wide-angle X-ray diffraction, small-angle X-ray scattering,
and tensile testing. Especially, the resultant PETG30-trans80 copolyester fibers
exhibit good mechanical properties, and the tensile strength and elongation are
113.9 MPa and 136.5%, respectively. Therefore, our work provides a promising
strategy for the fabrication of copolyester fiber.

Highlights

« Bio-based PETG copolyester was obtained.

« Synergistic effects of a chemical structure and drawing process of PETG
fiber were discussed.

» The influence of drawing process on crystallization, and orientation of fiber
properties was studied.
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1 | INTRODUCTION

Poly(ethylene terephthalate) (PET) fiber has been widely
applied in various fields, such as packaging,“1 electronics,”™”
healthcare,* '° and other fields'' " due to its high tensile
strength, chemical resistance, etc. However, the further
application and development of PET are still limited by its
shortcomings, such as slow crystallization speed, poor tough-
ness, and long cycle time.* Therefore, the functional modifi-
cation of PET fiber has become an important issue.

Currently, the modification of PET fiber can be
mainly divided into two categories physical blending"> "’
and chemical copolymerization.**** Among these, physi-
cal blending is the more common approach to fabricating
functional PET fiber by introducing different agents into
the PET polymer matrix, including bio-based materials,
elastomers, etc. Unfortunately, physical blend modifica-
tion still has some drawbacks, such as phase separation
and low compatibility, which negatively affect the perfor-
mance of PET fibers.

Recently, it has been reported that the copolymeriza-
tion of terephthalic acid, ethylene glycol (EG), and other
functional monomers might be the effective solution to
the above problems. Various kinds of functional mono-
mers have been incorporated into PET molecular chains,
including diamines,** binary acids,* and diols.** Among
them, 1,4-cyclohexanedimethanol (CHDM) dibasic EG
functional monomer has been receiving more and more
attention due to its good transparency, corrosion resis-
tance, and high thermal stability. Wang et al. synthesized
high molecular weight copolymers using terephthalic
acid, 1,4-butanediol, 1,4-cyclohexanedimethanol, and
polylactic acid oligomers. The effect of the rigid hexacyc-
lic ring of CHDM on the synthesis, mechanical proper-
ties, thermal stability, and degradation behavior of the
copolymers was investigated by adjusting the molar ratio
of the two diols.”” Fei et al. synthesized high molecular
weight copolymers using 2,5-furandicarboxylic acid,
1,4-cyclohexanedimethanol, and 1,4-butanediol. It was
shown that moderate amounts of CHDM units could
improve the melting temperature and crystallinity of furan-
based polyesters. In recent years, scholars have focused on
the relationship between the stereo configuration of CHDM
and the structural properties of copolyester materials and a
series of copolyester materials with very different structural
properties have been prepared by simply changing the ratio
of CHDM cis-trans isomers.”® Wang et al. synthesized bio-
based poly(1,4-cyclohexanedimethylene furandicarboxylate)
(PCF) from FDCA and CHDM using different cis-CHDM/
trans-CHDM ratios. The stereo-configuration of CHDM had
a significant effect on its properties, and as the content of
trans-CHDM increased in PCF, the T,, T, and Ty, as well
as the rate of crystallization and enthalpy of melting

increased significantly.” From the published research
results, it can be seen that CHDM monomer is increasingly
emphasized and has been studied from different perspec-
tives. However, most of the reported works of literature
focus on plastic and film but seldom involve fiber material.

In this work, a series of novel poly(ethylene
terephthalate-co-1,4-cyclohexanedimethylene terephthalate)
(PETG) fibers were prepared by melt spinning. Firstly, PETG
copolyesters were prepared by one-pot copolymerization of
CHDM, EG, and terephthalic acid according to the chemical
structure design. Secondly, the effects of CHDM content and
CHDM cis-trans ratio on crystal and thermal properties were
analyzed. Finally, the crystal structure regulation of PETG
fibers under the influence of the post-drawing process was
systematically investigated.

2 | EXPERIMENT

2.1 | Materials

Purified terephthalic acid (PTA) was purchased from Sino-
pec Yizheng Chemical Fiber Co, LTD. (Jiangsu). EG and
ethyl acetate (EA) were purchased from Titan Technology
Co, LTD. (Shanghai). CHDM was purchased from Aladdin
Biochemical Technology Co, Ltd. (Shanghai). The catalyst
was a self-made titanium catalyst with a Chinese inven-
tion patent (CN103087089A, CN103059284A).

2.2 | Purification of trans-CHDM
isomers

Commercially available CHDM (trans-cis ratio 68:32) was
dissolved in EA and stirred for several hours to gradually
form crystals in suspension. The solid crystal product was
collected by filtration and washed several times with
EA. Then the high-purity trans-CHDM monomer was dried
in a vacuum oven at 60°C to remove the residual EA.

2.3 | Synthesis of PETG copolyesters
with different CHDM contents

The PETG copolyesters with different contents of PTA,
EG, and CHDM were synthesized through the one-pot
method, which was divided into two stages, esterification
and polycondensation. The esterification reaction required
a 2-hour hold at 245°C until the volume of condensate
reached the theoretical amount. The polycondensation
reaction required a vacuum of less than 0.2 mbar and was
held at 275°C for 1 h. After the mechanical stirrer reached
the setting power, the copolyesters were cut into pellets.
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The resultant PETG copolyesters were marked as
PETGXX, where XX denoted the molar percent of CHDM
to the two diols.

2.4 | Synthesis of PETG copolyesters
with different trans-CHDM contents

A series of PETG copolyesters with different CHDM cis-
trans ratios (Figure S1) were also prepared by direct esterifi-
cation melt polycondensation, denoted as PETG30-transxx,
where the total CHDM molar content was uniformly 30%
and transxx denoted the proportion of trans-CHDM to the
total CHDM content.

2.5 | Preparation of PET and PETG30-
trans80 fibers

Neat PET and PETG30-trans80 copolyesters were dried in
the vacuum oven (JM-500ZDGX) before melt spinning
(Jwell Chemical Fiber Machinery Co, LTD, Shanghai,
China). The spinning temperatures were 245-270°C and the
as-spun fibers were taken up at the speed of 1000 m/min.
The temperatures of hot drawing and heat setting were 80°C
and 100°C, and the total drawing ratio was 1.0-2.5.

2.6 | Characterizations

The chemical structures of PETG copolymers are investi-
gated by 'H and "*C-nuclear magnetic resonance (‘H- and
*C-NMR, Bruker 600 M ADCANCEIII, CF,COOD as the
solvent). Thermal behavior is measured by differential scan-
ning calorimetry (DSC, DSC1, METTLER, Switzerland) at
the temperature from 30°C to 300°C under N, with a heat-
ing/cooling rate of 10°C/min. The thermal stability is char-
acterized by thermogravimetric analyses (TGA, Netzsch TG
209 F1, Germany) at the heating rate of 10°C/min under
nitrogen from 30°C to 600°C.

The crystal structure is analyzed by wide-angle X-ray
diffractometer (WAXD, Bruker D§ ADVANCE, Germany)
and small-angle X-ray scattering (SAXS, 260 =0.1-5°
SAXSess mc2, Austria). The interplanar spacing (dpx),
crystal size (D), crystallinity (Xc), and long-period (L)
are calculated using Equations (1-4).*°

dpia =A/2 sin Gy 1)
Dypia =K1/ (Bpia * €08 Onkt) )
Xc:SC/(Sc+Sa) (3)

L=2I1/q, (4)

where 1 is the wavelength of X-ray 0.154 nm, K is the
Scherrer constant 0.89, S is the full width at half-
maximum of diffraction peaks, Sc is the area of crystal
peaks, Sa is the area of amorphous peaks, q is the scatter-
ing vector.

Two-dimensional WAXD (2D-WAXD, Bruker D8
Discover, Germany) is used to examine the orientation
degrees of the crystal region, which can be calculated by
Equation (5). Where H is the full width at half-maximum.

1= (360 —H) /360 x 100%. (5)

The mechanical properties of the copolyesters and fibers
are carried out using the electronic universal material test-
ing machine (5969 Instron, USA). Here, the pre-tension is
0.05 + 0.005 cN/dtex, the distance between the two fixtures
is 500 mm, and the tensile speed is 500 mm min~%. Each
mechanical data is the average value after testing 20 groups
of fibers to ensure accuracy and repeatability.

3 | RESULTS AND DISCUSSION

3.1 | Synthesis and chemical structure of
PETG copolyesters

As shown in Figure 1A, PETG copolyesters are synthesized
from PTA, EG, and CHDM via the melt polymerization
method, and then the chemical structure is confirmed by
'H- and *C-NMR. PETG "H-NMR, (Figure 1B-E, &, ppm):
8.2-8.3 (peak t, -CH of benzene ring), 4.9-5.0 (peak a, -
CH,_ of EG), 4.25-4.55 (peak b5 and by, -CH,_, linked
to an ester group), 1.9-2.3 (peak c.s and Cyans, ~CH of
CHDM) and 1.2-2.2 (peak d.s and dy.,s, -CH,_ of cyclo-
hexane ring).>! The actual proportion of CHDM in the
PETG copolyesters can be accurately calculated by compar-
ing the area of the resonance absorption peak produced by
hydrogen atoms on the benzene ring, -CH,_ on cyclohex-
ane, and -CH,_ on EG at different chemical shifts. The
area ratio results of S, to S, based on the peak area of
hydrogen atoms on the benzene ring show that the actual
content of CHDM is 0%, 2.5%, 14.5%, 31.0%, 51.0%, and
80.0%, as expected.

To further characterize the sequence structure of
PETG copolyester, the **C-NMR spectrum of PETG copo-
lyesters and the related zone units are shown in
Figure S2. The peak of S; indicated that the TPA is con-
nected to two EG units. The peaks of S; and S, indicate
that the TPA is connected to one EG unit and one CHDM
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O_/~\ O~ FIGURE 1 Synthesis and chemical
(A) BOgoL g, "
Hc?““GHgH EG 240°C,2h BHET invacaum -0 0 ~ o structure of PETG copolyesters.
PTA > o = oo™ (A) PETG copolyesters polymerization
2HOH,C_)-CH,0H 00 I
CHDM <0 /' 0 ’ PETG route. (B) Chain structures of the PETG
BHCT copolyesters. (C) "H-NMR spectrum of
(B) (©) PETG copolyester with different CHDM
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unit, and the peak of S, indicates that the TPA is con-
nected to two CHDM units. The areas of peaks S, S,, Ss,
and S, are calculated by integration representing the con-
tents of chain segments ETE, CTC, CTE, and ETC in
PETG copolyesters. The molar contents and average
sequence lengths of ETE, CTC, and CTE + ETC can be
calculated by Equations (6-10), and the degree of ran-
domness, R, can be calculated by Equation (11).%*** The
results are shown in Table S1.

Ngre =Is1/(Is; 4+ Isy + Is3 + Is4) (6)
Nercicre = (Is3 +184) /(Isy + Is; + gIs; +1Is4)  (7)
Nere =1Isy/(Isy + Isy + Is3 + Isy) (8)
Yer=1+2Is; /(Is3 +1s4) (9)

Yor =1+2Is,/(Is; + Isq) (10)
R=1/Ygr+1/Ycr (11)

It can be found that the CTC chain segment content
and sequence length increase, while the ETE chain segment
content and sequence length decrease with the increasing
CHDM content. Moreover, the degree of randomness of all

18 16 14 1.2

Chemical Shift (ppm)

copolyesters is close to 1, which indicates that all copolye-
sters are random copolyesters, which is in line with the
experimental expectations. As shown in Table S3, the
intrinsic viscosities of all PETG copolyesters are consistent
at around 0.7 dL/g.

The chemical structures of PETG copolyesters with dif-
ferent trans-CHDM contents are further investigated by 'H-
and BC-NMR. From Figure 2C,D, it can be observed that
the peak areas of b, c.s, and d.s decrease continuously as
the content of trans-CHDM increases from 68% to 98%. For
PETG-trans98, the characteristic peaks of cis-CHDM are
hardly observed. From the calculation of the integral area of
buans peaks, it can be concluded that the actual proportion
of trans-CHDM is almost the same as the theoretical feeding
ratio, indicating that the high temperature and high-pressure
environments do not result in cis-trans isomers transforming
into each other in the whole polymerization process. As
shown in Figure S3 and Table S2, with the increase of the
trans-CHDM content from 68% to 98%, it is observed that
the peak intensity of b at 69.7 ppm gradually decreases,
while the by.ns at 71.8 ppm gradually increases. Similarly,
the cis-trans ratio of CHDM does not change the composi-
tion of the copolyester chain segments, the average sequence
length, and the degree of randomness, as expected.

As shown in Figure 3A, except for PETG30, each copo-
lyester sample has obvious diffraction peaks at (0 1 0),
(111),@110),000),and (1 0 1), and the detailed
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FIGURE 2 Chemical structure of (A) SEIERE ¢ (B) t
PETG copolyesters. (A) "H-NMR -
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FIGURE 3 XRD curves of PETG (A) (B)
copolyesters. (A) PETG copolyesters 111)(1 1I 0) (111)(110)
1
with different CHDM contents. o 1QI\ (100) (101) ~ (019 (10 (L'U 01)
(B) PETG copolyesters with different 3 M : ) PETG-trans98
] & 3
trans-CHDM contents. g o PETG-50 P | VT~ PETG-trans90|
% " T~ PEG30| Z | T PETG-trans85
8| ST~ pETG0) g __/T\__E_Em
- : pETG1s|  E | T~ PETGiransts|
10 20 30 40 50 60 10 20 30 40 50 60
2Theta (°) 2Theta (°)
TABLE 1 XRD Crystal parameters of PETG copolyester with different CHDM content.
Samples d 010 (nm) dany (nm) d(100) (nm) D10y (nm) D11 (nm) D(100) (nm) X, (%)
PET 6.00 5.39 3.82 8.1 12.2 4.9 35.85
PETG-1.5 6.01 5.42 3.86 5.1 12.4 4.9 26.21
PETG-10 6.03 5.39 3.87 11.5 15.0 31 23.46
PETG-30 / / / / / / 21.34
PETG-50 5.93 5.34 3.78 9.5 11.8 54 29.34
PETG-75 5.98 5.36 3.80 8.6 10.7 4.9 34.69

information of the crystal spacing and grain size are shown
in Table 1. With the increasing of CHDM addition from 0%
to 75%, at a CHDM content of 30%, the grain size of each
crystal surface can not be tested and shows an amorphous
morphology, and the reduction of grain size reduces the
stress concentration and damage of large spherical crystals
occurring during the fiber drawing process, which may be
help for improving the mechanical properties of PETG
copolyesters. As shown in Figure 3B, the crystallinity of

PETG copolyesters increases from 22.0% to 40.1% (Table 2),
and the crystal spacing of the (1 1 0) and (1 1 1) crystal
planes decreases as the content of trans-CHDM increase,
indicating that the arrangement of the grains gets more
compact, which is beneficial to enhance the tensile strength
and tensile modulus of the copolyesters. This might be
explained by the fact that the regular chemical structure of
trans-CHDM is conducive to the formation of crystal nuclei.
Therefore, the crystallinity of copolyesters can be effectively
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TABLE 2 Crystal parameters of PETG copolyesters with different trans-CHDM content.
Samples d(010) (nm) d1) (nm) d(100) (nm) Dg10) (nm) D@11y (nm) D100y (nm) X. (%)
PETG-trans68 17.64 5.07 0.75 / / / 21.96
PETG-trans75 18.31 4.84 0.76 / / / 24.16
PETG-trans80 18.25 4.86 0.68 / / / 27.89
PETG-trans85 19.27 4.61 0.62 17.41 5.08 14.12 31.57
PETG-trans90 19.17 4.62 0.59 17.36 5.08 13.25 33.52
PETG-trans98 19.67 4.48 0.61 16.61 5.33 12.73 40.10
(A) Cooling (B) p— Heating FIGURE 4 Thermal properties of
PETG copolyesters. (A) DSC curves of
M PETGS50 - cooling. (B) DSC curves of second
PETG50 PETG30 .
(o] /
2 | [Pereso g PETET) heating. (C) TGA curves. (D) DTG
wir———— @ | .
fﬂ—’/ PETG1.5 curves
PET J\ ﬁf\

50 100 150 200 250 50 100

150 200 250 300
Temperature (°C) Temperature (°C)
(C) 100 (D) o
_ 80}
X Ar
= 60} — PETG75 £ | ——PETG75
S —— PETG50 E p|—PETGS0
S a0f PETG30 N PETG30
S ——PETG10 ——PETG10
20 ——PETG1.5 3 PETG15
——PET ——PET
0 -4
100 200 300 400 500 100 200 300 400 500 600
Temperature (°C) Temperature (°C)

controlled by changing the proportion of CHDM cis-trans
isomers, which can further improve the thermal and
mechanical properties of the copolyesters.

3.2 | Thermal behavior of copolyesters

The crystallization and melting behavior of copolyesters are
investigated by DSC and TGA, and the corresponding data
are shown in Figure 4A,B and Table S3. The glass transition
temperatures (T,) of copolyesters increase with CHDM
content, suggesting that the movement of copolyester chain
segments is limited by CHDM monomer, which might be
caused by the steric hindrance effect of the cyclic structural
unit in CHDM. When the CHDM content is lower than
50%, the crystallization ability of PETG copolyester decreases
with the CHDM content due to the disruption of chain
segment regularity caused by the CHDM monomer. For
PETGI10 and PETG30, there is no crystallization peak or
melting peak appeared on the heating and cooling curves,
which indicates that copolyesters are completely amorphous.
When the content of CHDM is higher than 50%, the

crystallization abilities of the copolyester are recovered.
For PETG50 and PETG75, the crystallization peak can be
observed on the heating curve or cooling curve. It has been
reported that the special six-membered ring structure of
CHDM can improve the flexibility and movement of poly-
mer chain segments, which is beneficial in enhancing the
crystallization ability.** Especially, the crystallinity of PETG-
75 is 34.7% (Table 1), which is similar to that of PET. Conse-
quently, the chemical structure of PETG can be fine-tuned
by adjusting the CHDM content. The amount of CHDM acts
as a key regulator of the copolyester's crystallization and
melting behaviors. Moreover, the six-membered ring in
CHDM further disrupts crystallization, promotes amorphous
formation, and consequently impacts the melting behavior.
The thermal stability of the copolyester is further con-
firmed by TGA. As shown in Figure 4C,D and Table S3, the
initial decomposition temperature (Tsq) and the temperature
at maximum decomposition rate (Ty.,) slightly decrease
with the increasing content of CHDM monomer. However,
there is almost no significant weight loss until 390°C during
the thermal decomposition, and the maximum thermal
decomposition temperature occurred around 430°C, which
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(B)

of PET and PETG resins. (A) PET and
PETG with different CHDM contents.
(B) PETG30 with different trans-CHDM
contents.

Strength at break (Mpa)

indicates that all these copolyesters exhibit good thermal sta-
bility and can completely meet the temperature requirement
of melt spinning (245-270°C).

3.3 | Mechanical properties of PET and
PETG copolyesters

As shown in Figure 5A, with the gradual increase of
CHDM content, the strength of PETG resins gradually
decreases. Nevertheless, the elongation at the break of
PETG resins is closely related to the change in crystallin-
ity. When the CHDM content is 30%, the crystallinity is
the lowest, with the fewest crystal zones at the (0 1 0),
(111), and (1 0 0) crystal faces. Further, the elongation at
break is the largest with values up to about 170%. There-
fore, we choose a fixed CHDM content of 30% and then
vary the cis and trans ratios of CHDM. As shown in
Figure 5B, the strength of PETG resins gradually increases
with the gradually increasing content of trans-CHDM.
When the trans-CHDM content is less than 90%, the XRD
pattern analysis has shown that the grain spacing and
grain size in the crystal region are relatively small, and the
elongation at the break of PETG-trans80 copolyester is
about 190%. Nevertheless, when the trans-CHDM content
exceeds 90%, new characteristic diffraction peaks can be
gradually observed in the XRD pattern, which indicates
that a new crystal structure has been generated within the
copolyester, which also leads to a decrease in elongation.
For example, the crystal region at the (1 1 1) crystal plane,
D(111) is much larger than D(100), and the excessive grain
size of the new crystal region generates stress concentra-
tion problems. Compared with PET, PETG-trans80
copolyester further improves the toughness (elongation at
break) of the material based on ensuring tensile strength.

3.4 | Effect of the drawing process on the
crystal structure of PETG fibers

The PETG30-trasns80 and pure PET resins are chosen to
further investigate the effects of a chemical structure and

(=2
o

£ (2]
o o
S

»n
o

Elongation at break (%)

Elongation at

=y
o

Strength at break (Mpa)
w
o

melt-spinning drawing process on the crystal structure
and mechanical property of fiber. As shown in Figure 6A
and Table S4, each 1D-WAXD curve of PETG30-trans80
fiber with different drawing ratios demonstrates only one
characteristic diffraction peak (20 ~ 20°). Compared
with the as-spun PETG30-trans80 fiber, the crystal
surface spacing decreases from 4.60 nm to 4.43 nm,
the grain size increases from 0.61 nm to 0.73 nm, and
the crystallinity increases from 17.5% to 27.8%. As
shown in Figure 6B and Table S5, the 1D-SAXS result
suggests the long periods of PETG30-trans80 fibers
increase with the drawing ratio, which increases from
27.79 nm of as-spun fiber to 29.62 nm of PETG30-
trans80 fiber at 2.5x drawing ratio. It can be concluded
that a certain degree of drawing ratio can effectively
improve the internal structure order of PETG30-
trans80 fiber due to the effect of stress-induced crystal-
lization. Furthermore, 2D-WAXD is used to better
understand the relationship between crystal structure
and drawing process, where PET fiber shows signifi-
cant diffraction arcs with increasing drawing ratio,
while PETG30-trans80 fibers keep the completed dif-
fraction ring. It is also observed that the orientation
degree of PETG30-trans80 fiber is less than that of PET
fiber at the same drawing ratio.

35 |
Fibers

Mechanical Properties of PETG

As shown in Figure 7A,B and summarized in Table Se6,
the tensile strength of PET and PETG30-trans80 fibers
increase with the drawing ratio due to enhanced crystal-
linity and molecular orientation induced by the drawing
process. Specifically, the strength of PETG30-trans80
fiber increases from 54.9 MPa to 113.9 MPa, while elon-
gation decreases from 178.4% to 136.5% at the drawing
ratio of 2.5x. Figure 7C,D shows that the ET chain
segments in PET fibers' crystal regions become more
ordered during the drawing process, which contributes
to greater fiber strength. However, the CT chain seg-
ments of PETG30-trans80 fiber are excluded from the
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(A) (110) (B) FIGURE 6 Crystal structure of PET
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crystal zone, leading to a more amorphous structure
compared to PET fibers. It can be explained by the fact
that CT chain segments are relatively flexible and
hard to crystallize, and the ET chain segments preferen-
tially crystallize under the hot-drawing process. There-
fore, the area of grain boundary increases with grain
size, where the slip formation is hindered by disordered
molecular arrangement. Besides, the slip and deforma-
tion between grain surfaces in the crystal structure
becomes more difficult, which leads to a decline in
mechanical properties.

(©)

(D)

High-rate drawing
=

FIGURE 7 Mechanical properties
300 g and crystal packing structures of PET
250 ® and PETG30-trans80 fibers. Mechanical
2008 properties of (A) PET fibers and
155 pid (B) PETG30-trans80 fibers with different
00 % drawing ratios. Crystal packing
g‘ structures of (C) PET fibers and

% [} (D) PETG30-trans80 fibers with
¢ different drawing ratios.

M w ET

W @% )

4 | CONCLUSIONS

In this paper, a series of PETG copolyesters are prepared
by melt polycondensation of CHDM with EG and PTA,
and the PETG30-trans80 copolyester is further chosen to
prepare melt-spinning fiber. The chemical structure is sys-
tematically confirmed by *H-NMR and '*C-NMR, which
suggests that the PETG copolyesters are synthesized as
expected and all copolyesters are random copolyesters. The
crystallization, melting behavior, and thermal stability of
copolyesters are investigated by WAXD, DSC, and TGA,
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respectively. The glass-transition temperature, melting
temperature, and crystallinity first decrease and then
increase with the CHDM content. Besides, the crystallinity
of PETG copolyesters increases from 22.0% to 40.1% and
the crystal spacing of the (1 1 0) and (1 1 1) crystal planes
decrease with the trans-CHDM content, which might be
explained by the fact that the regular chemical structure of
trans-CHDM is conducive to the formation of crystal
nuclei, and the grain size decreases slightly and the
arrangement of the grains get more compact. All the PETG
copolyesters exhibit good thermal stability, which can
completely meet the temperature requirement of melt-
spinning. Therefore, the crystal structure of the copolyester
can be effectively regulated by changing the CHDM con-
tent and the ratio of cis-trans isomers, which is conducive
to improving the thermal stability and mechanical proper-
ties of the copolyester. In addition, the synthetic effects of
the chemical structure and different drawing ratios on the
crystal structure and mechanical properties of
PETG30-trans80 fibers are analyzed by 2D-WAXD and ten-
sile strength. The tensile strength increases from 54.9 MPa
to 113.9 MPa and the crystallinity increases from 17.5%
to 27.8%, which illustrates that certain drawing ratios can
effectively improve the internal structure order and tensile
strength due to the effect of stress-induced crystallization.
In conclusion, we successfully fabricated the PETG copo-
lyester fibers with tunable properties by the industrialized
copolymerization and melt spinning way, which can be
applied in the fields of medicine, construction materials,
packaging materials, etc.
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