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Isothermal Crystallization Kinetics of Nylon 
10T and Nylon 10T/1010 Copolymers: Effect 

of Sebacic Acid as a Third Comonomer
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(1. Institute of Macromolecules and Bioengineering, School of Materials Science and Engineering, North University of China, Taiyuan 
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Abstract: Nylon 10T and nylon 10T/1010 samples were synthesized by direct melt polymerization. The 
isothermal crystallization kinetics of nylon 10T and nylon 10T/1010 was investigated by means of differential 
scanning calorimetry (DSC). The crystallization kinetics under isothermal condition has been analyzed by the 
Avrami equation. It was found that the Avrami equation was well-suited to describe the isothermal crystallization 
kinetics, combined with the results of the Turnbull-Fisher equation. The values of Tm

0 and Kg were obtained 
by Hoffman-Weeks and Lauritzen-Hoffman equations, respectively. The activation energies for isothermal 
crystallization of nylon 10T and nylon 10T/1010 were determined using the Arrhenius equation and found to 
be -123.24 and -81.86 kJ·mol-1, respectively, which reveals that the crystallization ability of nylon 10T/1010 
was lower than that of nylon 10T during the isothermal crystallization process. The crystal morphology was 
observed by means of polarized optical microscopy (POM) and X-ray diffraction (XRD). It was found that the 
addition of sebacic acid comonomer did not change the crystal form of nylon 10T, but significantly increased the 
number and decreased the size of spherulites.
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1	 Introduction

Nylons, also known as polyamides, are a class of 
engineering thermoplastics used in a wide variety of 
applications[1,2]. They can be economically produced by 
melt processing, but their poor thermal properties, poor 
dimensional stability and high water absorption limit 
their applications in several industrial fields,  especially 
in manufacture of the LED reflectors, the shells of 
automobile engines and in the surface mount technology 
(SMT)[3]. For improving the thermal properties of 
nylons, aromatic rings have been incorporated into 
their backbones to give more robust materials, such 
as poly(hexamethylene terephthalamide) (nylon 6T) 

copolymers[4,5], poly(nonamethylene terephthalamide) 
(nylon 9T)[6,7], poly(decamethylene terephthalamide) 
(ny lon  10T) [8 ,9 ] ,  and  po ly (dodecame thy lene 
terephthalamide) (nylon 12T)[10,11]. In particular, 
nylon 10T, a condensation type polymer containing 
1,10-decanediamine and terephthalic acid, is a good 
engineering plastic with good thermal durability 
and low water absorption. However, nylon 10T has 
a high melting point, as high as 315 °C[12], which 
is close to its decomposition temperature. Hence, 
the melt processing window is narrow, which limits 
its scope in industrial processing and applications. 
Sebacic acid can be used as a comonomer to reduce 
the melting temperature of nylon 10T by reducing 
the contents of aromatic rings structure, while still 
maintaining the excellent mechanical properties of the 
poly(decamethylene terephthalamide/decamethylene 
decanediamide) (nylon 10T/1010) copolymer. 
Furthermore, 1,10-decanediamine and sebacic acid are 
both important starting materials used to synthesize 
nylon 10T/1010 and can be obtained from the product 
of castor oil, which in turn is obtained from processing 
of castor seeds[13]. Therefore, nylon 10T/1010 can be 
considered a type of green material which is obtained 
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from natural raw materials[14].
It is well known that the mechanical and thermal 

properties of semi-crystalline polymers, such as nylons, 
strongly depend on their crystalline structures, degree 
of crystallization and morphologies, all of which are 
significantly controlled by the crystallization stage 
during the polymer molding process[15]. Polymer 
molding technologies including extrusion molding, 
injection molding and film-forming are often performed 
under isothermal or non-isothermal conditions in 
practical applications[16]. In addition, isothermal 
crystallization is very amenable to theoretical 
analysis[17-20]. Although some studies have synthesized 
a series of semiaromatic polyamides, few studies 
have focused on the crystallization kinetics of nylon 
10T and nylon 10T/1010[2,3,8,9]. For this reason, we 
have performed an isothermal crystallization kinetics 
study based on differential scanning calorimetric 
measurements. 

In this work, Avrami, Hoffman-Weeks, Turnbull-
Fisher and Lauritzen-Hoffman equations were applied 
to discuss the isothermal crystallization kinetics of the 
nylon 10T and nylon 10T/1010 copolymers. Moreover, 
the activation energy for isothermal crystallization was 
calculated using the Arrhenius equation. Finally, the 
crystal morphologies of the two polymers were studied 
by polarized optical microscopy (POM) and X-ray 
diffraction (XRD).

2  Experimental

2.1	 Materials
Terephthal ic  acid and benzoic acid were 

purchased from Beijing Yanshan Lithification Chemical 
Co. Ltd. (Beijing, China). 1,10-Decanediamine and 
sebacic acid were supplied by Wuxi Xinda Nylons Co. 
Ltd. (Wuxi, China).
2.2	 Synthesis

Nylon 10T/1010 was synthesized via a direct melt 
polymerization process which included three steps, 
namely, prepolymerization, final polycondensation and 

viscosity increasing reaction, as shown in Fig.1.
In a typical procedure, 1,10-decanediamine 

(172.3 g, 1 mol), terephthalic acid (149.5 g, 0.9 mol), 
sebacic acid (20.2 g, 0.1 mol) and benzoic acid (6.1 
g, 0.05 mol) were added into a polymerization kettle 
and distilled water (150 g) was added to reduce the 
volatilization of diamine during the polymerization. 
Benzoic acid was used as the inhibitor in order to 
control the molecular weight of nylon 10T/1010. 
The polymerization kettle was filled with nitrogen at 
room temperature and then heated to 275 ℃ in 3 h, 
meanwhile the pressure was up to 2.0 MPa. After 1.5 h, 
the pressure of the polymerization kettle was gradually 
decreased to atmospheric pressure in 1 h by deflating 
and the reaction temperature of the polymerization 
kettle was increased to 310 ℃. After reaction for 
another 0.5 h, the pressure of the polymerization 
kettle was evacuated to -0.099 MPa and the viscosity 
increasing reaction was allowed to proceed for 0.3 h. 
Finally, the polymerization kettle was cooled to room 
temperature and nylon 10T/1010 was obtained (327 g, 
94%).

Nylon 10T was prepared by the similar procedure, 
except that sebacic acid was not added. In a typical 
reaction, only 1,10-decanediamine (172.3 g, 1 mol), 
terephthalic acid (166.1 g, 1 mol) and benzoic acid (6.1 
g, 0.05 mol) were used, and nylon 10T was obtained 
(320 g, 93%). The intrinsic viscosity values ([η]) of 
nylon 10T and nylon 10T/1010 were 83 and 87 mL·g-1, 
respectively.
2.3	 Characterization
2.3.1  Intrinsic viscosity

The intrinsic viscosities of the nylon 10T 
and nylon 10T/1010 copolymers were determined 
in concentrated sulfuric acid with an Ubbelohde 
viscometer at (25 ± 0.1)℃.
2.3.2  FT-IR

FT-IR spectra were recorded on a Shimadzu 
8400S spectrometer (Japan). The samples were 
prepared by melt-pressing as KBr discs.
2.3.3  Differential scanning calorimetry

Fig.1  Schematic representation of the polymerization processes of nylon 10T/1010
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The isothermal crystallization was carried out 
by using a Mettler Toledo 822e differential scanning 
calorimeter (Switzerland). All DSC measurements were 
performed in a nitrogen atmosphere. The weight of the 
samples was approximately 3 mg. The thermal history 
of the samples was eliminated by heating the samples 
at 330 ℃ for a period of 5 min. In the isothermal 
crystallization process, the samples were quenched at 
100 ℃·min-1 from 330 ℃ to the desired crystallization 
temperature (Tc) and kept there for a period of time 
until complete crystallization.
2.3.4  Polarized optical microscopy

Polarized optical microscopic (POM) images 
were obtained by using a XPT-7 microscope (Optical 
Instruments Factory, Shanghai, China). Nylon 10T and 
nylon 10T/1010 samples were observed in thin films 
prepared between microscope coverslips by melting the 
polymer at 315 ℃ for 2 min and then rapidly cooling 
to the crystallization temperature in an automatic 
hot stage. The nylon 10T and the nylon 10T/1010 
samples were isothermally crystallized for 0.5 h at 
the temperatures of 269 and 260 ℃, respectively. The 
images were recorded after complete crystallization.
2.3.5  X-ray diffraction

The crystal structures of nylon 10T and nylon 
10T/1010 were examined by a D/max-RB X-ray 
diffractometer (Rigaku Industrial Corporation, Japan) 
using X-ray tube (40 kV, at 100 mA) and Cu Kα 
radiation at ambient temperature. The scanning rate was 
set as 5 °·min-1 in the range from 5° to 50°. The XRD 
data were analyzed by using MDI Jade 5.0 software 
from American Materials Data Corporation.

3	 Results and Discussion 

3.1	 Fourier transform infrared spectra
FT-IR spectra of the nylon 10T/1010 salt and the 

nylon 10T/1010 are shown in Fig.2. The characteristic 
peaks of the nylon 10T/1010 salt were observed at 
3 392 cm−1 (NH3

+, N-H stretching vibration) and 2 143 

cm−1 (NH3
+, the absorption peaks of frequency doubling 

and combination band) . The characteristic peaks of 
amide groups of the nylon 10T/1010 were found at 
3 129 cm−1 (hydrogen-bonded and N-H stretching 
vibration), 1 643 cm−1 (C=O stretching vibration), 
and 1 400 cm−1 (C-N stretching and CO-N-H bending 
vibrations), respectively. Comparing the FT-IR spectra 
of nylon 10T/1010 salt and nylon 10T/1010, it can be 
seen that one of the characteristic absorption peaks 
of the nylon 10T/1010 around 2 143 cm−1 (NH3

+) has 
disappeared. The results indicate that nylon 10T/1010 
can be synthesized via direct melt polymerization, as 
per the process depicted in Fig.1.

3.2	 Isothermal crystallization behaviors
The isothermal crystallization thermograms 

of nylon 10T and nylon 10T/1010 samples were 
obtained by cooling the polymer melt to the specified 
crystallization temperature, and are shown in Fig.3. It 
can be seen that the crystallization peaks of nylon 10T 
and nylon 10T/1010 shifted to the right and became 
flatter with increasing crystallization temperature. 
This indicates that the crystallization rate decreased 
with an increase in the crystallization temperature and 
the samples required longer time to achieve complete 
crystallization at higher crystallization temperatures. In 
the case of nylon 10T/1010, the crystallization peaks 
shifted to lower isothermal crystallization temperatures 
due to the addition of the sebacic acid comonomer.

In order to better understand the isothermal 

Fig.3  DSC curves of nylon 10T and nylon 10T/1010 isothermally crystallized at the specified temperatures

Fig.2  FT-IR spectra of nylon 10T/1010 salt and nylon 10T/1010
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crystallization kinetics, the degree of crystalline 
conversion was measured as a function of time while 
keeping the temperature constant[21]. The relative 
crystallinity X(t) at any crystallization time t is 
calculated as below[22]:

t c
0

t cc
0

d (t) d( ) d( )
d ( )( ) d

d

c

H tX t tX t H tX t t
t

=∞
= =

= ∞

∫

∫
            (1)

where dHc(t)/dt is the rate of heat evolution. X(t) is 
obtained from the area of the exothermic peak in the 
isothermal crystallization analysis using DSC, and 
is shown in Fig.4 with respect to time. It can be seen 
that the relative crystallinity decreased at a given 
crystallization time with an increase in crystallization 
temperature, suggesting that the crystallization rate 
decreased as temperature increased.
3.3	 Analysis based on the Avrami theory

The crystallization process is highly temperature 
dependent, and consists of two distinct crystallization 
stages, primary and secondary[23].  The primary 
crystallization stage involves the outward clear 
growth of lamellar stacks, while the secondary 
crystallization stage is mainly due to the perfection of 
the internal spherulite crystallization and the spherulitic 
impingement in the later stage of the crystallization 
process[24,25]. In general, the Avrami theory can be 
employed to analyze the isothermal crystallization 

process of the nylon 10T and nylon 10T/1010 
copolymers, based on the assumption that relative 
crystallinity X(t) increases with the crystallization time 
t, as below[26]:

( ) 1 exp( )nX t Kt= − −                          (2)

To simplify the operation,  Eq. (2) is usually 
written in a double logarithmic form as follows:

log[ ln(1 ( ))] log logX t n t K− − = +              (3)

where K is a crystallization rate constant involving 
both nucleation and crystal growth rate parameters, and 
n is a mechanism constant that depends on the form 
of nucleation and the growth dimension. Generally, 
the value of n should be an integer between 1 and 4 
for different crystallization mechanisms. However, 
when other factors are involved in the process, such as 
competition of diffusion-controlled growth and/or the 
irregular boundary of the spherulites, then the Avrami 
exponent n will not be a simple integer any more[15]. 
Based on Eq.(3), the plots of log[-ln(1-X(t))] versus 
log t were drawn, as shown in Fig.5. It can be seen that 
all the curves are divided into a primary crystallization 
stage and a secondary crystallization stage. The 
Avrami equation is generally assumed to be applicable 
only to the primary crystallization stage, thus the 
linear portion is approximately 30%-70% of the 
relative crystallinity for the isothermal crystallization 
process[27]. Accordingly, the Avrami exponent n and the 

Fig.5  Plots of log[-ln(1-X(t))] versus log t at the indicated temperature for the isothermal crystallization of nylon 10T and nylon 10T/1010

Fig.4	 Relative crystallinity at different crystallization times during the process of isothermal crystallization for nylon 10T and nylon 
10T/1010
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crystallization rate K were obtained from the slope and 
intercept of the linear portion of Fig.5, respectively, and 
are presented in Table 1. Another important parameter 
in this regard is the crystallization half-time t1/2, which 
is the time at which the extent of crystallization is 
50%. The rate of crystallization τ1/2 is described as the 
reciprocal of t1/2. The other related parameter, tmax is the 
time corresponding to the maximum crystallization 
rate, which can be calculated by Eq. (2)[28]. The values 
of t1/2, τ1/2 and tmax are also presented in Table 1, and 
they were calculated using the equations below (Eqs.4-
6):

1/

1/2
ln2 n

t
K

 =  
 

                         (4)

1/2
1/2

1
t

τ =                             (5)

1/

max
1 nnt

nK
− =  

 
                      (6)

From the data in Table 1, it can be seen clearly 
that the Avrami exponent n decreases as the isothermal 
crystallization temperature increases. At the primary 
crystallization stage, the n values for nylon 10T and 
nylon 10T/1010 range from 1.74 to 2.14 and 1.94 to 
2.01, respectively, which means that the addition of the 
sebacic acid comonomer does not noticeably influence 
the mechanism of the nucleation and the growth of 
the nylon 10T crystallites. These results also indicate 
that the nucleation and growth modes at the primary 
crystallization stage of the isothermal crystallization 
for the nylon 10T and nylon 10T/1010 samples may be 
a mixture of one-dimensional, needle-like growth and 
two-dimensional, circular growth, diffusion controlled 
growth with thermal nucleation. The dependency of 

t1/2 on the crystallsization temperature is illustrated 
in Fig.6. Generally, t1/2 is used to characterize the 
crystallization rate, and the longer the t1/2, the slower 
the crystallization rate. At a certain crystallization 
temperature, the t1/2 value of nylon 10T/1010 was 
higher than that of nylon 10T, i e, the crystallization 
rate of the former was slower than that of the latter.

3.4	 Equilibrium melting point
For quantitative analysis of the crystallization 

behavior, especially the examination of the temperature 
dependence of the crystallization rate, it is essential to 
determine the equilibrium melting point as accurately 
as possible[29]. According to Hoffman-Weeks theory[30], 
the equilibrium melting point Tm

0 may be deduced by 
plotting the observed apparent melting temperature 
Tm with respect to the isothermal crystallization 
temperature Tc, which is obtained by extrapolation of 
the resulting straight line to intersect the line Tm=Tc

[31], 
as follows:

0 11
2 2

c
m m

TT T
β β

 
= + − 

 
                   (7)

where β denotes the growth of lamellar thickness 
during isothermal crystallization[32]. The plots of 

Table 1  Avrami kinetic parameters of the nylon 10T and the nylon 10T/1010 as function of crystallization temperature

Sample Tc/℃ n K/min-1 t1/2/min τ1/2/min-1 tmax/min

Nylon 10T

263 2.14 2.80 0.52 1.92 0.46

266 2.08 2.10 0.59 1.71 0.51

269 1.99 1.50 0.68 1.47 0.58

272 1.84 1.15 0.76 1.32 0.60

275 1.74 0.79 0.93 1.08 0.70

Nylon 10T/1010

254 2.00 0.19 1.92 0.52 1.63

257 2.01 0.17 2.00 0.50 1.71

260 1.95 0.15 2.22 0.45 1.85

263 1.94 0.11 2.58 0.39 2.14

266 1.97 0.09 2.88 0.35 2.42

Fig.6	 Crystallization half-time as a function of crystallization 
temperature for nylon 10T and nylon 10T/1010

256 264 272 280
Tc/℃

t 1
/2
/m

in

4

3

2

1

0

Nylon 10T/1010

Nylon 10T



1252 Vol.33 No.5 WANG Zhongqiang et al: Isothermal Crystallization Kinetics of Nylon 10T...

Tm versus Tc are shown in Fig.7. The values of Tm
0 

for nylon 10T and nylon 10T/1010 are found to be 
316.18 and 322.33 ℃, respectively. In addition, the 
crystallization of polymers is generally influenced by 
the super-cooling degree (ΔT=Tm

0-Tc), thus the plots of 
n versus ΔT or log K versus ΔT should be linear. The 
plots of n versus ΔT and log K versus ΔT for nylon 10T 
and nylon 10T/1010 are illustrated in Fig.8. It is evident 
that the values of n and log K for nylon 10T/1010 did 
not show a good linear relationship with respect to ΔT, 
which indicates that the addition of the sebacic acid 
comonomer significantly influenced the crystallization 
of nylon 10T.

3.5	 Isothermal crystallization activation 
energy
Based on the assumption that the isothermal 

crystallization process is thermally activated, the 
approximate activation energy can be calculated by the 
following form of the Arrhenius equation[33]:

1/
0 exp( / )n

cK K E RT= −∆                  (8)

Eq.(8) can be rewritten in a logarithmic form as:

0
1 ln ln

c

EK K
n RT

∆
= −                      (9)

where K0 and K  values describe the pre-
exponential factor and the crystallization rate constant, 
respectively. R is the universal gas constant. Then, 

by plotting (1/n) ln K versus 1/Tc, a straight line must 
be obtained with a slope equal to ΔE, as shown in 
Fig.9. ΔE is the sum of the activation energies for 
the nucleation and crystal growth processes in the 
isothermal crystallization process. The lower ΔE is, 
the faster the crystallization rate becomes[16]. Thus, 
ΔE value of nylon 10T/1010 was higher than that of 
nylon 10T, indicating that the crystallization ability of 
the nylon 10T/1010 was lower during the isothermal 
crystallization process. This is likely due to the addition 
of the sebacic acid comonomer which affects the 
symmetry and regularity of the polymer chains. This 
result is in accordance with that obtained from Avrami 
theory.

The Turnbull-Fisher equation, which is an 
important expression for spherulitic growth rate, can be 
expressed as follows[34]:

0
* *ln ln

c c

E FG G
kT kT
∆ ∆

= − −               (10)

where G is the spherulitic growth rate, G0 is a pre-
exponential factor, k is the Boltzmann constant, ΔE* 
is the free energy of activation for transporting a chain 
segment from the super-cooled phase to the crystalline 
phase, and ΔF* is the free energy of formation of 
a nucleus of critical size. At high temperature, the 
nucleation term, ΔF*/kTc, is dominant. Therefore, as 
the crystallization temperature approaches the melting 
temperature, Eq. 10 can be written as follows[23]:

0
*ln ln

c

FG G
kT
∆

= −                    (11)

or

0

0 2 0ln ln
(

m

c m c

TG G
T T T

χ
= −

− ）
             (12)

where χ is a parameter concerning the interfacial free 
energy and heat of fusion. According to Lin [35] , the 
following equation can be obtained from Eqs. (2), (6) 
and (12):

Fig.8  Plots of n versus ΔT and log K versus ΔT for nylon 10T and nylon 10T/1010

Fig.7	 Melting temperatures as a function of crystallization 
temperatures for nylon 10T and nylon 10T/1010
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max 2

Clog B
2.303 c

t
T T

= −
⋅ ⋅∆

              (13)

where B and C are constants. Eq.(13) can be used to 
evaluate whether the primary stage of the isothermal 
crystallization of nylon 10T and nylon 10T/1010 could 
be described by the Avrami equation. In other words, 
if the plot of log tmax versus 1/(2.303Tc

2ΔT) is a straight 
line, then it is very likely that nylon 10T or nylon 
10T/1010 can be described as undergoing the primary 
stage of the isothermal crystallization. The plots for 
nylon 10T and nylon 10T/1010 show a good linear 
relationship, as shown in Fig.10.

3.6	 Lauritzen-Hoffman theory
In order to make the Turnbull-Fisher equation 

suitable for the isothermal crystallization process with 
a large degree of super-cooling, Lauritzen and Hoffman 
analyzed the spherulitic growth rate G and obtained the 
famous Lauritzen-Hoffman equation, as below[36,37]:

( )
g

0
c c

exp exp
KUG G

R T T T Tf

∗

∞

  − −
=     − ∆  

        (14)

For convenience, Eq. (14) can be rearranged and 
written as follows:

( )
g

0
c c

ln ln
KUG G

R T T T Tf

∗

∞

+ = −
− ∆

         (15)

where G is the growth rate of crystallization, 
defined as G=1/(t1/2), which is obtained from Eq.(4)[38].
G0 is a pre-exponential factor that includes all 
temperature independent terms, R is the universal gas 
constant and Kg is the nucleation parameter that reflects 
the regime behavior. U* represents the diffusional 
activation energy for the transport of segments to the 
crystallizable site at the liquid-solid interface, taken 
as 6 280 J•mol-1[22]. T∞ is the hypothetical temperature 
where all motion associated with viscous flow ceases, 
which is usually assumed to be equal to (Tg-30) K. 
ΔT is the super-cooling degree, and f is a correction 
factor to account for the variation in the bulk enthalpy 
of fusion per unit volume with temperature, defined as 
f=2Tc/(Tm

0+Tc). The plots of lnG+U*/[R(Tc−T∞)] with 
respect to 1/(TcΔTf) should yield a straight line with a 
slope Kg and an intercept ln G0, as shown in Fig.11. It 
can be seen that the Kg value of nylon 10T/1010 was 
higher than that of nylon 10T.

3.7	 Crystal morphology
Polarization microscopic images of nylon 10T 

and nylon 10T/1010 are shown in Fig.12. It was found 
that the Maltese cross characteristic of spherulitic 
structures could not be observed in the images. From a 
comparison of the two photographs, it can be seen that 
nylon 10T contains relatively larger crystalline grains, 
whereas a denser granular texture of crystals is formed 
for nylon 10T/1010 with smaller crystalline grains. It 
is clear that the number of crystal nuclei is increased 
and the growth rate of crystalline grains is decreased 
by the addition of the sebacic acid comonomer. As the 
symmetry and regularity of the polymer chains are 
destroyed by the sebacic acid comonomer for nylon 
10T/1010, its intracrystalline flaws are increased and 
crystal growth is restricted.

Fig.9	 Plots of 1/n (ln K) versus 1/Tc for nylon 10T and nylon 
10T/1010

Fig.10	 Plots of log tmax versus 1/(2.303Tc
2ΔT) for nylon 10T and 

nylon 10T/1010

Fig.11	 Plots of lnG+U*/[R(Tc−T∞)] versus 1/(TcΔTf) for nylon 
10T and nylon 10T/1010
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The XRD patterns of nylon 10T and nylon 
10T/1010 are presented in Fig.13. Compared to nylon 
10T, the characteristic peaks of nylon 10T/1010 are 
almost unchanged. This indicates that the incorporation 
of sebacic acid comonomer into the nylon 10T did not 
change its crystalline form. All the XRD data are listed 
in Table 2. Compared with nylon 10T, it was observed 
that the size of crystalline grains of nylon 10T/1010 
decreased, which is consistent with POM results.

4	 Conclusions

A systematic investigation of the isothermal 
crystallization kinetics and morphology of nylon 10T 
and nylon 10T/1010 copolymers prepared by direct 
melt polymerization has been carried out. For the 
isothermal crystallization of nylon 10T and nylon 
10T/1010, the crystallization peaks of the polymer 
shifted to the right and became flatter with increasing 
crystallization temperature. Avrami equation analysis 
reveals that the isothermal crystallization curves 
are divided into a primary crystallization stage and 
a secondary crystallization stage. At the primary 

crystallization stage, the n values for nylon 10T and 
nylon 10T/1010 ranged from 1.74 to 2.14 and 1.94 
to 2.01, respectively, which meant that the nucleation 
and crystal growth modes are possibly a combination 
of one-dimensional, needle-like growth and two-
dimensional, circular growth, diffusion controlled 
growth with thermal nucleation. The activation energies 
for isothermal crystallization of nylon 10T and nylon 
10T/1010 have been determined by Arrhenius equation 
to be -123.24 and -81.86 kJ·mol-1, respectively, 
which reveals that the crystallization ability of nylon 
10T/1010 was lower. Combined with the results of 
the Turnbull-Fisher equation, the Avrami equation 
successfully describes the isothermal crystallization 
process of nylon 10T and nylon 10T/1010. POM and 
XRD observations showed that the addition of the 
sebacic acid comonomer did not affect the crystal form 
of nylon 10T, but significantly decreased the size and 
increased the number of spherulites. 
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