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ABSTRACT

The aminolysis of poly(ethylene
terephthalate) (PET) waste bottle with excess
amount of aliphatic diamines, such as
tetramethylenediamine (TMDA) and
hexamethylenediamine (HMDA) without catalyst
has been carried out. Each trimers and

pentamers in the obtained products were isolated
and characterized by FTIR, NMR, HPLC
methods. Although an excess of diamine was
employed, longer blocks of oligomers were still
formed as minor products.
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hexamethylenediamine (HMDA), oligomers, poly(ethylene terephthalate) (PET), tetramethylenediamine

(TMDA), poly(hexamethylene terephthalamide), poly(tetramethylene terephthalamide),

recycling
INTRODUCTION

Poly(ethylene terephthalate) (PET) finds
applications across diverse industries such as
food and beverage packaging, automotive,
electronics among the others. Every year,
hundreds billion PET bottles are produced
worldwide. The increasing demand of PET has
resulted in the increasing waste. Stringent
environmental rules and regulations by
government requires to recycle PET waste. A
large quantity of PET waste is recycled by a
physical process and just a smaller one by
chemical method. Chemical recycling is defined
as the process leading to complete or partial
degradation of waste polymer to monomer or
oligomer, respectively. Chemical recycling of
PET does not only serve as a method to reduce
the solid waste, to conserve raw petrochemical

waste bottle

products and energy, but also contributes to the
manufacturing value-added products.

Based on the ester functionality, PET may
react with water, alcohols, amines to produce
monomer/oligomers. From these small molecules
unsaturated polyester, polyurethane, etc. were
prepared [1].

Ester group in PET can be converted into
stable amide by the reaction with amine. From
this functional group transformation, PET was
modified or degraded by reaction with various
amines. For instance, PET fiber surface was
modified by using 3-aminopropyltriethoxysilane
[2, 3], n-butylamine vapor and aqueous n-
butylamine [4], n-propylamine and methylamine
[5], by diamines [6] or by multifunctional amines
[7]. The aminolytic depolymerization of PET
with ethanolamine has been investigated under
reflux in the presence of glacial acetic acid,
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sodium acetate and potassium sulphate, as
catalysts [8], or under microwave energy and
using catalysts [9], or under microwave
irradiation and without the use of any catalyst
[10].

According to Fukushima K et al [11], the
degradation of PET was carried out in various
amines, such as primary amines (aliphatic,
aromatic, click  functionalized, tertiary
functionalized) and diamines, using the
organocatalyst  1,5,7-triazabicyclo[4.4.0]dec-5-
ene (TBD). Structures of the obtained
terephthalamides were confirmed by *H- and *3C-
NMR, and their melting points were determined
by DSC.

The terephthalamide oligomeric products are
prepared not only by the degradation of PET, but
also by the aminolysis of terephthalate
monomers.  The  synthesis  of  bis(6-
aminohexyl)terephthalamide (BAHT or trimer
6T6-diamine) was derived from the synthesis of
bis(4-aminobutyl)terephthalamide (BABT or
trimer 4T4-diamine) [12]. BABT was prepared
by the reaction of dimethyl terephthalate (DMT)
with tetramethylendiamine (molar ratio 1:3). The
product structure was confirmed just by FTIR
method. Krijgsman et al [13] also disclosed the
preparation of bis(w-aminoalkyl)
terephthalamides from DMT and
bisaminealkanes. The alkanes were used as
ethane, propane, butane, hexane, heptane and
octane. The authors have used n-butyl acetate to
recrystallize the crude products, however the
yield of this process was as low as 48 %. The
formation of higher oligomers, such as pentamer
6T6T6-diamine and heptamer 6T6T6T6-diamine,
was also proposed. In another paper, the overall
yield of BAHT was reported by Martijn van der
Schuur [14] with only 16 %.

Polyterephthalamide such as poly
(hexamethylene terephthalamide) (PA6T) is
known for their thermal stability, chemical

o,m-

resistance, high strength, and high modulus as
fibers [15].

In the previous paper [16] we described the
aminolysis of PET with ethylenediamine (EDA).
The trimeric and pentamer products were isolated
and identified by FTIR, NMR, HPLC-MS, DSC,
TGA. In this research work, the longer chain
aliphatic diamines, namely tetramethylendiamine
(TMDA) and hexamethylenediamine (HMDA)
were used for the aminolysis reaction of PET,
using a modified procedure to improve the
conversion. By using excess of diamine, the
oligomeric products have amine end groups and
can be used to prepare high performance

polymers such as polyamide, polyimide,
polymaleimide, etc.
MATERIALS AND METHODS
Materials
Tetramethylenediamine (TMDA) and

hexamethylenediamine (HMDA) were obtained
from Sigma Aldrich. Acetone, methanol were
from Chemsol-VN. PET waste colorless bottle
was washed with water and then cut into 3 mm x
4 mm flakes and dried in an oven for 3 days at 80
°C.

Characterization methods

An FTIR-TENSOR Il Bruker spectrometer
was used in the transmission mode to record
spectra from KBr pellets. *H-NMR and **C-NMR
spectra were recorded with a Bruker ARX-500
NMR Spectrometer operating at 500 MHz (*H)
and 125 MHz (*3C) in ds-acetic acid solution.

The analysis conditions of the HPLC-ESI-
MS (1200 Series micrOTOF — QIl Bruker,
Agilent Technologies, Palo Alto, CA, USA) were
as follows. Column: ACE 3-C18 (150x4.6 mm
i.d., 3 um particle size) (Agilent Technologies,
USA) reverse phase columns. HPLC conditions:
injection volume of 10 pL, column temperature
of 25 °C and flow rate of 0.4 mL min-t. The
mobile phases were used for A solution (water
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containing 0.1 % formic acid) and for B solution
(methanol containing 0.1 % formic acid). Linear
gradients for the B solution were programmed
from 10 % to 100 % in 20 min, hold 100 % for 5
min. UV detection wavelength: 242 nm. The
HPLC instrument was connected to a Bruker
Daltonics MicrOTOF QIl time-of-flight mass
spectrometer, equipped with an orthogonal ESI
source and a 6-port divert valve. The MS
instrument was operated in positive ion mode
using a range of 50-3000 m/z. External
calibration was performed prior to each run using
cluster ions from an Agilent tune mix solution.
The solution for HPLC analysis was prepared by
dissolving about 4 mg solid materials in 50 mL of
formic acid.

Reaction of PET with TMDA, HMDA

A mixture of 3.00 g (15.6 mmol) of PET
flake and a specific mass of diamines TMDA or
HMDA was heated in a 100 mL round bottom
flask at 80 °C. After heating for 1 h, the reaction
mixture became thick and it was diluted with
5.0 mL of methanol. This solvent treatment was
repeated every hour until overall 30 mL of
methanol was added. The reaction mixture was
continued heating for an additional 14 h and then
allowed to cool to room temperature and filtered.
The insoluble material, labelled as part A, was
rinsed carefully with methanol and acetone, dried
at 60 °C for 24 h in a vacuum oven, and its mass
was recorded. The volatile materials in the
combined filtrate and rinsed solvents were
removed by a rotary evaporator. The white

precipitate was filtered, rinsed carefully with cool
methanol, acetone, dried at 60 °C for 24 h in a
vacuum oven, and then its mass was recorded and
labelled as part B. Part A and B solid materials
were subjected to FTIR, NMR, HPLC-MS
analysis.

RESULTS AND DISCUSSION

The general aminolysis reaction of PET with
tetramethylenediamine (TMDA) or
hexamethylenediamine (HMDA) was shown in
Scheme 1.

Reactant diamines were used in excess,
therefore amine groups would caped at both ends
of an oligomeric chain. A trimer is assumed to be
formed from one molecule of terephthalic acid
and two molecules of diamine. A pentamer is
formed from two molecules of terephthalic acid
and three molecules of diamine.

Q O
O n
HoNT(CHa)m™N : O
N
0 /

H

(CHz)m—NH;
p

Scheme 1. Aminolysis reaction of PET with
tetramethylenediamine (m=4) or
hexamethylenediamine (m=6) and formation of trimer
(p=1) or pentamer (p=2).

Table 1. Values of m, p and names of PET aminolysis products corresponding to the chemical structure

shown in Scheme 1

m Names Abbreviations Part

4 Bis(4-aminobutyl)terephthalamide BABT B
>2 | o,-Bisaminoligo(tetramethylene terephthalamide) AOBT A

6 1 | Bis(6-aminohexyl)terephthalamide BAHT B
>2 | o,-Bisaminoligo(hexamethylene terephthalamide) AOHT A
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Aminolysis of PET with

tetramethylenediamine (TMDA)

The reaction of PET flake with excess
TMDA produces oligomers. We started from the
input molar ratio of TMDA:PET = 8:1. By using
solvent methanol treatment of the reaction
mixture, two parts were separated, with A is a
methanol insoluble part and B is a methanol
soluble part. Part B contains mainly a lower
molecular weight trimer  bis(4-aminobutyl)
terephthalamide (BABT). Part A consists largely
of higher molecular weight pentamer of o,w-
aminoligo(tetramethylene terephthalamide)
(AOBT). The identifications and
characterizations of part B and part A are
described in detail as follows.

The aminolysis of ester groups in PET
structure by an aliphalic diamine can be
confirmed by observing the disappearance of
PET flake in the reaction mixture and by FTIR
analysis (Fig. 1). The conversion of terephthalate
ester to terephthalamide group was evidenced by
the shifting of C=0 stretching band at 1715 cm™!
of ester to 1623 cm™ of amide, the appearance of
secondary amide N-H stretching band at
3300 cm™ and amide Il band at 1544 ¢cm™. The
N-H stretching band of primary amine end
groups could only be seen in the part B- BABT
spectrum at 3342 cm™. However, for the
pentamer, due to small contribution of the amine
end groups to a much higher molecular weight,
this band for the amine end groups could not be
detected. Four methylene groups (CH2)s show an
asymmetric stretching at 2951 cm™ and a
symmetric stretching at 2871 cm™. A band at 859
cmt is due to C(arom)-H out-of-plane hydrogen
deformations for para substituted benzene.

(b)

(a)

T T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1)

Fig. 1. FTIR spectra of (a) part B-BABT and (b) part
A-AOBT obtained from the PET-TMDA reaction

Chemical structures of part B- BABT and
part A- AOBT from PET-TMDA reaction were
also confirmed by NMR spectroscopy (Fig. 2, 3).

The peaks observed in the *H-NMR spectrum
of part B- BABT (Fig. 2A) are attributed as
follows: the single peak at 7.95 ppm (4 H) is
typical for symmetrical para-substituted aromatic
protons, the two sets of triplet peaks at 3.509 ppm
(4 H, J=6.5 Hz, CONHCﬂz(CHz)z(:HzNHz) and
3.127 ppm (4 H, J = 7.5Hz, CONHCH,(CH,)2-
CH2NH,) are produced by the two sets of alpha
methylene protons attached to amide and amine
groups, respectively. The multiplet peaks at 1.82
and 1.76 ppm are assigned to the beta methylene
protons of amide/amine groups (8H, m,
CONHCH(CH2).CH2NHy).

The C-NMR spectrum of part B- BABT
(Fig 2B) shows typical resonances at 169.48 ppm
(2C, C=0), 137.80 ppm (2C, quart, aromatic C),
128.60 ppm (4C, aromatic C-H), 40.66 ppm (2C,
CONHCHy), 40.28 ppm (2C, CH2NH,), 26.84,
25.36 ppm (CH>).
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Fig. 2. (A) 'H-NMR and (B) *3C-NMR spectra in CDsCOOD of part B-BABT obtained from the PET-TMDA
reaction

The peaks observed in the *H-NMR spectrum
of part A- AOBT (Fig. 3A) are attributed as
follows: the singlet peak at 7.93 ppm (8H) is
typical for aromatic-C-Hs, the singlet peak at
3.50 ppm (8H, CONHCHy>) and a triplet peak at
3.13 ppm (4H, J 7.0 Hz, CH:NH,) are
produced by alpha methylene hydrogen atoms
attached to the amide and amine groups,
respectively. The single peaks at 1.75 and

1.80 ppm are assigned to the

methylene protons (12H).

The ¥C-NMR spectrum of part A-AOBT
(Fig. 3B) shows typical resonances at 169.48,
169.36 ppm (4C, C=0), 137.85, 137.68 ppm (4C,
quart, aromatic C); 128.55 ppm (8C, aromatic C-
H), 40.82, 40.65 ppm (4C, CONHCH,),
40.24 ppm (2C, CH:NHy), 27.33, 26.82,
25.34 ppm (CHy).

remaining
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Fig. 3. (A) *H-NMR and (B) **C-NMR spectra in CD3COOD of part A- AOBT obtained from the PET-TMDA
reaction

The purity of the obtained products from the
PET-TMDA reaction is determined by HPLC-
MS. Each part A- AOBT or part B-BABT is
separated by HPLC and each peak in the
chromatogram  represents an  individual
compound that is further characterized by MS.

Chromatogram of part B- BABT (Fig 4A)
shows a major peak at 3.0 min and a minor peak

at 7.2 min, corresponding to trimer BABT and
pentamer AOBT respectively as confirmed by
mass spectra. From the relative abundance of
trimer and pentamer, then part B contains 94.3 %
trimer and 5.7 % pentamer. This low content of
pentamer cannot be detected by FTIR or NMR
methods.
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Fig. 4. HPLC chromatograms of (A) part B- BABT and (B) part A- BABT obtained from the PET-TMDA reaction

Chromatogram of part A- AOBT (Fig. 4B)
shows a major peak at 7.2 min and a minor peak
at 11.6 min, corresponding to pentamer AOBT
and heptamer respectively as identified by mass
spectra. The relative abundance of pentamer and
heptamer in HPLC chromatogram (Fig. 4B)
showed that the part A- AOBT contains 90 %

pentamer and 10 % heptamer.
Aminolysis of PET with hexamethylene-
diamine (HMDA)

By using the same experimental procedure
and characterization methods as described above,
the reaction of PET with HMDA has formed a
methanol soluble part B containing mainly trimer
bis(6-aminohexyl)terephthalamide (BAHT) and a
methanol insoluble part A consisting of pentamer
AOHT.

(b)
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Fig. 5. FTIR spectra of (A) part B-BAHT and (B) part
A-AOHT obtained from the PET-HMDA reaction

Two FTIR spectra (Fig. 5) show the same
features of a secondary amide such as the
stretching vibration of C=0 (amide-I band) at
1626 cm™?, and the N-H deformation at
1543 cm™ (amide-I1 band). The minor difference
can be seen as a weak peak at 3342 cm™ of N-H
stretching of the primary amine end group in
BAHT.

The bands of six methylene chain of
BAHT/AOHT at 2937, 2864 and 733 cm™
become stronger compared with the FTIR spectra
of BABT/AOBT (Fig. 1) having four methylene
chain and BAET/AOET [16] having only two
methylene chain. When the number of methylene
chain increases the asymmetric stretching and
symmetric stretching bands of CH shift to lower
wave number or to lower energy. These findings
are in fairly good agreement with the fact that the
longer the methylene chain, the more flexible the
vibration and then it required lower energy.
Another band at 859 cm™ is due to C(arom)-H
out-of-plane hydrogen deformations for para
substituted benzene.

Part B- BAHT and part A- AOHT obtained
from the PET-HMDA reaction were also
characterized by NMR spectroscopy (Fig. 6, 7).

The peaks observed in the *H-NMR spectrum

of part B- BAHT (Fig. 6A) are attributed as
follows: the single peak at 7.93 ppm (4H) is
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typical for symmetrical para-substituted aromatic
ring, the two sets of triplet peaks at 3.47ppm (4H,
J = 7.0 Hz, CONHCH2(CH:)sCH;NH,) and
3.07 ppm (4H, J = 7.5 Hz, CONHCH2(CH>)s-
CH2NH,) are produced by the two sets of alpha
methylene hydrogen atoms attached to amide and
amine groups correspondently. Two very closed
peaks at 1,73 and 1.67 ppm with a total of 8
hydrogens are methylene protons at beta
positions of amine and amide groups. The single
peak at 1.44 ppm is attributed to gamma
methylene protons of amino and amido groups.

The BC-NMR spectrum of part B-BAHT
(Fig 6b) shows typical resonances at 169.40 ppm
(2C, C=0), 137.87 ppm (2C, quart, aromatic C);
128.54 ppm (4C, aromatic C-H), 40.97ppm (2C,
CHyNH,), 40.90 ppm (2C, CONHCH,),
29.71 ppm (2C, CONHCH,CH,), 27.88 (2C,
CH,CH;NH,), and another methylene carbons
appear at 27.05, 26.67 ppm.

The 'H and BC-NMR spectra have
confirmed the structure of bis(6-aminohexyl)
terephthalamide (BAHT).
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Fig. 6. (A) *H-NMR and (B) *3C-NMR spectra in CDsCOOD of part B-BAHT obtained from the PET-HMDA
reaction
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The peaks observed in the *H-NMR spectrum
of part A-AOHT (Fig. 7A) are attributed as
follows: the single peak at 7.92 ppm (8H) is
typical for aromatic protons of para-substituted
aromatic ring, the two sets of triplet peaks at 3.47
ppm (4H, t, J = 7.0 Hz, CONHCH,) and 3.06
ppm (4H, t, J = 7.5 Hz, RCH2(CH2)sCH:NH,) are

produced by the two sets of alpha methylene
hydrogen atoms attached to the amide and amine
groups correspondently. Similar to the *H-NMR
of BAHT the beta and gamma methylene protons
of amine/amide groups appear in 1.72, 1.66 and
1.44 ppm.

Table 2. Theoretical ratio of protons in o, »-Bisaminoligo(hexamethylene terephthalamide)

Oligomer Short Aromatic Alpha Alpha BetaCHzto | Gamma CH;
formula (*) protons CH.-NH, CH.- amine/amide to
NHCO amine/amide
Trimer 6T6 4 4 8 8
(BAHT)
Pentamer 6T6T6 8 8 12 12
Heptamer | 6T6T6T6 12 12 16 16

(*) T: terephthalamide: p-NHCOCsH4sCONH; 6: hexamethylene: NH(CH2)sNH.

Assuming that the mixture contains mainly x
mol of pentamer and (1 — x) mol of heptamer.
From the proton molar ratio at both ends or alpha
to amine (CH2NH2) over aromatic protons of
pentamer (4/8), heptamer (4/12) and our
experimental data of AOHT (3.82/8) then x can
be calculated based on *H-NMR integral as x =
0.865, or the part A contains 86.5 % mol of
pentamer and 13.5 % mol of heptamer.

The BC-NMR spectrum of part A-AOHT
(Fig. 7B) shows typical resonances of pentamer
of AOHT. In this pentamer structure, the
aromatic ring becomes unsymmetrical then the
carbonyl and C(ipso) are split into twin peaks at
169.42, 169.39 ppm (4C, C=0), and 137.90,
137.80 ppm (4C, quart, aromatic C), however 8

aromatic CHs appear as a singlet at 128.55 ppm.
There are three peaks at 41.08, 40.89 ppm (4C,
CONHCHy), 40.98 ppm (2C, CH:NHj) are
typical for alpha methylene carbons of
amide/amine groups. There are two peaks at
29.83, 29.73 ppm are due to two types of beta
methylene carbon to amide CH,CH>NHCO and
only one type of beta of methylene carbon to
amine CH,CH>;NH; at 27.89 ppm. Three other
peaks at 27.217, 27.07 and
26.69 ppm are attributed to gamma methylene
carbons of amide/amine groups.

The structure of heptamer cannot be detected
by BBC-NMR due to similarity with that of
pentamer.
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Fig. 7. (A) 'H-NMR and (B) *3C-NMR spectra in CDsCOOD of part A-AOHT obtained from the PET-HMDA
reaction

Chromatogram of part B-BAHT (Fig. 8A)
shows a major fraction at 5.3 min and three
minor fractions at 14.1, 14.4 and 19.5 min,
corresponding to trimer BAHT, pentamer and
heptamer of AOHT, respectively as confirmed by
mass spectra. The mass spectrum of the HPLC
fraction at 14.4 min (peak 3, Fig. 8A) shows
identical peaks as the one at 14.1 min (peak 2,
Fig 8A) of pentamer.

Chromatogram of part A-AOHT (Fig. 8B)
shows a principal peak at RT of 14.1 min and a

minor peak at 20.2 min, corresponding to
pentamer and heptamer of AOHT, respectively as
identified by mass spectra. The relative
abundance of fractions in the HPLC
chromatogram (Fig. 8B) shows that part A-
AOHT contains mainly pentamer M5 (89.2 %)
and a smaller quantity of heptamer M7 (10.8 %)
of OAHT. These values are quite closed to the
molar percentages of M5:M7 (86.5 % : 13 : 5 %)
in part A-AOHT determined by *H-NMR.
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Fig. 8. HPLC chromatograms of (A) part B-BAHT and (B) part A-AOHT obtained from the PET-HMDA reaction

Optimization of reaction conditions for

aminolysis of PET

Following the chemical equation in Scheme
1, in order to obtain a trimer with p = 1, the
minimum theoretical input molar ratio must be
reactant diamine : PET (2:1). However, if this
ratio is used and without using solvent, the
quantity of diamine is too little to cover all PET
flake, that requires for the efficient two phase
reaction of liquid/molten diamine with solid PET.
In a heterogenous reaction, the reaction rate
strongly relies on the mass transfer or diffusion
between these phases. As a liquid material,
diamine serves not only as a reactant for PET
aminolysis but also as a solvent. The larger input
diamine : PET ratio resulted in the more of
material exposes to reactant, thereby speeding up
the reaction. In addition, the larger the input
molar ratio diamine : PET is, the lower the
molecular weight of oligomer will be formed.

The conversion of PET into amide was
checked by observing the disappearance of PET
flake and by the FTIR spectrum of the isolated
products. Each reaction was carried out at least
three trials to obtain the average yields of trimers
and pentamers.

When molar ratio TMDA : PET of 8:1 was
used (3.00 g PET, 11.02 g TMDA) the product
consisted of 82.2+1.8 % of trimer BABT and
22.1+0.9 % of pentamer AOBT. In case the
molar ratio TMDA : PET was reduced to 6:1,
after 20 h of reaction, PET flake still remained in
the reaction mixture, then the molar ratio
TMDA : PET should not be less than 8:1.

The molar ratio of HMDA : PET was started
successfully from 8:1 (3.00 g of PET and 15.50g
of HMDA) and then also reduced to 6:1, 4:1 and
3:1. When HMDA : PET = 3:1 was used, after 18
h of reaction, PET flake still existed in the
reaction mixture, and consequently this lowest
quantity of HMDA was not sufficient for
complete aminolysis of PET. The ineffective
reaction of TMDA compared to HMDA at low
input molar ratio of diamine : PET can be
clarified by noting the fact that the volatility of
TMDA (boiling point 158-160 °C) is higher than
of HMDA (boiling point of 205 °C), and hence
the TMDA : PET ratio was reduced faster than of
HMDA : PET during the reaction.

The experimental data showed that when the
higher the input molar ratio HMDA : PET was
used, the faster the PET flake was consumed (9
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hrs for 4:1, and 7 hrs for 8:1) and the faster the
reaction rate was. As the molar HMDA : PET
higher than 6:1 was spent, the yields of BAHT
and AOHT become unchanged (Fig. 9).
Therefore the optimal input molar ratio of
HMDA : PET should be 6:1.

Catalyst sodium acetate
(CH3;COONa.10H,0) was also added to the
reaction mixture (2 % of PET by weight) of
TMDA or HMDA-PET reaction, however no
improvement of reaction rate was shown.

100 -
90 -
80 |
70 -
60 |
50
40 -
30 -
20 |
10 -
0

u % AOHT
=% BAHT

Reaction Yield (%)

4:1 6:1 8:1
Input molar ratio HVIDA:PET

Fig. 9. Effect of HMDA:PET input molar ratios on the
reaction yields of BAHT, AOHT

CONCLUSION

The aminolysis of PET waste bottle by
TMDA and HMDA by a conventional heating
system has been done successfully. For each used
diamine, the obtained products were separated
into two parts. The methanol soluble part B
contains mainly a trimer and a minor quantity of
pentamer, while the methanol insoluble part A is
composed of a primary pentamer and
unimportant amounts of heptamer and nonamer.
The chemical tructures of the main products were
confirmed by FTIR, NMR and HPLC-MS. The
application of sodium acetate catalyst for
aminolysis does not affect the reaction time.

These oligomer products with reactive end
groups could be used as high molecular weight
diamines for polyamide, polyimide, and
bismaleimide preparation.

Acknowledgement: This work was supported by
a grant from Vietnam National University of
HCM City (project number C2014-18-06).

Amine hoa vé chai poly(ethylen terephtalate)
phé thai bang tetra/hexamethylen diamine va
phéan tich cac san pham alpha, ohmegadiamine

e Hoang Ngoc Cuwong
o Ding Hoang Yén

Truong Pai hoc Khoa hoc Tu nhién, PHQG-HCM

TOM TAT

Phan vmg amine héa vé chai poly(ethylene
terephthalate) (PET) phé thdi véi heong dir cdc
diamine nhw tetramethylene diamine (TMDA)
and hexamethylene diamine (HMDA) da dwoc
thie hién thanh céng. Moi trimer va pentamer

trong san pham dwoc c¢é ldp bang cdch xir Iy
dung méi, tinh ché va phan tich bang cdc phirong
phap FTIR, NMR, va HPLC-MS. Mdc du diamine
dwoc s dung voi lwong dw nhung van tao thanh

cdc san pham oligomer cé phén tir lwong Ién.

Tir khoa: bis(4-aminobutyl) terephtalamide (BABT); bis(6-aminohexyl) terephtalamide (BAHT);
hexamethylene diamine (HMDA); oligomer; poly(ethylene terephtalate) (PET); tetramethylene diamine
(TMDA); poly(hexamethylene terephtalamid); poly(tetramethylene terephtalamid); tdi ché chai phé thai
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