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Fig. 1 Synthetic route to BHET.
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Fig. 2 Esterification pathways of terephthalic acid with (a) coal-based ethylene glycol without catalyst, (b) petroleum-based

ethylene glycol without catalyst, (c) coal-based ethylene glycol catalyzed by tetrabutyl titanate, (d) petroleum-based ethylene

glycol catalyzed by tetrabutyl titanate.
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Fig. 3 'H-NMR spectrum (600 MHz, DMSO-d,) of the reaction mixture products obtained between terephthalic acid and coal-

based ethylene glycol.
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Fig. 4 'H-NMR spectra of (a) filter cake and (b) filtrate
during hot filtration at 50 °C.
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JEFFTIRAS BN ) BHET. FLBGRA A& 55 58 T m it
(ICP-MS) 7> #7 2.7~ #% il BHET H £k 5% B P Ik 22
147 pg/g. HPLC 73 HT(FL 7 3 F7(5 B I8 S5) ks
Hil BHET 46514 99.14%.
2.2 BEHIBHET WAERTAS PET VIR 1%8E
2.2.1 BHET45 % PET Y) A

5 %) BHET 7£ 260~280 °C 1% B B 4 5% 1 %
PET IR, AR RIEHT % I F A 56 N
Wk, T RS K . S PET V) A (K 5(a)) 2
EREOEIPR, HAPRESTE BHET EA4H R 564
TG & S IR PET ( 5(b)) A —%, 59

Fig. 5 Photographs of (a) coal-based PET chips; (b) reference
PET chips.

¥ il BHET W] i A2 28 4 dok 742 v St 80 338 1Y) 7™ e 22
K. HEE R R PET 45 488 /1 E B br .
FH'H-NMR 115 PET — HEE & E(E 7RG R
K] S6). Kl PET Y — H i & &(1.11 mol%) % T
FHIF 264 N T8 BHET Frifil % I S I PET ) — H
75 5(3.26 mol%), XK B S| BHET
ARRVERETE 4% .
222 PETYIHMHERERMIE

DSC 7 #r (FL T3 #f 45 B ST) B, JR Al
PET 1) 3 35 1k % A2 & FE A% 53053 70l R 79.7
254.7 °C, & T 1% BHET 7E 0 [H] 45 14 T 45 5 il
% 1S PET MBS0 AR IR (75.7 °C)FIHE £
(242.6 °C). JEH1 PET 145 5 8 11.3%, & & T
Z I PET 145 B (10.1%).

M PET V) F . 8 PET V) A 1 M REFa b5
J EbRAr e R 1 BoR, S PET U) 19 M,
18911, PDI A 2.85. ¥ £ & 7 & 12.8 mol/t.
R B E N 0.671 dL/g, Y35 2 4 4 R Bs V)
B AR

Table 1 Structural and optical properties of PET chips.

e e e -
Coal-based PET 18911 2.85 12.8 0.671 85.0 -1.3 2.5
Reference PET 18716 2.74 19.5 0.679 81.1 0.2 4.9
GB/T 14190—2017 - - <35 0.630~0.720  75.0~95.0 From -2.0to 2.0 From -1.0to 6.0

* L: Lightness; a: Red-Green Axis; b: Yellow-Blue Axis.

2.3 HEHIRL MR
2.3.1 JARRYTLH%L

I PET Y i & 78 /0 T e i fhgi 22, it
17 3.5 Al . W1k 22 5P 2 50 6) o,
JEHI PET 5SS I PET R 49 5] . M
PE K G5 22 R 1 sh T T R BUAR Y, R A H| PET
KR B BT i . TAb AT A 7= 2K
232 BRIIFYERE T

Kl 7 N JEEH) PET 5 2 8 PET 22 22 (1) hi i
2k BFFIRE S BB S BL R 2 AT IR, S5 R
DL I E 3R . 2 2H 2 o o A it 28 i B AR 0L . S
I V5 25 1) W 24 58 BF (6.38 cN/dtex) 5 2 IR & 4
(6.96 cN/dtex)HH % £ 8%, i 24 {H K % (276.6%)
52 BRI 22(309.5%)HH 2 21 10%. 454 DSC 5317,
FEi PET H 3 A R FE R =, v B2 T 90

Fig. 6 Morphology of polyester fibers: (a) reference PET
before drawing; (b) reference PET after drawing; (c) coal-
based PET before drawing; (d) coal-based PET after drawing.
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Fig. 7 Tensile curves of drawn fibers prepared from (a)
coal-based PET, (b) reference PET.
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SRR N . S PET V) A7 1 3 3 AL B AR R
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RERFEAT I FF A AP A JUR TR I BOREER, Rk
PERE 5 S IR AL PET fOPERERE 2 .

FEi PET 22 277 22 T4 SR TR 21 4 1 W 24 i
FERIB 2K R SEM RIAA5E . &7 2 FZ i 2
B S B4R RE A 2, W2 TR
Frife .

ZE LRIk, AHET N NAT N SR R RE A
AR RGEPAL T I £ B R B AR &R R 8
R SR, AR R ER AT YRS T R
PRt 7 EIRARIE . AR — IR TR £
A B iR A R I 2E R R FLPE A PL L AL
RS AL T 2B ARAE P2 ileAs,  AHESh AR 2, —
T 7 R IR 2T 24 A R FUASE A S H
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Research Article

Esterification Behavior of Coal-based Ethylene Glycol and Its Application in
Polyester Fibers Manufacture

Shuai Cai, Hai-yu Sun, Zhuo Chen, Wei-wei Zuo"
(State Key Laboratory of Advanced Fiber Materials, College of Materials Science and Engineering,
Donghua University, Shanghai 201620)

Abstract To address the deterioration of polyester quality caused by the dehydration etherification of bis(2-
hydroxyethyl) terephthalate (BHET) during polyester synthesis from coal-based ethylene glycol (EG), the
esterification behavior of coal-based EG with terephthalic acid was systematically investigated. The target
product BHET and various by-products formed during the esterification reaction were structurally characterized
by proton nuclear magnetic resonance spectroscopy ('H-NMR) and liquid chromatograph-tandem mass
spectrometry (LC-MS/MS). These by-products included BHET dimers and trimers, as well as BHET monomers,
dimers, and trimers terminated with bis[2-(2-hydroxyethoxy)ethyl] groups. The results revealed the characteristic
esterification behavior of coal-based EG. Tetrabutyl titanate was employed as a catalyst to suppress etherification
side reactions. Combined with solubility differences and thin-layer silica gel filtration, BHET was effectively
separated and purified. The purity of the obtained BHET reached 99.14%, and the residual titanium content was
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reduced to 147 ng/g. Fiber-grade poly(ethylene terephthalate) (PET) was prepared via polycondensation of the
purified BHET and subsequently processed into polyester fibers by melt spinning. The tensile strength and
elongation at break of the obtained fibers were comparable to those of fibers prepared from commercial BHET
under the same polymerization and spinning conditions. These results demonstrate that, through appropriate
esterification catalysis and BHET purification, coal-based ethylene glycol shows strong potential for application
in the production of polyester fibers.
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