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Abstract: Poly(ethylene terephthalate) (PET) is a
kind of thermoplastic polymer resin and has been
widely used in many fields because of its excellent
thermodynamics and mechanics performance, such

as synthetic fiber, plastic film, food packaging, water

and soft-drink bottles and so on. However, with the
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extensive use of PET materials and their inherently m%‘y_ *&1«
e 2 \)‘-4
o« e . . X o ¥ %
hard-to-degrade characteristics, our environment is :“‘S T, Wi el (1 atm, 190°C, 80 min)
facing significant challenges in environmental ;'-35 PET conversation 100%
PET wastes BHET selectivity 84.4%

protection and resource reuse. Therefore, it is very
necessary to carry out research on the recycling of PET. The recycling methods for PET are mainly divided into physical
and chemical methods. Since chemical methods can degrade PET into raw materials and then reuse them, these methods
have received more and more attention. Alcoholysis is a relatively mild method in chemical methods with the
advantages of mild reaction conditions and easy separation of products. In order to achieve rapid and gentle degradation
of PET and to obtain high conversion and selectivity, ethylene glycol was chosen as a solvent and polyoxometalate
(POM) as catalysts for degradation of waste PET. In this study, a kind of transition-metal-substituted POM
Nal,[WZnMny(H20)2(ZnWo0O34)] with a sandwich structure was synthesized and it was used to catalyst the
alcoholysis of poly(ethylene terephthalate) (PET). The effects of reaction time, reaction temperature, and the amount
of catalyst on PET degradation were researched, the conditions was optimized. The results showed that PET could be
100% degraded at 190°C for 80 min under the conditions of catalyst amount was 1.0wt% of PET and mass ratio of
PET to ethylene glycol (EG) was 1:4, the yield of bis(hydroxyethyl) terephthalate (BHET) achieved 84.42%. In addition,
in order to determine the structure and properties of the degradation products, the degradation products were
characterized by NMR, IR, TGA, DSC, HPLC and other instruments. The final experimental results showed that the
catalyst can efficiently catalyze the alcoholysis reaction of PET and obtain high-purity BHET products.
Key words: waste poly(ethylene terephthalate); catalyst; alcoholysis; polyoxometalate; bis(hydroxyethyl)
terephthalate

Yrks: 2018-04-16, f&[E: 2018-05-16, M&EkF: 2018-06-01, Received: 2018-04—16, Revised: 2018-05—16, Published online: 2018—-06-01
HEE&WE: EXARRFESEHIE GRS : 21476234; 21776289; 21336002)
EE®AY: TMSH(1990-), T, WA LW A, WL, BIEel; BHRKRA, SZEE, E-mail majy379@163.com; B, E-mail:

xmlu@ipe.ac.cn.

SIRMEN: T, A, JiE, S5 )R Mo BURE SR FURE LB IR PET. 72 TAE#4K, 2019, 19(1): 202-208.
Fang P T, Liu B, Zhou Q, et al. Transition metal Mn substitutes polyoxometalates for catalytic alcoholysis of waste PET (in Chinese).
Chin. J. Process Eng., 2019, 19(1): 202—208, DOI: 10.12034/j.issn.1009-606X.218178.




14 77 M55 1% 4w Min BUR 2 & Ja SR AL BE A8 R 1H PET 203

WEEE Mn IR Z € BERENEEREIR PET

A, 2 W R E2,

1L VAR RHE R S T 5612528858, R ¥#&BH 471000
2. I EBFEFEERE TR R AT O FE S TRE S50 E, L5 100190
3. dbE A TR TR, dbaT 102617

2y —— 2

'fé’:\/fz‘; 21 .

e
S
™
¥

i

FL’, L%

23 ke = 23
T l% 5 Ja) \"’f"? 7o 5

g

W OE: AT —MEA SRS S)E Mn BURT) 2 4 )8 EAE(POMSs) LT Nail WZnMnao(H20)2(ZnWoOs4)2], F T
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ME(BHET) I %1% 84.42%
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PR WETTERE I — 5 A ROV R TR
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HAETTvE, WA HATKIA PET [RISCRH 7t 1) 3 2 5 [l
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fEALFIH T PET BEf#, XORBAT .

ARTAER AR T —HMid S BRI N2 &8
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2.1 #R5I

PET FFL(2.0 mmx2.5 mmx2.7 mm, ELHE R
R A BR A ED) A ZN-02 B BE HL(RE T 22 W U s
B2 TR R 40~60 H (380~250 pm) [ K, 20 B H
BB E OGP B M=4.87%10°
g/mol, T8 My=8.27x10* g/mol. £ —FE(EG)H!
Feeidkane B E 2% e A R A A .
22 LW ES SR

C-MAG HS7 5 1 713 P #4 o (18 [ IKA A #]),
Nicolet 380 & HLAAZ 42T 7RG 1A (FT-IR,, 3£ H Thermo
Fisher Scientific A7), AVANCE III HD 600 # iz L4
BEIEAU(NMR, it Bruker A 7)), DTG-60H % #—# i
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SHTAUTG-DTG, HAREAF]), DSCI ZnRAHE#K
fU(DSC, HALZEAT]), PL-GPC 50 EEiBiE HOREL
(GPC, ZEE %S AT]), LC-20A & R A i A%
(HPLC, HAEZEAF).
23 LWH*E
2.3.1 4L Najo[ WZnMny(H20)2(ZnWoOsq)o ] il £
Nao[WZn3(H,0)(ZnWeOs4)o] il %6+ FREL 12.7 g
(0.038 mol) Na,WO42H,0 ¥ T 35 mL #UKH, $iidEin
I 80~85°C, WM 14 mol/L IKAHER 2 mL (0.035 mol)
LB A LI UTVE 56 A AR UM EE] 90~95 °C CRigh
i), iZ3 NN 0.1 mol/L Zn(NO3),-6H,0 7K ¥ 100 mL,
In5e a4k EE P N 1 h, VTR pHAT7.5, TRIRA A
25 i3 Nai[WZns(H20)2(ZnWeOsa)o JEHHR F L ff A
Naa[WZnMny(H20)2(ZnWoOsa)o] fill % . FREL 23 g
(3.9 mmol) Najp[WZn3(H20)(ZnWeO34)2 ] T 10 mL %
HFKH, In#E 90°C, FH I 1.22 mmol/mL MnCl,
FEFKEB 10 mL, F 90°CM 2 h, AELE RS
ZL PR A Nan[WZnMny(H20)2(ZnWoOsas)] -
2.3.2 PET M&fi#
¥ PET JiRh. Z REREATR I LB\ B
FETE B FIRE T = R rR, Jhig e g i
FEHEAT PET BEAR . o SN 25 T JE B IR SR BN 26 2
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AL A G WL 1, 771, 874 F1922 em™ &b
A 3N EEE R, 535109 Mn—0, Zn—0 1 W-0 [
FRAEMR Y, b5 SCERBGE R — 3,

AT 1) 5 K R 0 T A PE e B 25 . %)
Najo[WZnMny(H20)2(ZnWoOsa)o [E AT #4430 #, &5 SR
B2 fioc. ATRLEH, Nap[WZnMny(H20)2(ZnWeOs4)]
RAFEE RLF, 0~300°CREL) 12%, EI AT
W45 SR AE R 3R, 300~650 ‘Cifa T Fia, Rk
KL 13%. 71 Najo[ WZnMny(H,0)2(ZnWoOss)] ) #
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Fig.1 FT-IR spectrum of Nai2s[WZnMn2(H20)2(ZnW9O34)2] Fig.2 TGA curve of Nai2[ WZnMn2(H20)2(ZnW9034)2]
F 1 EATIEEEELER
Table 1 Comparison of catalyst properties
Mass ratio Temperature Time Conversion rate of Yield of
1 PET Ref.
Catalyst /& CamlysUPET/wt% PET/EG e /min PET, R/% BHET, ¥/% ¢
Nap[WZnMny(H.0)2(ZnWoOsg)s] 5.0 1.0 1:4 190 80 100.0 84.4 This work
[Amim][ZnCl;] 5.0 10.0 1:4 175 75 100.0 80.1 [19]
[Dmim][Zn(OAc)s] 3.0 16.7 1:6.7 180 90 100.0 67.1 [20]
Urea 5.0 10.0 1:4 180 180 100.0 77.7 [17]
KeSiW1MnOs3 5.0 2.0 1:4 190 30 99.9 78.0 [31]

3.2 fELLFIIERE
R 1 RAFE MM PET BTSN 5% 1R

FRRCR, {E PET 564 B HL SN 2 AR SE A AR [A] (5 0
_F ’ Na]2[WZI’IMIIz(HzO)z(ZnW9034)2]}Eﬁ %B%i'//l\ ’ aj'\j PET
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WG 1.0%, & RZEM[Amim][ZnCL3]HT 1/10, 1
WEf =) BHET MOURE feimr, N 84.4%. AT ANFEAH R
A2 T s Nap[WZnMno(H0)o(ZnWoeOsa)o ] 1T 1 R
1k PET BEff B, HA=EUD, nlk/> PET BAE A,
P2 BHET Jii&, N ITAL N AR IR
3.3 WS HML
331 R ATV X T g S ) 5 )

fELFIEXT PET BERRACR MK 3 B, 18
5.0 g PET, 20.0 g EG J% 190 °C N ¥ JE ¥ 80 min FfJSE56
ST, AN PET FEARREME, AL
J&» PET ¥4k F1 BHET WOR ARG K, iz & T A
AL TS o AL E A NE] 0.05 g, PET #4L 21K 100%,
1M BHET Y3 1A 84.42%. fEALFAIENINE] 0.075 g BT,
PET %4238 BHET WA A BB F =, B DLt
TEALFIEHN 0.05 g (PET R EH 1.0%).
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Fig.3 Effect of catalyst amount on PET alcoholysis
3.3.2 JRJSLIN ] X0] P A sz S ) 5 i)

7£ 5.0 g PET, 20.0 g EG, f#{L71#& 0.05 g, 190°C,
WIEAAMEN, WHIC T NI X PET 4k %A1 BHET Y&
R, SR 4 Fros. BERSEEIEE N, PET #%
{620 BHET WS 4 RIS I, S S2 ] 9 80 min I,
PET 584 F%fi% H BHET Ui i K1E 84.4%, % 90 min
I = YA W AR R . PET FEMR I N3 AT W 2 2 1,
P B A A2 25 AN [F) 0 S B B, 0~30 min s BRd
RiFTBL, PET K4rFIFaatig N PET K5E: 30~70
min SE 18 N B, PET K854k 4L F4 @ N PET 46 851
FREY T 70~90 min T E LK 4> T 4k SRR N
BHET Huf. JrbL, fESEER6AF N, SR [A] 4 80
min.
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Fig.4 Effect of reaction time on PET alcoholysis
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3.4.2 RGBSy i

U =) BHET (W2, X kAT s RoiAe €
AT, ARWE 7 MK 2 P, B 7, FERNE
) BHET, R4 I M AL T+ 55 7T 5 BHET 267254 99.08%.
F B Nap[WZnMny(H20)2(ZnWoOsa)2] 1] 5 RUMEAL, PET
I REAR [ S, HT43 2 =2 BHET 72 o N3 2 AT 51,
Fx 3724 BHET #F, A 1E A i s R AF(E .

#& 2 749 BHET YR BRI B FIEmE
Table 2 Retention time and peak area of main product BHET

Peak No.  Retention time/min Peak area  Intensity/mAU  Area/%
1 2.385 10129 2139 0.194
2 2.556 2812 340 0.054
3 3.416 5173895 667189 99.082
4 4.877 2466 265 0.047
5 5.438 31336 2204 0.600
6 6.526 1209 110 0.023

3.4.3 Wi

St B IGER, REHEAT T NMR %
fiE, 'H AN BC ik an B 8 B - B 8(a) =411 'TH-NMR
Perf, 5-8.13 ppm AbAEHEFE b 4 ANTHE R T IR
Ui, 5=4.33 Fl 3.73 ppm AbJPHIE 1 A= EigA 1 A
DU, 735058 COO-CH,—F1 CH,~OH L [l F 3

"H-NMR and '3C-NMR spectra of main product BHET

JRFUE; 5=4.97 ppm KbH) = I & R T HOHREIE .
] 8(b) BC-NMR 1, 5=165.63 ppm bt 5RIFAHIE
ff) C=0 S f{IHFFEIE, 5=134.21 ppm AbJE 23K B 5 C=0
WU B AHIE I PhC—CO W, 5~130.11 ppm 42
BRI EARBIACH) 4 DNRIBKIRHEIE, 5~67.51 ppm
Ak j& HOCH.CHO— RIS, 5-59.44 ppm Ab 2 5 ¥4 5
BEEAER HOCH,CHO— W it o A2 10k P i ] ik B
PET FEfRKIFEF=YN BHET, H&AH &, RWH~Y
BHET M4 EE1R &
3.4.4 #J15K

9 J& PET Jilkl. F/=4¥) BHET FMKEMIHAE
thzk . i FrR, PET JERHEZ) 350 CHF4G K, B PET
TEAZIRE IR0 AR, 350~450 ‘CHY PET AR R 2
i 80%. FEANTHEMFEF, BHET FUREWAEE 2 Kk
HEIdFE, % 1 IREEE BHET AREWRD N, 7
G T2 210 M1230°C, 2B 2 RREFEAEMNL) 350°C
JH4E, 5 PET JERHW A R 2 —5, KB BHET
KW THR S Rl g KA 7RG Rk A ik

PET, ZJ51E PET /iR E T Rk R E,
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80 - PET, 5.0 g PET B 20.0 g Z —Frh, EEAFIEA
S oot PET ) 1.0wt%. SR 190°C % E4&E T, PET ]
:" - ngm £ 80 min N 58 4= FEM#, 774 BHET MY Z A1k 84.42%,
rrrrrrr Raw PET L WAL Na[WZnMnao(H,0)2(ZnWoOs4)2] *F PET B
20 - il 2 N AL PR RE AR 5
ol (2) PET Bt FEKEAZAE 3 AN BE: 5B —FBEA
0 100 2?emperai?r2/°c 400 500 SNV HTHH(0~30 min), FE2& PET KPRk A

K19 7% BHET. {ILERYIF1 PET JEURH#EL i 2
Fig.9 TGA curves of main product BHET, oligomer and
raw PET
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MiZk. /=4 BHET 7£ 110.3°CH 1 PNRBEHII B,
5 BHET W4 s(110 C)HeA—3, kA PET B 1Y
F=¥°8 BHET $4%. REMEL 1703 CH 2 Mk
WU, ] fERAETHR ISR PR T AN e e I A 45 44
L AR TR 1 W A U T R A TR R PR
T AFEE I SRR BT, T il P (1 T AR U T R 2
ANFaSE S RTE 4R SR T b R b PR AL A s R . PET
JEEHEZ) 235.2 CABAFTE RO, & HAS AU G,
JR AT fE R TR AR PET ShikRtfh. 4560, Rk,
B 2T EUH BB,
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Fig.10 DSC curves of main product BHET, oligomer and

raw PET
4 % B

R T —FEHE Mn BUR £ &8 & 5% 4T
Na2[WZnMny(H20)2(ZnWoOsa)o | FH T4 2K R 2, —
NEMR(PET) AR SN, X SE58 S H0dkAT 1AL, b 7 &
FEfR = K — R £ I ER(BHET) I 25 My FN 4t , 15

PET KHE4r1, RBERFEM: 5 BB R B HIH
(30~70 min), FEEj& PET K&t/ FM4MAN PET FEE
T RMCEFE W — M B E: 5= BN RN S
(70~90 min), PET 2474k 2L %%y BHET 4%, 2
PRI B B o

(3) Nan[WZnMny(H20)A(ZnWoOsa), 4L PET [AfiR
(9 7248 BHET H465 75 99.08%.
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