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Beta@ZIF-67 Composite for Catalytic Degradation of
Polylactic Acid Plastics
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Abstract  Biodegradable plastics, such as polylactic acid (PLA) , are preferable to traditional petroleum-based
plastics. However, the natural degradation of PLA takes a long time and releases CO,. Therefore, upcycling PLA is a
better option for achieving sustainable development. In this study, a Beta@ZIF-67 composite was developed for
efficient catalytic degradation of waste PLA plastics, which was achieved by growing the zeolitic imidazolate
framework-67 (ZIF-67) on the surface of Beta zeolite. As a result, the real-life PLA plastics were completely
converted to methyl lactate in just 4 h at 180 °C with a yield up to 76.4%. The high catalytic efficiency was attributed
to the composite’s open pore structure, large specific surface area, and the synergistic effect of the active sites
provided by ZIF-67 (Lewis acid/base) and Beta zeolite (Brgnsted acid). Overall, this study provides a new way for
designing and synthesizing zeolite-based composite catalysts, which show promising applications in the catalytic
degradation of plastics.
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XA T B RO . AR, o] R SR BT AN F R B B R R, R ELER (PLA) /&
— A AT A 0 SR, AL G S R ) B AR e B 2 — . BRAR PLA AR [ R R F 1, (H
TESE PR PRI T B i el Rl 2248 . RIS, PLA R AR AT sk et 7 ok CO, HERIC A B Btk B8 U5 A9 A R TR
Bl AL, B PLA AL A0 A A M (8 A BRI il BE A R T S TR R e

FUR, 7K A R0 A J2 % 37 PLA Ak [l iy 3288 T 250, Horp ) PLA B4 T L= A= LR P iR
(MLA) , 32— FPEREE A A3 711, W] A= A ER ", B et IR R A 710 PLA, AT
SEPRIRZTE . SR, BT PLA NI TEE, 78B4 AL B TE 00T Xt PLA P54 T P s S8 7 2 o i 1)
FNE I E RN . WA, i A e B AR AR B ) P s B AR 22, S AR K TE W AR L A
BAHEFAMRE, SMUECRRAL EXTASE 0 A A AF 0 Luis 1S FH Zn JERLA 9 5258 0] LUAE TR AN
PR 2N A5 A S0 e R 1 R =g WA, AR AF ZEAE AR TR ME DL 43 5 L 4l fb R T i D % i B A 46 [
Hou Z51 45 B T HRBRER 1Y Zr0,/Si0, Z AL ) % PLA Z4f 544k MLA A AR 7= 3R, (B4 R iRk
RS, AR N A A%, AR R . UL, JF R A R AL R A B T TR T R Y [
FIH.

Wb T B AR YA AR ], IR LSRR B R FLIE A A | P R K AR e P
DA 153 B R O 1 O T 48 32 DG T 2022, Rl I N AR A B B | S A e 4
UL AR, R AT o> DR D RE AL Dy AR SR R, ZEARAR SO rh A7 BT AR T ML
S5 YERHC W G AT B RN P T B T A R M 2 X DA AR X PLA SRR Ak 2 I HP A A 1
R,

A2 T —F Beta@ZIF-67 5 AL, 1A A 57 2AG FF A FLIE 25 P R i Hu 2 T AR, [H)
ff Z1F-67 W ) 42 J& H 0 Co(Lewis g ) FIC A — F LK (%) N (Lewis B8 ) 5 Beta 43—¥-1i ( Brgnsted fi2 ) /p[7]
VEFHRY, SEEE T X R 57 PLA SRH S aUEAL AR . 5% F0E 1 20 PO AR EL , Beta@ZIF-67 & A AL 7E
WG 54 Ry 23 SR 4T, BVATIE SR AR 16 v 0 PLA IR S0 AL N LR TR G 7 3 72. 6% ). X3 T
VEAA Ry PLA B2 IS B At 1 BT HL AT 2 iAok Iy 28, SR IR S8R IR T RE T 4R (A%

1 SEIGERS

1.1 RFI5EE

NGRS, I SR AR A BRA 7] 5 H-Beta 20 7, BT RFAMEALHIT 3 BB Mg
fil (PVP), E 2Lk 2R AT FRA BT F IRk, e R B R SR ATBR A w5 DU 2 S SV 4 A
(TEAOH, 40%) , YL.UG 5 FEbAA FRA F] ;. ToK B (4348 99% ) FJC/K FFE (5 50 5099% ) , K
MICHAL TR BR A B 5 258577k i Millipore-Q #8417k 2245 (25 [F Millipor 23 w)) il % ; PLA 316 ]
VR SRS AE S (o R A KB A A 22 bR 4% 5T ) . S b i R SRR IR DA AN R e i $ i, B d%
i .

Bruker D8 Advance %I X S 26477 44X (XRD) , 4% [E Bruker 2 &) ; Hitach S-4800 #4359 4 d1 7 i {4
(SEM), HZASH 72 ] JEM 2100F %7 5 B 7 8 685 (TEM) , H AL F-#E &4t ; BSD-Chem €200 7
A RS, b DL AR AR 24 7] (200 “CEU8 h) 5 Agilent ICPOES 730 B H JEHE & 45 25 TR K i
{X(ICP-OES) , ZHE(C R4 B /A ] 5 Thermo Fisher Trace 1SQ B AH (5% - BT ik I FAL (GC-MS) , [
FEBR KA H]; TENSOR 27 B L AR 2T /P S35 (FTIR ) , #2[E Bruker 23 /] 5 ESCALAB 250 %Y X 2k
JEHLTFREIEAL (XPS) , 2 E A F] .

1.2 HmpH&E

1.2.1 Beta@ZIF-67 th#| % 145, FRELO. 1 g Bl H-Beta 73 T 2B 254 0. 5 ¢ PVP 4 10 mIL H FERE
Wb, 7RI I HEE 12 h, 153 Beta 43704080 . Z )5, 43 5IFRHC17. 46 mg Co(NO,),-6H,0 B T5E
e, A 3 mL ZEEAF BV A5 FRECO. 328 ¢ FHEBKME, JIA S mL HEEAS S1VA T B. £ F ok, %
0. 4 mL Beta /3T /3 #0K 5 0. 6 mL HERR G I95T, 7E8HE T INAZIER A, 875 1 min. B ISR
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BZZIE AR FRIR AW (BRI 212858, IR R RN 12 he BT S5 25 8 /KM L vk i
BRI Y1) , BN 75 CHUR T T2 12 h, 1577 P 4 0 Beta@ZIF-67.
1.2.2  Beta-E,@ZIF-67 89| & N T #Em o0 F-0iie O a] Stk , 76 FiR Beta@ZIF-67 A BUZ AT, JeXt
H-Beta 23 FHi AT 2B AN R . 2351154 0. 1, 0.2 g(n=1, 2) Beta 4> F-ii#% AF| 5 mL 40%TEAOH 5 10 mL
H,O MR AW, Bidk = BHADHEY S, Bamlie R 2 ni 28, 675 CHA 210012 h. Irisss
WH CEE s 2 K, B0 TR R WA= . R Z0AS 1 Beta 5 B4 Beta@ZIF-67 1) 5 182
g, PSR R 44 N Beta-E, @ZIF-67, Horh E AARZIALRE .
1.3 BILERMERIA ML PR

DL RS ANE AR, ANMUBEFER I B AT fa it , 18w R i B 748 Sy S RS A v 9]
W BE A AT A5 sk b ™ Pl act B &Mk, FEBE & B AR e B i [ B BB 2. DL EESR ), i
o B RSB C MR BE 4 0. 1, 0. 08, 0.06, 0. 04, 0. 02 mol/L [ FLEE F BEFRUERE S, 43 934 T M (33 - i
TEAYHIT A AN [ B 11 L IR F A AR e A TR A3, 28 LR FF R (b v B (BT ST, DUAR SC30HF
FED ., DS S et o

T SEFRELO. 02 g AL F10. 04 ¢ RFLFRIIRIRAS & T 20 mL IR, A 4 mL H i, T S
5 BT ARIRE RIS Z A, N1, 2, 4, 6 h. 52 5)E , FIEFERE0. 5 mL A, @it A HL
USRS B SAROTES WO, X T ARG o HT . 7238 (Yield, % ) FIFE {E# (Conversion, %)
AR ARANT

. My, X e X Ve on
Yield=—— — x 1 1
ield 1000 m_.., 00% (1)
. M mple — (mres. - mca'.)
Conversion= - x 100% (2)

sample

s my A TPRFLR S T (0. 04 g) 5 my, WAEALFIEEA T (0. 02 ) 5 My, JFLIR FH ERAHXT 43
Jii i (104.1) 5 c(mol/L) Ky P My LR VR E 5 Vi on W AR (4 mL) 5 m,, AV ERARPI I BT
1.4 EHFIFEIRER

FRELO. 02 g fEALFIFN 0. 20 ¢ RFLER BRI A B F 20 mL i 45 9, A 4 mL R, e SM%ER &
F 180 “C UMY, IV 4 hVER—RAGER . SR 45 a g T 4 A, i s i i
W TR O R A TR (0. 22 ) MSSE , A TARER BN A

2 #FR5iTiE

2.1 Beta@ZIF-67 £ &M EIHIRIE

AMFFT I 1 A K Beta-E,@ZIF-67 & A M KL, HA BSR40 Scheme 1778, B8, VAR
H-Beta 4310 4%, F TEAOH X 43F i dk4 1 2 i Ab B 8 3 PVP X HABM , 175 LAZS /KA R R A 4
JE L, TR BRI O B, AR RO RN 12 h T 43 B R A ) Beta-E, @ZIF-67 & A M KL
At B, @2t TEAOH ZIi i) SEER XS Beta 430 B A0 o v SR (4 . AR HL IR & S5 8 7
AR EETRERHR AT 41, Beta@ZIF-67 . Beta-E,@ZIF-67 Fl Beta-E,@ZIF-67 52 4 #1FHI Si/Al/Co FE /K L4351
}910:1.1:17.8, 10. 1:1. 1:16. 0F19. 4:1. 1:20. 2, SHFHFAFE IR L EEA— 3.

> )
t % we WO
N7TNH / .

Etching r. t., stirring r. 1., stirring \
g — . e
7 75 °C, Autoclave Modification Surface growth X

Scheme 1 Scheme of preparation steps for Beta-E, @ZIF-67
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i SEM B8 H- 7] L) & X Beta@ZIF-67, Beta-E,@ZIF-67 Fl Beta-E,@ZIF-67 [ & 1 (A) ~(C) 1 ¥ &
SR ZIF-67 A= K AE Beta 43 i () A Fe 1 #4) B . (EAGHE 1 SEM BE |- JCHE X 43 AN [RI AR B 16 20 b o 143
T 5 A MBS RS20, TEM BE 0] DL 15 48 X 23 [R) 20 Dl R2 BE X - &2 A B RHE S 52 . n
E1(D)~(F) R, ZIF-67 R SF/NT 100 nm, Beta 2357 14 R ST AE 200~500 nm 22 JH] .

100 nm 100 nm
—

PO

Y ,A?\~ {:

200nm > k 200 nm

Fig.1 SEM images(A—C), TEM images(D—F) of Beta@ZIF-67(A, D), Beta-E, @ZIF-67(B, E),
Beta-E,@ZIF-67(C, F), and mapping images of Beta-E, @ZIF-67(G—))

WL ICE AT DL E W E B2 S AR ORE TR A0, B3R Beta 20T Fl Z1F-67
PR A, HAERE AR R ZLER A A h ¥R B L R . B s R et R E A HE . H
I 1(G)~()) AT LAF H, Beta /3 FANHE 55— 2 Z1F-67, Horh AV A 7EA R IR, N Co U H4
ST AL L, UESE T BRI RN I A

& 2(A) F T 53 7 58 5 6K} Beta-E,@ZIF-67 L} ZIF-67 FIF Ml Beta 2T~ () PXRD 1% /& . Af
LU, Beta-E,@ZIF-67 F£ 5 (1) XRD W4 /& Beta 53T 5 ZIF-67" () XRD WA Z NN, BEBZAE S &
PR AR H 2 AR A AR R Beta FARFIFIGEH 2%, UEBH 3 Fh 22 flu b BEAS 25 5 80000 i 42
PIERAE , (R A PRI, W RE 22010 i 45 i B /T8, R A FTIR XA b i B B A E A 740
Hr. & 2(B) Al LLiigE S Beta-E,@ZIF-67 1E 1300~1400 cm™ B4 AE WL W6 55 Beta 2317 Fll Z1F-67 FHY)
4, 3400 F12900 em™ [z B . 4 W AT 068 43 5] 6k 7 ZIF-67 F A — R L D el i {K ) N—H A C—H i 9=
P LRGP T Beta-E,@ZIF-67 & A MR LI 45 .

SR FH AU - B S R 2R B T RE SR I FLAB 2548, BRI 3(A) BT UL, 24 p/p,<0. TH, 2600 W B
2i) T, 3R R A FLARAE 5 7E 0. 8<p/p,<0. 99 B H BRLAIR #E PR D] T S AEAEHERR AL, AIRIEE

Chem. J. Chinese Universities, 2024, 45(9), 20240221 20240221(4/9)



g E2 s Hag g K

I I I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬂ:g_"ti/t\.x

(A) — Beta (B)

— ZIF-67
— Beta-E,@ZIF-67 — Beta
—ZIF-67
—Beta-E/@ZIF-67
N oYy

1 1 1 1 1 1 1 1 1 1 1
10 20 30 40 50 4000 3500 3000 2500 2000 1500 1000 500
20/(°) $/em

Fig.2 PXRD patterns(A) and FTIR spectra(B) of Beta, ZIF-67 and Beta-E, @ ZIF-67
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Fig. 3 N, adsorption-desorption isotherms(A) and non-localized DFT pore size distributions(B) of
Beta@ZIF-67, Beta-E, @ZIF-67 and Beta-E,@ZIF-67

A PRSI A NI 3(B) Bz, AT LA AR LS FLAR , [RIF2s 5 HAARRY BET LR IR (S,,) « FLIATH
MR (8 1) R, AR T AR ZI B H-Beta 1 45 UFE 5l Beta@ZIF-67, 1 ZI1h )5 1) H-Beta il
IR i Beta-E, @ZIF-67 I Beta-E,@ZIF-67 HATHRHY SRR, 486 1 Bk ALl ol Kbk LUK B
IR IR HRE
KM XPS gt — 5T T Beta-E,@ZIF-67 I HL T 25 F AL 220 245 (18] 4). XPS 423 (18182, WAL
Table 1 Texture properties of Beta@ZIF-67, Beta-E, @ZIF-67 and Beta-E,@ZIF-67"

Sample Sperd (m*+g™) S i/ (m?eg™) S, J(m*g™) Vo (em®g™)
Beta@ZIF-67 1306 1230 75 0.46
Beta-E,@ZIF-67 852 757 95 0.35
Beta-E,@ZIF-67 1111 1011 99 0.39

* Sppp was calculated by the BET formula; S S

micro *

|4

micro

were calculated by the ¢-plot formula.

ext”

®)

© Pyridinic nitrogen
© Pyrrolic nitrogen
© Graphitic nitrogen

810 800 790 780
Binding energy/eV Binding energy/eV

Fig.4 Co,,(A) and N, (B) XPS spectra of Beta-E, @ZIF-67
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Frf5 HO) e 72,2, 285.9, 400.2, 533.2F1781.7 eV AN I T {5504, #ih T E& kAL C, N,
0, Co MIAELED. XTI 47 E JCE Co MIN 474387, &K K Beta-E,@ZIF-67 [ Co,, ikl t 81 2 4~ =
BRI, XN 25 A REST R 781. T 1797, 8 eV, 43 BIIHJE T Co® 1 2py, Fl 2p,,, 58 €0 TH 23 WU X6k 17 1
LIRS N LR Y 343 51 HH BLAE 398. 8. 399. 4 F1400. 2 eV, KU IEIE-N | EIS-N L K A7
HEONL X5 SR S R A3, Co AN LRIV R Al 0 (0 1 s
2.2 Beta@ZIF-67 X1 B ZL B Ao 1L BE AR 1 AE
221 ROBLEFIE R SO RS A N (BRI R, O B R R R BU AN TE 4, iE
LA R . e, A EEVE R, AR R R 0.02 ¢, RALBREAEH RN 0.04 ¢,
180 “CAMF FWFSE T R L st ) it SR FLER AL B p s . 25 SNl 5 (A) Bt . Bl S o Bsf 1] () 4
R R AL 2 LR H R ™ A e iy, B AL 3RAE 1~2 h Z [ e iy, X2 TP
SR BUE R TE T IR S AR IE AL S v . 2 hE, RN RN SR, A AE 4 hif
RIRE T HRKRME. UL, EREJG M SE5 H, BEFR 4 h A A S A Ak S5y st 1) . 3 o X b AT & B
Beta-E, @ZIF-67 fi fb 24 2R FLIR % Ak T ZLIR H 1 U SCF 225 T Beta@ZIF-67[ K 5(B) |, X Al RE/ZEHH T
2V FREE T T 4T B ML A AT Stk AT R T AR SN R . A, il bR 3 R Ak
A2 1) LR R W) B34 O 100% , BA R P, Bk, ABFREHEE T ik FH R M RE SR A 1)
Beta-E,@ZIF-67 A5 [F] 5256 S50 SR FLRR M AL R AR 52 0

100 F(A)

90 (B) s Beta@ZIF-67
80 - @ Beta-E\@ZIF-67

20 70 L @ Beta-Ex@ZIF-67
S s0f ~ 60
8 < 50
g 70 + S 40
z ES
S 60 30
—o— Beta@ZIF-67 20

501 —o— Beta-E/@ZIF-67
—o— Beta-E-@ZIF-67
40 1 1 | | 1 1

1 2 3 4 5 6

Time/h Time/h

—_
<

(=]

Fig. 5 Conversion(A) and MLA yield(B) of PLA straw at 180 °C

222 R RIREE B RO T A N ) R R PRt A LAY, 2 0 IR I
BF, FR5r SN 3 FAGE BN HIG AL RE , SN ARG, 28 SO W Gy A A A 7 5 IR S, s &
H—Le R RN B R A, it R R A I HaE S s AE IR IR 2 . IR, B IR mT DA
PEA S I B R A T . R 6 (A) TR Y, TR RS BT R 2 S 3 b AR A S R i e %, e 180 °C
At 7L R R = 2R B T 160 CCAI 140 “CAAE T Y, BRI, 784 TR BMEAL SRtk s2 56 vh B LA
180 °CM SRR EE , AL 4 h il SR LR A % A R A LIR F R A0 7R
223 RABMFELALEZE N TERFMARS R RBOR b (5 H) X5 PLA BEf# 1
RERYSZ I, FEORFFAHEAL TR 0 0. 02 g MIAIE TS, MU R ZLIR A A & 430128 0. 12, 0. 20, 0. 28,
0.36 g. HEI6(B)AILLFE H, fE—EuEIN, A RILIR S HEATIBOR L3, SRR AL 246745 5
FIMR SR P TEAR 2 R (R R BE 3, AR A 6 P (57 5 A5 DA B KRR FE R, 7R it o 5 T 24 R FLR
wb A, FLIER IR G P R A . X AT RE A TR LRI B () T, B0 AR R R )
BWIRA AR, B TR T . MRIEES AT, MRS R LR BOR R 1: 10(RPRFLER Y
R 0. 20 g) B, FLARH R ™= H e i (76. 4% ).

AN, R EAE T S R LB BRI LA 1 10 MU AT, 88T I v 57 B B i (1, 2, 3,
4 mL) X R FLRFERL AL g . I 6(CORTLIE 1, XM P B & 4 mL B ZE 2 mLE, FLER R R
A THE R, 3 PR AR N R B AR A 390 R S L TS 0 i B 1 n s g s fin e, L= A R
FHAE N 2 mL I IAFIIEAE 5 24 FR AR 2 1 mL i, LR F R S8 RRAR, ] B2 FY a0 S 35S 0 e
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Fig. 6 Effects of reaction temperature(A), dosage of PLA(B) and methanol(C), and recycles(D)
on degradation of PLA on Beta-E, @ZIF-67
Reaction conditions: (A) 0.04 ¢ PLA, 0.02 ¢ Beta-E,@ZIF-67, VCH30H:4 mL, 4h; (B)0.02 ¢ Beta-E,@ZIF-67, VCH30H:4 mL, 180 °C,
4h; (C)0.04 g PLA, 0.02 g Beta-E,@ZIF-67, 180 C, 4 h; (D) 0.20 g PLA, 0. 02 g Beta-E,@ZIF-67, V, ;=4 mL, 180 C, 4 h.

e RV AN R Tk . AR PLA B Y P 0k 1 1 3R LR B 5 A 5 L ] S3 (AR SR R
224 PERAEM A TIRFAHMTEARREENE, R0, 02 g fELFIF0. 20 g IEY, 7E 4 mL I EEH
AR S5 (RN BE 180 °C, S 4 h). Y E A 3 ki, LB BRI 2K T 50% [ K 6(D) |,
HEAR S A 20 R A WA = P A T . TR I, 43 5IHE T XRD FTFTIR M5, X HeAsifE PDF R f, 78
PXRD % [l vk S0 B I RERR S i e iR 3, 456 SO AR n (AD/n(Si)/n(Co)=1:1. 7:20 AT LA
FIKTAT Si APl . AEAEAL L FE  ZIF-67 355320, 12 H 1 Co 25155 Beta 73 F i Sl B b 19 Si & A=
N, AR SRR HE I AR R AR G R R S B IR, 15 B Bronsted 2 A K Lewis BRSSO, B
TRAEALTE PEAE IR E Tk, TRANES RO S4 (AR SCEHHF B . IZG R ENIE T & G Ak 431 IS
P AR A R PR o s FE U R A B e g VR
2.3 PLA {ELBEBIIED

H T R IE PLA Ak [ A 1 B2 A A [A) 4 40 3 0 7 A i i fL MLER , XT EE T H-Beta, ZIF-67 FlI

Beta-E,@ZIF-67 fffEfb:BE. K7 Al LA 80

L AETAREALFIZ OF F . PLA 267 B 70 e ion %

PR AL R, ELBA FUIR T A cor o =
AT H-Bewa S PRI OME [ w s
TLRE AT, A0, 02 gHEALFA . 0. 04 g B¢ 2 .l -
FLER ML, L4 mL BB R, 18 20/ 0 S

180 “CE&A% T SV 4 h B A5 21 it LR FY i 10 - 10
HALT10%, S ik A AR AL BT 9 ’ None Ha ZIF-67 Beta-El@ZIF-27

PERE, AT HEZ ﬂE’ﬁ‘: fLAEI/) | Bronsted Fig.7 Comparison of catalytic performance of Beta-E, @ZIF-67
PR A PEAS F DA ey RACH A A T 5 48 s 1 1) composite with that of single catalyst

ﬂfﬁ—]‘ ; ﬁﬁé\ﬁ Co éi\E E’(] i;f, E IBK IJ%EE 'Eﬁl';?,g Reaction conditions: 0. 04 g PLA, 0. 02 g catalyst, 180 °C, 4 h.
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ZIF-67 WA A MR ™ 508 . A WL, X PP — 2 2 AR I AF & B B Il AL, K
T T E A E R A 2 EAMY H . AECT 52— Beta 531, LA Beta 43 0iii A 3£ JIE (1) Beta@ZIF-67
SEE PR RN A 3 B gy, FLIX AN A G s T LA Z1F-67 B2 vh 43 A5 7E Beta 731 1) 4]
[l XA RGN T R A T BTSSR, S5 RIS A R L R FLRR P 2 i 2L
R TR P Ay, AT R — A fEA )

I PL ESIS R AT LB Y, 7E G 180 °C 45 F , PLA 1 FBEV W rh 6 AL AR, H.I%
A FLIR P EELE N, BT PLA JCHE: A BB, 5 SEAEMEAL A S0 N - TR S 0L . 4 Scheme 2 7R, 24
& Beta@ZIF AR HEALFIINS, PLA B So S FE AL R R AT SOy, e P B S8 A AL R 1Y Lewis TR AN
Brgnsted iR TGk, 3 5 5 H BV 3 Beta@ZIF H (Y Lewis S 6 £ H 5 A 52 3% 480 1, B9 HOR R
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Scheme 2 Reaction mechanism of PLA alcoholysis catalyzed by Beta@ZIF-67 composite catalyst
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