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Study on kinetics of dimethyl carbonate synthesis via transesterification
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Abstract: The reaction kinetics of dimethyl carbonate ( DMC ) synthesis via ion exchange resin catalyzed
transesterification between ethylene carbonate (EC) and methanol (MeOH) is explored.Through experiments carried out
in a batch stirred kettle reactor, the influences of catalyst type, stirring speed , initial molar ratio of alcohol to ester, the
dosage of catalyst and reaction temperature on transesterification are studied in detail. A proposed homogeneous kinetic
model is used to correlate the experimental data. Results indicate that the kinetic parameters estimated make the
calculated results accord with experimental data well. A kinetic model is established for the ion exchange resin catalyzed

transesterification reaction, providing some theoretical support for the simulation and calculation of the reactive distillation

process as well as industrial production.

Key words:ion exchange resin; dimethyl carbonate; reaction kinetics; pseudo homogeneous model

kIR —H 5 (DMC) J& —Fh B 22 n9 46 T 0k}, i
FHEARFMEAR ] A4 Wy i S5 05, 2 3Rl
ST B0 7z 6, DMC #4904 77 SR ik i
P AL A Ak 2 R 2 G OBt R A Bk SR Ak A
e AL AE 5 W 1 7 VLT R 1
F DMC “Ehefd s, g e R Rk A v e s m -
IEAb, Biti 25 3 B T 0 Sl 1) PR A Ji , o B S 1 L Y 1Y)
ToRAAEA WG T, A% A b AR B T X6 75 A FE b HEL A
WA DMC k!

JeRE AL ERac ikt IR E
fif i LA €O, FLREA T & HET DMC By 322
BRI, Tolk |, A s DMC 5177 k2R
2 0l % B R N AR T EE TS e AR
AR =Y HCL, P B S ik 4%, gl ok
AL BAR A BT UM A AR BE L
{BATFEAE DMC WCRAK N CO .0, IR AW 5 BV v
FE ARG 12 R 28 A 1 JRURE BRI 5 45, (B i A

B DMC 32 B M FIICR AL ; CO, H %A B DMC
2k i T2 A R, OB AR 2 R I
RAK, H AT AL 7E 52 50 2= B 58 B BE 5 i i 5 e 2
— R H AR, Harw 23R E Tk 1 &
i DMC 1y EE )5k

i 38 46 22 b ] 3 S 1, AR 3R A S 3ot e v i
FHERENEM, Har, Tolk b 352 BEaE N
BEASHe A B DMC B4R (i LR A T
REE A 525 5 R XER 5 3 ZE 45 18 1 [n)
IE 4% A3l Y 1 Ak 700 AR R [ P A1 2 3 B 5 Y T
SV HAT, BT A W IR B AR A R TG ik
P AR EHLEA R AR e e R nT Bl A
N HOlEE RIS BRI, I, BT
A B VE AR S AL A T 5 L2 9T

S LITRIR 2 M Fis (EC) A0 H % ( MeOH ) &
BB TS B R AL T TR 5CH A B DMC )
B S 2ERR ST IR ST AR Bl 2R

s B 7. 2024-03-14 ;& [E HEA :2024-07-12

YEZ BN 2558 (1996-) , 5B B+ 4 BF9E 07 18 9 SO A5 1, 15536982886@ 163.com; 2T A (1978-) , B i+ #Hdz, Wh9¢ 5 Ak Takfk 4k T

HBRARSG TR, BHK R A, wanghx@ tust.edu.cn,



- 198 - FAX AL L

1 SCIEEy

1.1 ZIER

I EC .DMC . Z " FE(EG) FIE TEE, #1845
Bl T RAL TR AR B A BRA 7l A 7= 5 B 73 Ha vt
JIg , B RN w) A 7 8 i R AR T a1 Tk i

PLEBRAJ
1.2 WL
FEPSEEAER R 1,
1 TEIWE
2 FR RS EN 3
o R Scout Pro PAFERS LA A PR 7]
= FBeI 250 mL REETTPE 7 XL Ab L5
B BEEIRRE ZNCL-GS KR AR B AT PR 7]
EUEES
SHEELE  GC-2010 Pro [ E AV FE A PR A
A R A A Al 4 F e [ A PR
DE izt 1 pL i S R A S AT B )

1.3 EWH*E

R AC 4 S 3l 7 % SE B AE 250 mL A9 = B
HEAT B AR A RN EC FE = HUBEIR,
TR AN IF R T R 8K, 5 i B A )
Frs I e = B R I A AR, AR A
AT (R FE AR 3t 28— Bk ] 1] b J5 BN B
FEJG HHCE R S B - 5°C vRAR Th S A, Y& 4 4
W B ORFERRE ST, AT LI S i 3A BIPAE , B s 45 1
SR, ROWARG IR ACR A s et 5
=T,
1.4 SHAE

FE M HT R B A F) GC-2010 pro S A (4

TEA R £ 4 4 AT 635 43 . 5 S5 an sk 2
Fﬁmo
®2 BIESTEHE

BigE| 24 TiH SR
kL DB-FFAP TR/ C 220
&K /m 60 HERE O L/ C 250
R D FID I #% AU 45 TLEE / <C 250
WIRIREE/C 70 HEFER/ WL 0.6

FE BT A8 AR S B AT R E Y
FRA) R IE T V500 R AT, 38 ek i — R R R R AR
SRR E B 2R 23 115 3] MeOH \EC . DMC FI EG

55 44 HIBTF 2

HIBRMERZE , W 1 B, o A, Fn w, AR R B 41
A3 AU TRIAFURT B B AR W, A3 1N W v i T R
AR,

2.5

y=3.7224x + 0.0831

R?=0.9994
2.0r

. 1.5F

W/W

1.01

0.5r

0.0

01 02 03 04 05 0.6
AJA,

(a) DMC Hydm i £k

4.0
3.5 y=5.8995x + 0.0481
3.0b R=0.9995
251
2.0f
1.5¢
1.0
0.5r
0.0

Wi,

01 02 03 04 05 06
AJA,

(b) EC ftRifE ik
2.5

¥=2.5849x + 0.0467

R?=0.9995
2.0F

- 1.5F

WIW

1.0

0.5F

0.0

02 04 06 08 1.0
AJA,

() EG mtrife gk

y=1.6176x + 0.0593
R?=0.9991

WIW,
SOmEPNLWWAMAULS
Suounocuounmounouno

2
AJA,
(d) MeOH AR 28
K1 MeOH.EC .DMC F1 EG B 45 7E 8 &

2 ZERE5WE

2.1 EUFIEIFE

TEEC T LA AR AR 0 I EE A T2 1 B 58
F B AT AR O 32 AR ) 25 PR IR0 ) 5 1
ARG XS EC AL By 52, 45 R a5k 3 Frow,
SIS R R R A 500 v/ min, S EE R LR
81, 4 Ak 7 T 1 O B BT & Y 3%, S0 i B R
333. 15 K,



2024 FE 10 B

FRF  lBRIREHNIREE _PEBER N NFHAR - 199 -

®3 FEMEELTTH EC #HiLXE

G SR E] /b HEALF AL/ %
1 5 Al 69. 93
2 5 A2 58.52
3 5 A3 53.85
4 5 A4 52.79
5 5 A5 44.93
6 5 A6 25. 64
7 5 A7 14.97
8 5 A8 11.50
9 5 A9 10. 82
10 5 A10 8.18

I 3 AT, e T 10 FhOR )Y B 728 et
i, Hr B TS g AL A AR [R) B2 S N P b G
MR ST B e Y EC AL 38 IR e 5 2 1 5 #ft
AR AT 1D B S He G U R — 1 T R HE A1)
2.2 SMNTEERIRS I

FEAE AL ST 85 S B S 19 3% | TR 8 U 1Ly
8:1 ST IR BETE 333. 15 K MIAIE T BFFE i bl o
(400,500 r/min #1600 r/min) % EC # AL R0
S5 2 FR

0.8

2
i /./ﬁ,;L — / 2
> 37 1"

o6l
esl0.6(
Bos
=

1—400 r/min ;2—500 r/min ;3—600 r/min
K2 #PHEEI EC HAEHP R

P I 2 ATA, Bl G s (R 36 T, BC 55 AL SRS G
N, H 245 5 M 500 r/min HH1%] 600 r/min B,
EC FAATF o] W B R B R, S 40k sk 2y
500 r/min I 2 FEASTH BR A BORE S50 1 5200, 4n
SR ARSERE KRR R | S80I B T A g 22 1)
AL DT A AR 2 A i 2 [ Fi B )3 R
Wos RN, 25 bk, £ 500 v/min 7E K i £
U230
2.3 EEFREE/RLEHIFIN

Xof RT3 N R U 3G —F R I
i 53—l 520 ) B A 3R 1 O AR A S 0 T [l A T
ARSI TEAHEAL ) Tl MeOH F1 EC B R 1 3% |

100 200 300
5 1E] / min

SN IR E Ry 333,15 K F533 R 500 v/min BYZF,
LT 6:1.8:1 10 1F1 12 :1 4 FhAS [5) B 5 28 /5 1L
Xt EC BAL R, 45 R K 3 i,

0.8} T
v X — f — ! .
06 :
S
L oom—
#® 0.4
(&)
=
0.2
0.00 o - N
HT‘“EJ /min

1—6:1;2—8:1;3—10:1;4—12:1
B3 ERIMEC #HARNEE

F Il 3 AT B B EE R L i3 K EC 1k
FABEZ K, Y EERREE K LR 10 :18F, EC B4 LR
78, 97% ; MAWEHEFE R bl 12110, EC $1k% N
79.92% , RIEINT 1%, HANEERREE /R Xt 2 5 EC
AL RS MAAR /N T LA BE R R BE /K Lo 10 < 1ilE AT
JE B
2.4 HBUFIRESHBHEIG

TERERREE R o 10 21 ik #8K 500 r/min |
JNERIE A 333,15 K IIEAE T, 2 8B B i 4
(2% 3% 4% ) %t EC FEALR 52, 25 5 a0 & 4
B

0.8y et
07442
0.6p
# 0.5
§§,o.4
S 03f
0.2}
0.1}
0.0 e .
0 50 100 150 200 250 300
I 1] /min

1—2% ;2—3% ;3—4%
M4 EAFREL2HS EC EAEREN T

F L 4 W SR AL T R S B0 2% EC 7%
fE3h 68. 08% , {H 24 fi fb, 1) 57 1t 43 H 14 fin 2] 4%
i, EC # Ak F h 78. 98% , ixX S i T+ il 35 i Ak 57
SR, T R B4 SN TR P A, A
TS 30T e 1 B Iy 8 238 (H > i A 35 5T 1 3 0
3%IEINE] 4%}, EC B bR Toie m R T+, N2 i
FARE 5 % o FH A AR 5T 6 3 B0 3% iE AT )R 2
SR
2.5 REGBEREMW

FEREERIEE SR FE oA 10 21 B FE3 R A 500 r/min |
AR B g BT 3% 19 51 R, 2 58 R 7



- 200 - FAX AL L

JEXT EC AR 45 R A&l 5 R,
081
07F «

0.6 ':’ '/

005356090 120 150 180 210240270 300
W [8]/min

1—308. 15 K;2—313. 15 K;3—318. 15 K;4—323. 15 K;
5—328.15 K;6—333. 15 K

WS REEEXEC#EAREEH

&L S AT, 7E SN BE R 308. 15 ~328. 15 K
(A3 B P WL BE A T i 5 3K EC AR I RRAIG, Ui B
LI R RN o >4 B il BE O 333,15 K I,
EC #AL R K, DR THRFIFESFEA TR
AR i R AU 5 0 = ) R AR SR AR T, HE S E S
NEAT il EC LRI,

3 REEHNEF
EC F P 1 54k~ 7 BN

£ A 0 Lo
Il
0=§:j + CH,OH CH,0COCH, + H2(|2—0H (D

EC Fl B B 22 46 s b ok #2 H |, Bristow &g
kO 1% Gk B ] ) R £k T B R TR
( CH,0COOCH,CH,OH, fij #% HEMC) 1 % 7£,
Knifton %238 2 1 — 25 (14 S50 % B, 7 B 4 1k 571
AFE T FE s (8] N AR 251 T, HEMC A4 RE
iRl 8

B PS4 EC RN R P A B W AILEE A
PREARFRITE 1k F B B0 A A 67 v ) PR A
Yeiki EC rhaly 1 o B e e ik, & 2B SR A% A S 15 3]
HiE] P 4 HEMC, H 4k 22 5 HBE 2 0, 15 3 7= 9
DMC & B, S b 7 o

0
C I
0=<j + CH,0H RN, CH,0COCH,CH,0H (2)
C (HEMC)
0 H,C—OH
Il I
CH,0COCH,CH,0H + CH,0H A, CH,0COCH, + o (|:—0H (3)

3.1 REFEEH

TEAE AL 0] BT i Sy 6 5T 4 B 3% | B Ry
500 r/min JREEF[A] N 5 h BERREE /R EE R 8 1H9 4%
FF, W2 T 30815, 313.15, 318.15, 323.15,
328. 15 K 5 SN[l T #9-F- #5410, IF TH5
DR

55 44 HIBTF 2

K., = (ConcCis)/ (CyeChion) (4)
K, VARG C PR IRIREE  mol/ L,
FRPEVO AR R A5 B 8 K SR EE Y
IR N .
(dIn K, )/dT = AH/RT* (5)
P AH BRUEEE IR ROV K, kJ/mol 3 R j{]%ﬁxﬁﬁ,
8.3145 J/(mol-K) ,,
W20 (5) BP9 3] B 0L VA7 i H5OFN B I it 3 2
] Y AR
In K, =-AH/RT +C (6)
KARFNREE TS In K X5 T VB 15 B4k 27
WERCIRE IR, K 6 Fras % Hub A2 [nl i
(CElpips
InK, =2431/T - 12.715 (7)
1 5 R (7) AT R A4 SN SRR AH
~20. 21 kJ/mol , AH<O , & B 1E 1] S 07 R RS2 I

Ink

-5.2¢ y=2431x-12.715

R?=0.971
=53}

-5.4
0.0030 0.0031 0.0032 0.0033
1/T/(1/K)

B6 KB R

3.2 BAEFENES
H T E 7= 4 HEMC (3 BEARAIR, PR T DA AR
WA 2 RN R, — B A B HEMC 3657 BR 3616
DMC FNZ Z s, WSS 1 20 R 18 L, SR A I I 1Y
FET B, ) S i R A R A R
Yie == (dCy)/dt = k, CyeChoon = k- Crpne (8)
52 T K, Kb Uh

KZ = (CDMCCFIG>/( CIIFY\1(‘.CNL-OII) (9)
SR K RIB AN
K = KK, = (k, /k_)K, (10)

Fe3(9) T (10) 4 AR (8) HmT ik S g
R
Ve =~ (dCy)/dt =
ko [ CoeCreon = (CoyeCrg )/ (KCyon) ] (11)
PRIk R B EC A4 TR A2 48 S B 3l ) 2 07 A
Yec = ki CocCyeon = h- [ (CegCryc)/Cyeon ] (12)
ey BV mol/ (L-min) ;k, b 1F 52 3R
'F%L'ﬁ, L/(mol -min) ; k_ ﬁ@ﬁ@ﬁ%ﬁﬁ, mol ! ;
K., =k./k_,



2024 F 10 B =

3.3 HAFEHEBEUE

o FORAS - 3G X 8l 2 07 B (12) B4y, 3K

B EC VR BE Y TR B R ) A8 £k Y il 26, S8 05 A

fe/N 3 UL EC e BE S RN TR Y 5% 22 1Y

SR AR, 15 BRI B T Ak 3l ) 2

SR ARPEBTAE 2 2 31 5 R A5 3] I OR H RS
IR A A GRS U W

Ink,=-E/RT +1InA (13)

XTI i P P 50 5 s o i 5 B8 o B A T

PUA R WE 7 R,

.
| Ink =-7568.1/T + 24.44 2
.
R?=0.9915

In

_3} Ink,=-5226.3/T + 12.006
R*=0.9699
4} .
1
-5t ) ) .
0.0030 0.0031 0.0032 0.0033
1/T/(1/K)

1—In £, ;2—In k_
K7 RMEREHEEENX R
M7 HRIAL In k5 TR R H ML
B, A (13) AL BRI In A, REF N
—E /R, TSR 2B 07 ) 1% AL e RS i A -, o ke
145 BC FIF BERE A2 Ha 4 i DMC 159 B ¢ & 12 357
TR
k.= 4.628 x 10%exp( - 3.908 x 10°/RT) (14)
k= 1.57 x 10°exp( — 5.707 x 10*/RT) (15)
I AAT 3] EC AT HT g A2 4 1Y Sy 8 ) 2 T
R
Yoo = 4628 x 10%e” o0 Kre 0 o
1.57 x 10°e SO (oo Y/ Cuon ] (16)
3.4 FAFEBWIIE
P NS 2 AU A 1 BB EC MR R RN S8 50 (A i
FFXF L, DT 36 TE SRS B 1) TE A 1 A 40 e o ey
500 r/min HEAL ) BT 552 BN 3% (B TR BE R T R
10:1H950FF 4 1 323, 15 K F1328. 15 K 2 MR
ST B E R SR E, 25 R AN 8 R,

N
=)
:

R?*=0.9967

—
w

5348/ (mol - L)
S =
o 5
-

e
=)

0. 2.0

5 1.0 1.5
SZHE/ (mol « L)

K8 EC & JE iy 1 B8 o 523618 1Y Hh 3¢

BER IR G AIRER — BPEE RN B NS AR - 201 -

AP 8 AT LR S (R P 15 9%
N AR BN 0.996 7, 3iF BA 520 AR A
B HARICE | BT LAVE R Ha 3R EC 1 BE Y 1 58
SN,

4 it

(1) ZEMEREE TPt EC AT R 28 e 5 B DMC
HEAFIFIE, B0 5 A A 555 i i 1) 5 7 s e i T 1
TSN (AR B RE T 30 B A0 S N 2% 3 P o
9500 r/min AT R BT Y 3% | BEFR EE /R
FEoh 1001 SO s hy 333,15 K,

(2) i3 BT 25 BT 0T A N R AR R
H kS AH=-20. 21 kJ/mol,

(3) IBEAE e SN >R FH A4 AR 70 %k 8 ) 2 4k
PTG 158 EC AN B SN 3 T4 R
Yo = 4.628 x 10°e G010k 0
1.57 x 10"e’(5'7“m”4)/’("[ (CieCouc)” Crreon

(4) 38 328 % S 50 (B FIASLFUL(E 647 6) bE, #H G R
M 0.996 7, IS E T 1B 8Y /g i 14, ol R
2% B R R AL

S 3k

(1] Jrzik, B SCHE a0 T2 A9 SO ——k e W BR [ 1] AL 24l
#i2,2000, (9) :19-25.

[2] 2=k, AR TE AR E LR — W s & R IR w5t [ )] A an A
AL T3E# 2011,12(6) :38-41.

[3] Kumar P,Kaur R, Verma S, et al.The preparation and efficacy of
Sr0/Ce0, catalysts for the production of dimethyl carbonate by
transesterification of ethylene carbonate[ J].Fuel,2018,220(15) .
706-716.

[4] Pacheco M A, Marshall C L.Review of dimethyl carbonate ( DMC)
manufacture and its characteristics as a fuel additive[ J].Energy &
Fuels,1997,11(1) :2-29.

[5] Ein-Eli Y.Dimethyl carbonate (DMC) electrolytes-the effect of sol-
vent purity on Li-ion intercalation into graphite anodes[ J].Electro-
chemistry Communications,2002,4(8) :644-648.

[6] Kumar P,Srivastava V C, Tangar U L, et al.Recent progress in dim-
ethyl carbonate synthesis using different feedstock and techniques
in the presence of heterogeneous catalysts[ J]. Taylor & Francis,
2021,(3) :363-421.

[7] FIEF, BB, AR 45 H B S AL R S0 5 U iR — W iR
SREHLERR ST HE R[] AL TR ,2012,31(10) :2213-2220.

(8] M, k435, XA oS4k [F) i LB 2 — HH IR & 2 —
B[ J] RS A AE T, 2000, (2) 1 1-3.

(9] Bk dh, 3, T80 W bR SR AP ¢ 65 5 PIURIR R — Y T 4 151
BB SEk R [J].) M AL T ,2018,46(3) :8-10.

(F#% 207 ®)



2024 FE 10 B

101(1/2) :27-39.

[21] Yang M,Wang H B,Ning P Y, et al.Extracting of humic acid from
swampy soil by dilute base [ J].Chemical World, 2002,43(7) :
351-353.

(227 IR, SR8 565, 55 76 N 2 15 1 T TORR A v JRS 4 I3 1) 43 A7
AU FHRRAFHERTIE[ )] il a4l , 2016,35(4) : 112-121.

[23] et BRIkAS Bt &, S5 AT A R AR A B2 B T ) AL T

R,2023,43(3) :359-364.

SRHER , Sty , SRR, A5 KA e B I 14 B2 B O e 3R

HE[J].BREE TR 2% ,2017,11(5) :3153-3160.

SRELTE, SRR , S BE  AF A T T A 8 e 1A o R e

RS [ J] Bk 53R4%,2023,51( 1) :108-116.

[26] Ye Z,Xu D,Zhong J, et al.Influence of soil colloids on the transport

[24

[

[25

[

of Cd** and Pb** under different pH and ionic strength conditions
[J].Agronomy,2024,14(2) :352.

[27] Asahi R, Mmorikawa T, Ohwaki T. Visible-light Photocatalysis in
Nitrogen-doped Titanium Oxides[ C].//200th Meeting of the Elec-
trochemical Society( Abstracts) ,2001.

[28] Thara T, Miyoshi M, Iriyama Y, et al. Visible-light-active titanium
oxide photocatalyst by an oxygen-deficient structure and by nitrogen
doping[ J ].Applied Catalysis B,2003,42(4) :403-409.

[29] John H M,Sv F.Tron deficiency limits phytoplankton growth in the
north-east Pacific subarctic [ J ]. Nature, 1988, 331 (6154 ) : 341-
343.

[30] Thurman E M,Malcolm R L.Preparative isolation of aquatic humic
substances [ J |. Environmental Science & Technology, 1981, 15
(4) :463-464.

[31] Hill J,Byars E A, Sharp J H.An experimental study of combined
acid and sulfate attack of concrete[ J].Cement & Concrete Compos-
ites,2003,25(8) :997-1003.

[32] B, 00, SR, 45 5 8598 in ) A 31T AS [R) 5 4 I8 e = 9
AR HLT = 422 SRR AR AL [ 1] 635 2 5 06 3% 40,
2024,44(1) :118-124.

(337 KICAN, H Wi, W] W AT LIS L 8 Je A T % 20 P 2 o i
WFEL ] A L TR, 2021 ,43(11) :2013-2019.

[34] Yingnan W, Lingjian K, Meiling W , et al.Study on the effect of KM-
n0, -modified humic acid residues on the removal of Hg( Il )/Ph
(II') from solution[ J].Journal of Environmental Chemical Engi-
neering,2023,11(5) :69.

FRERXEF SSRREERYIGES

(L% 201 )

[10] Peng B, Heruishi, Huiember, et al.Overcoming thermodynamic limi-
tations in dimethyl carbonate synthesis from methanol and CO, [ J].
Catalysis Letters,2018,148(7) :1914-1919.

[11] Liu M, Konstantinova M, Negahdar L, et al.The role of Zn in the
sustainable one-pot synthesis of dimethyl carbonate from carbon di-
oxide ,methanol and propylene oxide[ J].Chemical Engineering Sci-
ence,2021,231:116267.

[12] M 26 RV, EARK, %5 M — R A R R R ()],
AL T.,2023,50(11) ;73-75.

(13] BB, &k, X BAE 55 R Im A5 1F T i 5 1Y B B
A RAR I EE [ J]. WAL TR 24, 1998, (2) : 152~
156.

[ 147 SRHE, FHHOME R B S5 R — IR Tl & AR 5 3
RENT[I]. A IRET4E,2022,51(9) :7-11.

BRI RAR - 207 -

[35] Peng Z, Zhanbin H, Ping W, et al. Two recyclable and
complementary adsorbents of coal-based and bio-based humic
acids ; High efficient adsorption and immobilization remediation for
Pb( Il ) contaminated water and soil[ J ].Chemosphere ,2023,318;
137963.

[36] VLA, B4R T, Mht RN R a0 X5 e + 3 4 IR A5 43
AT e[ )] . b BT, 2022,43 (1) :49-52.

[37] WIRk, 2= B0 25 5k A5 30 A R VRS Rt v i B R B S 1k
(I 7 TR AR (A AR , 2008,27 (21)
289-291.

[38] sk, BESCAE, G, 45 AN [a] i R 50 it o F o 3 £ DX
W5 B e R AR LI 3% 1 i S [ )]0 S 3R A )
24,2023 ,29(4) :987-993.

[39] Wei Y, Wu X, Zeng R, et al. Spatial variations of aggregate-
associated humic substance in heavy-textured soils along a climatic
gradient[ J | .Soil and Tillage Research,2020,197( 1) :104497.

[40] Tomazelli D,Peron R A D S,Mendes S D C, et al.Plant diversity
and root traits shape rhizosphere microbial communities in natural
grasslands and cultivated pastures [ J ]. Rhizosphere, 2024,
29.:100864.

[41] Zheng X, Chen J,Liu J, et al.Effect of nitrogen addition on tiger nut
( Cyperus esculentusl.) rhizosphere microbial diversity and drive
factions of rhizosphere soil multifunctionality in sandy farmland[ J].
Agronomy,2024,14(2) :81-87.

[42] Ahmad N A H,Husin N B,Noh N I M, et al.Enhancing biocement
precipitation potential of locally isolated soil ureolytic bacteria using
seawater[ J].Materials Today : Proceedings,2024,96.73-77.

[43] Gao Y,Zhang Y,Wang H,et al.Improving the key enzyme activity,
conversion intensity, and nitrogen supply capacity of soil through
optimization of long-term oilseed flax rotation planting patterns in
dry areas of the loess plateau of China[ J]. Agronomy, 2024, 14
(2):71-82.

[44] Kinga J,Zofia O,Sonia P.Watercress ( Nasturtium officinale) as a
novel plant-based alternative to synthetic soil urease inhibitor
sources| J ]. Journal of Soil Science and Plant Nutrition, 2023, 23
(3):4212-4217.

[45] BIEBE, FA:, A8 S, 250 BRI 0 1 70 X5 - 398 R 305 14 )
TR A [T ] b E K AR EEREE (3 s0) 2021,
19(5):99-105.1

[15] Z=%5 500 HH R bk A b A BB R — Y R T 2 9 S ARl [ D ]
K AR, 2020.

[16] Yang Z Z,Dou X Y,Wu F,et al.NaZSM-5-catalyzed dimethyl car-
bonate synthesis via the transesterification of ethylene carbonate
with methanol [ J ]. Canadian Journal of Chemistry,2011,89(5) .
544-548.

[17] ZEH0F , A BE , 0630, 5 R A8 #1245 U T B 1) 2l 2 1
521174k T ,2016,44(9) :49-54.

[ 18] FKA=F2 KF/y—Al, 05 HEMLBRIR £ 45 T8 15 R I 15 2 e K o i iy
HiE AT D] s Kt i b ol k2%, 2021.

[19] Bristow P A, Tillett J G.Transesterification of cyclic esters[ J ].Tet-
rahedron Letters,1967,8(10) :901-903.

[20] Kanifton J F,Duranleau R G.Ethylene glycol-dimethyl carbonate co-
generation[ J ]. Journal of Molecular Catalysis, 1991,67(3) :389-
399.1



