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ORI T8, IXREURE (1) R AR 87 45 i 2 Tt il
M BB Z AL RS, HRT A IE B AT TS e
BRAR AR R B R 25V P AR RARA M i
AL B S, NEBH & S IR U, R AR R
PRI R A ARBURIR B 73k 2 AL, R FE EATIOR
AT DA 2 F B AR i RS ) osEE, St s o ik
B 35 E T Ay A S AT T s N AR B AL T R AR AR . AN
PP TSOU FLBR 25 M e AN IR, DRk Dy e 43 B B AR AL
Bl B SR ALIE 1 B G M RHR U T 2RI . KRR
MiE BA ARG, nTEA . PR SRS, &AL
b A 2Ty 2P DU AR O SR, R JE A A K
B X 4 B AR A S 4N K RITRLIY) Ui0-66 45 J& A HLAE 42
(metal organic framework, MOF) {EARMfHGEIE A EE E,
SEIL T SR S S A A 2 I e T AR A

A ET UL ECA, FIHRRARM R IR
BRI ZE R, MR OB S [ N 2S . BRE AR Bk
TEIE S N A EANFIAE R A AR A T B XA B ) A
Z, RGHE T A XIRER B & R nT 47 . X eIl
A b 3 SR A BOER AL T AL ARG, IR
JI55 5 A, IO R R SR A A 1R B BRI TR S T
RENIE L A & R R, B 1E 9 R IR 2 2 1 A b
HLHT HHE

1 MR5E%

1.1 RIEHR

BARM: (HEff: 40 mm, = 200 mm, EETHE
KRBT H WHTAMT . AENEE SMF:
50 mm, H&: 40 mm, =E: 170 mm; J5HRMFLIME:
80 mm, FEMIMALAE: 55 mm) WH T UMEET.

IECR (98%) . IECEE (98%). IE TR (98%)
W R R T AR R E IR AF . BEE (8T
i), LB (Oird) . 48R (Obrd) . R (Ot
afi) . R (obrdD . B (obralD WE E 244 R
AR E R A A X AR RNFERE (99%) . X FR
R (99%) . WEEER (99%) . SFIREE (99%) WH L
W MR AE R I A BR A ]

1.2 BRiERIBE R R ERREI &

B, WA BB A K 8 AL EE 30 min 25 B
H, PN 105 °C IR T8 12 h BAEBRK
5. BT R MBARR T &S, 8B RBER
#F, BLS C/min P FHEIEZR = A 700 'C, FFAELIR
FERARAL 3 h, VIR0 S A5 B R IO TE e 2 3 A4
WAt B & I A IR E N A SFREE T,
MM NG R & H A S A WEZ R, #E 24,
Ry A S R iz 488 i B A5 B e s . 2
1.3 EEURENSIZ AR R

WIE 1 BN, (O SR N 2R S5 Ao f e
LA ERETCAE . WIS IR E L S SR Yk ik %
BV E A S B R, I B A TR

FEIR- 2B SO % F T S5 WA A7)
FOMEER R B ROBIE R Y, SCILWEER 5 2R
REACTAL, 78 1P RETR 2 BHLAR o 49046 7R LA 1.
RELRNE . FEHIUE. REAIRING . FYIBEA e,
FUE AL, PRERR R LK.

B

ije

LIRS, 2 MAH; 3 GmMAEMNEE, 4 REMEE RN 5 HiR
R E

1.Peristaltic pump; 2.0il bath; 3. Metal-coil heating device; 4. Carbonized-
wood monolithic microreactor; 5.Constant-temperature oil bath device

Bl BEAEMEBREEAATE
Fig.1 Schematic diagram of carbonized-wood monolithic
microreactor system
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PIRERR G ) FE AR RRE TR S e lis . PR RE TR HH i
A FH v KO C s o AT . WRAR 0 AT 2 C18 (i
FE (4.6%250 mmx5 pm) ) HPLC (1260 Infinity 1T , %
FACEARANTD, RAME I ZAL NP 280 nm. i3]
AR 40 6 B S BE FRE, HGEHERE 10 uL, HIE
0.5 mL/min, %5 ¥EME 15 min.

CROlE. CMOEE. TROBE. ZRIBEMHA
OGS, AT AT A A RN
¥ (DB-FFAP, 30 mx250 umx0.25 um, ZHHEEE AL
"D A IS (GC 7890a, HASHHE) . # WA
R, RS E T 0.08 MPa. HERE S8 RS I S8 35 B 43 5
TRHFFLE 275 °C M1 250 'C. FEERFETHEFEF7E 80 'C N4
£ 3 min, ZRJ5LA 10 C/min FIEE RS 220 'C, FHAE
220 C FA4% 2 min, 4R LN 20:1.

1.5 BRAERIBE R R 2R REITEMN

JUIENE: RO EEREEEEREL 10 1.5 B B A A R
FREE. CRR-OfF. OR-OF. AER-FEE. TR-&
B MR- RERME, AR, AN &
KRN 5%, KNI 100 °C, JiiE 5 mL/min,
SN E e MR LR

fEAHIRI H 2% BB /RN 1020 IREERR- &
BRI NN 30% PRIAE IR i &t (IR R AE AL,
HUBAE B 533 4 400 t/min, SR EA 100 'Co Xt LGS
T8 J SRR 4 S SR, S BT B ) P AR R AR S PR AL
SR S 4y T4, B TOF (turnover frequency) o
TOF it 5w F -

S N A
TOF = T AT = W )

MUBBREE = K 1) 2% B R B AT TN L 7 7 BB B AL
PL 15 mm/min fNZ5E R 48R4, IR AR 5 IR P s
MiEE, HAERAER - RS 2k .
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AP E RS A O B R A O TE S N AR AT 2 A% ) AR A S SR AR T 22 S, T AN R FLAR I

RIARERR RS, BRI RUEEER .18 [ M3 300 mL,
RIS RS 100 mL HUFE IR I R R et 26, B
R 10 K.

R e v K A BR U IR AE B T 98% H,S0,. BA K
5 mol/L ff] H,SO,. HCl. NaOH W &, # Iz it ¥
24 h, HUHJE 4K BEE T8 BiAE VT, SR
TR HIE IR A

2 HBREHH
2.1 WRAERIEIER M AR R RAE

K 2a~2b SRR ARFEZ 700 °C R 5 15 2 AR
i H R R (SEMD, AT UK B s i db J5 BB A7) AR 55
TR, e =42 fLEH .

¢ 100 uﬁl

b. ﬁix“ﬁf AT 40 L B
b. Lonitudinal-sectional SEM images
of carbonized-wood column

a. BRI 3 A B
a. Cross-sectional SEM images of
carbonized-wood column
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c. Comparisonimages of basswood columns
before and after carbonization
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Fig.2 Characterization of carbonized-wood monolithic
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distribution map

microreactor

Bl 2¢ 1] LR R A B 9Bk f5, ELAR A 40 mm
45 /NE 29.6 mm, KM 200 mmZi /N E 165 mm, K
PRFRG5 /N B AR AL BT AR R 45.2%, X2 TR
UL AR FIR S 3R S5 O 7R B T R AR
i R0, & 2d~2e FIERMR S5 SEM [ 3L [F % B
T BpAE N OB T8 LA B XE S A, RALFLAE A 50 pm A2
i, NLFLEN S um A4, BeAk, Bl 2b FHEIR Tk
OB E (A A OR BE L, HRSHEEN 0.5~1 pm. B H
() 88 T T DR AE S BEVRAE B A N I Bl e i 3, HOAS IR L

BEFL AR S SR AR R 8l 2 AR (R AL 1 s B
WA RGN SR AR, e Ry iR A
%ﬁoﬁﬁ,ﬁkéékmw%ﬁ&mﬁﬂ%ﬂimm
AL, 7E NIRRT RERE N I IR R S IR, R
R LA AR SR RS B, B R R AR L, (R
HE T AEIGE ISR TE I B R R P,

22 EERFIFHERZEERERRRR

PR TH AT IO T8 2 0 3% R EERR B8 AL 30C%,
KR RGHE5E T HEAFIFIE, R RIS
PEAL TS I . RS BE R LU A s 87 A S 52 e I 2 00 TA
FERR C BRI AL AR IR 520

K 3a fon 74BN 300 mL. REERR 5 2 JEE
IREEA 1:2200 BRISINEAWERIRE 10%, KRISEEA
100 °C C Jo B7 33 FE 38 M i i 6 38 A g iR )« TIE R
S mL/min B, AS[F R AL T FEARER . 6 H R IR
(TsOH) . #HR. BHR. BERL, XA HERR e AL 7y
AN 63.0% 45.7%. 19.5%. 1.4%. 2.3%. 98% (i &
5340 H,S0, Al TsOH fE Mgtk ) B H AT, &
71N H B B R MO, AR S REVE B A B R R R
HY, RIERARERT T E 2. 5% HRBEER AR G, W
TR RIS B AT 0 35 (WK I, R 0R8 R G A s B A= B 1)

BIr=wK, MR WAEERR 5 O BE A RS 1L s v, 2
PIRERR BB R AL R 18,

K 3b TR THEAGFERRIRER , BRVS In & & oA 2514
ANARI, AN [R) S O7 i B %o T 00 fEE A ) 2% AR R 1) 32
MM EMN 70 'C EFFE 100 'C, WERE LR H
27.3% FF 2 63.0%, X A& i T T B S S 4y 7
WIZF), BN AR R R T T B K g3 1 B A D 3R
RAACHE EE LA, SR, kST R MR E A 110 C
SHAERN B REE 51.4%, WIEART RNK
W CRE PR VR AL, A R R ) A SO TE P 45 B B T
[EE, T A B RE (1300 5 I 7Kg s I R R 4 I 7, AR 4
BRI R, ST mRE AR TR A G Ak,
TERBIENLT, &R E S oA R R, W
S ISR FEE RN A 7K BELAS B A S 8 Fr gk 470021,

TRIEE TR T8 10 R B0 e A1, 55 i T 3 e 2 2% N 110 S 2
WA K. ik 3¢ iR, MRBRAE HE 1 mL/min
FFHE] 3 mL/min I, RIEERR AL ZEH 49.9% 180T R %
F 41.6%, IX A& i T B TF N I I 2 46 R A0S T N k)
fF RN E, FEURLAMIR, R B SN AN 7853 1T
SIS A EERR MO b R R BRD, BRI, o OB E— 2
WRKZE 5SHA 7mL/min, W9 504 RERELRENSE
63.0% FH 56.5%. UL, 5 M iE mARGE 5 1 IR
FAIEIA), (HAG B TP ks &, FF3 5 i e B4 IR AL
LR SR AL P A YR B, 3R T B T P AR R L A % Ak
R, 3 d BoR T REE M GREEERD MR
AR R 5 B 1) 10% B9 A0 2 30%, PIAERREE LRt 63.0%
RS B TEE 90.8%; 1 3 AR AR R 1 FH 1 2 R RE G T i
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(1) 50% £ HANBEIE— PR i AR W AL Ak, (RS
HRBRES SR FRRSE M, 8L, 24
Wt £ 5 AL THT 520 o

Kl 3e Son T EERR AT LB IR IR A JBE R LE X T B R
AL & AR Z BRI U . M EERR S R /R
EEAN 1:10 BN E 1:20, PARERR )55 AL A R 57.3%
N & B KAH 90.8%; 4k St LB 5 LE i 1:30 38 hn &
1:50 2 1M 3 350 PR RE IR 1) 5% 4k 26 F 50.7% Uk 2> 28 44.5%.
—ERRE IR TR T 2 L BE A A 5 S N A 4y F
(B PRI KR AT R, XA B BRSO R 22 3k 1T 42 T g
P SRR, R, BN 2 BE R 2 S 8L

100 100 r
80 80 |
60 F 60

40 r

40 | 7

54k # Conversion rate/%
H:A¥ FE Conversion rate/%

20 f V-IH—HFE_ ) ZZ-;/%

IR AR R, B INE OREE R, MR EERR
R, Rk, ARIGE — 25 7R B TIOR3 S B 2%
(P 1 Ab A2 B — AN R 77 1, o 42 il S B s PN 0 P 0K
FEAR B RRAL S B SRAE r B, dERFIE SR NAR R
R — AR . W 3f fon, 5 AXEA GhOE
1800 MG, K H OER J33EHIAE 0.2 MPa B ] PR
BRI R E IR TR 96.5%, XUt B 0 e 5
Wi AR R A 2 BEAE B — WRUAH P 58 A 78 20 i, 980D SR
TRPEE AR G R R SN 5 [R) A TR G < 7 R I 3 R S
NARFRAG /NS I Bl 2 AL S A5 B I 1] oy A A 35 T B R Ak
RF PP,

100 1
80

7 60 | 7
7 40

1B

20

Ak # Conversion rate/%

H,SO, TsOH HCI CH,COOH H,PO, 70 80 90 100 110 1 2 3 5 7
A7 Catalyst 1L F% Temperature/ C Jitid Flow rate/(mL-min™)
a. fEALAITPZE b. SN c. JRYHE
a. Types of catalysts b. Reaction temperature c. Substrate flowrate
100 100 1 100
— e st
N ;- ?:— 7= N J & j 7 ; J
2 80 ? 2 80 2 80
5 & g
= =} =
2 60 2 60 F I 2 60
5] 8 5]
> > 7 T >
S 4r U% 40 5 40
< 20F < 20 F < 20
® # s
0 0 0
10 20 30 40 50 1:10 1:20 1:30 1:40 1:50 0 0.1 0.2

HEAL T D i Catalyst dosage/%
d. AT I
d. Catalyst dosage

JEE /K EtMolar ratio
e. JIRMIEE/RLE

e. Substrate molar ratios

Hi 1% /70utlet pressure/MPa
£ BRAE I IE S A5 Y 1 )
f. Outlet pressures of carbonized-wood
monolithic microreactor

A3 AR LB &R E R

Fig.3 Single factor test for catalytic preparation of ethyl cinnamate

Zx BRIk R BR £ PR 3% SR VAR AL ) A
RNFAE, LRI, RNIRFERR S LR BE R
R 1:20, EALFINBRER, ELAEAFIE N E N AR R &
) 30%, JREIRIEN 100 C, i i N 5% 4% H e
5mL/min, N H FEJEE RN 0.2 MPa, WHEIRAL
RIR B E KA N 96.5%+0.3%

23 EXRAE

TEA AL TR 2.6 S D 2R 6 v, 78 4R A 770 0 i A
JEDNEE R LEAREG o, IR R X 1% R L s S 18 A i 1 B
F TsOH; JRADEE R HLAE 1:20 I, S 87 55 4k Rk 31|k
H (90.8%), EEMRTIHAMKYE/RL. FARWAFEE
(P AT 55 S ma J A L o B R ARG W A, e —
WIEMMAH LB, DLINAERR £ BRI 3 1 5 25 546 hr
ffiH SPSS22.0 (IBM A#]) #it T —@H YK ZE =/KF1

IERRRE, ®FEELTEL (3Y, mF 1. £ 4. B. C.
D o AR R MR . IRYE . AR HOE
JIX AR, T T 9 WaRE, MRS
IR, R EER ELak SR 1:20, IRIGSE R WK 2, Hrbk
R 5N P E AR 2. B3 2 EUE, EARA %

kyy= ksy= ki k> kip=> kig ko> ke ki ksp>
kop=>kips e Rc>Ry> R, > Rpo
F1 EXREERKFE
Table 1 Factors and level of orthogonal test
b=]
o PRI e PR RS
JKF Reaction -
Level temperature Substrate ﬂgvylrate Adding amount of Outlet pressures
4/ C B/(mL-min ) catalyst C/% D/MPa
1 90 3 20 0
2 100 5 30 0.1
3 110 7 40 0.2
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TKAEB] TR REEIR 2. B8 1Y & e FE s 4 NSz [R]
KRB ERERION: BAFHE. KYRE. H0
JE 715 ISR EE BRI 9A B BR 6) PRRE B e AL R I 52
e R, SRR IR, SO FE AT H 1 JI 52 mi i/ o
LAk TS A 0.3 MPa, £ S HURE A Fa 8 fi
3R PR AT e, TS BURE A RiREBOR, W
M, wARTT RN 4,B,CD;, BIMEAL IR BR VR IN &N 30%
WAERR TR . JYAHE Y 5 mL/min. KB iRJE N 100 °C.
H O 7728 0.2 MPay R BEZR GO 1:20 264 R, KR
REE BB S X S AR SCH R R S R W R RE = —
B, M EE R A NI N, AR LR
L F B KAE A 96.5%.

x2 EXREER
Table 2 Results of orthogonal test

eSS R AR
RG-S Test factor Test index
Text number 2
B ¢ D Conversion/%
1 90 3 20 0 68.5
2 90 5 30 0.1 86.3
3 90 7 40 0.2 80.1
4 100 3 30 0.2 85.1
5 100 5 40 0 88.5
6 100 7 20 0.1 75.8
7 110 3 40 0.1 78.8
8 110 5 20 0.2 80.5
9 110 7 30 0 78.1
ky 78.3 77.5 74.9 78.4
k, 83.1 85.1 83.2 80.3
ks 79.1 78.0 82.4 81.9
R 4.8 7.6 8.3 3.5

2.4 WRAERUEIE R KA RE TN

N T TR VAN SR Ak ) % R IR SR AR IR T A%
G2 R BAE T AE P2 AL, XEEG T AH [R] S SR EE
AT & e BE IR LU 25 s o 2% A4 T 1A 328 82 4 A 1]
BRI T P EERR LA 0%

W 4a Frzs, DB R 3T PORE R (1 % A0 2
10 min # 27.4% &5 T+ 2 60 min ) 86.5%, {H iz b id #
BTG, X BB RN R EERR OB5 ) R AL IEE
PR VR P T B 5 200 JEC A 0 okt RS A S B PR e R R
Tho AR, BRAETHOE I S N 4% PR I S0 A0 mT DL IR #%
BRr=y, BRARRHEIE R, AR E TR EF 96.3% KA
FERFER ., Wk 3, B A E N AR R HR R
PR 1 455 TOF {H &30, i+ I B2 TOF 1H i = B2 ]
10 min 5 ) B¢ KAH 3.6 h™' iZ i B K & 60 min i &% /MME
1.9 07", T {3 e B 8% N TOF 4E 5 7F 4240 K 4.
HE AT L, 76 RIEERR O B fE AL 2 A2, B il 1
SN 7 1 1) 6 R S PR OB 11.7~22.3 fi%.

Britz Ab, d3E—0 52 7 oA o E R R A 1))
PEo Wil 4b Fror, B EIRRAEERR 4B (EC) Ab, BkAE
TR s . 2t T 3% 830 A A 1) % S R AR O AR TR
SR EE (IP-MD) . CREE (HH . 2R 4EE (EHD .
WEERR HfilE (MC). THRZMEE (EB). ZFRLTE (EA)
SHARER. ERE. BEE. BhE. FEE. B

A REE, AR IA 87.6% 95.7%- 78.9%-
92.4%- 92.0%- 93.5%.

Brit 2 4k, B dc Bon T IR RR RE OB T I N B8 1E
210 WH T IES ML E] & AR OB 5, T1RE0REF
90% IR, XEESHIESEMREEHEM, FBx
BN B T SRR, A AR IR S AN AT i
I e IE R, AT S B B e T ECS. @R 4 d
HRRE R4 IR R B, HE A ] 4 538 N, JE4R SR IA
F]31.2MPa, MR 3839 MPa, &L T ABS (5
WlE-T - 28 IR 3L /Y WIRAIS 8 TPU (B
RABPIEAR) SEREMEL, 5 H T 5/ Hol 18 B #
A EIE 5 7. A BB RBRILREA L, AR ROE
BN B PR RE I T W o S, BEEE, T OREER
FBALEER I, B TS RIPURGREE 4, BRAE th R B
R P R BT JES e R . R S AR B I TR
T RE RO RS AT . A\ T AN TR IR B O R BT IR Y
24 h A RELRFESERE . U P OE I8 TR 50 I 4504, PLIR I
JE R T AEE AR, XA IR R LR
T PO RE TR R B 2 . o ) A5 B L T kR

ES 8
280 b
£ E
E £
z 60 2
I} 5]
H z
40 5
< <
j; 20 —=— [ii] i H:Batch stirring g
;: —e— %4l Continuous-flow &

10 20 30 40 50 60
i 8] Time/min

-M HH EH MC EB
ibrIndex
a. [V B PE 5 A ) 2 AVEERR B0 LE
a. Comparison of the batch-stirring and continuous-
flow synthesis ofethyl cinnamate

b. JEPEH
b. Broad applicability evaluation
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Continuous-flow catalytic synthesis of flavor esters based on
the carbonized-wood monolithic microreactor

SU Yujian'? , ZHANG Yi** , LIU Tieliang® , GAO Yungi* , ZHENG Mingming®>*

(1. College of Chemistry and Chemical Engineering, Hubei University, Wuhan 430062, China; 2. Oil Crops Research Institute, Chinese
Academy of Agricultural Sciences, Hubei Key Laboratory of Lipid Chemistry and Nutrition, Key Laboratory of Oilseeds Processing, Ministry
of Agriculture and Rural Affairs, Wuhan 430062, China; 3. College of Life Science and Technology, Hubei Engineering
Universuty,Xiaogan 432000, China, 4. PKU-HKUST Shenzhen-HongKong Institution, Shenzhen 518057, China)

Abstract: Due to the poor mass transfer, long reaction time, and severe material back mixing in conventional stirring reactions,
the microfluidic reaction system, with the advantages of enhanced mass transfer, fast reaction speed, and mitigated substrate
inhibition, has received attention. Natural wood is a cheap, renewable, and earth-abundant material, which is regarded as the
ideal model for monolithic reactors due to the existing 3D hierarchical structures. Carbonized wood with superior electrical
conductivity, chemical and mechanical stability, and tunable multifunctionality endows it as a monolithic reactor object to
synthesize advanced materials for multiple purposes. This study constructed a carbonized monolithic microreactor for the
continuous-flow catalytic synthesis of ethyl cinnamate, using the basswood column with a natural three-dimensional
microchannel structure, which was carbonized in a nitrogen atmosphere at 700 C. The peristaltic pump tube is used to connect
the metal coil and the carbonized monolithic microreactor in turn. The peristaltic pump sends the reaction liquid to the metal
coil, and the oil bath pan heats the metal coil to preheat the reaction liquid. Subsequently, the reaction liquid enters the
carbonized monolithic microreactor, and the oil bath circulation device heats the reactor to ensure the reaction temperature. The
results indicate that the length and diameter of carbonized-wood columns were reduced from 200 and 40 mm to 165 and
29.6 mm, respectively, due to the pyrolysis of lignin, hemicellulose, and cellulose at elevated temperature. The resulting
material not only preserves the well-aligned microchannel topology of the original wood, but also exhibits significantly
enhanced properties, including high chemical stability, robust mechanical strength, and exceptional mass and heat transfer
performance—laying a solid foundation for efficient continuous-flow catalytic processes. SEM characterization demonstrated
the regular and hierarchical porous structures of carbonized column with abundant tubular channels (5-50 pm in diameter) in
the wood growth direction and micro-sized pores (0.5-1 pm) inside tubular channels. The micro-sized pores on the tubular
channels allowed the liquid substrates to enter the adjacent channels and generate fluid disturbance for improved mass transfer
and enhanced catalytic capacity. Then, 96.5% of cinnamic acid conversion was reached with the molar ratio of cinnamic acid to
ethanol at 1:20, the catalyst addition of concentrated H,SO, (98 wt%) being 30 % of the mass of cinnamic acid, the reaction
temperature of 100 ‘C, substrate flow rate of 5 mL/min and the outlet pressure at 0.2 MPa. Under the continuous-flow reaction
mode, a carbonized-wood monolithic microreactor induced a maximum TOF of 42.4 h™' for the catalyst of sulfuric acid, which
was 11.7-22.3 times higher than that in batch-mode reaction. This carbonized monolithic microreactor exhibited excellent
mechanical strength (4 538 N in load, 31.2 MPa in compressive strength, 3839 MPa in elastic modulus) and acid-base
tolerance, which could maintain over 90% of cinnamic acid conversion after 10 consecutive runs. The microchannel reactor
was subjected to immersion tests in both acidic and alkaline solutions of varying concentrations for 24 hours. After drying, its
structural morphology remained fully intact, demonstrating exceptional resistance to corrosive chemical environments. These
properties ensure long-term chemical stability under continuous operation, structural integrity against collapse or deformation
caused by reactive fluid flow under process conditions. Besides, it can also be used for the efficient preparation of various
flavor esters, such as ethyl acetate (93.5%), hexyl hexanoate (95.7%), iso-amyl p-methoxycinnamate (87.6%), ethyl hexanoate
(78.9%), ethyl butyrate (92.0%), and cinnamic acid methylester (92.4%). Hence, the research developed a carbonized-wood
monolithic microreactor with basswood as raw material, which was filled into a metal casing after elevated temperature
carbonization. The reactor exhibited high mass and heat transfer efficiency, presented good mechanical properties, and acid and
alkali resistance. The finding can provide a potential strategy for the efficient synthesis of flavor esters by combining
continuous flow reaction and acid catalysis, in industrial applications in the field of food and cosmetics.

Keywords: carbonized-wood column; microreactor; ethyl cinnamate; continuous-flow; catalytic synthesis
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