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Continuous oxidation of m-xylene to isophthalic acid in microchannel reactor
FAN Yu, ZHOU Wei-you, HE Ming-yang, QIAN Jun-feng "
(School of Petrochemical Engineering, Changzhou University, Changzhou 213164, China)

Abstract:In a microchannel reactor, the continuous flow oxidation of m-xylene to isophthalic acid is studied with
Co/Mn/Br as catalytic system,acetic as solvent and oxygen as oxidant.The influences of molar fractions of Co(Mn)
molar ratio of Co” to Mn>* , molar fraction of Br™,oxygen flow rate,reaction temperature , reaction pressure and residence
time on the reaction are systematically evaluated. It is found that under the optimal reaction conditions, both the
conversion of m-xylene and the yield of isophthalic acid exceed 99%. Compared with the kettle intermittent reaction
process , this microchannel continuous flow oxidation process has the features of easy operation, and easily-controlled
reaction parameters, higher oxidation efficiency and safety, providing an economical, environmentally friendly and

economic path for the synthesis of isophthalic acid in industry.

FE455EFE2
2025 F2 8

A

Key words:m-xylene; continuous flow; oxidation; isophthalic acid; microchannel reactor

[ 2R — H iR (IPA ) 2 —Fh 5 22 A HLAL T A [a]
MJEORE, 2 T AR PR N R ER A g PET 3L
PG AEERR A, 38 o] T 1 259 gekt ik
ST, i T R e R KRBT Y —
JEFH AR A o SR IR AR 20 HAT, Tl b
SRR AL A B IPAP™ | Long IR Z1 1 %
Az Z W M AR AF 58 T 8] — B 2R (MX) &k T
L TERNREE R 215°C W R T8 3 MPa 5408
SV 3 h, AR ZH R IR R 59. 2%, 1% T. 21
TPA WA HL R S 4 R W 2, Sun %507 2R
Co/Mn/Br ALK ZWF5E T IPA E AL S R GESE
T2 7E 193.2°C 1 1.3 MPa B RV 454 F , MX
(AL KT 99. 5%, IPA [OVERE ML T 98. 6%,
F A8 BT Co/Mn/Br AL 1A Z AT HR45 16 219 MX I
AR SOV AR FR R A R SO R &R

AR B P PR B o 1 X B 2 A TR A 20K, P B A4
NIEA R W T T LA
UTAER | B AL THAR B AT A, fod T8
a5 R T MR 1 S TE , 5 Gt e 8k 42 X
AR L, o T AT 2 R TR R LE , REAZ SR 1L
T AR B, DT AT UK 8 42 ) 2 I 240, 42
BRI FRRCRAR , 32 T T T2 2 A foli 1
BN RGN AT AR K M AR A 410 Bk
TSV e i 2 PR AR BORT il JE E R
RSP 2 A p A SR T R A S P A A SR
1 RSN (£ P23 & 9757 NUUB S R ¢ [ B S R [ B
THRR T 2R T AGE
EF R Co/Mn/Br LA F, LL O, HE AL
R BIFFE T 0 I % 5 A AL MX A TPA Y
& BT R L LA RS R I T

s B . 2024-03-25; 1& 5 H#J . 2024-11-30
EL B VLA 5 G2 A RBHEIF 5 H (20KJA530003 )

VEZRIAY  JUTE (1999-) , 2, W14k BFSET7 1 Ak 2i 125 1420247151@ qq.com; £RAR 14 (1980-) , 55, Wt #cd% , WF 9277 1) ks 4 Ak 1T %
WA = T Tl il KAk T 408, 38 iHIE R A, gianjunfeng@ cczu.edu.cn.,



2025 F2 B

N2,
1 SLIEES

RF 5
[B] 2K (MX, CgH,, 43 Bral) | i) 28 — H iR
(IPA, CH,O,, 53 #r4l) | vK g i ( CH,COOH, 43 #7
ali) BER(CLH,,, 2riral) JEK S BE(CLHO, 43 i
ali) FRCR A 2 (CH,CN, 43 Brall) B ik — S 40
(KH,PO,, 73 #r4l) | ¥R ( H,PO,, 85%) . Tl 2
AR

T A A Tl S 7 g, L 2R 4 BT AR PR
AR (TR SEE = 1.8 mm, RE =2 mm) ;
Waters 1525 =5 &0 AH (235 1%, & E Waters 23 A7) 4
7 e PR, R = RS BR F AR
AABTE AT, db b R AR A BR A A
7,
1.2

1.1

S FiE
R FH = RO 38 AR TE HET T 2 1400, bR
YR BE 2 53 0 45 10 . 8335 A ZORBAX Eclipse
Plus C18 £ (4.6x 150 mm); Hi Zh Al A, 4.1 g/L
KH, PO, /KW ( FHBERRIE T pH=~3.4) ;g4 B,
KB V(NG :V(K)=4:1] kK 25C;
R K Sk 254 220 nm; HEFE SR 10 wl; DL 84%11
WA A A1 16% A B 5 BEWRYE 5 min J5 , T
FEEEWRDE, 20 min J5 U ENAH A 284 20% , i s AH B
AR 80%
1.3 ®BIERE

P HBIFRE—E =AY MX Co(OAc), Mn(OAc), .
NaBr, ¥ H — -1 T 0K WS 2, 4 8 i 3w g 35 50
SR, S a B | UK R e 1o JE £ b, 1F
VL FR G0 Tl B I SRR, B
FEHERF I A RN . SN RGN B T R R R
P IFGERE A AR T R R T ] R
N7 4455 B B [0 368 Ao S I YR ) R O R I, e
CH, CH,

Co**+Br~ — Co**+Br-

@CH‘m ©\CHB

02(
H - Substrate
~N, | - "
H C 00 H\(':/OOH

Substrate

CH,0H

SERSE : MBERNERE _BFRESANEREE_PRITZHR

O%C/H

CH, ©\CH3

- 147 -

bk S W

m @

e i B0 5
//}/////
.
S \:

(&

5

1— 500 2— 1] 3—RR R i i 4— R 13k
S—f FE AR 5 6— Tl S AR B 5 7— I A il TR A 5
8— AT ; 9—TF FE I ; 10— B 4 s LI—GilkiE /2 ik
A1 RuEBERER

R PR UE S 58 T R AT, A B A i ik S
GESEINFAH | FH oK 4 15 S N9 19 318 5 BE B TPA
Y BRE S Ry AT L DT S S 3 i i ) 6 (3
IR B INRAGR L LR AE 100°C 2247 . SO AL
IR, G R B AR A B R RS A
e U BT e T

2 GRS

2.1 Co(Mn) /RS HHIZT

MX A G IPA 2 R 3 4 U AR A RN, S
REHLERANE 2 Ff7s, Co Mn B T AEEIREES| &
BB [ AR R, R R e SRk, B,
Gl R VAR R 0 F R R MX R AL S R
— BR,IEn(Co™) in(Mn*™)=2:1.n(Co™" +
Mn®) :n(Br )=2:3.n(0,) :n(MX) = 64 JZ iR JE
9 190°C J2 Wi JE 1M 1.5 MPa 45 88 15 6] 7 30 min
MY, 55T Co( Mn) BEIR G- B80T SN, Y 52 M)
K 3 s,

H Il 3 AT, MX (5 AR R IPA IR B %
Co( Mn) BEJR 2 BB 34 N T, 24 Co( Mn) FYJEE
IR 1. 6% B3] 2. 4% I, MX Y 1k %
90. 3% FH & 3 96. 3% , IPARY UL 32. 0% T 5 3]

3

Product

B 2 Co/Mn/Br £ 1t & . MX HLFE



- 148 - L4, A L F45E5H2H
1oof T lioo rE 4 BT 50, 24 Co(Mn) A B AR MX F()
& sof 5 180 EALFA IPA YCRREE Co™ 5 Mn® EE/R LAY AR
ﬁm-//ﬁ/”//*—*mﬁ feis e, HTHC T Mo, Co™ O i P iy 38, %
%40- o £ n(Co™ ) in(Mn® )= 215, MX (%5 {L3% Y 95. 6% |
= 20f {0 ~ IPA %R 81. 2% , T 4 n( Co® ) tn(Mn* )= 1:2
0% 118x[co(21\;1?1)]/%2.'2 23 0 f, MX FEAL R T REF] 90. 4% , IPA R T (&3

1—MX fefba;2—1PA Y
3 Co(Mn) /R 4 #xt K By %)

81.6%, 4 Co(Mn) BE/R4TE0 N 2. 2%, MX 1%
fEFE 5 95. 6% , IPA RN 81.2% , kLN
Co( Mn) AYEEIRA34L, MX FYFE LN TPA AR AR
TEASE &, PRIk, %6 5 19 e 4 Co (M) BE IR 43 %X
H2.2%,
2.2 Co*/Mn* EE/RLE BN
Co(OAc), Mn ( OAc), A4k 7 4 1k S 1k
MX A IPA I 44 =22 e A B IR 0,
F£ Co/Mn HEAEIAZRH, Co FT Mn LA A0 Fil =4 (AR
BAEAE, T B Co™ F1 Mn® ELAT W2 &5 1Y 8 AL 36 I e,
PP, Co™ LI 2N 1.8 V, Mn™ B HL [ 25 4
1.3V, k51 &5 Br iy A H3E &, Co/Mn/Br 2
I {4 AH B AL Ry

Co® + Mn** — Co*" + Mn®"
Co”™ + Br” — Co*" + Br -

Mn** + Br- —— Mn*" + Br -

CH, CH,

Br - + @ —— HBr + @

CH, CH,

RIIE, Co™ M JBE /R HbAhn 23 52 il (1] — HH 2R i) 4
fRELR, 7 Co (Mn) FEEIR 430N 2.2% . n (Co™ +
Mn**) :n(Br )=2:3.n(0,) :n(MX)= 64 S i
J9190°C SRS K 1.5 MPa {5 B[] 7 30 min
AT, 58T Co™  \Mn™ BEJR LU XTSI ) 50
ZRE 4 iR,

100} oo o 1100
8 sof ! 180 ¢
*§ 60} 2 160 ﬁ'
#

2 40} Ja0 E
: :
= 20} 120

0 0

12 11 2:1 3:1 4:1
n(Co*): n(Mn?*)

1—MX A4k 3R ; 2—IPA I
Bl 4 Co™ Mn™ JE /Rt 3T KL By % v

48. 6%, A& Co™ Mk BT R B Mn® Ve B 3 IR S
SR 2 8] (9 B R VE A2 20520, 24 n(Co™)
n(Mn®")=3: 10, MX AL AR 90. 1%, IPA
IR R 60. 1%, L, fefE Co®™  Mn™ BE/R
H2:1,
2.3 Br ERSHEAZM

Br FEAEEET | LB BOREAEH VR RS A &
CINDE YAty 7S N TN =R AT i o == K A
ReR G, Bre 19 BE R A B R B MX R
RIS I R Z —, 7E Co (Mn) BE /R 415N
2.2% n(Co™) :n(Mn*)=2:1.n(0,) :n(MX)=
64 SV IEE R 190°C S 728 1.5 MPa {5 84 it
[6]247 30 min WIZF T, B8 T Br™ BEJR 73 B0 2 1
HIsZ I, 25 R AEL S Bs

100} 1o {100
8 sof 0/0/0_’—:9 180
ﬁ 60} -sog
% a0t {ao E
= 5ol lo =

0 0

2:1 2:2  2:3 24 25
n(Co**+Mn*):n(Br")

1—MX #AL R 2—1PA R
E5  Br BE/R 4 H R R F
H I 5 ATAL B Br B R 20 R 3, MX /Y
AL A IPA PRGN, 24 n (Co™ +Mn™) :
n(Br ) M 2: 1728463 2 :368F, MX (95616 % M 81. 7%
FHiE 95. 6% ,IPA BIWCR M 12. 9% T+ =5 81. 2%,
Br BE IR 43 B MX 1 484 52 M 50K, (L Ak 252 44
TSR H B (8 JBE IR 43850, g 45 SR A A W ik
HYARA  MX G fE R — H AR TE 95% A2 47, IPA 1Y
W — AR 81% 4540, I, ™Y n(Co™ +Mn™)
n(Br)=2:30f, Br B JR 73 Hlcie i A3, LA, MX
HEALE N 95. 6% ,IPA RIS N 81. 2%,
2.4 SSEKERSHNHIE
TE Co (Mn) FE /R P BUN 2.2% . n (Co™) :
n(Mn*)=2:1.n(Co™ +Mn*) :n(Br )= 2:3 ]
T R 190°C | SR J1 8 1.5 MPa {5 83 B 6]



2025 F2 B

30 min BIARAETT , BEE T S TR EE ZR 2 JOR O 14
S RN 6 FTR

00y o o o o, 10

- {80

H {60
2

g {40

120

=]
=]

MX M) %
3 3
TPAFICA 1 %

N
=]
T

=]

0

2000 4000 6000 8000 10000 12000
x(0,)/%
1—MX b 2—IPA R
H6 SR ERYHX RN %

M 6 T, 24 RS R )RR JR B S L
38.4~115.2 i, MX HFE 3K ARk, TPA 1)
W B 2 EE R L3I TR, 3 TR R
JEE JR 43 B0 RIS oo 3 P AR R 1 3 SRS A
B2 AR YR  BE SR AT ECN 3 840% 1 TPA
(IR s , TR A E R MX (REE LR N 95. 4% ,TPA
[IFA 88. 7%

2.5 RAERERRME

MX E Ak SE— Bl [ AR S R, N e
JE ) — AN SR, T RO E Y R
REAE DRI RORITA 0 SN T8, AT T 25 5 45 1l I i
TRA YRR 4104 B2 N A7 fof il T8 5 1 i v 1 AR
B, £ Co (Mn) EEIR M HH 2.2% n (Co™) :
n(Mn*)=2:1 n(Co™ +Mn™") :n(Br )=2:3.n(0,) :
n(MX)=38.4 S H R 1.5 MPa 5 4 A i) 4
30 min BYSRAETS , 25 5 S0 ik BE X S g A8 52 il 4%
RWE 7 FiR,

100 N . 1 {100
S 8o} 2 180
z% 60f 160 @
% 40t {40 §
= &
= 20t 120

0 0

170 180 190 200 210
SRLRBE C

1—MX $46%2—IPA i
7 RO B XKL

FH L 7 AT %0, MX 5% AL F IPA PR B %
S5V Tk P T R T v, 2 RO IR R A 170°C T
F| 190°C i, S J07 I HE %k TP A TS5 1) 5 ey s > A B
RN R B 190°C Z )5, IPA FYISCE JLF A 1
ARAk, T 24 N IR AE 170 ~ 210°C 11 Bl N AisF, MX
AL R — R EAE 94% Zodq, L, Fe Ry S

SERSE : MBERNERE _BFRESANEREE_PRITZHR - 149 -

HEE R 190°C, BLET , MX [543 95. 4% ,TPA (1)
WH N 88. 7%,
2.6 RREEAEIZEMm

R I8 SR T MX B 7 22 A AR R - AR
S AR P O AT AR e SR WA TR
JEN . AE Co(Mn) BEIR 80K 2.2% . n (Co™ ) :
n(Mn*)=2:1n(Co™+Mn™) :n(Br )=2:3.n(0,) :
n(MX)=38. 4 JZ I i BE A 190°C | &= B4 Bif ]
30 min MY S&AETR, B 5T RN R 768 BN 5
ZERNE 8 s,

100} L {100

§80- 2 lgo s

60f 160 #

x :

£ aof {ao €

z z
S 20f {20
0

=]

10 12 14 16 18 20 22
SN FE 1/ MPa

1—MX b3 2—IPA %
B8 R BLE A At R B v

H & 8 WA, MR I 0.9 MPa 1 Tt %
1.5 MPa It} ,MX HYFAL N 89. 6% F T3] 95. 4%,
IPA FYICR I 33. 2% 1T 51 88. 7% , 24 )2 hj J& J1 3k
— T, MX AL TPA F ISR A A2 AL,
WA TE R R PRI, 0 3 1 1 e s o R T
M 1.5 MPa, I, MX 463 95. 4% ,IPA 1L
RH 88. T% . X5 I IR A W) 7E fGH T8 I Ny 7
PG SRS 5 o BN HE ) AN MU S8 AR WA
BRI AR REE , b AT DA A 72 ol PR 3 AR TR AR A 3
LR, IR0 MX A B AR RS
2.7 =B ERNZIY

FALH AT YA DT RIS, AL R =
IR EE SO e T R IR A B T A SRR B I
N ELR S , SR N 4 457 B4 B i) mT DA R 58 42 4R Ak
BUER 1 ] 7 i — b A R, IR, A
Co(Mn) BEIR3EUH 2.2% n(Co™) :n(Mn*)=2:
1.n(Co™ +Mn™) :n(Br )=2:3.n(0,) :n(MX)=
38. 4 SR EEN 190°C W J1 R 1.5 MPa e f
RSN 2R R RS ST, B0AR i
VP SRR AL Ok A0 AR 2 N7 ) 457 B B[R], 5 5% T 45 R
) Xt 52 10 AR5 D, 25 SR AN 9 s

Pl 9 FIAT, JE K 5= B st (i) R A% fof v i) =47
— Ak, 2 N A5 B B ) ZE K B 40 min B, MX
DAL EAL IPA, MX B 5L A IPA By %
#1>99% .,



- 150 - 4K AL L
100F 1 {100
8 80r 2 180 ¢
£ o o
% 40f {a0 E
= &
= 20t {20
0 0

20 25 30 35 40
45 B it 6] /min

1—MX Ak 3 ;2—IPA %
B O =8 B E Xt R e
Sl A S 07 % 1 = [T o 1 S
R T2, R B Gl B i 2 T ARV IR R 5
A% s W B[R] B4 TR 28— HH R Ao SR B =, B e &
T2 AR R R AR BT B A 3

3 #£ig

LI Co(OAc), Fil Mn( OAc), AL  NaBr
INIINF , FEARGE T8 S I 7 o MX T 3 22 Ak &
B IPA B T2 AT T RIFY, B i 6 45 20 ) e {4 T
25 Co(Mn) FEIR 438K 2.2% .n (Co™) -
n(Mn*)=2:1_n(Co™ +Mn*) :n(Br )=2:3 JZ
TEEN 190°C R F1 R 1.5 MPa 8B IR 7 8K
H 3 840% ARG BT IE] K 40 min, FEM T 24T,
MX 95 ALFRFN TPA ISR >99% , ol Tl b A 1
2R AR T — s al SR T

S 3k

(1] E2 ZRR, B0, 55 IR 28 W R AWk U A 5 a0k Jre [ T kG
554 A4, 2023,31(10) :65-67.

(2] Zo46 WREEE, M SO R sOBOR vk 43 I) — W 2R S fb s 7
B8 [ 1]. 8 G Tl ,2004,17(6) :37.

(3] FEALZIRI2R Z F R A 26 7= R 2 SR AL AR i 5 [0 ). W s 1k
T.,1992, (4) :33-36.

(4] HEH=WIRWARZ A E R R=F R [ D] R
L KRR, 2003.

[5] Sun W, Sun J, Xu Z, et al. Experimental study and modeling of

homogenous catalytic oxidation of m-xylene to isophthalic acid[ J].

Industrial & Engineering Chemistry Research, 2015, 54 3293 -

3208.

(S50 o7 Y o < At e Rt e 7 = o a1 e

PRI J7 1 : CN 202010765050.4[ P].2020-08-03.

AR IMIHR , Wi 4, 45—l IA) — B 2V AH S 1k A TR 28—

FH R Y %5 . CN 201610963439.3[ P].2016-10-28.

[8] Fang Z W,Wen D, Wang Z H, et al.Effect of H,0, modification of

[6

[

[7

[

H;PW,,04 @ carbon for m-xylene oxidation to isophthalic acid
[J]. Korean Journal of Chemical Engineering, 2018, 35 (11):
2172-2184.

FA5BFE2H

[9] Zhou X Z, Wang Z H, Fang Z W, et al.Production of isophthalic
acid from m-xylene catalyzed by Co( Il ) and HPW@ C modified
with acetic acid[ J].Industrial & Engineering Chemistry Research,
2018,57(35) : 11893-11902.

[10] Lv H F,Wu S Q,Liu N, et al.A study on the m-xylene oxidation to
isophthalic acid under the catalysis of bromine-free homogeneous
catalytic system[ J].Chemical Engineering Journal,2011,172(2-
3) :1045-1053.

[11] Guo R,Zhu C,Yin Y,et al.Mass transfer characteristics of CO, ab-
sorption into 2-amino-2-methyl-1-propanol non-aqueous solution in
a microchannel [ J ]. Journal of Industrial and Engineering
Chemistry,2019,75;194-201.

[12] Jeong B J,Shin M C,Park J H et al.Catalytic cracking of methylcy-
clohexane over H-ZSM-5 zeolite and activated charcoal wall-coated
microchannel reactor with wavy structure under supercritical condi-
tions[ J]. Journal of Industrial and Engineering Chemistry, 2022,
105:502-512.

[13] Banakar V V, Sabnis S S, Gogate P R, et al. Ultrasound assisted
continuous processing in microreactors with focus on crystallization
and chemical synthesis: A critical review[ J].Chemical Engineering
Research and Design,2022,182:273-289.

[14] Schénfeld H, Hunger K, Cecilia R, et al.Enhanced mass transfer u-
sing a novel polymer/ carrier microreactor| J ].Chemical Engineering
Journal ,2004,101(1-3) ;455-463.

[15] BREki, 0 P, % HESE 45 AW 8 25 U U R — U8 Y it 5%

JEER[J]. AT ,2012,32(9) :24-27.

s 5K, 5K B, A IO T A SR R Ak B A% TR B Y

[J].BU4CAE T, 2024 ,44(2) :97-108.

(177 a5, RLTN, T4, 55 W0E T SR A% PN il R S Ak & X il
AR ] A THAREH K ,2023,52(3) :27-29.

[18] Yang L,Liu P,Zhang H Y ,et al.Catalytic oxidation of o-chlorotolu-

[16

—

ene with oxygen to o-chlorobenzaldehyde in a microchannel Reactor
[J].Organic Process Research & Development, 2020, 24 (10) :
2034-2042.

[19] Sultana N, Guria C,Saxena V K.Selective conversion of stearic acid
into high-added value octadecanedioic acid using air and transition
metal acetate bromide catalyst ; Kinetics, pathway and process opti-
mization[ J ]. Arabian Journal of Chemistry, 2020, 13 (1) 2368~
2383.

[20] FEmH%E, 254, N0, 4 6 — R B3 12 (1) &
REALEAN S S F AL 1] AL L2447, 2003,54(7) :947-952.

[21] Ueno M,Ohmura S D, Wada M, et al.Aerobic oxidation of alcohols
using bismuth bromide as a catalyst[ J ].Tetrahedron Letters,2019,
60(7) :570-573.

[22] Wang J,Han J,Xie X, et al.FeBr,-catalyzed bulk ATRP promoted
by simple inorganic salts [ J ]. Macromolecules, 2019, 52 (14) :
5366-5376.

[23] Li C,Xu R, Song Q, et al.Highly efficient photocatalytic oxidation
of C—H bond based on microchannel reactor[ J ].Tetrahedron Let-

ters,2022,98.153818. 1



