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Effect of formaldehyde on coke-induced deactivation in HZSM-S5 zeolite-catalyzed
toluene and benzene conversion reaction
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(1. National Engineering Research Center for Low-Carbon Catalysis Technology, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Dalian 116023, Liaoning, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Methanol-to-hydrocarbons (MTH) reaction serves as a “bridge” connecting coal chemical industry with petrochemical and
natural gas chemical industries. HZSM-5 zeolite exhibits excellent catalytic performance in MTH reaction due to its unique pore
structure and moderate to strong acidity. Formaldehyde can accelerate the MTH reaction process via the Prins reaction and also promote the
cross-linking and condensation of poly-methyl benzenes to form polyaromatic hydrocarbons (PAH). However, the mechanism has not been
thoroughly investigated. By designing a co-feeding experiment of toluene, benzene and formaldehyde on HZSM-5 zeolite, with combining
gas chromatography-mass spectrometry and TGA, it is found that the key intermediate in the co-transformation of toluene and formaldehyde
is diphenylmethane, which reveals the key interaction pathway between formaldehyde and toluene: Toluene and formaldehyde react at acid
sites to form benzyl alcohol derivatives, which then dehydrate to form diphenylmethane. Diphenylmethane can not only accelerate the
toluene conversion process but also act as a “bridge molecule” to significantly promote the cross-linking reaction of toluene.

Keywords: zeolite catalysis; toluene conversion; formaldehyde; coke-induced deactivation

FF i 1] /& (methanol-to-hydrocarbons , MTH) J%
I A2 S JEAL T 5 A A T R R AR A T
ORI 1% RN A 2 BTN R O,
HZSM-5 73 i — M R AT =458 XALIE 450 HIR
PE TR AL b A R, BT B R R A
etERe S5 R & K 4 A8 E ME , 7€ MTH e B B A
B B N FH AT 7. SR, HZSM-5 73 1 g 24 AN

Yrim BHA: 2025-04-16; 1EE HHA: 2025-05-11.

A RE G b2 DR RRUR T 2R3 431 0 AR i 2 3% 7 IR 1
FAC I B RS PR R SC B 0] R, T - AR R R T
5 B T 2R B 48 Wi % V1A G . W FE N B1A
N HZSM-5 73 1~ 7 1) AR % P i 32 2 52 3 36 05 &
(polycyclic aromatic hydrocarbons, PAH) , F: % #) Fif
el i o HZSM-5 7310 AR A oL ) R 53
FLIE A% 5T P RE E MR = W)k B BB PR A RUR L

E&WB . ExEREHE4:(22372164,22402190,22288101,22072148)
F—1EE : IR (2000—) , Wl LA, BF T2 7 1) 43 - 944 , E-mail : yingjunhe@dicp.ac.cn.
BISMEE: S EHE094A—) WL BT 0L, BT 7 [ 971 i Ak 5 C1 6%, E-mail : yuchunzhi@dicp.ac.cn.



&BALE 5T

TE Rk — B o IR IR 4y TR AR B It e S AL
T RME R %, e 2 8 4 RIE S,

PAH S5 BUR W0 2 i BUR AT IR AR (R 22 2
L 2R 8 e B Ak PR B S % 5 s I AR g
Forp, SRR IOV 2 2 W R IR AR IR AL 1) O B 40 R
FEMTH B, EEAAAE MA@, — i
FH 0 2 175 3 1) & 4% #% 18 12 (olefin-induced hydrogen
transfer, OIHT) , R & 01 46 T2 Btk 1E & ¥ )5 1E
RERE R, 5 H A R R A A A U R E
TR IE B 1, B A A e JE AN 2 40 5 — R &
F 75 5 1 & 5% #2 18 42 (methanol-induced hydrogen
transfer, MIHT) , B} ¥ i sl — H 1K 78 2 4 67 i B4
PR T A i R

AR R oG v (AR R I OUEEAE ), — 5 Tl
2 51 0E TR S T B, IF 5 0 48 K 4B Prins J M
A RS A Tl o s s A Ao ) e S A e R
HERE ; 55 —J7 1, AR N S A AT B2 e ik 2
FH B 2R PR A B B AT IR i B, s A 7 AR R 2R
i . FOLEY S5\ H I 55 4 e AN fE & 2E Prins
JNE 3 B AT NG AL S R AR i 0 AN 2 0, I
B R SR N AE 5 I . LIN 25
K H L a3k AL AS I T SAPO-34 43 fifi 44 A4 1 B
Tt ) s e B L, A B P T ) s 4 e 82 v P e 5
W S5 LIS ) PRI AR A o 5 SRS T, £ FH e o) e A S L
PR R M B OR S A i, T Y T ) s e e 1
TR L — BAUIR. X2y — HBE(E SAPO-34
Iy TR R AL — € W9 BUR &1, 5 30U5 55 7%
98 R R R G, T R BE AR AE T O BRAE
H R4 101 78 A Bk FE 3 v » 25 o {1k P i
A Re PRI PTOA DA SON A FRE  rE ) F I A
FEXT MTH Js S R AR SR ) 2 3l R A4 771 R AR
RRE LA EE R, PARE " —BiExR T H
i o 43 - TR AR R A2 AR IEVE R o AR T, B AT N
X H I ey 2 5 22 WL 2R b ) PAH ) 3640 72

AL, R SR 2R ) 5 R I SR 2 5 R
AR G - 5 90 I P 5 S5 4l B Rt R S e
R S TR TR 4AC, JE A I BT R R P R S TR A
6] PAH BURPIBI AL 70 T 42

1 SEISEE

1.1 RIS

HZSM-5, EE 48t (n(Si)/n(Al) N 19, B I K 2
AL A BR 534E & 7 s SR (HF) L & H b
(CH,CL,) , JFU& /35053 N 40%1.99.5% , KEHE T AL
WA 2T A R A A s S E L bE(C,CL) R (CH,)
J 5 B0 BN 99%+99.5% , EIFRTRL T A4k RHEL
A A PR A 71 s BUAE (CHY) » JiE B4 30 99.9% , B
1 T A B A 5 A R A R 5 FR T K VA VIR, Jo B 43 S
940% , REE TR
12 EWERBES5HE

SR T[] 8 R AT 9250, [ 8 IR B & AR N
4 mm [P A B8 VA o RVHT K HZSM-5 JE i
$i o 40~60 H ERL, BL 100 mg HZSM-5 7£ 450 °C
VRS ATIE L 40 min, SRR SN RS TR B
21U I SIS FF DR R , B 5 )45 ) i) R o

AR 2 A48 R L PR R R Rl o e A 7
AEA R — I M R A OE I R A R H
2 T FR R 1) AN I s 0 PR 7K i 4 1 R D
57 AR 28RN IR REA% 2§ R R H g 1) ke
] I O AR EAT R, 0 R )
il Antoine HFETHE AT .

NG B ASOR E H D AE 200 °C B 2R N AR
i F GC 7890B/5977A 74 S AH €2 1% - 57 1% 16 FH A%
(Agilent A FDRFATIELR MM o 2 SAH G- T 1S BX
FHAXf# F PoraPLOT Q &40 & kEHE4T 43 55 , fi FH K
Y BS FALAG I 28 CFID) A1 ET B 8 Y5AG 1 28 23 il 347
S8 B AN E PRI o

E 2R B e 7 R G b R 3L 3 ) e B o,

ST ST S 3 0 P e R M 0 T B8 LU BN S, 1
AL LA HZSM-5 40 T (R FR“HZSM-5")E R BTdar L) K R(2).
AM;(,“(,H“ X NC. C,H, =+ % o, + % x NC_ i,
Xcmw _ CH, CH, oH,, 100% 0
s Wen, N M N M N M N
MC ; XNe e, T MC . XN cu, + MC . XNe e, T MC . XNe cu,
Si.= x 100% )

Xy AL, % ey N R 20 3
W, NPT HE 08 9 B 5wy, 9 P2 R R 23 B
Wer, NETFHETRIHM,.,, AT/, 78 gimol

My, N 2R BE R T i, 92 g/mols MLy 9 — 2 JBE

IRJFUEE, 106 g/mol: M., =R /R &, 120 g/mol;

NC,CéHﬁy\jﬁié\ﬁ}%ﬁ ’6:Nc_c7HRj'\jEFl§'§é'l\ﬁi}%§&77i



W EAR L . FEEIT HZSM-5 5-F T AL F K fn KA BB AR 5 76 0 % vh

Ne o, N FRIRETREL 8: Ne ., N =R ARETREL,
958, NI xR SR = OB, % 5w,
NPE x R

TE 2K (CH) B s o7 Je $ 5 FF R L bk s
SRR R R PR 3 R R S 38 DURR Ok 3
S THR 7700 590 W4 ) R (3) e K (4)

Wen, Wen,

XNe e+ XNe e
X _ MC'Hx ) Mcme Y
CeHg ™
Wen, <N 4 Weon, <N 4 Wen, <N
M, C. CH, M, . CH, Mo, C. CiH,,
x100% 3)
Sy = % 100% )
L Wen

N Xy WRFAER % S, A=)y (2R e —
HOIEFENE s w, =Wy I 5 3
1.3 SEIGRME

AT A R 8K FH SDTQ 600 7 #EE 43 47 (X
(TAAFDWE . HRBEEAMIRE T RENELT
ST, FRELZ) 10 mg 5 B T3 3 il IR
"N 100 mL/min /1255, LA 10 °C/min [ T 553 2 M
R NFAZ 900 °C.

AR R A AL b e I A -2 B S IR O
T S FREL 50 mg B 5 B T2 mL R VUG 2@ F
N 0.5 mL 5 &3 H0N 20% 1K) HE 078 50 165 1
i H 45, B S NN 0.5 mL %5 C,Cl, i) CHLCL, 78 7> 2

1004 (@) —o— HOREG (b2 I I — 9o 1100

80} 180
8 2
@ 60 160 ;ﬁ
= s
& ¥
# 40 40
B £

20f 20

(13 ul | o 40

0 50 100 150 200
SR TE] /min

BUE LR, ZEEUS 3 1A AU @ A HP-5 B2
B FE 1 7890A/5975C AL S AH £ 1 - 5 1 BB A AX
(Agilent 23 7)) BEAT 73 #7 , Horb iS5 2 I NISTO8
Jo B T AR AT U

2 #iREitie

2.1 HZSM-5 ERZE FKoEMmENREES ALY

R &R

I3 B AE NI E R 350 °C Al 450 °C, F 2K i
I (WHSV . ) A 2 W IS5 A T 2R 47 F R s ph 4%
B, SR WE 1. HE 1) " %1, 7£ 350 °C T,
HZSM-5 ) F 2R W1 4R 5 AL 200 5%, M 1 h R 58
RE. W 1(b)R] H, 1E 450 °C T, HZSM-5 [ H
RAGE IR 20%, B A5 S 3EAT H 2R Ak Za )
FFTE 5% Ao di o Bl A SO0 FE Ty H R B AL R T
a1 [F) B R SR R BH B T v, SR R R A R T R OR
At o R R AR A IO S B A AR R R R R
e HAEHZSM-5 A 23k 2 . [EREEDN
R FE IR LA AR B, AR R A T R IE R
B R T 1, AT R A R A S A AR 3k 3P4, Bl
FEAE RN AR B B, F 2R 34k e 87 it A o At Bl
RELCA AR o BEAE OBNEAT , ARG B MR R i
PV a1 1, R E N LR, FERAE
F 2R AL T2 O

100f(0) o Rk I I T100

80 180

= &
= 60f 160
S 5
& E:
¥ 40t 140 §
B H

200 120

ot 10

0 50 100 150 200
J R[] /min

1350 °C (2)F1450 °C (b) T, WHSV . , 52 ™' Bt HZSM-5 i) A SR B 4L 3 R Pt 1
Fig. 1 Toluene conversion rates and product selectivities of HZSM-5 at 350 °C (a) and 450 °C (b) with WHSVC7H3 of 2 h’!
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