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Synthesis of benzaldehyde glycol acetal catalyzed
by CO-dOped TBosZrosHosPW

CHEN Ziyi, ZHENG Zhijie, YE Weijian, ZHOU Fan, YANG Shuifen, HAN Xiaoxiang*
( School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, Zhejiang, China )

Abstract: A series of quaternary ammonium salts (benzyl triethyl ammonium chloride,
tetrabutylammonium bromide and hexadecyl trimethyl ammonium bromide) and zirconium salt (ZrCly)
co-doped phosphotungstic acid catalysts were prepared by ion exchange method, characterized by SEM,
FTIR, XRD, XPS, TGA-DTG, as well as n-butylamine potentiometric titration method, and evaluated on
their catalytic performance for acetalization of benzaldehyde and glycol. The effects of catalyst amount
(based on the mass of benzaldehyde, the same below), n(ethylene glycol) : n(benzaldehyde), water carrying
agent (cyclohexane) amount and reaction time on the yield of benzaldehyde glycol acetal (BEGA) were
investigated through single factor and response surface experiments, the reusability of the catalyst was also
explored. The results showed that the phosphotungstic acid catalyst TBgsZrysHosPW co-doped with
tetrabutylammonium bromide (TB) and ZrCl, exhibited the best catalytic performance, with its high
catalytic activity attributed to the fact that the strong synergistic effect between Brensted and Lewis acid
centers, and "pseudo liquid phase" characteristics. Under the catalysis of TBgsZrosHysPW, the yield of
BEGA could reach 94.6% under the optimized conditions via response surface experiments with
n(glycol) : n(benzaldehyde) of 1.5 : 1, catalyst amount of 1.9%, reaction temperature of 110 °C, reaction
time of 3 h, and cyclohexane amount of 12.6 mL. The yield of BEGA was maintained at 91.9% with
TByo sZrsHysPW recycled 6 times.

YrREEEE: 2023-07-11; EABEHI: 2023-10-09; DOI: 10.13550/j.jxhg.20230567
HEWH: EREIAAFAMIIZTmE (202310353083 )
EER®: Bt (2003—), 72, E-mail ; 781039629@qq.com . BER A : #hIRHE (1974— ), B, 2047, Bi+-4: 2V, E-mail : hxx74@126.com.,,



56 M

WifEth, 25 HHBI% TBsZro sHo sPW HEAL G UCH BT £ — R4l

© 1293 -

Key words: phosphotungstic acid; quaternary ammonium salts; acetalization; benzaldehyde glycol acetal;

catalysis technology

AR A R DL PR . ARt L w2 Tk 45
AUz R, R A AR R B A AR K
SRR, IF H A B 46 B A R R R i ] = 4
AT B52s . BRI AL R 28 KR
Yra AR RN, T g AR R AR, e
VAR AL it 186 7 390 B A i sn) ™), 3R mT LY N e A=
s iRl b, SRR A AR 1R Sk 4 A i
RIRRER, RS & R A B 46 1 P 2 R A
SERE R R A fb 2=t e, SRR E MR
LR

VAR A 4 ) H R AR, TR A
HAFFE I hik &, AL PRAR BB, 5=k = ko g
A8 [ A e BV (5 L b 07 2 B BRI, SCHRARGE )
HoAbR R L) 32 R 2 IR B Al
G 1 A3 e SR S/ U [ A I (Y Y 4
AR A R BT T RSO o X Re AL A
— R O T AL G Y AR AR R A S e R A
TEE bt 43 [ S B, B A4
FEAIXTAEPEAR . e 22 . RN Z . WMo
SRS R, B TR A R | &
U A, n A AR RR A AL R R T K

KL L Em AR E— K 24 R A Y\
i 2o EUR TR R . B R A S R
YORARE . EATEA YK R ST R o] 33 1) A AL il
JRiEME, TEfERE . MMk BRSO R T2
BRI FERTE 25, Keggin IS5 R4 1
IR (HsPW 5,040, fAIFR HPW) BT HAREA
IR JEYERE . SESEPE | SR IR I AL fhE b SR &
PR EAE Rz ek SR, RS ER Y
TSR L SN S5 X 43 5 1 i ity (o JEC Tl o7
Z RN BRI X BEERRNES, FHERET. A
P A X LA TRl vk o A ML e TE Y TEAIL-A5 L
ZRAC B AL SR B AN AT B R M, [l
B CAAE” R SEBE TN Lewis FRH
S PR IS IS8 ) 2% 1) 2% Z2 TR AR A7 1E Bronsted 5 Lewis
PR rpC R BRI ONE , REE— 25 42 i HL A Ak M R
L et 1 ek ) T g T D S A Ak ) 5 R
R AR5 E R,

AR AT L (R = 23 E k8 (BC).
MU T ERALEL (TB ), Toskedd = 3 RIbek (HB))
FEEEE (ZeCLy) Mk, il R g dh gl $h 2t
BRI, JRH SEM. FTIR, XPS,
XRD. TGA-DTG DA IE T i o v 32 55 A4 AL 771
Gk, BRI AR PR S 2 e I s N Y

HEACTERE, Pofbdametl s T2, LU 4T ) e AL
Rt =%,

1 LEES

11 RAFENEE

FAfksh: (zrCly), BC., TB, HB, HIHE =K%
RACHE (MB), srtral, FigRrhr T A bR By
HIRAHE; L. S8 BT, BEFIR . SR
LW WOk, CROTHR, mhral, EZiER L
FRAABRA R 2K, B

S4800 AL ¥ W% (SEM ), HZA Hitachi
Nl Nicolet iS5 i B AR 21 4R 63X ( FTIR ),
2% [E Thermo Fisher Scientific 22 7] ; DX-2700 X $f4k
5 (XRD), Fit Bruker 2AH]; DSC 1 BI%ER
HFREPAYL, i+ Mettler Toledo 4\ ; SL-PHS-3B
BerO% pH it, dbath PR KRR A AR
GC-7890B S AHA AL, KEZHEMRA A,
12 EAFINHEE

PR 2.88 g (1 mmol ) 4 250 °CHEHEAbFH 1)
B2 T 100 mL = FBEH, S 40 mL 281K H
VSR, BEEE R m RO AR R PRI INA 012 ¢
(0.5 mmol ) & fL%5 &% 0.16 g (0.5 mmol ) TB Kt
FIKIER (ZRK R 5 mL), JnsgEe )5 FHE
£ 90 °C, fHRBFEER . WIEAERRAKS, PrisfE
WH B, 110 CHET, SRIGTE 200 °C S0
HRR S 4 h, BIAS 40 R RS £ LB 4% A i A IR A L 77
( FIFRES BB MR B4 8L ), Hidb, n(TB) : n(&fk
£+ n(HPW)=0.5 : 0.5 : 1, A TBosZrosHosPW,

[ FEBRAE 5T, A n(TB) @ n(E L)
n(HPW)=x : y : 1, 80945 LB MR = ihic b
TB.Zr,H; . 4,PW; ARANA TB S ALE: 54 0.75 mmol
lﬁ s fﬁu%ﬁ%@] Zr97sPW o

[FIREEAE S50 T, AR IR A it BC . HB.
M MB f# TB, 435l BCosZrysHosPW .
HBg 5ZrysHysPW . MBy sZr;sHosPW o
1.3 EUFIARIE

SEM ik : B AR — ki ¥ (LEID)
P, TAEHRA 20 pA, HFIEEEN 5.0kV,
FTIR FAE ;. P05 FN 4000~500 e ™', 23 3EF N 4
em ', XRD MR : HHEUE N CuK,, MKHT N 80
mA, R 60 kV, FH#§HE % 0.04 (°)/min, ]
U Bl 20=5°~80°, XPS i : DL Al K, A HFLTR,
Uik 300 W EE PRI . Ny PR F, LU



© 1294 -

M 4m 4 T FINE CHEMICALS

10 °C/min AYHECRMNEIRFRZE 600 °C, id%IF4
B A 500 Jo o Bt et 2 A8 A B o 1T e fRL A7 9 T
AL FI R RRBE . 7E 100 mL BARH, ¥ 50 mg
ALFI AT 10 mL 25, 33 h )5, fd
JHYEBE R 0.05 mol/L 1Y 1E T - £ W Vs A i 12
[F] B FH pH i sk HLA AR Ak
14 EHEBZ _EHEBENHE

fE 100 mL = HEHS, KKmMA 1061 g
(0.10 mol ) M. 9.93 g (0.16 mol) & ¥,
PEAE TR FH oM A T B 1Y) 2% ( 0.21 g ), 45 K513
Cbe 12 mL. ECEPUMBIRE . 437K A% . R s
Ji, BT L 110 CHEER N 3.0 h, BEHEE
i, MR OBEFEIBY B = 2IALUZ, Bk
AL . FESA IS (FID Kl g%, HP-5 BANE
) EXTRE Y (CAWUZ) e s, LUK
AN . il W R IBR A AIE, Ik
224~ 228 “CHIMR 4y, 19203 A KRB TC A5
W, BIR = B 2 S ( BEGA ),
15 ZEEERMNEBEEZELR

FKH L4l 2, g n(C B © nCRH
)=1.6 = 1. fiLH) ( TBysZrosHosPW ) I 2% ( LA
AW oA FEME, R, KSR (PR ke )
12 mL JZ W] 3.0 h 3% 4 MERHEE R 3 NHEE,
AR n(L ) n(CEHEE) (1201, 1.4 1,
1.6:1, 1.8: 1, 2.0: 1), #FIHE (1%, 2%.
3% 4% . 5% ). KA HE (8,10, 12,14, 16 mL ),
JCNEsFE] (2.0, 2.5, 3.0, 3.5, 4.0h) %} BEGA 7=
R
1.6 45EE & Nz Mg Rz T S5 56

M4 LR 2R SC 86 25 5, R ] Box-Benhnken H1.0»
HEBI, DL BEGA 7% (%) AMNAE (Y), n(&
TR nCEHEE) (A4). AL ( TBysZrgsHosPW )
s (B). BEHE (C). #WAKFIHE (D) AH
Ate, AR R LIRS R O U, X 4 A
ROBIBEE 3 ANKFE “—1, 0, 17 Wi 1 i 52 56 53
RIZRFAKF- N 1 iR,

F1 R i SE R 5 K
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Fig. 1 SEM images of Zry ;sPW (a) and TB sZry sHo sPW (b)
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Table 2  Catalytic performance of zirconyl phosphotungstate
quaternary ammonium catalysts in benzaldehyde
glycol acetal reaction

AL 5 BEGA /" %/%"  BEGA /=%/%"
HPW 75.5 74.8
BCosZrosHy sPW 90.5 90.2
HBg sZro sHy sPW 89.1 88.5
MB sZro.sHo sPW 83.8 83.4
TBy.5Zro.sHo sPW 93.5 93.2
TBo25Zro.sHo7sPW 87.5 87.1
TBy.7sZr sHo 2sPW 80.9 80.4
TB.0ZrosPW 78.7 78.1
TBo.sZro25H, sPW 93.1 92.7
TBysH, sPW 84.5 84.2
Zro7sPW 74.1 73.6
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0.50 ), BEGA 7= #4572 T mi( 84.5%.93.1%.93.5% ).
FH SCHR[36-38] S iy SCHR M 43 il 0, WS e HL AT o
i Bronsted a4, Zro.sPW MEALFIEA MY Lewis
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HEAL ) B A A X AR BEGA 77 % (1 75.5% il
T4.1% ), XA LEE R T AEAR T A bR e 5
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Table 3 Experimental design and results of response surface
5 gLl =
4 B c D
1 -1 -1 0 0 82.40
2 1 -1 0 0 76.06
3 -1 1 0 0 80.26
4 1 1 0 0 73.52
5 0 0 -1 -1 65.09
6 0 0 1 -1 70.28
7 0 0 -1 1 86.84
8 0 0 1 1 79.36
9 -1 0 0 -1 60.71
10 1 0 0 -1 65.14
11 -1 0 0 1 85.09
12 1 0 0 1 68.58
13 0 -1 -1 0 82.02
14 0 1 -1 0 79.78
15 0 -1 1 0 78.98
16 0 1 1 0 82.53
17 -1 0 -1 0 77.98
18 1 0 -1 0 81.63
19 -1 0 1 0 84.03
20 1 0 1 0 74.28
21 0 -1 0 -1 67.12
22 0 1 0 -1 63.92
23 0 -1 0 1 80.67
24 0 1 0 1 77.20
25 0 0 0 0 94.03
26 0 0 0 0 92.25
27 0 0 0 0 92.19
28 0 0 0 0 94.30
29 0 0 0 0 93.23
R4 FESNER
Table 4 Analysis of variance table
R CEFHR HBE HrE FE P WM
i 2489.51 14 177.82  83.09 <0.0001  **
4 81.43 1 81.43  38.05 <0.0001  **
B 8.40 1 8.40 3.92  0.0676
c 1.25 1 1.25 0.59  0.4566
D 608.90 1  608.90 284.51 <0.0001  **
A 510.10 1 510.10 23834 <0.0001  **
B 319.69 1 319.69 14938  <0.0001  **
c 14499 1 14499  67.75 <0.0001  **
D* 124029 1 124029 579.52 <0.0001  **
AB 0.04 1 0.04 0.02  0.8932
AC 4489 1 44.89 2097  0.0004  *
AD 109.62 1 109.62 5122 <0.0001  **
BC 838 1 8.38 3.92  0.0678
BD 002 1 0.02 8.516x10° 0.9278
CD 40.13 1 40.13 1875  0.0007  *
B 2% 2996 14 2.14
KT 2614 10 2.61 2.74  0.1722 NS
HriR 2 3.82 4 0.96
BE2E 251947 28

W RRZEFEF (0.01<P<0.05);

B3 (P<0.01); NS EREFAREE (P>0.5),
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