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fifss £ £h 3 Dawson BUREEBER{E(L 1,4-T —ESIN{L B 7K & AR 0 SRk IR

A AT WEAT EEEWY #Ee
(“WHT TR 22t 2 TRESMPRLZERE AU 310014)
C LTS SRS TR0 LT 332005)
Cr e L =B AN T S TR0 A 211171)

WE R AR, FRBERIE T HeP,W Oe/fE B+ & #E4L I, KA FT-IR, XRD, SEM, EDS, TG il Py-IR
AT RAE. LA 1,4-T ZBEBOAH PR A B0 /K 46 DU S0 Jse N A R, 88 LRI M B, o6t IOV 46 FIEAT AR A, T
IR 22 T Ak IR T A FPERE. 4k 773 B Bronsted Fl Lewis FR1E, 45720 40% I B85 R 7 13 -+ 2 i o
JRE G, PRI R B K R i, It e (AL R T, ERRAR S (Bh 14-T Wi 11)3.2%, RN E 180 C,
SNIRT] 45 min, PYZUBRAE = 210K 97.1%. REARIESE AT 5K, F=F 50k 62.9%. UV-Vis, TG Fl Py-IR J7 V53R AL
SE LR, 5 A 0 I MO U O B R A A TR TR P YIS S AR R S I R R 5 AR SR v AL R AR L, SR
HeP,W 15O/ ik 8 A by S W AL I B i 17 R V™= 2 (1 TR AR, T4k 7 L 2R, JomR e iloRnys e in) i, HLf#
AT T A BT AT 5 5T A 2 0K

SREEIE EWE L BEEYER; Dawson B PUSUBCHE; MEALIETE

Dehydration of 1,4-Butanediol to Tetrahydrofuran Catalyzed by
HsP>W150go/Diatomite

a0, Xiaohua™ en, Jie™ iu, Minsheng™ an, Changchao® ie, Baohua
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Abstract Diatomite supported Dawson-type phosphotungstic acid catalysts with diferent loadings were prepared by the in-
cipient impregnation method and characterized by FT-IR, UV-Vis, XRD, SEM, EDS, TG and Py-IR. Their catalytic behaviors
were investigated via the cyclodehydration of 1,4-butanediol to synthesize tetrahydrofuran. The reaction conditions for tetra-
hydrofuran synthesis were optimized, and the stability of H¢P,W;30¢,/Diatomite in the cyclodehydration reaction was investi-
gated. The catalysts showed both Bronsted and Lewis acidity, and the catalyst with 40% HgP,W30¢, loading had the highest
total acidity and catalytic activity because of the monolayer coverage of the active species. 97.1% yield of tetrahydrofuran
could be obtained under the reaction conditions of 180 ‘C for 45 min, catalyst amount 3.2% of 1,4-butanediol. These catalysts
could be recycled and still exhibited catalytic activity with a yield of 62.9% after five cycle reactions. It was found by means
of UV-Vis, TG-DTA and Py-IR that the catalyst deactivation was due to the dissolution of HP,W30¢, and decrease of the
acid sites, which was caused by coking on catalyst surface. Compared with using sulfuric acid as catalyst, the present proce-
dure is a green productive technology characterized by process simplification, higher yield and no corrosion for facilities.
Moreover, the HP, W;30¢y/Diatomite can be used for many times.

Keywords diatomite; phosphotungstic acid; dawson-type; tetrahydrofuran; catalytic behavior
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Hur, B WM R E Keggin HL 05 E IR
(HsPW1,040)"%, %} Dawson BRI (HoP,W 1506) W57
B B A IS R R W] Dawson S 1R LL
Keggin B fiff 89 BR LA 3 I H 5840 S (A AL e 0,

HFai 2 R R N<10 m¥Yg), BTt
VAR, DAL R R AT R A, AR AR b 2 AR R Ak A
FAU O 7 S s A5 FH I 756 6 38 AE 22 FLARA -, DU
A LR TR, BRI B RO M, PR R
B AL, ik 3 Dawson YRR ALF B
EEE L

P i T VR D — A TR BT P e SIS e
AR ARG JE T, HASE s B2 Si0,, HAT
SRR UNTy AP NS SRR e o7 S Uvel L R o I v
AL R(50~200 m*/g). FLBRSE . il il S5k PR,
BT RS, O B Az, RS RaE, 16 A Bh
JEFS WP A TS N T TRER LR 4
$RU1OU (B Dy 2 22 R PR AR AR DU 2 DA 3

A TAERI B (07 1+ 5 Dawson BURES R 0 1
BFORE, 98 T8 HePo W 5O/ fE B T A AR, £
BORETE 1 RO IR B PR BE R R fR FLIE S by, v T
AT PR AR R, [R] At B ARG T SR A A ) P {4 e 71
A, Sy Tk geAmanie, B T R IIsE s,

1 &R5HE

1.1 BUAFIRMELER
1.1.1 FT-IR #£H

K1 AT S AR FT-IR (KBr )i,
I g 1) 2 R AR U0 3436.8 (vsio-n),
1638.7 (Su—o0-n), 1087.6 (vsio-si), 793.4 (vsio—u), 618.6
(vsio-m) Al 4742 (s o-si) cm . SR, FiEk)G
£ 965.7 em ' Ab T H I IR R AE IR0 06 T LAy S
Dawson ZUEHSIE W =04 FFEIE. i 40 BRI U BRE IR 4R
Bl IR 5 A R AR B AR Y if 2B /D 57 F%, Dawon
A5 1090.7 em™ ' 4L P—O, F51EI4 5 1087.6 cm ™!
() Si—O—Si 4RSI E A, 789.6 (W—O—W)
55 793.4 cm ™! (Si—O) A E A, bW, [EAEAE S
+# Ak EBES IR Dawson Y. ARG BEES IR IK
W =0y FEE RV [ AR 38 BT s B 3, U0 4
R R AL 3 LA R AR THI AR, HAER N T Sio,
LM FREEIE . Rt Ab, 3436.8 A1 1638.7 cm™ ' Wik
HEHE 0, M Si—O—Si M4aiR s EAT Ty, o
M Ak B A R 11 o0 B A B kR T R A R 2 T W 3504k,
S P R [ 4 188 o e g WA Y
1.1.2 EDS i#H

2 AT G AL EDS, A 40: Dawson 45
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H,P,W,;Oy,/Diatomite

Diatomite

|
!

| I L L 1 PR T
500 1000 1500 2000 2500 3000 3500 4000

Wavenumbers/cm’”

B TS AR FT-IR 3 4]
Figure 1 IR spectra of the catalysts before and after
H6P2W13062 loading

T T T T
2 4 -] g 10 12
Full Scale 333 cts Cursor: 0.000 ke|

ull Scale 402 cts Cursor: 0.000 ke|

B2 A AR EDS 3% K
Figure 2 EDS spectra of the catalysts before and after
H6P2W18062 loading
(a) Diatomite; (b) HeP2W15O¢2; () 40% HeP,Wi5062/Diatomite
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IR A P, O, W PP ST AR, H W/P T
JAFAELL L 9, T H G &R 7 iE KD, 76 EDS
TR AN WORRE TR I (K 2a); mEEELHBR T EEICE Si
(FBE G W Ah, B4 Na, Mg, Al 25— 3878 i (1) RE i
1P 2b); S A T I R e R,
WIRE s LR I O U T B RR, dt— e PW T
TN 109, IFBHSR SrEETE A2
JE A5 Dawson (& 2¢), HE— SRR IR 1 4
210 40%.
1.1.3 SEM 4#7

AR G A7 AR S ROV AR 2 0 70 S FRAR
BIADIR, DB B R0 B3 gkt s AL

SEM MAG: 7.00kx  SEM
View field: 30.96 ym el
WD: 27.16 mm Da

B3 ST A AT SEM JRUR
Figure 3 SEM images of the catalysts before and after

HgP,W130¢, loading
(a) Diatomite; (b) H6P2W13062'13H20; (C) H6P2W18062/Diat0mite
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SEM fJr, mI: FEE Lo TSR 3 R AR
AR, RIGLFLINEEI, HEFAG R, I s 1) 45 14 1
T T L LEER T RRUR  FLA K R B M e i S5 . 1
70 Ak B B v o g5 0 Ok A A (B 3a); Bl
HP2W 1506, TREAY T2 1111 2 IR ) () % BRIR (B 3b); 474K
Je e L RORER T PAL N BB AT T HeP,W 15062, fL
EELY AR N S St/ S g TGS 7 W ot (R T 8
K, HAe AR 5, R G0 RO A,
ol 219 TR P 70 2830 A T ke 98 - 5 Ak S 3 T Tl L 485 40 = A B
w2 3c).
1.1.4 XRD #A85#7

HHIE 4 AT %N, AR 20 Sk 20.8°, 26.7°, 32.5°F!
59.0°40 4 Si0, IIATEHIET 1 HP,W O, £ 17°~22°,
25°~30°H1 31°~38° Ju[H N 7 3 4 Dawson %Y ff A4y
AT S5 021,

a—-Diatomite
b_HSP2W1BOSZ
¢c——10%H,P,W O /Diatomite
d——20%H,P,W O /Diatomite
e 30%H,P,W O /Diatomite
f 40%H,P,W O, /Diatomite
g 50%H,P,W O /Diatomite
h——60%H_P W _0O_/Diatomite

6 2 18762
o

AAAAA

0 10 20 30 40 50 60 70 80 90
20/ ()
B4 SRR LTI XRD %K

Figure 4 XRD patterns of the catalysts before and after
H6P2W13062 loading

Tt 5% 2 R 3 0 1 R T 3 8 e e Tl ) TR A 4R
P B RGO, oT DA B S TR B a1
Fik B SR AT ST A0 5 I S S, A IR it A T S U
JEBHIEE. M AEEN 10%~40%I B F 2 IR
AT e A D, 32 DR DR Ak o = 5 1 R AL g5 R ] DL ge 4y
BN HAN  nm 7245 (BEESIR 70+, S AR T
RN, BEESER 7 15 ikt o oy BE PR S AP A 59 A0 BAE
H, AR T AR AL N 2 = S HORES, R
IS PR A R AT SR 0, IR e 8 AT AR PR RF L 20
AkE . YA EHET 40%0, BRI v - 2R
Sy ECEE, TEAG Y RO B IR T, AT R R E 55 11
H¢P,W 5O, KFAERTHIE, AT S 2R, MERE
B HER, BRI G IR, LR AT S 06 i 52 A AH
INE I
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1.1.5 TG 5#F

L 5 S A I At T i I S 28 A R 1) TG 4k,
SRR () SRR T, 5135 AT
Feoe PE A 3N, R AR S B R 2 MR T
T2, R IR 2 [ M B e A e T ik b (2)1mDii
PR TR B AR AL AR e T N B, RE RGN, &
WAL TR TR B T 3B WL, KA T 4R Rig

101
100 |-
99 [
o [
97
96 [
95 [
o4 [
93 [
90l
91 [ Rlecycle H6F|>2W15062/D1iatom| e

Fresh HsP,WOs,/Diatomite

TG (Mass/%)

HeP,W 506" 1 SHQO

0 200 400 600 800

Temperature/C

B s RS HATIE TG i K

Figure 5 TG curves of fresh and reused catalysts

1.1.6 Py-IR &A4E

K 6 AEALFIRES R Py-IR K, 7T 1445, 1545
em’ " PRI R 00 A3 SR R ILEIE 4315 Lewis (L)ERH
> % Bronsted (B)FR HF 0ol 8 (RF AW, 17 1492 em ™!
(RIS U T2 B TR AN L R AV B 8 Ty 48 SR, 45
FW: ()= FEA A P BEAEAE L R DB AZAE B IR .
(2) BT B 45 1R e AR L b 2 1551 Ak e 1 3R T S R B
SEUE AL L & B BR 3G I0; (3)55 Bt fh AL AR L,
TR =) B AEAE A RIS 0, A 5 UG
AL TR OO iR BE Uk /D

a—HgP,W06,-13H,0
b—~Fresh HsP,W30¢,/Diatomite
c—Reused five times HyP,W304,/Diatomite

L 1 1 L L 1 L
1400 1440 1480 1520 1560 1600

Wavenumber/cm™

Bl 6 HEALTRARE il AR IE W B 21 81 i
Figure 6 Py-IR spectra of the catalyst samples
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1.2 EILHEREIEMN
1.2.1 BR4LEL 5 32 AAEH] F B3R AL 69 % 7%

K 7 25T ONVIRIE 185 C I WA R 17 45 %) 1Y
SR =g . n A, R AIREAE BRI OK, R
B, MR 40%M), PR (95.6%); HE—
AW R, PR N R R TE AR
10%~40%2 i), HeP,W 1506, it &£ 73 LT 21, B
FHNFEBR, TR ER K, RN 5Tl
OGP R, A TS P e S
ok 40%HF, HT 4% 2 1R 43 MU AR 22 5 80U N A T Bk 1)
k>, DR T DU SRR P R R (S ] 4 85 2.
HP,W 506, T8N 0% SEHL T VG R4 4 AE 8k =
T P2 56, DR R B oK R R R i, 6 DU &M &
I 87 L o g (AR TG . DR, S E
40%.

Yield of tetrahydrofuran/%

750 /
70 1 s 1 L 1 L 1 L 1 L 1
10 20 30 40 50 60

HsP,W,4Os, loading quantity/%

Bl 7 HP,W sOg TR NS 2N 1 52
Figure 7 Effect of HP,W;30¢; loading quantity on the yield
FEJ LR 185 CIY, %5%¢ 40% HeP,W 06/ fik
BB S N s, AR LI 8. L, AEWIREE
AN R38R, TEPELL 7 HeP,W 1506 S 20, IR &

95

90 +

85

80

Yield of tetrahydrofuran/%

75

1 L 1 L 1 L 1 L 1 L 1
0.2 0.3 0.4 0.5 0.6 0.7
Amount of catalyst/g

B8 Ak FH T s B 1) 5 1
Figure 8 Effect of the catalyst amount on the yield
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B, USRI = B O MEAFIHES 05 ¢g
I, L RESR A B (W RO FE AR &, A AT & R Bk
17, VUSRI 50k 95.6%, FdE— 5 th 7 &,
F T TR RN, A T R DR, A RS R
HEHR 0.5 g(d7 1,4-T ZFEFTE ) 3.2%).
1.2.2 R 5 A B A 18] & %5 7R

9 Z5 5% i N B 0) DY SRR 7= 2 IR sE R T] L,
IS I Y T S N S AR, O N RAIG, 1,4- T
ANBERIEAL, TCPUEWRIE A i, H s N R, 1,4-T
TSR KA 1,4- T e, e
RONPE, B G R VSN 180 C.

100
l\.\.
80 |-
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Yield/% of tetrahydrofuran
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B9 Wi R X S N R S
Figure 9 Effect of reaction temperature on the yield
Bl 10 45 77 s IS TRDRT DY U A 7 2 ) 5 i S 56
SR, RNV U 7 A B 5 IS TR n i T e,
AT 3 45 min N, S W REASERR. Bl SN [A]EE—
AR, mI R 2P, PR AR, R RS TR LL 45

min 4 H.

100
ol ™~
80 —
70 —

60 -
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Figure 10 Effect of reaction time on the yield

1.2.3 AL T 69 3E K Ie
N T I UEARAL SN S, BRI & 3.2%(F%

Chin. J. Org. Chem. 2013, 33, 1035~1041

© 2013 Chinese Chemical Society & SIOC, CAS

L4- 1T R EED) . OVERE 180 C. MWt 45
min, AT 3 UCOPATEEE, 72500100 97.1%, 97.0% K&
97.2%. WA, M T AL FIE R E, P8
Kk 97.1%.
1.2.4 fEAGFH) & B8R et K

REEE 1 RN S E, RIS B, BN 15.0
mL 1,4- T 8, 76 BRI, HEM T A ekt
SN RTER, Bl AR S I N, DY SRR
RIGHDER M 1~5 R, 23908 97.1%, 84.6%,
74.7%, 68.1%, 62.9%). FKWAEFEE MR, HALF]
BT R 3K PR A BE A A R, S R I
AR LR AT IR IR G L UV-Vis Il n] A2
L 1~5 YR RS R o i % 20 5 A 8.9%, 14.3%,
17.6%, 18.7%F1 19.1%), [ I E] = 4w Bt £6 f A 5] L,
B TEATE T, TSR R o U AR 22 (] 4), i
AT TH R H O I R (K] 6).
1.3 TRMELFIELERMSIREHR LR

SOBCHT T B AR T 2 A v M s e 1 Ll 5 R
WL 1. "I 40: (1)5 Dawson BUBEES IR AR LY, HLARMEEE L
B2 A TR DU SR IR 5 3 P A TS A iR A K,
{HIR> T WA B B IR i A 1R S B o, FRAIR T A2 77 ik
A, TR 2 T ORI, XA EE AR TC S 3L, £F
BE AL EESR, (2)Y Si0,. ZEBEIRYIKA (MWCNTS)
BARMIEL, Fef s Ay A DU SR I = e e ey [ Fef
fik i L JSURL S 15, UAAIRBIE, A 7R A e R AR ] B

R 1 ARG BODY SR 8OR LR

Table 1 Comparison study of various types of catalysts for the
synthesis of tetrahydrofuran

No Catalyst 7/C t/min  w/% Yield/%

1 H¢P,W,304/Diatomite 180 45 32 971
2 HgP,Ws06nH, O 180~190 30 55 956
3 H¢P,W,304/SiO, 180~190 40 6.6 91.8
HeP,W 1306,/
MWCNTs!H®!
5 SO /Ti0,-wo,!"

T - BRI 9 IR e, WIIE Sk 2 Ab S WA T
PEAAT T IO, TR AT R PR R B P RE AR 1R 9L
BEH, WO 2 AR AN FLIE AR AR
TS0 0 5, A5 PR FLIE S R AT R T s N A AL 77
IR 1, AN AL, ™53 1 AR 1 1
B B AR B A 2R AT, AT B AL PR RE . R,
HP,W 150¢y/Diatomite 5 — A AIHE il #6515
PR HEAL T RE B 4 (KPR 5 A RUAEAG T, R AL £ DY
IR DL R (R4 77,

4 185~190 45 28 96.7

180~190 45 4.6 915
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2 i WBCE AR R G, T 350 CHIES, REHET

R B A T HePoW g0/ Fik 3 A i 4L 571,
FT-IR, EDS FKAE 45 53 B 61 805 B9 % /) PR FF Dawson
R RS TR Ol 40%, TH I SEM AL SIS R b A%
F4175) Ml 3 LR Ak 8 1 A L P 3 A 3R THT, HgPoW 1504 (1) 1L
A T e B R T AL 45 1 = A B 2 5 . XRD
YIAH I HTHR W], HePoW 506, 1EAESE T8t 2 (B N
40%. TG 73§13 B B 28 5 (L 7R R R85 1 e £ 7 FAER:
SEMESE N, [PICHEAR TR R A T S5 AR O, Py-IR AR W]
TG RS IR AL FIAAAE B BRAN L B2 Ly, Wb Lk
FHXTHER, MR O T B T BUR AL .

1A= IR AR BRI 7K i) 46 DY S ey 512 56 3% 1,
HePyW 1906/ ik 5 1 AE AL S5 W H SR L R 4 () Ak i
Pk, AR AR E N 40%, AL 3.2%((BL 1,4-
TR, ROV 180 C, JNIE Y 45 min,
FERNIL 97.1%. MAFIEEAMAH 5 ), ERJIA
62.9%.

L Dawson BUfESIRAIEL, HP,W 506, /fik v 1N
9 ] R A A TR A 1) 2% DU S LA e R St
PR 5, TS HePaW15062/Si05, HePrW150420nH,0/
MWCNTs EALFIAR L, ff 7 3B IR A 77 A
IRk S 45, IR, A i, s, BA
—SE [ MR 5
3 KEEHN
3.1 UESIKFH

PR BRI . WRERR . OB 14-T R, G
K CWE, THERI oy Hrak, v B 255 ] Bk 25K 7)
yA]. fEE L (Diatomite), 274, KT AR R AL FAR
.

DF-101S 2442 Fh U E T i A g 4 4 4 (L L T 48
AT BRTTAT A 7]); 202-A0 & 2T A (a4 BRAY
BANEA PR AT, WAY ZURT U6 (B G 22
#%7); Thermo Nicolet 360 F A 37 AR 21 ZM A (3
Thermo A )), iR 4%FH: KBr JE }, 400~4000 cm ',
HEFE/NT 0.9 cm™'; TESCAN-VEGAIIRSU ZY 444
T BB (FE5 TESCAN A )); X-ACT Y fig i {%
(EDS)( [H - 25 A F]); D8 A dvance X B2k K AT
B Cu Ko (A=0.15064 nm)({#[¥ Bruker 24 7]); PYRIS
DIAMOND [Fl25# #T % (32 E PE 22w, I il 50 =
I 800 C, FHUAEIE N £0.25 C, Ny, FHLH X
310 “C/min, K FEFEHN 0~1 g. Nicolet Nexus 470 %Y
7 HZE AN (56 [ NICOLET A, /N #Eg ol
0.5 cm™ ) L BEATILIE IR B R 21 AN (Py-TR) 40 #r. /b
SERFIIAE ST ES . IR B F, BT AN, KAk
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JEEF 6.0X 107 Pa Ji7, {1552 h JGAHI 2 =i, @A
WE 757530 min AN, PRI A R THE 2 150 CIBLRT
0.5h, AHIEEE, .
32 XWAHE
3.2.1 Dawson %! BE48 85 /5 3 + 4] &

ZHOSCIERN12107 75014 HePW 15060 13H,0. KAk
KPR 2 U0, hIE, 600 THRE 2 h, LERRAE
LA A LT, TR S AL &5 R 1A T n

PRI HP,W 150620 13H,0 F 188314, 130 mL
AT WA R VA, AN 20 g FilAb I Rk 1, 25 °C
W R O 8 h, ARG THEE 90 CH#T, fE110 CF
T 3 h, RESRAFAN [ SR 1 HePyW 1506/ FiE i T AiEIL
7). AHEAFIHEAT IR, UV-Vis, EDX, SEM, XRD %5 % 1.
B A8 = WA IR IO /28 AR T i X 100%.
322 wWAKHE AR

#4150 mL 1,4-T M1 0.5 g 40% HeP>W,30g/fit:
AN 100 mL B, % EARE A,
WS BEE, WA 180 C [N, F il 4 T kE T ¥R 1
(<90 °C), 1218 7% i AE Bl 1) DY S0k i A1 K FR VR A
W, SN 45 min J5 BRI R O, B EK CaCl,
MR, 1938 WG SS, I HUZ I, 188
B, R, 4% N R

P2 AR = (P i TR/ B PR ) X 100% =

[ i T L () X 90/(Fe k)i (g) X 72)] X 100%
323 FSatt

o IR T3 A U b R TG s SRR TR AR, T
JF nd® =1.4053, S5 CER[12MEFEAMAE. P51 IR
(KBr)#£ 1066.68 (C—O—C XFFrfi4ides)), 908.08 (C—
O0—C XA ZEIRSY), 2930, 2860 (C—H I 4E 4R
Fyem ' AU, SRR EARRE, GE R A PO AR
W, FEMILE 3610 cm ' CHRISIE, BT FEH AR E HLO.
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