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Catalytic synthesis of polyoxymethylene dimethyl ethers by bis-sulfonic
acid ionic liquids
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Abstract: Four kinds of propyl imidazole disulfonate ionic liquids are synthesized,their structures are characterized
by NMR spectrometer,and their acidities are determined by UV-Vis spectra.Their catalytic activities are evaluated in the
synthesis of polyoxymethylene dimethyl ether (PODE,) from methanol and trioxane.The optimal reaction conditions are
determined through single factor experiments as follows: reaction time is 2 h, reaction temperature is at 110°C , mass
fraction of catalyst is 2wt% ,and n( methanol ) :n( trioxane )= 2.Under these conditions, the conversion of trioxane and the
selectivity to the targeted PODE,_s products are as high as 96.91% and 56. 67% , respectively. Study shows that the

catalytic activity of bis-sulfonic acid ionic liquids is significantly higher than that of sulfonic acid ionic liquid, which owns

more advantageous in the catalytic synthesis of PODE .

Key words: polyoxymethylene dimethyl ethers; ionic liquids; trioxane; methanol

SEIMAIL LA PRI T EEME R AT
PEAE TRRMLAE P AT 2] T T iz b i, SR, B 22 1
SRR GRS BN R S e M A H 25 e H A
IS INA AR G802 T R — Tl B0 S s ), DA
UESETH AR A RO D S R B8 7™ A R
Y, W W (PODE, ) & — Ml B & J
S A S5 T A N 300, A6 S8 T IR 10% ~ 20% 1Y
PODE, REA 1 R A1 FURE P Al 10 Ak P 1 HE s, 3
tk2# 4 CH,(CH,0),0CH,,n {§ A A, PODE, ¥
Wb A RN S S AR ME Rt AR [R5 PODE, Al
PODE, [N A&, N5 A & b, 55 miR A &%
BN R SIS AT RS N T 2B AR, Y n>
S, A2 R R ST 7E IR R R s b
PODE, E A% & T 7S KEfH (CN>76) Fl 4 & &
(45% ~49% ) , AT L) S 25 4 /5 S i BABR 1E RE WA

Ry JE B THIRAL TR IR A B A 2 B 43

B AR SR B 9T BH B A4 B — 2R i, B
A RFLENELS 2 45 R il RN BAPE S5 1
VE R AR ) 3Z 2] 2 95613 Chen
SOV R R DA T VAR A A A AR A A S = R
FE & % PODE, , =3 H EE (1) % L 3 F1 PODE,_g ) 1
PEIE IR F) 90. 3% 1 43. 7%, Wu % F) A [a] i
KGR RIS & F A5 BT PODE, , 45 3R & 3l
B A A T PR 5 e R Y B K R A G
Yang 55" il T — Z 50 Mg Be i 25 8 A,
#EAL A B PODE, , % 81 45 5 B A IR 67 i A A
TAHEAL G 8 B AR Y, PODE,_, A8 ik 5] 54%
PODE, 16 BN & PR A AL SN, DA B —F I A fi
711G 1 PODE,, fif i 1 W it R 55 12 e A Ak 351355 7
I XA B ol 3 ol 7 Y A )

%5 B #3.2020-01-13 ;1€ E H #7:2020-09- 13

EETH . IIPaE ARFEH4 (201801D121062) 5 LLFE 4 [0l [ B 2 A 5L BB B0 H (2017-037) 5 KJFHL TR 244 4L 4 (2016MS03)
VR T (1995-) 4o THBF502E , BF9E 7 10 M RETRAL T, 1054670689@ qq.com; K814 (1973-) | 5 -+ | BI#cE  BF5E 7 1 b G o f Ak

1B HIK FR A , zhangchaofeng@ tyut.edu.cn,,



- 170 - A AL T

TR PR T R AL 8 VR AR AN E LA 8 R A 11 3
RRAE, T ELEL A Rk T R | R R B A A 3 5 S A
AT U R UK T S YRR A A K 3R - A 2
AN R FL N A% | 2 LY Bronsted 5RR , fER UL S
BRI R B B R T 3R
PEXT G B PODE, BYSEIR 45 1 T — FR 47 UG R Dk mae
B WA B HHE AL 5 B PODE, Y54

1 SLIEES

L1 KFENEE

13- KEmi PO g . = P Rk bRk | = 5 FF A R,
AT a2 A 2 A BR A wl AR s FBE R R O
AR R b ol BT T A BR A R AE T
Wi S O ST TR YRGS B gl KR
FRRAL 2= PR A AL A7

DF-101S H2 X i i #4 g 7 S P 2%, 0 e 1
TEAT BN A A= CP214 B4 Af RAF-, b B 52 Y
PA FRA T A7 s DZ- 1AL BL28 THRAR , R 23
AR T A 775 400 MHz A% % 498 % 3% A%, 78
Bruker 2 & 2E 77 TU - 1901 %148 4h 0] WL 435 % J
T, AT A FR S w4775 A5000 SR 354,
ARG A BRA w7
1.2 BFRENHE

U R P 35 DK s 2 - AR 1) 7 4% = IR SR
[l6 ] ErR ik, BRI . 76 20 mL LJiEFI
1.5 mL(10. 20 mmol ) = H JEfef K e (1% 43kt 1 375 ¥k v
B 1.8 mL(20. 55 mmol) 13- Lehk S, 1B4
FEZM FHEFE 3 d, P EIPE S, 90°C 25 T4 15 2]
F L E A I A 10 mL H 28 T H e fisf i/ %o FH R i
PR/ WA R/ — 38 FF A R (9. 08 mmol ) , 100°C T [H] 3
SN2 h, 28 TPV LS TR A5 B DU R N SR K
WA B A

1,3 -2 - (3 - Wi R 25 79 3% ) R mde Y i 3
[ (PSO,H ),Im ] [ CH,SO, ]: 'HNMR ( 400 MHz,
D,0),62.16~2.28(m,4H),2.73(s,3H),2.83(t,
J=6.8 Hz,4H) ,4.26(t,J=7.2 Hz,4H) ,7.49(d,
J=1.6 Hz,2H) ,8.82(s,1H)

1,3-2— (3R R HE P 5 ) K s of HH R it e 6
[ (PSO,H),Im ] [ CH,PhSO, ]: "HNMR ( 400 MHz,
D,0),62.25~2.35(m,4H) ,5 2.38(s,3H),2.91
(t,J=7.2 Hz,4H) ,4.35(t,J=7.2 Hz,4H) ,7.37
(d,J=8.4 Hz,2H),7.56(d,J=1.6 Hz,2H) ,7. 69
(d,J=8.0 Hz,2H) ,8.86(s,1H)

1,3 - 2 — (3 —filfi iR P &L ) K mke il 2 & ER

F405511 5

[ (PSO,H),Im][ HSO, ] :"HNMR (400 MHz,D,0) ,8
2.19~2.28(m,4H),2.85(t,J=7.2 Hz,4H) ,4.28
(t,J=7.2 Hz,4H) ,7.49(d,J=1.6 Hz,2H),8. 80
(s,1H)

1,3-2 - (3-fsf fig S P9 AL ) Rme — 950 H st i 56
[ (PSO,H),Im ] [ CF,S0, ]: '"HNMR ( 400 MHz,
D,0),6 2.15~2.26(m,4H),2.81(t,J=7.2 Hz,
4H) ,4.25(t,J=7.2 Hz,4H),7.45(d,J=1.6 Hz,
2H),88.76(s,1H) .

AT

o 0 o

o, 0 =\ 0]

0 0
N + \ -0
HO/s\/\/NvN\/\/s\/OH (1)
Y-

Y:CH,S0, ,CH,PhSO, , HSO, , CF, S0,
1.3 EEFIBIESN

FELEAT TERL AR AL T3 B 1Y 100 mL (5
S HEAT AR RN B S TR | — 3R N
wHIMARRZES, N, §EFFmEZ 1.5 MPa, il
PRI BT BT, LA 130 r/min A EE TSR

i AS000 BYASR G E A o A= 1, T A i
N, E—5Eh WA, A S BOE T AR R T,
PODE, ) s(PODE, ;) | F1 =R 151k
F[x(TOX) ]300 .

s(PODE,_5) = [m(PODE, + PODE, + PODE,)/

m(PODE, + PODE, + --- + PODE,) ] x 100% (2)

eeeee n product )/
m(TOX) ;g ] X 100% (3)

2 GRS

2.1 EEFIHRE

JH Hammett 350 72 T 8 F WK B BRE
DL ARS8 e R 48 7 R, K R s 3R, R 8 A i ik
T R 5 7R 70 W6 Hammett PRECTH 3B TR
IRBFRYE(H,) -

H, = pK(1),, +log([1]/[TH"]) (4)
HorbpK (1), AR pK, 5 [ 1] A B F1b 4
PR FEE SRR 5 [ TH™ | Ay Jox F- A 7 0 BE ZR MR

AT B 2R e A AN [ 2 —F VR A 7K I R v ) 25 Ak
WGE AN 1 R, I L TR 4-my 3R
Ji /K VS AR 380 nm A HY BUERRAE I i | 24T 4 Fb
NIR] AR 25T AAR IS | 380 nm AL AR ERAE W Wit



20200 F 11 B

FREAR, FRIRIESE FEGY : [ (PSO,H),Im] [ CF,80,] <
[ (PSO,H),Im ][ HSO, <[ (PSO,H),Im][ CH,PhSO, ] <
[ (PSO,H),Im] [ CH,SO, ], MRHE(4) 5 4 FhE
FWMRE H, {5,258 ME 1 PR, S04 BT
WA B R BE K /NN [ (PSO,H),Im ] [ CF,S0, ] >
[( PSO,H ),Im ] [ HSO, ] > [( PSO,H ),Im ]

[ CH,PhSO, ]>[ (PSO,H),Im][ CH,S0,] .
0.5

% Y6 S /a.u.
o o o
o L

300 350 400 450 500
K /nm

1—%5 1 ;2—[ (PSO;H) ,Im ] [ CH,;S0, ] ;
3—[ (PSO;H) ,Im][ CH;PhSO, ] ;4—[ (PSO;H),Im] [ HSO, ] ;
5—[ (PSO;H),Im] [ CF;S0, ]
B 1 438 K AR R B F TR o K V8 TR Y
RN A
*1 AEBFHRENH,
ILs A

x[11/% «x[IH']/% H,

ZEH 0.490 100 0 —

[(PSO;H),Im][CH;S0,]  0.365 74.49 25.51  1.45
[ (PSO4H),Im][CH,PhSO;]  0.343  70.00 30.00  1.36
[ (PSO,H),Im][ HSO, ] 0.328  66.94 33.06  1.29
[(PSO;H),Im][CF,S05]  0.304  62.04 37.96  1.20

2.2 RFEHHEL LRI
2.2.1 B3 B sHEAL M AL 60 % v

DAF st Fn = 2 A JUBE, [ (PSOSH ) ,Im ]
[ CH,SO, ] ML 55 i 4k & B PODE, , [ i i ] X6
SN N 2 s

KEPTF  WAER B RN EIL & A SR EPEE — FRBR ISR - 171 -

PEVERET R 1S 0 e 38 5 0, SRS T 2 h B,
RNANTESS L 22 R S s 7= ) i R R F 2 h
i, PODE, TE 5 /K &M & A — 2Bk w, Wik,
AR FEA 2 hy
2.2.2 BB ESTIEALIE AL 8 % vh

T3 SR 5 M AR A 3R R ™ S R R ) ]
2, N IR XA AR R an & 3 R, A
3 AT LUAE Y, M RO EE N 90°C T 3 130°C 1,
IR FH I e AL R AR R AE B (W 7K F, 1 PODE, g
L REE 2 R TS e TR . B BUR N R
PEAR TR SR, T e T B S A0 s oz R A4 T T LA
o PRI S Rt B 2 7 1 & TR I, e I o R

b 110C

70 100
X -— /.\./—' §
& Ny 2 Jos 3%
HE 60 X
B 90 g
Eﬁ sof ! -
8 185 §
e i

40 L 80

1 1 1 1
90 100 110 120 130
VIR EE/C

1—s(PODE,_s) ;2—x(TOX)
B3 IfJZ X4 & PODE, th % v
VE LR A I 2 b, B 5 A H
251 AT RSP HCH 2%
2.2.3 AEALK R F o HOTIEAC B 69 R R
AR 3R 5 S 4 HROKT S B 1 5 i 0 [R] 4
o B4 HaT LIE B AR BT o AR 3
T, =5 A B A RS T R R R AR X R
PODE, e Ja TR, A AR B i 70 4K
FIRE I 5 T A 2 0 O 2 TR] L S T IR AR T
PRIt , > 44 A 7] 5T 53 450 2% B, PODE, s Y 4%

70 100
) /—\/o g
N Ny
3 2 %
o 601 190 =
g &
2 1 2
w50 180 =
8 ®
o i

40

1 2 3
SRR ] /h

470

1—s(PODE,_;) ;2—x(TOX)

K2 HE XA R PODE, B %
VST S s REIRE N 110°C , F 15 = B P TR 1L
201, AL RN EOH 2%,
I 2 e LIE OB EFE 0.5 h 34 m 3
4 h, =R EEREFALR A I 84281k, PODE,_ fik

PR

70 100
N 2
& {05 %
§ 60 3
& &
S 190 g
o SO ! B
g 185
& 1]

T S LA

REAL B %/ %

1—s(PODE;_;) ;2—x( TOX)

A4 47w FE St 4 ) PODE, t %
W N SR OB TE] Sy 2 b, SO SR 110°C, i 5 =
RPWEEERLIL R 2:1,



S 172 - A AL T

2.2.4 VB L =R FEERCAHEERR G 0

FH i b = R VT B JR G ol 4 1 16 A9 5 g 2
BS i, HIES ol UGl HiE H s =R H
T JEE 7R HL B 8, — 3% FR RS () % {E %R PODE, 11
PERRPESE T R JE R . P B — SR W R R LK
AN R BRI, SR ) — R R =, A A
FRAE =W A, BRI IR £
PRI, 263505 1 JRORHEE /R He A A B AR = 9 i 2R
B, e RRHEE IR LU 2R 2,

80 100
g 8
# 70} 2 {os %
g 3
g % 190 *é‘
= 50t ﬁ
a
8 1 -85 w®
40r 1
' 80

20 25 30

10 13
n(FE) :n(ZRTPEE)

1—s(PODE,_, ) ;2—x(TOX)

S WL =R EERLTE K
PODE, 1 %

T A S REIRLEE S 110°C , K2 IHIE] S 2 h, HE AL B
BABCH 2%
2.3 AEMELFIBELEEE

WK IR b5 2 il PR 5 ) i 1) Uit 2 25 -
PR LA A 1 Al PR o O e 1 B I 2 VAR A 1) R
PETEARS R oA R B TR A i 1L & B PODE,,
=R 1 55 AL B PODE, _ 2B 61 9 929% Al
549" W 2 PR, LABUG R B T A4 A AR AL 7
4 W PODE, , =W 11 % AL % Fl PODE,_ Y #%
PEZF 3R 96. 91%H1 56. 67% , WU R 55 1 W A4 1) fi
AT 1 B I 5 T B

F2 TEBEAFIELFEEN LR

Ak s(PODE;_5) x(TOX)
[ (PSO4H),Im][ CF;S0, ] 54. 04 98. 14
[ (PSO,H),Im][ HSO, ] 54.08 97.76
[ (PSO4H),Im][ CH,PhSO, ] 54.47 96.91
[ (PSO4H),Im][ CH,S05 ] 56. 67 98.39

N AR BT E] 2 b SN TR BE 110°C, A4k 750 5 i 43 R
2% , PS5 =PI BERE R 2:1,

FLAE 4 Fh XU R 25 WA i AL i 1, = SR
P 1 % Ak 2R 0 DR 15 AE 388 K OF (96% DL L),
PODE, AU 220 K, #BTE 55% A4, i
ST 28 ) 4 ol A 790 3% 1 AR o, R A Ak R =
EHEEA B PODE, i 5 34 2 80 T AR 5 A 44
FEPERE, T EL T DL e 2R i R e 1 H b

B40EE 11 H

#) PODE,_, I #EIE
3 g

(1) 8T 4 T LS P DK WA 285 138 A, -4k
HBER = 3R W B & W PODE, SR B 4544 < )i
BFEISY 2 h SRR BE R 110°C A Ak 7)o 2 2 50k
2% n(HEE) n( =RWEE) =211,

(2) FEER T 4 BlOSUE R B 1 IR IO AL T 1
LR R BUHAHEAG T 5 22 0 A E TR 5 T LR R
A U A s AR 9 | BH 1 A s mT

AT HAE AP BE AN e B | X — A SE BRI H o
HATIR SR 4 A
225 3k

[ 1] Khalife E, Tabatabaei M, Demirbas A et al.Impacts of additives on
performance and emission characteristics of diesel engines during
steady state operation[ J].Progress in Energy and Combustion Sci-
ence,2017,59.32-78.

[2] Huang H Z,Liu Q S,Teng W W et al.The potentials for improving
combustion performance and emissions in diesel engines by fueling
n-butanol/diesel/PODE;_, blends [ J]. Energy Procedia, 2017,
105.914-920.

[3] Mo, ki, akm i 26 28 W W Bk A SR e[ D). A1
f£T1-,2018,47(11) :1268-1275.

[4] Wang L P,Zhou S S,Li P,et al.Measurement and thermodynamic
models for ternary liquid-liquid equilibrium systems { water +
polyoxymethylene ~dimethyl ~ethers + 4-methyl-2-pentanol | at
different temperatures [ J ]. Journal of Chemical & Engineering
Data,2018,63(8) :3074-3082.

[5] Tan Y R, Botero M L, Sheng Y, et al.Sooting characteristics of
polyoxymethylene dimethyl ether blends with diesel in a diffusion
flame[ J ] .Fuel ,2018 ,224 .:499-506.

[6] Wang Z,Liu H Y, Zhang J, et al.Performance, combustion and e-
mission characteristics of a diesel engine fueled with polyoxymethyl-
ene dimethyl ethers (PODE,_, )/diesel blends[ J].Energy Proce-
dia,2015,75.2337-2344.

[7] Zheng Y Y, Tang Q, Wang T F, et al. Kinetics of synthesis of
polyoxymethylene dimethyl ethers from paraformaldehyde and dime-
thoxymethane catalyzed by ion-exchange resin[ J].Chemical Engi-
neering Science,2015,134.758-766.

[8] Zhou Y,Liu Z Q,Yuan T T,et al.The synthesis of 2-aminobenzox-
azoles using reusable ionic liquid as a green catalyst under mild
conditions[ J].Molecules,2017,22(4) :576-584.

[9] Wu Y J,Li Z,Xia C J.Silica-gel-supported dual acidic ionic liquids
as efficient catalysts for the synthesis of polyoxymethylene dimethyl
ethers[ J].Industrial & Engineering Chemistry Research,2016,55
(7) :1859-1865.

[10] BRE, e EAES 55 R W S g no il 4 5 i h s,
101182367A[ P].2008-05-21.

[11] Wu Q,Li W J,Wang M, et al.Synthesis of polyoxymethylene dime-
thyl ethers from methylal and trioxane catalyzed by Brgnsted acid i-
onic liquids with different alkyl groups[J].RSC Advances,2015,5
(71) :57968-57974.

(4% 177 W)



20200 F 11 B

£3 AEKEKEEET a—Mn0O,/Mn,0,/AISI304
BRI S 1L 7 RO B KR 9K Joe B Bz 5 1 SR FE

AL T/ C Tsy/C To/C  Sto,/%
Mn-Nit-500 376 432 472 100
Mn-Nit-550 357 404 441 100
Mn—Nit-600 383 425 460 100
Mn-Nit-700 356 388 415 100
Mn-Nit-800 363 390 418 92.3

TbiE v B i, Ty, 4 388°C, CO, WEFEME N 100% , i
Mn-Nit-500 BA &R, X FEZEEH T
Mn-Nit—-700 HAT i 2 TG AR, Be e & i 1
AMERM:, nie s fetEae .
2.2.2  Fokpgem

6% H,0 %F Mn—Nit—700 1k 5 £ 5 M A9 52 Wil
mE 7 s, W7 s LB, S EZ NG,
Mn-Nit-700 [ T, JRFFLE 410°C A

100

80

60

HALHR /%

a0

201

0 e I I I
200 250 300 350 400 450 500 550
REE/C

1I—55 1K ;2—55 2 IK;3—50 3 R;4—50 4 5—5 5 Ik
K7 Mn-Nit—700 B30 K P &k MK h 4%
3 4ig

(1) RHPIL K IIEH % a—MnO,/Mn,0,/Al-
SI304 22 R R A AL, B 5 i i PR 3R K JATE AE

AISI304 22 A=+ Mn, 0, IR 2, SR 5 1E 1R )2 32 1 5

NZHZF : a-Mn0,/Mn, 0,/AISI304 LMBETEL N HISREMRFRIBIERERR - 177 -

AL a-MnO, A G PEL 4 AL

(2) XA AR e Ui BE T AL R 64T T XRD
SEM N, W& Fff—Bikff . H, -TPR %KM, 45 R0, R
PRV EE K 700°C I}, Mn—Nit—700 B % P 2H 73 LA -
MnO, Gkt K 3, HA T F & iR s A Fh
(KEBeR EE <500°C ) , A I TR A O HE LA BE S0

(3)7E 0,/N, 5 T, Mn—Nit—700 1k 7] 14
TR bt fm 1 BE B A£ ( Ty, = 388°C ), CO, BEFEME N
100% , [A1 i BA AT BT K PR RE

S 3k

[1] Liu T,Li Q,Xin Y et al.Quasi free K cations confined in hollandite-
type tunnels for catalytic solid ( catalyst) -solid (reactant) oxidation
reactions[ J ]. Applied Catalysis B: Environmental ,2018,232;108-
116.

[2

[a

Andada T, Piumetti M, Bensaid S, et al. Nanostructured ceria-
praseodymia catalysts for diesel soot combustion [ J]. Applied
Catalysis B:Environmental ,2016,197125-137.

[3] Gao Y,Duan A,Liu S, et al.Study of Ag/Ce Nd,_, O, nanocubes as
soot oxidation catalysts for gasoline particulate filters; Balancing cata-
lyst activity and stability by Nd doping[ J].Applied Catalysis B En-
vironmental ,2017,203.116-126.

[4

[l

Fino D, Bensaid S, Piumetti M, et al.A review on the catalytic com-
bustion of soot in diesel particulate filters for automotive
applications; From powder catalysts to structured reactors [ J .
Applied Catalysis A ;General ,2016,509.75-96.

X TR B R A SR AL S SN A B A A B R
Bt ()] AL T ,2018,37(4) : 1287-1304.

[6] Cao C,Xing L, Yang Y et al.Diesel soot elimination over potassium-

—
W
[

promoted Co;0, nanowires monolithic catalysts under gravitation
contact mode [ J ]. Applied Catalysis B: Environmental , 2017, 218
32-45.

[7

[

Chen L, Liu G, Feng N, et al.Effect of calcination temperature on
structural properties and catalytic soot combustion activity of MnO,/
wire-mesh monoliths[ J ]. Applied Surface Science,2019,467-468 .
1088-1103.1

(EBEFH 172 1)
[12] Yang Z Y,Hu Y F,Ma W T,et al.Synthesis of polyoxymethylene
dimethyl ethers catalyzed by the pyrrolidionium based ionic liquids
[J].Chemical Engineering & Technology, 2017,40( 10) ; 1784~
1791.
INNTF BRI, B0, 45 R R L ) R Ak B T VR A 14 1B A
FRVERERFFE[ 1] ALARFFE S50, 2011,23(6) :667-672.
HRIEAE T IR T, 45 SR O T R AL S i 2 TR
FROLRL )] P E R A, 2012,12(10) :82-89.
[15] Liu X M,Ma H Y, Wu Y et al.Esterification of glycerol with acetic

—
—_
W

[

—
—_
~

!

acid using double SO;H-functionalized ionic liquids as recoverable
catalysts[ J].Green Chemistry,2011,13(3) :697-701.
[16] Li B L, Xu D Q, Zhong A G. Novel SO;H-functionalized ionic

liquids catalyzed a simple, green and efficient procedure for Fischer

indole synthesis in water under microwave irradiation[ J ] .Journal of
Fluorine Chemistry,2013,44( 14) :45-50.
[17

[

Cécile T,Hélene O B, Lionel M, et al. Determination of an acidic
scale in room temperature ionic liquids[ J].Journal of the American
Chemical Society,2003,125(18) :5264-5265.

[18] Xu D Q,Wu J,Luo S P, et al.Fischer indole synthesis catalyzed by
novel SO;H-functionalized ionic liquids in water[ J].Green Chem-
istry,2009,11(8) :1239-1246.

[19] ZEHhz , RKE  ARIIE , % Bronsted FRME B T A TE R BESE &
SN (FE30) [ 1] .20 5k, 2017,31(4) :305-315.

[20] Wu Q, Wang M, Hao Y, et al. Synthesis of polyoxymethylene

dimethyl ethers catalyzed by Brgnsted acid lonic liquids with al-

kanesulfonic acid groups [ J]. Industrial & Engineering Chemistry

Research,2014,53(42) :16254-16260.H



