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Acid activation of montmorillonite and its application for production of hydrogen via
steam reforming of dimethyl ether
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FENG Xiao-qian, MENG Qing-run
(School of Chemistry & Environmental Engineering, Liaoning University of Technology, Jinzhou 121001, China)

Abstract: A series of acid-activated montmorillonites (Acid-MMTs) were prepared via Na-montmorillonite treated
with nitric acid solution at different treatment temperature and time. And the Acid-MMTs used as solid acid were
physically mixed with commercial Cu/ZnO/AlLO; to obtain bifunctional catalysts for steam reforming of dimethyl
ether (SRD) reaction. The results showed that the structure, texture and acidity of Acid-MMTs were significantly
changed compared with Na-MMT, which was dependent on the acid treatment conditions. The structure and acidity
of Acid-MMTs obviously affected the SRD performance over bifunctional catalyst. The bifunctional catalyst
composed of the Na-MMT activated in 20% nitric acid solution at 80 °C for 12 h (Acid-MMT-80/12) and
Cu/ZnO/Al,05 exhibited the best SRD performance, with the dimethyl ether conversion and H, yield reaching 97%
and 94% under the conditions of p =0.1 MPa, r =350 °C, GHSV=3000 h ', respectively, and DME conversion and H,
yield remained basically constant in 10 h, indicating that the catalyst had better stability.
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K1 Na-MMT(a), Acid-MMT-60/4(b), Acid-MMT-80/4(c),
Acid-MMT-80/12(d), Acid-MMT-80/24(e),
Acid-MMT-100/12(f) i) XRD &

Figure I XRD patterns of Na-MMT (a), Acid-MMT-60/4 (b),
Acid-MMT-80/4 (c), Acid-MMT-80/12 (d),
Acid-MMT-80/24 (e), Acid-MMT-100/12 (f)
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K 2 Na-MMT(a), Acid-MMT-60/4(b), Acid-MMT-80/4(c),
Acid-MMT-80/12(d), Acid-MMT-80/24(e),
Acid-MMT-100/12(f) &Y FT-IR §%4
Figure 2 FT-IR spectra of Na-MMT (a), Acid-MMT-60/4 (b),
Acid-MMT-80/4 (c), Acid-MMT-80/12 (d),
Acid-MMT-80/24 (e), Acid-MMT-100/12 (f)

KT R GEAS R R 116 Ak 25 14 X6 552 i+ v 4% 2
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S RiEAL ), ey A oE 2R, B A5
B A B TR A R S B R R
e Be A, AT LLBH W52 B i A R A PR R ) 1
g, AE P Si0, BY B W i ALO; BY & i
BRI AETRYE S5 SV 5 R 4
SER RS AUHRAE T 3R A9 . 5 XRD
HFT-IR 45 14538 TRV A .

*1 HHESEE XRF 53

Table 1 Summary of the XRF results of different samples
Sample Si0,/% ALO:/% Na,0/% MgO/% Ca0/% Fe,0:/%

Na-MMT 64.16 24.08 2.95 3.33 2.88 1.54
Acid-MMT-60/4 71.67 22.52 - 2.67 0.19 1.38
Acid-MMT-80/4 72.56 22.06 - 2.75 0.22 1.33
Acid-MMT-80/12 75.63 20.27 - 2.54 0.19 1.20
Acid-MMT-80/24 78.57 16.77 - 2.29 0.16 1.07
Acid-MMT-100/12 87.54 9.44 - 0.99 0.11 0.61

2.2 Acid-MMT B4R #451E

& 3 5 Na-MMT il Acid-MMT HJ N, "% Fff -Jfii
MEaEiR 2 . IWEIH AT LA H, Na-MMT B 23
B AR R D, R HILTE LA R, 5 Na-MMT
AH LG, AN TR 5% 44T R 1 AL 5 B9 Acid-MMT 7E ik &
X (plpo < 0.1) 14 N, W B 2 B S 385, 348 Jon iy 4% B
B F R IG 45 0, X RS+ fE RIS b5

2P AL, R A A5 e e T 7 AR AL
B ) 20 Ak, plpo 75 0.4—1.0 B N, W Fff 5 (1)
H8 00 LA K I PR A B U T 7R R G b AR
TR T — @ B0 A FL. ARG TUPAC 40 JehnifE™,
JITAE R i 359 2 TR HE TV 7R R FF 258 7 2 RN AN [R] S AR 1)
Wi JE PR o AR AN SR AL BRAS B Y Acid-MMT-
60/4 Fil Acid-MMT-80/4 ¥f it 1) ¥ J5 38 J& T H4 A,
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&3 Na-MMT(a), Acid-MMT-60/4(b), Acid-MMT-80/4(c),
Acid-MMT-80/12(d), Acid-MMT-80/24(e),
Acid-MMT-100/12(f) A4 N W Bk} Fd FF 4572k
Figure 3 N, adsorption-desorption isotherms of Na-MMT (a),
Acid-MMT-60/4 (b), Acid-MMT-80/4 (c), Acid-MMT-80/12
(d), Acid-MMT-80/24 (e), Acid-MMT-100/12 (f)

Kl 4 & Na-MMT Fl1 Acid-MMT #£ & i) BJH 1L
Borfn . HE 40T LA, 7883 E AR b B 2%
T 153/ Acid-MMT-60/4 F1 Acid-MMT-80/4 £
A FLAE A FEAAH [R], B DL 3.7 nm A O 384 /Y
FLAR 0 A 5 Bl 5 A BT 2002 B A3 0, FLAR & 1)
KAL) i £ H 437 28 55, Acid-MMT-80/12 f4 fL
R EE BT 5.0 nm; 755 w7 21 BR AL B & T 15
F 1 Acid-MMT-80/24 F1 Acid-MMT-100/12 #£ 5 Y
LA gk LI, 2 S HhAE 9.2 F1 10.6 nm, 437 L
FEIBE 58 o A6 IR HP ] DAY 28 Hh L2 2] B 25 R A BT

ZI\REBE RGN, A B FLAR R /R fLAR
A A 2R AR G o K Ul 3 o 9 AR R A BE AR A, BETE
— U B PN R P R AL S - ) FLAR O A

0.20

dv/dw /(ecm*-g ")
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5 10 50
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K 4 Na-MMT(a), Acid-MMT-60/4(b), Acid-MMT-80/4(c),
Acid-MMT-80/12(d), Acid-MMT-80/24(e),
Acid-MMT-100/12(f) fFLER /3 A
Figure 4 Pore size distribution curves by BJH method using
desorption branch data of Na-MMT (a), Acid-MMT-60/4
(b), Acid-MMT-80/4 (c), Acid-MMT-80/12 (d),
Acid-MMT-80/24 (e), Acid-MMT-100/12 (f)

N T E BRI Acid-MMT 1 L 45 #4 45 1,
F2 9 T &R 0 BET Fb 26 m 1, £L 28 FoF
WAL B, DA 3k S B4 vh T DL fn BOU L E
R G AL A X S M £ SR 52 . Na-MMT H
FHAEFARAY R (12 m’/g) . /MYFLEZE(0.07 cm/g)
ME R (249 nm), XEH TEMR A
IREEM PR T2 . 5 Na-MMT # L, BRI 1k
J& 5% 5 A 1 B 2 T BRURIAL 25 BH B Kk, SR LR
B I8/ X T 451> Acid-MMT # i, Bl & FR 1% 1k
FEEE B IR, BET bR AR KIS /b, FLAE I
R IR W N[5y NS 3 o2 e B3 e sl LT R = e S )
HER Ay AR Y, R AR S BB, T T K
AL I R AL B R T TR A, Acid-MMT-
100712 £ i () 25 48 JL-F- 9 58 A 3R, 1 i L 3R
AR T B o

®2 BHMBIRIRHE

Table 2 Summary of the textural properties of different samples

Sample BET surface area/(m2~ g_l) Pore Volume/(cm3- g_l) Average pore size/nm
Na-MMT 12 0.07 249
Acid-MMT-60/4 139 0.17 4.9
Acid-MMT-80/4 183 0.24 52
Acid-MMT-80/12 282 0.51 7.3
Acid-MMT-80/24 262 0.71 10.8
Acid-MMT-100/12 250 0.84 134
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K5 Na-MMT(a), Acid-MMT-60/4(b), Acid-MMT-80/12(c), Acid-MMT-100/12(d) & SEM & F
Figure 5 SEM images of Na-MMT (a), Acid-MMT-60/4 (b), Acid-MMT-80/12 (c), Acid-MMT-100/12 (d)

2.3 Acid-MMT B9ES 14 435 1E
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