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Abstract — The direct conversion of cellulose into polyols in H, was examined over Pt catalysts supported on various
zeolites, viz., mordenite, Y, ferrierite, and . For comparison, Pt catalysts supported on y-Al,O;, SiO,-Al,O;, and SiO,
were also tested. The physical properties of the catalysts were probed with N, physisorption. The surface acidity was
measured with temperature programmed desorption of ammonia (NH;-TPD). The Pt content was quantified with induc-
tively coupled plasma-atomic emission spectroscopy (ICP-AES). The Pt dispersion was determined with CO chemisorp-
tions and transmission electron microscopy (TEM). The conversion of cellulose appeared to be mainly dependent on the
reaction temperature and reaction time because it depends on the concentration of H™ ions reversibly formed in hot
water. Pt/H-mordenite (20) showed the highest yield to polyols among the tested catalysts. Pt/H-zeolite was superior to
Pt/Na-zeolite for this reaction. The polyol yield was dependent on the surface acid density and the external surface area.
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Table 1. Physical properties of the supported platinum catalysts

Fagol BAE AgeolEL 2~ 3-8 (hydrogenation),
0]23 3} Wk-2-(isomerization), = EHZJ P o (crack1 oS0l T =
sHERaL oA QAEH20,21]. < Aol A= nlscdt Al o] ks 7
a1 Q= TR Al EE o] Balo], AlgElo| ES 71 W Ak
o] AET A0 FT| &2 At o]E A of%
T}, Z71.0 2 1-ALO,, Si0,-ALO,, 121 S
EA3 WG]l A8-5 o vlaal Bkt

i el
14302 sjed

2. I% Ig-I:H

2-1. =0 M=

AREE 224l o33k 2T Na-mordenite (SiO,/Al,0,=13,
Zeolyst, CBVI10A, Spg;=383 m?%/g), Na-Y (SiO,/Al,0;=5.1, Tosoh,
320NAA, Sp;;~823 m%/g), NH,-mordenite (SiO,/Al,0,=20, Zeolyst,
CBV21A, Sp;;=480 m%/g), H-Y (SiOy/AL0;=5.1, Zeolyst, CBV400,
Spe=631 m%g), NH,ferrierite (SiO,/Al,0;=20, Zeolyst, CP914C,
Sprr=390 m%/g), H-B (SiOy/ALO;=25, Zeolyst, CP814E, Spr=508
m?/g), y-ALO; (Strem, Spz=213 m%g), Si0,-ALO; (Si0,/AL0;=6.6,
Sigma, Spz;=572 m?/g), SiO, (Sigma-Aldrich, S,;=348 m%/g). W=
A4 2. tetrammine platinum(Il) nitrate= ARE-51o] wWiZ-o] $Hefo]
1 wt%/} H 55 Sl Alxs1Sit. Pt/y-A1203, Pt/Si0,-Al,0;, 71
2|31 Pyzeolite= 712 IO = Az 01-%19}'1 P/SiOx= H4

Ao T A2 —o—}oﬂu} =k Euﬂ & 773 KollA] 298 3
Atk BE FullE Rhg-S 517] Kol 1/\]7J S TS FHFEA
673 Kol eHl= *WE}.

2-2. Hiie| §4 24

Zu ] BET 32W4> AA3d4-0] %ol Autosorb-1 (Quan-
tachrome)E ARE-310] AAe] Ee]52-E Sato] AAsltt 54
Aell, Sz 473 KoM 6 AIRE <t 2ade = dAe] sk =
o] vl 7] ¥EH 3 (micropore surface area)?} F|A| 7] F-3]
(micropore volume), “12] 3L 2] 374 (external surface area) t-
plot& AH&-31o] Allaigivh22]. ZH2te] 3k Table 100 YERSITE

Azd FulEe] M S A flete] AR Eek
w} 233 (inductively coupled plasma-atomic emission spectroscopy,
ICP-AES, JY-70Plus, Jobin-Yvon)S 55} 0 ™ 1 Z3}= Table
20f] VERHSITE.

AHEE BE Fue] datsieba she-EEES Autochem 2910
(Micromeritics)?} @A =T AE7]S AREslo] LAatslgrio] 4w
e St D 7 AT FHE a4l 2JsiA 673 KellA |

Catalyst (Si0,/Al,05) BET surface area (m?/g) Micropore surface area (m%/g)” External surface area (m%*g)?  Micropore volume (cm®/g)”
Pt/Na-mordenite(13) 365 243 122 0.10
Pt/Na-Y(5.1) 454 368 47 0.19
Pt/H-mordenite(20) 463 325 138 0.14
Pt/H-Y(5.1) 593 455 138 0.19
Pt/H-ferrierite(20) 343 237 106 0.10

PYH-B(25) 545 286 259 0.15

Pt/y-ALO, 184 0 184 0
PU/Si0,-Al,O, 467 0 467 0

Pt/SiO, 313 0 313 0

“The data were obtained by the t-plot method [22].
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Table 2. Chemical properties of the supported platinum catalysts
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CO chemisorption

The average particle size of ~ Acid amount

Catalyst (Si0,/Al,03) Pt content (wt%)* CO uptake (umol/) COPL(%) Pt (nm)” (umol NHy/g)®
Pt/Na-mordenite(13) 0.95 4.7 10 44+1.9 910
Pt/Na-Y(5.1) 0.84 6.9 16 2.9+0.7 214
Pt/H-mordenite(20) 0.94 5.6 12 4.1+1.4 624
PY/H-Y(5.1) 0.84 9.8 23 1.8£1.3 486
Pt/H-ferrierite(20) 0.86 9.4 22 1.9£2.5 609
Pt/H-B(25) 1.06 20.9 39 1.7£2.7 474
Pt/y-Al,O5 0.84 17.5 41 407
Pt/SiO,-Al,05 1.04 5.1 10 476
Pt/SiO, 0.65 10.8 33 0

“The bulk composition was analyzed by ICP-AES.

®The average particle size of Pt was determined based on the bright-field TEM images.

“The total acidity was determined by quantitying the desorbed NH; by NH;-TPD.
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Fig. 1. Temperature-programmed desorption of ammonia (NH;-TPD) patterns for supported Pt catalysts, viz., Pt/Na-mordenite(13) (a), Pt/Na-Y(5.1)
(b), Pt/H-mordenite(20) (c), Pt/H-Y(5.1) (d), Pt/H-ferrierite(20) (e), Pt/H-B(25) (), Pt/y-AL,O; (g), Pt/SiO,-ALO; (h) and Pt/SiO, (i).

(a)

0 2 4 6 g [TEES 02468
Particle Size (nm) | 20nm ¥ Particle Size (nm)

o
o
L4
o

=4 =40 =40
b s S
230 230 230
& & &
320 320 220
14 2 4
w w w

_.

=)
=)
=)

0 0
0 2 4 6 8 0 2 4 6 8

Particle Size (nm) | - : Particle Size (nm)

o

Particle Size (nm)

Fig. 2. The bright-field TEM images and the particle size distributions of Pt/Na-mordenite(13) (a), Pt/Na-Y(5.1) (b), Pt/H-mordenite(20) (c),
Pt/H-Y(5.1) (d), Pt/H-ferrierite(20) (e) and Pt/H-B(25) (f).
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Table 3. The conversion of cellulose and the yields to polyols over supported platinum catalysts”

. . Yield (%)
Catalysts (SiO,/Al,05) Conversion (%) - - -
Sorbitol Manitol Ethylene glycol 1,2-Propanediol

R 83 0.0 0.0 0.9 1.6
Pt/Na-mordenite(13) 93 1.0 0.0 6.2 57
Pt/Na-Y(5.1) 96 1.0 04 4.9 24
Pt/H-mordenite(20) 97 1.6 0.5 8.9 10.7
Pt/H-Y(5.1) 98 1.6 0.5 83 8.1
Pt/H-ferrierite(20) 91 1.2 0.2 8.9 10.7
Pt/H-B(25) 91 0.8 0.3 8.6 10.6
Pt/y-Al,O5 93 1.0 0.3 7.5 12.5
Pt/SiO,-A1,05 95 1.7 0.5 6.3 7.6
Pt/SiO, 96 1.3 0.5 1.1 0.3

“Reaction condition: the weight of cellulose=500 mg, the volume of water=30 ml, the weight of catalyst=50 mg; reaction temperature=518 K, reaction

time=2 h, initial H, pressure=6 MPa.
’Data in parenthesis was taken from a literature [8].
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Fig. 3. The correlation between the yields to polyols (e.g., 1,2-por-
panediol and ethylene glycol) and the surface acid density of
the supported Pt catalysts. Reaction condition: the weight of
cellulose=500 mg, the volume of water=30 ml, the weight of
catalyst=50 mg; reaction temperature=518 K, reaction time=2
h, initial H, pressure=6 MPa.
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