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Microreactor for...H,-O, reaction
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2. Microreactor - for the Direct H,0,

*Rapid heat removal (+ radical termination) at a channel wall =
Perfectly controlled H,-O, reaction

All conditions are in
explosive region.
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Pilot Scale Demonstration Unit @

Different Glass Fluidic Module:
from lab to production

Process In

[T}: -60Cto 230C Cross Flow Design

[P]: upto 18 bar Partial Boiling Water Coolant
Process length ~ 0.6 m
Process microchannels = 40
Coolant Length ~ 0.3 m

Increase throughput with similar:
- Pressure drop

- Residence time
-Heat exchange

-Mixing & Mass transfer

Coolant microchannels. = 425

Capacity = ~8 liters/day
Conversion of CO: ~70%
Selectivity to CH, ~15%

1,200 hour demonstration completed in 2007

Current device operational 1,800 hours
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Reactor fabrication — for single bed
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Chem. Eng. J., 160, 909 (2010).
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H, inlet
Catalyst loading
React. soln. inlet—

O, inlet—

g/l outlet
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Pou/MPa o et 38, 820 (2009).

Chem. Eng. J. 160, 909 (2010).
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Reactor design

~ solution
= distribution

1 0.05 mm
b: gas-liquid ¢ ¢
o mixture 0.9 mm —? =




Go #-up successful
=

V,=0.04 ml/min (0.01 x4)
Vg=2.0 sccm (0.5 x4)

S —

- Liquid distributor validates equal flow distribution among
channels.

Proc. mTAS. 2010, 1694.
JJAP. 51, 06FK11 (2012).
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How 32ch reactor looks like?

(to be in /T E2014)
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I Micro reactor |
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Reacticin solution v ’
(H,SO, +|H3Po4 + NaBr) b

Accumulator

PEEK tubing
screw jig
SUS ferrule
adhesive
U;\/ISEI‘
Reactor performances -
=
et |10 =
(Pd1-Au0.7/Ti0,, | (19 rate
_ [mLmin-1], T
AU/Pd=0.7) gas rate Cuz | Sho | Wyo | Rate (cat. wt) K]
1MPa, ca. 296 K [sccm]) [%] |[%] | wt%] |[10molh- (g)]
0.2
(0.01. 5.0) 15 | 86 | 2.9 [3.6(0.017) 205
0.2
(0.08. 40) 30 | 90 | 2.8 |39.2(0.121) 297
0.2
(0.16. 80) 49 | 68 | 4.4 |[123(0.271) 313
0.1
(0.16, 80) 24 | 79| 15 |41.4 206
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-Pd/AlL,O, was purchased from N. E. Chemcat Co.
(5 wt%).

-Pd/TiO, and Pd-Au/TiO, were prepared by (co-)
Impregnation, using chloride as metal

resources. .. ® .&
-Support morphology: spherical, @ ..:.. @
0.06 mm diameter, monodispersed. ®®
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Productivity | AP Stability |S.A.
TiO, © (10%) | ©(<0.1 MPa) @) A(16m2g)
X (burn ©
C A (1-2% x (>0.4MPa
(1-2%) ) off) (200m2g™)
AlL,O,4 O (6%) ©(<0.1 MPa) © ©
What is different? o I, =>
:: o0t a)Pd-Au/TiO, T 003 .
® 003 %
g, EOOZ "Hzoz@'/—-m.N\‘é
.E. 002 erogx‘ * \\\é § 0.01 fzo B i
é 001 go.oo . . .
S Mo =~ o0 o041 829, 04 05
T 000 * * * : 5/(D,+0,)
0.0 0.1 2 03 04 0.5
8,(0,+5,) -Reaction scheme:
— 004 1: Hy+0,—H,0,
f N c)Pd/Al,0, .'H%rm 2: H,0,+H,—2H,0
—é’ooz ﬁ -TiO, supported catalyst
s Foh S suppresses 2, also with Au
T 0.01 ~§ H202 . .
A § modification.
§ 0.00 . .
Lo 70,40, % Fuel Proc. 108, 8 (2013). 4
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Reactor performances @ 1 MPa, RT.

. D, conversion / D,0, (H,0,) production &&=
Catalyst / Inlet condition
reactor | D,((D,+0,) (i fo) | c[%] | S[%] [W't/,';’ | ratelt
Pd/ALO, (N. E., 5 wt%)
8ch-s | 0.1(0.01,40) 48 | 20 | 63 | 102(07)
Pd/TiO,
1ch-S+ich-L | 03(0.01,50) | 81 | 46 | 704 | 149(12)
Pd-Au/TiO, (Pd1-Au0.5)
8ch-S 0.175(0.01,40) | 22 50 11.7 | 20.5(1.5)
1ch-S+1ch-L | 0.3(0.01,5.0) | 80 45 9.9 | 144(12)

Inoue, T., et al., Fuel Proc. Tech., 2013, 108, 8. ©
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: d -Reaction conditions become

Gl s BN moderate, by intensified
-Batch / CSTR heat/mass transfer.
-5.0~9.5 MPa ” -PFR / Fixed-bed
-H,: 3.6 vol. % -1.0 MPa|
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