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Development of an innovative reactor for three-p
(fast, exothermic, selective ...) reactions

Drawbacks of conventional three-phase reactors:

Fixed bed reactor Slurry reactor
TRICKLE BED
%
44 n (TB R) - Uneasy catalyst separation, attrition

£2 ,,g,,“(TB R) - Lower productivity (low &g, high mixing )
f and runaway (TBR) - Promotion of homogeneous reactions "g-*
nass transfer - High energy costs (mechanical stirring) @
iscous/foaming fluids
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X Suggested tec'

cooling channel Expected features:
catalytic channel _ LOW AP

S - Low diffusional limitations (thin catalytic layer)
—_— - Good G-L & L-S mass transfer (Taylor Flow)

- Plug flow in channels (TF, T productivity & selectivity)
- High heat removal (metal conductivity)

X
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Catalytic channefwalls: —— _ East draining in case of runaway

~heat conductive scaffold
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Expected features:
- Low AP

- Low diffusional limitations (thin catalytic layer)

- Good G-L & L-S mass transfer (Taylor Flow)

- Plug flow in channels (TF, T productivity & selectivity)
- High heat removal (metal conductivity)

- Fast draining in case of runaway
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EXp. characterization on cold mock-up
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CHANNEL ASSEMBLY: T

Heat exchange by conduction
through metal scaffold

t heat removal: single channel as relevant scale
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SINGLE CHANNEL
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SINGLE CHANNEL
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"Theoretical”: absorption of O, i
(van Baten & Krishna, 2004)
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"Theoretical”: absorption of O, i

(van Baten & Krishna, 2004) — :
E 0.2 J Empirical +15%j!’
< correlation A ’,’ ,”
3 77 | 4 Bertic & Pintar (1997) - exp
— 0.15 1 '/ .~7-15% |[a vanBaten & Krishna (2004) - CFD |
EO 2 contributions: ¢ Vanduetal. (2005-) -CFD
f"E: 01 A fim + caps o Yueetal. (2007) - exp
o I » Shaoetal. (2010) - CFD
£ % A
qq 0.05 4 i ’,' &/ Only film contribution
w2 ,:, £ =1 or short slugs
0

0 005 01 Q15 02
k 1a (m3L/ m3Ucl S], this work
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"Theoretical”: absorption of O, i
(van Baten & Krishna, 2004)
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Stirred autoclave reactor:
with gas ballast & addition funne

Data Data
acquisition acquisition
I I Gas
outlet

Sampling
valve

- 1
Gas Pressure
inlet regulator
Gas reservoir |

platelet ___ |

Oven ‘
H;C ~H
St?:‘:lrlducing o~
Filter . . ﬁ-plllﬂnf::
= Coollng coil Cl5-pinane
]
I
166 mmm s$ H q CHs Q
stdebbbadds [EEGE—_G—GG_. @ §i apinene | @)

-pinene, cis- and trans- pmane)
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T=1

Experimental database: 50 mL

Reaction selectivity:  <5%o0
Evoluti

Apparent

In (Pyz) (pyyinban) In (Cp) (crinmolr) Ly,
C,}
00 _ 0.0 08 0'0::\ PH2 = 30 bar °©75%
= N L] 0,
I 15 2.0 2.5 3.0 35 4.0 £-0200 05 Lo 1.50 o o, o 2%
= b E A | e
E ‘l,‘:ff' y= 1,05R21x-13.8323 E 0.4 @ 05338 Qg 0.6
o o 2 -
g -05 o ’ . = -0.6 ®30bar
= ®100% ©og ore Soa
5 ®75% < ® 10 bar
= 0255 y=0.6236x- 2.6145 = -1.0 02
50 ST i 12 VIOl 146 e
< pid =0.9015x- 3.409 = 14 o 0
= ® y=0. o =X1' . 0 5 10
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1/T (K1)
0.5
g 0.0022 @. 0.0024 0.0026 0.0028
€ 0.0 o -
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£-0.5 R © 30 bar
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Selected model: - kKHzKPE '
Model discrimination & parameter estimation H2 = (1+ 1/KHZPH2 + KPCP

based on Ry ,;, then complete kinetic curves (dissociative adsorption of H,

surface reaction as rate-determining step)

|_Parameter | Value | Unit | RSD
R 396410 molstkg',  18% Mean R? = 0.94
Results: [ 3503 Lmo 37%
I 42E-06  bart 12% 5
B 524 k/mol 1% k(T) = kyel™ 7)
I 125 ki/mol 10% (_AP;«sz.i)
. P 96 k/mol a% K1) =Kioe
fassiaiiiiny o7 -
3000000 esy — Good prediction for exp.
S$Soooody 2° . .
socc ey with pure pinene
@ Y

e experimental

e model @

B~ U

= N W

RZ

0.994

Pinene concentration (mol/L)

o

mmmmm

140°C, 20 bar

0 10 20 30 40

Time (min) 5
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Individual mass transfer coefficients in a
with literature, except k; ¢ for a-pinene

Pinene conversion (%)

50
40
30
20

-

/=~ ~plug flow model with transfer coef. from CFD*
. ——CFD simulation*
’ ® experimental

* not accounting for gas consumption 1 63°C, 21 bar

0 | 2 3 4 5
Tube length (m)
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iy ® G -« ‘*R’.@
100
CFD model: 00 |
i——L ————— \E — s p S\_;, 80 - plug flow model: gas consumption accounted for
.......................... B .Y % 70 - plug flow model: catalyst activity reduced by 10-fold**
CGS___ LS _ BUBBLE % :8 : ® cxperimental
Q
Individual mass transfer coefficients in agreement & :2 I
with literature, except k, ; for a-pinene S 20 |
(resistance underestimated by tested correlations) 0l/ ®
**(gas consumption accounted for)
0 T T T T 1
) 0 1 2 3 4 5
1D heterogeneous.model. Tube length (m)
Plug flow model accounting for external mass
“transfer resistances
r behavior of CFD & 1D models but too optimistic predictions vs.
/8@ B 88 - 3 .
C :rztasgr}‘ransfer coefficients measured conversion @
"""" .‘;' ' ) . . ToraL
B M * Taylor regime? (effect of wall rugosity?)
i ' * Overestimated k a value? (egconstant; arbitrary L) &
Ll * Impact of catalyst deactivation? s
£ " Q; e Distinct activity of washcoat & powder? .
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Sizing tool:

* Representation of several channels through
1D model
* H,consumption accounted for

(=)}

W

N

[N]

e Simulation for a given liquid maldistribution
(from exp. data)

—

Liquid flow rate fraction (%)

Column index 1

100 -
90 - o o Simplified liquid distribution:
NS ——monolith: uniform fluid distribution
< 80 - monolith: liquid maldistribution 5 channel groups (C1 — C5)
g 70 - ---C1 channel
k2 60 — —C3 channel
9 i A C5 channel
= 50 - e
8 40 | ;"/ /// [ \
S 350 / Maldistribution =~ homogeneous case
F

£ 20 - I probably due to a near zero-order

10 477 e kinetics with respect to a-pinene

0 FazzotZl | T T T \

0 1 2 3 4 5 \ j
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Integrative approach, from local scale (periodic unit cell) towards macroscale \@g
(1D plug flow model) — sizing reactor tool

To be further considered: discrepancies with experiments in catalytic tubes

e _Other perspectives.of HYDROMoRe project

Local concentration field of dissolved O,

by PLIF-I in glass capillary tube and DNS
(A. Billet, E. Cid, B. Lalanne)
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