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My First Assignment
as a Process Engineer (1967)
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° Poisonous Gases !!!

THAR'

Reactor Clearly Environmentally Unfriendly ! i

/ ,




0!'1Y-560

7

34

%

%%

—
4 #
S !
)
)
$




































oo >0 =1- [ |

3! 1 -*0
+3/ &

?3-

@A

|

l -1- 0A! -*0

3 A

. A>. 50



.l Al
*- 16, :

196=0A 700A

0. *=1>0 Al =1//. =1 :

7- 0=C</0:05/<*-/] <:=C0O 1

+?




































Process Intensification via Multi-functionality.

Schematic of Bubble Column Type of Photo Reactors (Commercially Used)

A train of bubble columns (sparged reactors) through which liquid toluene and
chlorinated products flow in series while chlorine is added into each column and
hydrogen is removed from the column.

Typical selectivity to benzyl chloride: 90% But Toluene conversion is less than 30%.

?
Can one do better? . .nd budukovic, Chem. Eng. Sci.. 54(10), 1397-1403 (1999) S20



Process Intensification via Multifunctionality by Reaction — Separation
Coupling : Proposed Technology

Configured into a Semi-Batch Mode
T il e i i i R ———

Schematic of Photo Reactive Distillation System

Allows in situ product removal and
toluene recycle.

Selectivity to benzyl chloride: 96% + up to toluene conversion of 98%.

Xue and Dudukovic, Chem. Eng. Sci., 54(10), 1397-1403 (1999) =2l
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OLD REACTOR: MIXER-SETTLER
WITH EXTERNAL RECYCLE PUMP

PRODUCT

t » 40min

HF RECYCLE
with a pump !!

NEWER REACTOR: “LIFT”
PRINCIPLE: NO RECYCLE PUMP

i PRODUCT
t » 30 sec

HF INTERNAL
RECYCLE

no pump !!

no leaky seals !!
Still HF is there!!
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Radioactive Particle Tracking P
(CARPT) Provides Solids % " Cold Flow Model
Velocity and Mixing Information |/ |
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Computer Tomography (CT)
Provides Solids Density Distribution

Tracer Studies Confirm Liquid In Plug Flow
(N > 20)
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F. Cottrell (U.S. Patent, 1938)-Foul Gas Deodorizer
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Asymmetric Reverse Flow Process
Wrong-Way Coupling (Kulkarni and Dudukovic (1996-1998)

Exo: Methanol combustion
Endo: Methane Steam Reforming
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eenergy efficiency

eheat transfer



Chemical Reaction Engineering Basics
Molecular Leve
— Mechanisms and kinetic rates

Eddy (Particle) Level

— Micromixing & Kkinetics

— Intra phase diffusional effects (Thiele modulus,
effectiveness factor)

— Inter phase transport effects
Reactor Level

— ldeal flow patterns (CSTR, PFR)

— Non-ideal flow patterns between phases
— Contacting patterns

— Mixing

S3



Multiphase Reactor Selection M ethodology

. Volume/ Interfacial Areafor the Phases
~d, for gas-solid systems
~ b for gas-liquid systems
~d, and b for G-L-S systems
II. Contacting & Flow Pattern
a) RTD for each phase (PF, backmixed)
b) Co — Counter — Cross current?
c) - Split addition
- Product removal in Situ, etc.
|1l1.Flow Regime
- Homogeneous
- Churn turbulent
- Dense phase riser (air lift)
- Dilute phase riser (spray)
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