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8. Rate equation of surface catalysis:
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2). Kinetics of Ammonia Synthesis
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1/2 SO, + 0, ———> SO,
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HZ (mol/heg) Psos/kPa Pso./ kPa Po. / kPa
0.02 4.33 2.58 (RSRS
0.04 3.35 3.57 19.2
0.06 2.76 4.14 19.6
0.08 2.39 4.49 19.8
0.10 2.17 4.70 19.9

0.12 2.04 4.82 20.0



1/2 SO, + O, SO,
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RXxn space velocity
(RPLAH): (VH) SV & WHSV

Rxn contact time or
rxn space time
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O. Determination of Rxn Order

1). Determination of overall rxn order
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(1) Integral methods
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(2) Differential method
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2). Determination of partial order
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(2) Excess method
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A+* — A* —— C*—— C+*
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A+* < A* I K, P,-P./K 1+ (1+1/K,) Pg/K,; 1
A* < C* I koK, Pa-P/K 1+ KiPa + Pe/K; 1
CresC+* 11 k,K;K, P,-P./K 1+(1+K,)K, P, 1

Fig. 3.4. Pressure dependency of the initial reaction rate for three different rate-determining steps
and at increasing temperatures T; > T, > Tj;.
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10. Experimental Determination of Kinetic
Parameters of Flow Rxn

Consumption of a reactant A:

A 3 dx AX
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1). Differential reactor:

2). Integral reactor:
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I'n: average rate



3). Gradientless Reactor

Inverted cup
screwed on Spinning
to bottom ptat&\ paddle
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Fig. 6.2 Simplifled achemaltic: dagrams of varous types of neactor (2) slngle pass [b) necycla (¢} Rukdised bed (d) multibibaler (a)
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4) Plug-flow Reactor (PFR)
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11. Mass & Heat Transport Effects

|

:rs\v(— Endothermic rxn

C,-C.: depend on mass transfer coefficient k_, and rxn
rate constant k. kA, (C,-C,) =1 (C,,Ty)

T,-T, depend on heat transfer coefficient h, rxn rate
constant k, surface concentration C_,rxn heat -AH.
hA (T,-T,) = ((-AH) r( C_,T,)

5 Actural rate
i Ideal reaction rate with C; =C;, everywhere




1). External mass transport effect

Boundary layer |Cao

(a)
* local k., and h depend on local flow

Fixed bed ractor: J

* In this case, the k., and h are the average value.



2). Pore transport effect: Internal diffusion

Fave = I; r-IocaldS/.“gdS

Conc.

bulk surface center

The idealized equation will be Faye = Fsurface X 1l

Actual reaction rate for the pellet
rate based on external surface concentration

Exothermicrxn:n<lor=or <1, Endothermicrxns: n<1
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Fioure 3 Intemal diffusion test of catalyst particles
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