KINETICS AND STOICHIOMETRY

Stoichiometries allow expressing rates of consumption or formation of any component
during reactions in terms of the other components since stoichiometric coefficients reflect
the proportion in which reaction components react.

First, convert stoichiometry (with arrow, ) to equation, with = sign:
Sign convention is + for formation and — for consumption.

So for a mass-based stoichiometry, conservation of mass in a reaction with A, as the
reference compound is expressed:

('1)A1 + ('lPZ) A2+---+('lPk) Ak+---+(lPk+1) Ak+1+---+(le) An=0 (1)

For any reaction, there is an overall reaction rate, r, usually related to the rate of
formation or consumption of the reference compound such that for reaction (1):
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Example:
Given the COD stoichiometry and cell yield of 0.7 g-CODs/g-CODs:
(-1)CODs — (1-0.7)O; + (0.7)COD¢es = 0

And r; = rate of soluble COD consumption, r, = rate of O, consumption, and r; =
rate of cell formation (mg/l-hr). If cells are produced at a rate of 200 mg/I-hr = r,
what are the rates of soluble COD and oxygen consumption? Since we are using
COD, substitute Y for ¥:

I = r3/Y3 =200 mg-COD¢gs/I-hr/0.7mg-CODs/mg-CODs = 286 COD/I-hr

r, =-Y*r =-1*286 mg-COD¢/I-hr = -286 mg-CODs/I-hr

r, = -Y,*r = -(1-0.7)mg-0,/mg-COD*286 mg-COD/I-hr = -86 mg-O,/I-hr

NOTE, you can express oxygen as COD and then r2 is a “COD formation” rate:

I, = Y,*r = 86 mg-CODg,/I-hr where r, is the rate of COD equivalents of oxygen
produced.



For the COD stoichiometry:

i

Y-Sy,

1=1 i=k+1
-1+(1-0.7)+0.7=0 v
And the same is true for the rates when all terms are COD units:
r+r,+r;=0
-286 + 86 + 200 (mg-COD/I-hr) =0 v

This format is especially useful when considering multiple reactions involving some
or all of a set of components. For m components and n reactions:

Stoichiometry rate
(-D)AL + (-F21) Aot ot (-Prr) Actee et (Prrr 1) Axsrtee et (Pma) Am=0 r
(P12)A1+ (-F22) Aot (-Pi2) Acteeot(Prsr2) Aste (1) An =0 r

(-P13)A1 + (F23) Aot (Pics) Actee ot (Piers) Asate et (-Prnz) Am=0 13

(\I‘l,n)Al + (lPZ’n) A2+...+('lPk,n) Ak+.o.+(Tk+l,n) Ak+1+o..+(Tmln) Am = 0 rn

Note that the ith component, A;, can be a product or a reactant, depending on the
reaction. For example, cells are a product in the growth reaction and a reactant in
decay.



Then for each reaction, mass is conserved, as with
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And the net rate of formation/consumption of the ith component, r;, over all
reactions, r; for j=1-> n, is:
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Example:
Reaction 1 (cell growth on soluble COD):
(-1)CODs - (1-0.7)O, + (0.7)CODeis = 0

Reaction 2 (cell CODs decay and generation of soluble microbial products, CODs,
and debris, CODygenris) given 20% of decayed cells become debris and 80% become
soluble COD:

(1-0.2)CODg + (-1)CODgg)s + 0.2COD gepris =0
Then

For the coupled reactions 1 and 2, rs = net rate of soluble CODg consumption, ro =
net rate of soluble oxygen (as COD) consumption, ryg = net rate of cell formation,
and ryp = net rate of debris formation. (all units mg-COD/I-hr)

s = (-1)*r1 + (1-0.2)*r2

ro=(1-0.7)r, (as COD instead of O2)
I'xg = (0.7)*r1 - l*r2

Fxp = 0.2*r2

4 equations, 6 unknowns, need two values to solve:
Given ro = 300 mg-CODg/I-hr, and ryg = 100 mg-CODggs/l-hr, find rg, rxp, r; and r».



Solution:

r = ro*(1-0.7) = 300/0.3 = 1,000 mg-COD/I-hr

I = -1*ryg + 0.7*r; = -100 +700 = 600 mg-COD/I-hr
I'xo = 0.2%600 = 120 mg-COD/I-hr

rs = -1000 + 0.8*600 = -520 mg-COD/I-hr



