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Microtechnology

The study, development, and application of
devices whose operation is based on the
scale of 1-100 microns.

(A human hair is approximately 100 micrometers thick.)
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Homogenous Reactions

Consider a microchannel vessel with characteristic dimension (width or
radius) of approximately R = 100 ppm, and length L, where L>>>R In
addition consider that a homogenous non-catalytic chemical reaction of
known kinetics takes place in this microreactor vessel.

. . R
Geometric aspect ratio: 7 <<<1
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Let us also consider a homogenous fluid that enters the
microchannel vessel at average velocity \72 containing a
reactant A that undergoes noncatalytic transformation:

k
A= B

-
Py
S
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Homogenous Reactions

k
A=B _4c, =kC,
dt
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Z: z+dz

material entering at z by convection:

v,(r)-2zcr-dr-C,(z,r)| -At[mal]
material entering at zby diffusion:
—D 27r-dr- o, At|mol |
Jdz |,
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Similarly, we have convective and diffusive mass transfer at the other
end of the differential fluid volume:

material leaving at z+dz by convection:

v.(r)-2zr-dr-Cy(z,r)|_, - At[mol |
material leaving at z+dz by dgfusmn
—D 27y - dr - Ca(z ") - At|mol |
A

z+dz
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There is also diffusive mass transfer in the radial direction IN and OUT of
the differential fluid volume (no convective flow in the radial direction) :

r+dr 0 o 7

Libaldbbild

INNRNNNENNRENY
Z §Z+dZ

dC ,(z,r)

r

material entering at (r) by diffusion:
-D,-2xr-dz- At|mol |

r

material leaving at (r+dr) by diffusion:
dC ,(z,r)

r

-D,(2xr)-dz-

At [mol ]

r+dr
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Homogenous Reactions

Finally, we have to account for the mass of reactant A that disappears by
the chemical reaction in the differential volume of fluid:

r+dr-e <
Z: Z+dz
45 9 = kC, = 27r-dr-dz kC - At|mol
dt differential

volume dV
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The overall material balance of the reactant A in the differential volume of
fluid is given by:

Input - Output = Accumulation

Input Output
v.(r)-2zr-dr-C, (z,r)| At—v_(r)-2zr-dr-C (z,r)|_, At
(

—-D 27r-dr 0C(27) At—| —-D 2xr-dr 0C(27) At
aZ z \ aZ z+dz y
(
—-D 27r-dz 0C,(21) At—|—-D 2rr-dz 0C,(21) At
ar r \ ar r+dr
—(272'7‘-617“0’2)- kCA WAV 2(27[7' -dr - dz)(CA ‘HN —C, ‘t)
differential volume differential volume

accumulationt term
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e
Divide the whole equation by: {27 - dr - dz - At}

v,(r) &\EVVV.CA(Zﬂr)\At‘Z _Vz(r) 27 'ﬂr'cA(za’”)\Qt‘ﬁdz

27 N - dz Mt R Ndr - dz\Qt
27 - dy - dz - At 29 ol - dZ\AZ‘

_DAé%”‘&aCAa(rZ,r) .At‘r (_DAQ@,,E,%BC (z,7) A‘ » ]
kN
—Q\Q'V\d(%lg kC \Af :\EG'F\?Z\V &( t+At_CA‘t)
o TR
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Homogenous Reactions

[C dC ,(z,r) aC ,(z,r)
z,r)|.—C (z,7)| ... -
sy LG ED]CED d]wAr k| o |,
dz dz
{ oC,(z,r) oC,(z,r) }
r —r
+DA al" r+d;1 al" rd .. kCA — F(CA |Z+2t _CA |t)
r 4
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Homogenous Reactions

Let At >0, dr -0, dz — 0,

—V (7’) \V aZ A o
Divide by r
( ) oC,(z r)j
) (r)aC (Zr) A@C(zr) D, or _kCAzaCA
0z 0z° r or ot
And at steady state:
a(r BCA(Z,r))
_v(r)8C (zr) ABC(Zr) D, or _kCL =0
0z 0z° r or

2 a(rac (Zr)]
dC,(z,r) +D 0°C,(z,r) D or —r-kC, =

aC,
ot
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Homogenous Reactions

Finally, the mathematical model takes the form:

8C 8C 82(7 ,+¥) D, dC,(z,

—kC, =0

With a choice of boundary conditions (we need only two):

arz=0 96401 ol 120 C,(0,r)=C
0z

atz =1L BCAB(L,r):O atz=L C,(L)=C,
Z
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Homogenous Reactions

And boundary conditions in r direction:

atr =0 aCAa(Z’O)zo atr=0 C,(z,0)= finite
r

atr =R aC“I(Z’R)zO
or

R
JZ]Z'I"VZ (r)-C,(L,r)-dr
Also: C,(L)="

R

J27Zr-vz (r)-dr
0
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Homogenous Reactions

The differential equation contains the function: v_(7)

The velocity profile is relatively easy to obtain; see class
handout notes. For the laminar velocity in pipe:

n(r)=% (M)-[l—i} at 7=0 v, (r =0)=[v,. == (AP]
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e
Summary for Homogenous Reaction in Microreactors

k
A= B dC 1=kC, [m?l}
dt m’s

-
Py
S

C,:V —»/
Ao’z—r \

< L ,
2 2
—y (,,-)ac (z, I”) Aa CA(229r)+DA Jd CA(zZ,I/')+DA aCA(Zar)_kCA =0
oz oz or r or
@z=0 aCA(O’F)zO; or C,(0,r)=C,, @r=0 aCA(Z’O)—O;
0z o
—~ * aC ,R
@z=L aCAa(L,I”):O; and /orC (L)=C, (@r=R Aa(Z )_()
z r
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Thank you for your attention!




