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A fluidized coal reactor has been proposed for a new power plant. If operated at 1145 EL
the process will be limited by the diffusion of oxygen countercurrent to the carbon
dioxide, C0.. formed at the parficle surface. Assume that the coal is pure solid carbon
with a density of 1.28 x 10°kg/m? that the particle is spherical with an initial diameter
of 1.5 x 10~* m(150um). Air (21% On and79% N3) exists several diameters away from
the sphere. Under the conditions of the combustion process, the diffusivity of oxvgen in
the gas mixture at 1145 K is 1.3 x 10~%*cm®/s. If a steadv-state process is assumed,

19

calculate the time necessary to reduce the diameter of the carbon particle to 5 x
1073 m(50um). The surrounding air serves as an infinite source for O: transfer, whereas

the oxidation of the carbon at the surface of the particle is the sink for Or mass transfer.
The reaction at the surface is:

C(s) +02(g) — CO,(7)
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Aj the surfaca of the coal paricle. the reaction is so rapid.
Sohithomn:

The pore caron particls is the source for the OO flux and the sink for O fux. Az fhe
coal pardcls iz oxidired there will be an owpns of carhon as stipulassd by the
stdchiomery of the reacton

Mumber of moles of oxyzen mnsfared = mmber of moles of carbon reactsd
Tumaber of moles Tapsfamed of oxyEen = mols fux - aea
Number of moles transferred of oxygen = Ny, i % 4077

N, —mee €20 De obtaimed by using the general differential equation with the Fick's

eaation a5 follows:
By applymg the following assumptions oo the peneral differsniial equation of mass
mansfer:
i de,
Vil + ﬁ— Ra=1

1. Steady state omygen diffosion 2. Owme dimensional mass mansfer in r direction
3. HNo homopenons reacoon 4. Insranraneous heerozsnsous reaction

For diffusion of oxyzen in r-direction

Y
wEar e Pa) =0
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- A
S (ri,,) = 0

The above equation specifies that r*N, is constant ever the diffizion path in the r

direction. so that
TEHU: r | RIHU: |.l
Fonm Fick™s egaation:
d¥a, ,
N\'J_' = _EEI'J_- “mir ﬂ-: E }rﬁ':.{"lll:lh. + I“:'-'ﬁl:]

But from the ssoichtomstry of the reaction
N:ll = _L'.Ir_-nl’
ie equimolar counter diffnsion

d¥y,
ar

= J“n= = —-E!D.l_|=. ic

N, L = Lﬁmd}-u=

-

T'I:lj"
N, r? ] = e —cD,, '“‘-‘,r; d¥a,

N, 1 g%} =ty il — )
Nor* = —ReDy, iz ¥o
number of moles of oxygen tranzfered per unit time = No_ x dur”
number of moler of oxygen transfered per unit tims = —41R ey s Yo
The negative sien becanse the transfer of oxygen iz in the opposite drsction of r

-~ number of moles of carbon conzumed per unit time = A8 Dy, iz Yoo .
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By applyinz the law of conservation of mass on the carbon:
Input — output 4+ generaton - consumpiion = accumulationdrate of chanze)

- consumpton = accumulabion(rate of change)

. _dN. p OV
-4mR I:ﬂ"":'m!";u-u _E_mﬁ
4
f— _opy
i'_gﬂ'.
-4nf ¢ , Py 2
Gy e ™ Mot dr
PR . RdR
v M.wt Fﬂr_l: Tu"]'l"":..-cl:
by mtegrating the above equation between the lmits:
gtt=0 R=R=75x10%%m
etr=t R=R=25%x10"m
LE
jdt bl'“'-l ':IDILI 11154 :I'-'.lg_-u. L- Rd}t
P (Ri-Rj)

E—=

ZMwt eDo, comis Yo,

T A [ fynd
ESgr= 0.0106 kmal/m

Yo, =0ZI1

=t= 092s
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