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Inlet Information:

e Inlet Information:

e Total Flowrate initial:

e Temperature:

e Assumptions:
Assumptions:

1. Steady state

kmol . 1000mol . 1h _
h 1kmol = 3600s

Fr,=172.8

400 + 273.15 = 673.15 K

mol

S
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(1) Catalytic Cracking Reactions for parraffins

e Here are the given reactions and reaction rates:

P8+ H2 & P7+ Pl
P8+ H2 « P6 + P2
P8+ H2 & P5 + P3
P8 + H2 « 2P4
P7+H2 « P6 + P1
P7+H2 «P5+P2
P7+H2 & P4+ P3
P6 + H2 & P5 + P1
P6+ H2 « P4 + P2
P6 + H2 < 2P3
P5+H2 « P4 + P1
PS5+ H2 o P3+P2
P4+ H2 & P3+Pl
P4+ H2 & 2P2
P3+H2 o P2+Pl
P3 o N3I+H2

P4 & N4 +H2

PS5 e N5S+H2

P6 & N6 +H2

P7 & N7+H2

P8 & N§+H2

N6 & A6+ 3H2
N7 & A7+ 3H2
N8 & A8+ 3H2

1=k (Pps)

=k (Pu)

r;=ks (Ppy)

r;=ks (Pps)

15 =ks (Pp7 - Ppg Pri/ Ks)
16= k¢ (Pp7 - Pps Praf Kg)
r7=k7 (Pp7 - Pps Pra/ K7)
3= ks (Ppg - Pps Pri/ Kg)
r9=1Ko (Pps - Pps Pra/ Ks)
ri=kio (Prs— Ppa? /Kio)
ri=ki; (Pps — Pps Ppi/Kyy)
ri2=kiz (Pps — Pps Ppa/Ky2)
r13=ki3 (Pps— Pps Ppi/Ki3)
ris=kis (Pps — Pp2? /Ki4)
ri5=kis (Pps — Ppz2 Ppi/Ky5)
r21= ko (Pp3)

r22= koo (Ppa)

123 = ka3 (Pps)

r24= ko (Pps)

125 = kas (Pys)

126 = ka6 (Pps)

i =ka (Pyg)

=k (P§7)

3= kas (P)
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2. Procedure

e k; values can be calculated using this equation:
_B,
k; = A; x eRT
e As the reactions are dependent on partial pressure, we can use this equation:

P, = Fyi P,
P FTot

(1) ODE for Mole Balances

d52131 =Ac* (r1+rs+7r3+ 711+ 113+ 115)
ngPQ = Acx (ro+7r6+79 + 712+ 25714 +715)
ngp?) =Acx(r3+r7+2%ri0+7112+2%714 +715)
d§;3 =Acx(rs+r7+2%710 + 112+ 713 — 715 — T21)
d52P4 =Ac*(2xra+r7 419+ 711 —T13 — 14 = T22)
d§Z135 = Acx*(rs+re—rs—711— 12 — T23)
dfi?ZP6 =Ac* (r2 475 =718 —T9 —T10 — T24)
d§;3 = Ac * (ra1)
dggm = Ac * (ra2)
dg;‘r’ = A * (T23)
dggﬁ = A * (rog31)
d§;7 = A * (T25.32)
dggg = A. * (ro6.32)
dggs = Ac * (r31)
df;g? = Ac * (rs2)
dggg = A¢ * (r33)
d§;2 =Ac*(—r1 —Te—T3—T4a—T5 —Tg—T7—Tg—T9g—T10 —T11

—T19 — T13 — T14 — T15 + 721 + 722 + o3 + rog + To5 + 731 + T32 + T'33)
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ODE for Pressure Drop

To setup the ODE for pressure, I used 5-24 (Ergun Equation):

aprP Pthotal

- B 24
dz pT Fr (24)
Next, to calculate S using 5-25:
G(1—1) 150(1 —
g = + 1.75G 25
pOgCDpr( Dp ) ( )
Where G is the Jessfaate —
48 mol ,0.02897 kg 1 kg
= = AT 2
¢ 1s ( 1 mol )(0.00166191112 836 7s*mQ (26)

Area (A.) was calculated using the A. = 7 72 and using the radius found from the tube diameter and
wall thickness
r = (.05m — (2%.002) m) /2 = 0.023m (27)

A, = 7% (.023)* = 0.0016619 m? (28)

As we know the void fraction and D, (¢ = 0.45 and D, = 0.002), we can then find the py and p at
the our inlet temperature at 673.15K

5 kg

po = .5252% p=3.25%10"2 - (29)
Finally, we can calculate 5 = 69540
ODE for Temperature
First, we need to calculate the Cpi values using the Shomate equation:
Cpi = A+ BT + CT? + DT (30)
We will use the values of A,B,C,D to solve for the temperature using 11-1.3
% _ —U, (T — Tagggpg—ri) * AH,; A, (31)
In this case, (i) goes from P1-P8, N3-N8, A6-AS8
Also, in the co-current exchange system, I used 11-1:
[ e 2
Moil = 19.443% (33)
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(4) MATLAB Variables
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3. Results

(1) Graphs

Flow rate(P8) (mol's)
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Flow Rates({P1-7)/H2 vs length
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Flow Rates(N3-8)(A6-8
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(2) Calculations

Fps, — F, 40mel — 39.9872mek
x = PsFPSO LR 2 07 £ = 0.00032 (Conversion Rate %) (55)

(3) Counter-current Heat Exchanger

For the analysis of part 1 with counter-current heat exchanger:

1.
2.

Run a trial/error analysis of the script in order to find the temperature of the exiting coolant.

. e e dT
With our initial guess of the temperature initially, we can solve 7~

dT,  (Ua(T, —T)
= (P D)) g
z ( me % Cpo >* ¢

(56)
The temperature was =~ 452K

Different Particle Sizes (1-4 mm)

. Imm: 8 =139214

2mm: [ = 69544
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3. 3mm: 3 = 46348.47
4. 4mm: B = 34766

Pressure vs Length
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Pressure vs Length {(3mm)
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(5) Inlet Oil Temperature

Inlet oil temperature (50, 100, 150, 200, 250, 300 and 350C) as a function of the reactor exit temperature
and final conversion (for 2 mm particle size).

10
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Reactor Exit Temperature vs Inlet Oil Temperature
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4. Conclusion/Recommendations

(1) Design Change

We will reduce the temperature of the reactor and hence the conversion by using a coolant with a low
temperature, in order to maximize conversion. We can do this by setting the inlet temperature of the oil
from between 300 and 350 degrees.

(2) Concerns

1. Explosions from chemical reactions due to overpressure or due to release of energy (for example from
H2)

2. Being exposed to high temperatures and stress from the reactor
3. If this reactor was being built, making sure of human-error when building it

4. Thermal runaway, which can lead to reactions being screwed up due to high temperature

11



