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Cokeformation in steam refor ming

and steam cracking

1. The high-temperature pyrolysisof HC
Acetylenic inter mediate stage

CH2=CH2- CH2=CH - CH=CH - CH=C - C=C =C,

2. Aromaticsintermediate stage(Low T)

cacyclene I - High molecular pé"lyn:ai;!éar‘ aromatics
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Suppression of Coke Deposition

Effect of Carbon Deposition
Pressuredrop in the coll
Corrosion of the coll

Method of suppression of Coke deposition
By diluent or gasifying agents(He, H,, CO,steam)
By Changing surface conditions of coll
By Additiveslike Sulfur, Phosphate
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Gasification of coke mechanism

C + H,0 =CO + H,
CO + H,0 = CO, + H,
C+CO, = 2CO
C + 2H, = CH,
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Why steam isused in reforming and
cracking processfor gasification ?

Gibbs Energy of components in pyrolysis
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Critical Steam Ratio
o At equilibrium states,

Thereissteam/feed ratio which makes
no car bon deposition in process

o Critical steam ratio

Steam/feed ratio which which makes
no car bon deposition in process
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The Equilibrium Model

o Minimization of the total Gibbs energy

(dGsystem)T,P =0

Gsystem = zanj

G; = G + RTIn(a))

for ideal gas phase. a;=yP
for solid phase(C), a;=1

o Minimization routine: DLCONF(IMSL)
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Species

a0 Feed: CH,CH,C;Hg;C,H,;,CcH,

o Product :
H,0, H,, CO,, CO, C(s)
CH,,C,H,,C,H,,C,H,,CsH,, C3H, CsHg(For CH,)
C,H¢,C4Hg,C4H;4,CcH, (For higher alkane)

o Calculation Conditions:
T = 800~1300
P=0.1, 1, 10bar
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o Methane
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o Ethane

Critical steam ratio
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o Propane

Critical steam ratio
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o Butane

Critical steam ratio
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o Pentane

Critical steam ratio
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How thisresult beused in cracking
Pr ocess?

CARBON At equilibrium conditions,
(High residence time)
Theamount of carbon
deposited has maximum
value
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Yields of later products from the
pyrolysis of methane in static
system at 1181°C and 307
torr(Chen and Back, 1979)
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How thisresult beused In cracking
Pr ocess?

Effect of steam to Coke deposition

By reducing the cokein
o | equilibrium state,
: the cokein the entirereactor
° length would not be precipitated

@)

o

Equilibrium with steam o
O

\ Steam reforming isregarded
0o ., | asthestate of steam cracking
when residence time prolongs

Equilibrium —
O

Carbon deposited

Residence time
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Reaction Model — Ethane Pyrolysis
Radical mechanisms of Sundaram and Froment(1978)

22 species and 49 radical reactions

— 17 species and 28 radical reactions
Coke formation Model

C,H, —»2C(s)+H, (Sundaram and Froment(1978))

Caron-steam reaction Model
C(s)+2H,0(g) —CO,+2H,
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Simulation results.

Tiniee=900K ; i N\ —+SZa, i =

P.ie:=304kPa
Steam/ethane = 0.67(mol)
Feed rate = 0.63kg/s
Heat flux=70kW/m?
Length = 80m

Inside diameter=0.108 m

U (ZniCp)E+Ser (-AH,); —Q(2)7D, =0
i j

_dP_2fG°
dz Dt Pm
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Residence time(S)
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Conclusion

o Coking in steam-reforming reactions was studied to
find the critical steam ratio above which coking does
not occur asa function of temperature and pressure
at thereaction equilibrium. And thisresultsis shown
to used for carbon-free deposition conditions of steam
cracking process

o Thecritical steam ratio is strongly dependent on
pressure at lower temperatures.

o By simulation based on kinetic modeling, deposited
carbon is affected by steam ratioto HC




