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C4H8+S

+ nC4H8

C8H16S

+ i-C4H10

C12H26-C20H42 C5H12-C7H14

Isomerized C8H18C8H18

TMP
100 RON

Cracked Products

DMH

+ i-C4H10

C12H24S-C20H40S

C4H8+S

+C4H8

High

Isobutane/Olefin

Ratio

Low

Low Contact Time High

Minor
Minor

Minor

90 RON 60 - 93 RON

60 RON

Low Temperature High



(1)I + O + S       A + S 
k1

(2)O + O + S       D + S 
k2

(3)D + S       X 
k3

(4)A + O +S      Y 
k4

(5)F([I]-[I]0 )=K1[I][O][S]VR 

(6)F([O]-[O]0 )=K1[l][O][S]+K1[O]2[S]VR 

(7)F([A]-[A]0 )=K1[l][O][S]VR 

(8)F([D]-[D]0 )=K1[O]2[S]VR 



(9)φ= (SA/V )p

1
Ðeff
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Catalitica

Haldor Topsøe

IFP

Kerr McGee

Mobil

CR&L

UOP

BF3 on Alumina

CF3SO3H on Silica

Promoted H2SO4 on Silica

AlCl3

BF3 & Zeolites

SbF5 on Silica

Zeolitic Catalyst (HALTM 100)

Company Catalyst
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O O Si

Structure and properties of
Zeolita β (Newsan et al., 1988)

Surface area: 450-500m2/g
Unit Cell Size: 12-13 Å 



Scaling up

Mass and heat transfer

Catalyst surface area

Pressure drop

Mixing

Catalyst attrition

Catalyst separation

Catalyst manufacture

Catalyst regeneration

Catalyst addition

Design and construction

Operation
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Criteria Slurry Moving
bed

Fixed
bed Structured



Trilobes
catalyst particle

(Outer Egg-Shell)

Bead-Strings
made of Trilobes

Structured
Packing

Structured
Stirred Reactor



 

H2

(To Recycle)

iC4

OLEFINS

H2
ALKYLATE + iC4

(To Sep. Train)

Alkylate production (1)

Alkylate production (1)

Olefins feed per reactor (2)

Overall Isobutane/Olefin ratio

Olefin conversion (3)

Catalyst hold up

Ratio Si/Al

k1

k2

(1)  Alkylate was considered as a mixture of isomers of isooctane
(2)  Olefins feed was considered as a mixture of butylenes without n-butane
(3)  Olefin conversion, defined as XO = 1 – [O]/[O]0

3500

0.0405

0.0076

10

99%

0.35

6

1.3

175

m3/d

m3/s

m3/s

kmol/kmol

%

m3/m3

-

(m3/kmol)2/s

(m3/kmol)2/s

Criteria

Remarks

Units Value



Alkylate selectivity (1)

Expected RON

Total volume reactor

Catalyst inventory

Catalyst separation

Catalyst regeneration

Material of construction

vol%

-

m3

m3

-

-

-

97%

95-97 (5)(7)

68

98

Tight emulsion

Ex situ (other plant)

Alloy 20

96%

94-96 (5)(6)

48

50

Tight emulsion

In situ (other piece of equipment)

Monel

96%

94-97 (4)(5)(6)

26x2 = 52 (2)

7x2 = 14 (3)

Not required

In situ (same piece of equipment)

Carbon Steel

Performance Indicator Units Solid Catalyst H2SO4 Catalyst HF Catalyst

(1)  Alkylate selectivity, defined as SELA = [A] / ([A]+ [D])
(2)  2 sets are needed for regeneration of the catalyst while the other one is in operation
(3)  13x2 m3 if support volume is included
(4)  Simpson et al., 1996
(5)  Nowak et al., 2003
(6)  Mukherjee et al., 2006
(7)  Akpabio & Neeka, 2013

Remarks








