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Olefins are closely related to our daily lifeOlefins are closely related to our daily life

PE

Acetone Glycol

Ethylene

Propylene
PP

Acrylo-
nitrile

Epoxy 
Acrylic
acid

ethane

3
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Technical Routes for Producing olefinsTechnical Routes for Producing olefins

Naphtha/Ethane Steam Cracker

Ethylene
Wax/Residual oil FCC（DCC）

PropylenePropane PDH

C4 Olefins OCC/OCP/OCT

Coal
/Natural Gas

?
MTO/MTP

 Feedstock for traditional routes to olefin mainly depends on oil


/Natural Gas

 Is there any other source of ethylene and propylene?
 Natural Gas/Coal to Chemicals is becoming a promising technical route
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MTPMTP

Methanol To Propylene (MTP)

Methanol

CH3OH

DME

CH3OCH3 C3H6

Propylene

3 3 3 3 6
Catalyst 1 Catalyst 2

P MTO MTP

Difference between MTO and MTP

Process MTO MTP

Product Ethylene + Propylene Propylene 

C t l t S ll lit h M di lit hCatalyst Small pore zeolite: such as 

SAPO-34(CHA) 

Medium pore zeolite: such as 

ZSM-5(MFI)

Preferred Reactor Fluidized-bed reactor Fixed bed reactorPreferred Reactor Fluidized-bed reactor Fixed bed reactor
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Typical STypical S--MTP ProcessMTP Process

Simplified PFD of S-MTP ProcessSimplified PFD of  S-MTP Process
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Optional SOptional S--MTP ProcessMTP Process

Maximum of Ethylene & Propylene

C1～C2

CH4&H2

EthyleneMethanol

C

Ethane

Reaction Quench
Compress

Oxide 
Removal

Distillation
Propylene

Gasoline

Propane

Waste 
Water C4～C6

Gasoline

LPGOxygenateWater yg
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Optional SOptional S--MTP ProcessMTP Process

Minimum  of Investment

C1～C2 Dry GasMethanol

C

Ethyl-
benzen

Reaction Quench
Compress

Oxide 
Removal

Distillation Propylene

Propane

Waste 
Water

Gasoline
Oxygenate

C5+
Water

C4
yg

Mix C4

OCC、
OMT…

mahdavi
Textbox
VCMStudy.ir



MTP know howMTP know how

• Adiabatic multistage-• Adiabatic multistage-
layered fixed-bed Reactor
L ti a

b
c

• Low energy consumption 
separation system 

a

• Catalyst with long cycle 
length

MTP: Strong  exothermic reaction
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MTP Catalyst DeactivationMTP Catalyst Deactivation

• MTP catalyst:ZSM-5 zeolitey
• After 500-800 hours operation, MTP catalyst regeneration  

is neededis needed. 

nCH2—

High temperature

Acid catalyst

Coke

Acid catalyst

Coke covered the active sites and  led to deactivation of the catalyst
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Synthesis of ZSMSynthesis of ZSM--5 with small particle size5 with small particle size

A BAA BB

20μm 12μm20μm 12μm12μm
C DCC DD

Effect of crystal particle size on 
stability of MTP catalyst

8μm 0.3μm8μm8μm 0.3μm0.3μm

Catalyst with smaller crystals size shows better stabilityCatalyst with smaller crystals size shows better stability
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MTP Catalyst DeactivationMTP Catalyst Deactivation

Sinopec Know-How
ZSM-5 with small crystal size —improve the resistance to coking 

Full crystalline ZSM-5 catalysty y
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Synthesis of ZSMSynthesis of ZSM--5 with small particle size5 with small particle size

• ZSM-5 with small particle size
Strong resistance to coking– Strong resistance to coking

– 50-80 nm

TEM
13

SEM

Coke Active center

Feed Big size

Small size

A model for Coke on zeolite with different particle size
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Full crystalline ZSMFull crystalline ZSM--5 catalyst5 catalyst

• Shaping of commercial catalyst
– Extrusion
– Pilling Binder Coke

– Spray drying

• 30-70 wt.% of binder is added

Disadvantages of binderAdvantages
 Good mechanical strength

Disadvantages of binder 
addition

 Binder is inert no active center
 Easy to shape

 Binder is inert, no active center
 Binder covers catalytic active centers
 Hinder diffusion of reactant
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Full crystalline ZSM-5 catalyst

Binder

ZSM-5
zeolite

ZSM-5

vapor-phase crystallization

SINOPEC MTP Catalyst

Conventional ZSM-5 catalyst 
（Amorphous binder+ZSM-5） Sinopec MTP catalyst （ZSM-5）

SINOPEC MTP Catalyst
 Binders is transferred into ZSM-5 
 Qualified  mechanical strength
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SINOPEC MTP CatalystSINOPEC MTP Catalyst

Full crystalline Conventional ImprovementFull crystalline
catalyst

Conventional 
catalyst

Improvement

Crystallization（XRD） 130 100 30%Crystallization（XRD） 130 100 30%

BET (m2/g） 350 277 26.4%

• Crystallization degree increased by 30%Crystallization degree increased by 30%

• Surface area（BET）> 350 m2/g, increased by 26.4%

Th l f i d i d b 48%• The volume of micropore and mesopore increased by 48% 

and 79% respectively
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Catalytic performance of MTPCatalytic performance of MTP
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S-MTP catalyst
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Time on stream (h)

SINOPEC catalyst stability in MTP

 The catalyst cycle time is over 2000h (83days)

 Catalyst can be manufactured in large scale Catalyst can be manufactured in large scale.
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SS--MTP Demo unitMTP Demo unit

 S-MTP Demo unit was started up in December 2012. S MTP Demo unit was started up in December 2012.

 Selectivity of propylene is over 66%.

 Reactor and reaction process have been commercially proven Reactor and reaction process have been commercially proven.
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SS--MTP PDP technologyMTP PDP technology

• SINOPEC is devoting to develop S-MTP packaged 
technology the MTP process design package (propylenetechnology, the MTP process design package (propylene  
capacity is 500 KTA) has been finished in Sep 2013.

• Over 70 patents on S-MTP have been applied.Over 70 patents on S MTP have been applied.

Gas Distribution Reactor InletVelocity Distribution Reactor Gas Distribution Reactor InletVelocity Distribution Reactor 
Inlet
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Technical background

PXPX market:market:
25

Capacity Production Demand

20

A

Capacity Production Demand

10

15

M
TA

5

0

PX demand increases by 20% annually, approaching 20MTA in 2015
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Technical background

Production routes ofProduction routes of xylenesxylenesProduction routes of Production routes of xylenesxylenes

1. Catalytic Reforming
2. Steam creaker

3. Toluene 
disproportionation and

CH3

+ (CH3)3 (CH3)2disproportionation and 
transalkylation

CH3 CH3

4 Shape selective toluene

CH3

+

CH3

4. Shape-selective toluene 
disproportionation CH3
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Technical Background
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Xylenes output can be increased by 30-50% by y p y y
introducing methanol into PX complex
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Technical Background

CH3
+

CH3OH
CH3

+

CH3

H2OH2O

 Commercialized in 2014. 

 SINOPEC i th fi t t i t d t PX d ti SINOPEC is the first company to introduce to PX production.
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MTX Technology

O f

 Temperature: 350-480oC

Operation conditions

 Toluene conversion: ≥30 wt%

Process performance

 Temperature:  350 480 C

 Pressure:         0.1-1.5 MPa

 Toluene conversion: ≥30 wt%

 Methanol conversion: ≥99 wt%

 Toluene WHSV:   2-5 h-1 

 T l / th l 1 4 l/ l

 Xylene selectivity: ≥80 wt%

 S i lif ≥24 th Tol./methanol: 1-4mol/mol  Service life: ≥24 months
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200 KTA industrial demonstration200 KTA industrial demonstration

It’ th fi t ti th t th l t d i tIt’s the first time that methanol was converted into 

aromatics complex in industrial scale in the world.

PerformancePerformance
• Toluene conversion ≥ 

30wt% 
• Xylene selectivity ≥ 

80wt%
• EB/C8A=0.5%
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200 KTA industrial demonstration

High performance catalyst

Pygas Reforming Disproportionation MTX

Low EB in C8A stream
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Application

CH3CH3

+ CH3 OH (CH3)2 + H2O

Advantages of toluene methylation process:Advantages of toluene methylation process:

Diversification of raw materials using methanol

No need of separation of xylenes and benzene

Combination of methanol with petrochemical industry
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Application

Introduction of methanol in aromatics complex

Methanol as raw material to produce xylenes for capacity expanding
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Thanks for your attention!Thanks for your attention!
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