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Hydrocarbon separation 

This invention relates to hydrocarbon separation and in particular to the separation of 

hydrocarbons containing three carbon atoms that are more highly unsaturated than propylene. i.e. 
methyl acetylene and propadiene, from streams consisting of such more highly unsaturated 

5 hydrocarbons together with propylene and. optionally, propane. For convenience methyl acetylene 

and propadiene wi8 collectively be termed MAPD. 

Hydrocarbon mixtures containing these C3 hydrocarbons may be separated from the product 

resulting from the steam aacking of hydrocarbon feedstocks such as naphtha. The proporlions of 

Iha components will depend upon the nature of the feedstock undergoing cracking, the cracking 

10 conditions. and any other upstream processing. Typically the C3 stream may contain Oto 30% by 

weight propane, 0.1to10% by weight MAPD, possibly a small amount, generally less than 1% by 

weight, of C4 hydrocarbons, and the balance propylene. In some cases, some of 1he MAPD may 

be selectively hydrogenated to propylene in an upstream selective hydrogenation reactor. 

However. it is generallr necessary to separate residual MAPD from propylene before the latter is 

15 used e.g. for the manufacture of polypropylene. 

The separation of MAPD from propylene ls conveniently effected by fractional dlstiUation. 

typically at about 55·SO°C and at a pressure of about 20 bar abs. The propylene is recovered as 

the overhead stream while the MAPD stream is recovered as the bottoms from the dlstilatkm 

column. Any propane in the feed is recovered with the MAPD as bottoms. 

20 Since MAPD s1reams are unstable~ representing an exploSion risk, it is desirable to limit the 

concentration of MAPD in such a bottoms stream to no more than about 50% by weight: Indeed it 

Is otten specified that the MAPD concentration should not exceed a somewhat tower level, e.g. 

30% by weight. 

In order to meet this latter requirement, it is often necessary, especially where the 

25 concentration of MAPD In the feed Is relatively high and the propane content is less than that of 

the MAPD. to effect the fractional distillation such lhat 1he bottoms stream contains a large 

proportion of propylene. Since propylene is generally more valuable than propane. this is not 

economically desirable. 

Thus where the MAPD ls recovered from the bottoms stream, for example by solvent 

30 extraction, e.g. using a polar solvam such as dimethyl tormamide. to provide a MAPD stream for· 

subsequent processing, for example fOr the production of methyl methacrylate. the residual 

components of Iha bottoms stream, i.e. propane and/or propylene, could be recycled to the C3 

stream being fed to the C3 separation stage producing the aforesaid bottoms stream. However 

such recycle is often not practical, especially where the recovery of the MAPD from the bottoms 

35 stream is effected at a location remote from the site of the CS separation. As a consequence it is 

-often necessary to use the resfdual components of the bottoms stream, after separation of the 
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MAPD therefrom, as fuel. This is not an economic use of the more valuable propylene fn that 

bottoms stream. 

Where it is not desired to recover the MAPD from the bottoms stream, the. bottoms stream 

can be recycled to the cracker as part of the feedstock thereto. However where the bottoms 

5 stream contains a large proportion of propylene, this represents a waste of the valuable propylene. 

In the present invention, this problem is overcome by adding propane to the feed to the C3 

separation stage so that it is not necessary ta operate the C3 separation such that the bottoms 

stream contains a large proportion of propylene: it becomes possible to operate the C3 separation 

such that the bottoms stream contains less than 10%. particularly less than 5%. by weight of 

10 propylene. As a result the amount of propyle'18in1he C3 feed that can be t'fJCOlfered as 

overheads is increased. 

Accordingly the present invention provides a process tor the separation o1 prq>ylane trom a 
input stream of C3 hydrocarbons containing propylene and methyl acetylene and/or propadiene 

and possibly also C4 andlor higher hydrocarbons, comprising subjecting said input stream to 

15 fractional distlUation to separate propylene as an overhead stream leaving a bottoms stream 

containing aaid methyl acetylene and/or propadlene and sak:I C4 and/or higher hydrocarbons (if 

any), characterised in that a propane-containing stream Is added to said Input stream whereby 

propane is separated as part ot said bottoms stream, and so that the propylene content Of the 

bottoms stream can be maintained at less than 10%. preferably less than 5%, by weight.· 1t1e 

20 amount of propane added to said input stream is such that the weight ot propane, propylene, and 

C4 and/or higher hydrocarbons (II any) in said bottoms stream is greater than the total weight of 

methyl acetylene and propadiene in said bottoms stream. 
The propane-containing stream that is added may be any propane-containing stream that Is 

conveniently or economically available for the present purpose. It may be essentially pure 

25 propane or, more usually, will be a stream contalnilg propane in admixture with other C3 and/or 

higher hydrocarbons, but preferably contains lilUe or no MAPD. Preferably the propane-containing 

stream contains at least 15% by weight ot propane. Examples of such gas streams include 

propane fractions containing at least 90%, particularly at least 9511/o, by weight of propane, and 

"refinery propylene" which typically comalns 20-35% by weight of propane, balance essentially 

30 propylene. 

It wiD be seen that, averaged over a period of time, the amounts of propane, any C4 and/or 

higher hydrocarbons. and the amount of MAPD, in the feed to the fractional distillation equal the 

amounts of propane, any C4 and/or higher hydrocarbons, and MAPD removed from the fractional 

distillation as said bottoms stream. Consequently, if It Is desired that the MAPD content of the 

35 bottoms stream is kept below X% by weight, and the propylene content below Y%, then the 

·amount of propane plus any C4 and/or higher hydrocarbons in the feed to the fractional distillation 

should be such that the weight ratio of propane plus any C4 and/or higher hydrocarbons to MAPD 

ot the tractional distillation feed is greater than (100 • X • Y) IX. 
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The invention is illustrated by reference to the accompanying drawing which is a 

diagrammatic flow sheet 

Referring to the drawing, a C3 hydrocarbons stream 1 containing propylene and MAPD, for 

example as resulting from a cracker after separation of the C2 hydrocarbons and low boiling point 

5 components (such as methane, hydrogen. carbon monoxide} and higher bolling components such 

as C4 and higher hydrocarbons, is fed to a fractional distillation column 2 where it is split into an 

overheads stream 3 consisting essentially of propylene and a bottoms stream 4 containing the 

MAPD. The stream 1 may contain a smaJt proportion, usually less than 1 o/o by weight, of C4 

and/or higher hydrocarbons. Such C4 and/or higher hydrocarbons wll be separated as part of the 

1 O bottoms stream. The bottoms stream may be recycled directly to the cracker or, as shown in the 

drawing, passed to a solvent extraction vessel 5 (possibly after a further separation stage where 

any higher boling point components, e.g. C4 and/or higher hydrocarbons, are removed}. In 

extraction vessel 5 the MAPD is extracted with a solvent such as dlmathyl formarnide fed via 

Una 6. The MAPD iolutton leaves the extraction vessel via line 7 and may be further processed, 

15 for example used to make methyl methacrytate. The overheads 8 from the extraction vessel may 

be used as fuel or othelwise employed. 

In order to maintain 11e concentration of MAPD in 1ha bottoms stream 4 at a safe level, 

propane Is added to the feed 1 via One 9. Provided sulflclent propane is present in the mixture of 

the original feed 1 and the propane added via tine 9 that the weight ratio of propane plus any G4 

20 and/or higher hydrocarbons to MAPD·ln this mixture Is equal to or above the aforesaid safe level, 

the traCtional distllatlon column 2 may be operated such that little or no propylene is slipped as 

part of the bottoms stream 4. 

The stream of additional propane added via Une 9 may, if practicat In the circumstances. be 

in part formed from the overheads stream 8 augmented as necessary with fresh propane from an 

25 external source. AlternatiVely, where practical, the overheads snam 8 may be returned as part of 

the feed to the cracker producing the feed stream 1, or to another cracker. 

Where it is not desired to recover the MAPD stream trom the bottoms stream 4, a catalytic 

selective hydrogenation unit may be provided upstream of the fractional distiUation column 2, and 

preferably before the addition of the propane stream 9, to convert some of the MAPD to 

30 propylene. In this case, the amount of propane that need be added via line 9 may be small, and · 

the bottoms stream 4 can be recycled to the cracker producing the feed to the selective 

hydrogenation unit, or to another cracker. It will be appreciated that even where there Is such a 

selective hydrogenation unit, addition of propane may be desirable as aforesaid to enable the 

selective hydrogenation unit to be taken off-line for e.g. maintenance and/or catalyst 

35 replenishment. 

The invention is ilustrated by the following example in which all pans and percentages are 

by weight. 
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A C3 stream having the composition (90.8% propylene, 4.5% propane, 2.7% methyl 

acetylene, 1.8% propadiene, 0.2% C4 and higher hydrocarbons) separated from the product of 

steam cracking of naphtha was fed at a rate of 48 te/h and at a pressure of 17 bar abs and a 

temperature of 45°C to a distillation column. In order to obtain a bottoms stream containing less 

5 than 25% MAPD, it was necessary to operate the distillation column such that the overhead 

stream consisted of 39.4 te/h of 99.6% propylene, 0.4% propane and less than 2 ppm of MAPD 

and the bottoms stream consisted of 8.6 telh of a mixture having the composition 25% MAPD, 

23% propane, 1 o/o C4 and higher hydrocarbons and 51 % propylene. It is seen that a substantial 

amount, 4.4 te/h, ot propylene was contained In the bottoms stream. 

10 In accordance with the invention. a propane-containing stream having 1he composition 

95% propane and 5% butane was added at a rate of 4.2 telh to the C3 stream before feeding to 

the distillation column. As a result the dlstilation column could be operated, again giving a 

bottoms stream containing the same % MAPD, to give an overhead stream consisting of 43.5 telh 
of the same composition as previously, i.e. 99.6% propylene, 0.4% propane and less than 2 ppm 

15 of MAPD. and a bottoms stream consisting of 8.8 te/h of 25% MAPD, 69% propane. 4% C4 and 

higher hydrocarbons, and 2% propylene. 

h Is seen that the amount of propylene separated as the overheads s1raam increased by 11% 

and the bottoms snam contained little propylene. 

The MAPD could be separated trom the bottoms stream by solvent extraction and the 

20 unextracted gas fronl'the bottoms stream could be used as fuel. Altemative\y the unextractecl gas 

tram the bottoms stream could be recycled to the cracker or. after taking a small purge to avoid 

build up of C4 and higher hydrocarbons. recycled to the C3 stream. 
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1 A process for the separation of propylene from a input stream of C3 hydrocarbons 

containing propylene and methyl acetylene and/or propadiene and possibly also C4 and/or 

higher hydrocarbons, comprising subjecting said input stream to fractional distillation to 

separate propylene as an overhead stream leaving a bottoms stream containing said 

methyl acetylene and/or propadiene and said C4 and/or higher hydrocarbons (If any). 

characterised in that a propane-containing stream is added to said input stream whereby 

propane is separated as part of said bottoms stream, and so that the propylene content of 

the bottoms stream can be maintained at less than 10% by weight, the amount of propane 

added 1D said input stream is such that the weight of propane, propylene. and C4 and/or 

higher hydrocarbons (if any) in said bottoms stream is greater than the total weight of 

methyl acetylene and propadiene in said bottoms stream. 

2 A process according to claim 1 wherein the amount of propane plus any C4 and/or higher 

hydrocarbons in the teed to the fractional dtstlltdon is such that the weight ratio of 

propane plus any C4 and/or higher hydrocarbons to MAPD In the fractional distiRation feed 

is greater than (100 - X - Y) I X where It is desired that the MAPD content of the bottoms 

stream Is kept below Xo/o by weight and the propylene Content of the bottoms stream Is 
kept below Yo/o. 

3 A process according 1D ctalm t or claim 2 wherein the MAPD Is recovered trom the 

bottoms stream by solvent extraction. 

4 A process according to any one of claims 110 3 wherein the input stream Is a stream of C3 

hydrocarbon components separated tram the product ot steam cracking a hydrocarbon 

feedstock. 


