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PROCESS FOR TBB REMOVAL OF JIERCAPTANS AND HYDROGEN SULFIDE 
FROM BYDRQCARBOlf STREAMS 

BACJCGRQmm or TUE :rNVE1fT:rou 
Field of the Invention 

5 The present invention relates generally to a process for 
the removal of mercaptans and/or hydrogen sulfide (H2S) 
from petroleum dist.illat.e streams. Hore particularly the 

invention relates to a process wherein t.he petroleum 
distillate contains diolefins wbich are selectively reacted 

10 with the mercaptans and/or hydrogen sulfide (H2S) to form 
sulfides. Most particularly the invention relates to a 
process wherein tbe reaction of the mercaptans and/or 
hydrogen sulfide (H2S) with the diolefins is carried out 
simultaneously with a fractional distillation to remove the 

15 sulfides, and thus the sulfur, from tbe distillate. 
Related Information 

Petroleum distillate streams contain a variety of 
organic chemical components. Generally the streams are 
defined by their boiling ranges which determine the 

20 compositions. The processing of the streams also affects 
the composition. For instance, products from either 
catalytic cracking or thermal cracking processes contain 
biqh concentrations of olefinic materials as well as 
saturated (alkanes) materials and polyunsaturated 

25 materials (diolefins). Additionally, these components may 
be any of the various isomers of the compounds. 

The petroleum distillates often contain unwanted 
contaminants such as sulrur and nitrogen com.pounds. These 
contaminants often are catalyst poisons or produce 

30 undesirable products upon further processing. In 
particular the sulfUr compounds can be troublesome. The 
sulfur compounds are known catalyst inhibitors for naphtha 
reforming catalysts and hydrogenation catalysts. The 
sulfur compounds present in a st.ream are dependent upon the 

35 .boiling range of the distillate. Light naphtha (110-25o•F 

l:>oiling range) may contain mercaptans as the predominant 
s~fUr compounds. 'l'be most common method for removal of 
t.be B2S and mercaptana is caustic washing of the organic 
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stram. 
Another method of removal of the sulfur compounds is by 

hydrodesulfurization (RDS) in which the petroleum 
distillate is passed over a solid particulate catalyst 

s comprising a hydrogenation metal supported on an alumina 
base. Additionally copious quantities of hydrogen are 
included in the feed. The following equations illustrate 
the reactions in a typical HDS unit: 

(1) RSH + H2 
___ ..,, 

RH + H2S 
10 (2) RCl + ff 2 

___ .., 
RH + HCl 

(3) 2RN + 4H2 
___ ... 

RH + NH3 

(4) ROOH + 2B2 --- ... RH + B20 

Typical operatinq conditions for the HDS reactions are: 

-----------------------~----------~--------------~-------~ 
15 Temperature, •p 60Q-780 

Pressure, psiq 600-3000 

H2 recycle rate, SCF/bbl 1500-3000 

Fresh s 2 makeup, SCF/bbl 700-1000 

-----------------~------------~-------~-------------------
20 As may be seen the emphasis has been upon hyclroqenating the 

sulfur and other contaminating compounds. The sulfur is 
then removed in the form of gaseous B2S, which in itself is 
a pollutant and requires further treatment. 

In. the production of tertiary amyl methyl ether (TAME) 
25 for use as a gasoline additive generally a light cracked 

naphtha (LCN) is used as the source of the olefins for the 
etherif ication reaction. This LCN m.ay contain sulfur as a 
contaminant in the form of mercaptans in concentrations of 
up to hundreds wppm. These mercaptans are inhibitors for 

30 the hydrogenation catalyst used to hydrogenate dienes in· 
the feed to an etheritication or to an alkylation unit. As 

noted above, one. common method bas been caustic wasbinq. 
SVMMAR.Y or THI JNYENTJQN 

The present invention presents a new process for the 
35 removal of m.ercaptans and/or hydrogen sulfide (H2s) from. 

aliphatic hydrocarbon streams, containing 4 to 12 carbon 
atoms. Light cracked stream which is used as a feed to an 
etherification or alkylation unit is a preferred feed for 
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this process. '?he light cracked naphtha contains c4 •s to 
c8 •s components which may be saturated (alkanes), 
unsaturated (olefins) and polyunsaturated (diolefins) 
along with minor amounts of the aercaptans. The light 

5 naphtha is generally depentanized in a fractional 
distillation coluan to remove that portion containinq the 
c6 and hiqher boiling materials cc6+) as bottoms and the c5 
and lower boilinq :materials (C5-) as overheads. one 
embodiment of the present invention utilizes the upper 

10 portion of the depentanizer to react substantially all of 
the mercaptans and/or hydroqen sulfide (H2S) contained in 
the light cracked naphtha with a portion of the diolef ins 
to form sulfides which are higher boilinq than the c5 
fraction containing the aaylenes which are fed to the 

15 etberification andjor ~lkylation unit. The sulfides are 
removed as bottoms frmn the depentanizer column along with 
the c6+ fraction and can be simply remixed into the final 
gasoline fraction. 

The catalyst used for the reaction is a reduced nickel, 
20 preferably 5 to 70 wt' nickel, such as nickel sulfide on an 

alumina base which bas bean cont igured as a catalytic 
distillation structure. 

Hydrogen is provided as necessary to support the 
reaction. The distillation column reactor is operated at a 

25 pressure such that the reaction mixture is boiling in the 
bed of catalyst. A 11 froth level~ may be maintained 
throughout the catalyst bed by control of the bottoms 
and/or overheads withdrawal rate which •Y improve the 
efrectiveneas of t:he catalyst thereby decreasing the 

30 height of catalyst needed. As aay be appreciated the 
liquid is boilinq and the physical state is actually a 
fr~ bavinCJ a higher density than would be normal in a 
packed distillation column but less than the liquid without 
the boilinq vapors. 

35 The present process preferably operates at overhead 
pressure of said distillation colUJllJl reactor in the range 
between o and 250 psig and temperatures within said 
distillation reaction zone in the range o~ 100 to 3oo•F, 
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preferably 130 to 27o•F. 
The feed and the hydrogen are preferably fed to the 

distillation column reactor separately or they may be mixed 
prior to feeding. A mixed feed is fed below the catalyst 

5 bed or at the lower end of the bed. Hydrogen alone is fed 
below the catalyst bed and the hydrocarbon stream is fed 
below the bed to about the mid one-third of the bed. The 
pressure selected is that which maintains catalyst bed 
temperature between 1oo•F ad 3oo·F. 

10 BBIEF DISCBIP'l'IOH OF THl.PRAWJ:HG 
The f iqure is a simplified flow diagram of one 

embodiment of the invention. 
DESCRIP'l'ION or THE PBBfERRED EMBQDiffENTS 

The present invention provides a process for the 
15 reaction of diolefins within a petroleum distillate with 

the mercaptans and/or hydrogen sulfide (H2S) within the 
distillate to· form sulfides and concurrent separation of 
the higher boiling sulfides from the distillate. This 
requires a distillation column reactor which contains an 

20 appropriate catalyst in the form of a catalytic 
distillation structure. 

The c5 •s in the feed to the present unit are contained 
in a single "liqht naphtha" cut which may contain 
everythinq from C5 1 s throuqh Ca's and hiqher. This mixture 

25 can easily contain 150 to 200 components. Mixed refinery 
streams often contain a broad spectrum of olefinic 
compounds. This is especially true of products from either 
catalytic crackinq or thermal cracking processes. Refinery 
streams are usually separated- by fractional distillation, 

30 and because they often contain compounds tbat are very 
close in boiling points, such separations are not precise. 
A c5 stream, for instance, :may contain C4's and up to c8 •s. 
These components may be saturated (alkanes), unsaturated 
(mono-olefins), or polyunsaturated (diolefins). 

35 Additionally, t:be components may be any or all of the 
various isomers of the individual compounds. Such streams 
typically contain 15 to 30 weiqht t of the isoamylenes. 

Such refinery streams also contain small amounts of 
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sul:tur which must be removed. The sulfur compounds are 

qenerally found in a light cracked naphtha stream as 

mercaptans and/or hydrogen sulfide (H2S) which poison the 

hydroqenation catalyst used to selectively hydrogenate 

5 diolefins. Removal of sulfur compounds is generally termed 

"sweetening" a stream. 
Several of the minor components (diolefins) in the feed 

will react slowly with oxyqen during storage to produce 
•qua" and other undesirable materials. However, these 

10 components also react very rapidly in the TAME process to 

form a yellow, foul smelling CJUDl11lY material and consume 
acid in an alkylation unit. Thus it is seen to be 

desirable to remove these components whether the n light 
naphtha" cut is to be used only tor gasoline blending by 

15 itself or as feed to a TAME or allcylation process. 
Catalysts which are useful in the mercaptan-diolefin 

reaction include the Group VIII metals. Generally the 
metals are deposited as the oxides on an alumina support. 
The supports are usually small diameter extrudates or 

20 spheres. The catalyst must then be prepared in the form of 
a catalytic distillation structure. The catalytic 

distillation structure must be able to function as catalyst 
and as mass transfer medium. The catalyst must be suitably 
supported and spaced within the column to act as a 

25 catalytic distillation structure. Zn a preferred 
embodiment the catalyst is contained in a woven wire mesh 
structure as disclosed in u.s. Patent No. 5,266,546 which 
is hereby incorporated by reference. Other catalytic 

distillation structures use~l for this purpose are 

30 disclosed in u.s. patents 4,731,229 and 5,073,236 Which are 

also incorporated by reference. 
~ suitable catalyst for the reaction is 58 wtt Ni on 8 

to 14 mesh alumina spheres, supplied by calcicat, 

designated as B-475-SR. Typical physical and chemical 

35 properties of the c~talyst as provided by the manufacturer 

are as follows: 
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Designation 
Form 
Nominal size 
Ni wti 

6 

'l'ABLE I 
E•475-SR 
Spheres 
8Xl4 Mesh 
54 

Support Alumina 

'l'he hydrogen rate to the reactor must be sufficient to 

maintain the reaction, but kept below that which would 

cause flooding of the column which is understood to be the 

10 "effectuating amount of hydrogen" as that term is used 

herein. Generally the mole ratio of hydrogen to diolef ins 

and acetylenes in the feed is at least l.o to 1.0, 

preferably at least 2.0 to 1.0 and more preferably at least 

10 to l.O. 
15 The catalyst also catalyzes the selective hydrogenation 

of the polyolefins contained within the light cracked 

naphtha and to a lesser degree the isomerization of sane of 

the mono-olef ins. Generally the relative absorption 

preference is as follows: 

20 (1) sulfur compounds 

(2) diolefins 
(3) mono-olefins 

If the catalyst sites are occupied by a nore strongly 

absorbed species, reaction of these weaker absorbed species 

25 cannot occur. 
The reaction of interest is the reaction of the 

mercaptans and/or hydrogen sulfide (H2S) with diolefins. 

In the presence of the catalyst the mercaptans will also 

react with mono-olefins. However, there is an excess of 

30 diolefins to mercaptans and/or hydroqen sulfide (H2SJ in 

the light cracked naphtha feed and the mercaptans 

preferentially react with them· before reacting with the 

mono-olefins. 'l'he equation of interest which describes the 

reaction is: 
35 

B2 
RSH + -----~ 

Hi 
40 
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Where R, R1 and a2 are independently seiected from hydroqen 
and hydrocarbyl groups of 1 to 20.carbon atoms. This may 
be coapared to tbe RDS reaction Which conswaes hydrOCJen. 
If there is concurrent hydrogenation of the dienes, then 

s hydrogen will be consUJll8d in that reaction. 
Typical of the mercaptan compounds which may be found to 

a greater or lesser degree in a liqht cracked naphtha are: 
methyl mercaptan (b.p. 43.F), ethyl mercaptan (b.p. 99•p), 
n-propyl :mercaptan (b.p. 154.F), iso-propy~ mercaptan (b.p. 

10 135-14o•F), iso-butyl mercaptan (b.p. 19o•F), tart-butyl 
:mercaptan (b.p. 147.F), n-butyl :mercaptan (b.p~ 2oa•F), 

sec-butyl mercaptan (b.p. 203•p), iso-amyl mercaptan (b.p. 
2so•F), n-amyl mercaptan (b.p. 259.F), a-methylbutyl 
mercaptan (b.p. 234.P), a-ethylpropyl mercaptan (b.p. 

15 293.P), n-hexyl mercaptan (b.p. 304.F), 2-mercapto hexane 
(b.p. 284.F), and 3-mercapto hexane (b.p. 135•F at 20 am 

HCJ) • 
Typical diolefins in the C5 boiling range fraction 

include: isoprene (2-methyl butadiene-1,3), cis and trans 
20 piperylenes (cis and trans 1,3-pentadienes), and minor 

amounts of butadienes. Analogous dienes exist throughout 
the ranqe of hydrocarbons useful in the present process. 

The present invention carries out the method in a 
catalyst packed column which can be appreciated to contain 

25 a vapor phase ascending and some liquid phase as in any 
distillation. However since the liquid may be held up 
within tbe column by artificial "flooding", it will be 
appreciated that there may be an increased density over 
that When the liquid is simply descending because of what 

30 would be normal internal reflux. 
Raf erring now to the figure tbere ia depicted a 

simp_lified flow diagram of one embodiment of the invention. 
Light cracked naphtha and hydro9en are fed to a 
depentanizer contigured as a distillation colwnn reactor 10 

35 via flow lines 2 and l respectively. The c6 and heavier 
materials are removed in the lower strippinq section 15. 
The c5 and lighter material, including the mercaptans, are 
distilled up into the reaction distillation zone 12 
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containing the catalytic distillation structure. In the 
reaction distillation zone 12 substantially all of the 
aercaptans react with a portion of the diolefins to form 
higher boiling sulfides which are distilled downward . into 

5 the stripping section 15 and removed as bottomsvia line 8 

along with the c6 and heavier material. A rectifying 
section 16 is provided to insure separation of the 

sulfides. 
The c5 and lighter distillate (C5-), less the 

10 mercaptans and/or hydrogen sulfide (H2S), are removed as 
overheads via flow line 5 and passed through co~denser 13 

where the condensible materials are condensed. The liquids 
sent via line 4 are collected in accumulator 18 where the 
gaseous materials, including any unreacted hydrogen, are 

15 separated and removed via flow line 3. The unreacted 
hydrogen may be reeycled (not shown) if desired. The 

liquid distillate product is removed via flow line 9. Some 
of the liquid is recycled to the column 10 as reflux via 
line 6. 

20 Generally the c5 and lighter. material will be used as 
feed stock for a atharification unit where the isoamylenes 
contained therein will be converted to TAME or tertiary 
amyl ethyl ether (TABE). This TAME or TAEE is recombined 
with the c6 bottoms and sent to gasoline blending. While 

25 the · c6 and heavier materials contain the sulfides, the 
total sulfur content is still acceptably low. 

EXAMPLE 
In this Example a one incb diameter column is loaded 

with l.5 ft of the catalyst (E-4 75-SR) as distillation 
30 structure in the upper portion of the column. 'l'he catalyst 

bales are loaded in the column. The column pressure is set 
at ~o to 150 psig and the column is brought to total reflux 
with cyclohexane. After reflux is established 82 is added 
at 10 SCFH. Periodically water is drained from the reflux 

35 drum. After 12 hours the hydrocarbon feed is started. The 

lower 5 ft. are filled with inert distillation packinq. 
The conditions and results are Shown in TABLE II below. 
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'l'ABLB Il: 

Feed: -C4- Cs 
Hours 6 22 40 80 

Merc:aptan content,. wppn 55 189 189 294 

Diolef in/merc:aptan wt. 79 21 21 21 

conditions: 
Feed rate, lbs/hr 2.0 2.0 3.0 4.0 

H2 feed rate, sc:t 2.0 1.5 2.2 3.5 

H2 partial press psi 1.3 1.3 1.3 1.3 

overhead pressure, psi9 60 75 75 75 

Middle cat. bed temp.,•F 120 207 205 205 

Bottoms rate, lbs/hr .2 .2 .3 .4 

overheads distillate 
product, lbs/hr 1.5 1.8 2.6 3.5 

Intemal reflux rate 8.78 7.30 4.50 3.04 

Results: 
Mercaptans in overheads 
distillate, wppm 0 8 15 21 

Diolefin content, 
wt ' 

1.79 .83 .83 

Diolef in saturation 99.79!t 72.2% 55.4t 

Butene-1/total butanes feed 41t 

BUtene-1/total butanes out 32t 

3-MB-1/isoamylenes feed 2.8t .2at .28t 

3-MB-l/isoamylenes out 2.at .28% .28% 

2-MB-2/isoamylenes feed 64.8% 64.8% 64.8% 

2-MB-2/isoamylenes out 74.Gt 72.6t 70.9t 
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The invention claimed is: 
1. A process for removing mercaptans and/or hydrogen 

sulfide from a hydrocarbon stream, comprising the steps of: 
(a) feeding diolefins and a hydrocarbon stream 

containing sulfUr compounds selected from mercaptans, 
hydrogen sulfide or mixtures thereof to a distillation 
column reactor into a feed zone: 

(b) feeding an effectuating amount of hydrogen to said 
distillation column reactor 

(c) concurrently in said distillation column reactor 
(i) contacting the diolefins and said sulfur. compounds 

contained within said hydrocarbon stream in the presence of 
hydrogen in a distillation reaction zone containing a· 
supported nickel catalyst prepared in the form to act as a 
catalytic distillation structure thereby reacting a portion 
of said sulfur compounds with a portion of the diolefins to 
form sulfide products and a distillate product, having a 
reduced amount of said sulfur compounds and 

(ii) separating said sulfides frOJD said distillate 
product by fractional distillation; 

(d) withdrawing distillate product from said 
distillation column reactor at a point above said 
distillation reaction zone, said distillate product having 
a reduced sulfur compound content: and . 

(e) withdrawing sulfide products from said distillation 
column reactor at a point below said distillation reaction 
zone. 

2. The process according to claim 1 wherein said 
hydrocarbon stream is a light cracked naphtha distillate 
containing a c5 and lighter fraction and a c6 and heavier 
fraction, said C5 and lighter fraction is removed as 
overheads from said distillation column reactor and said c6 
and heavier fraction is removed as bottoms from said 
distillation column reactor. 

3. The process according to claim 1 wherein there is a 
molar excess of diolefins to sulfur compounds. 

4. The process according to claim 3 wherein 
substantially all of said sulfur compounds are reacted with 

liiiii1rnHif 
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diolef ins to form sulfide products and said distillate 
product is substantially free of said sulfur compounds. 

s. The process accordinq to claim 3 wherein 
substantially all of said excess of diolef ins not reacted 
with sulfur compounds are hydrogenated to mono-olefins. 

6. The process accordinq to claim 1 wherein said 
diolef ins are contained in said hydrocarbon stream. 

7. A process for treating a light cracked naphtha 
distillate for use as an etherif ication or alkylation feed 
stock, comprising the steps of: 

(a) feedinq a light cracked naphtha distillate 
containing sulfur compounds selected from mercaptans, 
hydroqen sulfide or mixtures thereof and diolefins to a 
distillation colUltJl reactor having a stripping zone and 
distillation reaction zone, said liqht cracked naphtha 
having a c6+ fraction and a c5- fraction; 

(bl feeding an effectuating amount of hydrogen to said 
distillation column reactorr 

(c) separating said c6+ fraction from said C5- fraction 
in said stripping zone and distilling said c5- fraction up 
into said distillation reaction zone; 

(d) concurrently in said distillation reaction zone 
(i) contacting the diolefins and sulfur compounds 

contained within said light cracked naphtha in the presence 
of hydrogen in a distillation reaction zone containinq a 
reduced nickel catalyst supported on a particulate alumina 
base prepared in the form to act as a catalytic 
distillation structure thereby reactinq a portion of said 
sulfur compounds with a portion of the diolefins to form 
sulfide products and a distillate product, 

(ii) selectively hydroqenating any remaining diolefins 
to mono-olefins, and 

(iii) separating said sulfides from said distillate 
product by fractional distillation; 

(e) withdrawing a C5- distillate product from said 
distillation column reactor as overheads, said c5-

distillate product havinq a reduced sulfur compound and 
diole~in content: and 
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(f) withdrawing said sulfide products from said 
distillation column reactor as bottoms alonq with said c6+ 
fraction. 

a. The process accordinq to claim 7 wherein there is a 
molar excess of diolefins to said sulfur compounds within 
said liqht cracked naphtha stream. 

9. The process according to claim 7 wherein 
substantially all of said mercaptans react with diolefins 
to produce sulfide products producing a c5- distillate 
praduct substantially free of said sulfur compounds. 

10. A process for treating a light cracked naphtha 
distillate for use as an etherif ication and/or alkylation 
feed stock, comprising the steps of: 

(a) feeding a light cracked naphtha distillate 
containing mercaptans and a molar excess of diolefins to 
said mercaptans to a distillation column reactor having a 
stripping zone and distillation reaction zone, said light 
cracked naphtha havinq a c6+ fraction and a c5- fraction; 

(b) feeding an effectuatinq amount of hydroqen to said 
distillation column reactor; 

(c) separating said c6+ fraction from said C5- fraction 
in said stripping zone and distilling said C5- fraction up 
into said distillation reaction zone; 

(d) concurrently in said distillation reaction zone 
(i) contacting the diolefins, mercaptans and hydrogen 

sulfide contained within said liqht cracked naphtha in the 
presence of hydrogen in a distillation reaction zone 
containing a nickel sulfide catalyst supported on a 
particulate alumina base prepared in the form to act as a 
catalytic distillation structure thereby reacting 
substantially all of said mercaptans with a portion of the 
diolef ins to form sulfide products and a· distillate 
product, 

(ii) selectively hydroqenating the remaining diolefins 
to mono-olefins, and 

(iii) separatinq said sulfides from said distillate 
product by fractional distillation: 

(e) withdrawing a c5- distillate product from said 
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distillation column react~r as overheads, said c5-
distillate product having a substantially reduced mercaptan 

and diolefin content; and 
(f) withdrawing said sulfide products from said 

distillation column reactor as bottoms alonq with said c6+ 

fraction. 

lii1ii1111nr 


