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METHOD FOR ENHANCING THE YIELD OF TERTIARY BUTYL 
ALCOHOL IN A'TERTIARY BUTYL ALCOHOL RECOVERY PROCESS 

5 Field 0£ the Invention 

This invention relates to the recovery of tertiary butyl 

alcohol. More particularly, this invention relates to a 

method £or enhancing the yield of tertiary butyl alcohol 

during a tertiary butyl alcohol recovery process. Still more 

10 particularly, this invention relates to a method for the 

manufacture and.recovery of tertiary butyl alcohol wherein an 

enhanced yield of tertiary butyl alcohol is obtained during 

the recove;y process. 

15 

Background 

Tertiary butyl alcohol can be recovered by distillatio_n 

from a tertiary butyl hydrope'.!=oxide reac;:tion product compris­

ing oxygen-containing COmpOUndS I . incl Uding tertiary butyl 

alcohol, unreacted ·t;ertiary butyl hydroperoxide, oxygen­

containing by-products such as ditertiary butyl peroxide, 

20 allyl ~ertiary butyl peroxide, isopropyl hydroperoxide, 

and water. 

Methyl .tertiary. butyl ether (MTB~} can be prepared by the 

catalytic reactio~ of ·tertiary butyl alcohol (TBA) with 

methanol. Normally, an excess· of methanol is use~ •. 

::··.-: 
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It is known that tertiary butyl alcohol and propylene 

oxide can be prepared by the molybdenum-catalyzed reaction of­

propylene with tertiary butyl hydroperoxide. 

Prior Art 

Kollar u. s. Patent No. 3,351,635 discloses the reaction 

of tertiary butyl hydroperoxide with propylene to ~rovide a 

reaction product comprising unreacted propylene, ·propylene 

oxide, and tertiary butyl alcohol. Related processes are 

disclosed, for example, in Marquis et al U. S. Patent No. 

10 4,845,251 and Marquis et al U. S·. Patent No. 4,891,437. 

15 

20 

Grane et al. U. S. Patent No. 4, 29 6, 262 is representative 

of patents directed to the manufacture and recovery of 

tertiary butyl alcohol by the thermal decomposition of 

tertiary butyl hydroperoxide. 

Grane et al. u. s. Patent No. 4,294,999 and Sanderson 

et al. -u. S. Patent No. 4, 9 2 2, O 3 6 are representative of 

patents directed·to the manufacture and recovery of tertiary 

butyl alcohol by the catalytic decomposition of tertiary bu~yl 

hydroperoxide. 

Rao et al. u. s. Patent No. 4,144,138, :Kruse et al. u. s. · 

Patent No. 5,243 1 091, Knifton et al. U. S. Patent No. 

4,822,921 and Gupta U. S. Pa~ent No. 5,292,964, are represen­

tative of patents directed to the manufacture and recovery of 

methyl tertiary butyl ether by the catalytic reaction of 

25 methanol with tertiary butyl alcohol • 

.. . ·: 
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In al1 of these processes a tertiary butyl hydroperoxide 

reaction product is obtained comprising tertiary butyl 

alcohol, unreacted tertiary butyl hydroperoxide and reaction 

products boiling below tertiary butyl alcohol, such as water, 

5 di tertiary butyl peroxide, tertiary butyl hydr.operoxide, allyl 

tertiary butyl peroxide, etc. 

It is conventional to recover tertiary butyl alc9hol from 

a tertiary butyl hydroperoxide reaction product by distilla­

tion in a distillation zone comprising a plurality of distil-

10 lation columns, including a vacuum distillation column to 

which a tertiary butyl alcohol fraction is charged and in 

which it is _separated into a vaporized overhead tertiary butyl 

alcohol fraction and a lower boiling liquid fraction compris­

ing unreacted tertiary butyl hydroperoxide and reaction by 

15 products bo.iling below te?=tiary butyl· alcohol • 

. . I 

In accordance with the present invention, a tertiary 

butyl hydroperoxide reaction product is distilled to provide 

a tertiary butyl alcohol distillation fraction comprising 

20 tertiary butyl alcohol, unreacted tertiary butyl hydroperox-

25 

ide, and reaction by-products boiling below tertiary butyl 

. alcohol. 

The· tertiary butyl alcohol fraction is chargeJ to a 

vacuum di~llation column mid separated· into a va~ 
overhead tertiary buty1·a1cohol fraction and a lower boiling 

. : .. 
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liquid £ract.ion comprising· unreacted tertiary butyl hydroper­

oxide, and reaction by-products boiling below tertiary butyl 
. . 

alcohol. 

The vaporized overhead fraction is cooled to obtain a 

5 lique£action product compr~sing a minor amount of vaporized 

tertiary_ butyl alcohol and a major amount of a liquified 

tertiary butyl alcohol. 

The te:r:tiary butyl alcohol vapors are dissolved in water 

to form an aqueous solution of tertiary butyl alcohol, and 

10 tertiary butyl alcohol is recovered from the aqueous solution 

of tertiary butyl alcohol to thereby obtain an enhanced yield 

0£ tertiary butyl alcohol. 

In ~ccordance with ~ preferred embodiment of the present 

15 invention, a distillation zone is provided which may comprise 
-

one or ·more pressure distillation coluinns and· a vacuum 

distillation column of the type wherein a. vacuum is main..:. 

tained, £or example, by an overhead vacuum pump connected to 
.. 

a vacuum distillation column reflux d;-um by a vent line; 

20 wherein the tertiary butyl hydroperoxide reaction product is 

separated by atmospheric distillation to provide one or more 

lighter distillation fractions and a heavier tertiary butyl 

alcohol_ fraction comprising tertiary butyl alcohol, unreacted 

tertiary butyl hydrope~oxide, and react~on products boiling 

25 below tertiary butyl alcohol, wherein the tertiary butyl 

. ·.·· ... ··--.--. -~-:::· 
:· 

.. .. 

. :~-~-- ·.; .. J:; 



_______ ..... -.. ········- . 

• • 

-s-

alcohol fraction is charged to the vacuum distillation column 

anQ. separated into a vaporized overhead _tertia~ butyl alcohol 

fraction and a lower boiling liquid fraction comprising 

unreacted tertiary butyl hydroperoxide, and reaction by-

s products boiling below tertiary butyl alconol; wherei~ the 

vaporized overhead fraction is cooled to obtain a liquefaction 

product comprising a minor amount of vaporized tertiary butyl 

alcohol and a major amount of a liquified tertiary butyl 

alcohol wherein the tertiary butyl alcohol vapors are dis-

10 solved in water to form an aqueous solution of tertiary butyl 

alcohol, and wherein tertiary butyl alcohol is recovered from 

the aqueous solution of tertiary butyl alcohol to thereby 

obtain an enhanced yield of tertiary butyl alcohol. 

In accordance with a second embodiment of the present 

15 invention, tertiary butyl hydroperoxide is reacted with 

propylene in a reaction zone to provide a first:_ reaction 

product -comprising by-products boiling below tertiary butyl 

alcohol, . unreacted propylene, propylene oxi~, tertiary butyl 

alcohol, ~reacted tertiary butyl hydroperoxide, and I?y-

20 products· boiling above tertiary butyl alcohol;. 

a distillation zone is provided comprising a first 

atmospheric pressure distillation col~, a second atmospheric 

pressure distillation column and a third vacuum distillation 

column of the type wherein, for example, a vacuum is main-

25 tained by an OVf:!rhead vacuum pump connected with a vacuum 

distillation column refl~ drum by a vent line; 

. . . . ... . .. ~-~·· ... ..... . .. . . . 
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the tertiary butyl hydroperoxide reaction product is 

charged to the first distillation column and separated therein 

into a first lighter propylene recycle fraction and a first· 

heavier fraction; 

the first heavier fraction is charged. to the second 

distillation column and separated therein into a second 

lighter propylene oxide fraction and a second heavier tertiary 

butyl alcohol fraction comprising tertiary butyl alcohol, 

unreacted tertiary butyl hydroperoxide, and reaction products 

10 boiling below tertiary butyl alcohol; 

the second tertiary butyl al~ohol fraction is charged to 

the vacuum distillation column and separated therein into a 

vaporized overhead tertiary butyl alcohol fraction and a lower 

boiling liquid fraction comprising unreacted tertiary butyl 

15 hydroperoxide, and reaction products boiling below tertiary 

butyl alcohol; 

the vaporized overhead fraction is cooled to obtain a 

liquefaction product comprising a minor amount of vaporized 

tertiary butyl alcohol and a major amount of a liquif~ed 

20 tertiary butyl alcohol; 

the liquefaction product is charged to the r~flux drum; 

liquified tertiary butyl . alcohol is removed from the 

reflux drum, and split to provide a reflux stream for the 

vacuum distillation column and a recovered liquified tertiary 

25 butyl alcohol stream; 

" ., .. ·::·· 
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the minor amount of vaporized tertiary butyl alcohol is 

removed from the reflux drum through a vent line and dissolved 

therein, with water to form an aqueous solution of tertiary 

butyl alcohol; and 

tertiary butyl alcohol is recovered from the aqueous 

solution of tertiary butyl alcohol to thereby obtain an 

enhanced yield of tertiary butyl alcohol. 

In accordance with a third embodiment of the present 

invention, tertiary butyl hydroperoxide is decomposed to 

10 provide a tertiary butyl hydroperoxide reaction product 

comprising by-products boiling below tertiary butyl alcohol, 

tertiary butyl alcohol, uri.reacted tertiary butyl hydroper­

oxide, and by-products boiling below tertiary butyl alcohol, 

the tertiary butyl hydroperoxide reaction product is 

15 separated in a first distillation zone into a lighter boiling 

fraction comprising reaction products boiling abov~ tertiary 

butyl alcohol and a heavier boiling tertiary butyl alcohol 

distillation fraction comprising tertiary. butyl alcohol, 

unreacted tertiary butyl hydroperoxide, and reaction produc_ts 

20 boiling below tertiary butyl" alcohol, 

the higher boiling tertiary butyl al~ohol fraction is 

charged to a vacuum distillation column and separated therein 

at subatmospheric pressure into a vaporized overhead tertiary 

butyl alcohol fraction and a higher boiling liquid fraction 

25 comprising unreacted tertiary butyl hydroperoxide and reaction 

by-products boiling below t.ertiary butyl alcohol, 

............... ·····-··· ......... -··· ····-·· ....... _ ·. . . 
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the vaporized overhead fraction is cooled to obtain a 

liquefaction product comprising a minor amo~t of vented ~ 

vaporized tertiary butyl alcohol and a major amount of a 

liquified tertiary butyl alcohol, 

the vented tertiary butyl alcohol vapors .are dissolved ·in 

water t9 form an aqueous solution of tertiary butyl alcohol, 

and 

tertiary butyl alcohol is recovered from the aqueous 

solution of tertiary butyl alcohol to thereby obtain an 

10 enhanced yield of tertiary butyl alcohol. 

In accordance with a fourth embodiment of the present 

invention, the liquified tertiary butyl alcohol is recovered 

and~eacted w~th methanol to provide a methyl tertiary butyl 

ether reaction product comprising methyl tertiary butyl ether, 

15 unreacted tertiary ·butyl alcohol, ·unreacted methanol and 

water, and 
.. 

the methyl tertiary butyl ether reaction product is 

fractionated in a methyl tertiary butyl ether distillation 

zone together with the aqueous solution of tertiary butyl· 

20 alcohol to provide distillation fractions inclu~ing a methyl 

tertiary butyl ether product fraction and·a tertiary butyl 

alcohol fraction to thereby obtain an enhanced yield of 

tertiary butyl alcohol. 

Preferably, in accordance with the fourth embodiment of 

25 the present invention, the methanol and tertiary butyl alcohol 

are reacted in an MTBE reaction zone to provide a methyl 
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tertiary butyl ether reaction product which is fractionated in 

a distillation zone comprising a first disti~lation column, a 

second distillation column, and a third distillation column, 

the methyl tertiary butyl ether reaction product being 

5 fractionated in the first atmospheric distillation column to 

provide a lighter methyl tertiary butyl ether product fraction 

and a first heavier :fraction. The :first heavier :fraction 

together with the aqueous solution of tertiary butyl alcohol 

obtained in the second or third embodiments is fractionated in 

10 the second distillation column to provide a lighter tertiary 

butyl alcohol :fraction and a second heavier fraction, and the 

second heavier fraction is fractionated in the third atmo­

spheric distillation col mnn to provide a lighter methanol 

fraction and a heavier water fraction. 

15 

20 

THE FIGURES AND DETAILED DESCRIPTION 

Turning now to the drawing, there is shown a schematic 

flow sheet i~lustrating a preferred method for the practice 

of the process of tbe present invention. In the drawing, 

conventional parts, such as valves, pumps, temperature control 



.. -·--·--·- ---· --·-· - ------ -·-··-----·····-- .. 

-10-

sensors, pressure sensors, heaters, coolers, flow control 

- regulation apparatus, reflux condenses, reboilers, etc., have 

been pmitted. 

In accordance with one embodiment of the present inven-

5 tion, propylene is charged to reactor 10 by line 12. A 

solution of tertiary butyl hydroperoxide (TBPH) and a soluble 

molybdenum catalyst in tertiary butyl alcohol (TBA) ~s charged 

to reactor 10 by line 14. The epoxidation reaction product is 

discharged by line 16 leading to distillation column 20 where 

10 the epoxidation reaction product is separated into a propylene 

plus propylene oxide fraction 22 and a heavier fraction·that 

is charged to a vacuum distillation column 40 by a line 24 

controlled by a valve 26. In distillation column 30, t~e 

fraction 22 is separated into a heavier crude propylene oxide 

15 fraction 34 and a lighter fraction 32 comprising primarily 

propylene which is recycled to reactor 10 by line 12. 

In· accordance with another embodiment of the pres·ent 

invention, a solution of tertiary butyl hydroperoxide (TBPH) 

in tertiary butyl alc~hol (TBA) is charged to reactor 200 .by 

20 line 202 and tertiary butyl hydroperoxide decomposition 

conditions of time, temperature and pressure are established 

so as to convert a significant portion of the tertiary butyl 

hydroperoxide to tertiary butyl alcc:>hol and water. A tertiary 

butyl hydroperoxide decomposition catalyst such as a soluble 

· 25 molybdenum catalyst may be used, if desired. If a catalyst is 
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used, it is charged to reactor 200 in the tertiary butyl 

alcohol feedstock charged by the line 202. 

The tertiary butyl hydroperoxide .. decomposition reaction 

product is discharged from the reactor 200 by a line 204 

s controlled by a valve 206 that leads to the charge line 24 for 

the vacuum distillation column 40. 

It will be understood that only one of the valves 26 or 

206 will be open and that the other valve will be closed and 

that only one of the reactors 10 and 200 will be operated at 

10 any given time. 

15 

The composition of the tertiary butyl hydroperoxide 

decomposition reaction p~oduct·will be analogous in composi­

tion to the composition of the heavier fraction'24 in that the 

same reaction components in about the same proportions will be 

present. Thus, the vacuum distillation colUmn. 40 .can be 

operated in essentially the same manner with either feedstock 

24 or feedstock 204. 

The vacuum distillation column 40 is operated so as to 

separate the feedstock charged thereto into a vaporized 

20 overhead tertiary butyl alcohol fraction 42 and a heavier 

fraction 44 comprising the remainder of the charge stock. 

A subatmospheric pressure for the vacuum distillation 

column 40 is obtained by connecting the overhead line 42 of 

the vacuum distillation column 40 with a suitable device for 

25 generating a subatmospheric pressure, such as liquid ring 

vacuum pump 70. 
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Thus, for example, the vaporized overhead vacuum distil­

lation product fraction 42 (which will primarily be comprised 

of tertiary butyl alcohol) may be passed through a heat­

exchanger 43 where most of the overhead vapors will be 

5 condensed to provide a liquid tertiary butyl.alcohol product 

and the resultant mixture of liquid and vapor may be charged 

to a reflux drum 46. 

The condensed liquid comprising tertiary butyl alcohol is 

discharged from the ·reflux drum 46 by a line 44. A portion of 

10 the liquified tertiary butyl alcohol is returned to vacuum 

distillation column 40 as reflux by a line 45 and the remain­

der of the liquified. tertiary butyl alcohol is recovered by 

line 41. 

A vent line 47 is provided to interconnect the top of the 

15 reflux drum 46 with the liquid ring vacuum pump 70. A water 

absorption tower 50 is installed in the vent line 47 to absorb 

and recover vaporized tertiary butyl alcohol contained in the 

vapors withdrawn from the reflux drum 46 by the vent line 47. 

The water absorption tower 50 may suitably comprise-a 

20 tubular -casing 51 in which a bed 52 of an inert packing such 

as rings or saddles is installed. Vapors from the vent line 

4 7 are introduced adjacent the bottom of the casing. Water is 

introduced into the casing adjacent the top thereof by a line 

54 for downward flow through the bed 52 in countercurrent 

25 contact with the ascending vapors charged by the line 47. 

Tertiary butyl alcohol vapors are absorbed in the downwardly 

· ..... · .. 

. -:. 
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fl.owing stream of water to form an aqueous solution of 

tertiary butyl. alcohol that is discharged from the bottom of 

the tower 50 by a line 132. The ascending vapors are with-· 

drawn from the top of tower 50 by an extension 47a of the vent 

5 line leading to the liquid ring vacuum pump 10. 

The vapors charged to the liquid ring vacuum pump 70 by 

line 47a are predominantl.y composed of natural gas, air and 

small amounts of other hydrocarbons· and unabsorbed tertiary 

butyl alcohol. They are discharged by a line 72 leading to 

10 drum 74 where the seal water is separated from the non­

condensables and the water discharged by a line 76. Uncon-

densed, normal.ly vapor components such as natural gas and air 

are discharged by a vent line 78. 

The tertiary butyl alcohol in the aqueous solution of 

15 tertiary butyl alcohol that is discharged fr~m the bottom of 

the tower 50 by line 132 may be recovered the!="efrom by 

distillation in any suitable m~er. In accordance with a 

preferred embodiment of the present invention, a facility for 

the manufacture of methyl tertiary butyl ether from terti~ry 

20 butyl alcohol and methanol is integrated with the· tertiary 

butyl alcohol. recovery process of the presen~ invention. This 

permits a more economical. recove.ry of the tertiary butyl 

alcohol in the aqueous solution of tertiary butyl alcohol that 

is discharged from. the bottom of the tower 50 by line 132 • . ·~ 

25 When this is to be done, tertiary butyl alcohol is charged to 

a methyl tertiary butyl ether reactor 100 containing a bed of 

·;·· 
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a suitable etherification catalyst, such as a cationic cross-

linked sulfonated styrene/divinyl benzene resin by a charge 

line 102 and methanol is charged by a charge line 104 to 

reactor 100. Etherification reaction conditions are ·estab-

5 lished in reactor 100 in order to provide a reaction product 

comprising methyl tertiary butyl ether, tertiary butyl 

alcohol, methanol and water. The reaction product is dis-
. 

charged from reactor 100 by a discharge line 106 leading to a 

distillation column 110 where the reaction product is separat-

10 ed into a lighter crude methyl tertiary butyl ether reaction 

product 112 and a heavier fraction 114. The heavier fraction 

114 is charged to a distillation column 120 where it is 

separated into a lighter crude tertiary butyl alcohol fraction 

121 that may be recycled to the tertiary butyl alcohol charge 

15 line 102 and a heavier fraction 122 comprising water and 

methanol. 

The· ·heavier fraction 122 is. charged to a distillation 

column 140 where it is separated into an overhead methanol 

discharge fraction 142 that can be recycled to the methanol 

20 charge line 104, if desired, and a bottoms water fraction 144. 

In accordance with the present invention, the aqueous 

solution of tertiary butyl alcohol that is discharged· from the 

bottom of the tower 50 by line 132 is charged by pump 134 to 

a feed/effluent heat exchanger 64 and then by line 138 to the 

25 charge line 114 for the distillation column 120 so that it can 

be co-distilled with the f:t:action 114. When this is done, the 
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tertiary butyl alcohol in the aqueous solution of tertiary 

butyl alcohol that is discharged from the bottom of tower 50 

by the line 132 is charged to the distillation column 120 

together with the heavier fraction 114 discharged from the 

s distillation column 110 by the line 114. The cpmbined streams · 

114 and 137_. are distilled in the distillation column 120 to 

provide a lighter fraction 121 comprising tertiary butyl 

alcohol and a heavier· fraction 122 comprising methanol and 

water. As was pointed out above, the aqueous solution of 

10 methanol discharged from distillation column 120 by the line 

122 can be separated in distillation column 140 into a lighter 

methanol fraction 142 and a heavier water fraction 144. 

In accordance wi~h this modification, all or a part of 

the bottoms water fraction 144 is charged to the heat-exchang-

15 er 64 to heat the stream 136 before it is charged to the line 

114. The fraction 144, after discharge from the heat exchang­

er 64 ·is· further · cooied in heat exchanger 138. The thus­

cooled water fraction is dis.charged from heat .exchanger 138 by 

a line 139, which is split into a line _54 leading to the 

20 ai:>sorber so, and a line 140·1eading the liquid seal of the 

liquid. seal ring vacuum pump 70. 

TBA contained in the vapor fraction 47 drawn to absorp~ 

tion tower so is absorbed in the water fraction 132 as it 

flows downwardly through absorption tower so. The thus-formed 

25 solution of TBA in water is withdrawn from absorption tower 5~ 

by a line 132 connected with a pump 134. The solution is 

·, . ... .... -
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discharged from the pump 134 by a line 136 leading to the 

feed/effluent heat exchanger 64 where it is heated by the 

stream 144. The heated solution is withdrawn from heat 

exchanger 64 by a line 137 leading to distillation column 120; 

5 the heated solution being charged to distill~tion column 120 

by combining it with the feed fraction 114. 

The fraction 122 is charged to a distillation column 140 

where it is separated ·into a lighter.methanol fraction 142 

(that may be recycled to methanol charge line 104 by a recycle 

10 line 144 if desired) and a water fraction 144. 

OPERATION 

By way of example, propylene may be charged to reactor 10 

by charge line 12. A solution of tertiary butyl hydropero~~de 

in tertiary butyl alcohol may be prepared containing from 

15 30 to 60 wt.% of tertiary butyl hydroperoxide __ and 

100 to 600 ppm of a soluble molybdenum catalyst, based on the 

combined weight of the propylene and tertiary butyl hydroper­

oxide. Any suitable soluble molybdenum catalyst may be u~ed 

such as, for example, a catalyst of the type disclosed in 

20 Marquis et al. u. S. Patent No. 4,626,596 _or Marquis et al. 

25 

U. S. Patent No • 4, 7 O 3 , 01 7 . The solution is charged to 

reactor 10 by a charge line 14 in amount selected to provide 

a charge mole ratio of propylene to tertiary butyl hydroper­

oxide of from 1 to 3 moles of propylene per mole 

of tertiary butyl hydroperoxide. Epoxidation reaction 

·=· .. · 
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conditions are established in the reactor 10 including, for 

example, a temperature of 65.6°C (150°F) to 176.7°c 

( 3 5 O "F) and a pressure of 500 to 3, 0 0 0 psig. The reaction time 

may suitably be from o.s to 4 hours. 

As a consequence, a tertiary butyl hydroperoxide reaction 

product is formed comprising unreacted propylene, propylene 

oxide, TBA, reaction by-products and water. The tertiary 

butyl hydroperoxide reaction product is discharged from the 

reactor 10 by a line 16 leading to a first distillation column 

10 20 where the tertiary butyl hydroperoxide reaction product is 

separated into· a first lighter distillation fraction 22 

comprising ~he propylene and propylene oxide, and a first 

heavier fraction 24 .comprising tertiary butyl alcohol, 

unreacted tertiary butyl hydroperoxide and reaction products 

15 boiling below tertiary butyl alcohol. Distillation conditions 

in the first distillation column 20 may include a top tempera-

uure of 37.8°C (100°F), a bottom temperature of 121.1°C (250°F) 

and an operating pressure of 70 to 130 psig (e.g. 110 psi9). 

The first lighter distillation fraction 22 is suit~ly 

20 charged to a distillation column 30 where it is separated into 

an overhead propylene recycle fraction 32 and a heavier 

propylene oxide fraction 34. 

The first heavier fraction 24 is charged to a third 

vacuum distillation column 4./lQ..where the first heavier fraction 

25 is separated into a third lower bo~ling tertiary butyl alcohol 

fraction 42 and a fourth hi;,_gher boiling fraction discharged by 
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a line 44 comprising unreacted tertiary butyl hydroperoxide 

and reaction products boiling bel~w tertiary butyl alcohol. 

Distillation conditions in the third distillation column 40 

may include a top temperature of 48.9°C (l20°F), a bottom 

5 temperature of 93.3°C (200°F) and an operating pressure of 3 

to lO psia (e.g. 28 psia). 

As indicated previously, subatmospheric distillation 

conditions· are established in the vacuum distillation column 

40, such as a subatmospheric pressure of 3 to 10 

10 psia by operatively connecting the overhead line 42 of the 

vacuum distillation column 40 with a suitable device for 

generating a subatmospheric . pressure, such as liquid ring 

vacuum pump 7 o. Within the vacuum distillation column 40, 

distillation conditions are establish~d including, for example, a top 

15 temperature of 48.9°C (120°F) to 76.7°C (170°F). A heat-exchanger 43 is 

20 

provided in the line 42 to cool the overhead vapors to a temperature of 

37.8 C (l00°F) to 43.3 C (110°F) so as to provide a mixed vapor/liquid 

tertiary butyl alcohol condensate that is charged to a reflux drum 46. 

The liquif ied tertiary butyl alcohol is discharged from 

reflux drum 46 by a line 44. 10 to 30% of the 

liguified tertiary butyl alcohol in the line. 46 is returned to 

vacuum distillation column 40 as reflux by line 45 and the 

remainder of the liquified tertiary butyl alcohol is recovered 

25 by line 41. 

.·: .. ·. 
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The vapor in the reflux drum, comprising about 40 to 

80 wt.% of tertiary butyl alcohol, is withdrawn from the 

reflux drum 46 by vent line 47 which leads to a charge point 

adjacent the bott.om of the water extraction column so. 

5 Simultaneously, water is charged to the water extraction 

column so. adjacent the top thereof by a line 54. 8 to 

12 times the amount of water, based on the weight of the 

tertiary butyl alcohol vapor charged to column SO through line 

47, is charged by line S4. As the vapors ascend the water 

10 extraction column SO, substantially all of the tertiary butyl 

alcohol contained therein is absorbed by the downflowing 

stream of water. The resultant aqueous solution of tertiary 

butyl alcohol, ~hich may typically contain 6 to 10 

wt.% of tertiary butyl alcohol is discharged from the water 

15 extraction column 50 by a line 132 leading to a pump 134 to be 

further processed in any suitable manner for the recovery of 

the tertiary butyl alcohol contained therein, such as in a 

manner to be describe hereafter. 

The undissolved vapors, comprising mostly natural gas, 

20 air and other insoluble hydrocarbons are discharged by the 

line ~7a leading to the liquid ring vacuum pump 70 and are 

discharged therefrom at about atmospheric pressure by a line 

72 leading to drum 74 where the gaseous components separate 

from the seal water and are discharged by a line 78. The 

25 liquid ring vacuum pump seal water, containing any tertiary 

butyl alcohol not absorbed in column so, is discharged by a 
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line 76 and combined with.the effluent from the column 50 in 

line 137. 

In accordance with a preferred embodiment of the present 

invention, a methyl tertiary butyl ether manufacturing 

5 facility wherein tertiary butyl alcohol and ~ethanol are used 

as feedstocks is operated together with the tertiary butyl 

alcohol recovery process 0£ the present invention. When this 

is done, the t~rtiary butyl alcohol in the aqueous solution of 

tertiary butyl alcohol that is charged from the bottom of the 

10 tower 50 by line 132 to the pump 134 can be transported to the 

methyl tertiary butyl ether manufacturing facility for 

recovery therein. 

When this is to be done, tertiary butyl alcohol is 

charged by a charge line 102 to a·methyl tertiary butyl ether 

15 reactor 100 containing a bed of a suitable etherification 

catalyst, such as a cationic cross-linked sulfonated sty­

rene/divinyl benzene resin and methanol is charged by a charge 

line 104 to reactor 100 in· the molar ratio of 1.1 to 3 

mols of methanol per mol of tertiary butyl alcohol. Etherifi-

. 20 cation reaction conditions are established in reactor 100, 

including for example a temperature of 37.acc (lOOnF) to 148.9°C 

(300vF), and a pressure of 50 to 500 psia. The feed 

mixture is suitably fed to the reactor 100 by the lines 102 

and 104 at the rate of about 1 to about 4 volumes of feed 

25. mixture per volume of catalyst per hour in order to provide a 
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reaction product comprising methyl tertiary butyl ether, 

tertiary butyl alcohol, methanol and water. 

The reaction product is discharged from reactor 100 by a 

discharge line 106' leading to a distillation column 110 where 

5 the reaction product is fractionated under suitable distilla-

tion conditions such as a liquid reflux ratio of one-

half to two, a distillation temperature of 65. 6 °c { 200 °F) to 

121.1°C (250°F) and a pressure of 15 to 60 psia into a lighter 

lighter crude methyl tertiary butyl ether reaction product 112 

10 and a heavier fraction 114. 

20 

The heavier fraction 114 is charged to a distillation 

column 120 where it is separated under suitable distillation 

conditions, such as a liquid reflux ratio of one-half to 

one, a distillation temperature of 93.3nC (200°F) to 

204.4°C (400°F) and a pressure of 110 to 160 psia into a lighter 

crude tertiary butyl alcohol fraction 121 and a heavier 

fraction 122 comprising water and methanol. 

The heavier fraction ·122 is charged to a distillation 

column 140 where it is separated under suitable distillation 

conditions such as a liquid reflux ratio of one to 

two, ~ distillation temperature of 121.1°c (250°F) to 176.7 ° c 

(350°F) and a pressure of" 120 to 170 psia into an overhead 

methanol fraction 142 that can be recycled to the methanol 

charge line 104, if desired, and a bottoms water fraction 144. 

25 · In accordance. with the present invention, the aqueous 

solution of tertiary butyl alcohol that is discharged from the 
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bottom of the tower so by -line 132 is charged by pump 134 to 

a feed/effluent heat exchanger 136 and then by line 137 to the 
-

charge line 114 for the distillation column 120 so that it can 

be co-distilled with the fraction 114. The aqueous solution· 

s of tertiary butyl alcohol discharged from the drum 74 by the 

line 76 is also charged to the distillation column 120 by the 

lines 138 and 114 for co-distillation with the fraction 114. 

When this is done, the tertiary butyl alcohol in the aqueous 

solution of tertiary butyl alcohol that is discharged from the 

10 bottom of the tower 50 by line 132 and the tertiary butyl 

alcohol in the aqueous solution of tertiary butyl alcohol that 

.:i.s discharged from the bottom of drum 74 by line 76 are 

recovered by way of line 121 for recycle to the methyl 

tertiary butyl ether reactor 100. Water and methanol are 

15 discharged from the distillation column 120 by line 122. 

All or a part of the bottoms water fraction 144 from 

column 140 may be charged to the heat-exchanger 136 to heat 

the stream 136. The fraction 144, after discharge from the 

heat exchanger 64 is further cooled in heat exchanger 13.8. 

20 The thus-cooled water is discharged from heat exchanger 138 .. by 

a line 139 and split in a major fraction leading to the tower 

50 by line 54 and a minor fraction leading to the liquid seal 

ring vacuum pump 70 by a line 140. 
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1. A separation method wherein a tertiary butyl alcohol 
fraction comprising tertiary butyl alcohol, unreacted 
tertiary butyl hydroperoxide, and reaction by-products 
boiling below tertiary butyl alcohol, is charged to a 
vacuum distillation column and separated into a vaporized 
overhead tertiary butyl alcohol fraction and a lower 
boiling liquid fraction comprising unreacted tertiary butyl 
hydroperoxide, and reaction by-products boiling below 
tertiary butyl alcohol, which comprises: 

cooling the vaporized overhead fraction to obtain 
a liquefaction product comprising a minor amount of 
vaporized tertiary butyl alcohol and a major amount of a 
liquified tertiary butyl alcohol, 

dissolving the tertiary butyl alcohol vapors in 
water to form an aqueous solution of tertiary butyl 
alcohol, and 

recovering tertiary butyl alcohol from said 
aqueous solution of tertiary butyl alcohol to thereby 
obtain an enhanced yield of tertiary butyl alcohol. 

2. A separation method as claimed in Claim 1, wherein a 
portion of the liquif ied tertiary butyl alcohol is returned 
to said vacuum distillation column as reflux, wherein the 
remainder of the liquif ied tertiary butyl alcohol is 
reacted with methanol to provide a methyl tertiary butyl 
ether reaction product comprising methyl tertiary butyl 
ether, unreacted tertiary butyl alcohol, unreacted methanol 
and water, and 

wherein the methyl tertiary butyl ether reaction 
product is fractionated in a methyl tertiary butyl ether 
distillation zone together with said aqueous solution of 
tertiary butyl alcohol to provide distillation fractions 

including a methyl tertiary butyl ether product fraction 
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and a tertiary butyl alcohol fraction. 

3. A separation method as claimed in Claim 1 or Claim 2, 

wherein tertiary butyl hydroperoxide is decomposed to 

provide a tertiary butyl hydroperoxide reaction product 

comprising by-products boiling above tertiary butyl 

alcohol, tertiary butyl alcohol, unreacted tertiary butyl 

hydroperoxide, and by-products boiling below tertiary butyl 

alcohol, and distilled into lighter and higher boiling 

fractions, which comprises: 

charging said higher boiling tertiary butyl 

alcohol fraction to a vacuum distillation column and 

separated therein at subatmospheric pressure into a 

vaporized overhead tertiary butyl alcohol fraction and a 

lower boiling liquid fraction comprising unreacted tertiary 

butyl hydroperoxide, and reaction by-products boiling below 

tertiary butyl alcohol, 

cooling said vaporized overhead fraction to 

obtain a liquefaction product comprising a minor amount of 

vented vaporized tertiary butyl alcohol and a major amount 

of liquified tertiary butyl alcohol, 

dissolving the vented tertiary butyl alcohol 

vapors in water to form an aqueous solution of tertiary 

butyl alcohol, and 

fractionating said aqueous solution of tertiary 

butyl alcohol to provide distillation fractions including 

a tertiary butyl alcohol fraction to thereby obtain an 

enhanced yield of tertiary butyl alcohol. 

4. A separation method as claimed in Claim 3, which 

further comprises 

returning a portion of the liquif ied tertiary 

butyl alcohol to said vacuum distillation column and reflux 

reacting the remainder of the liquified tertiary butyl 



.. 

111111111111111111111111111111 · 
-25- * C L M S * 

alcohol with methanol to· provide a methyl tertiary butyl 
ether reaction product comprising methyl tertiary butyl 

ether, unreacted tertiary butyl alcohol, unreacted methanol 
and water, and 

fractionating the methyl tertiary butyl ether 
reaction product in a methyl tertiary butyl ether 
distillation zone together with said aqueous solution of 
tertiary butyl alcohol to provide distillation fractions 

including a methyl tertiary butyl ether product fraction 
and a tertiary butyl alcohol fraction to thereby obtain an 
enhanced yield of tertiary butyl alcohol. 

5. A separation method as claimed in Claim 1, wherein 
tertiary butyl hydroperoxide is reacted with propylene in 

a first reaction zone to provide a first reaction product 
comprising by-products boiling below tertiary butyl 

alcohol, unreacted propylene, propylene oxide, tertiary 
butyl alcohol, unreacted tertiary butyl hydroperoxide, and 
by-products boiling above tertiary butyl alcohol, 

wherein said tertiary butyl hydroperoxide 
reaction product is charged to a first distillation column 
and separated therein into a first lighter distillation 

fraction comprising propylene and propylene oxide and a 
second heavier distillation fraction comprising tertiary 
butyl alcohol, unreacted tertiary butyl hydroperoxide, and 
reaction products boiling below tertiary butyl alcohol, 
which comprises: 

charging said second higher boiling tertiary 
butyl alcohol fraction to a vacuum distillation column 
operatively connected with a vacuum pump and separated said 

second higher boiling fraction therein at subatmospheric 
pressure into a vented vaporized overhead tertiary butyl 
alcohol fraction and a lower boiling liquid fraction 
comprising unreacted tertiary butyl hydroperoxide, and 

reaction by-products boiling below tertiary butyl alcohol, 
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cooling said vaporized overhead fraction to obtain 

a liquefaction product comprising a minor amount of vaporized 

tertiary butyl alcohol and a major amount of a liquified· 

tertiary butyl alcohol, 

charging said cooled overhead fraction to a reflux 

drum, 

removing liquif ied tertiary butyl alcohol from said 

reflux drum, and splitting it to provide a reflux stream for 

said vacuum distillation column and a recovered liquified 

10 tertiary butyl alcohol stream, 

venting said minor amount of vaporized . tertiary 

butyl alcohol from said reflux drum through a vent line and 

dissolving the tertiary butyl alcohol in the vapors in the 

vent line with water to form an aqueous solution of tertiary 

15 butyl alcohol in water, 

further venting the remainder of said vapors to said 

vacuum pump, 

reacting said liquified tertiary butyl alcohol with 

methanol in a second reaction zone to provide a second 

20 reaction product · comprisil;lg methyl tertiary butyl ether, 

unreacted methanol, unreacted tertiary b~tyl alcohol and 

water, and 

fractionating said second reaction product in a 

third atmospheric distillation column to provide a lighter 

25 methyl tertiary butyl ether product fraction and a heavier 

third fraction .. · 

;. 

···.· 
. ~- .}<.,·.· 
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6. A separation method ·as claimed in any preceding Claim, 

wherein said vacuum distillation column is operated under 

distillation conditions including a top temperature of 

130°C to 140°C, a bottoms temperature of 160°C to 170°C, 

and a pressure of 20 to 70 kPa (3 to 10 psia). 


