
A process for recovering butanol from a mixture comprising a water-immiscible organic 

extractant, water, butanol, and optionally a non-condensable gas, is provided. The butanol is 

selected from 1-butanol, 2-butanol, isobutanol, and mixtures thereof. The extractant comprises at 

least one solvent selected from the group consisting of C7 to C22 fatty alcohols, C7 to C22 fatty 

acids, esters of C7 to C22 fatty acids, C7 to C22 fatty aldehydes, and mixtures thereof. 



WE CLAIM : 

I. A process comprising: 

a) introducing a feed comprising: 

(i) a water-immiscible organic extractant; 

(ii) water; 

(v) at least one isomer of butanol; and 

(vi) optionally a non-condensable gas 

into a first distillation column, 

wherein the first distillation column comprises a stripping section 

and optionally a rectifying section at an introduction point above the 

stripping section, the first distillation column having an operating 

temperature Ti and an operating pressure Pi in the stripping 

section; 

wherein Ti and Pi are selected to produce a first bottoms stream 

and a first vaporous overhead stream, the first bottoms stream 

comprising the water-immiscible organic extractant and water and 

being substantially free of butanol, and the first vaporous overhead 

stream comprising water, butanol, optionally the extractant, and 

optionally the non-condensable gas; 

b) introducing a water-immiscible organic entrainer to at least one 

process stream or vessel; 

c) condensing the first vaporous overhead stream to produce a gas 

phase and recover a first mixed condensate; 

wherein the first mixed condensate comprises: 

(i) an organic phase comprising butanol, entrainer, and 

water; and 

(ii) an aqueous phase comprising water and butanol; and 
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wherein the first mixed condensate comprises sufficient entrainer to 

provide phase separation of the organic and the aqueous phases; 

d) introducing at least a portion of the aqueous phase to the first 

distillation column; 

e) introducing a first portion of the organic phase into a second 

distillation column having at least a stripping section; and 

f) operating the second distillation column to produce a second 

bottoms stream comprising butanol and wherein said bottoms 

stream is substantially free of water and entrainer, and a second 

vaporous overhead stream comprising butanol, entrainer, and 

water. 

2. The process of claim 1, wherein the extractant is selected such that 

it (A) preferentially extracts butanol over water and (B) is separable 

from butanol by distillation; and the entrainer is selected such that it 

(C) has a higher vapor pressure than butanol and (D) is separable from 

butanol by distillation. 

3. The process of claim 1, further comprising any one of steps: 

g) introducing a second portion of the organic phase into the first 

distillation column; or 

h) condensing the vaporous overhead stream from the second 

distillation column to recover a second condensate stream, and 

introducing at least a portion of the second condensate stream into 

the first mixed condensate; or 

j) both steps g) and step h). 

4. The process of claim 1, wherein the process stream or vessel of 

step (b) is selected from the feed stream, the first vaporous overhead 

stream, the first mixed condensate stream, the second condensate 

stream, the portion of the organic phase which is introduced into the 
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second column, the vaporous overhead stream from the second distillation 

column, the first distillation column, the decanter, the upper section of the 

second distillation column, and combinations thereof. 

5. The process of claim 1, further comprising the step of introducing 

water, steam, or a mixture thereof into the first distillation column. 

6. The process of claim 1, further comprising the step of introducing at 

least a portion of the aqueous phase into a fermentation vessel. 

7. The process of claim 1, wherein the process further comprises the 

step of introducing the bottoms stream from the first distillation column into 

a fermentation vessel. 

8. The process of claim 1, wherein the process further comprises 

separating the bottoms stream from the first distillation column to obtain a 

bottoms aqueous phase comprising water and a bottoms organic phase 

comprising the extractant, introducing at least a portion of the bottoms 

organic phase into a fermentation vessel, and optionally introducing at 

least a portion of the bottoms aqueous phase into a femnentation vessel. 

9. The process of claim 1, wherein the gas phase comprises entrainer, 

and the process further comprises condensing the gas phase to recover at 

least a portion of the entrainer and optionally introducing the recovered 

entrainer to the first mixed condensate. 

10. The process of claim 9, wherein a non-condensable gas is present 

in the feed, the gas phase further comprises the non-condensable gas, 

and the process further comprises purging at least a portion of the gas 

phase comprising the non-condensable gas from the process. 
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11 .The process of claim 1, wherein the non-condensable gas 

comprises carbon dioxide. 

12. The process of claim 1, wherein the feed comprises an organic 

phase obtained from an extractive fermentation. 

13. The process of claim 1, wherein the butanol concentration in the 

feed is from about 0.1 weight percent to about 40 weight percent, based 

on the weight of the feed. 

14. The process of claim 1, wherein the entrainer comprises at least 

one hydrocarbon. 

15.The process of claim 14, wherein said at least one hydrocarbon 

selected from the group consisting of pentane, hexane, hexene, 

cyclohexane, benzene, toluene, and xylene. 

16. The process of claim 1, wherein the extractant comprises at least 

one solvent selected from the group consisting of Cr to C22 fatty alcohols, 

C7 to C22 fatty acids, esters of C? to C22 fatty acids, C7 to C22 fatty 

aldehydes, C7 to C22 fatty amides, and mixtures thereof. 

17. The process of claim 16, wherein the extractant comprises at least 

one solvent selected from the group consisting of C12 to C22 fatty alcohols, 

C12 to C22 fatty acids, esters of C12 to C22 fatty acids, C12 to C22 fatty 

aldehydes, C12 to C22 fatty amides, and mixtures thereof. 

18. The process of claim 1, wherein the isomer of butanol is 1-butanol, 

2-butanol, isobutanol, or mixtures thereof. 



19. The process of claim 1, wherein the isomer of butanol is 

Isobutanol. 

20. The process of claim 1 wherein the butanol in the feed introduced 

into a first distillation column is produced by fermentation of corn or sugar 

cane. 

21. The process of claim 1, wherein the feed further comprises ethanol 

and the second bottoms stream further comprises ethanol. 

22. The process of claim 1 wherein there is a process to process heat 

exchange between the feed introduced to the first distillation column 

and the first bottoms stream. 
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CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of priority to US Provisional 

Patent Application Serial No. 61/263502, filed on November 23, 2009, the 

entirety of which is herein incorporated by reference. 

FIELD OF THE INVENTION 

Processes for recovering butanol from a butanol-containing organic 

phase obtained from an extractive fermentation process are provided. 

Specifically, processes for separating butanol from a mixture comprising 

butanol, water, a water-immiscible organic extractant, and optionally a 

non-condensable gas, by distillation and use of an entrainer are provided. 

BACKGROUND OF THE INVENTION 

Butanol is an important industrial chemical with a variety of 

applications, such as use as a fuel additive, as a blend component to 

diesel fuel, as a feedstock chemical in the plastics industry, and as a 

foodgrade extractant in the food and flavor industry. Each year 10 to 12 

billion pounds of butanol are produced by petrochemical means. As the 

projected demand for butanol increases, interest in producing butanol from 

renewable resources such as corn, sugar cane, or cellulosic feeds by 

fermentation is expanding. 

In a fermentative process to produce butanol, in situ product 

removal advantageously reduces butanol inhibition of the microorganism 

and improves fermentation rates by controlling butanol concentrations in 

the fermentation broth. Technologies for in situ product removal include 

stripping, adsorption, pervaporation, membrane solvent extraction, and 


	IN-DELNP-2012-03324
	BIBLIOGRAPHY
	ABSTRACT
	CLAIMS
	DRAWINGS
	DESCRIPTION


