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Abstract 

The potential role of a new energy efficient fermentation technology has been receiving 

growing attention in past 4 decades. Carboxylic acids such as propionic acid, lactic acid, 

citric acid, tartaric acid, itaconic acid, butyric acid and nicotinic acid etc. have been 

used as the most efficient fermentation chemicals. This paper presents a state-of-art 

review on the development of the separation techniques for carboxylic acids from 

fermentation broths. This paper mainly focuses on reactive extraction that is found to be 

a promising alternative to the conventional recovery processes in terms of intensifying 

the process. 
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Introduction 
Growing demand for biodegradable polymer substitutes for both conventional plastic 
materials and new materials of specific uses such as controlled drug delivery or artificial 
prostheses draws attention to the need for improvement of conventional processes for 
carboxylic acid production. The organic acids are most widely used in the field of food 
and beverages as an acidulant and also in pharmaceutical and chemical industries. 
Fermentation technology for the production of organic acids in particular has been known 
for more than a century and acids have been produced in aqueous solutions. Extractive 
fermentation has been applied in the production of a variety of carboxylic acids, 
including propionic acid, as a means of overcoming end-product inhibition [1-4]. The 
current economic impact of fermentation chemicals, however, is still limited, in large part 
because of difficulties of product recovery. Thus, for fermentation products to penetrate 
the organic chemicals industry, substantial improvements in the existing recovery 
technology are needed. 
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Over the last decade several continuous fermentation processes have been described and 
reviewed. Although there are several advantages claimed for continuous fermentation 
processes, it is still vitally important for economically attractive recovery technology to 
be developed if fermentation derived organic acids are to penetrate the organic chemicals 
industry to a large extent. Reactive liquid-liquid extraction for the recovery of organic 
acids by a suitable extractant has been found to be a promising alternative to the 
conventional processes [5]. 
 
For Example, the world market for lactic acid is growing every year. The level of 
production is around 350 millions kg per year and the worldwide growth is believed by 
some observers to be 12-15% per year. In December 1994, market prices in the U.S. for 
both fermentation and synthetic food-grade 50 and 88% lactic acid were $0.71 and $1.15 
lb-1 ($1.56-2.53 kg-1), respectively. Technical-grade 88% lactic acid was quoted at $1.12 
lb-1 ($2.47 kg-1) [6]. In April 2003, market prices in the U.S. for 88% foodgrade and 
technical-grade lactic acid were $0.77 and $0.7 lb-1, respectively. These prices were 50% 
lower than the prices of year 1994, illustrating the economics of scale based on the 
increasing use of carboxylic acids [7]. Similarly The world-wide production of niacin 
also called nicotinic acid strongly increased in the last several years to about 22,000 
tonnes/year (over 65% is nicotinic acid), the major producers of nicotinic acid being 
Lonza (Switzerland), Degussa, BASF (Germany), Nepera, Reilly Industries (ex-
Vitachem) (US), and Yuki Gosei (Japan) (8, 9). 
 

Carboxylic Acids: Fermentation Products 
The carboxyl functional group that characterizes the carboxylic acids is unusual in that it 
is composed of two functional groups; the carboxyl group is made up of a hydroxyl group 
bonded to a carbonyl group. It is often written in condensed form as –CO2H or –COOH.  
The carboxylic acids under consideration are obtained by fermentation process. Some of 
these acids (propionic acid, lactic acid, itaconic acid, tartaric acid, and citric acid) are 
obtained by the aerobic fermentation of glucose via the glycolytic pathway and 
glyoxylate bypass. Corn meal hydrolyzed with amylases was used as the carbon source 
for producing acetic acid, propionic acid, and butyric acid via anaerobic fermentation. 
The aerobic fermentation process leading to the formation of organic acids is one of the 
best established microbial conversion pathways [10].  
Pyruvic acid is oxidized in a cyclic manner to yield a number of di- and tricarboxylic 
aliphatic acids of four to six carbon atoms. Some modifications involve the reduction of 
pyruvic acid to lactic acid, or cleavage to yield formic and acetic acids, or propanoic acid 
as the major end product. It should be emphasized that this fermentation process will 
produce several end products in high yields.The most widely used carboxylic acids 
obtained by fermentation process are shown in Table-1 [11]. 
 
 
 
 
 
 
 



 
Table-1. Various carboxylic acids obtained by fermentation process [11] 

S. 

No 
Name of acid Source Usage 

1. Lactic acid  
whey, potatoes, 
cornstarch, or molasses  

used in biopolymer, as a food additive, 
sweets, and soft drinks etc.  

2. Citric acid  fruits and vegetables   
used in biochemistry, natural preservative, 
as an antioxidant etc  

3. Tartaric acid 
plants, particularly 
grapes and tamarinds 

used as an antioxidant, used in food 
industries  

4. Propanoic acid milk(Gk.protus prion) 
used as a preservative and to make 
pesticides, pharmaceuticals etc. 

5. Butanoic acid butter (L. butyrum) 
manufacture of plastics, agricultural 
chemicals and pharmaceuticals etc. 

6. Itaconic acid sugar, carbohydrates 
used in polymers, paints, coatings, 
medicines and cosmetics etc. 

7. Gluconic acid 
plants, fruits and other 
foodstuffs, honey 

used in detergent, cleaner and industries. 

8. Aspartic acid 
plant proteins, sprouting 
seeds, dairy 

used in production of Bio-chemicals, 
immunoglobulin etc 

 

Conventional Techniques for Carboxylic Acid Separation 
Fermentation technology for the production of organic acids in particular has been known 
for more than a century and acids have been produced in the form of aqueous solutions. 
They have various severe inhibiting effects on the rate of conversion and recovery 
methods from fermentation broths. Several separation methods such as liquid extraction 
[12-14], ultra filtration [15], reverse osmosis [16], electro-dialysis [15, 17-19], direct 
distillation [20], liquid surfactant membrane extraction [21], anion exchange [22], 
precipitation and adsorption [23, 24] etc. have been employed to remove carboxylic 
acids.  
 
For the purification of acid by precipitation, the fermentation liquor is filtered and 
evaporated. In the calcium precipitation process, the separation and final purification 
stages account for up to 50% of the production costs and produces a large quantity of 
solid waste. Electro-dialysis is a recovery process where ion-exchange membranes are 
used for removing ions from an aqueous solution under the driving force of electrical 
field. Nomura and Hongo [17] proposed the possibility of electro dialysis for in situ 
recovery of lactic acid to reduce product inhibition in batch fermentation. The amount of 
lactic acid obtained was 5.5 times greater than that produced in non-pH- controlled 
fermentation. Carboxylic acids may be recovered by adsorption on solid adsorbent. 
Kawabata et al. [25] separated carboxylic acid by using a polymer adsorbent of pyridine 
skeletal structure and a cross-linked structure. The polymer adsorbent showed good 
selectivity and high adsorption capacity for carboxylic acids even in the presence of 
inorganic salts. The selected elutants were aliphatic alcohol, aliphatic ketones and 
carboxylic esters. Chen and Ju [26] studied the coupled fermentation and adsorption to 
prevent the product concentration from reaching inhibitory levels. Reverse Osmosis has 



also been studied for recovery of carboxylic acids from fermentation broths [16]. They 
concluded that the reverse osmosis could effectively concentrate the acid from 10 to120 
gdm-3 at a 6.9 MPa trans-membrane pressure (lesser energy than that used in multiple 
effect evaporators). Wasewar [27] reviewed the recent developments of recovery of lactic 
acid from fermentation broth.  
 

Intensification for Carboxylic Acid Separation: Reactive Extraction 
Among various available alternate processes for simultaneous removal of the product, 
extraction is often the most suitable one [28-31]. Reactive extraction with a specified 
extractant giving a higher distribution coefficient has been proposed as a promising 
technique for the recovery of carboxylic and hydroxyl-carboxylic acids. Reactive 
Extraction is developed to intensify separation by solvent extraction and represents a 
connection between chemical (solute and extractant reaction) and physical phenomena 
(diffusion and solubilization of the system components). So a reactive extraction method 
has been proposed to be an effective primary separation step for the recovery of 
carboxylic acid from a dilute fermentation process [32-34].  
 
This method is advantageous for alcohol and organic fermentations. Some of the 
advantages are increased reactor productivity, ease in reactor pH control without 
requiring base addition, and use of a high-concentration substrate as the process feed to 
reduce process wastes and production costs. This method may also allow the process to 
produce and recover the fermentation products in one continuous step and reduce the 
down stream processing load and the recovery costs [35]. Reactive extraction strongly 
depends on various parameters such as the distribution coefficient, degree of extraction, 
loading ratio, complexation equilibrium constant, types of complexes (1:1, 2:1, etc.), rate 
constant of carboxylic acid-extractant reaction, properties of the solvent (extractant and 
diluent), type of solvent, temperature, pH and acid concentration [36, 37]. 
 
The extraction of carboxylic acids is categories into three group: (i) acid extraction by 
solvation with carbon-bonded oxygen-bearing extractants (also inert aliphatic and 
aromatic hydrocarbons and some of their substituted homologs); (ii) acid extraction by 
solvation with phosphorus-bonded oxygen-bearing extractants and (iii) acid extraction by 
proton transfer or by ion pair formation, the extractant being high-molecular weight 
aliphatic amines [38]. The distribution coefficients of carboxylic acids between the 
aqueous phases and organic phases with only first categorized solvents are very low as 
shown in Table-2 [39].  
 
 
 
 
 
 
 
 
 
 



Table-2. Distribution coefficients (KD) of Carboxylic acids between Water and 

Organic solvents at 25 
o
C 

 
Carboxylic Acid Solvent KD 

Propionic acid n-Hexane 0.005 

Cyclohexane 0.006 

Benzene 0.043 

Toluene 0.034 

Xylene 0.03 

Carbon tetrachloride 0.015 

Chloroform 0.11 

Nitrobenzene 0.16 

Diethyl ether 1.75 

Diisopropyl ether 0.80 

Methylisobutyl ketone 2.15 

Cyclohexanone 3.30 

n-Butanol 3.20 

n-Pentanol 2.95 

Lactic acid Diethyl ether 0.10 

Diisopropyl ether 0.04 

Methylisobutyl ketone 0.14 

n-Octanol 0.32 

Succinic acid Diethyl ether 1.50 

Methylisobutyl ketone 0.19 

n-Butanol 1.20 

Fumaric acid Diethyl ether 1.50 

Methylisobutyl ketone 1.40 

Maleic acid Diethyl ether 0.15 

Methylisobutyl ketone 0.21 

Itaconic acid Diethyl ether 0.35 

Methylisobutyl ketone 0.55 

Tartaric acid Diethyl ether 0.03 

Methylisobutyl ketone 0.02 

Citric acid Diethyl ether 0.01 

Methylisobutyl ketone 0.09 

Malic acid Diethyl ether 0.02 

Methylisobutyl ketone 0.04 

 

 
Organophosphoric derivatives such as tri-n-octyl phosphine oxide (TOPO), tri-n-butyl 
phosphate (TBP) and long-chain, aliphatic amines such as lauryl-trialkylmethylamine 
(Amberlite LA-2), tri-n-octylamine, tri-iso-octylamine, tri-n-(octyl-decyl)-amine 
(Alamine 336) and quaternary alkylammonium salt (Aliquat 336) are effective extractants 
for separation of carboxylic acids from dilute aqueous solution [35, 38]. Generally, the 
amine extractants are dissolved in a diluent, an organic solvent that dilutes the extractant. 
It controls the viscosity and density of the solvent phase. However, the chemical structure 
of a diluent may have various effects connected with the formation of acid-amine 



complexes in the organic phase. The equilibrium behavior has been studied effectively by 
postulating the formation of various stoichiometric complexes of acid and amine [40-42]. 
The reactive extraction mechanism can be expressed by following interface equilibrium: 
 

)()()( orgnmorgaq ECOOHRnECOOHmR −+− =  

 
Hong and Hong [43] carried out the Reactive extraction of lactic acid with mixed tertiary 
amine extractants. The mixture of tripropylamine (TPA) and trioctylamine (TOA) 
dissolved in 1-octanol/n-heptane was used in the reactive extraction of (L+) lactic acid in 
aqueous solution. Equilibria and Kinetics for lactic acid extraction by alamine 336 in 
methyl – iso – butyl ketone (MIBK) as a diluent have been studied by Wasewar et al. 
[44]. Malmary et al. [45] proposed experimental and mathematical studies for recovery of 
carboxylic acids from aqueous solutions by liquid-liquid Extraction with a 
triisooctylamine diluent system. They studied the liquid-liquid equilibria between the 
triisooctylamine + 1-octanol + n-heptane system as solvent and an aqueous solution of an 
individual carboxylic acid such as citric acid, lactic acid and malic acid. Tamada et al. 
[40, 41] studied the extraction of acetic acid, lactic acid, succinic acid, malonic acid, 
fumaric acid, and maleic acid by Alamine 336, an aliphatic, tertiary amine extractant, 
dissolved in various diluents. The effect of the modifier, (1-decanol) on the extraction of 
tartaric acid using the reactive extractants has been carried out by Mariya et al. [46]. The 
effect of the modifier was examined as a function of the initial pH value of the aqueous 
solution for the various extractants. Equilibrium of tartaric acid extraction from aqueous 
solution with HOSTAREX A 324 (commercial tri-iso-octylamine) in iso-decanol/low 
aromatic kerosene mixtures was studied as a function of acid, amine and iso-decanol 
concentrations at 25oC by Popaska et al. [47]. Matsumoto et al. (2001) studied the 
extraction of organic acids using both amine based extractant – (tri-n-octylamine) and 
phosphorus based extractant – (tri-n-butyl phosphate) [48]. Reactive extraction of 
succinic acid from aqueous solutions with various tertiary amines dissolved in 1- octanol 
and in n-heptane has been studied as a function of the chain length of the tertiary amine. 
In the tertiary amine extractants in 1-octanol, the extractabilities of tertiary amines were 
proportional to their chain length [49]. Cascaval et al. studied the reactive extraction of 
mono-, di- and polycarboxylic acids using Amberlite LA-2 dissolved in diluents [50, 51]. 
The design of an amine extraction process requires equilibrium data for the acid-amine 
(solvent) system used. Equilibria for propionic acid extraction by trioctyl amine in 
various solvents hexanol, butyl acetate, and petroleum ether have been determined by 
Wasewar and Pangarkar [52].  
. 
 
Phosphorus based solvating extractants has also opened new avenues in process 
development and reduced energy and reagent consumption and several studies using 
these extractants have been made. extraction equilibria of a number of organic acids, like 
acetic acid, glycolic acid, lactic acid, pyruvic acid, butyric acid, succinic acid, fumaric 
acid, maleic acid, itaconic acid, tartaric acid, citric acid and isocitric acid with tri-n-
octylphosphine oxide in hexane has been investigated by Hano et al. [53]. Al-Mudhaf et 

al. [54] and Cai et al. [55] using phosphate based extractants showed that tri-n-
octylphosphine oxide (TOPO) had a higher distribution coefficient than tri-n-butyl 



phosphate (TBP). Wang et al. [56] has used Cyanex® 923 in kerosene to extract 
monocarboxylic acids and found that the distribution ratios increased with an increase in 
the trialkylphosphine oxide concentration but decreased with the carboxylic acid 
concentration in the aqueous phase. The study has been made to examine the use of the 
organophosphine oxides, (Cyanex@921 and Cyanex@923) for the extraction of formic, 
acetic and propionic acids from aqueous solutions by Wisniewski and Piezchalska [57]. 
Kumar et al. [58, 59] has intensified the recovery of nicotinic acid and propionic acid 
using reactive extraction. The conventional extractants, such as simple hydrocarbon, 
ketone, kerosene oil and alcohol with or/and without tri-n-butyl phosphate (TBP) and 
Aliquat 336 are used to recover the acids from aqueous solution using reactive extraction. 
The comparative study of the reactive extraction of nicotinic acid with Amberlite LA-2 
(lauryl-trialkyl-methylamine) and di-(2-ethylhexyl)-phosphoric acid (D2EHPA) has been 
reported by Cascaval et al [60].  
 

Conclusion 
The growing demand of carboxylic acids draws attention to the improvement of a 
conventional recovery process for carboxylic acid production. It is important to have an 
efficient and sustainable process for the separation of these acids from the fermentation 
broth. Although commercial processes for acid recovery are based on the classical 
method of separation, this separation and final purification stages account for up to 50% 
of the production costs. The productivity of these fermentation processes can be 
significantly increased by in-situ recovery of carboxylic acids from fermentation broths 
by process intensification using reactive extraction. Organophosphoric derivatives and 
long-chain, aliphatic amines have also opened up new avenues in recovery process 
development and reduced energy and reagent consumption using reactive extraction. 

 

References: 
1. Honda, H., Toyama, Y., Takahashi, H., Nakazeko, T., Kobayashi, T. Effective lactic 

acid production by two-stage extractive fermentation. J. Ferment. Bioeng. 1995, 79: 
589–593. 

2. Evans, P. J., Wang, H. Y. Effects of extractive fermentation on butyric acid 
production by Clostridium acetobutylicum. Appl. Microbiol. Biotechnol. 1990, 32: 
393–397. 

3. Hatzinikolaou, D. G., Wang, H. Y. Extractive fermentation systems for organic acids 
production. Can. J. Chem. Eng. 1992, 70: 543–552. 

4. Yabannavar, V. M., Wang, D. I. C. Extractive fermentation for lactic acid production. 
Biotechnol. Bioeng. 1991, 37: 1095–1100. 

5. Hartl, J. and Marr, R., Extraction Processes for Bioproduct Separation, Separ. Sci. 

Technol.,28, 805 (1993). 
6. Anonymous. Chem. Mark. Rep. 1994, Dec 12, 30. 
7. Chemical Economics Handbook; SRI International: Menlo Park, CA, 2003. 
8. Ullmann Encyclopedia of Industrial Chemistry. 1995, 5th Ed. A27, 581. 
9. Galaction, A.I. and Cas¸caval, D. Secondary Metabolites with Pharmaceutical, 

Cosmetic and Food Applications; Venus: Iasi, 2006, Romania. 
10. Atkinson B. and Mavituna F. Biochemical Engineering and Biotechnology Handbook 

(The Nature Press-MacMillan, London, 1983). 



11. Category: Carboxylic Acids, Wikipedia, free encyclopedia (database on Internet). 
[Updated December 3, 2007]. 

   Available from: http://en.wikipedia.org/wiki/Category:Carboxylic_acids 
12. Hauer, E. and Marr, R., Liquid Extraction in Biotechnology. International Chemical 

Engineering. 1994, 34(2): 178-187. 
13. Wardell, J. M. and King, C. J., Solvent equilibria for extraction of carboxylic acids 

from water. Journal of Chemical and Engineering Data. 1978, 23: 144-148. 
14. Baniel, A. M., Process for the extraction of organic acids from aqueous solution. EP 

0049429, 1982. 
15. Boyaval, P., Corre, C. and Terre, S., Continuous lactic acid fermentation with 

concentrated product recovery by ultra-filtration and electrodialysis. Biotechnol. Let. 
1987, 9 (3): 207-212. 

16. Timmer, J. K. M., Kromkamp, J. and Robbertsen, T., Lactic acid separation from 
fermentation broth by reverse osmosis and nanofiltration. J. Membr. Sci. 1994, 92: 
185-197. 

17. Hongo, M., Nomura. Y., Iwahara, M., Appl. Environ. Microbiol. 1986, 52(2): 314. 
18. Nomura, Y., Iwahara, M., Hongo, M., Lactic acid production by electrodialysis 

fermentation using immobilized growing cells. Biotechnol. Bioeng. 1987, 30: 788-

793. 
19. Lee, E. G.; Moon, S.; Chang, Y. K.; Yoo, I.; Chang, H. N. Lactic acid recovery using 

two-stage electrodialysis and its modelling. J. Membr. Sci. 1998, 145: 53-66. 
20. Cockrem, M. C. M., Johnson, P. D., Recovery of lactate and lactic acid from 

fermentation broth. 1991, U.S. Patent 5,210,296. 
21. Sirman, T., Pyle, D. L., Grandison, A. S., Extraction of organic acids using a 

supported liquid membrane. Biochemical Society Transactions. 1991, 19 (3): 274-

279. 
22. Cao, X., Yun, H. S., Koo, Y.M., Recovery of lactic acid by anion-exchange resin 

Amberlite IRA-400. Biochem. Eng. J. 2002, 11: 189-196. 
23. Dai, Y., King, J., Selectivity between lactic acid and glucose during recovery of lactic 

acid with basic extractants and polymeric sorbents. Ind. Eng. and Chem. Res. 1996, 
35: 1215-1224. 

24. Pazouki, M.; Panda, T.: Recovery of citric acid - a review. Bioprocess Eng. 1998, 19: 
435-439. 

25. Kawabata, N., Yasuda, S., Yamazaki, T., US patent 4323702, 1982. 
26. Chen, C.C. and Ju, L.K., Appl. Microbiol. Biotechnol. 2002, 59: 170. 
27. Wasewar K. L., Separation of Lactic Acid: Recent Advances. Chem. Biochem. Eng. 

Q. 2005, 19 (2): 159-172. 
28. Freeman, A., J. M. Woodley, and M. D. Lilly, ‘‘In Situ Product Removal as Tool for 

Bioprocessing,’’ Biotechnology. 1993, 11, 1007. 
29. Jaquet, A., L. Quan, I. W. Marison, and U. von Stockar. Factors Influencing the 

Potential Use of Aliquat 336 for the In Situ Extraction of Carboxylic Acids from 
Cultures of Pseudomonas Putida, J. Biotechnol. 1999, 68:185. 

30. Jaquet, A., L. Quan, H.-P. Meyer and U. von Stockar. Choice of a Method for In Situ 
Recovery of 3-Pyridyl-Acetic Acid formed by Biotransformation with Pseudomonas 

Oleo¨orans, Chimia, 1996, 50: 427. 



31. Weilnhammer C., Blass E., Continuous Fermentation with Product Recovery by in 
situ Extraction. Chem. Eng. and Technol. 1994, 17: 365-373. 

32. Wennersten, R., Extraction of Carboxylic acid from fermentation broth in using 
solution of tertiary amine, J. Chem. Technol. Biotechnol. 1983, 33B: 85-94. 

33. Cascaval D. and Galaction A. I., New Separation Techniques on Bioseparations 1. 
Reactive Extraction, Chem. Ind. 2004, 58 (9): 375-386.  

34. Cascaval D., Oniscu C., Dumitru IF. and Galaction AI., New Separation Techniques 
in Biotechnology, Roum. Biotechnol. Lett. 2001, 6(3): 207-232. 

35. Wasewar K L., Yawalkar A., Moulijn J., Pangarkar V.G., Fermentation of Glucose to 
Lactic acid Coupled with Reactive Extraction: A Review. Ind. Eng. and Chem. Res.  
2004, 43: 5969-5982. 

36. Kahya E., Bayraktar E., Mehmeto G. U., Optimization of Process Parameters for 
Reactive Lactic Acid Extraction. Turk. J. Chem. 2001, 25: 223-230. 

37. Yang, S., White, S. A., Hsu, S. Extraction of carboxylic acids with Tertiary and 
Quaternary Amines: Effect of pH. Ind. Eng. Chem. Res., 1991, 30, 1335-1342. 

38. Kertes, A.S. and King, C., Extraction Chemistry of Fermentation product Carboxylic 
Acids. Biotechnol. Bioeng. 1986, 28: 269-282. 

39. Schugeri K., Solvent Extraction in Biotechnology, Springer-Verlag, Berlin, 1994. 
40. Tamada, J. A., Kertes, A. S. and King, C. J. Extraction of carboxylic acids with amine 

extractants. 1. Equilibria and Law of Mass Action Modeling. Ind. Eng. Chem. Res., 
1990, 29 (7): 1319-1326. 

41. Tamada, J. A. and King, C. J. Extraction of carboxylic acids with amine extractants. 
2. Chemical Interactions and Interpretation of Data. Ind. Eng. Chem. Res., 1990, 29 

(7): 1327-1333. 
42. Tamada, J. A. and King, C. J. Extraction of carboxylic acids with amine extractants. 

3. Effect of Temperature, Water Coextraction and Process Considerations. Ind. Eng. 

Chem. Res., 1990, 29: 1334-1338. 
43. Hong Y. K. and Hong W. H., Reactive extraction of lactic acid with mixed tertiary 

amine extractants. Biotechnol. Techniques. 1999, 13: 915–918. 
44. Wasewar K. L., Heesink A.B.M., Versteeg G.F., Pangarkar V.G., Reactive Extraction 

of Lactic acid using Alamine 336 in MIBK: Equilibria and Kinetic. J. Biotechnol. 
2002, 97: 59-68. 

45. Malmary G., Albet J., Putranto A.M.H., and Molinier J., Recovery of carboxylic acids 
from aqueous solutions by liquid-liquid Extraction with a triisooctylamine diluent 
system. Brazil. J. Che. Eng. 2001, 18 (4): 441-447. 

46. Mariya M., Joel A., Jacques M., and George K., Specific Influence of the Modifier 
(1-Decanol) on the Extraction of Tartaric Acid by Different Extractants. Ind. Eng. 

Chem. Res., 2005, 44: 6534-6538. 
47. Poposka, F.A., Nikolovski, K. and Tomovska, R., Kinetics, Mechanism and 

Mathematical Modelling of Extraction of Citric Acid with Isodecanol/n-para_ns 
Solution of trioctylamine. Che. Eng. Sci. 1998, 53 (18): 3227-3237. 

48. Matsumoto, M.; Otono, T.; Kondo, K. Synergistic extraction of organic acids with tri-
n-octylamine and tri-n-butylphosphate. Sep. Purif. Technol. 2001, 24: 337–342. 

49. Hong Y. K. and Hong W. H. Influence of Chain Length of Tertiary Amines on 
Extractability and Chemical Interactions in Reactive Extraction of Succinic Acid, 
Korean J. Chem. Eng. 2004, 21(2): 488-493. 



50. Cascaval D., Onisco C. and Hung J. J. Ind. Chem. 1997, 25: 245. 
51. Cascaval D., Onisco C. and Hung J. J. Ind. Chem. 2000, 28: 99. 
52. Wasewar K L. and Pangarkar V.G., Intensification of Propionic Acid Production by 

Reactive Extraction: Effect of Diluents on Equilibrium, Chem. Biochem. Eng. Q. 

2006, 20 (3): 325–331.  
53. Hano T, Matsumoto M, Ohtake T, Sasaki K, Hori F and Kawano Y, Extraction 

equlibria of organic acids with tri-n-octylphosphine oxide. J. Chem. Eng. Jap. 1990, 
23: 734–738. 

54. Al-Mudhaf HF, Hegazi MF and Abu-Shady AI, Partition data of acetic acid between 
aqueous NaCl solutions and trioctylphosphine oxide in cyclohexane diluent. Sep. Pur. 
Technol. 2002, 27: 41–50. 

55. Cai W, Zhu S and Piao X, Extraction equilibria of formic and acetic acids from 
aqueous solution by phosphate-containing extractants. J. Chem. Eng. Data. 2001, 46: 
1472–1475. 

56. Wang Y, Li Y, Li Y, Wang J, Li Z and Dai Y, Extraction equilibria of 
monocarboxylic acids with trialkylphosphineoxide. J. Chem. Eng. Data. 2001, 46: 
831–837.  

57. Wisniewski M. and Pierzchalska M. Recovery of carboxylic acids C1–C3 with 
organophosphine oxide solvating extractants. J. Chem. Technol. Biotechnol. 2005, 80: 
1425–1430. 

58. Kumar S., Vibhuti, Babu B V and Wasewer K L.  Intensification of Recovery of 
nicotinic acid using Reactive extraction: Equilibrium Study, Proceedings of 
International Symposium & 59th Annual Session of IIChE (CHEMCON-2006), 
Bharuch, December 27-30, 2006.   

59. Kumar S., Babu B V and Wasewer K L.  Recovery of propionic acid using reactive 
extraction. Proceedings of International Symposium & 59th Annual Session of IIChE 
(CHEMCON-2006), Bharuch, December 27-30, 2006.   

60. Cascaval D. and Galaction A. I., Blaga A. C. and Camarut M., Comparative Study on 
Reactive Extraction of Nicotinic Acid with Amberlite LA-2 and D2EHPA, Sep. Sci. 

Technol. 2007, 42: 1–13,. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Profiles of Authors: 

1. Sushil Kumar 

 
Mr. Sushil Kumar is a Lecturer in Chemical Engineering Department at BITS-Pilani, and currently 
pursuing his PhD under the supervision of Prof B V Babu. His research areas include Process 
Intensification using Reactive Extraction, Separation Processes in Biotechnology, Biochemical 
Engineering, Polymer Technology & Biopolymers and Modeling & Simulation. He has 13 research 
publications to his credit. He is associate life member of IIChE. He earlier worked with Central Institute of 
Plastic Engineering and Technology (CIPET), LUCKNOW (UP), India, for two years as Technical Officer.   

 

2. Prof B V Babu 

 
Dr B V Babu is Professor of Chemical Engineering and Dean of Educational Hardware Division (EHD) at 
Birla Institute of Technology and Science (BITS), Pilani.  He did his PhD from IIT-Bombay.  He is on 
various academic and administrative committees at BITS Pilani.  He has 22 years of Teaching, Research, 
Consultancy, and Administrative experience.  He currently has 4 research projects from UGC, DST, and 
KK Birla Academy. His research interests include Evolutionary Computation, Environmental Engineering, 
Biomass Gasification, Energy Integration, Artificial Neural Networks, Process Intensification, and 
Modeling & Simulation.  He has around 150 research publications to his credit.  He has published five 
books, and wrote several chapters in various books and lecture notes of different intensive courses.  He is 
Editorial Board Member of International Journals ‘Energy Education Science & Technology’, ‘Research 
Journal of Chemistry and Environment’ & ‘International Journal of Computer, Mathematical Sciences and 
Applications’ and ‘Journal on Future Engineering and Technology’.  He is the referee & expert reviewer of 
30 International Journals. He reviewed five books of McGraw Hill, Elsevier, John Wiley & Sons, Oxford 
University Press, and Tata McGraw Hill publishers.   
 

He is the recipient of National Technology Day (11th May, 2003) Award given by CSIR, obtained in 
recognition of the research work done in the area of ‘A New Concept in Differential Evolution (DE) – 
Nested DE’.  One of his papers earned the Kuloor Memorial Award, 2006 awarded for the Best Technical 

Paper published in the Institute’s Journal “Indian Chemical Engineer” in its issues for 2005. 
 
He is Life member of many professional bodies such as IIChE, ISTE, IE (I), IEA, SOM, Fellow of ICCE, 
Associate Member of ISSMO, IIIS, and IAENG.  He completed three consultancy projects successfully. He 
was the Invited Chief Guest and delivered Keynote addresses at four international conferences and three 
national seminars. He organized many Seminars & Conferences at BITS-Pilani.  He chaired many 
Technical Sessions at various International & National Conferences, and delivered innumerable invited 
talks at various IITs and Universities abroad.   


