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Extraction of succinic acid from aqueous phase is important process because of its 
number of uses in food and pharmaceutical industry. There are several techniques for the 
recovery of carboxylic acid like distillation, reactive extraction, sorption, adsorption, 
membrane, dialysis and electro dialysis. Among these techniques reactive extraction 
provides high selectivity and yield. In present paper equilibrium with succinic acid using 
tri-n-octylamine, a tertiary amine in the packed column has been studied. The parameters 
such as hold up, void fraction, drop size, interfacial area and flooding in packed column 
have been studied. Also equilibrium parameters such as distribution coefficient and 
extraction efficiency have been studied. The effect of time on the equilibrium parameter 
has been studied. 

KEYWORDS: Distribution coefficient, Extraction efficiency, Packed column, Reactive 
extraction, Succinic acid.  

Introduction 

Succinic acid (it is known as butanedioic acid) is a dicarboxylic acid with 
numerous applications in the chemical industry (reagents, synthetic resins, biodegradable 
polymers, electroplating, green solvents and inks), agriculture (pesticides, growth 
regulators, and stimulators), pharmaceutical, and food industries (amino acids, 
antibiotics, vitamins, surfactants, additives).[2] Succinic acid has recently received 
increasing attention due to usage as the monomer of biodegradable polymers. Succinic 
acid was mainly obtained from the fermentation and the hydration of succinic anhydride 
synthesized from maleic anhydride. The microorganisms such as Anaerobiospirillum 
succiniciproducens, Actinobacillus succinogenes, Mannheimia succinici-producens, 
recombinant Escherichia coli strains and Corynebacterium glutamicum which all are 
able to generate succinic acid under physiological condition in the presence of glucose 
and CO2.[6,12] 

Reactive extraction of succinic acid using long chain aliphatic amines is an 
effective and economic separation process. The various amines such as tripropylamine, 
tributylamine, tripentylamine and trioctylamine have been studied as a function of chain 
length of tertiary amine. [7, 8] Reactive extraction process gives the higher distribution 
coefficient and more extraction efficiency for recovery of succinic acid. [9,10,11]  

Dong Hoon Han studied the reactive extraction of lactic acid in a packed column. 
The 0.6M trioctylamine (TOA)/ 1-chlorobenzene was used as extractant. They study the 
basic hydrodynamic data such as flooding velocity and dispersed phase hold up. The 
volumetric overall mass transfer coefficient were calculated by NTU-HTU method.[5] 

Abstract 
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James R. Fair studied the hydrodynamic and mass transfer in spray and packed 
liquid-liquid extraction column. They investigate the mass transfer efficiencies and 
hydraulic characteristics of a packed extraction column. They observed packing improves 
mass transfer 2-3 times that of the spray column.[1] 

Won Hi Hong studied Predispersed solvent extraction of succinic acid aqueous 
solution by colloidal liquid aphrons in column. The organic phase containing tri-n-
octylamine and 1-octanol permits a selective extraction of succinic acid from its aqueous 
solution. They concluded that the PDSE process is more adaptive than the conventional 
mixer-settler type extraction process.[4]  

Anubis Perez et. al. studied the fluid dynamic study of a liquid-liquid extraction 
process in a column packed with SMVP. They worked with the n-butanol(disperse) / 
succinic acid (1% /wt.) / water (continuous) with both mass-transfer directions and 
different phase ratios. The dispersed phase hold up and phase velocities during flooding 
were measured.[3]  

In present work the study of reactive extraction of succinic acid by using tertiary 
amine in packed column. The parameters such as hold up, void fraction, drop size, 
interfacial area and flooding in packed column has been calculated. The effect of time on 
distribution coefficient and extraction efficiency is analyzed.    

Materials and Methods 

1. Materials 

TOA (C24H51N), a tertiary amine, is a colorless liquid with a minimum assay of 98% 
and with the molecular weight 353.67 g/mol and density 0.809 g/cm3. Succinic acid 
(99.5%) (Himedia Laboratories Pvt. Ltd. India) is a dicarboxylic acid. The diluents such 
as Benzyl alcohol (Spectrochem Pvt. Ltd. Mumbai, India), and Toluene (Himedia 
Laboratories Pvt. Ltd., India) are of the technical grade and were used without further 
purification. To prepare the aqueous phase distilled water was used. NaOH used for the 
titration was supplied by Merck Specialities Pvt. Ltd, India and is of analytical grade. 
Oxalic acid (99.8%) was used for the standardization of the NaOH, and supplied by 
Merck Pvt. Ltd., India. Phenolphthalein solution (pH range 8.2 to 10.0) was used as an 
indicator for titration and was obtained from Merck Pvt. Ltd., India. The initial 
concentration of succinic acid was kept 0.26mol/kg to obtain the equilibrium data. TOA 
was used at 0.5mol/kg as a basis of active diluents in the reactive extraction. 

2. Equipment 

A picture of reactive extraction apparatus used in this study is presented in Fig. 1. The 
column part consist of mainly of a glass tube with 3cm ID and 92cm in length. The height 
of packed bed was 48cm. The column was randomly packed with the 6mm ceramic 
rasching rings. The rasching rings was supported on a glass bar. The distributor was 
placed at top and bottom of the column which an inlet of two phases. Also outlet was 
provided at the top and bottom of column. 
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Fig.1 Lab scale setup of packed column 

3. Measurement of Hydrodynamic data in Packed Column 

The operation of the system was based on counter-current continuous process. The 
inlet flowrate of continuous phase was kept 0.166ml/sec and the dispersed phase flowrate 
0.266ml/sec. The initial succinic acid concentration was kept 0.26mol/kg and amine 
concentration was 0.5mol/kg. The runs were carried out at room temperature under 
atmospheric pressure. The flow rates of both continuous phase and dispersed phase were 
maintained constant. First, the column was filled by feed solution (succinic acid + water) 
called continuous phase. Then dispersed phase was pumped from the bottom of the 
column. The raffinate stream was come downwards under gravity where as the extract 
phase were move upwards due to density difference. Both the samples were collected at 
steady state and regular intervals of 10 minutes for 1hrs. 

To measure the hydrodynamic data, the interface of two phases was maintained at a 
certain level after the steady state just above the inlet of continuous phase. Dispersed 
phase holdup was measured by a mass cylinder after steady state was attained. The 
flooding point was defined as the state that the dispersed phase was accumulated in the 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-V, Issue-I, Jan-Feb 2015 Issue 

 

 w w w . o i i r j . o r g                      I S S N 2 2 4 9- 9 5 9 8 
 

Page 158 

bottom of packed bed or that the interface of two phases in the top of the packed bed was 
raised abruptly due to the accumulation of dispersed phase. 

4. Analysis 

The concentration of succinic acid in the aqueous phase was calculated by using 
titration with 0.01N NaOH solution and also by HPLC method. The concentration of 
water in the sample was analyzed by using Karl-Fischer Titrimeter. 

Results and Discussion 

1. Holdup 

Dispersed phase holdup is nothing but the fraction of organic phase in the packed 
column. These vales depend mainly on the properties of applied system, the voidage of 
packed bed and the velocities of two phases. In this study, the dispersed phase holdup 
was measured by flow rate of each phase in the packed column. Holdup is given by 
following equation, 

                                             ∅ =	 √�����	
���	��                                                     (1) 

 

                                                  � = ����                                                               (2) 

� = 0.13170.0718 

= 1.834 

 

∅ =	�1.834� + 8�1.834� − 3�1.834�4�1 − 1.834�  

 ∅ = 0.376 

It is recognized that the dispersed-phase holdup may be placed in two categories: a 
smaller portion which is permanent and a larger portion, free, which moves through the 
packing and enters into mass-transfer operations when a solute is transferred between 
phases. 

 
2. Void fraction 

 

                ∈	= 	  !"#$%	&!"#$'	&!"#$'	())#*+',	-.	*()/+%0 !"#$%	&!"#$'                           (3) 

 

∈	= 	285 − 215285  
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∈	= 0.245 
 

3. Drop size 

It is difficult to measure the real drop size of dispersed phase. In the packing section, 
the drop size is not constant due to the breakage and the coalescence of drops. Thus the 
average drop size was introduced as follows, 

                                                   	3
� = 4′ 5 6∆809:.;                                                      (4) 

In this equation, the value of C’ was characterized by various constant values or 
dimensionless group. The value of C’ was defined as, 

                                                   4 ′ =	4 <	=>	0?@	8>∆8?@	6A@	8B	C
:.D

                                            (5) 

Where,  4 - 2.1       (for no mass transfer) 

                     4 - 2.24     (for the mass transfer from the continuous phase to the dispersed 
phase)   

              4 - 3.13     (for the mass transfer from the dispersed phase to the continuous 
phase) 

4 ′ = 	2.24 E	 1 × 981� 	× 1
0.076� 	× 35
� 	× 0.891	H

:.D
 

4 ′ = 2.162 

3
� = 2.162 I 350.076 × 981J
:.;

 

3
� = 1.48	KL 

 
4. Interfacial area 

The interfacial area is an important factor for evaluating mass transfer in a packed 
column. Interfacial area was calculated from dispersed phase holdup and the drop size of 
dispersed phase. 

                                                               M = 	 N∈∅,A�                                                             (6) 

M = 	6 × 0.245 × 0.3761.48  
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M = 	0.3734	KL	²/KL³ 

 

5. Flooding in packed column 

In flooding condition, the dispersed phase could not pass through the packed bed due 
to the flow of continuous phase. In this condition, the dispersed phase accumulated at the 
bottom of the packed section and the interface above the packed section went up abruptly 
due to the accumulation of the dispersed phase. As the result of these phenomena, the 
flooding makes it possible to perform a normal operation with the packed column. 
Flooding conditions depends mainly on the properties of applied system, the voidage of 
packed column and the velocities of two phases. 

                           1 + 0.835	 58B8P9
?@ 5QBQP9

?� = 4 R5QP�(0∈A9 58P∆89 S?@T	
?@
                                      (7) 

1 + 0.835	 5:.�D:.DNU9?@ 5U.N×:VW�.�×:VW9
?� = 4 R5��.�×:VW��×:.
U
�D�×�:.��;�A 9 5:.DNU:.:UN9 35?@T	

?@
 

4 = 0.0128 

It is recommended that flow rates be set at no more than 50 percent of the 
flooding values, less if the interfacial tension of the liquids is high. 

Reactive extraction of succinic acid in packed column was performed by using 
TOA as extractant along with toluene and benzyl alcohol as diluent. Toluene to benzyl 
alcohol ratio was taken 2:1. The initial succinic acid concentration was kept 0.26mol/kg 
and amine concentration was 0.5mol/kg. The inlet continuous phase flowrate was kept at 
0.166ml/sec and dispersed phase flowrate 0.266ml/kg. The experiment was carried out 
for 1hr. The samples were collected at time interval of 10 min for 1hr. All samples were 
analyzed by using HPLC and Karl-Fischer.  

 Table 1. shows the effect of time on the distribution coefficient and extraction 
efficiency. As time interval increases the distribution coefficient also increases. At steady 
state KD value is 2.15 but and the end of the experiments i.e. after 60 min it increases up 
to 5.9. It is represented in fig. 2. 

Table 1.  Effect of time on distribution coefficient and extraction efficiency 

Time 
Interval KD %E Hold up 

At steady 
state 

2.15 71.6 0.38 

10 min 3.6 78.3 0.39 

20 min 3.25 76.5 0.38 

30 min 3.29 76.7 0.37 
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40 min 5.14 83.7 0.38 

50 min 5.31 84.2 0.36 

60 min 5.9 85.5 0.37 

 

 

Fig. 2 Effect of time interval in packed column on distribution coefficient 

        Fig. 3 shows the effect of time on the extraction efficiency. As increase in the time 
interval, extraction efficiency also increases. At steady state efficiency is 71.6% but and 
the end of the experiments i.e. after 60 min it increases up to 85.5%.  

 

Fig. 3 Effect of time interval in packed column on extraction efficiency 

Conclusion 

Reactive extraction is a promising alternative to conventional methods for the 
recovery of succinic acid from fermentation broth. It has been reported that aliphatic 
amines are the best extractant for the recovery of succinic acid from aqueous solution. 
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Benzyl alcohol and toluene are the polar solvents and used for the extraction of 
carboxylic acid. When it was used as diluent for the extraction of succinic acid extraction 
along with TOA as extractant it gives higher distribution coefficient up to 5.9. When the 
reactive extraction is carried out in packed column it gives highest extraction efficiency 
85.5%. It was conclude that as increase the time interval in packed column distribution 
coefficient and extraction efficiency was also increases up to 1hr. Dispersed phase holdup 
of packed column was 0.376. 

Nomenclature 

M - interfacial area, cm2/cm3     

3
� - Sauter diameter, cm 

X - gravity force, cm/s2  

Y – Degree of extraction (%) 

Z[ - Distribution coefficient of succinic acid 

UD – Flow rate of dispersed phase, cm3/s  

UC – Flow rate of continuous phase, cm3/s 

\, - superficial velocity of dispersed phase, cm/s 

\) - superficial velocity of continuous phase, cm/s 

Greek letters 

S - interfacial tension, dyne/cm 

∅ - dispersed phase holdup 

∈ - voidage 

]) -  density of continuous phase, g/cm3 

], - density of dispersed phase, g/cm3 

∆] – density difference between continuous phase and dispersed phase 

^_ - viscosity of water, cP 
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