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Abstract: This work describes the separation and purification of lactic acid from diluted solution by HSPE (hybrid short path 
evaporation) and RD (reactive distillation) as coupled process. The results showed that it is possible to increase lactic acid 
concentration up to 4.7 times higher than the raw material concentration.  
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1. Introduction  

Lactic acid, which is one of the most important 
commodity chemicals, is a natural organic acid with a 
long history of applications in food, pharmaceutical, 
textile, cosmetic and chemical industries [1, 2]. In 
recent years, the demand for lactic acid has been 
increasing considerably owing to its use as a monomer 
in the preparation of biodegradable and biocompatible 
polymer, i.e. PLA (polylactic acid) [1, 3], and used as 
feedstock to produce derivatives such as ethyl esters, 
which is used to replace hazardous solvents like 
chlorinated hydrocarbon solvents in certain industrial 
applications [4]. 

Two methods are currently used to produce lactic 
acid, where one involves chemical synthesis that 
yields only DL-lactic acid, and the other involves 
biological fermentation that can yield a particular 
lactic acid (L- or D- lactic acid) by selecting specific 
microorganisms, substrates, and conditions [5]. 

Biological production of lactic acid has become 
preferred because physical and mechanical properties 
of PLA are strongly affected by optical purity of lactic 
acid [6]. In addition, renewable and low cost raw 
materials, such as sugarcane molasses, kitchen waste, 
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paper sludge, agriculture wastes, and others, can be 
used as substrates for lactic acid production. 

The main problem in the production of lactic acid 
by fermentation is its separation and purification. 
Therefore, development of an efficient and low cost 
downstream processing is very important, since this 
can reach up to 50 % of the total cost [7-9].  

A considerable number of researches were carried 
out on finding attractive separation technique for the 
recovery of lactic acid from fermentation broth, such 
as precipitation [10-12], solvent extraction [13-15], 
membrane separation processes, such as reverse 
osmosis, electrodialysis and ultrafiltration [16-18], 
molecular distillation [19-21], reactive distillation 
[22-24], and others. Among proposed technologies, 
molecular distillation (or short path evaporation) may 
have advantages: short residence time in the zone of 
the molecular evaporator exposed to heat and low 
operating temperature due to vacuum in the space of 
distillation [25], which minimizes problems with 
thermal decomposition. Reactive distillation has been 
proposed as a promising technique because it fulfils 
the overall objectives of process intensification [26], 
and the use for separation and purification of lactic 
acid produced by fermentation is extremely beneficial. 

The employment of new purification technologies 
and integrated process configurations presents 
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exciting possibilities to reduce the number of 
purification steps and production costs [27]. So, the 
objective of this work was to evaluate the lactic acid 
purification using HSPE (hybrid short path 
evaporation) and RD (reactive distillation) as coupled 
process. 

2. Experiment 

2.1 Materials 

Lactic acid 85% supplied by Ecibra (São Paulo, 
Brazil) was diluted with distilled water (4.71 wt %). 
Ethanol 99.5% was supplied by Dinâmica (São Paulo, 
Brazil) and sulfuric acid 95-97% used as catalyst was 
supplied by Ecibra (São Paulo, Brazil). Standard 
solutions of ethyl lactate 98% and DL-lactic acid 90% 
supplied by Sigma-Aldrich (St. Louis, Missouri, EUA) 
were used to build the calibration curve for ethyl 
lactate and lactic acid quantification, respectively. 

2.2 Analytical Methods 

Analyses of lactic acid were performed in an 
equipment of HPLC (high performance liquid 
chromatography), Agilent model 1260, equipped with 
UV detector (UV-vis) connected in series with the 
chromatography column Bio-Rad Aminex, model 
HPX-87H (300 × 7.8 mm). The equipment was 
controlled through Open Lab software.  

Sulfuric acid solution with 5 mM was used as 
mobile phase at flow rate of 0.6 mL/min. The column 
temperature was kept constant at 37 °C. An injection 
volume of 25 μL was used in each run. For lactic acid 
detection and quantification, the wavelength of 215 
nm was used in the UV detection system [20].  

Analyses of ethyl lactate were performed in an 
equipment of GC (gas chromatography), Agilent 
Technologies model 7890A, equipped with FID 
(flame ionization detector) and a DB-FFAP column 
(30 m × 250 μm × 0.25 μm). The column program 
heating was 100-125 °C at 2.5 °C/min and held 
temperature constant at 125 °C for 4 min. Helium 
(99.9% purity) was used as carrier gas at a flow rate of 

3 mL/min. The injector and the detector temperatures 
were maintained at 240 °C and 250 °C, respectively. 
In each run, an injection volume of 1 μL was used 
[28]. 

2.3 Hybrid Short Path Evaporation System 

In this work an evaporation system composed by a 
molecular distiller, Model Pope 2 Wiped Film Still, 
manufactured by Pope Scientific Inc. (Saukville, WI, 
USA) associated with an external condenser, as shown 
in Fig. 1, was used to study lactic acid purification. 
Because of the addition of the external condenser, the 
system was named HSPE (hybrid short path 
evaporation). Table 1 describes the characteristics of 
the HSPE. 
 

 
Fig. 1  Hybrid short path evaporation system. (1) feed; (2) 
electric jacket; (3) residue; (4) coolant; (5) internal 
condenser distillate; (6) external condenser distillate; (7) 
vacuum gauge; (8) external condenser; (9) coolant; (10) 
cold trap; (11) vacuum pump. 
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Table 2  Operational conditions used in hybrid short path evaporation system. 

Tevap (°C) Tcondint (°C) Tcondext (°C) FFR (mL/min) Agit (rpm) P (kPa) 
132 16 -5 14 750 1 
Tevap: evaporator temperature; Tcondint: internal condenser temperature; Tcondext: external condenser temperature; FFR: feed flow rate; 
Agit: agitation; P: pressure. 
 

Table 3  Operational conditions used in reactive distillation system for esterification reaction and results after the refining 
processes. 

Runs MR Treb (°C) Cat (wt %) YEL %PR 
1 5 100 4 37.05 14.69 
2 5 100 8 78.69 21.97 
3 5 150 4 95.10 18.15 
4 5 150 8 100.00 15.38 
MR = molar ratio ethanol:lactic acid; Treb = reboiler temperature; Cat = catalyst concentration; YEL = ethyl lactate yields; PR = lactic 
acid purity at residue.  
 

Hydrolysis: 

OHHCOHCOHOHC 5236323105 +↔+   (2) 

Ethyl lactate +water ↔  lactic acid + ethanol 
The diluted lactic acid solution was fed at the 

middle of the column. Hydrolysis was performed in a 
semi-batch mode at a partial reflux ratio. The 
hydrolysis occurred at 90 °C during 4 h. The residue 
stream was further analyzed by HPLC.  

3. Results and Discussion 

Table 3 shows the ethyl lactate yields obtained in 
the experimental runs using HSPE-RD process. Ethyl 
lactate yield (YEL) was calculated by Eq. (3). 

initialacidlacticofmoles
producedlactateethylofmolesYEL =    (3) 

According to Table 3, the highest ethyl lactate 
yields were obtained in the run 3 (MR = 5, Treb = 
150 °C, Cat wt. % = 4) and run 4 (MR = 5, Treb = 
150 °C, Cat wt. % = 8), which were 95.10 and 
100.00%, respectively. The results showed that the 
yield of ethyl lactate can be increased with reaction 
temperature; however, at high temperatures other 
impurities are formed [31]. 

Comparing runs 1 (MR = 5, Treb = 100 °C, Cat wt. % 
= 4) and 2 (MR = 5, Treb = 100 °C, Cat wt. % = 8), 
which vary only the catalyst concentration; the 

increasing amount of catalyst resulted in a high ethyl 
lactate production. The YEL was increased in 2.12 
times. The same behavior was observed in runs 3 (MR 
= 5, Treb = 150 °C, Cat wt. % = 4) and 4 (MR = 5, Treb 
= 150 °C, Cat wt. % = 8), but the YEL increase was 
not pronounced, 95.10% and 100.00%, respectively.  

The results showed that lactic acid purity at residue 
range varied from 14.69% to 21.97%. The highest 
ethyl lactate yield 21.97% was reached in run 2. The 
initial lactic acid feed concentration was 4.71%. The 
concentration process was responsible by producing a 
solution 4.7 times more concentrated. On the other 
hand, Cat wt. % in run 2 is high which make 
necessary large sulfuric acid concentration in order to 
allow high yield. However, sulfuric acid in excess 
causes corrosion problems in the equipment. 
Heterogeneous catalyst, such as Amberlyst, is better 
than sulfuric acid. But the RD system used in this 
work consists on perforated plates and the use of 
heterogeneous catalyst could damage the equipment. 

4. Conclusion 

Lactic acid purification was studied using HSPE 
(hybrid short path distillation) and RD (reactive 
distillation) as coupled process. It was verified that it 
is possible to concentrate the lactic acid by using 
HSPE-RD. Lactic acid was obtained with content 4.7 
times higher than the raw material concentration. 
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Therefore, HSPE-RD is a good option for lactic acid 
separation and purification.  
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