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ABSTRACT: The esterification reactions of calcium lactate with methanol and carbon dioxide have been studied in
the present article. Additions of a co-solvent, supercritical carbon dioxide (critical point at 31°C and 73 bar) for obtain
high conversion of methyl lactate at mild temperature, pressure conditions.

A detailed study on the esterification of calcium lactate using methanol and carbon dioxide was carried out to
record the effects of various operating parameters (like CO, pressure, reaction temperature, reaction time) on the
esterification reaction. In the overall reaction calcium lactate reacted with methanol and carbon dioxide for formation of
methyl lactate esters and calcium carbonate as by-product. Thus, the recovery and recycle of alkali metal is possible
providing a pollution free process for formation of methyl lactate.
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I.INTRODUCTION

Supercriticalmixtures of methanol in carbon dioxide with methanol mole fractions in the range 0.0939-0.1173
at 323.15 K and pressure from 9.952 to 16.96 MPa. It is well known that the properties of supercritical fluids depend
sensitively on pressure and temperature. This makes SCFs attractive as solvents for a variety of chemical, analytical
and material processes such as fluid extraction, chromatography, as well as synthesis and analysis. The efficiency, for
instance, of some SCFs for replacing toxic industrial solvents is one of the most important reasons for the current
scientific interest in such substances. Among several types of solvents, supercritical carbon dioxide appears to be an
extremely interesting molecular system, because it satisfies a significant number of requirements for the above-
mentioned applications. For this reason supercritical carbon dioxide find a wide range of use as a solvent in the liquid
and supercritical state for chemical technologies. As it becomes apparent from earlier studies, the solubility of organic
compounds in supercritical carbon dioxide decreases dramatically when their polarity increases. It is worthwhile to note
here, that[lazr]nong many polar organic compounds used widely for this purpose are certainly methanol, ethanol, and 2-
propanol ©

Carbon dioxide is the most commonly used fluid for supercritical fluid chromatography and extraction in part
due to its low critical temperature and pressure of 31.06°C and 72.86 atm, respectively*?].However, Carbon dioxide
often fails to solvate or efficiently extracts large or polar molecules [13].Methanol are commonly added to CO ; as
solvents to increase the polarity of the resulting mobile phase or extraction fluid .Concentrations of < 1 to 10 mole % of
these co solvents are often used in separations methods.Furthermore,SFC systems capable of composition gradients
have shown promise when as high as 60% co solvent is used ™!'Supercritical carbon dioxide is a convenient solvent
because it has an easily accessible critical point (Tc=31.5 °C, Pc=74 bar) and it is non-toxic and non-flammable. There
are, however, means that maybe employed to effect increased conductivity in supercritical carbon dioxide for example;

Q) Addition of small amounts of polar fluids as a co-solvent methanol.
(i) Use of a salt with a large hydrophobic cation and anion.
(iii) Use of a fluorinated ion for increased solubility (e.g. tetra (p-fluoro phenyl) borate
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(iv) A combination of the above. In addition, for electro analytical applications a microelectrode can be
coated with an ion-conducting polymer (e.g.poly (ethylene oxide) containing a salt) and, thereby, the
polymer phase becomes the electrolyte.

The esters of bio based organic acids like lactic acid, citric acid, etc. fall into the category of benign or green
solvents and are promising replacements for halogenated petroleum-based solvents in wide variety of applications.2, 3
alkyl esters can be used as additives in a variety of products, including paints, grease removers, packaging, and
cleansers. Low-cost salt esters can potentially be used to produce other chemicals such as copolymers of biodegradable
plastics, acrylates, glycol, and other specialty chemicals.

In recent years, it has been widely used as a solvent, anti-solvent and plasticizer for synthesis, modification
and purification of both synthetic and natural polymers 4. The solvent properties of SC CO,, i.e. the solubility of
polymers in SC CO; and the solubility of CO, in the polymers, are two key fundamental subjects in this field. Most
pharmaceutical compounds and polymers have demonstrated low solubility in SC CO,.The advantages of supercritical
carbon dioxide have been widely used at the industrial scale for processes like selective extraction, material synthesis
and waste destruction.

The chemical process industries, all over the world have been facing the challenges of developing innovative
products and processes in the wake of eroding profit margins amidst highly globalized trade competition and fast
growing environmental constraint ™. Methyl lactate has considerable prospects of industries development is in the field
of production of biodegradable polymer which are useful for the medical, sanitary fields 2.

Methyl lactate is one of the important esters of bio based organic acid product having interesting applications
at an industrial level. Bio based chemicals typically are environmentally friendly; possess low toxicity, and have
favourable biodegradability, making them prime candidates for replacements of petroleum based products. The esters
of bio based organic acids like lactic acid fall into the category of benign or green solvents and are promising
replacements for halogenated petroleum-based solvents in a wide variety of applications B Alkyl esters can be used as
additives in a variety of products, including paints, grease removers; packaging and cleansers. Low-cost salt esters can
potentially be used to produce other chemicals such as copolymers of biodegradable plastics, acrylates, glycol and other
specialty chemicalst!

Methyl lactate is esters of methanol and lactic acid.Methyl lactates have a variety of application in industries
such as cosmetic and pharmaceutical. Methyl esters are water soluble and also field in the category of green solvents.
They are also used in preservative in food processing. Methyl lactate is the most widely existing carboxylicacid has a
prime position due to its versatile applications in food, pharmaceutical, textile, leather, and other chemical industries ..

I1.REALTED WORK

Methyl lactates has molecular formula is CH;CH(OH)COOCHs;.It is transparent, clear liquid having a
characteristic odour with 144.8°C boiling point. Basically four methods are used for formation of lactates. They are
classified as:

1) Direct esterification of lactic acid and alcohol.

2) Trans- esterification of one ester into another by reaction with alcohol.

3) Conversion of a metal lactate or ammonium lactates into an ester by treatment with alcohol.

4) Reaction of a metal lactate with an alkyl halide.

In present work we are followed the direct esterification of lactic acid and alcohol for production of methyl
esters.Esters are most commonly prepared by the reaction of a carboxylic acid and an alcohol

Reaction of the Direct Esterification:
1) In the overall reaction calcium lactate reacted with methanol and carbon dioxide for formation of methyl
lactate esters and calcium carbonate as by-product.
2) In first step, carbon dioxide reacted with water to from the carbonic acid. This is followed by dissociation of
carbonic acid to give protons.
3) Second step, carbonic acid reacts with calcium lactate to formation of lactic acid and calcium carbonate as by-
product.This reaction proceeds with abstraction of proton by lone pair electron of oxygen of calcium lactate
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and creates carbocation which is neutralized by releasing a calcium atom. These calcium ions then combine
with carbon dioxide giving calcium carbonate and lactic acid. This reaction appears to be instantaneous.

4) Third step, methanol reacted with lactic acid to formation of methyl lactates and calcium carbonate. The
reaction is autocatalytic because the lactic acid itself acts as reactant and product. From the reaction calcium
carbonate gets as a by-product, which environmentally friendly and no any disposal problems.

Overall Reaction and Mechanism of Methyl Lactate
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I1l. EXPERIMENTAL PROCEDURE /METHODS

Material: Calcium lactate (purity >99%) was obtained from V. P. Chemicals, Pune, India. Methanol of analytical grade
was procured from E. Merck India Ltd., Mumbai. CO, Carbon dioxide gas (purity >99.9%) was procured from Deluxe
Gas Limited, Pune, India.

Experimental procedure:Dehydration of Calcium Lactate Powder: Calcium lactate powder was dried under
vacuum (50 mbar) and at temperature 90-95°C using vacuum dryer for 24 hour. The moisture in the calcium lactate was
reduced from 23%to 10%, 6% and 1.5%. The dry calcium lactate powder was used in the subsequent experiments.
Direct esterification of calcium lactate using methanol and carbon dioxide: A known quantity of dry alkali metal
salt of carboxylic acid and pure methanol was taken in the 83 ml stainless steel reactor fitted with pressure regulator up
to 400 bar into the furnaces (lelesil Innovative Systems, Thane).Then a known amount of carbon dioxide gas at the
desired pressure was taken into the reactor through carbon dioxide gas cylinder via CO2 regulator. Reactor was
pressurized with carbon dioxide for 2-3 times and cooled in chillier at -10 °C for 30 min to attain thermal equilibrium
condition for condensation of carbon dioxide.

After that reactor was kept at room temperature for attained supercritical state (CO, Pressure at 71 bar). Then the
reaction mixture was heated in order to reach the desired temperature. Than reactor was heated in furnace with
respective temperature, time and different molar ratio. After completion of reaction reactor was cooled for 30 min at
room temperature. Than sample was taken from reactor for further analysis.

:m,—y Pressure regulating valve

/ 4@ »| Pressure requlator
\ / Reactor

Temperature sensor

Furnaces

A 4

!
N

Fig 1: Experimental setup for esterification of alkali metal salts of carboxylic acid

Theabove figure isexperimental setup for esterification of alkali metal salts of carboxylic acid. The reactor was fitted
with furnace which made of stainless steel with capacity 83 ml.Pressure regulator was fitted to Stainless steel reactor of
400 bar and one regulating pressure valve.Pressure regulator was used for known pressure level of carbon dioxide and
reaction mixture of reactant and products.

IV.EXPERIMENTALRESULTS

In the design of experiments, eight run was carried out by two factorial methods for optimization of methyl
esters. The three variables were considered for optimization. A positive and negative sign indicates maximum and
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minimum condition. The Design of Experiments (DOE) is a useful tool for identification of operating parameters that
affect the reaction and it also helps in reducing the number of experiments to be carried out to achieve optimization.
Where, A: Molar ratio (Calcium lactate: Methanol) B: Reaction temperature ('C) C: Time (hour)

Two Factorial Method:

Operating Parameters High Low
Molar Ratio (A) 1:6 1:2
Temperature(B) 120 90

Time(C) 5 2

Table No: 1 Two Factorial Method

Eight batch experiments were carried out to study the effects of various operating parameters like reaction
temperature, molar ratio, moisture content in the calcium lactate, reaction time.

Effect of Temperature:For finding the effect of reaction temperature EE<SV so EE=0.416 (I) and S\V=120 (Table 2)
Therefore, error value is small than SV so reaction temperature affected on the yield of methyl lactate.

Effect of Molar ratio:For finding the effect of reaction temperature EE<SV so EE=0.416 (1) and SV=-1.36 (Table 2)
Therefore, error value is larger than SV so molar ratio not very much affected on the yield of methyl lactate.

Effect of Reaction Time: For finding the effect of reaction temperature EE<SV so EE=0.416 (1) and SV=-12 (Table 2)
Therefore, error value is larger than SV so molar ratio not very much affected on the yield of methyl lactate.

Effect of Moisture Content in the Calcium Lactate: Initial moisture contain in calcium lactate was 50-55 % after
dehydrating it reduces up to 5-6 % with an increase in the initial moisture content, the formation of methyl lactate
decreases.

Calcium Initial Final Tem Time
Expt | Molar Methanol Pressure Pressure P .
- Lactate % Formation
No. Ratio (gm) (gm) of of CO;, ) (hour)
CO,(bar) (bar)
1 1:2 0.09 0.02 80 160 90 5 88.95
2 1:2 0.09 0.02 110 270 90 2 67.75
3 1:2 0.09 0.02 80 110 120 5 81.12
4 1:2 0.09 0.02 80 110 120 2 75.56
5 1:6 0.05 0.06 80 260 90 5 77.77
6 1:6 0.05 0.06 110 270 90 2 77.79
7 1:6 0.05 0.06 110 270 120 5 67.79
8 1:6 0.05 0.06 110 270 120 2 77.72

Table No: 2 Formation of methyl lactates from different molar ratio, reaction temperature and reaction time
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Sample Analysis: After completion of reaction, the resultant mass was allowed to cool till 30 oC for and the reaction
mixture was filtered by filter paper. The moisture content in the calcium lactate and reaction samples were analysed by
Karl fisher titration method using automatic Karl-Fischer instrument supplied by M/s Lab India Ltd, Mumbai.

Cont. of Methyl lactate Cont. of Cont. of methyl Area of methyl
Isopropanol lactate (%) lactate
0.0177 9.9016 0.17844 2710.7
0.1022 9.9914 1.01 27812
Table No: 3 Calibration of Methyl lactate
Area of Methyl Lactate
30000 /.
y = 27443x1:343
25000 / R2= 1
20000 ///
15000 / ¢ Area of Methyl
10000 / Lactate
5000 P
O T T T T T 1
0 02040608 1 1.2

Graph No 1 Calibration Curves for Methyl Lactate

From ideal gas law, at low pressure, real gasses behave like ideal gases PV = NRT

Temperature Pressure
(°C) (bar)
30 20
150 25
200 29
250 36
300 43
356 49
400 52

Table 4 Temperature vs. pressure profile of CO, at 20 bar
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Temp vs Pressure
60
50
40 ’,&

30 / @ Temp vs
20 -

Pressure
10

0 . . .
0 200 400 600

Graph No2Temperature vs. pressure profile of CO, at 20 bar

Temperature Pressure
°c) (bar)
30 40
150 50
200 55
250 60
300 65
350 70
400 75

Table No 5 Temperature vs. pressure profile of CO, at 40 bar

Temperature vs pressure
80
60
40 - ¢ Temperaturevs
20 pressure
0 T T )
0 200 400 600

Graph No 3 Temperature vs. pressure profile of CO, at 40 bar
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Temperature Pressure
(°C) (bar)
100 2
120 3
150 35
200 4
250 45

Table No 6 Temperature vs. pressure profile of Methanol at 4 ml

Temperture vs pressure
profile of Methanol

5
4 P
] e
{ @ Temperturevs

2 pressure profile
1 of Methanol
0 T T 1

0 100 200 300

Graph No 4 Temperature vs. pressure profile of Methanol at4 ml
V.CONCLUSION

In this process produces methyl lactate by direct esterification of calcium lactate with calcium carbonate as by
product. In this processes novel eco-friendly route for the preparation of pure alkyl esters has been presented using
alkali metal salts of carboxylic acid, supercritical carbon dioxide, and methanol. The experimental results it was
observed that, with an increase in the CO, pressure and temperature, the formation of methyl lactate increases.
However, with an increase in moisture content in the calcium lactate in methanol, the formation of methyl lactate
decreases.

The process route has the advantage that the synthesized by product can be recycled make the corresponding
alkali metal lactate or the finely precipitated calcium carbonate can be used for various other applications. Thus, the
recovery and recycle of alkali metal is possible providing a pollution free process for pure methyl lactate.

REFERENCES

[1] Pal P., Sikder J., Roy S., Giorno L., 2009. Process Intensification in Lactic acid Production Review of Membrane Based Processes. Chemical
Engineering and Processing. 48, 1549-1559.

[2] Zeikus, J. G., M. K. Jain, and P. Elankovan (1999) Biotechnology of succinic acid production and markets for derived industrial products. Appl.
Microbiol. Biotechnol. 51:545-552.

[3] F. Cansell, B. Chevalier, A. Demourgues, J. Etourneau, C. Even, Y.Garrabos, V. Pessey, S. Petit, A. Tressaud, F. Weill, J. Mater. Chem. 9(1999)
67.

[4] Baniel, A. M. and A. M. Eyal (1995) Citric acid extraction.US Patent 5,426,220.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0510045 18424



)
d
@’ ISSN(Online) : 2319-8753

I] Il{s ET ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology

(An ISO 3297: 2007 Certified Organization)
Vol. 5, Issue 10, October 2016

[5] Yu, M.-C., R.-C., Wang, C.-Y., Wang, K.-J., Duan, and D.-C. Sheu, ““Enhanced Production of (+)-lactic acid by Floc-form Culture of
Rhizopusoryzae,”” J. Chin. Inst. Chem. Eng., 38(3-4), 223 (2007).

[6] Pipus, G.Plazl, 1., Koloini, T., ‘Esterification of Benzoic Acid in Microwave Tubular Flow Reactor’, Chemical Engineering Journal, vol.76, 2000,
p.239-245.

[7] Dassy, S., Wiame, H., Thyrion, F.C., J. “Kinetics of Liquid Phase Synthesis and Hydrolysis of Butyl Lactate Catalysed by Cation Exchange Resin’
Chem. Tech.Biotechnol’, vol.59, 1994, p.149-156.

[8] E. Bach, E. Cleve, E. Schollmeyer, Past, present and future of supercritical fluid dyeing technology — an overview, Rev. Prog. Coloration 32
(2002) 88-102.

[9]Tanaka K., Yoshikawa R., Ying C., Kita, H., Okamoto, K., 2002. Application of zeolite membrane to vapour-permeation-aided esterification of
lactic acid with ethanol. Chemical Engineering Science. 57 (9), 1577-1584.

[10] Barve P.P., Rahman I., Kulkarni B.D., ‘Pilot Plant Study of Recovery of Lactic Acid from Ethyl Lactate’, Organic Process Research &
Development, December 16, 2008.

[11]Hongo M., Nomura Y., lwahara M., 1986. Novel Method of Lactic Acid Production by Electro dialysis Fermentation. Applied and
Environmental Microbiology. 52(2), 314-319.

[12] Joglekar H.G., Rahman I., Babu S., Kulkarni B.D., Joshi A., 2006. Comparative Assessment of Downstream Processing Options for Lactic Acid.
Separation and Purification Technology. 52, 1-17

[13]Kumar R., Mahajani S. M., Nanavati H., Noronha S. B., 2006. Recovery of lactic acid by batch reactive distillation. Journal of Chemical
Technology and Biotechnology. 81, 1141-1150.

[14] Yonkerand Smith, 1986; Fields et al., 1987; Lee and Markides, 1990; Villermet eta! 1991; Smith and Burford, 1992; Hawthorne, 1993; Janda et
al., 1993).

[15] Miller R. W., Cockrem M. C. M., de Pablo J. J., Lightfoot E. N., 1996. Extraction of lactic acid from calcium lactate solution using amine-
containing solvents and carbon dioxide gas. Industrial and Engineering Chemistry Research. 35, 1156-1162.

[16] Holten, C.H., "LACTIC ACID; Properties and Chemistry of Lactic Acid and Derivatives", Verlag Chemie, 1971.

[17] Encyclopaedia of Chemical Technology, Lactic Acid and Its Derivatives, Vol.15,Wiley, 1978.

[18] Kawabata N., Osaka, Yasuda S., Yamazaki T., Sakai, ‘Process for recovering a carboxylic acid’, USP 4323702, Apr.6,1982.

[19] Yadav, G.D., Mehta, P.H., ‘Heterogeneous Catalysis in Esterification Reactions: Preparation of Phenethyl Acetate and Cyclohexyl Acetate by
using a variety of Solid Acidic Catalysts’, Ind. Eng. Chem. Res.,vol.33, 1994, p. 2198-2208.

[20] A.l. Cooper, Polymer synthesis and processing using supercritical carbon dioxide, Journal of Materials Chemistry 10 (2) (2000) 207-234.

[21] M. Goto, B.C. Roy, A. Kodama, T. Hirose, Modelling supercritical fluid extraction process involving solute—solid interaction, J. Chem. Eng.
Jpn. 31 (1998) 171-177.

[22] King, C. J. (1992) Amine-based systems for carboxylic acid recovery. CHEMTECH. May: 285-291.

[23]Zeikus, J. G., M. K. Jain, and P. Elankovan (1999) Biotechnologyof succinic acid production and markets for derived industrial products. Appl.
Microbiol.Biotechnol. 51:545-552.

[26] Miller R. W., Cockrem M. C. M., de Pablo J. J., Lightfoot E. N., 1996. Extraction of lactic acid from calcium lactate solution using amine-
containing solvents and carbon dioxide gas. Industrial and Engineering Chemistry Research. 35, 1156-1162.

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0510045 18425



