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Introduction 
Consumption of sustainable feedstock (biomass) as a natural resource for synthesizing fine 
chemicals is of the utmost importance. To decrease the need for fossil fuel, particularly 
petroleum, much research on the bio-renewable feedstocks have been described. Lactic acid is 
one of the highest biomass-originated stage chemicals, which may have a vital role in upcoming 
bio-refineries. The concept of using lactic acid as a green solvent not only improves the 
variability and adaptability of bio-based green solvents, it also offers an actual means for 
designing ecologically benign synthetic systems. 1 Growing concern over volatile organic 
compounds (VOCs) and other emissions is the main cause of motivation to capture and recycle 
solvents, reduce solvent use, or switch to solvents with better environmental profiles.2 Presently, 
solvent replacement is determined by protocols employed to protect our environment and 
healthiness. Though, these protocols often translate to economic enticements and have given rise 
to many stimulating and advanced technologies that otherwise might never have got established3. 
As one of the registered bio-chemicals, Lactic acid can readily be formed through biological 
fermentation. 

 

 

Figure 1-Global Acrylic Acid Consumption Trend4 

 

CSIR-Indian Institute of Petroleum already has a state-of-the-art biochemical process for the 
manufacture of Lactic acid from natural sugar. Therefore, the raw lactic acid certainly is a 
potential feedstock for acrylic acid via catalytic dehydration. Lactic acid is one of the promising 
renewable feedstocks attained by biomass fermentation. It contains numerous reactive 
functionalities and measured as one of the most significant building blocks for the forthcoming 
evolution of a chemical manufacturing system created on renewable natural resources5. Lactic 
acid (LA) is a large stage molecule. It can be transformed into various bulk chemicals, including 



 

 

acrylic acid, propionic acid, and acetaldehyde. All these possessions have successfully inspired 
us to explore this area. The dehydration of bio-derived Lactic acid to Acrylic acid is measured as 
a substitute process self-governing from the current petrochemical process. Acrylic acid (AA) is 
an adaptable bulk chemical with primary submissions in the manufacture of superabsorbent 
polymer and plastics and synthetic rubber (30 %). Global acrylic acid demand was 5,750.0 kilo 
tons in 2015 and which is expected to reach 9,720.0 kilotons by 2025.      

Conventional pathways to produce Acrylic acid 
 

Figure1 demonstrates conventional routes for the manufacture of acrylic acid, preliminary from 
various feedstocks. Acrylic acid can be formed through dehydration of lactic acid (LA), as  one 
of the mass fermentation products.  

 

              Figure 2- Conventional pathways for Acrylic acid production 

Alternative pathways for the manufacture of Acrylic acid 
Acrylic acid is now prepared by the oxidation of propene through acrolein. Currently, five 
chemical directions for the manufacture of Acrylic acid are in practice - 

 Acrylonitrile-based Process 

 Acetylene-based Process 

 Ketene-based Process 

 Ethylene Cyanohydrin-based process 



 

 

 Propene-based Process 

Scope of Work 
 With a current prominence on the sustainability and eco-compatibility of the green 

solvents, bio-based solvents (Lactic acid) have been documented as the next group of 
substitute solvents 6. 

  Bio-derived lactic acid usually is manufactured from the fermentation of natural 
sugar such as sucrose, glucose. One of the most significant essential advantages of the 
bio-based solvents can be the lower environmental footprint. 

 Without a doubt, bio-derived lactic acid will play a vital role in the future. Therefore, 
a new bio-derived solvent with a superior ability to suitable a tailor-completed task is 
the need of the hour. 

 All these possessions and opportunities inspired me to initiate in this area. To achieve 
the goal following tasks have been identified- 

(a) Finding an effective catalyst system which can tolerate water present on the 
feed 

(b) Basic understanding of the structural properties of the solid acid catalyst and 
the underplaying surface mechanism 

(c) In the present work, Li-NaY-zeolite was used as a dehydrating catalyst for the 
transformation of lactic acid to acrylic acid. Modified NaY zeolite has a 
complete morphology with pore structure, acidity, and metal ion location in 
modified NaY. This could help in understanding the catalytic chemistry and 
developing more efficient solid catalysts for the dehydration of lactic acid to 
acrylic acid  
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Experiment Procedure 

Reaction 

 The current procedure for manufacturing acrylic acid is the oxidation of propane, which 
is a petroleum product. The dehydration of bio-derived lactic acid to acrylic acid is 
measured as another procedure autonomous from the current petrochemical procedure. 

 



 

 

                     

  

Feedstock 

Bio-derived lactic acid was obtained from the fermentation of natural sugar and used as such in 
this experiment. Lactic acid was diluted to 20 wt % with HPLC water. Increased feed 
concentrations may lead to beavering of the reactor feed line and catalyst coking while lesser 
concentrations gave low product formation rates. 

 

Figure 3- Bio-derived Lactic acid obtained from IIP 

 

Vapor-phase bio-derived Lactic acid to Acrylic acid 

Though, in the vapor phase, there are corresponding and subordinate reactions to dehydration, 
restricting the selectivity to AA(acrylic acid). The similar responses of decarbonization or 
decarboxylation of lactic acid to acetaldehyde are predominantly restrictive. 



 

 

 

Figure 4--Probable byproducts from the conversion of bio-derived lactic acid to AA 

 

Materials 

 CSIR-IIP supplied bio-derived lactic acid solution. CSIR-IIP already has a state-of-the-art 
biochemical process for the production of lactic acid from natural sugar. Acrylic acid (99.9%), 
Propanoic acid (99%), Acetaldehyde (98%), and Acetic acid (98%) were obtained from Sigma-
Aldrich. 

 

Catalyst Preparation 

The H-Y zeolite was first treated with sodium nitrate aqueous solution. 2 wt% of sodium nitrate 
was first to dissolve in 80 ml of distilled water and this prepared solution was mixed with 4gm of 
H-Y zeolite under stirring for 2h, and the mixture was kept at 373K overnight in an oven and 
then dried.  The dried sample was calcined at 823K for 6h. The sample (Na-Y-zeolite) was 
additionally treated by using lithium nitrate solution by wet impregnation method. Thereafter, 2g 
of Na-Y-zeolite was added into an aqueous solution of lithium nitrate under stirring. The mixture 
was kept at 353K overnight in an oven and then dried.  The dried sample was calcined at 823K 
for 6h. The final product was nominated as Li-Na-Y zeolite catalyst. 
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                                    Figure 4- Different Stages of Catalyst Preparation 

Catalyst Screening 

The dehydration reaction of bio-derived Lactic acid to Acrylic acid over prepared catalysts was 
carried out in a quartz fixed-bed flow reactor of 8.5 mm inner diameter and performed under 
atmospheric pressure. Catalyst (1 g) with 30–40 mesh was charged in the middle section of the 
reactor, with silica carbide loaded above and below the catalyst bed to preheat and vaporize the 
feed. The reactor was situated in the middle of a furnace and heated to the reaction temperature 
of 623K. The catalyst was pretreated at the reaction temperature (623K) for 1h under high purity 
N2 atmosphere (flow rate=16ml/min).  

 

                                  

                                                Figure 6- Reaction Set-up 

The reaction feed (20wt% of LA in water) was pumped into the preheating zone first(LHSV=4h-
1), and then vapor was driven into the reactor through the catalyst bed by nitrogen 



 

 

flow(16ml/min). The reaction temperature was examined in the range of 623-673K. The product 
from the reactor was condensed and then analyzed by high-performance liquid chromatography 
(HPLC) equipped with Amine -X-HPX-87H column. 

Results and Discussion  
The alteration of NaY zeolite catalysts by lithium nitrate solutions was approved out, and the 
catalyst was found to be functional in the dehydration reaction of lactic acid to produce acrylic 
acid. The results of bio-derived lactic acid dehydration are revealed in Table 1. Analysis of the 
products has been carried out in HPLC using Amine-X HPX-87H HPLC column for the 
identification and quantification. Table 1 demonstrates the Lactic acid conversion and selectivity 
of acrylic acid over lithium modified NaY zeolites and results have been compared with the in-
house derived catalysts. Results showed that lithium modification might have enhanced acrylic 
acid selectivity rather than unmodified NaY.   

                                 Table 1 – Conversion and Selectivity Data 

Catalyst Temperature Conversion% Acrylic acid 
% 

Propanoic 
acid % 

Acetaldehyde 
% 

MoP2 375 98 38 3.9 39 

Go-Al2O3 375 98 42 9.9 23 

NaY zeolite 375 99 51 22 7.8 

Li(2%)-NaY 
zeolite 

375 98 72 10 4.3 

Ca(20%)-Y 
zeolite 

375 96 25 19 16 

 

Consequently, it has been observed that the enhanced catalytic activity of  NaY zeolites 
improved by lithium metal could be the cause of a decrease in coke resistance. This may also 
prevent side reactions such as acrylic acid disintegration. 



 

 

                                                      

      Figure 7- HPLC instrument, which is used for the analysis of the product 

Conclusions 
NaY zeolite and lithium modified NaY zeolite had been arranged effectively and screened for 
dehydration of Lactic acid to Acrylic acid. It may be concluded that the modified zeolite catalyst 
established a high activity (98% of Latic acid conversion with 72% Acrylic acid selectivity) and 
good reaction consistency for the dehydration of Lactic acid to acrylic acid. 
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