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Abstract  :   

This study covers kinetics of amidation using stoichiometric quantities lanolin, mono ethanolamine by 

using sulfuric acid catalyst in the temperature range 120°C-180°C to estimate specific reaction rate 

constant. It is observed that at 160°C, conversion to amide was as high as 97.3%. The reaction order, 

activation energy, specific reaction velocity constant were estimated.  Batch amidation reaction for 

glyceride oil with amino ethyl ethanolamine for molar ratio 1:3 to evaluate specific reaction velocity 

constants. Higher reaction temperatures significantly increase amidation reaction rates. 

 

Introduction :  

Nitrogen containing substituted alkyl-imidazolines of coconut oil or its fatty acids are surface active 

agents widely used in fabric softeners, anti-statics, corrosion inhibitors, bactericides, emulsifiers and 

detergents etc. Although widely used commercially, there is no systematic documentation in public 

arena about these reaction details such as kinetics data. 

Surfactants have hydrophilic and hydrophobic groups in their molecular structure that reduce 

interfacial tension between two liquid phases having different polarity (as in oil/water). Such molecules 

have unique properties such as coagulant, wetting, foaming, emulsifying and penetration for their 

multitude applications in superfatting, foam stabilizing, thickening, lubrication, emollient,  textiles, skin 

protection, corrosion inhibition, detergents, pharmaceuticals, food industries etc. Generally the long 

alkyl chain is non-polar lipophilic while the polar end hydroxyl group is hydrophilic.  

Petroleum based surfactants are non-biodegradable. On the contrary those from vegetable oils such as 

alkanolamides (renewable natural resources) are to large extent biodegradable & environment-

friendly. Alkanolamides are non-ionic surfactants obtained from reaction between primary or 

secondary alkanolamine and triglycerides  or  fatty acids. Fatty alkanol amides can be derived from 

monoethanolamine (MEA), diethanolamine (DEA), and ethoxylates or PEG alkanolamide in respect of 

function and usefulness. 
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Amidation reaction scheme : 

Amidation is condensation reaction between fatty acids, triglycerides, enhydrides and halides with an 

alkanolamine around 100-200°C, at atmospheric pressure. Meade used metal alkoxide catalyst at 

100°C and atmospheric or slightly above atmospheric pressure. Wile Tesoro conducted this reaction at 

55-75C under vacuum of 4-8 kPa. 

HOCH2CH2NH2  + RCOOH            ------------ HOCH2CH2NHCOR + H2O 

Mono ethanolamine   fatty acid    fatty acid monoethanolamide  water 

 

Lanolin  + MEA  ---------------  LAA 

 Triglyceride  mono ethanolamine                                        Lanolin  amidoamine              

In this two stage reaction, with initial formation of alkanolamine soap is followed by dehydration to 

form alkanolamide and liberation of byproducts amine ester and amide esters in significant quantity. If  

a dialkanolamine is used as starting material, smaller amounts of amine diester and amide diester are 

formed.  

The reaction of dialkanolamines with fatty acids in 2:1 ratio at 140-160C gives important product 

alkanolamide with significant amount of unreated dialkanolamine which accounts for aqueous 

solubility of  the product. 

      140-160°C 

R-COOH + NH(C2H4OH)2  ------------ RCON(C2H4OH)2 + H2O     

Fatty acids                         di ethanol amine   catalyst  di ethanol amide   water 

The use 1 mole coconut oil triglycerides with 6 moles of akanolamine using sodium methylate catalyst 

at 60°C where byproduct glycerol remains in the final product of 80-85% alkanol amide, 5-7% free 

amine, fatty acid soap traces and other byproducts.  

Experimental:  

The direct amidation reaction is carried out between lanolin and mono-ethanolamine in laboratory. 

glass reactor stirred and heated to reach reaction temperature. About 0.5%w/w sulfuric acid catalyst 

was used. Samples were drawn intermittently for ester value ( saponification value minus acid value ),  

analysis; the amide formed and its molecular weight were estimated. 
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Figure 1 : Laboratory autoclave 

Experiment 

Direct amidation of canola oil with aminoethylethanolamine (AEEA) to get nitrogenous product 

hydroxyl ethylimidazoline useful & powerful surface active substances. Reactions are carried out in 

batch agitated reactor at 120°C-180°C. Samples were drawn intermittently to analyze reaction species.  

Results and Discussion : 

In general, the reactions of acylglycerol with amines, ammonia and other nucleophilic reagents 

proceed in second order. Such reaction schemes are commonly represented by 

TG                     +          AEEA                  ----------                 DG + AA                                     
Triglyceride                           aminoethylethanolamine                                                Diglyceride  Amidoamine 

 

DAG                  +          AEEA                  ----------                 MG + AA                                      

Di glyceride                           aminoethylethanolamine                                                Monoglyceride  Amidoamine 

 

MG                   +          AEEA                  ----------                 G + AA                                     
Monoglyceride                           aminoethylethanolamine                                                Glycerin  Amidoamine 

   TG                    +           3 AEEA            ---------------                   G + 3AA                                                                                                                                                 
Triglyceride                                aminoethylethanolamine                                               Glycerin  Amidoamine        

 

Alkyl diamides are difficult to cyclize into alkylimidazolines. Therefore 10 -15% mole 

excess amine is used to produce alkylimidozoline  in high yields in stepwise reactions.  
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The concentration depletion of the key reactant in the reaction start phase is faster because of its 

presence in high concentrations and resulting high number of probable dynamic molecular collisions 

with other reacting species.  After that the reaction slows down and product profile proceeds in lower 

increase in reaction rates and finally flattens without attaining complete conversion in terms of the 

product yield.  

The reason being reaction proceeds stepwise and perhaps reversible approaching kinetic and 

thermodynamic equilibrium. In such reactions, however small, the intermediate species, unreacted 

starting reactants are always present in varied quantities with the final product together. Such 

reactions need to be carried out in close reactors to acquire information on kinetics, thermodynamic 

phase composition without violating the system composition. At the same time in intermediates also 

need to be qualitatively and quantitatively analyzed. 

Since one of the component is fed excess, the stoichiometry does not hold anymore. Therefore the 

reaction assumes pseudo first order kinetics. The reaction rate is described by   r = k* [TG] [AEEA]3 

Where, r = reaction rate; k* = specific reaction rate constant; [TG] = tri glyceride concentration; [AEEA] 

= concentration of amino ethyl ethanolamine. The k* denotes compounded effect of presence of TG, 

DG, MG, AEEA and AA.  

The specific reaction velocity constant is rightly estimated from initial rate data from concentration-

time plot. 

Table  1 :  Specific reaction velocity constants for lanolin amidation reaction 

Temperature, °C 120 140 160 180 

Specific reaction velocity constant  k,  Lit/(mol.min) 0.006 0.0135 0.031 0.061 
 

For every 10°C the reaction rate increase is slightly more than double. At and above 170°C, for every 

10°C increase in reaction temperature the reaction rate increase is slightly less than double which is 

indicative of role play of mass transfer rate in the overall process especially at higher temperature 

regimes.  

Kohlhase  etal investigated on catalytic ammonolysis of soybean oil using ammonium acetate, sodium 

methoxide, sodium soyate, 9-ammino-nonoic acid, sodium acetate at 100°C, 125°C and 150°C for 6 

hours with ammonia to soybean oil mole ratio 30:1, and obtained conversion up to 98% obtained here.  

Amide analysis was performed by volumetric titration determination of the number of remaining 

esters. Figure 2 indicates influence of temperature on amidation reaction process.  
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Table  2 :  Kinetic data on catalytic amidation of lanolin with diethanol amine  

Time, min 120°C 140°C 160°C 

 Sap Value Xa dXa/dt SAP Value Xa dXa/dt Sap Value Xa dXa/dt 

     0 125 0.000  125 0.000  125 0.000  

   30 102.6 0.179 0.00597   80 0.360 0.012   10 0.920 0.0307 

   60   21.75 0.826    15 0.880    11.63 0.907  

   90    20 0.840    16.63 0.867    10.0 0.920  

120    20 0.860    16.63 0.867     

150    20 0.860    13.38 0.893     

180    16.63 0.867       8.38 0.933  

210    16.63 0.867    11.63 0.907     

240    16.63 0.867        

270    15 0.880       6.63 0.947  

300    15 0.880    10.00 0.920     

330    15 0.880        

360    10.0 0.920    8.38 0.933     

390    10.0 0.920       5.00 0.960  

420    10.0 0.920    6.63 0.947     

450    10.0 0.920        

480      8.37 0.933    5 0.960    3.38 0.973  

 

Reduction of esters even at low temperatures 120°C is fast and also exhibits interesting oscillation 

behavior during the course of reaction. Only in the starting phase reaction rates are varying at different 

temperatures, after an hour the rate slows down.  

Table 3 :  Conversion-time profile for catalytic ammonolysis of soybean oil (Kohlhase and Cowan, 1971) 

Time, min #1 #2 #3 #9 #11 #12 #13 #15 #17 #18 #19 

00         0.07 0.07 0.04 

15    0.35 0.35    0.16   

30 0.05 0.05  0.58 0.58 0.03 0.09  0.30 0.15 0.79 

45     0.77 0.08   0.33   

60 0.16 0.16 0.025 0.72 0.90 0.18 0.33 0.495 0.48 0.61  

90 0.295 0.23  0.83 0.91  0.49  0.58  0.81 

120 0.40 0.31 0.12 0.85 0.98 0.28 0.61 0.73 0.65 0.82  

180 0.60 0.46 0.22 0.90  0.44 0.75 0.83 0.81 0.87  

240 0.70 0.60 0.31 0.94 0.98 0.70 0.86 0.845    

270         0.85   

300 0.80 0.69 0.405 0.95  0.84 0.90     

360 0.82 0.75 0.505  0.98 0.89  0.92    

390 0.89  0.53 0.965  0.90   0.86   

420       0.90   0.85 0.80 

 #1 #2 #3 #9 #11 #12 #13 #15 #17 #18 #19 
Ester, (g) 79 79 79 79 79 198 79 79 63 79 79 
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NH3/oil, mol/mol 30 30 30 30 30 30 30 30 37 30 30 
Catalyst/oil 
mol/mol 

nil nil 0.1 
COOHresin 

0.2 
HOAc 

1 
NH4OAc 

0.14 
NH4OAc 

0.2 
NH4OAc 

0.1 
H2N(CH2)8COOH 

0.25  
Na soyate 

0.2 
NaOCH3 

0.2 
NaOCH3 

T°C/t(hr)/P(atm) 150/6/143 125/5/85 125/6/95 125/6/88 125/6/82 125/6/27 100/5//55 125/6/83 125/6/102 125/6/90 125/5/82 

X= 1 hr,4hr,Final 19, 70, 89 16,60, 74 3, 31, 53 73,93, 98 84,98, 98 10,66, 91 32,84, 91 49,60, 92 46,82, 86 61, 85,  - 80,80, 80 

k  (hr
-1

) 0.1 0.1 0.025 1.4 1.4 0.06 0.18 0.495 0.36 0.16 1.5 

 0.197 0.153   0.607  0.327     

 

As reactant mole ratio 30:1 is used for acceptable conversions, the reaction assumes first order rate. 

From the non-catalytic experiments #1 and #2, initial rate data at different temperatures is not much 

different. The amidation reaction shows mild increase in the reaction velocity constant in the 

temperature range 100°C-150°C. The temperature increase does not speed up reaction appreciably. 

The  amidation of lanolin is however relatively a fast reaction between 120°C-160°C. 

Among the catalysts used, the ammonium acetate, and acetic acid appear to accelerate reaction at 

reasonable speed and offer attractive conversion up to 98%. In fact the RCOOH ion exchange resin 

used really did not function as catalyst, instead worked as inhibitor and even the final conversion was 

poor. 

 

Figure 2 : Influence of temperature on amidation of lanolin 

The differences in reaction rates are caused by  the phase difference of the reactants so that at higher 

temperatures of 140°C–160°C thermal energy and agitation enhance collision between the  reactants 

The agitation accelerated mass transfer process  thereby increasing inter-molecular collisions. Since it 

is reaction kinetics controls the overall process, as time passes on the decreased reaction rate was 

caused by depletion of concentration of  the reactants following  reaction rate expressed as  
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     (- rA) = - dCA/dt              (1) 

The equation states the amount of reactants reduced per unit time. 

Determination of Reaction Rate Constant k : 

The k value increases with increase in temperatures as expected, then thermal energy at higher 

temperatures activate the reactant species for higher collisions to cause increased reaction as per 

Arrhenius  theory.  

A temperature coefficient of about 1.5 is observed implying every 10°C increase in temperature 

enhances the reaction rate by 50% or to say every 20°C increase in temperature doubles the reaction 

rate. Having obtained k values from initial rate data, by Arrhenius Equation the magnitude of energy of 

activation can be deduced as follows : 

k = A e-Ea/RT             (2) 

which  is also written  as       ln k = [(-Ea/R)(1/T)]  + ln A          (3) 

 

Figure 3 : Arrhenius plot for lanolin  amidation 

From the plot of ln k versus 1/T a straight line equation of the form y =  mx + c resulted. Hence Ea/R  = 

5500, and  activation energy Ea = 11 kcal/mole.  
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Figure  4 :  Catalysts effect on lanolin amidation 

Here, experiments were carried out at 125°C/ 7 hours/corresponding pressures. Samples drawn intermittently 

were analyzed for examining different catalyst effect. Different catalysts tried were acetic acid, ammonium 

acetate, sodium soyate, sodium acetate etc. Results showed enhanced reaction rate for sodium acetate but is 

final conversion was as much for non-catalytic reaction. With both acetic acid and ammonium acetate, the 

reaction speed progressed with almost at equal pace but ammonium acetate effected as high as 98% 

conversion; and acetic acid.  

The amidation is a fast reaction. During the course of reaction, the reaction mass has tendency to 

foam, by nature reduces interfacial tension. Thus enhances reaction rate like pseudo catalyst. In such 

situation it has less relevance to evaluate reaction order.  

Conclusion :  

Lanolin is reacted with mono ethanolamine  to generate limited kinetic data at 120°C-160°C.  

Specific reaction velocity constant, reaction order, activation energy have been evaluated from our 

data and that from published literature. 

The amidation reaction order with respect to lanolin follows about 0.25; and in respect of 

monoethanol amine it is close to one (thus,  overall reaction order n = nA + nB = 0.25 + 1.0 = 1.25) . 

The activation energy estimate  is   Ea = 11 kcal/mole. 

Although reaction belongs to medium fast regime, the resistance to mass transfer (in lanolin amidation 

reaction) seems negligible in the temperature, overall process is governed by kinetics. The mass 

transfer rates seem to become predominant only above 180°C. 
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