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Ethanolaniines find wide applications in industry for various purposes such as 
emulsifiers, detergents, & corrosion inhibitors. Monoethanolaminc has been pre- 
pared chiefly by thc amrnonolysls of ethylene oxide'-*. Very httle attention has 
been paid to its production by the reaction of ethylene ohlorohydrin and ammonia, 
although the raw material (chlorohydrm) is casily available as a by-product in the 
petrochemicals industry. Higher alkanol arniness have, however, been prepared 
from the corresponding chlorocornpounds. Since the processes descrihed are all 
patented detailed experimental conditions have not been d~sclosed. Hence a syste- 
matic study of the ammonolysis of ethylene chloroQdrin was taken up with 
a view to determinmg the optimum experimental condit~ons Tor obtaining hlgh 
yrelds olmonoethanolamine. 

The description of the apparatus used in the present investigation has been 
given in a prevlous paper by Bhrany and Rao6. The pressure reactor had a volume 
of 290 cc. and the stainless steel tube a volume of 180 cc. 

Known quantities of ethylene chlorohydrin (B. D. H. reagent distilled at 
12s0c/683 mm.) and liquor ammonia (12 N) were mixed in the stainless steel tube 
which was placed in the reactor fitted with a calibrated pressure gauge. The re- 
actor was then closed and the air inside flushed out with a stream of pure nitrogen. 
The valves were then closed and the reactor heated electrically to the desired 
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temperature which was maintained for known intervals of time. The reactor was 
then allowed to cool and the products were discharged, through the bottom valve, 
into two spiral glass condeneers kept cooled in freezing mixture. The uncondensed 
gases after being scrubbed by acid were collected in a carboy over brine and 
analysed. In the experiments described in this paper, the residual gas was identified 
to be only nitrogen that was employed to replace the air in the reactton vessel. 
But when the tempereture was raised to 15ooc, the residual gas (400 cc )  was 
found to contain 65 % hydrogen and 4 % unsaturated hydrocarbons indicating the 
decomposition of the chlorohydrin employed. Hence in subsequent experiments 
the maximum temperature of the reaction was maintained a t  120°C. 

The products from the condensers and the steel tube were mixed and diluted 
with water to a known volume. An aliquot from this was refluxed with excess of 
sodium hydroxide to expel the free ammonia as well as the ammonia from 
ammonium chloride formed during the reaction 

ClCN,CH,OH 4- 2 NH3 NHBCHLCH90H 4- NH,Cl. 

The resulting solution was then distilled and the quantity of the amine was deter- 
mined by titration with decinormal acid using methyl-orange as indicator. In 
order to determine whether higher ethanol amines (diethanol amine and triethanol 
amine) were produced during the reaction, the major portion of the distillate was 
neutralised with sulphuric acid and the excess of water boiled off. The concen- 
trated solution was then mixed with the requisite quantity of alkali and distilled. 
It was noticed that all the liquid contents were distilled off within 1 7 0 ~ ~ .  Since 
the boiling points of diethanol amine and triethanol amine are 269' and 360°, it 
was concluded that monoethanolamine was the only product of the reaction. The 
picrate of the ethanolamine had a melting point of 158' confirming thereby that 
the reaction product was monoethanolamine. 

RESULTS 
For investigating the effect of temperature, the reactions were carried at 

different temperature. employing 10 cc. of chlorohydrin and 100 cc. of 12 N 
ammonia. With these quantities the mol. ratio of ammonia to chlorohydrin is 7.9. 
The results obtained are given in Table I. 

As seen from the table the yield of the ethanol amine increases with the in- 
crease in temperature with a miximum yield of 92 per cent a t  120°C. After this 
the yield remains the same up to a temperature of 150°C. I t  is interesting to note 
that at 2 3 ' ~  the time taken for the maximum yield of 73 per cent is 150 hours 
while at higher temperatures, it is less than five hours. 

The pressure of the system increases with temperature since it is dependent 
on the vapour pressure of ammonia. This in turn increases the activity of am- 
monia. It can be expected, therefore, that the increased reaction temperatures 
should give higher yields of the amine. The results obtained in the present case 
confirm this view. 



TABLE T 
EFFWT OF TLMPCRATUR~ 

12 N hquor anmanla = 100 cc NH,/chlorohydr~n = 7 9 
Ethylene chlorohvdrrn = 10 cc 

- -- 
No. Tepni "C Prescure p51 Tune hrs Y d d  % - 

Since all the ammonolytic reactions are exothermic the yicld of the amine 
should dimnish at higher temperatures, but the results given in 'Table 1 indicate that 
this is not so, thereby indicating that this is not a casc of equilibrium reaction. 
This is further confirmed by the fact that when addi~ional quantities of ammon~um 
chloride arc added to thc reaction mixture the yield of amine remains unaltered 
showing tlicreby the irrversibility of the reaction. 

Effect of ammonia rafio 

The eKect of ammonia ratio was studied at thc optimum temperature of 1 2 0 ~ ~  
by varying the quantity of liquor ammonia (12 N) and keeping a constant amount 
of ethylene chlorohydrin (10 cc).  The rusults obtained are recorded in Table 11. 

T A B L ~  IT 
EFFECT OF AMMONIA RATTO 

Chlorohydr~n = 10 cc. Temperature = 1 2 0 ' ~  
Strength of liquor NH, = 12N Tlme = 3 hours 

Preswre = 140 p s ~  
- - - 

No. Lrquor NH, (cc ) NHJchlorohydr~n Y~eld o/o 
- -- -- 



It i! clear from the (able that the yield of ethanolamine increascs with increase 
in the ammonia ratio. In the presenl case a n~aximuln yield of 92 per cent 1s 
obtained when the ammonia ratio 1s nearly eighl. Similar observa$ion has been 
recorded for the usual an~monolytic reactions. 

Effect of ammonia co~centration 

In  the above experiments (Table 11) the total volume of the liquid reactants 
was not constant since the same concentration of liqnor ammonia (12 N) was ern- 
ployed. To investigate the effect of ammonia concentration, therefore, thc volume 
of the reaction mixture was maintained conetant and the slrength of t'le ammonia 
was varied by suitable dilution of liquor ammonia with waler. This really gives 
the combined effect of both the ammcnil ratio and the ammonia concenlration 
since bolh of them are variables. The results of this investigation are presenled 
in Table 111. 

TABLE I11 
EFFECT OF AMMONIA CONCENTRATION 

Chlorohydrin = 10 cc Temp. = 1 20°C 
Aqueous ammonia = 100 cc, Time = 3 hours 

-.-p..-.-p- ~ - -- 

No. Normality of NIq3 NH,/Chlorohydrin Pressure psi Yield %, 
~ -- - -~ 

1 3.6 2.37 40 61.42 

2 6.0 3.95 70 68.32 

3 8.4 5.53 90 72.16 

As seen from the results of the Table 111 the yield of amine has increased both 
with the increase in ammonia ratio and also with the increasc in ammonia concen- 
tration. But a comparison of Tables 11 and I11 will clearly indicate that the yield 
is independent of ammonia concentration since in all the experiments when the 
ratio is the same the yields obtained are nearly the same except in the first case 
where tho ratio is 2.37. For example, when the ammonia ratio is 5.53 the 12N 
ammonia givcs 72.03 per cenl yield (Table 11) and the 8.4N ammonia gives 72.16 
per cent yield  able 111). It can therefore be conclcded that as long as the 
ammonia ratio is the same the concentration of ammonia has no cirect on the 
yield of the cthanolamine. 

Ainmonolysis with anhyrlrow ammonia 

Experiments were also carried out employing anhydrous ammonia as the 
aminating agent. For transferring a defin~te quantity of anhydrous ammonia from 
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the cylinder t o  the high pressure reactor an intermediate condenser was made use 
of as described in an earlier paper'. The effect of temperature on the reaction 
was studied employing 10 cc of chlorohydrin and 20 g of anhydrous ammonia and 
the results are given In table IV. 

As seen from the table IV, in this case also, the yield of the amine increases 
with the increase in temperature with an optimum yield of 35 per cent at 90°C. 
Further increase in temperature brings down the yield of the amine. The product 
obtained below 6 0 ' ~  was clear and there was no corrosion product whereas the 
product obtained above 6 0 " ~  contained tarry resineous mass, the amount of which 
increased with the increase in temperature. A comparison of Tables I and IV clearly 

TABLE IV 
EFFECT OF TEMPERATURE ON THE REACTION 

Chlorohydrin = 10 cc. NH,/chlorohydrin = 7.9 
Anhydrous NH, = 20 g. 

No. Temp. 'C Time hrs. Pressure psi Yield % 

indicates that at all temperatures higher yields are obtained with aqueous ammonia 
than with anhydrous ammonia. Also aqueous ammonia requires comparatively 
easier operating conditions. Aqueous ammonia therefore offers more advantages 
than anhydrous ammonia for the purpose of ammonolysis of chlorohydrin. 

Table V gives the thermodynamic datas.\ for the reaction 

CICI-l,CHsOH + 2 NH, -+ NH,CH,CH,OH $ NH,CI 

Since the value of free energy of formation of ethylene-chlorohydrin was not 
available in literature it was calculated by the method of structural modification as 
suggested by Parks and Huffmanlo. For this purpose ethane (A F = - 10,700 
cals/mole) was chosen as the basis and suitable additions were made for the 
replacement of two hydrogen atoms by the hydroxyl and chloride radicals. The 
value (-46,300 cals/mole) obtained from this method is given in table V. 

From the data of table V the heat of reaction, the free energy change and the 
equilibriulnconstants for the above reaction at 2 5 ' ~  and 1 2 0 ' ~  were calculated 
and the values obtained are given below 
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TABLE V -- - 
Heat of formation at Free energy of formation 

Compound 2 5 ' ~  cals/mole at 25OC. cals/mole 

Ethylene dichloride (I) - 70,300 - 46,300 

Ammonia (g) - 11,040 - 3,980 

Monoethanolamine (1) - 62,520 $27,500 

Ammoniumchloride (s) - 75,380 -48,730 
- .- - -. ---- 

Heat of reaction at 2 5 ' ~  = - 45,520 cals 
Free energy change at 2 5 ' ~  = d- 33,030 cals 
Equilibrium constant at 2 5 ' ~  = 6.026 X lo-'" 
Equilibrium constant at 120°C = 5.164X lo-" 

It can be seen from these values that the reaction is highly exothermic and 
also that the reaction will not proceed to any considerable extent. But the 
experimental evidence (Table IV) shows that ammonolysis with anhydrous ammonia 
yields 35 per cent ethanolamine giving a value of about 5 X lo4 for the equilibrium 
constant at 25 '~ .  This large deviation between the experimental and calculated 
values of the equilibrium constant may he due to an error in the value of the free 
energy of formation of chlorohydrin estimated by emperical methods. In fact the 
free energy of formation of chlorohydrin from the experimental value (33:L yield, 
Table IV, equilibrium constant 5 X lo4) turns out to be - 6849 cals/mole as 
against an emperical value of-46,300 cals/mole given in table V. 

The authors are grateful to Prof. K. R. Krishnaswami for his keen interest 
and encouragement during the progress of this investigation. One of the authors 
(v. A. ~r ishnamurth~)  is thankful to the Government of India for providing him 
with a Senior Research Scholarship during the course of this work. 
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