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ABSTRACT

An alkanolamide detergent can be formed by the
condensation of soeconut fatty seld and diethanclamine. A
great many factors ecan influenece this formation, It is
shown that varying the molar ratio of amine to aegld, re-
sults in a change in the fraection of acid converted., It
gimilarly affects the molar quantities of amine eonverted.
Molar conversion of asecid or amine is dependent upon the
type of atmosphere in the re&ction: more acid 1s converted
when & nitrogen sweep is employed than when i1t is not used,
However, proportionately more amine is converted, when a
nitrogen sweep is not used, When two mols of water are dis.
tilled, there is evidence of & second reaction oscurring.
T™his phenomenon is not observed when Just one mol of water
is removed. The most probable second reaction involves the

formation of eyelie ethers,
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THEORY

The eondensation reastion between fatty aclds and
secondary alkenolamines are known to produce water
soluble detergents. Essentislly, the reactlon between
cogonut fatty aeid and diethanolamine produces & non-
ionlc detergent.

Wolf Kritehevsky 1 held that the chemistry of the
process was such that the lauric aeid (I} and diethanol-
amine (II) condensed to form an amide {III) ecalled a
fatty alkanoclamide as follows:

C,H, 08 CoHy0H
€11Ho3COOH + HN —— ©€13Hp3008 + Hz0
C, H,0H € H,,0H
(1) (11) (111)

It was also assumed that although the amide formation pre-
dominated, it was also possible to form ester amines {(IV)
and ester amides (V) 2,

&ecgau\ cnazsamznq\
€1 HyoCOOH + NE W+ 0

/
HOC 5 Hy, HOC

(n) (11) (1v)




2.

HOGH), “11*‘2339@323&\
\\
HOG JH HOC H),
(1) (11) (v)

Commercially, alkanolamide detergents are made by
the condensation of equimolar ratios of fatty aclds with
amines by the removal of one mol of water. The resul.
tant alkanclamide are not as scluble as are those in
whieh & one molar excess of amine 1is used, nor do they
aet as foam builders and foam stabilizers. Another
method of making these detergents, 1s to react an equi.
molar amount of aeid with amine and distill off one mol
of water., After cooling, another mol of amine is added,
It 1s interesting to note that a simple physical addition
of the second mol of amine is not in 1itself enough to
produce & detergent with the most desirable characteris.
ties, The batch must again be heated to 150°C without
distilling off additional water., This heating cycle
apparantly catalyzes the formation of 8 complex structure
whieh has not been elucidated. Depending upon the type
and amount of fatty aeid and alkanoclamte wused, optimum
results oceur when one mol of water has been removed by

distillation. These results involves




a. &n optimum of viscoaity

b. an optimum foam bullding

¢. an optimum foam stabilizing

d. mnminimum color

e. optimum solublility

Esgentlally the purpose of this study was to
investigate the nature of the postulated complex struc-
ture; what optimum conditions existed when Jjust one
mol of water was removed and what effect several
variables would have on the reaction, The factors

whieh were investigated were &8 follows:

Series I, Variations of the molar ratio of amine
to aclid, wherein the amine ratioc was varied over the

range of 1.5 mols to 2.5 mols,

Series I1. Effect of an inert atmosphere on the

reaction, wherein a nitrogen sweep was employed.

Series I1I. Variation of time of reaction.

Comparison of slowest run with most rapid experiment.

8eries IV. Variation of molar ratio of lauric

acid to enhance the coeonut fatty seld, These experi.
ments were performed over the range of 258 to 1008
lauric aeid in admixture with double distilled coconut

fatty aeid,

3.



Series V. Variations of the amount of water removed

a8 a funetion of complex formation,

With the exception of the Kritchevsky patents, there
is no published material on the chemistry of the reaction
aside from unsupported works of conjecture, Therefore, the
work in this investigation is primarily an original
compilation of experimental data and conelusions. The
amount of investigation necesaary to completely elucidate
this subject is beyond the scope of this introductory
study. It 18 recommended that future workers pressure
certain plases of this subject, whieh were touched upon

only lightly in the present work.



EXFERIMENTAL

Series I

In this series, seven experiments were performed where-
in the molar ratio of amine to acid was varied in inore~
ments of 0.2 of a mol over the range of 1.5 to 2.5 mols of
diethanolamine to one mol of coconut fatty a¢id. In each
case the equipment used was identieal. The only variasble
was the change in amine ratio, The experimental data of
this serlies is shown in Table 1.

Bxperiment G-1. Into a l-liter, 3-neck, round bottom
flask eguipped with a glass agitator, thermometer, coll con~
denser, and Barrett distilling receiver were placed 217.0
grams (1.0 mol) of previously melted, double-distilled coco-
nut fatty aeid (commereisl grade obtained from E. F, Drew
Company with & combining weight of 217). To this were added
157.5 grams (1.5 mols) of 95% commercial grade diethanol-
amine (obtained from Union Carbide and Carbon with a com-
bining weight of 105)., The reaction mixture was heated by
means of a Bunsen burner. The heating cycle was such that
the time lapse from start of heat until the first drop of
witer formed at 1540C pot temperature was f£ifty minutes.
From the start of the water formation until one mol of water
wae distilled into the Barrett apparatus, the time lapse was
sixty-five minutes. The range of temperature was from 640C
at the start {(due to heated coconut fatty seid) to 174%¢C
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pot temperature at the end. The reaction was cocled, the
agitator stopped and the contents transferred to a bottle.

Experiment G-2 wae condusted in similar apparatus, the
only change being that 178.5 grams (1.7 mols) of diethanol-
smine were reacted with 217.0 grams (1.0 mol) of cosonub
fatty seid. The time cyele was thirty minutes.

Experiment G-3 was performed in the same menner. How-

ever, to 217.0 grams (1.0 mol) of cosonut fatty acid were
added 199.5 grams (1.9 mols) of diethanclamine, The time
¢ycle was forty minutes,

Brperiment G-4 was modified sc that 210 grams (2.0
mols) of diethanolamine were reacted with 217.0 grams
{1.0 mol) of coconut fatty scid., The time eycle for this
experiment was twenty-six minutes.

Experiment G-5 was modified so that 220.5 grams (2.1
mols) of diethanolamine were reacted with 217.0 grams
(1.0 mol} of coconut fatty acid. This experiment took
thirty minutes to complete its eyele.

Experiment -6 was performed in similar equipment, the
enly change being that 241.5 grams (2.3 mols) of diethanol-
amine were reacted with 217.0 grams (1.0 mol) of eoconut
fatty acid. The time eyele for this experiment was twenty-
Tive minutes.
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Experiment G-7 was prepared in the same manner. The
modification here was that 262.5 grams (2.5 mols) of di~
gethanolamine were reacted with 217.0 grams (1.0 mol) of

coconut fatity acid. The time c¢ycle was twenty minutes,

series II
Two experiments were performed in Series II. The equip-

ment used was, with the exception of the nitrogen addition
tube, slmilar to that of Serles 1. The sonditions of the
reaction were such that in one experiment a nitrogen sweep
was employed throughout the resction. In the other exper-
iment, nitrogen was used only at the end of the reastion,
The experimental datsa for thls series is found in Table 5,

Bxperiment G-8. In apparatus similar to that of
Series I were placed 217.0 greams (1.0 mol) of coconut fatty
acld and 210.0 grams (2.0 mols) of diethanolamine. At the
start of heating, Linde water-pumped nitrogen was bubbled
in beneath the surface of the reaction from & cylinder at
such & rate that the entire reaction chember was swept com-
pletely. The nitrogen was permlitted to bubble im through~
ocut the resstion c¢yele and until the mixture was e¢ool
enough to be transferred. The final pot temperaturse rose
to 188°C until one mol of water was removed.

Experiment G-9 was conducted in the same manner as was
G-8, with the exeeption that nitrogen was used as a sweep
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only after one mol of wate; was taken off and until the

resction was cool to the hand.

Series III
Experiment G-4 was used &s & contrel in this series to

determine what effect a longer reaction time would have on
the alkanolamide formation. Experiment G-10 took two hours
to somplete its oycle. Experiment G- took twenty-six
minutes. Experimental data on this seriea can be found in
Table 9.

Experiment G-10 was performed in equipment similar to
that used in the other series. To the flask were added
217.0 grams (1.0 mol) of coconut fatty aeid and 210.0 grams
" (2,0 mols) of diethanolamine. The heat was applled slowly.

?or#&wrivu minutes elapsed before there was evidence of
water formation., The time lapse for one mol of water to

distill over was seventy~-five minutes,

Series IV

The four experiments in this serles were all performed
in equipment identical with that of the other series. The
variable eh&ngad in this series was the lauric soid content
of the fatty acid. This acid was used to determine what
enhanced effect 1t would have on the final product. The
lauric acid ratio to cosonut fatty secid waz varied in incre~
merits of 0.25 mol per experiment over the range of O to 100%.
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Experiment G-l was again used as a control in this series
as the compound with no added lauric acid. Experimental
data for this series is found in Table 13.

Experiment G-ll1 was conducted in equipment similar to
that of the other series. Intoc the flask were placed 162.8

grams (0.75 mol) of coconut fatty acid and 52.8 grams

{0.25 mol) of 96% laurie acid (containing 2% palmitic acid
and 2% myristic acid from El Durado 0il Company}. To this
mixture were added 210.0 grams (2.0 mols) of diethanolamine.
Heat was applied and one mol of water was distilled off in
fifty minutes.

Experiment G-12 used 103.5 grams (0.50 mol) of coeonut
fatty acid and 105.5 grams (0,50 mol) of lauric seid. To
this were added 210.0 grams (2.0 mols) of diethanolamine.
The time cycle for this experiment was thirty minutes.

Experiment G-13 used 54,3 grams (0.25 mol) of coeonut
fatty acid and 158.2 grams (0.75 mol) of laurie aeid, to
which were added 210.0 grams (2.0 mols) of diethanolamine.
The reaction time for this experiment was thirty minutes.

Experiment @-14 required that 211.0 grams (1.0 mol) of
laurie aecid be reacted with 210.0 grams (2.0 mols) of di-
ethanclamine. No eoconut fatty acid was used &t all. The

time for this resction was twenty-five minutes.
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3eries V

Using the equipment &s previously described, the only
modification in this series of seven experiments wes the
variation of the amount of water removed by distillation.
Water was removed from each reaction in increments of 0.2
mol per resction over the range of 0.6 ¢to 2.0 mols, Ex-
perimental data for this series is shown on Table 17.

Experiment G-15 was conducted in the equipment as pre-
viously desecribed., In this resction 214,0 grams (1.0 mol)

of coconut fatty aeid was rescted with 210.0 grems (2.0
mols)} of dlethanolamine., Heat was applied and 0.6 mol or
10.8 a¢e of water were removed by distillation in sixty

minutes,

Experiment G-16 was essentially the same wherein
214.0 grams (1.0 mol) of coconut fatty acid and 210.0 grams
(2.0 mols) of diethanoclamine were heated together with the

removal of 0.8 mol or 14.4 ce of water, The time cycle

for this reasction was twenty minutes.

Bxperiment G-17 was performed using 214.0 grams (1.0
mol) of coconut fatty acid and 210.0 grams (2.0 mols) of

dlethanolamine. 1.2 mols or 21.6 ce of water were dis-
tilled in thirty-five minutes.

Experiment G-18 used 214.0 grams (1.0 mol) of coconut
fatty acid and 210.0 grams (2.0 mols) of diethanolamine.
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The reactants were heated and 1.4 mols or 25.2 ec of water

were removed by distillation in twenty~five minutes,

Experiment G-19 was prepared by reacting 214,0 grams
(1.0 mol) of coconut fatty acid with 210.,0 grams (2.0 mols)
of diethanclamine., The heating cyele took forty minutes

wherein 1.6 mols or 28.8 ce of water were distilled.

Experiment G-20 was conducted whereby 214.0 grans

(1.0 mol) of coconut fatity acid were added to 210.0 grams
(2.0 mols) of diethanolamine. 1.8 mola or 32.4 ce of water
were distilled in thirty minutes.

Experiment 0-21 was performed by adding 214.0 grams
(1.0 mol) of soeconut fatty aeid and 210.0 grams (2.0 mols)
of diethanolamine together and heating until 2.0 wmols or
36 ce of water were removed. This reasstion took thirty

minutes.




ANALYTICAL

Determination of Pree Acidity

{a) Determination of acid number., A sample of the

product alianolamide of Experiment (-1 (used in this case as
an example) was azccurately weighed into a tared 125 ml
Erlenmeyer flask on an analytical balance, The sample was
dissolved in 25 ml of 95% neutral ethanol and warmed slightly
to effect solution, Four drops of 1% alcoholic phenolphtha-
lain solution was added and the sample titrated with 0,1 N
sodium hydroxide untll the clear solution showed a pink end
polnt.

The mcid number of the ssmple was calculated by use of

the expression:

ml x N x {McKOH/Meq)

gms, sample

= zcid number

expressed In the usual terms of mgm of KOH per gram of acid
where

ml = ml of sodlum hydroxide used

N = normallty of =sodium hydroxide

()} Calculation of percent free acid and percent

conversion of acid. The acid number of 100% coconut fatty

acid was calculated as follows!

One equivalent weight of fatty acld requires 56,100 mgm
of KOH for complete neutralization, One gram of the acid
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would therefore requlire

§§A%QQ or 258,53 mgm KOH = acid number
1

where 217 1s the equlvalent weight of coconut fatty acid,
Therefores

acid number found x 100 = % free acidity
acid number for 100% Coco FA

From the experimental data (TABLE I) 1t is shown that
in Experiment G-1, 217.0 grams of coconut fatty acid was
condensed with 157.5 grams of diethanclamine with the sub-
sequent removal of one mol of water, The final weight of
the product was 350.5 grams., By dividing the weight of
acid initially present was calculated thus:

welght of acld used

% 100 = % acid initislly present
final welght of product

In order to calculate the percent of acid which was converted,
the following expregslion was used:

% initial scid -~ € free acid

% 100 = % acid converted
% initial acid

{c) Sample calculation: Experiment G-1, A 2.0322 gram

sample from Experiment (-1 required 6.20 ml of & 0,1048
normal sodlium hydroxide solution for complete neutraslization,
The acid number of this sample was therefore:

6.20 x 0.1048 x 0.561
2.,0322

= 17.94 mgm KOH/gm acld

Hence, the percent of free acid in the product was:
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méz#gﬁ-x 100 or 6.94% free acidity
258,53

The percent of acld present initially was:

%%%gg.x 100 or 60.9% initial acid

The percent of conversion of acld was calculated thuas:

60.9 - 6.9% x 100 or 88,7% conversion
60,9
The analytical deta for the determination of the free
acidity and percent conversion of all the experiments are
shown in TABLES 2, 6, 10, 14, and 18,
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Determination of Free Alkalinity

(a) Determination of free alkalinity. A sample of the

resulting alkanolamide of Experiment G-1 {(used in this case
as an example) was accurately welghed into a tared 125 ml
Erlenmeyer flask on an analytical balance, The sample was
dissolved in 25 ml of 99% neutral isopropancl and warmed
slightly to effect solution, A nmixed indicator consisting
of 3 drops of alcoholic 0.1% methyl orange and 1 drop of
0.4% vromphenolblue was added and the sample titrated with
0.5 N agueous hydrochloric acid until the blue golution
changed to a faint amber end polnt,

The weight percent of free amine as dlethanolamine or

free alkalinity was calculated using the expression

ml x N x Meq DEA © 100 = free alkalinity
gm, sample

where
ml = mi of 0.5 N hydrochloric acid used
N = normality of hydrochloriec scid
Meq DEA = milllequivalent weight of dlethanclamine

{b) Calculation of percent amine converted to amide,

From the experimental data (TABLE I) it 1s seen that in
Experiment G-1, 157.5 grams of diethanclamine wss reacted
wlth 217.0 gzramsz of coconut fatty acld with the subsgsequent
removal of one mol of water, The final weight of the
product was therefore 350.5 grams. By dividing the weight
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of amine used initially by the final weight of the product,
the percent of amine present initlislly was calculated thus:

weight of amine used x 100 = % smine present initially
final welght of product

Hence, to calculate the percent of amine which was converted

to amide, the followlng expression was used:

% initial amine - % free amine x 100 = % amine
% initial amine

converted

(c) Sampie calculation. A 2.1051 gram sample from
Experiment G-1 required 6,0 ml of a 0,5336 N hydrochloric

acid solution for complete neutralization, The free alka-

linity in this product, therefore, was

6.0 % 0,5336 x 0.105 \ 100 or 15.7% free alkalinity
2.0151

The percent of amine used initially was calculated as

23723 ¥ 100 or 44.2% initisl amine
356,5

The percent of conversion of amine {o amide was calculated
thuss

§h,2 - 15,7
&u;e

x 100 or 64,58 converted to amide

The analytical data for the determination of the free
alkalinity and the percent conversion of all the experiments
are shown in TABIES 3, 7, 11, 15, and 19,



CAICULATION OF MATERIAL BALANCES

Since in each experiment exactly one mol of eoconut
fatty acid was taken, 1% is cbviocus that the percent acid
converted corresponds to the fraeticnal mols of aeld cone
verted (X).

8imilarly, fractional molar conversion of amine is
caloulated by multiplying mols of amine taken by percent
amine converted {(Y).

Assuming that equimclar amounts of acid and amine
react, the value of (Y) can alsc be assigned to the mols
of acid converted to amide(Y')., The difference then,
between (X) and {Y'} may be considered as that mol fraetion
of acid which is presumably converted to ester {Z). Henece
the expression

(x) - {Y') =2
where:

X = mols of acid converted

Y' = mols of acid converted to amide

Z = mols of acid converted to "ester".

Using the wvalues found in Exp., G-1, the percent of
acid converted was found to be 88.7% or 0.887 mols, The
percent of amine sonverted was 64.5% or 0.645% x 1.5 mols
of amine charged; or 0,968 mols., The mols of acid converted
. to amide was therefore 0.968 mols.
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Substituting for the values of {X) and {Y') cne

arrives at (2).

Hence1
(0.887) - (0.968) = -0.081

which is the value of mols of acid converted to ester.
The negative sign for the value of the ester indicates
that since more than ohe mol of amine reacted per mol of
aeid, there 1s no evidence for ester formation., The
mmerical value of 7 can be attridbuted to analytical
uncertainty.

The data for the material balances of all experiments
is shown in Tables 4, B, 12, 16, and 20,




DISCUSSION

Series I.

A comparative study of the experiments in this
series requires an examination of the variable change
in molar ratio of amine to acid. The five factors
entering inte this examlinatlion &are:

&, free acidity

bs &eid conversion

¢, amine conversion

d, molar conversion of amine per mol amine

changed.

e, molar conversion of amine per mol acld

changed

An examination of Plgure 2 Page 53 shows a decreaae
in free acid as the mol ratio of amine to acld is increas-
ed to 1.9. From that point, the acld value rises and
finally tapers off as the amine ratlo approaches 2.5
mols. Figure 4 page 55 indicates that acld conversion
reaches a maximum of 91 per cent at an amine ratio of
1.9 mols and & minimum conversion of 86.5 per cent at
2.05 mela, _

Why there should be more free acid when there 1s
excess amine {at 2.0 mols) may be explained by the fact

that there is only 91 per cent acld conversion when there
15 less free acid. Enowing that only one mol of water
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was removed in each case, it can be assumed that 91 per

cent of the water came from the primary reaction:

¢ H,,0H CoHyOH
C11H230008 + N > CiiBagtoR + Hy0
CoH,0H - CoH, O

The other O per cent of water could come from the

postulated reaction:

/c:zm@og ) /CRHK
C11Hp3COOH + NH D nuazaczeu\ 0+ B0
CaHyoH (11) Caly
Qe
/czﬂi » Loty
C11Hp3COCH + HN 0 > €11 Hp3CON 0+ 10
\
CoH T
2 (111) 2%

wherein a cyclic ether is formed by heating with the coco~
nut fatty acid as the catalyst. The c¢yclic ether IIX can
be called a p-lisoxagine ring or more exactly, morpholine.
Definate evidence for the possibllity of this ether forma-
tion is given by Hampton and Pollard 3 wherein they state
that morpholine ls made by heating two mols of diethanol-
amine in the presence of a mineral acid until the water is
removed. This is strietly analogous to what has been done
in these experiments; in that an excess of amine has been
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Heated in the presence of an acid and water has been remove
ed. Hence it can be stated with some assurance that mor-
pholine is formed in the alkolanide reaction to some extent.
This would explain the fact that if 0.91 mols of the water
came from the aclid and thereby obtaining a 91 per cent
conversion, 9 per cent of the acid would be unconverted

and would exhibit free acidity. The poatulation would
appear to hold true becsuse of the fact that there ls less

acid conversion as the mol ratic of amine 1z increased.

It follows, therefore, that where there is maxlmum
acid conversion, the amine conversion should approach the-
ory. It is clearly seen in Figure 5, Page sxthat at the
point of higheat acid conversion, the amine conversion
stands at one mol. It is further shown (Figure 6, Page 56)
that the mol fraction of amine converted per mol amine
charged is converted at a constant rate to the point of
maxinmum scid conversion (1.9 mols amine/mol acid). The
rate then drops off as the amine ratic ls increased.
Figure 7, Page 56 indicates the fact that the fraction of
mol amine converted per mol of add converted is at a maxi-

mum within the range of 1.9 to 2.1 mols amine per mol acid.

Series II,
The effect of an inert atmosphere upon the reaction
is shown in Figure 8, Pages57 . From this evidence 1t can

be atated that s nitrogen sweep throughout the reasction
cycle is beneficial. Graph A shows that the mols of acid
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converted approaches theory when nitrogen is used through-
out. The partial use of nitrogen more closely approxi-
mates theory than does experiment (-4 where no nitrogen
was used at s8ll. Similarly, when nitrogen was employed
throughout the eycle as in experiment G-8, the mols of
amine converted more closely approaches theory than does
¢-4. Whereas G-9 again lage slightly behind ¢-8. 1In
Graph €, it 1s shown that the mol fraction of amine to
acid converted ig nearer to theory with the full use of
nitrogen than when it is used partially or not at all.

Referring again to Figure 2, Page 531t can be seen
that the full use of nitrogen in the reaction effects a
drop in free acidity of approximately 2.5 per cent;
whereas the partial sweep lowers the free acidity approx-
imately 1.5 per cent. It may be assumed, therefore, that
if a full nitrogen sweep were eémployed when ﬁhe mol ratio
of amine to acid was at 1.9 (experiment 4-3), the free
acldity would have heen apprecliably lowered. The reason
for the lower free acid value may be postulated on the
premise that the nitrogen sweep excludes oxygen from the
reaction chamber thereby reducing the chance that oxidation
of the reactants could inhibit more complete conversion.
it was observed that the colopr of the product in undergoing
reaction was llighter when nitrogen was used. However,
when the nitrogen was removed, the solution darkened in
¢color, This darkening in coler may be atiributed to the



23,
oxidation affect.

Moreover, when nitrogen is used throughout the re-
action, it may be that 1t more fully sweeps the water and
with it at a lower pot temperature, theredy lessening the
posasibility of ether formation and increasing the efficlency
by which the water is removed from the acld. Hence more
complete acid conversion and decreasged free acidity.

Series I1I.
A comparative analysis of this series points out two

significant facts, PFirst, from an examination of Flgure
11, Page 60, it is obvious that if the reaction is conduct-
ed over a two-hour period, as in experiment G-10 the mols
of scid converted clopely approaches theory. Similarly,
the amine conversion also approximates theory, as does the
mol fraction of amine to acid converted., Secondly,
PFigure 2, Page 53, indicates that the free acldity of the
two-hour reaction is one per cent lower than that of
experiment G-4 whose time cycle was twenty-six minutes.
When the reaction is prolonged over a two-hour perioed,
the average pot temperature is approximately 25°C less than
that of the fast reaction. This is shown in Figure 17,
Page 64. As previously noted the lower the pot temperature,
the less chance there is for ether formation, hence there
is increased acld conversion and lower free acldity. This
has been shown in Figures 11, Page 60, 17 Page OH#, 2 Page 53,

+
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Seriea 1IV.

An exeminstion of Pigures 12 and 13, Page 63} shows
that the addition of lauric acid to the coconut fatty

aclid content within the range of 25 to 50 per cent laurie,
gives a product wherein the amine conversion is almost
theoretical, In a similar manner, it can be observed, from
Pigures 14 and 15, Page 62, that the acid conversion is

at & maxlimum within that range. 7The mol fraction of amine
to aclid converted approximates theory within the 25 to

50 per cent range. DBecause of the fact that the main con-
stituent of coconut fatty acid is laurle acid, it is
obvious that inereasing the Jaurie content, would have an
enhanced effeet on the product of the reaction. Filgure 2,
Page 63, shows that within the range, the free acidity is
minimized and by increasing the lauric acid content, the
free aclid of the product is als¢ inecreased proportionally.

Serlies V. \

This series of experiments éef;naﬁely shows that by
increasing the molar quantities of Qabwr distllled after
one mol has been gamavad, furthur evidence is cbtalned
for postulating the formation of the ether as a second re-
action. An examination of Figure 16, Page 63, indicates
that when the factors of acilid and amine conversion and
final pot temperature are plotted against molas of water
distilled, there l1s a definate linear relationshlp estab-
lished between the point uher§ one mol of water haa:been
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removed at that point, the glopes of the lines indlcate that
the initlal reaction ls oceurring, namely the formation
of the alkanclamide. Beyond that point, the slopes of the
lines change abruptly. This would be indicative of
second reaction or ether formation. Support for this evi-
dence would stem from the fact that it is possible to
remove more than one mol of water from the reaction. The
second mol is found, therefore, when ring closure is
effected to produce the ether amide, This ether is down
on infrared Curve C, Page 68, The instrument used was a
Perkin-Elmer model 21, double beam, infrared recording
spectrophotometer; using & Neinst Glower emitter. The
sanmplea were run as a amear in the sodlum chloride cells
using air as the reference beam. Curve C shows an
adsorption at 1155 ca™l. This is indicative of ether
amides ¥. Tnis adsorption at 1155 em > is also observed
on Curve D, Page 68, It is not noticed in Curves A or B,
Pages 66 & 67These curves refer to samples in which only
one mol of water has been removed. Hence there would be
a minimum amount of ether formation which cannot be shown
on an infrered graﬁh. Curves C and D, Pages 68469 have
adsorptions in the range of 1120 to 1125 cm™l which ave
indicative of free amine. This is naturally due to the

excess molar ratio of amine to acid.

Figure 17, Page 6§ shows cearly the formation of
ether amlide when final pot temperature is a function of

quantities of water removed.



SUMMARY

The factors which affect the fatty alkanolamide

reaction are:

{(a) The use of & nitrogen sweep converts more acid

and amine to amide thereby lowering the free acid content.

(b} Evidence has been given that there is a possibil-
ity of forming either morpholine or cyelic ether amlde

when more than one mol of water ls removed.

(¢) Prolonging the reaction time over a two-hour
period reduces the pot temperature by approximately 25°C.
It has been shown that a lower reaction temperstue results
'in decreased ether formation, and decreased free acldity
thereby increasing the percent of amide formation,

(d) A molar ratio of 1.9 to 2.0 mols of amine to 1.0
mole of acid was observed to result in highest amide

formation.

(e) Addition of between 25 to 50 per cent lauric
gcid to the coconut acid leads to higher acld and amine
conversion to amide.



Serles 1

VARIATION OF MOLAR RATIO OF REACTANTS

Table 1,
Table 2.
Table 3.
Table 4.

Experimental Data

Petermination of Free Acldity
Determination of Free Alkalinity
Material Balance



Table of Experimental Data
for Serles 1
Variation Mol Ratio of Reactants

Run ¥ols Grams Jols CGrams HMola Grams Mols H~0 Total Reax Atmosphere Pinal
No. Coco FA Coco FA Amine Amine Laurie Lauric pDigtilJed Time Min. of Reax  Pot Temp °¢

G-1 1.0 217.0 1.5 157.5 = - 1.0 110 0p 174
G-2 1.0 217.0 1.7 178.5 - - 1.0 30 0, 182
G-3 1.0 217.0 1.9 199.5 - - 1.0 50 0, 190
G-4 1.0 217.0 2.0 210.0 - - 1.0 26 0s 192 )
G-5 1.0 217.0 2.1 220.5 @ - - 1.0 30 0p 189
G-6 1.0 217.0 2.3 281.5 - - 1.0 25 0, 202
G-7 1.0 217.0 2.5 =262.5 - - 1.0 20 0, 202
Table 1

aea



Table of Analytical Data
for Serles 1
Variation Mol Ratio of Reaectanis
Determination of Free Acidity

Run % Acid Based  Wt. of Sample Titra. Normality ﬁ?’ige@' Acid No. % Free Acid- ?nﬁiéﬁ‘a
Ho. on Wt. of Prod, Taken tion ¢e¢ of NaOH Coeco FA Found ity in Product Converted
G-1 60.9 2.0322 6.20 0.1045 258.53 17.94 6.94 88.7
G2 57+5 2.0165 5.T0 0.1045 258,53 16.62 6.43 88.9
G-3 54.5 2.0320 4,45 0.1045  258.53  12.88 4.98 90.8
G-4 53.1 2.0048 6.14 0.1045 258.53 18.01 5.96 86.9
G-5 51.7 2.0289 6.20 0.1045  258.53 17.97 6.95 86.7
G-6 49.3 2.0427 5.05 0.1045 258.53 13.82 5.34 89.2
G-7 7.0 2.0462 4.65 0.1045 258.53 13.36 5.17 89.0

Table 2



Table of Ana;ytieal Data
for Series 1

Variation Mol Ratio of Reactants

Determination of Free Alkalinity

Run % Amine on Wt. of Sample Titra- Normality Meg of Gramg of Wt. of Free cﬁhﬁ?ﬁ?ﬁa
No. Wt. of Produect Taken tion ce of HC1 Acid Used free Amine Amine (DEA) to Amide
G-1 by,2 2.1051 6.00 0.5336 3.2018 0.337 15.7 64.5

G-2 47.3 2.0784 7.55 0.5336 4.,0287 0.423 20.4 56.9
¢-3 50,1 2.0192 8.55 0.5336 j,.5623 0.479 23.7 52.7

G-4 51.3 2.0262 8.20 0.5336 4.3760 0.460 22.7 55.8

G-5 52.6 2.1136 10.90 0.5336 5.8160 0.611 28.9 45,1

G-6 54.8 2.0284 11.40 0.5336 6.0830 0.639 31.5 42.5

a-7 56.9 2.0059 12.65 0.5336 7 .500 0.788 39.3 30.9

Table 3

‘0%



Run

Gram Wt. of Gram Wt. of Oram Wt. of MNolas Reid Mols Amine

Table of Analytieal Data

Variation of Mol Ratic of Reactants

for Series 1

Material Balance

Mols Acid

Mols Acld

No. Resectants Final Prod, H,0 Dist, Converted Converted Conv. to Amide Conv. to Ester
-1 375.5 356.5 18.0 0.887 0.968 0.968 -0.081
G-2 395.5 377.5 18.0 0.889 0.967 0.967 -0.078
6-3  416.5 398.5 18.0 0.908 1.001 1.001 -0.093
G-4 427.0 409.0 18.0 0.869 1.116 1.116 ~-0.247
@-5  437.5 419.5 18.0 0.867 0.947 0.947 ~0.080
G-6  458.5 440.5 18.0 0.892 0.9775 0.9775 ~0,086
G-7  479.5 461.5 18.0 0.890 0.773 0.773 40,117
Table 4

i 1



Series 2

EFFECT OF INERT ATMOSPHERE ON REACTION

Table 5.
Table 6.
Table 7.
Table 8,

Experimental Data

Determination of Free Acldity
Petemination of Free Alkalinity
Material Balance



Table of Experimental Data
or, 88 2

Effect of Inert Atmospheve

Run HNols Grama Mols @rams Mols Grams Hols Ho0 Total BReax Amuaphm
No. Coeo FA ﬂggo ¥ ﬁmiﬂﬁ éﬁéﬁg‘ lauriec Lauric 91&#111&5 Qimg ﬂﬁﬁr of Reax Pot gggg

G- 1.0 217.0 2.0 210.0 - - 1.0 26 Oy 192
-8 1.0 217.0 2.0 210.0 - - 1.0 KO Ea 188
6"‘9 1«6 217 nQ 2»0 210.6 - - lug 35 ﬁe 188
{partial)
Table 5

"tE



Table of Analytical Data
For Serles 2 Effect of Inert Atmogphere
Determination of ¥Free Acidity

$ Aeid wt. of Acid No. % Acid
Run Baged on wht. Sample Titration Normallty of 1008 Acid Ho. ¥ Pree Acidity Charged
Ho, _of Product taken ec of MaOH Coso FA found in Product Converted
G-l 53.1 2.0048 6.14 0.1045 258.53 18.01 6.96 86.9
@G-8 53.1 2.0529 .01 0.1045 258.53 11.48 933 91.6
G-9 53.1 2.0592 5.10 C.1045 258.53  14.56 5.63 89.4

Table O



Table of Analytical Data
For Series 2 Effect of Inert Atmosphere
Determination of Free Alkalinity

mo gt on W of smple Tirevion Norlity Mes. @ | Gramsof  uif fres cliveris
G-4 51.3 2.0262 8.20 0.5336 4.3760 0. 860 22.7 55.8
a-8 51.3 2.0421 9,60 0.5336 5.123 0.5379 ?5.3 48.7
G-9 51.3 2.0024 9.50 0.5336 5.069 0.5320 26.6 48,1

Table 7

"Gt



Table For Analytiecal Data

For Series 2 Effect of Inert Atmosphere

Material Balances

Run Gram wt. of gram wt. of Gram wi. of NBols Acid

No. Reactants Final Prod. _Ho0 Dist. Converted

G4 §27.0 509.0 18.0 0.869

G-9 427,0 409.0 18.0 0.894
Table 8

NMols Acid Mols Acid
¥Mols Amine Converted Converted
Converted To Amide To Eater
1.13.6 1&116 "0&&&7
0.975 0.975 -0.059
0.962 Qo%g "'0» %8

‘9t



Series 3

VARIATION OF TIME OF REACTION

Table 9, Experimental Data

Table 10, Determination of Free Acidity
Table 11, Determination of Free Alkalinity
Table 12, Msterisl Balance




Table of Experimental Data

Variation of Time of Reaction

for 8eries 3

Run HMols Grams Mols Grams Mols (rams Mola H0 Total Beax Atmosphere Final
No. Coco FA Coco FA Amine Amine Lauric Lauriec pistilled _Time Hin. _of Reax Pot Temp “C
G-4 1.0 217.0 2.0 210.0 - - 1.0 26 0o 192

G-10 1.0 217.0 2.0 210.0 - - 1.0 120 0, 170

Table 9



Table of Analytical Dats
for Series 3
Variation of Time
Determination of Free Acidity

Asid ¥o. % Acid
Run % Aeld Based ¥t. of Sample Titra- Normality of 100% 4Acid No. % Pree Acid- Charged
Ko. on ¥t., of Prod, Taken tion e¢ of NaOH Coco FA Found ity in Product Converted
G-4 53.1 2.0048 6.14 0.1045 258.53 18.01 6.96 86.9
§-10 53.1 2.0549 5.50 0.1045 258.53 15.74 6.09 88.7

Table 10

*6€



Table of Analytical Data
for Series 3
Variation of Time
Determination of Free Alkalinity

% Amine
Run % Amine on ¥Wt. of Sample Titra- Normality Meq of Grams of Wt. of Free Converted
Ho. Wt. of Product Taken tion ee of HC1 Acid Used free Amine Amine (DEA) to Amide
G-4 51.3 2.0262 8.20 0.5336 4.3760 0.460 22.7 55.8
¢-10 51.3 2.0394 9.25 0.5336 4,936 0.518 25.4 50.5

Table 11

* 0&



Table of Analytical Data
for Series 3
Varlation of Time
Material Balance

Run Gram Wt. of Gram Wt. of Oram Wt. of Mols Acid MNMols Amine Mols Aclid Fols Acld

No. Reactants Pinal Prod. H.0 Dist. Converted Converted Conv. to Amide Conv, to Ester

G-4 427.0 4058.0 18.0 0.869 1.116 1.116 -0.247

G-10  427.0 409.0 18.0 0.887 1.010 1.010 -0.123
Table 12

Ty



Series 4

VARIATION OF MOLAR RATIO OF LAURIC ACID

Table 13.
Table 14,
Table 15,
Table 16.

Experimental Data

Determination of Free Acldity
Petermination of Free Alkalinity
Material Balance



Table of Experimental Data
Por Series &
Varlation of Molar Ratio of Lauric Acid

Run Nols Grams Nols Grams Nols Grams Mols HpO Totzl Reax Atmosphere Finsal
No. Coco PA Coco FA Amine Amine Lauric Lauric Distilled Time Min., of Reax  Pot Temp °C

G-3 1,00 217.0 2,0 210.0 0.0 0.0 1.0 26 0, 192

@-11 0.75 162.8 2.0 210.0 0.25 52.8 1.0 50 02 182

@-12 0,50 103.5 2.0 210.0 0.50 105.5 1.0 30 0 189

6-13 0.25 543 2.0 210,0 0.75 158.2 1.0 25 0o 185

@-14  0.00 0.0 2.0 210.0 1.00 211.0 1.0 25 05 191
Table 13

'Eﬂ



Table of Analytical Data
For Series 4 Variation of Molar Ratio of Lauric Acid
Determination of Free Acidity

A Acid W, of Acid No. % Acid

No. _of Product  Taken . o . |of NaON Goco PA  Fownd . . in Prodwet Conveceed

G-4 53.1 2,0048 6.14 0.1045 258.53 18,01 6.96 86.9

G-11 52.9 2,0260 5.49 0.1045 258,53 15.93 6.16 88.4

G-12 52.1 2.0567 6.11 0.1045 258.53 1747 6.76 87.0

G-13 52.5 2.0230 6.71 0.1045 258.53 19.50 7.54 85.6

G-14 52.4 2.0498 6.70 0.1045 258,53 19.22 7. 484 85.8
Table 14

Mt



Table of Analytieal Data
For Series 4 Variation of Molar Ratlo of lLaurie Acid
Determination of PFree Alkalinity

B o I ST TOIUT TRV Sre S i S
G-4 51.3 2.0262 8.20 0.5336 §.3760 0.460 2.7 55.8
G-11  51.3 2.0366 9.20 0.5336 4.909 0.515 25.3 50.7
G-12 52.4 2.0136 9.35 0.5336 4.989 0.524 26.0 50.4
@-13 52.4 2,0203 9.20 0.5336 4,909 0.515 25.5 51.3
g-14  52.4 2,0185 9.12 0.5336 5.866 0.511 25.3 51.7

Table 15

’Q‘F{



Table for Anslytical Data
For Series 4 Variation of Melar Ratic of Lauric Acid
Material Balance

Nola Acid Mols Acid
Run Gram Wi, of Gram Wt, of Gram Wt,. of Mols Acid Mols Amine Converted Converted
Ho. Reactants Final Prod. _H20 pist, Converted Converted to_ Amide to Ester

a-4 427.0 509.0 18.0 0.869 1.116 1.116 -0.247

G-11 425.6 407.6 18,0 0.884 1.009 1.009 ~0.125

G-12 419.0 501.0 18.0 0.870 0.972 0.972 ~-0.102

G-13 422.5 bok,.5 18.0 0.856 1.005 1.005 -0.149

G-14 421.0 403.0 18,0 0.858 1,008 1.008 -0.150
Table 16

“on



Series 5

VARIATION OF AMOUNT OF WATER REMOVED

Table 17.
Table 18.
Table 19,
Table 20.

Experimental Data

Determination of Free Acldity
Determination of Free Alkalinity
Material Balance



Table of Experimental Data

For Series 5

Variation of Amount of lWater Removed

Run Hols Grams Mols Grams JMols Grams HNols HpoO Total Beax Atmosphere Pinal

No. Coco PA Coco FA Amine Amine Lauric Laurie Distilled Time Min, _of Reax  Pot Temp %
&-15 1.0 217.0 2.0 210.0 - - 0.6 60 Op 186
6-16 1.0 217.0 2.0 21C¢.0 - - 0.8 20 0o 190
6-17 1.0 217.0 2.0+ 210.0 - - 1.2 35 0, 192
¢-18 1.0 217.0 2.0 210.0 - - 1.4 25 Oa 210
é-19 1.0 2i4.0 2.0 210.0 - - 1.6 k0 O3 231
¢-20 1.0 214.0 2.0 210,0 - - 1.8 30 0z 233
G-21 1.0 214,0 2.0 210.0 - - 2.0 30 O, 246

Table 17

‘8



For Series 5

Table of Analytical Data

Variation of Amount of Water Removed

Determination of Pree Acldity

% Acld Wt. of Acid Ko, # Acid
Run Based on Wt. Sample Titration Nommality of 1004  Acid No. § Free Acidity  Charged
No, of Product Taken ce of MaCH Coco PFA Found in Product Converted
@-15 52.1 2.0043 11.75 0.1045 258,53 34 .47 13.30 74.5
G-16 52,6 2.0254 8.45 0.1045 258.53 24,53 9.49 81.1
G-17 53.5 2.0871 3.50 0.1045 258.53 9.86 3.81 92.9
G-18 sk.0 2.0197 2.65 0.1085 258.53 7.71 2.98 94.5
a-19 54,1 2.0273 1.50 0.1045 258.53 4,35 1.68 96.9
G~20 54.6 2.0000 2.22 0.1045 258,53 6.53 2.50 95.5
G-21 55.2 2.0157 2.38 0.1045 258.53 6.94 2.68 95.1

Table 18

‘64



Table of Analytical Data
For Series 5 Variation of Amount of Water Removed
Determination of Pree Alkalinity

Run % Amine on Wt. of Sample Titration Normality Meq. of  Grams of Wt. % Free sgnigi-?fa
Ho. Wt.of Product Talcen ee of HC1  Acid Used Free Amine Amine (DEA) to Amide
G-15 50.5 2.0650 11.42 0.5336 6.004 0.639 31.0 38.6
- G-16 50.9 2.0030 9.91 0.5336 5.288 0.555 27.7 45,6
@-17 518 2.0134 8.89  0.5336  k.7hb 0.498 24,7 52.3
- g-18 52,3 2.0222 8.60  0.5336 4,589 0.482 23.8 54,5
- G-19 53.1 2.0612 8.20 0.5336 4,376 0.4595 22.3 58,0
- G-20 53.6 2.0193 8.31 0.5336 4 434 0.4660 23.1 56.9

Table 19

‘0%



Table of Analytical Data
For Series 5 Variatlon of Amount of Water Removed
Material Balance

Mols Acid NMols Acid
Run gram Wt. of Gram Wt, of Gram Wt, of Mols Acid Mols Amine Converted Converted

No. Reactants Final Prod, Hg0 Dist, Converted Converted to Amide to Ester
6-15 427.0 B16.2 10.8 0.745 0.772 0.772 -0.027
@-16 427.0 412.6 18.4 0.811 0.912 0.912 -0,101
G-17 k27,0 hos . 4 21.6 0.929 1,046 1.086 -0.117
@-18 427.0 401.8 25.2 0.945 1,090 1,090 -0,145
@-19 h2k,0 395.2 28.8 0,969 1.160 1.160 -0,191
G~20 424.0 391.6 32.4 0.954 1,138 1,138 -0.184
G-21 h2h,0 388.0 36.0 0.951 1,198 1.198 -0, 247
Table 20

3
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