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Phosphate Esters: Chemistry and Properties

By Anthony J. O’Lenick Jr. and Jeffrey K. Parkinson, Siltech Inc., Norcross, Ga.

hosphate esters are used in many

textile applications because of the
various surfactant properties they pos-
sess. Of the desirable surface active
properties, alkali stability and wetting
properties ars key. This work relates
the structure of a phosphate ester ta
these two properties.

Chemistry

Phosphate esters are part of a class of
anionic surface active agents. The
commercial products are complex
mixtures of monoester, diester, free |

Abstract

Several linear alcohol and linear
alcohol ethoxylates were phosphated
using P,0,, and the analyticai resuits
for monoester, diester and free
phosphoric acid content were
determined as were wetting speed
and alkall tolerance. Generally, the
concentration of monoester and free
phosphoric acld increased and the
diester concentration decreased as

the amount of ethyiene oxide in the
hydrophobe increased.

As the molecular weight of the
hydrophobe Increased, the wetting
time afso Increased. The lowest
molecular weight hydrophobe
without ethylene oxide was the best
wetter in the series of nonethoxv!ated
species. As the moiecular weight of
the hydrophobe without ethylene
oxide increased, the wetting time of
the phosphated materiai Increased.

A certain amount of ethylene oxide
on the hydrophobe was necessary to
glve the phosphated material alkail
tolerance. As the molecular weigit of
the hvdrovhnba heing phoschated
Increases, the amount of ethylene
~'da needed to devefop atlall
toieranca increases.

The silicone phesphate esters
appeared (o fit the anticipated vaiues
for aikail tolerance, when compared
to the fatty phosphates, when their
ethyiene oxide content is considered.
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Fig. 1. Commerciat products are complex mixtures of monoester, diester, free phosphoric acid

and free nonionic material.

phosphoric acid and {ree nonionic as
shown in Fig. 1.!

Phosphating Reagent

Polyphosphoric acid and phosphorous
pentoxide (P,0;) are generally the two
different phosphating agents used
commercially (Fig. 2). The selection of
the phosphating reagent has an effect
on the ratio of the components and on
the functional properties of the fin-
ished product. Phosphorous pentoxide
and a variety of linear alcohols and
ethoxylates of linear fatty alcohols
were chosen to determine the effect of
alkyl group and amount of ethylene
oxide on the resulting mono/di ratio
and the amount of free phosphoric
acid, as well as the effect on functional
properties such as wetting and alkali
toleranca.

Chemicai Anaiysis

The phosphation product was ana-
lyzed for mono, di and free phospho-
ric acid concentrations using an acid
vaiue titration method. This method
does not fully identify the product, but
it does give valuable insights on the

product’s quality. The titration is run

Table |. Matertals Phosphated

Fatty Alcohol

Hexy! alcohot
Octyi alcohol
Dacyi alcohol
Decyl 2.5 mole
ethoxylate
Dacyl 6 mole
athoxylate
Decyl 8 mole
sthoxylate
Tridecy! alcoho!
Tridecyl 6.5 mole
ethoxyiate
Myristyf aicohof
Myristyl 3 mole
ethoxylate
Myristyl 7 mole
ethoxytate
Myristyl 9 mole
ethoxylate
Myristyl 12 mole
athoxylate

Phosphate Designation
Mexyl 0 EC phosphate
Cctyi 0 EQ phosphate
Decyi 0 EO

Decyl 2.5 EQ

Oecyl 6.0 EO

Decyl 8.0 EQ
Tridacyl 0 EO

Tridecyl 6.5 EO
Myristyl 0 EO phosphate

Myristyl 3 EO phosphate
Myristyl 7 EQ phosphate
Myristyl 8 EC phosphate
Myristyl 12 E0O phosphate

Dimethicone copolyol

3 moie ethoxylate Sificone 3 phosphate
Dimethicone copotyol

8 mote ethoxylate Silicons 8 phosphate

using a standardized solution of base—
most commonly sodium hydroxide.
There are three distinct endpoints in
the titration and by evaluating each.
informaticn on product quality is ob-
tained. Two endpoints can be deter-

Table il. Results of Acid Vaiue Analysis for Monoester, Diestar
and Free Phosphoric Acid

Monoester

Hexyt 0 ED onosphata
Cctyi 0 EQ shospnate
Dacyi 0 EQ onospnate
Cacyi 2.5 £Q phosphata
Decyt 8.C EC phosphata
Decyi 8.0 EC phosphate
Tridecyl 0 EQ phosghate
Teidzryl 3.5 phrgshalis
Myristyt 0 £EQ phosohate
Myretyl 3.0 EO phesehate
Myrisiyl 7.0 £O phesphate
,Mynstyi 9.0 EQ phosphate
Myristyl 12.0 EO phosphate
Silinzne 3 phoaphata

" Sllicone 8 phcsphate

firee
Diester  Phosphoric Acid

41.2 5.8
49.7 0.6
41,5 c.2
7.7 2.0
25.3 7
22.7 9.8
53.0 0.8
32.0 ol
40.7 i
394 1.3
So. J
279 3.9
17.8 145
ART7 AR
3c9 5.7
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R-CH + Fhosphating Agent.

Fig. 2. Phosghation reaction.

Tabte ill. Resuits of NaCH Titer Anaiysis

Number NaOH
of Carbons Titare
Haxvi 0 EQ ohoscnata g So
Cetyt O EC phospnats 8 3p
Decyi 0 EQ pnospnate 10 Sp
Dacyi 2.5 EC phosohate 10 4
Dacyi 6.0 EQ phospnhats 10 8
Dacyl 8.0 EO phosphate 10 8
Tridecyt 0 EQ phasphate 13 So
Tridecyi 6.5 EQ phosphate 13 4
Myristyl 0 EOQ phosphate 14 Sp
Mynstvi 3.0 EQ phosphata 14 <p
tivnstyl 7.0 EC pheschata 14 4
Mvristyl 8.0 ED phospnate 14 4
Myristyl 12.0 EQ phosphate 14 8
Silicons 3 phosphate - 4
8

Silicone 8 phosphate .

#Sp means spiit

mined directly by titration to a pH
using a pH electrode. The third is de-
termined indirectly after the addition
of calcium chloride. The acid gener-
ated by the addition is titrated. The
acid value {AV) calculations are shown
in Egs. 1-3.

AV1 = (mL of NaOH 1o Point A)(Normality)(56.1)
(Wetght of sample in grams) Eq. 1

AV2 = (mL of NaOH to Point B){Normality)(56.1)
(Werght of sampte in grams) Eq.2

.
AV3 = (mi. of NaOH to Point C)(Normaiity)(56.1)
(Weightt of sample in grams) £q.3

The three acid values result from the
three types of phosphate protons avail-
40ie on each species. Species with
three acid groups (i.e., phosphoric
acid) have an AV1, AV2 and AV3.
Those with two acid groups have an
AV1 and AV2 (i.e., mongester), while
those with only one acid group (i.e.
diester) have only an AV1. It is then
possible to calculate the monoester,
diester and fres phosphoric acid con-
tent. Table | summarizes phosphated
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alcchols and ethoxyiates, and gives the
designation used to refer to the prod-
ucts. Table II summarizes the results
of the apalysis for mcnoester, diester
and fres pecphoric aci d for tre phes-
phates studlea. T

. Propertles
Alkali Stability
Alkali stability was evaluated by the
NaOH titer method. The method was
used to measure the concentration at
which the phosphate ester remains
clear in standard concentrations of
NaOH. While exact numbers were not
generated with this method, it served
as a good screening method.

Three test solutions were pregared.
NaOH was added at 4, 8 and 12% by
weight. The solutions were verified by
titration with standardized acid. Then,
10.0 g of each test solution was added
to a test tube and 0.5 g of test phos-
phate ester was also added. The tubes
were shaken. After 30 minutes, the
tubes were observed for clarity. The
highest concentration tube which re-
mained clear was recorded as the
NaOH titer. Results are presented in
Table II.

Wetting Speed
The following solution was prepared
and tested for wetting:

Material % Weight
% NaCH 8.0

Water 91.3

Test Phosphate Ester 0.5

A 0.5 cm denim disc was selected for
the evaluation. Prior to the evaluation,
the solution was heated to 160F. The
amount of time it took for the disc to
sink was recorded (Table IV). It should
be noted that the test phosphate ester
was placed into solution as the potas-
sium salt.
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Table IV. Wetting Speed

and

Carbons Wetting

Tims

{sec;
Hexyl 0 EQ phosphate 8 s
Cctyl 0 EO phosphate 8 17
Dacyi Q EO phospnate 10 28
Dacyt 2.5 EO phosphate 10 8
Oacyi 6.0 EQ phosphate 10 23
Decyi 8.0 EO phosghate 10 33
Tridecyi 0 EO phosphate 13 34
Tridecyl 8.5 EO phosphate 13 29
Myristyl 0 EC phosphate 14 24
Mynstyt 3.0 £0O phesphata 14 els}
Myristyi 7.0 EQ phosphate 14 33
Myristyt 9.0 EQ phosphata 14 48
Myristyl 12.0 EO phosphate 14 42
. Silicone 8 phosphate . 29
20

Sificone 4 phosphate -

Results and Discussion
-Product Composition

<
The concentration of monoester, di-

ester and free phosphoric acid for the
phosphate esters based on decyl alco-
hol and its ethoxylates are shown in
Fig. 3. As the amount of ethylene ox-
ide on the decyl alcohol hydrophobe
was increased from zero to seven males
of ethylene oxide, the concentration of
monoester and free phosphoric acid
increased in an almost linear fashion.
The diester content dropped as the
amount of ethylene oxide on the
hydrophobe increased. Sinca all
hydrophobes were dried prior to

‘phosphation, the increase was not at-

tributed to the presence of water.

The concentration of monoester,
diester and free phosphoric acid for the
phosphate esters based on myristylal-
cohol and its ethoxylates are shown in
Fig. 4. As the amount of ethylene ox-
ide on the myristyi alcohol hydrn-
phobe was increased from zero to
seven moles of ethylene oxide, the con-
centration of monoester and diester
varied only slightly, but the trend was
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Fig. 5. Wetting speed of phosphate asters—number of carbon atoms Fig. 6
in the hydrophobs vs. wetting time. o
for less diester and more free phos- | Effect of Ethoxylation

phoric acid as the amount of ethylens
oxide on the hydrophobe increased.
Once the amount of sthylene oxide
added reached over seven moles, a dra-
matic drop in diester and increase in
monoester and free phosphoric acid
resulted. Again, since all the hydro-
phobes were dried prior to phos-
phation, the increase was naot attrib-
uted to the presence of water. It does
appear however, that the more polar
alcohol sthoxylates phosphate less
readily, producing more monoester
and free phosphoric acid than those
phosphation reactions run using more
hydrophobic fatty alcohols or fatty
alcohol ethoxylates. It has been sug-
gested that this affect may be related
. to steric hinderance,

Effect of Alkyl Group
on Wetting Speed

As the molecular weight of the
hydrophobe increased, the wetting
time likewise increased. The lowest
molecular weight hydrophobe (hexyl
phosphate) without ethylene oxide
was the best wetter in the series of
nonethoxylated species. As the mo-
lecular weight of the hydrophobe
without ethylene oxide was increased,
_the wetting time of the phosphated
product increased (Fig. 5). This was
true for hydrophobes having 6 to 14
carbon atoms.
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Fig. 7. Effect of HLB on wetting speed.
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on Wetting Speed

The ethoxylated materials all reached
their fastest wetting times with be-
tween two and three moles of ethylens
oxide added within each set of
hydrophobes. Two different phos-
phated hydrophobes plotted against
the number of moles of ethylene oxide
added to the hydrophobe, and the HLB
of the alcohol ethoxylate are shown in
Figs. 6 and 7, respectively. The HLB
was calculated using % EO/5. The fast-
est wetting times fall within the same
range—two to three moles of ethylene
oxids, The lower the molecular weight
of the hydrophobe, the faster the wet-
ting time. What was not included in
this investigation, but appears interest-
ing, is a hexyl 2-3 mole ethylene oxide
phosphate which would be predicted
to have the best wetting time in the
series, assuming the hexyl curve fol-
lows the decyl and myristyl curves.

The silicone phosphate esters ap-
peared to fit the anticipated values for
wetting, when compared to the fatty
phosphates, when their ethylene oxide
content is considered. It is anticipated
that lower amounts of sthylene oxide
‘would give improved resuits.

Effect of Alkyl Group
on Alkali Tolerance

It appeared that a certain amount of
ethylene oxide on the hydrophobe was
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. EHect of ethylene oxide content on wetting speed.

required to render the phosphated
material alkali tolerant. As the molecu-
lar weight of the hydrophobe being
phosphated increased, the amount of
ethylene oxide required for alkali tol-
erance also increased. Decyl alcohol
phosphate containing eight moles of
sthylene oxide had an alkali titer of 8,
while it took twelve moles of ethylene
oxide on myristyl alcohol to obtain the
same level of alkali tolerance (Figs. 8
and 9).

Effect of Ethoxylation
on Aikali Tolerance

The greater the degree of ethoxylation,
the more alkali tolerance was ob-
tained. Few materials exhibited good
alkali tolerance with less than six
moles of ethylene oxide. It also ap-
peared that as one attempts to increase
the wetting speed, alkali tolerance
decreased. Decyl alcohol phosphate
containing six moles of ethylene ox-
ide appeared to be a good compromise
for both properties.

Alkali Tolerance of
Silicone Phosphates

The silicone phosphate esters ap-
peared to fit the anticipated values for
alkali tolerance, when compared to the
fatty phosphates, when their ethylene
oxide content is considered.
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