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and phenyloctadecanoic acid and the surface activity studies of their
sulphated products
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RESUMEN

Esludio comparative de la adicidn de dxido de propile-
na a feniloctadecanol y dcido fenlloctadecanoico v estudio
de la actividad superficial de sus derivados sulfalados,

Sa ha obdenido ferlocladecaral v acido lanloctadacancco
via reaccion calalizada dcido de Lewis a partr da bancano y akoo-
Pl plmilico (607 C) 0 éoide oleco (BO® C) respectivarments. Se ha
llgvado & caba un @shudio comparalive por adicion da Sxido de
propianc A amies Ausirabas en presencia de basa (KOH) ¥ acida
tet Lo [S0CL) comao catalizadores Se encantnd que In hidoed.
propiacin de ambas susiraias a Daja emperaiea medianie ca-
lalisis acido de Lewis s prefarible & ln catdlisls bdgica. Se
dolerming |a actividad superficial de los productos sulfatades. Los
rasullades mastraran gue las muestras producidas a pardtic de al-
conal {lendoctadecanal) fenian wa major actividad superficial
Que las produciclas 8 partic de acida [ackio fanloctagecancco).
Por cirg ledo. las muesiras producidas a partic da ambos sustne-
los utilizando catalizador &cido de Lewis fusi@non una actsidad
superical megar qua las producidas con caldkais basica

PALABRAS-CLAVE: Acida lenWoctadecanoles — Activided su-
parficlal - Fenilnelanscan — Midroxipropiacion = Subaacian,

SUMMARY

Comparison studies of propylens oxide addition o
phenylocladecancl and loctadecanoic acid and the
surface activity studies of their sulphated producis,

Phenyloctadecanol and phenylectadesanoic acid were
prodused vin Lewis acid catalyzed reaction of baneens and abiyl
alcohal (B0°C) or oleic acd at (B0 respactvely. A CoMparsan
Fludy was achisved for the addition of propylana oxide 1o bolh
substmies in the presence of base (KOH) and Lawis acid [(SG1)
calalysis. it was found that, the hydroxypropylation of bath
sulbairates ai low tomperature vie Lewis acid calalyst is mare
predarabie than via the base calakys1. The swface activity of the
sulphated products was determined. The resuls revanled that. the
samples producad from alcchol (phanylociadecanol) show a
bafter swtace actvity than that from acid [phenyiociadecances
agid). On iha other hand the samples produced from bath
Subsimies using Lewis aoid catalyal have a beller surlace acthity
han nal produced wilh tha base catalyst.

RE Y- WORDS: Hydraxygropyinion = Phanyiociadacancd —
CRCATNG 800 - SIpANo - Surkce aoivaly

1. INTRODUCTION

Hydroxypropylation process Is a reaction of
propylens oxide with a compound containing active
hydrogen

285
RXH + CHyCH= catalyst AXCHACH(CHA)0H
whara XH = OH, COOH, NH..........etc., and

A = long chain alkyl, aralkyl, alkyl phenal....... &t

The  hydroxyelkylalion process s most
techinological important process in the: production of
nonignic surfactant. The choice of proper substrate,
average degree of hydroxypropylation and type of
catalyst can be reached 1o “tailor model’. The tailor
modél is the compound produced according to its
requested.

Since the hydroxypropylation reaction is a
catalytic reaction [1], theretora it is largely alfected by
the fype of catalyst used. The reactions of the fatty
ackd or alcohol with propylene oxide were reported
[2-3). Tha hydroxypropylated alcohal produced by the
base catalyst is mainly monoester of propylens
glyeol [4].

The insertion of propylene oxide unit in the
hydrophabic chain has benalits eflect, prolongs the
hydrophobic fragment of surfactants or modifies their
surface active properties [5.8]. So the solubility of
hydroxypropylated products is poor and canm he
sulphated 1o increase their solubility [3]. The purpose
of this work is to investigate the addition of propylene
oxide to phenyloctadecanal and phenylccladecancic
acid and study the influences of the catalysts on the
surface actve properties of the sulphated products.
The seqguence of the reacticn was shown in Scheme
1. The results were studied from two points of view;

1)} Addition of propylens odide 1o the two
gubstrates n the presence of base and acid
catalysts,

2) Studies of the surface actwly of ihair
sulphated products.

2. EXPERIMENTAL

2.1. Preparation of phenyloctadecanol and
phenyloctadecanoic acid [7,8 ]

Oleyl alcohol or oleic acid (1 mole) was mixed
with benzene (B moba) and the reaction mixiure was
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Scheme 1

stimed and heated (60°C in case of aleyl alcohal and
80°C in case of oleic acid) then anhydrous AKCL (1
mole) was added in small portions through one howr,
After complate addition of the catalyst, the reaction
mixture was stirred for an addibonal ana howr, hen
poured into (ice HCI [ H:0). extracted with
chloroform, the solvent was distilled off {urder
vacuum} and the crude product was oblained (cf
Table 1),

2.2, Synthesis of propylene oxide adducls

The hydroxypropylation was periormed with the
different  catalysts, (they were applied in
homogenesous phase): one is KOH and other is
SbCls

Base calalys!

The pdrocypropylation was done as described in
referance [9]. The number of propylena oxide mole
addad to one mole of the starting matenals was
calculatad by methiod similar 1o that descritsed in [10).

Lewis acid calalyst

The hydroxypropylation was completed as
described n reference [11]. In an ice cooked 250 mi
round flask fithed with a reflux condenser and magnetic
stirrer calculated starting material and catalyst was

Table |
Characteristic parameters of the products

Yield Characlerigtic
Produc 5 Boiling point otale

phecgincuaecansl 60

1RE-18d B [F]  visCous colouriass
ol

17223 g4 3] Deoren wiscous o

Framioctadecannc &5
acd
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Tabla ||
Reaction condition of hydroxypropylation process

Catalysss

Subsirate “"‘_F“‘"::' ADF
type  conc mol %)
Pramdocadacandl KOH aoi-Ao B 20 [5-5°3
SbCl, OO0 M0ED 0763
Prgirafiiiaiiarainidd HOH aai-1a SO0 152
acxd BB a01-10 J0-ED 750

ADP: average degree of hydroxyprapylation [10]

praced and the appropriaked amount of propylene oxids
was dropped. The desired temperalure was achiewed
using thermostat, until the reaction complete. The
unreactsd propylens axide was removed in vacuum, The
moke of propylens owxide added was determined as
rairiained above (o], Tabke 1),

2.3. Synthesis of polyhydroxypropylated
alcohol sulphates

Suiphation

It was completed as described in [6]. A typical
procedura was: Hydroxypropylaled alcohol (0.1
mole} was dissolved inte 100 ml of CCL. cooled,
vigorously stirred and 10 mole % of chiorosulphonic
achd was slowly dropped into the reaction mixture at
a rate that the temperature remained below 5°C.
After one hour of the stiring equal volume of cooled
methanol was slowly added, the reaction mixiure
was neutralized with 40 % aqueous MNaDH at 0°C
After 2 hours the solven! was distilled off. the linal
product was purified by dissolving several time inlo a
hvot mibiure of mathanol’ sopropanal.

"HNMR analysis

Muclear magnetic resonance speclia W
recorded on & Varian EM-380  speclromater
operating at 30 MHz. Deulero-chloroform was usad
as solvent and letramethyl silane as internal
standard. Chemical shifts are reported as (ppm)
relative to tetramethyl silane.

24. Determination of the performance properties
The surface and interfacial tensions

The crude oily of the preparad compounds were
used lor the measuremants in agueous phase. Tha
surface and interfacial lenskons were measured with
different surfaclanis conceniralions &t room
temperature (25°C) using a Du-Mouy lensiometen
(Kruss, type 8451) [12]. The eme (critical micella
concantration) was daterminad by intersecton m 1h
curve of a relationship between surface tansion (&
and log [c].
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Kraft point

Kraft point of the prepared surfactants was
easured as the temperature at which 1 wt %
spersion becomes clear on gradual heating [13].

Wetling bime

Was determined by immersing a sample of cotton
bk in 1 wt % agueous salulion of the surfactants [14].

Foaming height

Was measured according to [15]. A 25 mi salution
A wil %o} was shaken vigorously for 10 seconds in a
10 mi glass stoppered, graduated cylinder. The
lution was allowed 1o stand for 30 seconds, and
8 foam height was measured.

Emulsion stabifily

The emulsion was prepared from 10 ml of & 20
mol aguecus solution of suractant and 5 mil of
uene al 40°C. The emulsiying property was
lermined by the time i took for an agueous volume
parating from the emulsion layer to reach 9 mi
unting from the moment of the cession shaking [16),

RESULTS AND DISCUSSION

Preparation of starting materials; It was dana in
od yields according to [7,8] by Friedel-Crafts
ylation of oleyl aleshol or oleic acid to dry benzene

the presence of anhydrous AICL The
araclerization of the products is shown in Table |.
& products were mixture of isomers (in case of
ic acid, there are 12 positions isomers with phenyl
up at posibon B-17 on the fatty acld chain [17], but
h oleyl alcohol there are S-phenyl isomer (at
sition B-13 on the fatty alcohol chain) and &
aller amount of 17-phenyl Isomer were formed [7]

e main isomers for both swbstrates are 9, 10
eyl isomers.

3.1. Hydroxypropylation of the starting
materlals

It was carried out in homogenseous medium by
ng base catalyst (KOH) [9] and SbCl; [11]. The
rduced hydroxypropylated compounds ware in the
wge 0.5-6.3 propylene oxide units (cf. Table I1). The
aracteristic 'HNMR bands for the produced
draxypropylated compounds was § = 3.2-4.1 [m,
:CH{CH,)0] and IR wagging vibration of 5¢ GHy of
pylene glycol unit at 1376 cm' [18].

3.2, Hydroxypropylation studies

The hydroxypropylation was investigated at
erant tamperature and catalyst concentration, the
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Tabda 111
Reaction welocity ol WWIM
phenyloctadecanoic acid and alcohol
Catalys: A A Tomgsriture
COnCaNirEtcn mﬁ:‘} ['m [°Cl
KOH, B.81 male % 134 3.86 120
0.18* a4
S0l & male % 306" .74 &0
o2 1.15™

“ADPmin,. " ADP/min. mole catalysts and (W} B virual rale of
by rocyroprdation.

resulls ara tabulated (cf. Table ). The average
degree of hydroxypropylation was plotted as function
of the reaction fime at a constant catalyst
conceniration and reaction temperatura. Tha virlual
reaction rate (W) was taken as the slope of the linear
refationship, the results given in Table |11, The alcohol
shows rale approximately three time faster than the
acid. Alsg in the bolh subsirates the SbCk shows a
higher rate than KOH.

3.3. Sulphation

Sulphation of the products was done in good
yields by mathod similar to that described in [6). The
disappearance of OH of propylene glycol in the IR
spectra was recorded.

3.4, Surface aclivity

The surface properties of the sulphated products
ware investigated and the effect of the propylene
glycol units on the surace properties has been
clarifiad,

Surface and interfacial tension

Ware measured at 1wt % surfactant concentration;
the results are given in Table IV and V. The propylene
glycol units has effect on the surface activity; as the
number of propylena glyeol increases [1.0 1o 5.3], the
surface lension of sulphated alcohol was increased
from 33.0 to 46.3 mN/m and for the sulphated acid from
35.3 10 49.8 mN / m. The effect of the catalyst on the
suriace activity of the prepared sulphated compound was
shown from the delermination of the cmc [19]. it was
datarmined by plotting the surface tension [5] against log
[e]; tha valuas of cmc ane shown in Table V). The results of
cmo  for the mdnosypropylated  phemyloctadecanol
sulphate produced from SbClk show a lower concentration
and better surface actvity in a comparison with that
produced by KOH catalyst. The same lendency was
observed for the hydregpropylated phenyioctadecanoic
acid sulphate, This can e attributed 1o the fact that
the Lewis acid catalyst gave the narmow range
distribution [5, 20]. Moreaver, the hydroxypropylated
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phenyloctadecanol sulphate produced from KOH
shows a lower cmc and surface tension than that
producad from Mydrosypropylated phenylociadecanoic
sulphate by using the same calalyst. It is inleresting
to find & good relationship between surace tansion

Grasas y Acailes

al eme and propylene oxide units in the study range
of the preparad compourds, in which sulphated
group has not any effect on the relationship but it
depends on the propylene oxide units (cf. Fig. 1]. The
constants of the relationship are given in Table VI

Table IV
Surface properties of hydroxypropylated phenyloctadecanal sulphate (alcohol, KOH)

Surisce bersicn inarincial Foaam Kratt Wetting  Emwsdmion
Sulghaied products n mkim, 1wl % tenaion i poini ima min.
Sbil,* KOs mhém {mm} o second
1wl % 1wt Twl% 1wl
Ci CH 0.0 3o 335 o 250 0 45 150
1.0 .5 355 B0 240 12 &3 145
CHWCH L CHICH O H A CH N a0 soe 20 340 35.5 &g 235 15 a1 140
30 a5.n 420 1.4 230 17 aw 138
@ 4.3 0D 453 1210 220 20 38 130
|
& +y = 15, “Fydnoxypropyiated sulphate produced via Lewis acd catalyst and
*“that procuced via basa catalyst.
Errars of measuramants ware:
Surface and intedacial tensions = £ 0.1 dyneaiom
Kraft point =t oz
Foam height =+ 2 mm.
Watting time =+ 1sag
Ermulsicn =+1 min,
Tabla ¥
Surface properties of hydroxypropylated phenyloctadecanoic acid sulphate
Surisce tension Inlarlacial Foam Kraft ‘Walting Emulsion
Sulpbaie producis 2] mEklim iension height pdni i min
<1 % mkim fmm) = sacomd
- SbCl; KOH*  1wi%  1wi% 1wt%  1wi%
CHa Ch 0.0 335 353 a.0 230 14 449 140
1.0 3410 6.8 8.0 280 13 45 135
CHAC Ha CBICE A CODICHAHO SOHANDIDN: 2 4% K A% 9 140 215 1% a4 134
3.0 ars 45 2 1210 210 17 41 125
4.2 415 49 5 140 200 18 4 135

% =y = 15, "Fydrosypropylated sulphate procuced vie Lowis scid calalyst and
“that produced vin base catakys.
Errars of maasunaments werns;

Surtsce and interlacial lersions = + 0.1 dynesom
Era# paint =% 19
Foami hiaaght = & ¥ mm.
‘Wathing tme =% 1500
Ermuitsion =+ 1 min
Foaming prope has lower foam height than that from alcohol for the
i i sarma number of propylene oxide units [5].
The results are given in Table IV and V, indicating Watting property
that the increase in the hydroxypropylens chain length e _ _
causes a decrease In the foam height the The wetting time for hydroxypropylated

hydrecypropyiated samples produced from acid substrate phenyloctadecancl and for phenyloctadecanoic acid
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Table Vi

cme and o (surface tension at cme) values lor
hydroxypropylated phenyloctadecanal and
phanylectadecancic acld sulphate. The standard
deviation of 5 was found to be + 0.5

(1] cme
PO eme(molf) i ADP T e

Hyeroeypropyaled phenyloctadecanol sulphale

WoH

0afa3 34083 0.9 a.0raz 3385
el by A550 2.0 Q.0205 3470
DaEva AT.E3 10 O.0E53 3652
Ladra A6 87 4q.0 0.0308 3845

o i b
oo oo

Mydrowypropylated phesylocladecancic acid sulphate (KOH|

KM

2.0 O 0EE JrA0 2.0 0.0261 A543
3.0 0325 350 in 0.0275 ari4
4.1 .0382 876 4.0 0.0a24 38.56

Table ViI
Constants of the relationship of propylene oxide
units and § surface tension at cmc for the
prepared sulphated compounds

m.:m Catayst  a 4 R

Fhersfooasecanal HiTH 0E33 Y4B OZSH 3R 145
Phrersdociidacans EbCly 0990 1442 O3 32E
Preryicitadecanoc HOH  ERT 133 Gl 344597
Pherfiooaaranos Sply 0EE8  LEEER  QE1E A2 450

W=} 15 cormalabion coelficient; [5) is slopa; (S0 s standard devia-
tan; and {11 s indersecion

'H-._
4.1..-| B Mrergsandecnd fdTepnie Sl inee e
1 v Frendeomiscsnol nomeie aiphee o,
w5 chmi KO
11.-i ¥  Fwry coedeoirer hvdmoyores mighes 5003,
a0 2
A |
Eﬁj & = |
EH: = L]
€ 374 a ¥
N w =
B 4
H4 .
1
:]-.«]. T Ry

T T —
10 15 20 2% 310 315 40 45 50
Moie o propyiend osce

Figura 1
Redalionship betwasn mole of progydane code and surface
tersion &l cm for prepared hydrooypropyd sulshated compourds.
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sulphate has the same tendency (Tables IV and V).
When increasing the number of hydroxypropylene
unit in the molecule, the wetting time was decreased;
this means that, the propylene unit inserted in the
maolecule has an efiect on this property. The presence
of hydroxypropyleng units mproves he watting o
aqueaus solutions of these compourds [3].

Kraft point and emulsion propartios

For both of the hydroxyprogylated compared
compounds, the Krafl point has the same tendency
(Tables IV and V). It was increasad by increasing the
number of propylene oxide wnits in the molecules,
The reverse trend was oblained for the emulsion
property [21],
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