
1201

Journal of the American Oil Chemists' Society Surfactants
& Detergents

SURFACTANTS AND DETERGENTS TECHNICAL

1201 ~ Nonionic Surfactants Containing Propylene
Oxide
C G Naylor

1209 ~ A New Approach of Ethoxylation Catalyzed
by Bridge-Head Nitrogen Containing Compounds
J Morg6s, P Sallay, L. Farkas and I. Ruszn~flk

The symbol ~ precedes all refereed papers in J A O C S .

1211 SURFACTANTS & DETERGENTS NEWS
Surfactant meeting . Vista changes Cyclo
purchase Coatings books . . News bnefs

S u r f a c t a n t s & D e t e r g e n t s T e c h n i c a l . . . . . . . . . .

=%Nonionic Surfactants Containing Propylene Oxide'
Carter G. Naylor
Texaco Chemical Co., P.O. Box 15730, Austin, TX78761

Physical and surface active properties of ethoxylates
are altered by the inclusion of propylene oxide (PO)
groups. T h e location of PO within the ethoxylate (EO)
chain can b e as important a factor as the relative
amounts of PO and EO. T h e optimum posit ion of the PO
was shown to b e a single discrete block of PO located in
approximately the middle of the ethoxylate chain.

T h e influence of PO on surfactant properties was
assessed for several alcohol ethoxylates and nonyl-
phenol ethoxylates. Pour points and gelling tendencies
were lowered at the expense of detergency, foaming and
wetting power.

Conventional nonionic surfactants are m o s t commonly
ethoxylates of fa t ty alcohols o r alkylphenols. Including
propylene oxide with the ethylene oxide can change t h e
phys i ca l and sur face ac t ive proper t ies o f nonionic
surfactants in profound w a y s . This effect has been
exploited for years by many sur fac tan t manufacturers.

'Presented at the AOCS meetingin Philadelphia, PA in May 1985.

Propylene oxide is more hydrophobic t h a n ethylene
oxide; in fac t , if t h e oxypropylene chain is long enough
(abou t 15 or more PO groups), it becomes a sur fac tan t
hydrophobe. One well-known example is the Pluronic®
family of products of BASF Wyandotte (1) in which
polypropylene glycol is the hydrophobe.

Union Carbide's Tergi to l® X nonionics, monofunc-
t iona l e thoxylates of propoxylated lower alcohols (2,3)
(Table 1, Structure A), are a n o t h e r example. The
polyoxypropylene cha ins conta in some oxyethylene
groups.

Much smaller amounts of PO are required t o build a
su r fac tan t hydrophobe from middle range alcohols such
as octanol (4,5). Olin's Poly-tergent ® SL surfactant
family uses this approach (Fig. 1, Structure A).

Capping conventional e thoxylates with propylene
oxide renders them hydrophobic on both ends. Such
materials are widely used as low-foaming surfactants
(Table 1, Structure B). There are many manufacturers of
this t y p e of product.

The third way of incorporating propylene oxide in to a
nonionic su r fac tan t is direct placement in to t h e
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T A B L E 1

Positions of P O in Ethoxylates

S t r u c t u r e Mode of P O A d d i t i o n

A. RO(PO),(EO).H P O block

B. RO(EO),(PO)pH P O block

C. RO[nEO, pPO]H P O block or E O , P O mix

D. RO(EOL(PO)p(EO).H P O block

polyoxyethylene hydrophi le (6-12). This may b e
achieved b y premixing EO and PO, add ing al ternat ing
blocks o f EO and PO, o r a combination of both (Table 1,
Structure C). The quan t i t y and distribution of the PO
within t h e EO chain may be var ied widely. This p a p e r
will explore the effect of PO on the physical and surface
ac t ive properties of such surfactants.

Texaco Chemical's p r o d u c t , Surfonic ® J L - 8 0 X
(formerly J-4), is of this type (13,14), as are BASF
Wyandotte's Plurafac®B and D nonionics. According t o
the disclosures o f Mill igan (13,14} the PO is contained in
a single b lock in roughly the middle of the EO chain
(Table 1, Structure D). The reasons for choosing this
par t icular s t ruc ture will be discussed.

EXPERIMENTAL

Synthetic methods. Most of t h e EO-PO adducts were

prepared in a 3-gal. s team-jacketed st i r red reac to r
equipped with n i t rogen and oxide inlet lines a t t h e
b o t t o m of the vessel.

A typ ica l procedure fo r a coconut alcohol a d d u c t was
as follows: A one-kg charge of coconut alcohol (5.1 mol)
(CO-1214, Proc te r & Gamble Indus t r i a l Chemicals} a n d
4 g flaked p o t a s s i u m hydroxide were p u r g e d u n d e r
v a c u u m at 100 C for 30 min. Ethylene oxide (900 g -- 4.0
equiv.) was a d d e d incrementally a t 120 C a t a ra te which
maintained a pressure of 60 psi in t h e reactor. Af t e r t h e
EO addition was complete, the pressure was al lowed t o
drop t o a c o n s t a n t value. In the same manner, 0.6 kg
propylene oxide (2.0 equiv.) was a d d e d and digested t o
constant pressure. The second por t ion of ethylene oxide
(850 g = 3.8 equiv.) followed. Cloud po in t (1% aqueous)
of the a d d u c t a f te r digestion and neutralization was 58.6
C. Hydroxyl number was 90.2 mg KOH/g, correspond-
ing to a molecularweight of 622.

Analytical techniques. Analy t ica l me thods fo r char-
acterizing PO-containing adducts relied on nuc lea r mag-
netic resonance spectroscopy (NMR). The EO/PO molar
ratio was determined b yp r o t o n NMR. '3C NMRproveduse-
ful for characterizing qualitatively t h e EO/PO distribution
a long the polyether chain and measur ing quant i ta t ive ly
the relat ive amounts o f primary a n d secondary hydroxyl
(15) a t the end of the polyether chain.

The NMR spec t rum of Figure 1 i l lustrates t h e
separate chemical shifts o f t h e two types of ca rbon
a t t a ched t o hydroxyl

CH3
• .]

-CH~OH and -CH-OH

C H 3
Iw

- O - C H 2 - C H 2 - OH

-~CH 2 - CH 2 - OH

,,------- - E O - E O - H

- P O - E O -H

~ - P O - E O - H
L

t i J

80 70 60
I t 1 t t

50 4 0 30

PPM (re fe rence C 6 D 6 ot 128 ppm)

i j j i I

20 I0 0

FIG. 1 . '3C N M R spectrum of alcohol-EO-PO-EO adduct.
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at 62 ppm and 66 ppm, respectively. The two absorption
bands were integrated to obtain the relative amounts of
primary and secondary hydroxyl in the samples. In the
example the primary hydroxyl was calculated to be 80%.

The two peaks compris ing the hydroxypropyl group
indicate a mixture of -PO-PO-H and -EO-PO-H
terminal groupings, both in significant amounts . The
sizable -PO-PO-H component is evidence for a PO
block.

RESULTS A N D D I S C U S S I O N

Effect o f PO block p o s i t i o n on primary hydroxyl.
Because PO i s less reactive than EO, and secondary O H
is less reactive than primary O H toward epoxides , even a
small amount of PO added e a r l y in the po lye ther growth
reaction has a measurable impact on the primary O H
content of the finished polyether. The adduct whose

spectrum is shown in Figure 1 has a PO block near the
center of the EO chain. The relationships of the amount
of PO added and its m a n n e r of addit ion to the primary
hydroxyl are dependent on such variables as tempera-
ture , catalyst l eve l and type , react ion time between
oxide blocks and reactor operat ing pressure. Whi le it
may be difficult to quantify , there i s a clear qualitative
correlation.

A series of five adducts of C,o 1~ alcohol (3:1 C,o:C,2
blend), all with c loud points of 60 C, were prepared. T h e y
each conta ined a total of about 7.5 oxyethylene and 1.5
oxypropylene groups. The PO block pos i t ion with in the
structure

RO(EO)~,(PO), ~(EO).... H

varied from m = 0 to m = 7.5 with intermediate values
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FIG. 2. Effect of PO block position in RO(EO)~(PO6(EO)7 5_mHon a , primary hydroxyl value;b, pour point;c, wetting and foaming (p
= 1.5), and d, detergency.

JAOCS, Vol. 63, no. 9 (September 1986)



1204

C.G. NAYLOR

of m = 1.5, 3.8 and 4.8.
The dependence of t h e primary hydroxyl content on

the position of the propylene oxide b lock within the
polyoxyethylene chain is i l lus t ra ted by Figure 2a. The
plot follows t h e decrease o f primary hydroxyl as t h e
propylene oxide b lockmoves toward the hydroxyl end of
t h e polyether chain. It begins a t ~90% primary hydroxyl
when t h e propy lene oxide is a d d e d f i r s t t o t h e
hydrophobe pr ior t o the ethylene oxide ( m = 0 ) and
declines in a smoo th manner down t o about 70% when
m = 4 . 8 . When all the ethylene oxide is added f i r s t
(m= 7.5) and capped with propylene oxide, t h e measured
primary hydroxyl is only 6%.

This curve is smoo th perhaps fortuitously, because in
pract ice t h e primary hydroxyl va lue is dependent on, in
addition t o t h e amount of ethylene oxide a d d e d af te r the
propylene oxide (7.5 m), the completeness o f propylene
oxide reac t ion pr ior t o t h e addition of the final b lock of
ethylene oxide and the opera t ing condition o f t h e NMR
spectrometer.

The second curve shows the same correlation for a
series o f four coconut (C12,4) alcohol adducts, each hav ing
60 C cloud po in t and containing a 2.0 equiv. PO block: a
downward t rend o f primary hydroxyl with increasing m.

Effect o f PO block position on pour point. Pour po in t
lowering is the m o s t s tr iking effect observable from
placing a PO block into the middle of the polyoxy-
ethylene chain. Ethoxylates which are slushes o r solids
a t room temperature become clear l iquids when a PO
block conta in ing a t l e a s t one equiva len t o f PO is
inse r t ed . This effect can be a t t r ibu ted t o the PO
dis rup t ing the normal oligomer distribution of ethoxyl-
ates and lineari ty of the ethoxyla te chain.

Figure 2b plo ts pour po in t versus position of PO block
within the polyoxyethylene chain for t h e two series of
adducts described above. The t o t a l ethylene oxide chain
leng th was 7.5 to 8 equivalents of EO in each case.
(Pourpo in t is measured in °F and has an uncertainty of
a b o u t ± 5 F.) Fo r the series of C,o 12 alcohol adducts in
which the PO block was composed of 1.5 equivalents of
PO, there was a very deep minimum for the pour po in t
when the propylene oxide b lock was in the middle of the
ethylene oxide chain. When the propylene oxide b lock
was added directly t o the alcohol and then capped with
ethylene oxide (m=0), the pour po in t was ~60 F. When it
was on the end of the EO chain (m=7.5), the pour po in t
was a b o u t 50 F, b u t t h e intermediate pour po in t s were as
low as 20 F.

Coconut alcohol adducts in which the propylene oxide
b lock consisted of 2.0 equivalents of PO followed t h e
same pa t t e rn .

Effect o f PO block position on surfactant properties.
Minimum pour poin t s are achieved over a range o f PO
block positions near t h e middle of the EO chain (Fig. 2b),
roughly 1/3 t o 2/3 of t h e distance along the EO chain.
Surfac tan t properties were examined for 60 F c loud
po in t adducts in which t h e position of the 1.5 equivalent
PO block was var ied and contained a t o t a l of 7.5
equivalents EO.

Figure 2c shows wet t ing times and foam heights as
functions of the PO block position. The wet t ing times
were influenced little if any over the useful pour point range,
s t a y i n g virtually constant. (Total wet t ing time was t h e
s u m of 3 g and 1.5 g hook sink times in t h e Draves tes t . )

Ini t ial Ross-Miles foam heights declined slightly over
this range, while the 5-min foam heights remained a b o u t
t h e same .

Detergency o f adducts b a s e d on C,o ,2 alcohol declined
(Fig. 2d) as the PO block (1.5 equiv. PO) moved a long t h e
EO chain from the alkyl end t o t h e hydroxyl end.
However, the same t rend is n o t observed with t h e two
coconut alcohol a d d u c t series. They displayed no t rend
dependent on PO block position. The detergencies were
measured a t 80 F on three soiled polyester-cotton
fabrics: dust-sebum soil, Testfabrics Inc. soil, and U.S.
Tes t ing Company soil, a n d are expressed as t o t a l
reflectance uni t s gained. (Confidence limits were a b o u t
± 1 unit within each o f t h e three series}. The three curves
of Figure 2d cannot be compared quantitatively because
t h e detergency measurements were made a t different
times (Fig. 3d).

Thus, there is no advantage t o moving the PO block
from t h e middle of the ethoxyla te chain in e i the r
direction, except for not allowing it past the middle
toward t h e hydroxyl end in C,o ,2 alcohol adducts.

Effect o f PO block size on surfactant properties. Both
coconut alcohol C,o ,2 alcohol adducts with 1.0 equivalent
of PO in the middle o f the EO chain had pour po in t s n e a r
40 F and, with 1.5 equivalents o f PO, pour po in t s be low
30 F (Fig. 3a). Tal low alcohol adducts showed only
m o d e s t pour po in t reduction (all adducts had 60 C cloud
points).

Figure 3b shows t h e effect of the PO block size on
wet t ing time, surface and interfacial tension of coconut
a lcoho l adduc t s with 60 C cloud p o i n t s . A,s t h e
centrally located PO block increased in size from 0
equivalents u p to 3, t h e sur face tension increased
steadi ly from j u s t u n d e r 30 d y n e s / c m for 0.10%
solutions u p t o a lmos t 33 dynes/cm. Interracial tension
stayed the same , a b o u t 5 dynes. We t t i ng p o w e r declined
(i.e., wet t ing time increased} as t h e PO block increased in
size.

A similar t r end in wet t ing p o w e r is seen for C,0,2
alcohol adducts go ing from no PO up to 1.5 equivalents
of PO (Fig. 3c). Also shown are the Ross-Miles foam
heigh ts fo r t h e same ser ies o f a d d u c t s . Foaming
decreased as the PO block size increased. The 5-min
foam he igh t values s t a y e d t h e same .

Three ser ies o f alcohol adduc t s were t e s t e d fo r
detergency. Figure 3d shows declining detergency for all
th ree series as the size o f t h e PO block a t the c e n t e r o f
t h e EO chain increases. The three alcohols were C,o ,2,
coconut range (C1214} and tallow range (C,6,8). (Confidence
limits for reflectance values were a b o u t ± 1 unit.}

T h e s e da t a establish t h a t there is a small b u t rea l
adverse effect due t o t h e propylene oxide within t h e EO
chain of nonionic surfactants on t h e important surfac-
t a n t properties of wet t ing , detergency, foaming and
surface tension lowering. This inhibitory effect suggests
t h a t the size of the PO block b e made only large enough
t o achieve the pour po in t desired. A block o f a b o u t 1.5
equivalents of propylene oxide is sufficient to at tain the
minimum pour po in t but does not seriously affect any o f
t h e su r fac tan t properties.

Effect o f PO distribution on physical and surfactant
properties.The adducts described so far were prepared
by adding discrete oxide blocks, i.e. digesting each b lock
completely before add ing the next oxide block; t h e
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propylene oxide was added all in one block rather than
being broken u p into two or more smaller blocks. A
series of four adducts {Table 2) was made in which
propylene oxide was added in 1, 2 or 3 separate blocks
without complete digestion before EO addit ion began
{"overlapping" blocks}. The object was to widen the
distribution of PO along the polyoxyethylene chain.
Whi le the extent of randomization of PO and EO groups
was not quantified, the distribution of EO and PO can be

re la ted qualitatively to primary hydroxyl .
Primary hydroxyl content declined as the EO/PO

mix ing increased {Fig. 4a). This is reasonable because
the final EO block decreased in size from sample 1 to
sample 5. The only except ion to the pattern was sample
5. It had the same size (2.7 equiv.} final EO block as
sample 4, but had higher primary hydroxyl , probably
because the las t PO block was smaller (0.5 equiv, vs. 0.75
equiv, for sample 4); consequently, less PO was present
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dur ing t h e final EO reaction step.
P o u r po in t s showed a n upward t rend with increased

EO/PO mixing. The important conclusion from this
t r end is t h a t increasing t h e EO/PO randomness does n o t
decrease t h e pour po in t be low t h e case where the PO is
one discrete block; rather , there is a definite increase.

We t t i ng p o w e r (Fig. 4b) showed little effect due to
increased PO/EO mixing unti l the last po in t {sample 5),
where the wet t ing p o w e r improved sl ightly {i.e., wet t ing
time was shorter). Surface tension also showed little
effect, t h e f inal po in t hav ing the lowest surface tension
value. Interracial tensions were virtually unchanged.
Foaming {Fig. 4c) as expressed by init ial Ross-Miles
foam he igh t showed a s l igh t m a x i m u m at sample 3 of
uncer ta in significance. Five-min foam heights showed no
t r end .

T h u s , there is no compelling reason, as ide from
shortening the time of preparation, t o increase t h e
randomness of the EO and PO g r o u p s within the
polyether chain. None of the physical o r su r fac tan t
properties benefit significantly from this technique.

Sur fac tan t s b a s e d on nonylphenol. Nony lpheno l
ethoxylates have low pour poin t s as well as excellent
detergency and wet t ing properties. A series o f nonyl-
phenol ethoxylates containing propylene oxide, all with
cloud points in the range of55-60 C, were prepared to assess
the effect of PO. The propylene oxide was added in a
manner to maximize t h e EO/PO mixing, i.e., in th ree
overlapping blocks sepa ra t ed by three overlapping
blocks of ethylene oxide. The t o t a l amount o f propylene
oxide was var ied from 1 to 5 mol. In addition, one sample
was prepared in which a discrete b lock o f 2 mol of
propylene oxide was loca ted in t h e middle o f t h e
polyoxyethylene chain.

As the amount of propylene oxide increased, the pour
po in t s declined steadily {Fig. 5a) from an init ial va lue of
40 F (no PO) down to 0 F (5 PO). The sample with the
single 2-mol PO block had a very low pour po in t of 5 F
compared to 25 F for the sample containing 2 mol of PO
randomly mixed with EO.

Wet t i ng times steadily increased as the amount of
propylene oxide increased {Fig. 5a). The f i r s t sample
with 1 mol of propylene oxide had the same wet t ing time
as the ethoxyla te wi thout any propylene oxide. The
sample with the 2-mol b lock of propylene oxide had t h e
same wet t ing time as t h e sample with 2 mol of PO more
thoroughly mixed. Foaming (Fig. 5b) showed little
influence due t o the amount of propylene oxide for init ial
foam heights. But 5-min foam heights showed a s t e a d y
decrease in foam stabi l i ty as t h e amount of propylene
oxide increased.

A second series of nonylphenol ethoxylates modified
with propylene oxide had cloud points of 80-85 C. The
12-mol ethoxyla te (Surfonic N-120) has a pour po in t
near room tempera ture , and t h e material is commonly a
slush. Figure 6 shows t h a t addition of u p to 1 mol of
propylene oxide had virtually no effect on t h e pour point,
b u t caused the wet t ing p o w e r t o deteriorate signifi-
cantly.

The three samples which contained 0.25, 0.5 and 1.0
equivalent of propylene oxide had t h e PO introduced as
a single overlapping b lock af te r 1/3 of the ethylene oxide
had been added, so the propylene oxide was somewhat
more m i x e d than had it been a discrete b lock {open
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TABLE 2
Increased PO/EO Mixing

Sample Structure Modeof Addition

1 . C....O(EOh ,(PO), ,(EOh ,H
2 . C .... O ( E O h , (PO) , , (EO)s , H
3. C .... O(PO)o , , ( E O h , (PO)o , , ( E O h ,H
4 . C . . . . O(EOh s(PO)o ,,(EOh s(PO)o ,s(EOh , H
5 . C . . . . O(PO)o ,(EOh s(PO)o s(EOh ,(PO)o 4(EOh , H

Digested blocks
Overlappingblocks
Overlappingblocks
Overlappingblocks
Overlappingblocks
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FIG. 5. Effect of PO in CgPhO(nEO,pPO)H with 55-60 C cloud points on a, pour point and wetting, and b, foaming.

symbols in Fig. 6 ) . T h e 2-mol PO adduct contained the
propylene oxide as a discrete block in the middle of the
EO chain (solid symbols) . This last sample did have a
much lower pour point of 35 F, but its wetting time was
much longer than those of the other adducts . Surface
tension appeared to increase in direct proportion to the
amount of propylene oxide regardless of mode of
addit ion (from 33 to over 35 dynes/cm for 0 PO to 2 PO).

These two latter studies make clear that inclusion of
propylene oxide within nonylphenol ethoxylates has an
adverse effect on surfactant properties which is not
outweighed by the benefits of having lower pour points .

Gelling of PO-containing alcohol ethoxylates. Gelling
tendencies of ethoxylates containing a central PO block
are reduced compared to conventional ethoxylates. This
property is an advantage for the preparation of aqueous
formulations by allowing the u s e of cooler blending
temperatures.

T h e beneficial effect of PO was quite substantial with
the C,o ,2 alcohol adducts (Table 3); gel temperature (i.e.,
where gel "melts" on warming) dropped from 32 C to 16
C as 1.0 equivalent PO was i n s e r t e d into the
polyoxyethylene chain. Coconut alcohol adducts showed
much less drop in gel temperature: from 41 C to 35 C (3
eq. PO).
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on surfactant properties.
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TABLE 3
Effect o f P O Block Size o n Gel Temperature RO~EO)./2(PO)p(EO)./2H

Gel temp.
R n, eq. p, eq. Cloud pt. 50% aq. solution

C,o 12 6.5 0 6 3 C 3 2 C
7.1 1.0 56 C 16 C
7.2 1.5 59 C 16 C

Coco 7.3 0 59 C 41 C
(C1214) 7.1 1.0 57 C 39 C

8.0 2.0 58 C 37 C
8.3 3.0 57 C 35 C

F i g u r e 7 is a phase d iagram of C~o ~2 alcohol-EO-PO-
EO adducts and water. Narrowing of the gel r eg ion and
lowering of the gel temperature as the PO block size was
increased from 0 t o 2 equiv, are readily apparent.

O d o r r e d u c t i o n . An unexpected advan tage of PO
incorporation is the virtual elimination of fat ty alcohol
odor in the adducts. The PO acts as a scavenger of
unreacted alcohol which in conventional ethoxylates
may be present t o the e x t e n t of several percent. The
1-PO adducts of the alcohols have much lower vapor
pressure and hence much less odor.

Lack of odor is especially welcome in aerosol and
pump spray liquid cleaning products. Less fragrance is
required, and less remains on the treated fabric or hard
surface.
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