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WHEN you're faced with the problem of mzking
a0 emulsion, you have your choice of hun-
dreds upon hundreds of emulsifying agents—well
over a hundred just from ICI-US alone. Qur of this
welter of products, you have the unenviable task of
selecting ane or ewn which will satisfactorily emnlsify
your chosen ingredients. You can choose fromamong
hundreds of manufacturers and thousands of surface
active agents, according to the 1975 edition of John
W. McCutcheon's “Detergents and Emulsifiers.”
Your own definition of the words “sasfsfactorily
emulsify,” as used above, is of course the prime factor
in your choice of one emulsifier instead of another.

What the HLB System Does

To help save time in emulsifier selection, ICI-US
introduced in the late 1940's a systematic scheme of
centering down on the relatively few emulsifiers suit-
able for any given application. This is called the HLB
System—the letters HLB standing for ""Hydrophile-
Lipophile Balance.”

Briefly, the HLB System enables you toassigna sum-
ber to the ingredient or combination of ingredients
you want to emulsify, and then to choose an emulsifier
or blend of emulsifiers having this same number.

At least, this is the principle of the system. In prac-
tice, unfortunately, the task is never simple, But the
HLB System does provide a useful guide—a series of
beacons to steer you through channels where virctually
no other markers exist.

Where the HLB System Can Help Most

Qur discussion here will assume that you have had
some experience in making emulsions. A complete dis-
sertation on the many factors which influence your
choice of emulsifiers would necessarily cover aspects
of emulsion technology far beyond the HLB System.

For example, before you can begin making use of
the HLB System, you must set up some sort of evalua-
tion system for your “satisfaccory” emulsion. De you
want an oil-in-water (O/W) emulsion or a water-in-
oil (W/O)? How stable do you want your emulsion,
in storage ?—in use? What are your cost fimits? Should
your emulsifier be stabie toward aikalies, salts, or elec-
trolytes? Must it be non-toxic—or non-irritating to
the skin? How about your manufacturing equipment

—or the equipment your customer might use in apply-
ing your emulsion product—will ease of preparation
or application affect your choice of emulsifier?

Such factors as this may immediarely lead you to
discard certain types or groups of emulsifiers from
further consideration. In any case, they wili certainly
influence your choice of emulsifiers when you are
weighing the relative merits of one emulsion or an-
other in final crials.

HLB Numbers of Emulsifiers—
What Do They Mean?

In the HLB System, each emulsifier is assigned a
numerical value which we call its HLB. The HLB of
ATLAs emulsifiers is shown in all current ATLAS
emulsifier literature, and similar values may be cal-
culated or estimated by various means for any
emulsifier. Methods for derermining this HLB value
are discussed in Chapter 7.

The HLB of an emulsifier is an expression of its
Hydrophile-Lipophile Balance, i.e. the balance of the
size and strength of the hydrophilic (water-loving or
polar) and the lipophilic {oil-loving or non-polar)
groups of the emulsifier. All emulsifiers consist of a
molecule that combines both hydrophilic and lipo-
philic groups.

An emulsifier that is lipophilic in characrer is as-
signed a low HLB number (below 9.0), and one that
is hydrophilic is assigned a high HLB number (above
11.0). Those in the range of 9-11 are intermediate.

When two or more emuisifiers are blended, the re-
sulting HLB of the blend is easily calculated. For ex-
ample, suppose you want to determine the HLB value
of a blend comprising 70% of TwEEN 80 (HLB =
15) and 30% of SpaN 80 {HLB = 4.3). The calcu-
lation would be:

TwEEN 80 70% X 15.0 = 10.5
SPAN 80 30% X 4.3 = 3
HLB of blend = 11.8

As you will discover in applying the HLB System,
the HLB of an emulsifier or blend of emulsifiers is
an excellent indication of what the emuisifier system
will da, that is, whether it will make an oil-in-water
{O/W) emulsion or a W/O emulsion, or act as a
solubilizer for some oil. The HLB of an emulsifier class
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Whea oil-loving groups in surfactant
are predominant, HLB is low . . . for
producing water-in-vil emulsions.

or blend is also an indication of the efficiency of chem-
ically-related emulsifiers or of a blended pair of emulsi-
fiers for performing any given emulsifier task.

When you consider a variety of chemical types of
emulsifier, and classify them according to structure,
each class covers a segment of the HLB range. The
efficiency of these classes differs. HLB is nor an indica-
tion of the relative efficiency of one class to another.
This “class efhiciency” seems to be related more to
chemical structure (that is, whether the emulsifier is
a soap, a partial esicr, a complete esier, whether the
lipophilic group is saturated, etc.) and the relationship
of its chemical structure to the cheinical structure of
the material to be emulsified.

Subsequent chapters in this book will give you some
guides 1o comparison of chemical types when the
“ideal” HLB of emulsifier for your application has
been determined, although no specific rules have been
established for this step in emulsifier selection.

HLB Retated to Solubility

The HLB of an emulsifier is related to its solubilsty.
Thus, an emulsifier having a low HLB will send to be
oil-soluble, 2nd one having a high HLB will send to be

luble, although two Isifiers may have the

same HLB and yet exhibit quite different solubilicy
characteristics.

Anyone who works with emulsifiers soon becomes

aware of the relationship between the solubility of an

is used for oili

When water-loving groups predomi-
nate, the surfactant has high HLB and

emulsifier and its bebavior, For example, you will use
a “water-soluble” emulsifier or blend to make an O/W
emulsion, or to solubilize oils, o to obtain detergent
action, 1n other words, you use a "water-soluble” emul-
sifier when you want your final product to exhibit
agueous characieristics, ie. to dilute readily with water.
For these purposes, you would rarely use an "oil-solu-
ble" emulsifying system. On the ather band, if you
wanted to make a W /O emulsion, or couple water-
soluble materials into an oil, or produce some other

type of non-aqueous emulsion system, you would

type aqueou:
cilroose an oil-soluble emulsifier.

From experience, then, you would expect that the
functions of emulsifiers might well be classified by
HLB, and this is true, Table 1 shows some interesting
general correlations.

Table 1
HLB Range Use
4.6 W /O emulsifiers
79 Wetting agents
8-18 O/W emulsifiers
13-15 Detergents
10-18 Solubilizers

These correlations are based on Jong experience with
ATLAS emulsifiers, and are amazingly accurate, al-
though certain exceptions have been found. For ex-
ample, a few excelleat detergents have been found in
the HLB range 11-13.
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When oil-loving and water-loving
groups are fairly well balanced, HLB

CHAPTER

“Required HLB” for Typical Ingredients

to be Emulsified

The "Required HLB" of a0 Ingredient

Through long experience in using the HLB System,
ICI-US emuision rechnologists have found that all
oils, waxes and other materials likely to be incorporated
into emulsions have an individual “Required HLB."
For instance, in Table 2A, you will see that the re-
quired HLB for a fluid O/W emulsion of paraffin is 10.

‘This means that an emulsifier, or blend of emulsi-
fiers, having an HLB of 10 will make a more stable
fluid O/W paralfin emulsion than emulsifiers of any
other HLB value. It does not mean that every emulsi-
fier ot blend having an HLB of 10 will “"work"—you
might have an "HLB 10" emulsifier of the “wrong"
chernical family (wrong for this purpose, at least}.
However, you can be assured that when you're working
with any certain family of emulsifiers, you will obtain
optimum results more quickly if you work in the ares
of HLB 10, say == 1, You'd be wasting time to try
emulsifier blends ac HLB 8 or 13, for example, unless
you might happen to be looking for a particular quality
other than stability in your emuision.

Do not make the mistake of assuming, from this pre-
liminary working data, that you should immediately
try all single emulsifiers in the catalog that have an
HLB of 10 for your paraffin emulsion. Remember, you
can blend emuisifiers to make any HLB you want, and
blends usually work best. In Chapters 5 and 6, emulsi-
fier blends and selection of “chemical families” for
trial will be discussed more fully.

It is important to remember thar, as noted in Table
2, this HLB of 10 is for a 10-209% paraffin wax flwid
O/ W emuision made by propeller mixing. If you waat
an emulsion of different concentration, compositien or
viscosity—or made by a different method—its required
HLB will likely be different. Differences in supplies
and batches of oils and waxes can also result in vacia-
tions in required HLB.

Required HLB for Ingredient Blends

Table 2 gives you some idea of the required HLB
values for O/W emulsions of varicus oils and waxes
that you are likely to encounter most frequently, From
these values, you can calculate required HLB values for
blends of these oils and waxes, each component con-
tributing its share to the whole,

For example, suppose you are making an O/W
emulsion textile lubricant. The product might be 30%4
mineral spirits, 50% cottonseed oil and 2095 chlorin-
ated paraffin to be emuisified in water. The required
HLB of the combination can be calculated as follows:

Mineral Spirits . ....... 30% X Req. HLB 14 = 42
Cottonseed Oil ..... ... 50% x Req. HLB 6 = 3.0
Chlorinated Pataffin . ...20% x Req.HLB 8 == 1.6
Estimated HLB for emuisifier syscem . .......... 88

You should check this estimated value with a few
exploratory tests in the range of say 8-10, as shown in
Chapter 3, but you know from this calculation that
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emulsifier combinations in this range will probably
give best results.

This method of calculating required HLB is often use-
ful for fluid types of emulsions, but is not usually prac-
tical for "'solid"’ cream type emulsions or very heavy
lotions. In this latter type of emulsion, an excess of
lipophilic (low HLB) emulsifier, such as a stearic acid
soap ot SPAN 60 sorbitan monostearate, is generally
used for thickening action. Thus the HLB of the
emulsifier combination employed will be substantially
Jower than the HLB value needed only for emulsifica-
tion or solubilization.

G

Experimental Determination of Required HLB

If you are so fortunare as to find all your oil phase
inggedients listed in Table 24, it is quite easy for you
to calculate the requited HLB of any combination of
these ingredients for a fluid emulsion. However, what
if you're using other oils or waxes of unknown “re-
quired HLB"? Whar if you waat a thick emulsion
instead of a fluid ? The HLB System provides a refined
trizl-and-error method of determining the required
HLB for any combination of ingredieats to meet your
own requitements for viscosity and stability. Chapter 3
will discuss this methed in detail.

CHAPTER u

Determining “Required HLB” for Your

Own Ingredients

If the ingredients of your oil phase are not shown
in Table 2A, then your next step is to determine the
required HLB of your ingredients by an experimental
procedure. The HLB System provides you with a
simple method. Essentially, this method consists in
actually producing a séries of trial emulsions of your
own ingredients, using emulsifier combinations of
known ELB value. The HLB value of the emulsifier sys-
cem that “works best,” under your own trial conditions,
is the “Required HLB" for your set of ingredients.

Even when all the required HLB values of your in-
gredients are published in Table 24, it is still a good
idea to run this experimental determination, because
oils, waxes and solvents from various sources vary in
properties ‘and emulsifying characteristics.

Making Trial Emulsions

For your preli ry tests, to your re-
quired HLB, select any matched pait of SPAN and
TWEEN emulsifiers, i.e. SPAN 20 with TWEEN 20 or
SPAN 60 with TweeN GO. This will give you two
emulsifiers of the same chemical class, one lipophilic
(oil-doving), the other hydrophilic (water-loving).
For example, the “20" SPAN-TWEEN emuisifiers are
both lawrate esters; the “40"s ate palmitate esters; the
“G0"s are stearates; and the "80"s oleates. The SPAN

d,

emulsifiers are lipophilic, the TWEEN products hydro-
philic.

This is only a trial run, so you don't care at this
point whether the emulsifiers you sclect are perfect for
your purpose of not.

Suppose you happen to have some SPAN 60 and
TWEEN G0 on your lab shelf. You can use these for
your trials. As a start, make up smal! batches of seven
emulsifier combinations, ranging in HLB from straight
SPAN 60 (HLB = 47) to a straight TWEEN 60
{HLB = 14.9),* as follows:

Sample Emulsifier Blend Calculared
No. | sean 60 | TwiEN 60 HLB |
1 100% | - |
2 8% | 13%. 6 1
3 oo | 32% 8
4 48% ‘ 52% 10
5 8% | 72% 12
6 6% ! 94% 14 |
| 7 — . 100% | 149 ‘

*HLB values of all ATLAS surfactants are given in the bookiet “"General
Characreristics of ATLAs Sutfacanis” (O-1), and many representative
chemical types are also lisced in Chapeet 6, While the seven test emulsifier
combinations shown here will usually give you a good indicarion of the
"Required HLB" of your oil phase, you may fnd it advisable to iy higher
HLB values. For example, by working with SPad 20 and TWEEN 20 insecad
of SPAN 60 and TwEEN 60, you coufd try HLB values from .6 ro 16.7
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Now, make seven test emulsions, using one of the
above emulsifier samples in cach, Use zn excess of
emulsifier {say 10-20% of the weight of your oil
phase}, and dissolve or intimately disperse the emulsi-
fer into the oil phase, melting ingredients rogether
if necessary.

While simple mixing of your ingredients and emul-
sifiers will probably be sufficient at this point in your
testing, it is important that you use preparation meth-
ods as nearly identical as possible for each of your
seven emulsions, simulating your own plant methods.

Using the appropriate methad or methods for com-
parison and evaluation of your product, you will prob-
ably notice fairly quickly that one or another of these
emulsifier combinations will give you a better emul-
sion than the other six, even though not necessarily
a very good one. If all the emulsions seem fairly good,
with not much noticeable difference, then repear the
seven tests, using less emulsifier. Conversely, if all the
emulsions are peor and show no great difference, re-
peat the tests but use higher emulsifier content,

More often than not, you will be <omparing your
emulsions for stability—you'll be warching for separa-
tion of ingredients, perhaps in a matter of minutes,
perhaps overnight, or after heating or afrer freeze-
thaw cycles, However, it is entirely possible your cri-
terion for a good emulsion might be clarity or viscosity,
ease of preparation or ease of application, Whatever
your index for judgment mighe be, these preliminary
tests will enable you to center down on an approximate

SPAN 60

HLB range (say plus-or-minus-one) for the emulsifier
system that will work best for you.

Suppose you find that an HLB of approximarely 12
is optimum for your purpose. You might then make
further tests around this value to establish this HLB
value more accurately, ie. these same two emulsifiers
might be blended t0 try making emuisions at HLB
values ranging step-wise between 11 and 13,

In this preliminary test, you may find that you get
a fairly good emulsion at HLB 4.7 and another one at
HLB 12.0, I something like this occurs, you'll prob-
ably find thac your “low HLB” emulsion is a W/O
emulsion (doesn't dilute readily with w. d
conduct elecericity) and your “high HLB" emulsion
is an O/W emulsion (easily water-dispersible, con-
ducts electricity ). Most likely, you're trying for an
0/W emulsion—the usual kind—but that's a matter
of your own choice.

Merely by this one easy set of trials, you have al-
ready narrowed yourself dowa to a relatively small
field for further trials of emulsifiers or emulsifier
blends. Next, you will be looking for the ideal chemsi-
cal type, and 2 later chapter in this book will give you
some guideposts for this. Regardless of the chemical
type finaily chosen for your emulsifier or blend, it will
fall fairly closely wichin the HLB limits you have found
in these preliminary tests. You'll be wasting your valu-
able time i you bother looking elsewhere in the HLB
range for your emulsifier answer.

TWEEN 60

CHAPTER

Importance of Blending Emulsifiers and Choosing
Ideal Chemical Type

Let's assume that you have determined the "Re-
quired HLB" of your ingredients as outlined in Chap-
ter 3. Let’'s say it’s 12.0. kr might appear that the proper
way to proceed now would be to obtain all the emul-
sifiers ICI-US supplies having an HLB of 12, or some-
where around 12, and try them.

However, if you do this, you're very likely making
a serious mistake. Firse, you're assuming thac having
the right HLB is enough. Actually, however, you must
also find the right chemical type having the right HLB.
Secondly, you're missing the opportunity the HLB
System gives you to fatlor-make the ideal emulsifier for
your own sel of ingredients and conditions, By blend-
ing two emulsifiers, you can arrive at the exact HLB
you need, instead of trying to "make do” with a single
emulsifier having an HLB that's “close but not quite
right.” Moreover, you can adjust your emulsifier biend
10 suit your oil or other active ingredients, instead of
having to lmit or adjust your active ingredients to
suit the emulsifier.

Bear in mind that the most stable emulsion systems
usuully consist of blends of two or more emulsifiers,
one portion having lipophilic tendencies, the other
hydrophilic. ( For ple, glyceryl mor rate, self-
emulsifying grade, is actually a blend of lignphitic non-
self-emulsifying gms., with a hydrophilic soap or
other substance to make it more water-soluble.)

Only in relatively rare instances will you find a
single emulsifier product to suit your requirements,
even though it might have the exact HLB you need.
Somertimes a complex blend is sold as a single emulsi-
fier, and this might give you a somewhat better chance.

Importance of Chemical Type

Knowing the “Required HLB” of your ingredients
narrows down your choice of emulsifiers considerably,
but you're still faced with the problem of choosing the
ideal chemical type of emulsifiers. At least, when you
ry different chemical types, you won't need to try ail

sorts of blends of each chemical type—but just the one
blend having the "Required HLB” you need.

“Right chemical type” is just as Important as “right
HLB." The two go hand in hand. Suppose you found
thar a blend of SPAN G0 and TWEEN G0 (stearates),
at an HLB of 12, gave you a better emuision than any
other HLB of these rwo emulsifiers. That HLB of about
12 will be best for any chemical type you might try.
But now you must determine whether some other
SPAN-TWEBEN blend at HLB 12 (say laurartes, palmi-
tates or oleates ) might not be better or more efficient
than the stearates. Or perhaps some chemical family
blend cutside the popular SPAN-TWEEN class might
be even more suitable. (In any case, remember, it will
have an HLB of about 121}

The “"chemical type’’ of an smolsifier blend is just e1 impoctant

o Ity HLB. For eamgle, ol ielt we 3ee 2 poiyocysthylene
sasbiten cleste st Gype of amulsifier blend with its ursatv-
sated UpGpFIMIC olusts “HalF” in the oil; an unsstersted chein
Wis this seama to “‘stiract’” oils having wmelurated bonds.
. A cight J» ancther emulaifier blead, similar to the other except
tat it 1w staarate; o ssturated
or paimitate) sssms to “atiract” ssturated oll
althaugh both types of oil might “‘requine” an emuliifier hav-
ing o NS of 12, wnd both smuisilers might have this HLE,
the smutalffar that *‘sttracts’ the oi) will ba more affeciive,




CHAPTER

Calculating Ratio of Emulsifiers to Reach

Any Desived HLB

Suppose, for example, that you used various blends
of SPAN 60 and TWEEN G0 (stearates) to determine
your "Required HLB," as was suggested to you in
Chapter 3, and let's say you determined that your
“Required HLB” is abour 12.0. Now, you might like to
try the oleate family of SPAN-TWEEN emulsifiers, i.e.
SPAN 80 and TweeN 80. How much of each do you
need to give you an HLB of 12.0?

Here's an easy way to calculate how much of any
emulsifier (A) to blend with any other emulsifier
(B), to reach an HLB of X.
100(X~HLB))

HiBG, ~ HLB(,

% (B} = 100 — % (A)

Using this formula to calculate how much Span 80

(HLB = 4.3} and how much TweeN 80 (HLB =

15.0) you need to arrive at an HLB of 12.0, your
calculation would be:

120-43 _ 77

150 - 43 107

% SPANBG = 100 — 72% = 28%

HLB Computagraph

If you need tc make many such calculations, you
will find it more convenicnt to use the HLB Computa-
graph, illustrated in Figure 2, An HLB Computagraph
is included in the center insert to be removed and used
in a plastic cover or copied for your own calculations.
On the reverse are precalculated values for sutfac-
tant blends.

In Figare 2, HLB values of the SPAN group are
marked along the left edge; those of the TwEeN
group along the right edge; and percentage of TweEN
is shown from 0 to 100 across the bottom. If you're
working with SPAN 20 and TwEEN 20, for instance,
you merely draw a ruler line from the HLB value of
one to the HLB value of the other; then you draw a
horizontat line for the HLB value you want your blend

o

% (A) =

0+ TWEEN 80 = = 72%

to have. By drawing a perpendicular line through the
intersection of your two previous lines, you can read
off the percentage of TWEEN you need, at the top or
bottom of the graph.

You can enter the HLB values of any emulsifiers
you wish along the left and right margins 1o compute
HLB of any desired blend.

Blends are Usually Best
\Ve re-emphasize here that blends of emulsifiers are
ncarly always much more effective as emulsifiers than

any single chemical composition would be. Therefore,
when you have found the "Required HLB" for your

iR
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own set of ingredients, don’t blindly assume you should
now try every single emulsifier you can find that hap-
pens to have this HLB value!

Preliminary Step in Finding Ideal Chemical Type

Just to give yourself some idea of & systematic pro-
cedure for determination of the best chemical type to
suit your problem, it is suggested that you try blends
of other SeAN-TWEEN combinations. For example, if
you decermined your “Required HLB" of 12 by trying
SPAN 60 blended with TwaEN 60, you might now ey
blending Span 20 wich Tween 20 (laurates); then
try the 40" combination (palmirates); then the "80"
combination (oleates). Only ome blend of each is nec-
estary—the blead having an HLB of 12. You can com-
pute this blend easily by aigebra or with the HLB
Computagraph.

You may find that oleates give you the best “feel,”
while stearates give you best viscosity control, At the
same time, perhaps the laurates give you an emulsion
of satisfactory stability ac excremely low emulsifier
conceatration, so maybe you could save money by
using them. These preliminary findings might well
guide you toward later experimentation with certain
members of ather chemical groups, if necessary, Like-
wise, you might find that you can obtain ideal results
by blending one of the SPAN-TWEEN chemical types
with another—say SPAN 20 with TwgEN 80.




CHAPTER

Investigation of Vavious Chemical Types

While the remaining steps in your emulsifier selec-
tion system are still a matter of trial and error, you have
already learned a great deal about what will work and
what wor’# work as emulsifiers in your own emulsifica-
tion system, simply by a few trials of SPAN-TWEEN
emulsifier combinations blended to meet your “'Re-
quired HLB.”

Your procedure now will be to try even more chem-
ical types, blended to meet your previously determi
“Required HLB,” Occasionally, the " Required H.
fot one chemical type may be slightly different from
that for another chemical type, but at Jeast you have a
reliable guide to your trials. Thus, if your “"Required
HLB” is 12, and you try another chemical family, at
HLB ranges from 11 to 13, without getting equal or
superior emulsifying results as compared with your
ptevious trials, you can immediately discard this chem-
ical family from further consideration.

Tables 3 and 4 as Guides to Investigation
of Chemical Types

Afcer you have found the "Required HLB" of your
oil phase under your own conditions, as discussed in
Chaprer 3, then Tzbles 3 and 4 on pages 14 to 17 make
useful guideposts to the chemical fypes of emulsifiers
you might try at your predetermined “'Required HLB.”

Examine Table 3 first, bearing in mind the applica-
tion of your emulsion and the "Required HLB™ you
have previously found. In the left-hand column, you
will find dozens of emulsifier applications in which
ATLAS emulsifiers are often used. In the second column
is the reference number of any single surfactant sug-
gested for this application. In the third column is the
reference number of various blends of surfactants
suggested fortrial, Also included here is the HLB range
suggested for trial of surfactant biends. Your own
“Requited HLB" will likely fall within this range.

If possible, find your own application in Table 3, or
one as nearly like it as you can. Find the reference
12

numbers of surfactants and surfactant blends suggested
for this application.

Now tura to Table 4 and look up these references.
Hete you will find the twade name and chemical
identity of the ATLAS surfactants or surfactant blends
which ICI-US would suggest for trial firs, based on
our past experience. This is merely 2 suggestion, how-
ever, because your own emulsion or formulation
problem may be different in many respects from the
particular exampies with which we have had
ence in our own laboratories. These suggestions will
guide you not only to specific surfactants, but also to
the broad "'chemical families” they represent.

Tzble 4 shows only about half of the total ICI-US
*line" of surfactants. Many other sutfactants in each
of the chemical classes shown in Table 4 will be found
in the bookler “General Characteristics of ATLAS
Surfactants’” (O-1).

To see how you can meke best use of these surfac-
tant suggestions, let’s look atan example in which both
a single sutfactant and a blend are suggested.

Let's say you're trying to formulate an O/W anti-
perspirant cream. In Table 3, under " Cosmetics,” you
find that a typical single surfactant for this purpose is
No. 131, and typical blends suggested are No. 551 and
the 600 Class.

Now, turning to Table 4, you find thac No. 131 is
ARLACEL 165, of the glycerol mono- and di-stearate
class, a blend of mono- and diglycerides with poly-
oxyethylene stearate. Its HLB is around 11.0 £1. In
your previous tests to find the “"Required HLB" of your
owa ingredients, you probably found that you need a
surfactant having 2n HLB more like 16 to 17, for your
typical stearic-acid based cream. So, you might con-
clude that No. 131 does not fit your needs. In this par-
ticular case, however, the glycerol monostearate portion
of the ARLACEL 165 would also serve as part of the
waxy portion of your cream, so that, by using less
stearic acid {as is the usual practice in making mono-

glyceride-based creams) ARLACEL 165 becomes a logi-
cal candidate for your trial.

No. 131 itself suggests that you might try other
blends of the same nature as No. 131, i.e. blends of
other mono- and diglycerides {Class 100) with poly-
oxyethylene stearates such as those in Class 500, many
more examples of which may be found in the ATras
Suzfactant Caralog (O-1).

What about the No. 551 suggestion? In Table 4,
you find chat this is a blend of No. 501, MYR} 52
palyoxyethylene stearate, with No. 703, G-2162 p.o.e.
oxypropylene stearate. The HLB range in which these
two products can be blended is natrow, from 16to 17.
If this fits the “"Required HLB” you need, then you
havea good candidate for trial —you can biend the two
to fit any “Required HLB” from 16 to 17. Since they
are both stearates, it might be a good idea to try other
stearate blends of the 50 Class with the 700 Class,

What about the Class 600 suggestion? Looking at
Table 4, you find that only No, 602, Bryj 35, is likely
to give you an HLB high enough for your purpose.
Blend No. 651 also looks promising for evaluation.

Going beyond the suggestions given in Table 3,
since you know the “Required HLB” you need, you can
casity spot on Table 4 a number of other blends that
offer possibilities for trial, merely by looking for bars
that cross the HLB 16-17 region. For example, Nos.
251, 255, 256, 351 and 371 might be found to give suf-
ficiently stable emulsions wich interesting other effects.

Notes on Chemical Classes in Table 4

Examining the nine main chemical classes of ATLAS
surfactants shown in Table 4, you will find that there
ace logical relations and intetpolations berween these
classes, Classes 100 and 200 are generally lipophilic
products. Classes 300, 400, 500 and 700 are generally
hydrophitic. Classes 100 to 500, and 700 contain ester
linkages and, therefore, are not ordinarily alkali stable.
Class 600 covers a wide range of HLB and is alkali
stable. Class 800 includes cationic and anionic surfac-
tants. Class 900 products are, in general, blends of sur-
factancs prepared for particular industrial applications,
Reasonable cross-blending of classes should be teied in
your emulsion research program.

Also, there are chemical types within these major
dlasses. For example, adherence to a given fatty acid base
is preferable, once the best one has been escablished.

Note, that while reference is made to a single emul-
sifier, o to a specific blend, this is only a suggestion
and the actual recommendation is to the entire class
(and o related classes) of surfactants.

When considering various chemical types, you
should always blend back to your required HLB value.
How you may do this is apparent in Table 4. Here both
single sutfactants and some typical blends are illus-
trated, Blends of any two {or thtee or more} surfac-
tants may be made (with the general exception of
blending anionics and cationics),

The "“blends” listed under each chemical class {such
as 151, 251, etc.) ace nof for sale in the form of these
blends, bur are shown here to illustrate how two or
more single products can be blended to reach any de-
sired "Required- HLB"" that falis within the range indi-
cated by the bar to the right of the designated blend.

Emulsifier Suggested for Foods

Al of the surfactants listed in Table 3 as sugges-
tions for food products are either recognized by F.D.A.
for use in certain foods or are GRAS {Generally Rec-
ognized as Safe).

The question might be asked “Why are so many
single surfactants suggested here, when blends are
usually best?” The reason is that foods and food in-
gredients from natural sources contain narural emuisi-
fiexs. Those shown in Table 3, when added, cherefore,
produce complex blends.

In some cases it may be found that the HLB of a
suggested surfactant or blend does not match the
“Reguired HLB'' you have previously found for this
food application. Usually this is because no “edible”
surfactant of sufficiently high HLB is recognized for
this application. Remember, however, thata sufficient
quanticy of an “'off " HLB emulsifier will “'work,” even
though not as efficiently or in as low a quantity as
would a surfactant of the proper “Required HLB."
(See Figure 3, Chapter 5.)

Always Best to Find "Required HLB” First

Obviously, you can make good use of Tables 3 and
4 without ever having bothered to determine the
*"Required HLB" for your own particular emulsion sys-
tem by the procedure shown in Chapter 3. However,
you will find in che long run that you save much rime
and money if you take the trouble to follow the Chap-
ter 3 system. Even if your formula should happen to
be identical to those in our experience which led to
the recommendations in Table 3, you could be mis-
led by following the suggestions in Tables 3 and 4
zlone, because of possible variations in characteristics
of the oils and waxes that you employ, differences in
manufacturing techniques, and especiaily differences
in observation of desired properties.
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Table 4—Typical Chemical Classification of ATLAS Surfactants for Reference from Table 3

Reference HLB Refercnce H LB
Number Surfactant Identity 0 2 4 6 8 10 12 14 16 18 20 23 30 Number Surfactant Jdentity 0 2 4 6 8 10 12 14 16 18 20 25 30
U'“ 100—Mouno and diglycerides __J Class 500—Polyoxyethylene acids
ATMOS 150, palmitate-stearate . $01 YR] 52, stearate
lnz ATMOS 300, oleate et 502 Myn) 43, stearate
111 *ATMUL 80, oleate-palmitate prom— 503 Mvn) 33, stearate ———
112 *ATMUL 84, stearate - — 506 MYR) 59, stearate ———
113 *ATMUL 124, stearate s 521 RENEX 20, mixed resin and fatty acids
114 *ATMUL 500, stearate-oleate ap— Bl:nds of:
131 **ARLACEL 163, stearate —— MyR) 52/ATLAS G-2162
132 ARLACEL 186, oleate = r = lene alcohol:
141 **+TwEEN-Mos 100, steatate-oleate — Ch“ 60C P"ly"xye‘f'y ene alcohols ot
601 Bry 30, lauryl
Blends of: 602 By 35, lauryl
151 ATMUL 80/SPAN 6O/TWEEN 60 603 By 52, cety! o
152 ATMOs 300/ TWEEN 80 . 604 BRy) )(: cetyl
133 ATmuL BO/TWEEN 60 603 Brij 38, cexyl
154 ATMOs 130/ TWEEN 60 406 By 72, stearyl —e— !
135 ATMOS 150/SPAN GO/TWEEN 60 607 Bry) 76, stearyl - H
Class 200—Sorbitan faty acid esters 608 Brij 78, stearyl
201 “***ARLACEL 20 or SPAN 20, laurare vt 609 Buij 92, cley] P
202 ARLACEL 40 or SPaN 40, palmitate b 610 BRij 93, oleyl [rotend
203 ARLACEL GO or *SPAN 60, stearate L el 611 Bry) 96, oleyl L o
204 ARLACEL 635 or SPAN 63, stearate {tri) p— 612 Baif 98, oleyl
20% ARLACEL 80 or SPAN 80, oleare poas. 613 BRI 97, oleyl e
206 ARLACEL 83, oleate (sesqui} = 614 BRY 99, oleyl
207 ARLACEL 85 or SPAN 83, ojeate {tri) 613 ij 30SP, lauryt —
216 ArLACEL C, oleate (sesqu.) - 616 Bai) 355P, lauryl prowes
Blends of: 631 RENEX 30, tridecyl ke
251 SpaN 20/TWEEN 20 632 RENEX 31, tridecyl —ts
252 SPAN 60/TWEEN 60 633 RENEX 36, tridecyl !
253 Sean 80/TWEEN 80 i Blends of:
254 SPAN 85/TWEEN 85 b * 651 Briy 30/Bry 35
255 SPAN 20/ARLACEL C/TWEEN 20 692 Bry 32/BRrif 56
256 Span 60/SPAN 80/ TWEEN 20 633 Br1J 56/Bry 98
257 SPAN 60/SPAN 80/TWEEN 60 634 Brif 72/BRry) 76
Class 306—Polyoxyethylene socbitan fatty acid esters g;g g:? ;?)i"g:;LTS
301 TWEEN 20, laurate - )
309 TWEEN 21, k 637 Bry 36/BRY 58
b | anate -t 661 RenEx 31/RENEX 36
302 TwEEN 40, palmitate —
303 *TWEEN 60, stearate - Clus 700— Polynxyethylene adducts n.o.c.
304 TWEEN 61, stearare —h— s G-1288 farty glyceride —
305 TWEEN 65, stearate {tci) e 702 . Am«s G-1292 facty glyceride
106 TwEEN 90, oleate —— 703 ATeas G-2162 oxypropylene stearate -
307 i 81, oleate - 704 ARLATONE G, (auy glyceride rpont
304 TwEEN 8%, oleate {tri) e Class 800—Ionic surfactants
Blends of: 801 ATLAS G-3300 altkyl ary) sulfonate wemr}
354 TWEEN 20/SPAN 20 621 ATLAS G-263 N-ceryl-N-ethy] morpholinium
332 TwEEN 40/SPAN 40 ethosulfate
153 TwEEN 60/SPAN 6O 822 ATLAS G-271 N-soya-N-ethyl morpholinium
454 TWEEN BO/SPAN 80 cthosulfate
361 TweEN 60/SPan 80 Blends of:
362 TWEEN 60/SPAN 85 851 AtLas G-3300/RENEX 20
363 EEN 61 /SPAN 80 852
364 EEN 80/SPAN G0 833
in N 60/MYR) 52 B34
381 Twrm bn;‘,TwssN 61 B71 ATLAS G-263/SPAN 80
382 TweEN 81/TWEEN BY Class 900—Specialty surfactants
Bt Tween 60/TwrEN 65 901 PATLOX 3335, nonionic-anionic blead et
'~ Class 400—Polyoxyethylene sorbirol esters 902 ATLOX 3403, nonionic-znionic blend e
; 4ol ATLOX 1253, mixed resin.and farty acid | 903 ATLOX 3404,
l 402 ATLOX 1256, mixed resin and fatey acid —d 904 ATLOX 3409, nonionic-anionic blend -
A1 ATLAS G-1086, oleate ———— 911 ATtas G-2090 p.o.e. fatty amine-p.o.e. sorbitol oy
412 ATias G-3284, tallow - oleate blend
421 ATLAS G-1702, beeswax — 912 AtLas G-2684 sorbitan oleartdp .0.¢. esters of —
422 ATLAS G-1726, beeswax e mixed [atty and resin acids blend
423 ARrLATONE T, oleate ooy Blends of:
424 ATLas G-1441, lanolin derivative o 951 ATLOX 3403/ATLOX 3404
423 ATLAS G-1471, lanolin derivative - 952 ATLOX 3404/ATLOX 3409
*Asuilable from vegetable source raw matetials +++Blend af mono- and diglycerides and polysarbate B0 933 ATLOX 3403/ATELOX 3404/ATLOX 3409
+Blends of mono- and diglycerides and p.o.e. stearare  ***“These ARLACEL emulsihers are cspecialiy highe-colored (perovide bieached) Sean eype producrs. Dark portion of long HLB rage bacs indicates portion of range less likely to be useful for these blends as referred to from
16 i - }k “Table 3. atthough HLB's throughout the entire range of the bar may be attzined by blending the indicated products.
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CHAPTER

How to Determine HLB of an Emulsifier

What is an HLB number, and how does ICI-US de-
termine it? The number itself, in the ICI-US system
for most ATLAS nonionic emulsifiers, is merely an in-
dication of the percentage weight of the hydrophitic
portion of the nonionic emulsifier molecule. Thus, if a
nonionic emulsifier were 100% hydrophilic, you would
expect it 1o have an HLB of 100. In the ICI-US system,
such an emulsifier (which, of course, does not exist)
would be assigned an HLB value of 20, the facror
1/5th having been adopted because of the conven-
ience of handling smaller numbers,

With this in mind, when you see that an ATLAs
emulsifier such as TweeNn 20 polyoxyethylene (20}
sorbitan monolaurate has an HLB value of 16.7, you
know that it is about 84% hydrophilic. Theoretically,
this HLB value may be calculated: the mol weight of
TwEEN 20 is 164 (sorbitan) 4 200 (lauric acid) + 880
(20 mols ethylene oxide} —18 (water of esterifica-
tion) = 1226. The mol weight of the hydrophilic por-
tion (sorbitan -} erhylene oxide) would be 164 + 880
= 1044. The HLB of Tw&aN 20, i.e. 1/5th of the per-
centage weight hydrophilic portion, would thus be
1044/1226 x 100 x 1/5 = 17.0. The published HLB
value of 16.7 is obtained from actual analytical dara,
as explained below.

HLB values for most nonionic emulsifiers can be
calculated from either theoretical composition or ana-
Iytical data. The “cheoretical composition” method may
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lead to considerable error, since the “chemical name"' of
a surfactant is often only an approximation of the zc-
tual composition.

Data obrained by actually analyzing che emulsifiet is
usually a better basis for decermining HLB values. For
example, HLB values of most polyol fatty acid esters
can be caiculated with the formula:

s
HLB = 20 (l — —)
A
where S = sap. number of the estertn)

A = acid number of the recovered acid@
Example: TWEEN 20 polyoxyethylene sorbitan mono

laurate

8 = 455avg.

A = 276 {for a commercia! lauric acid)
45,

HLB = 20 1—2 = 16.7
276

In the case of products where the hydrophilic por-
tion consists of cthylene oxide only, for example the
MyR series of polyoxyethylene stearates, the formula
is simply:

HLB = E/s
where E = weight percent oxyethylene content(s)

1) AOCS Cd 3-23

(2) AOCS Cd 6-38 and AOCS L3a-57

{3} Mocgra, P."W., Decermination of Ethers and Esters of Ethylene
Glycol, Tnd. znd Eng. Chem.. Anal, Ed., Vol. 15, page 300, 1946,

Experimental Method of Determining HLB

While the formulas given above are satisfactory for
many nonionic emulsifiers, certain other nonionic
types exhibit bebavior which is apparently ume_larcd
to their composition—for example those containing
propylenc oxide, butylene oxide, nitrogen and sulfur.
In addition, fenfe types of emuisifiers do not follow
this “weight percentage” HLB basis, bccausr:, even
though the hydrophilic portion of such emulsifiers is
low in molecalar weighe, the fact cthat it ionizes lends
extra emphasis to that portion, and therefore makes
the product more hydrophilic.

Therefore, the HLB values of these special non-
ionics, and of all jonics, must be estimated by experi-
meatal methods, so that their HLB valuesare "aligned’”
with those of the common ATLAS nonionic emulsi-
fiers. An experimentally determined HLB value for
such an emulsifier will nor necessarily indicate the
percentage weight of its hydrophilic portion; for ex-
ample, you will find experimentally thac che HLB of
pure sodium lauryl sulfate is about 40, which surely
does not mean that it is 200% hydrophilic (1), but
merely that it shows an apparent HLB of 40 when
used in combination with other emulsifiers.

The experimental method of HLB determination,
while not precise, briefly consists of blending the un-
known emulsifier in varying ratios with an emulsifier
of known HLB, and using the blend 1o emulsify an oil
of known "Required HLB."” The blend which performs

best is assumed to have an HLB value appre
equal to the “Required HLB" of the oil, so tht
HLB value of the unknown can be calcutared. lap
tice, a large number of experimental emulsioas s
be made, from which an average HLB value for the
unknown is finally calculared. -
Needless to say, such a procedure can be difcalt
and time-consuming. However, the lack of 10 exaa
HLB numbet for an emulsifier is not aecessarily a seri-
ous disadvantage, since 2 rough estimate of HLB can
be made from the water-slubility of the emulsifier, and
in many instances this is adequate for screening work.

Watee-Sclubility Method

While this methed is not an infallible guide, you can
approximate the HLB of many emulsifiers s(\(ﬂ\rding
to their solubility or dispersibility characteristics as
shown in Table 5.




CHAPTER 5

Step-by-Step Summary

Step-by-Step Outline of HLB System for Selecting
Emulsifiers . . . The previons seven chaplers bave discussed
details of the HLB Sysiems for selecsing emubsifiers. The Jollowing is
a brief summary of this system,
Step One

Determine the "Required HLB" for the oil or other
ingredients you wish to emulsify. Chapter 2 shows
the “Required HLB" for 50 different oils, waxes, etc.,
and an easy method for calculating any combiration
of these 5¢. Chapter 3 shows how to experimentally
determine the “"Required HLB” for any combination
of ingredients, including uaknown oils or waxes in
water which might contain electzolytes.

Step Two

Try different chemical types of ATras emulsifier
blends, adjusted close to the "Required HLB™ you
found in STEP ONE, You save time because you don't

need to try any other blends than those at your pre-
determined “'Required HLB.” Chapter 5 discusses a
preliminary investigation of chemical types, using
combinations of SPAN and TWEEN emulsifiers. Chap-

‘ter G suggests several other blended combinations of

ATLAS emulsifiess for trial. Chapter 5 shows how to
calculate the ratio of any two ATLAS emulsifiers to
reach your “Required HLB."”

Step Three

1f your emulsion experience indicates trial of other
chemical types of emulsifiers than those made by
ICI-US, you can still save much time by deternining
the HLB of these emulsifiers, by methods shown in
Chapter 7. If one specific familiar emulsifier does not
have your "Requited HLB" (as determined in STEP
ONB), then you should blend it with another emulsi-
fier to obtain this “Required HLB” for optimum results.

ICl United States Inc.
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‘Wilmington, Delaware 19897
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