GuerseT ALcoHoLs
A Versatile Hydrophobe
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uerbet alcohols have been known since the

1890’s when Marcel Guerbet (1) first syn-

thesized these compounds. The reaction se-

quence that bears his name is related to the
aldol condensation and occurs at high temperatures in
the presence of alkaline catalysts. The overall reaction
can be represented by the following equation:

R
|

2 RCH.CH,0H —2~ RCHCH,OH
Catalyst

The product is an alcohol with essentially double
molecular weight. The reaction proceeds by a number
of sequential steps (Figure 1). These steps are: (1) oxi-
dation of the alcohol to an aldehyde; (2) aldol conden-
sation of the aldehyde; (3) dehydration of the aldol
product; and (4) hydrogenation and reduction of the
allvlic aldehyde.

The following has been established about the Guer-
bet sequence of reactions: (2)

(1) The reaction takes place without catalyst, but is
strongly catalysed by addition of hydrogen transfer
catalysts.

(2) At low temperatures (130-140°C), the rate limit-
ing step is the oxidation process (i.e., formation of the
aldehyde).

(3) At somewhat higher temperatures (160-180°C),
the rate limiting step is the aldol condensation.

(4) At even higher temperatures, other degradative
reactions occur and can become dominant.

Many catalysts have been described in the literature
as effective for the preparation of Guerbet alcohols.
These include nickel. tead salts (U.S. patent 3,119,880),
oxides of copper, lead, zinc, chromium, molybdenum,
tungsten and manganese (U.S. patent 3.538,716). Later
U.S. patents (3,979,466) include palladium compounds
and silver compounds (3,864,407). There are advan-
tages and disadvantages with each type of catalyst.

The Cannizzaro reaction, (3) a major side reaction,
is the disproportionation of two molecules of an alde-
hvde brought about by the action of sodium or potas-
sium hydroxide to vield the corresponding alcohol and
acid. (4) It can be represented by the following equa-
tion:

<

2 RCH,coH KO8 ReH,cooK and

Heat  RCH,CH,OH

Both natural and synthetic alcohols may be used as
raw materials for Guerbet alcohol synthesis. Synthetic
alcohols are, by definition, not derived from fats and
may also be branched, odd-carbon or secondary alco-
hols. The candidates of interest for the commercial
production of guerbet alcohols are primary alcohols.

Oxo alcohols and unsaturated alcohols may also be
used. The use of an unsaturated alcohol (i.e. oley!l) re-
sults in a product having a total of 36 carbons and still
remaining liquid.

General Properties
A. Guerbet alcohols have high molecular weight, hence:
(1) They have low irritation properties.
(2) They are branched, therefore, they are liquid to
extremely low temperatures (Figure 2).
(3) They have low volatility.

Figure 1
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Figure 2
Melting Point vs. Chain Length
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(4) They are primary alcohols, so are reactive and
can be used to make many derivatives.

(5) They are useful as superfatting agents to re-oil the
skin and hair.

(6) They are good lubricants.
B. Guerbet alcohols are essentially saturated, hence:

(1) They cxhibit very good oxidative stability at ele-
vated temperatures.

(2) They have excellent color initially and at elevated
temperatures.

Among the available guerbet alcohol products arc:

Product Name
Guerbet (20) branched Alkol GB-20
Guerbet (20) normal Alkol G-20
Guerbet (16) normal Alkol G-16
Guerbet (24-26) normal Alkol G-246

Guerbet Alcohol Applications

(1) Foam inhibitors in antifresze. U.S. Patent
3,334,260, 1965.

(2) Water vapor porosity increase of fats. U.S. Pa-
tent 3,335,053, 1965.

(3) Rubber-like varn lubricants. U.S. Patent
3,368,917, 1968.

(4) Pour point modifiers. Petrochem. 1970,23 (22),
94-97.

(5) Dyeing and printing of wool. French Patent
1,534,471, 1963.

(6) Film generating compositions for wound dress-
ings. French Patent 1,589,917, 1967.

(7) Bath additives, relubricating agents. German Pa-
tent 1,948,800, 1969.

(8) Waxy materials. Vom Wax 1970, 2, (122), 746-
752.

(9) Petroleum jeily substitute, French Patent
2,017,419, 1968.

(10) Lipsticks, resin based. Japan 70 41,318, 12/
1970.

(11) Acrosol antiperspirant. Cosmet.
88 (5), 35-38.

(12) Dishwash rinse aides. German Patent 2,213,007,
1972.

(13) Superfating shampoo additive. Cosmet. Per-
fum. 1973, 88 (8), 35-38.

(14) Detergent anti-graying agents. German Patent
2,243,307, 1974.

(15) Lipsticks. Cosmet. Pertfum. 1975, 90 (1), 31-35.

(16) Soap and detergent bars, anti-cracking agents.
German Patent 2,427,986, 1974,

erium. 1973,

(17) Powcer in antiperspirant sprayvs. German Patent
2,503,923.

(18) Transparent fragrance releasing compounds.
U.S. Patent 4,051,159, 1976.

(19) Plastic lubricant. U.S. Patent 4,425,458, 1984.

(20) Compression mold cleaning. German Patent
2,647,447, 1978,

(21) Soil release agents. U.S. Patent 4,108,780, 1978.

Guerket Alcohol Derivatives

Guerbet alcohols contain a primary hydroxyl group
and can be substitutes for fatty aicohols in many reac-
tion sequences to give improved functional properties.
These properties include decreased volatility, higher li-
quidity ar a given number of carbon atoms, increased
lubrication and generally lower irritation due to the
high molecular weight.

Esters

Fatty esters are generally prepared by reacting an al-
cohol and a carboxylic acid at elevated temperatures.
The reaction procceds with removal of water and may
be represented as follows:

ROH + R'COOH —— R'COOR + HOH
Guerbet  Crganic Ester Water
Acid

Several products have been developed and evaluated

in a number of applications. They are:

Product Name

Guerbet (20) adipate Alkalube G GDA
Guerbet (20) stearate Alkalube G GS
Guerbet (20) dimerate Alkalube G GDD

These products are liquid at low temperatures and
are used in various lubricant applications, including but
not limited to fiber, metal and synthetic lubrication.

Surfactants

In order to obtain a product with surface activity, it
is necessary to have a hydrophobic and hydrophilic
portion within the molecule. The hydrophobe or fatty
soluble portion of the molecule comes from the guerbet
alcohol chosen. If the hydrophobic portion of the mol-
ecule is too high in molecular weight, a water insolu-
ble, oil soluble product is produced which has essen-
tially no surface activity. This is the case with guerbet
esters.

HLB is the so called hydrophile-lipophile balance and
relates the ratio of the oil soluble to water soluble por-
tion of a molecule. The system was originally devel-
oped for ethoxvlated products. [t was expanded several
times to include other classes of surface active agents.

Table I gives some approximations for the HLB
value of surfactants as a function of their solubility in
water. These are only approximations.

Tabie |
Solubiilty in Water HLB Vaiue  Description
Insoluble 4-5 water-in-oil emulsions
Poorly dispersible 6-9 wetting agent
(milky appearance)
Translucent to 10-12 detergent
clear
Very soluble 13-18 oil-in-water emulsion
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Tabie il .
Properties of Selected Surfactants
Name HLB Moi. Wt,
Alkasurf G £-3 5 : 430
Qil soluble emuisitier and coupler L
Alkasurf G E-5 10 5§18
Water dispersible emulsifier O/'W
Alkasurf G E-20 15 1178
Qil-in-water emuisifier
Surfactant Pronarties
Conventional Surfactants
Name HL3 Mol. Wt.
ATkamuls SMO 4.3 362
(sorbitan mono oleate)
Qil solubie emulsifier and coupler
Alkasurf NP-9 13.4 638
{nonyl phenol 9 EQ)
Detergent 5
Alkasurf DA-3 9 - 290
(decyl alcohai 3)
Water dispersible emulsifier
Alkasurt DA-5 11.6 378
(decyl alcohol 5)
Oil-in-water emulsifier
Alkasurf DA-20 17.4 1012
(decyl alcohol 20)
Detergent

Alkoxylation

A surtfactant can be made by the ethoxylation or
propoxylation of a guerbet alcohol to obtain essentially
any HLB desired.

@]

/N
ROH + n  HC,—CH, — > RO {CH,CH,0)n H
Guerbet EQ and/or PO

Several products based upon the above reaction se-
quence have been developed. The following are exam-

ples:

Product Name

Guerbet (20) 3 EQ Alkasurf G E-3
Guerbet (20) 5 EQ Alkasurt G E-5
Guerbet (20) 20 EO Alkasurf G E-20
Guerbet (20) 3 EQ, 2 PO Alkasurf G E3-P2

Some properties of these materials along with those
of more conventional surfactants are shown in Tabie 1.

Sulfares and Ether Sulfares

The alcohols can be sulfated as prepared or ethoxy-
lated to give a chosen HLB value.
The reaction sequence is as follows:

AoH + SO, T2 ROsO, Na
NaOH

al

H.O
NaCH
R (CH,CH,0),5C, Na

R (CH.CH.O\H + SC,

Sulfates and ether suifates are very important classes
of surface active agents. Their importance in the per-
sonal care area becomes clear when one considers that
all of the top 10 shampoos contain sulfates.

In the evaluation of a given sulfate, there are a vari-
ety of possible functional attributes that can be consid-
ered. One is a measure of water solubility called Krafft
Point. It is defined as the temperature in degrees centi-

Table 1l
© Krafft Point °C. R
Llneer Alcohol Sullates, Sodlum Sall

Descrlpﬂon - # Carbons g Kram Point
Sodium lauryi sulfate 12 IEPADERARE [}
Scdium myristyl sulfate 14 o 28
Sodium cetyi sultate 16 . 45
Sodium stearyl suifate 18 . 58
Sodium cley! sulfate 18 — 29
Scdium c=ait of suifated 21 insoluble
Aikcl G-29

Krafft Point °C.
Linear Alcohol Sulfates, Sod‘um Sait

60 —
40 -
20 -

12 14 16 18 20
Number of Carbons :
Table IV

Kraftt Point °C. i
Elhoxylated Linear Alcohol Sulfates Sodium Sait

# Carbons
Descriptlon in hydrophobe - Krafft Point
Sodium cetereth-3-sutfate 16 19
Sodium cetereth-2-sulfate 16 24
Sodium steareth-3-sulfate 18 32
Sodium steareth-2-suifate 18 40
Sodium oleth-3-suifate 18 — 26
Sodium oleth-2-suitfate 18— : 40
Sodium sait of sulfated 20 Insol.
Alkasurf G E-2
Sodium salt of sulfated 20 Insol.
Alkasurf G E-5
Sodium salt of suifated 20 91
Alkasurf G E-12
Sodium salt of sulfated 20 58
Alkasurf G E-15
Sodium sait of sulfated 20 o]

Alkasurf G E-20

grade at which a one percent dispersion becomes clear
under gradual heat. Krafft point will increase as one
increases the molecular weight of the hydrophobe being
sulfated, or as one adds propylene oxide to the hydro-
phobe (Table III). Krafft point will decrease with ad-
diticn of ethylene oxide to the molecule (Table 1V).

The Guerbert derivatives with their high molecular
weight and branching have very high Krafft points. The
addition of ethylene oxide will lower the Krafft point
(i.e., the material becomes more water soluble). The
addition of five moles of ethylene oxide on Alkol G-20
will result in a sulfate that resembles sodium lauryl sul-
fate in viscosity performance and foam in a simple
shampoo sysiem. Five moles of ethylene oxide on lau-
ryl ailcohol will produce a surfactant that is too water
soluble to give the desired foam and viscosity perfor-
mance (Figure 3).

There has been a recent trend toward using the higher
ethoxylated lauryl alcohol in shampoo formulations to
achieve lower irritation scores by increasing molecular
weight. This might be accomplished, without the nega-
tive effects of the low viscosity performance, by using
a guerbet ethoxy-sulfate.

{Turn to Page 115)

SOAP/ICOSMETICS/ICHEMICAL SPECIALTIES for APRIL, 1987 55



P rofessional i Jirectory

FSTERILIZATION, | NoTHVIEwW TOX WIONITOR

' STERILIZATION, B T ORIES. INC.
LABORATORIES, INC.

FUMIGATION,
MICROBIOLOGICAL Comprehensive Safety, Toxicoiogy Testing

» Toxicology

= ~ Efficacy, & Analytical
REDUCTE"VN T "‘y;l Ser:l!cy:s Eve & Skin lrriignon
i’The largest gas steriiization faciity in the g Oral Toxicity
i United States pﬁers cost-erfecxi:/? zr;atr;ne[m ;)I. - MiCTObiO'Ogy gwholut‘.oTr; xv:t;cny
| . . any guantity atenai. . erma xici
: B * Chemlsﬂ-y Sensitization
1

33 West Chicago Ave.

"+ Sterilization. Inc.

o International Way
I Newark. N.J. 07114 1880 Holste Road 2800 Seventh QOak Park, IL 60302
(201) 242-2055 Northbrook, IL 60062 Berkeiey, CA 94710 (312) 345-6970
(312) 564-8181 (415) 548-844C
Circle No. 222 on inquiry Card Circle No. 224 on Inquiry Card Clrcle No. 226 on Inquiry Card
MlCROBIOLOGY TESTING Clinicail Testing Services
45 years of microbiological testing services {or pharm-
taceunc?jlsr; mednﬁaladoev&es.‘lood' cesmetics and tolle- Clinical testing with active panei of 10,000 subjectsipa-
res an ousehao O ucis
- Microoial Count and Speciation lV‘y‘p::'c‘:nmcm studies For Only $1 00 a month
Yeast and Mold Dermatological: Dry sk turizer study, Ant L Antls .
e An“blO(Sl(l:e?\r?x?vaut?J’glgsAssays (\mgal_?\nﬂnﬁrspnan(, I‘n:?:;i;rm?;:a:‘uaylnonr,‘ :al‘:cr:‘:mgfu yOUl’ 2 InCh deep adver'
. C B Orai and Dental: Plaque, gingivitis evaiuations and denti- H H
e e Itieas, mouthwashas and 100tnOTIaNES. ne ser tisement will reach
50 O
RTL's clinical sarvices are designed for new product devei- prospeCis from coaSt to
opment {0 test the retative salet o ett | ex- I H
‘ perimeantal products or D;Iod:?:lax:gva;o«eilse:mwanass ol e Co aSt- Add ltlo n al c o l -
= umn wide space: $50
Research Testing Laboratories, inc. .
LEBERCO Fozaaren T .
TESTING/INC Somorate Headauarirs per inch in depth.
Littla Nack. New York 113R3
123 Hawthome Street. Roselle Park. NJ 07204 S N S——S
(201) 245-1933 Direcior: irwin Weinstock. BhD
Circle No. 223 on inquiry Card Circle No. 225 on Inquiry Card
Weathering Machine R
Louis P. B Inc.. Greenville, S.C. offers the Batson/ Figure 3
~ouis P. Batson, Inc., Greenviiie, o.L. ollers the Batson Viscosity Performance vs. % Sodium Chloride
Original Hanau Suntest Exposure Machine for testing the
light stability of cosmetics, chemicals and other products. The 2200. -
unit uses radiation distribution similar to sunlight that is said ey ol
to correlate well with outdoor exposure results. The table unit ” g
is equipped with a low-pressure Xenon burner and offers var- aups K EFT‘ =
. . . . . o & '
iable high ultraviolet intensity levels. e a s “ s ‘c!
Circle No. 322 on Inquiry Card . o ‘l T b
Bl ,‘ 5, X
1630. ! : i
o ¢
Te o
Guerbet Alcohols o aes
(F,-O,n Page (5) 100 = ___.7" H R = GULKRCT 20 4 [ SULFATE
- ire E vl
3 e 3 S T =] 2 13
In summary, guerbet alcohols offer the potential
benefits of high molecular weight, branching, liquidity % Added Sodium Chioride
and ability 1o be used in derivatives as very hydropho- . \ati
L. . . : ation
bic raw materials. Since one can add relatively large A(l)i:;nr:ldex%"o = 50
R . . . [ .
amounts of ethylene oxide to guerbets to achieve the Sodium Chloride 10
performance of traditional fatty alcohol surtactants and Suifated product 40.0
since new technology has been developed that makes Water e

guerbets more cost effective, these materials should find

more use in the personal care field. (2) Veibel, S. and Nielsen, J. Tetrahedrone, 23, 1723-1733

(1967).
(3) S. Cannizzaro, Ann. Chem. Liebigs, 88, 129, (1853).
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