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Abstract:

Unsaturated fatty alcohol alkoxylates, processes for making them, and methods of
using them are disclosed. In one aspect, a monounsaturated fatty alcohol alkoxylate
is made by reducing a metathesis-derived monounsaturated alkyl ester, followed by
alkoxylation of the resulting monounsaturated alcohol. Microscopy reveals that the
monounsaturated alkoxylates have isotropic and lamellar phases over a wider range
of actives levels compared with their saturated analogs. This attribute expands
formulating latitude for many end-use applications. The unsaturated fatty alcohol
alkoxylates are valuable in, for example, agricultural solvents, nonionic emulsifiers
for agricultural compositions, hard surface cleaners, laundry detergents, specialty




foams, additives or surfactants for paints or coatings, and surfactant compositions
for enhanced oil recovery.
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oil, rnuéta'rd oil, pennycress oil, camellina oil, tallfow, lard, poultry fat, fish oil and
the like. Soybean oll, palm oil, rapeseed ail, and mixtures thereof are preferred A
natural oils. ‘ o

-Oils' produced using 'bioengineered mieroorgran‘isms can be used as
feedstocks. Genetically modified oils, e.g., high-oleate soybean oit or genetioally :
modified algal oil, can’ also be used. Preferred natural oils have substantial
unsaturetion, as this provides a reaction site for the metathesis proces‘s for
geuerating olefins. Particularly preferred are natural oils that have a high content
of unsaturated fatty groups derived from oleic acid. Thus, particularly preferred
natural oils include soybean oil, palm oil, algal oil, and rapeseed oil.

- A modified natural oil, such as a partially hydrogenated vegetable orl or an
oil modified by a fermentatron process, can be used instead of or in combination
with the natural oil. When a natural orl is partrally hydragenated or maodified by
fermentatron the site of unsaturation can migrate to a variety of positions on the |
hydrocarbon back_bone of the fatty ester moiety. Because of this tendency, when -
the modified natural oil is self-metathesized or is cross-metathesized with the
olefin, the reaction products will have a different and generally broader
distribution compared with the product mixture generated from an u'nmodified

natural oil. However the products generated: from the modified natural oil are

similarly converted to inventive unsaturated alcoho! derivative composrtrons In

certain embodiments, the naturally occurnng oil may be refrned, bleaehed,
and/or deodorized. | |

The other reactant in the cross-metathesis reaction is an olefin. Suitable -
olefins are internal or a-olefins having one or more carbon-carbon double bonds.
Mixtures of olefins oan be used. Preferably, the olefin is a monounsaturated C,-
Cio 'cx-oieﬁn,i more preferably a monounsaturated C,-Cs a-olefin. Preferred
oleﬁns also include C4-Cg.internal olef‘insv. Thus, suitable olefins for use include, .
for example, ethylene, propylene, 1-butene, cis- and trans-2-butene, 1-pentene,
isohexylene, 1-hexene, 3—he5<ene, 1-heptene, 1-octene, 1-nonene, 1-decene,
and the like, and mixtures thereof.

Cross-metathesis is accorrrplished by reacting the natural oil and the

olefin in the presence of a homogeneous or heterogeneous metathesis catalyst.

. The olefin is O_miﬁ:ed’ when the natural oil is self-metathesized, but the same |

~ catalyst types are generally used. Suitable homogeneous metathesis catalysts
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. include combinations of a transition metal halide or oxo-halide (e.g., WOCL;_ or

WClg) with an alk&iating cpcaia!ys_t (e.g., MesSn). Preferred homogeneous
catalysts are well-defiried alkylidene (or carberie) complexes of transition metals,

- pérticularly Ru, Mo, or W. These include ﬁrst and second-generation Grubbs -

catalysts, Grubbs-Hoveyda catalysts, and the like. Suntable alkylidene catalysts

have the general structure A '
MEXY2LIL2(L3) )= Cn=C(R"R?

where M is a Group- 8 transition metal, L', Lz_, and L3 are ﬁeutra% electron donor -

ligands, n is 0 (such that L* may not be present) or 1, m is 0; 1, or 2, X' and X*

are anionic ligands, and R' and R? are independently selected from H,

hydrocarbyl, substituted 'hydr'ocarbyi, heteroatom-containing hydrocarbyl,

substituted heteroatom-containing hydrocarbyi, and functional groups. Any two
or more of X', X7, L', L?, L% R" and R? can form a cyclic group and any one of
those groups can be attached to a support. ' {

Flrst-generatqon Grubbs catalysts fall into this category where m=n=0 and
particular selections are made for n, X', %3 LU L L3, RV and R2 as described in
U.S. Pat. Appl. Publl. No. 2010/0145086 ("the '086 publication™), the teachings of
which related to all metathesis catalysts are incorporated herein by 'r'eférence.

Sec’ond—genefation Grubbs catalysts also have the generél formula -
described above, but L' is a carbene ligand where the carbene carbon is flanked
by N, O, S, or P atoms, preferably by two N atoms. Usually, the carbene li’gand
is party of a cyclic group. Exampies of suitable seéondgeneralion Grubbs
catalysts also appear in the '086 publication. |

In another class of suitable alkylidene catalysts, L' is a strongly
coordinating neufral electron donor as in first- and second-generation Gtubbs
catalysts, and L? and L® are weakly coordinating neutral electron donor ligands in
the form of optionally substituted hete‘rocyclic groups. ThuS-, L% and L® are
pyridine, pyrimidine, pyrrole, quinoline, thlophene or the hke |

In yet another class of suitable alkyhdene catalysts, a pair of subst:tuents_

is used to form a bi- or tridentate ligand, such as a biphosphine, dialkoxide, or

- alkyldiketonate. Grubbs-Hoveyda catalysts are a subset of this type of catalyst

in which L2 and R? are linked . Typically, a neutral oxygen or nitrogen

coordinates to the metal while also being bonded to a carbon that is a-, B-, ory-
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with respect to 'th'e carbene carbon to provide the bidentate ligand. Examples of

" suitable Grubbs—Hoveyd'a catalysts appear in the ‘086 publication.

The structures below provide just a few illustrations of suitable catalysts |
that may be used: " '

F’Cy3 .

‘ Mes™ N\Mes PCY3 o
Cllm
R Clins Clin., ———/—_<

’ PCYa cm I Ph PCys

PCy3 .
: _ Ph,
VER =N H

MBS/ 'N\MQS ' N

Ph”

N
Y . Y _\Ph
‘Ru Clina, Clinn,

C‘In“.
cl _ - ,
o 'b IS

Heterogeneous 'catalysts suitable for use in the self- or Cross-metath_ésis :
reéctioh include certain rhenium and molybdenum compounds as described,
e.g., by J.C. Mol in Green Chem. 4 (20{52) 5 at pp. 11-12. Particular examples
are catalyst systems that include Re;07 on alumina promoted by an alkylating
cocatalyst such as a tetraalkyl tin lead, germanium, or silicon compound. Others .
include MoCls or MoCls on silica activated by tetraalkyltins. )

For additional examp].es of suitable catalysts for self- or cross-metathesis,
see U.S. Pat. No. 4,545,941, the teaohings of which are incorpbratéd herein by
reference, and references cited therein. See also J. Org. Chem. 46 (1981)
1821; J. Catal. 30 (1973) 118; Appl. Catai. 70 ('1991) 295; Organometallics 13
(1994) 635; Olefin Metathesis and Metathesis Polymerization by lvin and Mol
(1997), and Chem. & Eng. News 80(51), Dec: 23, 2002, p. 29, which aiso

disclose useful metathesis cétalysts. Hlustrative examples. of suitable catalysts

include ruthenium and osmium carbene catalysts as disclosed in U.S. Pat. Nos.
5,312,840, 5,342,909, 5,710,298, 5,728,785, 5,728,917, 5,750,815, 5,831,108,
5,922.863, 6,306,988, 6,414,097, 6,696,597, 6, 794,534, 7,102, 047, 7,378,528,
and U.S. Pat. Appl.-Publ. No. 2009/0264672 A1, and PCT/US2008/009635, pp.-

18-47, all :of which are mco_rporated herein by reference. A number of
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metathesis catalysts that may be advantageously emp!eyed in metathesis
reactions are manufactured and sold by Matena Inc.- (Pasadena Caln‘ ) and
Evonik Degussa GmbH (Hanau Germany). . . .
The unsaturated fatty alcohols (also referred to hereinbelow as snmply
“‘unsaturated alcohols") are. made by reacting .a metathesis-derived -
monounsaturated aﬂ;y% éster,' preferably a C5_C35 monounsaturated alkyl eeter,'
and more preferably a Cyo-Cy7 menOUnsaturated fower alkyl ester, with a‘
redubing agent. By “lower alkyl ester,” we mean an ester derived from a Cito
Cio alcohol», preferably a C4-Cg alcohol, more preferably a Cq4-Cy aleohoi., and
most preferably methanol or ethanol. Thus, the lower alkyl ester 13 most,
preferably a methyl or ethyl ester. Suitable lower alkyl esters can be generated
by transesterifying a metathesis-derived friglyceride. For example, cross-
metathesis of a nafunal oil with an olefin, folIoWed by removal of unsaturated

hydrocarbon metathesis products by stripping, and then transesterification of the

“modified oil component with a lower alkanol under basic conditions provides a

mixture of unsaturated lower alkyl esters. The unsaturated lower alkyl ester
mixture can be purified to isolate particular alkyl esters ‘prior to haking_ the
unsaturated alcohols and inventive alkoxylates. - '

Reduction of metathesis-derived monounsaturated alkyl esters to produce
the unsaturated alcohols is performed using well-known catalysts and
procedures. The reducing agent is typically either a hydride reducing agent
(sodium borohydride, lithium aluminum hydri‘de, or the like). or molecular -
hydrogen in combination with-a metal catalyst, frequently copper and/or zinc in
combination with chromium (see, e.g., U.S. Pat. Nos. 2,865,.968; 3,193,586;
4,804,790; 5,124,491, 5,67».-2,%81; 6,683,224, 7,169,959 and 7,208,643, the
teachings of which are incorporated herein by reference);

The skilled person will appreciate that the reduction process, particularly
when transition metal catalysts are used to convert the lower alkyl esters to
alcohols, can induce some degree of isomerization or migration of the carbon-
carbon double bond from its' original position. Moreover, beCaus_e sster
hydrogenation catalysts are not always completely selective, a proportion of the
carbon-~-carbon double bonds might be 'hydro.genated durin'g the ester reduction,

resulting in a mixed product that may have saturated fatty alcohols in addition to

10
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the desired unsaturated fatty alcohols The Skl"Ed person can control the degree

of unsaturation to any desired amount.

General note: reqardlnq chemlcal structures

As the skilled person will recognize, products made in- accordance w:th
the invention are 'typgcauy mixtures of cis-"and trans- isomers. Except as
otherwise indicated‘,‘ all of ‘the' structural representations provided herein 'rs'ho'w
only a frans- isomer.- The skilled person will understand that this convention is
used for convenience. oni;y,_ and that a mixture of cis- and trans- isomers is
understood unless the ccntext_dictates ,otherwAise. Structures showh often refer
to a principal product that mey be accompa’nied by a lesser propoﬁion of other
components or positional isomers. Thus, the structures provided repr'eseht likely
or predominant products. | | A

Some monouns'aturated"'fatty alcohol compositions used to make the
inventive alkoxylates have the general structure:

‘ R-CgH4-CH,OH _ ,
wherein R is H or C,-C; alkyl. Preferably, the fatty alcohol compositions, have
the general structure:

| R-CH=CH-(CH,)7-CH,0H
wherem Ris H or Co-Cy alkyl ,
Some specmc examples. of Cm, Ci2, Cia, and Cm-based unsaturated

alcohols used to make inventive alkoxylates appear below:

ik
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The inventive alkoxylates are made by alkoxylating the monounsaturated
fatty alcohol compositions. - -

The unsaturated fatty alcohols can be alkoxylated using weli- known
techﬁlques For instance, the unsaturated fatty .alcohol can be alkoxylated by
reacting it with ethylene ox:de propylene oxide, or a. comblnatlon thereof to
produce an alkoxylate Alkoxylations are usually catalyzed by a base (e.g.
KOH), but other catalysts such as double metal cyanide complexes (see u.s.
Pat. No. 5,482,908) can also be used. The oxyalkylene units can be
incorporated randomly or in bloc-:k-s-.-. P‘referably; the fatty alcohol is-ethoxylated
with ethylene oxide. | S |

Some specific examples of ethoxyleleé based on G, C1~2; Cqa, and Cyp
unsaturated alcohols appear below:

/\/\/\/\/(\/\4/

o n=1,3,5, 7or15

/\/\/\/\/\/\e/\%’

n=1,3,5, 7ot15"

/\/\/\/\/\/\/\6/\/}/

6=1,3,5,7 or 5 |
AA/\/VVV\/\(\OM: OH, )
: =1, 3,5, 7
or 15 | ‘ . ;
in .one aspect, a monounsaturated alkoxylate is made by reactl-hg a
monounsaturated alcohol (or alkoxide) with one or more alkylene oxu:les, As
shown in the examples below, a series of products with different degrees of

alkoxylation can be easily produced using a single reactor. This is llluslrated by

the sequential ethoxylation of 9—dece‘n-1-olv or 9-dodecen-1-0l to. produce

“ethoxylates having, on average, 1, 3, 5, 7, or 15 moles of oxyethylene units per

mole of unsaturated fatty alcohol starter. (See, eg., the preparation of

ethoxylates from 9-decen-1-ol: A10-4. A10-7, A10-10, A10-13, and A10-16).
Thus, in one aspect, the alkoxylate of the monounsaturated alcohol

composition has the general structure: |

12
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R-CoH16-CH20-(AO)-H

wherein R is H or Cx-C; alkyl; - AO is an - oxyalkylene group, p_refer-abbly'

oxyethylene; and n, which is the average number of oxyalkylene groups, has a

value within the range of 0.1 to 200, preferably 0.5 to 100. Preferably, n has a

value within the range of 1 to 50, more preferably 1 to 20. Preferably, the

derivative has the general structure: ' ' '
R-CH=CH-(CH,);-CH,0-(AQ),-H

wherein R is H or Cs-C7 alkyl; AO is an oxyalkylene groub; ’éfeferably

oxyethylene; and n, which is the average number of oxyalkylene grou.ps,_ has a

. value within the range of 0.1 to 200, preferably 0.5 to 100. Preferably, n has a

value within the range of 1 to 50, more preferably 1 to 20. |

In either of‘ the abovefm_entioned"genera[ structures, AO can indicate a
single kind of oxyalkylene group, bfocks;‘of different oxyal,kyle;_ne groups, a
fandor_n distribution of oxyalky.lene' groups (as in a'random EOQ/PO cobdlymer_),. or
any other distribution of (A:b(yxalk'ylene grou psi‘ Preferably, AO is oi(yethy‘ene;

The invention includes a process for r‘nak.ing alkoxylates. f_Trhe ,procéss
comprises first reducing a metathesis-derived ~mon0uhsaturated alkyl es{er,
preferably a Cs-Cas mohounsaturated alkyl ester; and more prgferably a C10-Cy7 -
monounsaturated lower alkyl ester, to p‘roduceA a monounsaturated fafty alcohol
composition. The fatty alcohol composition is then converted to an alkoxylate.
Suitable reagents and processes for effecting the reduction have already been
described. The process cbmprises alkoxylating the fatly alcohol composition
with one or more alkyléne oxides to give a moﬁounsaturated atkoxylate.

The invention provides’- compositions comprising at least one Unsaturé;ted'
fatty alcohol alkoxylate. The composit‘idn may be an.agqueous systém or

provided in other forms. The unsaturated fatty alcohol alkoxylates may be

incorporated into various formulations and used as surfactants, emulsifiers, skin

feel agents, film formers, rheological médiﬁers, solvents, release agents, |
biocides, biocide potentiators, conditioners, dispersants, hydrotropes, or the like.
Such formulations may be used in end-use applications including, among others:
personal care; household,l induétriai, and institutional cleaning products; oil field
applications; enhanced oil recovery; gypsum foamers; coatings, adhesives and

sealants; and agricultural formulations.

13
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Thus, the unsaturated fatty alcohol alkoxylates may be -used in such
personal care applications as bar soaps, bubble baths, liquid cleansing products,
conditioning bars, oral care products, shampoos, body washes, facial 'clean'sers,
hand soaps!vIVashe's, ’sheWer gels, wipes, baby _cleaneing products,
creams/lotions, hair treatment products, antiperspirants, and deodoran{s.

Cieaning applications include, amohgj othere, household cleaners,
degreasers, sanitizers and .‘ disinfecfante liquid and powdered laundry
detergents, heavy duty liquid detergents hght—duty hqund detergents, hard and
soft surface cleaners for household, autodnsh detergents rmse aids, Iaundry
additives, carpet cleaners, spot treatments, softergents, liquid and- sheet fabric
softeners, industrial and institutional cleaners and degreasers, oven cleaners,
car washes, transportation cleaners, drain cleaners, industrial cleaners, foamers,
defoamers, institutional cleaners, janitorial “cleaners, glass clekaners,vgrefﬂti
removers, concrete clean"e.r;s, fetal/machine’ parts cleaners, and food service
cleaners. ' ' \ | | |

'In"specialty foam appfi'cations {firefighting, gypsum, concrete, cement
wallboard), the alkoxylates and derivatives function as foamers, weiting agents,
and foam control agents. v _

in paints and coatmgs the alkoxylates are used as soivents coalescmg'
agents, surfactants, or addttwes for emulsion polymerization. : |

In oil field applications, the alkoxy!ates can be used for oil and gas
transport, production, stimuletion, ehhanced ol fecoven/, and as components of
drilling fluids. _ - , ,

n agricultural applications, the alkoxylates are used _ae solvents,
dispersants, surfactants, emulsifiers, wetting agents, formulatioh inerts, or
adjuvants. As demonstrated in the examples below, the ‘inventive alkoxylates

are exceptionally useful as solvents and as nonionic emulsifiers for agricultural
compositions.

The following examples merely illustrate the invention. The skilled person

will recognize many variations that are within the spirit of the invention and scope

" of the claims.

14
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Reduction of Methyl 9-Decenoate to 9rDeCeh-1-0! (A10-1)

B N N
The procedure of Micovic and Mihailovic (J. Org. Chem. 18 (1953) 1190)

is generally followed. Thus, a 5-L flask equippéd with a meqhanic'al stirrer,

thermocouple, addition funnel, and nitrogen inlet is charged with tetrahydrofuran

(“THF,” 3 1). The flask is immersed in an isopropanol/CO; bath. Lithium
aluminum anhydride (LAH) peliets (133.8 g) are charged to the flask with stirring.

Methyl 9-decenoate (250 g) is charged to the addition funnel and dilited with
THF to the maximum capacity of the funnel (500 mL).- The ester solution is
added dropwise to the LAH suspension at a rate that maintains the reaction.
temperature below 20°C.. The funnel ‘is refilled with pure ester (750 g; total o_f
1000 g) due to the large volume of the reaction mixture, and the additioﬁ
continues. Total addition time of the ester: 5 h. Once the addition is complete,
the reaction temperature is 41 5°C and stirring continues for 30 min. 'H NMR
analysis shows complete cdnversion of the ester to the desired alcohol.

| Deionized water (135 g) is added slowly via the addition funnel while
keeping the temperature below 20°C. Hydrogen evolution appears Ato cease
after approximately half of the water is added.  The viscosity of the mixture
increases, but it remains stirrable. The flask is removed from. the cooling béth,
and aqueous sodium hydroxide (15% aq. NaOH, 135 g) is added. During this

addition, the reaction mixture thickens and quickly becomes an unstirrable slurry

that has to be broken up with a spatula. Addition of the remaining NaOH

solution proceeds without incident. Following the 15% NaOH addition, deionized
water (3 X 135 g) is added. The slurry stirs for 20 min. and then stands

overnight at room temperature. The mixture is filtered through a Buchner funnel,

‘and the filter cake is washed with additional THF (2 X 500 mL) and then acetone

(2 X500 mL). The filtrates are combined and concentrated. 'H NMR analysis of
the remaining oil reveals a clean alcohol product.. The crude, alcohol is
transferred to a round-bottom flask and heated to 50°C. Full vacﬁuum is slowly
applied to remove low-boiling volatiles. The remaining crude product is then -
vacuum distilled, collecting the product that boils at 95-98°C (97.5-100°C pot |
temperature). Yield of A10-1: 834.7 g (98.3%). Purity (by GC analysis): 99.7%.

15
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Hydroxyl value: 355.6 mg KOH/g sample; iodine value: 162.2'g 12/100 g sample.
'H NMR (3, CDCl): 5.8 (CHp=CH-); 4.95 (CH,=CH-); 3.6 (-CH»OH). The .
procedure is repeated four times using 1 kg of ester in each reductlon

Reduction (_)f Meth\ﬂ _Q-Dodecenoate to 9-Dodecen-1-ol (A1 2-1,)-.

/\/\/\/\/\/\\OH )
The procedure used to prepare A10- 1is generally followed usmg THF (3

vL), Iithtum aluminum hydride peliets (1 16 @), and methyl 9-dodecenoate (1000 g

total). _ -

The usual work-up follows, first with deionized water (120 g), then -
aqueous sodium hydroxide (15% aq. NaOH, 120 g). Following the 15% NaOH
addition, deionized water (360 g) is added. The slurry stirs for 20 min. .an'd 'then-
stands'»overnigh't at room temperature The mixture is filtered through a Buchnér
funnel, and the fllter cake is washed with addltlonal THF (4 X 1.L). The fi ltrates
are combined and concentrated

The procedure is repeated five times using 1 kg of methyl 9-dodecenoate
for each run, and the crude alcohol products are combined and distilled as.
described above for the preparatlon of A10-1. Yield of A12-1: 4262.8 g (98.2%).
Purity (by GC analysis): 99.4%. Hydroxyl value: 302.8 mg KOH/g sample; iodine
value: 133.2 g /100 g sam;ale H NMR (0, CDCl3): 5.4 (- CH—-CH—) 3.6 ( -CHo-
OH) 0.9 (CHx-). |

Additional samples of 8-dodecen-1-ol are produced by reducing methyl 9-
dodecenoate using a Zn-Cr catalyst in fixed-bed process. The product gives

satisfactory analytical data.

Ethoxylation of 9—Decen-f—bi to Produce 1, 3, 5. 7. and 15 mole Alcohol
Ethoxylates (A10-4, A10-7. A10-10, A10-13, and A10-16, respectively}

/\/\/MOMOH

B n=1,3,5,7orl5

16
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Ethoxylations are performed sequentially using one reactdr to prepare
unsaturated alcdhd[ ethoxylatés from 9-decen-1-of that have, on averag‘e, 1;'3; 5,
7,0r 15 oxyethy!ene units. : v

9-Decen-1-ol (3417 8 g) is charged to a 2.5-L pressure reactor. Liduid
KOH (45%, 45.0 g) is added. The reactor is sealed and heated to 75°C under
nifrogen with agitation. At ~75°C, vacuum is applied to remove water. “The
contents are further heated to 105-115°C under full vacuum and held for 4 h with

a nitrogen sparge. Vacuum is released, and a removed sample has a water

: content of 0.04%.

The remammg dried catalyzed alcohol feed (3332.0 g) is heated to 145°C.
The reactor is pressurized with nitregen and vented three times. Ethylene oxide |
(925 g, 1 mole per mole Bf stérter) is infroduced to the reactor at- 145-160°C.
After the EO addition, the mixture digests-for 1 h at 150-160°C until the reactor
pressure equilibrates. -The mixture .is cooled to 60°C and partially: drained
(1175.0 g removed) to _provide‘the 1 mole ethoxylated unsaturated alcohol, A10- -
4. Hydroxyl v»alue: 281.3 mg’ KOH:‘g ; iodine .value: 1254 g lgl‘100ﬂ g sample;
polyethylene glycol: 0.13%. 'H NMR (5, de-MeOH): 5.8 (CH;=CH-J; 4.9
(CHy=CH-); 3.65-3.45 (-CHa-CH2-OH).

The reactor contents (3082.0 g) are re-heated to 150°C, and the reactor is
vented with nitrogen as described earlier. Ethylene oxide (1340.0 g, 2 additional
moles per mole of starter; 3 moles of EO pér mole of 9-decen-1 ol Gharged) is
added to the feed at 145-160°C. After digesting 1 h at 150-160°C, the mixture is
cooled to 60°C and partialiy drained (1233.3 g rémoved) to recover the 3 mole
ethoﬁyiated unsaturated alcohol, A10-7. Hydroxyl value: 1942 mg KOH/g;
iodine value: 86.5 g. 1,/100 g sample; polyethylene glycol: 0.24%. 'H NMR (B, ds- -
MeOH): 5.8 (CH;=CH-); 4.9 (CH,=CH-); 3.65-3.45 (-CHp-CH,-O-). ,

The reaciér contents (3188.7 g) are re-heated to 150°C as described
above. Ethylene oxide (970 g, 2 additional moles per mole of starter; 5 moles of
EQO per mole of 9-decen-1-ol charged) is .added to the feed at 145-160°C. 4After '
digesting 1 h at 150:160°C, the mixture is cooled to 60°C and partially drained
{(1277.8 g removed) to recéver the 5 mole ethoxylated unsaturated alcohol, A10-
10. Hydroxyl value: 146.5 mg KOH/g; iodine value: 65.8 g M00 g sample;
polyethylene. glycol: 0.29%. 'H NMR -(6; d-MeOH): 5.8 (CH,=CH-); 4.9
(CH,=CH-); 3.65-3.45 (-CH-CH,-0-).

17
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The reactor contents (2880.8 g) are re-heated to 150°C as described

“above. E-thyl_ene oxide (670 g, 2 additional moles per mole of starter; 7 moles of

EO per mole of 9-decen-1-ol charged) is-added fo the feed at 145-160°C. After
digesting 1 h at 150-160°C, the mixturé is cooled to 60°C and partially drained
(1301.1 g removed) to recover the 7 mole ethbkylated unsaturated aicoho!, A10-.
13. Hydroxyl value: 118.5 mg KOH/g; iodine value: 53.0 g 1/100 g sample;
polyethylene glycol: 0.27%. 'H NMR (5, de-MeOH): 5.8 (CHy=CH-);" 4.9
(CH,=CH.); 3.65-3.45 (CHyCH,-0-). - -

The reactor contents (2249.7 g) are re-heated to 150°C. Ethylene oxide

(1695 g, 8 additional moles per mole of starter; 15 moles of EO per mole of 9-
~ decen-1-of charged) is added at 145-160°C.. After digesting 1 h at 150~160°C,
'_fhe mixture is cooled to 60°C and drained to provide the 15 mole ethoxylated
'unsaturated alcohol, A10-16.(3044.8 g). Hydroxyl value: 67.8 mg KOH/g; iodine

value: 30.1 g |2I100_g_samp|e; polyethylene glycol: 1.18%. " 'H NMR (3, ds
MeOH): 5.8 (CHy=CH-); 4.9 (CH;=CH-); 3.65-3.45 (-CH>-CH>-O-).

‘ Ethorxv!ation of 9-Dodecen-1-ol to Produce 1, 3. 5; 7, and_15_mole Alcohol

Ethoxylates (A12-4, A12-7, A12-10, A12-13, and A12-16, respectively)

/\//\/\/W&OMOH

» _ n n=1,3,5,7o0r 15 .

Ethoxylations are perfbrmed‘ sequentially using one reaclor to ‘prepare
unsaturated alcohol ethoxylates from 9-dodecen-1-ol that have, on average, 1, 3,
5, 7, or 15 oxyethylene units. | |

The procedure used to make the corresponding products from 9-decen-1-
ol is generally folIoWed. Thus, 9-dodecen-1-ol (3682.6 g) is charged to a 2.5-L
pressure reactor. Liquid KOH (45%, 34.0 g) is added. The reactor is sealed and
heated to 100°C under nitrogen with agifation'. At ~100°C, vacuum is applied {o
remove water. The contents are further heated to 115°C under full vacuum and
held for 3 h with a nitrogen spdrge. Vacuum is released, and a removed sample
has a water content of 0.03%.

The remaining dried catalyied_ alcohol feed (3584.5 g) is heated to 145°C.

- The reactor is pressurized with nitrogen and vented three times. Ethylene oxide

(850 ¢, 1 mole per mole of starter) is introduced to the reactor at 145-160°C.
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After the EO addition, the mixtqre digests for 1»h:alt 150-160°C until the reactor

pressure equilibrates. The mixture is cooled to 60°C and partially drained

(1167.0 g removed) to provide the 1 mole ethoxylated unsaturated alcohol, A12- -

4. Hydroxyl value: 246.4 mg KOH/g; iodine value: 106.8 g 12/100 g sample;
polyethylene glycol: 0.26%. 'H NMR (5, CDCls): 5.3 (<CH=CH-); 3.7-3.4 (-CH,-
CH,-0-); 0.9 (CHy). | | ‘

The reactor contents (3267.8 g) are re-heated to 150°C, and the reactor is
vented with 'nitrbgen as described eatrlier. Etﬁylene oxide (1250 g, 2 additional
md!e-s per mole of starter; 3 moles of EQ per mole of 9—dodecen-1»_-ol charged)is. -
added fo the feed at 145-160°C. After digesting 1 h at 150-160°C, the mixture is
cooled to 60°C and partially drained (1219.8 g‘removed) to recover the 3 mole

. ethoxylated unsaturated alcohol, A12-7. Hydroxyl value: 177.4 mg KOH/g;

iodine value: 76.8 g 1/100 g sample; polyethylene glycol: 0.57%. *H NMR (3,

CDCl3): 5.3

(-CH=CH-); 3.7-34 (-CHg—CHg-O -), 0.9 (CH3~) .

The reactor contents (3298.0 g) are re-heated to 150°C as descnbed
above. Ethylene oxide (91 5 g, 2 additional moles per mole of starter; 5 moles of
EQ per mole of 9-dodecen-1-0l charged) is added to the feed at 1 45-160?6.
After digesting 1 h at 150-160°C, the mixture is cooled to 60°C and. patially
drained (1170.9 g removed) to recover the 5 mole ethoxylated unsaturated
alcohol, A12-10. Hydroxy! value: 137.4 mg KOH/g; iodine value: 59.7 g /1 OO g
sample; polysthylene glycol: 0.42%. *H NMR (3, dj-MeOH): 54( -CH=CH-), 3.7-
3.4 (-CH,-CH,-0O-); 0.95 (CH3-). _ :

The reactor contents (3042.1 g) are re-heated to 150°C as described
above. Ethylene oxide (660 g, 2 additional moles per mole of starter; 7 moles of
EO per mole of 9-dodecen-1-ol charged) is added to the feed at 145-160°C.
After digesting 1 h at 150-160°C, the mixture is cooled to 60°C and partially
drained (1547.0 g removed) ta recover the 7 mole ethoxylated unsaturated
alcohol, A12-13. Hydroxyl value: 112.5 mg KOH/g; iodine value: 48.5 g I./1 OO g
sampie; polyethylene glycol: 0.44%. 'H NMR (3, di-MeOH): 5.4 (-CH=CH-); 3.7-
3.4 (-CHz-CH5-0-); 0.95 (CHy-). | ;

The reactor contents {2155.1 g) are re-heated to 150°C. Ethylene oxide

(15635 g, 8 additional moles per moele of starter; 15 moles of EO per mole Qf 9-

dodecen-1-of charged) is added at 145-160°C. After digesting 1 h at 150-160°C,
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the mixture is cooled to 60°C and drained to provide the 15 mole ethoxylated

unsaturated alcohol, A12-16 (3680.5 g). Hydroxyi value: 63.3 mg KOH/g; iodine
value: 27.7 g 1:/100 g sampte polysthylene giycol 1 2% 1H NMR (5, d4-MeOH)
5.4 (-CH=CH-}. 3.7-3.4 (-CH3-CH,-O-); 0.95 (CH3-).

~The etholeation procedure used to make A12-13 is Vg;eneraﬂy followe_d ‘
usingg—tetradece'n-1 {0I to produce A14-8, a C14 alcohol (7 EO) e-thoXylate-: <

f\vf%mj’\fmw*’*wﬂ 0;}*‘\.,» Q ""}-s H
n=7
A SImIIar ethoxyatlon strategy is used to prepare A12—21 a C12 alcohol (@
EO) ethoxyate, and A12-22, a C12 alcohol (30 EO) ethoxylate, from 9-dodecen- -
1-ol.

Agricultural Products: Nonionic Emulsifiers

Nonionic samples contain a low amount of water (<1v%) and are prepared
as emiuléiﬁable concentrates with three pesticides' using two different solveﬁt
systems. In the aromatic solvent serieé, the nonionic sample replaces Toximul®
8240 (castor oil ethoxylate, 36 POE, Stepan). and in the Hallcomid™ (N,N-
dxmethyicaprylamlde! N, N—dlmethylcapramtde Stepan) solvent series, .the
nonionic sample replaces Ninex® MT-630F The amounts prepared are enough:
to test two water hardnesses (34 ppm and 1000 ppm) for each of the three
samples. o 7

Aromatic solvent series.

Sample preparation:  Ninate® 60E (calcium atkylbenzenesulfonate,
Stepan) and the test sample are stirred until homogeneous. i needed, the
nonionic surfactant is melted in an oven at 50-60°C prior to its combination with
Ninate 60E. Controls 1-3 are made by using Toximul 8240 in the amounts
indicated instead of the nonionic sample.

Formulations: ' . }

1. Bifenthrin, 240 g/l (2.99 g), Aromatic 100 (ExxonMobil, 8.05 g),

Ninate GOE (0_.38 g), and nonionic sample or Toximul 8240 (0.58 Ag).
2. 2,4-D ester, 480 g/L (8.90 g), Exxsof® D-110 (ExxonMobil, 2.50 g),
Ninate 60E (0.36 g), and nonionic sample or Toximul 8240 (0.24 g). |
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3. Tebucon,aiofe, 360 g/L (4.45 g), N-methyl-2-pyrrolidone (6.35 g),
Ninate 60E (0.48 g), nonionic sample or Toximul 8240 (0.72 g).

Hallcomid solvent series.

Sample preparation: The surfactants-are combined and stirred until

- homogeneous, with the nonionic sample melted if needed prior to combination.

Controls 1-3 are made by using Ninex MT-630F in the amounts indicated instead

of the nonionic samble. .

Formulation# ' B

1. Bifenthrin, 240 g/L (2.99 g), Halicomid M-8-10 (8.29'95,» Ninate 60E
(0.09 g), Toximul 8320 (0.22 g), Toximul 8242 (0.29 g), and nonionic
sample or Ninex MT-630F (0.13 g). ; |

2. 2,4-D daester 480 g/l (8.90 g), Hallcomld M-8-10 (2.38 g) Ninate GOE
(0.09 g), Toximul 8320 (0.22 g), Toximul 8242 (0‘29 g). and nonionic
sample or Ninex MT-GSO_F {0.1.3 9)- '

3. Tebuconazole, 360 g/L (4.45 g),; Hallcomid M-8-10 (6.83 g), Ninate
60E (0.09 jg),»Toxifnul 8320 (0.22 g). Toximul 8242 {0.29 g). and _'

nonionic sample or Ninex MT-630F (0.13 g).

Emulsion Stability Testing

ASTM E1116-98 '(2008) is modified as follows. Flat-bottomed, 100-mL
graduated cylinders are charged with 34 ppm or 1000 ppm V\}ater"(QS mbL). A
Mohr pipetie is used to feed pesticide/surfactant concentrates to each cylinder.
Cylinders are stoppered and inverted ten times, then allowed to stand for 0.5, 1,

_and 24 h while recording stability at each time as type and % sepafation.

Spontaneity is recorded according to the following criteria: (1) poor: very
thin emulsion cloud with major separation of ail droplets; (2) fair: thin emulsion
cloud with minor separation of oil droplets; (3) good: thin emulsion cloud reaches
the bottom of the cylinder without separation of any type. l

Results with both solvent systems are provided in Tables 1A, 1B, 2A, and.

2B. Each sample reported in the tables is rated “good” overall as a nonionic

surfactant.
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Table 1A. Perf(_)rmance as a Noriionic Surfactant: Aromaﬁc Solvents

34 ppm watér

. 1000 ’ppm; water .
pesticide | Spon. | | 24h Spon.| 1h | 24 h
- Bifenthrin | G | 25C | 3G, 1C0,1 ] 6 | 2C | 26 1CO,1
Control | - _ , 0 . o -
1 24D F 250 50 F | 480 50
Tebucon. | F | 16C 3C,20C G i8C [ 15C,250C |
Bifenthrin | P | 75C0 | 30,3C0 .| P 60 60
A10-4 [ 24D P | 45C0O | 20,1C0,2 | P 380 40
Tebucon. @ P 2 GG 3GC P 3GC 4 GC
Bifenthin | P | 7CO 65C0 P 60 50
A10-7 | 24D T P '4CO 10,45C0 P 40 40
1 Tebucon. P 2GC 3GC P 25GC 3GC
Bifenthrin | F NS 35C F | 30,5 | 450,1C0
'A10-10 ' , A CO . L
2.4-D F | 15CO 41C P 4CO | 10,4C0
Tebucon. P 2CC 25C0 P 25C0O 3CO
Bifenthrin | F 3C 58C. G NS 260
A10-13 [ 24D G | 28C 46C. F |39CO| 10,4CO
‘ Tebucon. | P 15 CO, 28CO P 21CO 35CO
05C
Bifenthin | P | 7C 7¢C P | 6C | 48CO
A10-16 [24D P 26C. 5C P 28C | 39C
Tebucon. P 1C. 35C0 P 1.2C 2CO

Spontaneity: G=good;.F=fair; P=poor. Appearance:’
GC=gritty cream; NS=no separation; OC=oily cream.
Numbers are amourits in mL.
Control 1 replaces test sample with Toximul 8240 {castor oil ethoxyiate)

C=creamy; ‘CO=creamy oil; O=oil;
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Table 1B. Performance as a Nonionic Surfactant: Aromatic Solvents (con’t;)‘

_ 4 — 34 ppm wafer _ '1000'ppm water a
pesticide | Spon.| 1h |  24h . Spon. | 1h | 24h
- Bifeninin | G | 256 | 36,1C0.17| G 2C 2C,1C0,1
Control s a 0 4 0,
1 24D F | 250 50 F 480 50
| Tebucon. | F i6C | 3C,20C G 18C | 156G, 2500
Bifenthin | P | 8C 401C P 520 520
A12-4 [ 24D P 6C 67C P 470 450
‘ Tebucon. | P 23C 25GC.. . P 23C T 27GC
Bifenthrin |. P | 88C 68C P | 450 490
A12-7 [2.4D P | 32C 55C P 420 [080,33C0.
{ Tebucon. P 23C 3GC P 26C 3.2GC
Bifenthrin | F | 2.3C gc F | 30,41 | 40.3C
A12-10 : ; . 3 _ C :
2.4D. F [07¢C 39C P 46CO | 0.750,43
: - | co
Tebucon. | P | 26C 4GC P 21C 32GC
Bifenthin | F | 1C rXYe G Tr.C | 05C0,1C
A12-13 { 24D F | 35C 5C F | 52CO 5CO
{TFebucon. | P | 18C | 3GC,4C0O 2 24C 35GC_
. Bifenthrin | F | 59C 6C P 55C 5C
A12-16 (24D P | 30C | 53C P | 28C 4C
Tebucon. F 1.8CO 3 GC F 19CO 3GC

Spontaneipy: G=good; F=fair; P=poor. Appearance: C=creamy; CO=creamy oil; O=oil;
GC=gritty cream; OC=oily cream. Tr.=trace.
Numbers are amounts in mL.

Control 1 replaces test sample with Toximul 8240 (castor oil ethoxylate). _>
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Table 2A Performance as a Nonionic Surfactant: Hallcomid Solvent

34 ppm water V 1000 ppm watér
pesticide | Spon. | 24h Spon. | 1th | 24h
Bifenthin | G | 60C 60 G OC 60
Control | 2.4-D _ F 5C 98C F 55C as5C
2 Tebucon. |- G .| 1C 4C G 1C 4C,4C0O
' Bifenthrin F- NS - NS F [ 1r.GC,12 | 350,3C0
A10-4 3 , c__ -
‘ 2,4-D "F | 6C 95C F 65C 8C
Tebucon. F 3C 65GC F LAC - 58C
Bifenthtin F NS NS P 10 CO 30,3C0
A10-7 [ 24D F 56C 10C F 6C 75C
Tebucon. F 25C 5C F 3C 5C
- Bifenthrin | G NS NS E 65C0 40,20
A10-10 | 24D F 5C 88C F 6C 8C
Tebucon. F 2C 5C F 35C 2CO,5 T
, Bifenthrin | G | NS NS F 6.4 CO 60
A10-13 [24D P 45C 82C F 5C 78C
Tebucon. F 21C 49C F 3C 55C.
| Bifenthrin | G NS NS . F 55CO 540
A10-16 | 24D P 44C 85C P 48C 76C
Tebucon. F 1C NS F 2 ;C 47C

Spontaneity: G=good, F=fair; P=poor. Appearance C-creamy, =CO-cm-amy oil; O=oil;
GC=gritty cream; NS=no 'separation; OC-oﬂy cream. Tr.=trace.
Numbers are amounts in mL.

Control 2 replaces test sample with Ninex MT-630F (fatty acid ethoxylate).
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Table 2B. Performance as-a Nonionic Surfactant: Hallcomid Solvent (cont.)

34 ppm water 1000 ppm water
pesticide | Spon.| 1h 24 h Spon.| 1h .| . 24h.
Bifenthin | G| 6 oC 60 G [ 60C 60
Control | 2,4-D F 5C 98C F 55C 95C
2 Tebucon. | G. | 1C 4C. G 1C 4C,4C0
Bfenthin | G| NS NS F T 7iC | 20,3C0
A12-4 | 24D T F 6.2C 88C- F 69C 86C
Tebucon. F. | 31C 59C F 31C 6C .
[Bifenthin | G| NS NS F | 102C | 20,35C0
CA12-7 24D F 6C 10C F 67C 82C
‘ Tebucon. F . 2C 51C F 27C ~49C .
- Bifenthin | G | NS | Tr.C 3 610 | 30,2C0
+ A12-10 [24-D P | 53C .92C F 68C 8.7C
| Tebucon. |- F | 21C 51C F 2C 42¢C
, Bifenthrin | G NS Tr.C F 15160 | 30.2¢0
A12-13 (24D P. 44C . 96C F 52C | 9C
Tebucon. | F 13C 41C" G 1.8C " 43C
Bifenthrin | G NS NS F_[62C0 [ 20,36€0 |
A12-16 | 24D P | 45C 85C P 4C 7C
. | Tebucon. | - F 15C 3C F 15C . 3¢

Spontaneity: G=good; F=fair; l5=poor. Appearance: C'—'breamy; CO=creamy oil O=oik;
NS=no separation; OC=oily cream. Tr.=trace. .
Numbers are amounts in mL.

Control 2 replaces test sample with Ninex MT-630F (fatty acid ethdxylaté):
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Agrichemical Solvent Analysis: Active Solubility :

Solvency strehgth of potential agrichemical solvents is evaluated by
identifying the solubility level of three standard pesticides in the solvent by -
weight percent:  2,4-D acid, imidacloprid, and tebuconazole. Testing is

performed using a 4-mL vial with a pane iriagnetic stirer and an accurately

weighed 2 to 2.2-g sample of solvent. . The active material is also accurately =

weighed before addition. Initial amounts of active material are approximately:
24-D: 03 g; imidacloprid‘: 0.02 g: tebuconazole: 0.3 g. Soivent Jaynd pesticide
aclive .are combined, allowed to mix_ for 1 h at room temperature, and then
inspected for the presence of undissolved active material. Additional active
material is added in a-ppfobriateiy small increments until it no longer dissolves
completely. !This mixture is then stirred for 24 h at room temperature, and if the
active has completely dissolved, additional active ingredient is added and the
mixture is stirred anothef 24 h at room tempefature. The pérce:nf solubility is ‘
recbrded, and .perfonnahce is compared with that of a standard agriéulfural
solvent. | ' | S
When the method outlined above is followed, two samﬁles, A10-7 and

A10-10, perform as well as the confrol in this test. See Table 3:

Table 3 Agricultural Solvent Testing

Solvent [ 2,4-DAcid | Imidacloprid | Tebuconazole
A10-7 (3EOQ) 29.5 29 135
A10-10 (5 EO) - 29.8 : 2.8 13.0 °
Methyl caprylate/caprate 14.8 0.4 : 10.9
N,N-dimethylcapramide 454 4.2 . 3838
aromatic hydrocarbon 0.6 1.0 4.2
N-methyl-2-pyrrolidone 39.5 29.3° 62.2
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Surfactant phase behavior study:

Phase behavior is observed using’ an Olympus BH-2 cross-polarized

“microscope at 100-400X and room temperature (20°C to 22°C). The inventive -

monounsaturated alcohol ethoxylates are compared with their saturated analags. -
Samples are prepared by diluting the most concentrated product gradually
with deionized water. When the surfactant concentration approaches a phase

transition, the concentrataon is varied at 2-4% mtervals to estlmate the’ phase .

"~ boundary. The actives level reported in Table 4 for each phase boundary is
“within + 5%.of the true boundary

Samples are !oaded between a microscope slide and cover glass and are

allowed to equilibrate before observation. Microscopic texture is analyzed and

used to determine the phase. For some samples, an AR 2000 rheometer (TA

Instruments) is used to measure vsscosyty at 25°C to further venfy phaser

behavior. _ , » S

At low surfactant concentrations, randoily oriented micelles (spheres or i
cylinders) generally predorhinate resul-ﬁng% a ciear or ieotmpic liquid. As
concentration increases, cyllndncal micelles can ‘arrange themselves into either -
hexagonal or cubic phases, both of which have very high wscosntnes (10-50K cP
at 25°C for the hexagonal’ phase, higher for the cubic phase). Thue, in the
heXagonal and cubic phases, the surfac‘tan't is difficult to process or formulate. _
|noreasing the surfactant concentration more can generate a lamellar phase,
where micellar bilayers are separated by water. Because the lamellar phase is.
pumpable (1-15K cP at 25°C), compositions having high levels of surfactant
actives can be produced. * Further concentration of the surfactant can lead to
reverse micelles, in some cases generating’an isotropic mixture. in sum, phase
behavior is important for manufacture, processing, transportaﬁon,‘ and
formulation of COmpositiohs containing surfactants.

An ideal sample is isotropic and clear throughout the entire range of
active levels wi_th' fow viscosity, as this is most likely to avoid any processing
issues related with gelling or precipitation during formulation. Isotropic opaque,

mixed isotropic and lamellar, and lamellar phases are also considered favorable

- for ease of processing and formulating. Less favorable gel phases include cubic,

hexagonal, and paste. The presence of these phases at a particular actives ‘_

level suggests that processing at or near that actives level will be very difficult,
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~ and precipitation of the surfat;tant may occur when used at or near that actives

lavel.

Results of the microscopy study appear in Table 4. In general, the results.

~ demonstrate that the ihv{enti\)e monounsaturated compositions are more lékély to

. have a clear isotropic phase over most or all actives ranges compared with their

saturated analogs (seé, e.g., A1;0-1B or A10-13 versus their saturated analogs).
For samples in Which the same phaseé are present, the monounsaturated
compositions tend to have a broader actives range for the more favorable phése
See, e.g., A10-7, in Wthh the combmed isotropic phases (clear and opaque) are-
about 50% of the total, with the balance being lamellar; in contrast, the saturated
analog has about 38% of the isotropic phases. Similarly, in A1 2-7, the isotropic

portioh comprises about 66% of the total, while the saturated analog has about

- 38% of the isotropic phases. '

The monounsaturated compositions are less likély to have the more-
troublesome gel phases (hexagonal, cublic, and paste), when they are present in
the monounsaturated compositions, the ranges tend to be nar'rower,'_ For-
instance, A10-16 is isotropic and clear up to about 93% activé_s, with. no cubic
component, whilé its saturated analog exhibits a cubic phase at intermediate
actives levels (37-55%); this ‘should translate into a substantial adva_mége n
handling and formulating for the unsaturated composition. A12-13 and its
saturated analog both have é hexagonal phase, but A12-13 haé more gerierous‘A
isotropi'c- regions (0435%, 57-100%) and no_lamellarcomponeht. |
» iIn  sum, the rrﬁt:rosc@py study indicates that the inventive
monounsaturated corhpoéitions will offer compatibility and . processing
advantages fo formu!atbrs that use these surfactants, particularly when

compared to the saturated analogs.
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Table 4. Comparison of Monounsaturated Alcohol Ethoxylates v. Saturated Analogs:
Estimated Phase Region as a Functlon of % Actives Leval’

Isotropic Isotropic Lamellar/ - Lamellar Hexagonal Cubic Paste
Clear - Opague Isotropic : ‘ :
A10-7 (3 EO) 70-100 020 3670
sat. analog® 90-100 0-28 - 28-90
A10-10 (5 EO) 0-100 B ‘ |
sat. analog 0-55,80-100 | i | 55-80 X
A10-13 (7 EO) 6-100 -
sat. analog 0-43, 60-100 i 43-60 _
[A10-16 (15 EO) 0-53 ' - T - 93-100
sat. analog 0-37, 55-93 » _ -1 3785 93-100
A12-7 (3EOQ) 74-100 0-40 40-74
sat. analog 90-100 0-28 28-80 .
A12-10 (5 EO) 0-35, 80-100 35:50 50-80
- |.sat. analog 0-30, 83-100 : - 30-40 40-83 _
A12-13 (7 EO) 0-35, 657100 | - [ 3557 i
sat. analog 0-30, 90-100 ‘ 67-90 - - 30-67
A12-16 (15 EO) 0-30, 57-60, 70-93 60-70 30-57 93-100
sat. anaiog 0-28, 73-83 : — 50-73 28-50 __93-100

! All microscopy examinations are performed at room temperature. Phase boundarles are estimates.
2 Saturated anatogs prepared by catalytic hydrogenation.
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Hard-Surface Cleaners: Aquegous Degreasers

This test measures the ability of a cleaning product to remove a greasy
dirt soil from a _whité vinyl tile. The test is automated énd‘ uses an industry -
standard Gardner Straight Line Washability Apparatus. A camera énd controfled
lighting are used to take a live video of the cleaning process. The _machine_usés
a sponge wetted with a known amount of test product. As the machine wipes’
the sponge across thé soiled tile, the video records the resuit, from which a
cleaning percéntage,can be detérmined. A tqt,al of 10 strokes are 'made-USin’g
test f.o,rmmatio.n diluted 1:32 with water, and cleaning is calculated for each of
strokes 1-10 to provide a profile of the cleaning efficiency of the pro'duct,' The

test sample is used as a obmponeht of different control formul‘ation;s'depeh.ding.

on whether it anionic, amphoteric, or nonionic.

Namonlc and amphotenc test samples:

A neutral dtlutab!e all-purpose cleaner is prepared from propylene glycol
n-propyl ether (4.0 g), butyl carbitol (4 0 g), sodium citrate (4.0 g), Slepanoi@
WA-Extra PCK (sodium lauryl sulfate, Stepan, 1.0 g), test sample (0.90 g if
100% active material), and deionized water (to 100.0 g solution). The control
sample for nonioniclamphoteric testing replaces the test sample with Bio- Soft®i
EC-690 (ethoxylated akcoho\ nominally 90% active material, Stepan, 10 g)

Soil composition:

Tiles are soiled with a particulate medium (50 mg) and an oil medium (5 -
drops). Thé particulate medium is composed of (in parts by weight) hyperhumus
(39), paraffin oil {1), used motor oil (1.5), Portland cement (17.7), silica (18),
molacca black (1.5), iron oxide (0.3}, bandy black clay (18), stearic acid (2), and
oleic acid (2). The aoil médi‘uné is composed of kerosene (12}, Stoddard solvent
(12), paraffin oil (1), SAE-10 motor oil (1), Crisco® Shortening, product of J.M.
Smucker Co. (1), olive ail (3), linaleic acid (3), and squalene (3).

Five alcohol ethoxylate samples (A10-16, A12-10, A12-13, A12-16, and

A12-21) perform as well as the control in this test (see Tables 5 and 6).
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Table 5 Contral Runs for Gardner Straight Line Washability Test
) ._Ave. % clean after 2, 4, 6, 8, or 10 swipes
_ . 2 4 6 - 8 - 10
Control 11 - 530 . 61-.0 63.6 646 | 66.2
Controi 20 65.0 70.7 722 73.7 74.0
Control 30 736 _88.2 947 | 966 | 980

Table 6. Gardner Straight-Line Washability
- Nonionic Test Samples

: Ave. % clean .
Sample Con. # Compound class 2 i 4 6 8 10 | Rating |
At0-16 | 11 alcohol 15 EQ ethoxylate 60.2 | 60.2 | 60.2 | 612 | 63.2 equal
A12-10 30 alcohol 5 EO ethoxylate.. |/ 89.2 | 911 | 924 | 946 | 942 1 equal
A12-13 20 alcohol 7 EO.ethoxylate. . | 60.2 | 656. | 67.0 | 68.2 | 68.2 equal -
A12-16 20 | alcohol 15 EQ ethoxyiate | 60.2 | 644 | 658 | 66.7 | 66.7 egual
Al2-21 30 algohol 9 EQ ethoxytate 862 { 914 918 | 91.2 | 92.7 equal

Fabric Cleanmq- anar\r Nonionic Surfactant for Barqam Laundry »
Detergent

This method evaluates the ability of an experimental sample to perform as

a primary nonionic surfactant in a bar'géin laundry‘detergent formulation that k
contains neutralized dodecylbenzene sulfonic acid, a non-ionic surfactant {such
as an ethoxylated (7 EO) synthetic 'CiyCis alcohol), citric acid,
monoethanolam.i'ne, triethanolamine, and a preservative. The experimental
nonionic sample replaces all of the alcohol ethoxylate in the standard formulation
and is tested for its detergency. Laundry detergent formula (46 g) is charged to
the laundry machine, followed by soiled/stained fabric swatches that are
attached to pillowcases. ‘Wash temperature: 90°F. -Rinee: 70°F. The swatches
are detached fram pillowcases, dried, and ircned. | ,

Swatches are scanned to measure the L* a* b* values, which are used to
calculate a soil removal index (SRI) for eéch type of swatch. Finally, the ASRiis
calculated, which equals the experimental sample SRI minus the SRI of a pre-
determined standard faundry deiergent formula (or contrbl). When [ASR” =1,
differences are eerceivable.to the naked eye. If the value of ASRI is greater than -
or ec}ual to 1, the sample is superior. If ASR! is less than or equal to -1, the
sample is inferior. If ASRI is greater than -1 and less than 1, the sample is
considered equal to the standard.

The control bargaih laundry detergent is prepared from sodium hydroxide-
neutralized dodecylbenzene sulfonic acid (NaLAS, Bio-Soft® S-101, Stepan,
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33.9% actives, 41:3 wt?%) Bio-Soft® N25-7 (fatty alcoho& ethoxylate, Stepan,
5.00 wit. %) citric acid (60% aq. solution, 1. 00 wt.%), monoethanolamine (1 00

wt.%), triethanolamine (1.00 wt.%), and. delomzed water plus preservatlve

(balance to 100 wt.%). , in the expenmentai example, the Bio-Soft® N25-7 is

completely replaced with an equivalent actives amount of the test sample.
 The formulation is made by charging 90% of the total amount of water at
50°C, then addmg in order, w:th mixing, citric acid solution, monoethanolamme

tnethanolamme neutrahzed sulfonic acid, and Blo-Soft® N25-7 or the

- experimental sample. The pH is. adjusled to. 9.5 with 25% aq. NaOH solutlon

and then preservative and the balance of the water are added. - )
A The followmg standard soiled/stained fabric swatches are used: dust
sebum on cotton (DSC); dust sebum on cotton/polyester (DSGP); beef tallow
(BT); clay on cotton (CC); clay on cotton/polyester (CCP); grass on cotton (GC), |
red wine on cotton (RWC); blueberry on cotton (BC); bpffee on cotton (COFC);
cocoa on cotton (EMPA 1 12) bloodfink/miltk on cotton (EMPA 116); sebum tefo
(8T), and make-up on cotton (EMPA 143). At least three of each kind of swatch
are used per wash. Swatches are stapled to pillowcases for laundering,_f and
extra pillowcases are mciuded to complete a six-pou nd load. ,
The same procedureis used to launder all of the pvllowcases/swatches
with care taken to ensure that water temperature, wash time, manner of addition,
etc. are held constant for the cold-water wash process. When the cydle is

complete, swatches are removed from the pillowcases, dried at low heat on a

rack, and préssed briefly with a dry fron.

A Hunter LabScan XE spectrophotometer is used to determine the L* a*
b* values to caiculate the SRI for every type of swatch, and the stain removai
index (SRI) is calculated as follows: '

SRI =100~ 'V/(L * cleon — L *)mshm' )2 +'(a * oan — 2 * \Iomhed )2 + (b ¥ cteon — B F washed )2
ASRI = S_R_[m'mp.’c '- SRL taa dard

As shown in Table 7, four test samples (A12-10, A12-13, A12-21, and
A14-8) perform as well as the control sample when evaluated as a primary
nonionic surfactant. '
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Table 7. Performance as a Primary Nonionic Surfactarit
in a Bargain Detergent Formulation: ’
(ASRI[ Values versus Bio- Soft® N25-7

_ ASRI values

test sample . A12-10 | A12-13 | A12-21 | ‘A14-8
dust sebum on cotton (DSC) -1.0 -0.3 01 0.5
dust sebum on cotton/polyester 08 1 -04 0.6 -0.2
(DSCP) ! A B
beef tallow (BT} 2.9 2.6 4.5 0.3
clay on cotton (CC) B 02 | 03 0.3 0.9 -
clay on cotton/polyester (CCPy 0.1 02 0.3 0.2
grass on cotton (GC) e o7l 13 1.2 | 07
red wine on cotton (RWC) -0.5 06 | 02 | -0
blueberry on cotton (BC) 01 | -08 0.0 -0.3
coffee on cotton (COFC) -0.4 0.2 0.2 0.0
cocoa on cotton (EMPA 112) 18 0.3 1.0 -1.3
bloodfink/milk on cotton (EMPA 0.8 -0.9 -0.4 Q0.5
116)

make-up on cotton (EMPA 143) 04 -0.1 0.3 0.0
sebum tefo (ST) 06 — 0.5 0.6
overall rating . good ‘good | good good

Fabnc Cleamnq Compaction

This test evaluates the ability of an experimental sample to produce a
concentrated laundry detergent. The sample is formulated into surfactant blends

having high actives content. Two experimental derivatives, A12-13 and A12-21,

‘are evaluated.

In a first experiment, a three- component ‘surfactant blend is. prepared.
This blend comprises the experimental sample (30 wt.%), a linear alkylbenzene
sulfonate (15 wt.%), and an alkyl ether sulfate {15 wt.%). The appearance and
viscosity of the blend are compared with those of similar three-component
blends in ,Which a standard alcohol ethoxylate replaces the experimental sample.
Results apbear-in Table 8. As the table illustrates, the surfactant blends
containing A1 2-1‘3 or A12-21 have similar appearance and viscosity to those of
the conirol blends. ‘

in a second experiment, a two-component surfactant blend is prepared in
which the experimental sample and a linear alkylbenzene sulfonate are
combined at a 1:1 actives ratio, beginning with a high actives blend having é

cloudy appearance. Water is gradually added and mixed with the surfactant
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blend at room temperature. The percent actives at which the surfactant bierid :

becomes clear and homogeneous at room temperature is compared with that of :
a control blend of a standard alcohol ethdxylate and the linear élkytbenzéhe .
sulfonate. Results appear in Table 8. For both A12-13 and A12-21, the actives

- level at which the blend is clear and. homogeneous at room temperature is V
’ comparable to that of the standards.

Based on the results with t_wo~ and three-component surfactant blends, .

' experimental sam'pl’é’é A12-13 and A12-21 aré.rated as equal to the standards.

_Table 8. Fabric Cleaning: Evaluation of Compaction |

- Three-component blends:

Blend with: . Appearance, 26°C | Viscosity {cPs)
A12-13 cloudy, flowable gel 5400
A12-21 _ cloudy, flowabie gel 5600
alcohol ethoxylate 1 | cloudy, flowable gel 5200
alcohol ethoxylate 2 = . | cloudy, ﬂowable gel 5000
. Two—component blends
Blend with: | % Actives at which blend is clear and- homogeneous at
125°C
A12-13 : B X
A12-21 , K ‘ 51
alcohol ethoxylate 1 | - : 38
alcohol ethoxylate 2 - 48

Overall rating versus cohtrolé:- A12-13: equal; A12-21: equal.

Solubility Evaluation: Enhanced Oil Recovery {EOR)

Derivatives are evaluated as the main surfactant in control formulatlcms fo

determme likely solubility performance in an EOR application. Samples are
prepared in a 10% stock solution and evaluated at 1 wt.% with a brine
concentration of 1% sodium chloride. Replicate experiments are performed at

each temperature with each sample. Results appear in Table 9.
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Table 9: Solubility Evaluation for EOR Applications

| Sample -{ Temperature (°C) [ Soluble? | Comments
control S 20.7 no white, hazy .
A10-7 l 20.7 no - white, opaque
control k 51.5 - no : whife, hazy

| A10-7 515 ' no white, opaque
control : 56.1 no - 3 white, hazy
A10-7 ' 56.1 no white, hazy

Overall performance of A10-7: Equal to control

Control = fatly alcohol ethoxylate

Performance as a Foamer or Foam Additive for Specialty Foamer Applications -

Specialty foamer applications include (among others) gypsum, concrete,
and fire-fighting foams. The tests below evaluate foam stability when the sample

is used as the primary foamer and also evaluate the sample’s performance as an '

~ additive when used as a foam stabilizer, enhancer or destabilizer.

Particularly for gypsum for which set-up times are rapid on commermal
production lines, a desirable foam additive helps to c_qn{rol the ‘coalescence of
the bubble to provide a larger bubble within a p_irescribed time frame. Preferably,

destabilization of the foam occurs at the end of the first minute in the tests below.

- A10-13 is identified as a “good” performer as a gypsum foam destabilizer in

Table 10 because it allows this balance to be struck effectively.

Foam Stability: Drainage Method

Surfactant solutions (0.4 'wt.% active material) are prepared by mixing
surfactant with 342 ppm hard water. Surfactant solution (100 ml) is carefully
transferred to a stainless-steel mixing cup, then mixed at high speed (27K rpm)
using a Hamilton Beach mixer for 10 s. The contents are euickly poured into a
100-mL graduated cylinder to the 100-mL mark, and a stopwatch is immediately |
started. The amount of liquid settling in the cylinder is recorded every 15 ¢ for4

min. Less liquid drained indicates greater foam stability.

Table 10. Evaluation as a Potential Foamer for Gypsum:
Liquid Volume {mL) vs. Drain Time {min) in 342 ppm Hard Water

Drain time 0.5 1.0 1.6 | 2.0 25 3.0 3.5 4.0 | Rating
{(min) >
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Confrol1 | 025 | 0.75 | 250 | 3.75 | 5.75 | 7.50 | 9.50 | 11.50 -

Control 2 0.50 1.560 |. 2.00 2.75 400 | 5.00 6.25 7.50 -

Control 3 0.25 | 1.00 | 200 | 300 | 400 | 525 | 650 | 7.50 | -

Foamer A 025 | 1.00 | 225 | 300 | 400 | 500 | 6.00 | 7.00

AI013_ ] 050 [ 2.25 | 400 | 5.00 | 750 | 950 | 1150 | 1395 | good

Control 1 = lauramine oxide; Control 2 = cocamadoprc)pyi betame Control 3=
ammonium alkyl ether sulfate

Performance as a Paint Additive

Formulations: ‘ _ )
Titanium dioxide slurry (Dupont Ti-Pure® R746) is charged to a '_contai’ner,i '
followed by deionized water and propylene glycol, and the contents are mixed

(500 rpm). Latex (49% solids) and preservative (Acticide® GA, produbt of'Thor)‘

‘are added. Thickener (Acrysol™ SCT—Z?S, product of Dow, 0.3%}- is slowly
charged below the liquid surface by syringe. The pH is adjusted to 9.0 using

ammonium hydroxide salution. The batch is mixed for 30 min. and then allowed
to stand for at least 2 h. The batch is remixed gently, and a portion (240 g) is
transferred to a 400—mL beaker. Solvent (Cis amide, 0.5% VOC, EPA Methad
24, 5 wt.% based- on latex solids) and derivative A12-16 (1% active based on
latex solids) are added and mixed at 650 rpm. Viscosity is adjusted to an initial
KU of 90 with more thickener. The paint is covered and final KU is measﬂréd 7
after 24 h. Its value falls within the range of 93-100 KU and varies from the
original measurement by no more than 5 KU. |
Example formulatlon TiOz (solids basis). 24.35 wt.%; water: 46.39 wt. %,
propylene glycol 2.59 wt.%, latex (solids basis) 22.76%; ammonium hydroxlde,
0.04 wt.%; préservative} 0.10 wt%; control additive (solvent): 1.14 wi%;

derivative (56% active): 0.40 wt.%; thickener: 2.23 wt.%. PVC: 22.1%. VOC! <

50 g/L. Final KU: 98.6.

Wet Scrub Resistance/ ASTM 2486 Modified:

Wet scrub resistance based on a modified version of ASTM-2486-00,

method B; modified to % weight loss, is performed for each paint formulation.
Paints are applied to Leneta P-121-10N plastic panels using a 13-cm wide,
10-mil wet film applicator. and dried under ambient conditions for five days

prior to testing. The coated panels are then cut into strips (16.5 cm x 5.7 cm,
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UNSATURATED FATTY ALCOHOL ALKOXYLATES
FROM NATURAL OIL METATHESIS

FIELD OF THE INVENTION ,
The invention generally relates to unsaturated fatty alcohol alkoxylates

wherein the unsaturated fatty alcohol precursors are made from a metathesis-
derived feedstock.

BACKGROUND OF THE INVENTION

Fatty alcohol alkoxylates are versatile surfactants. They are used across’

a broa‘d array of industries and end uses, including personal care, laundry and
cleaning, emulsion polymerization, agricultural uses, oilfield applications,
industrial compositions, and specialty foamers. v o
Fatty alcohols are usually made by réducing the corresponding fatty acids
or esters, typically by catalytic hydrogenation. Often, the catalyst includes zinc
or copper and chromium. U.S. Pat. No. 5,672,781, for instance, uses a CuCrQO,
catalyst to hydrogenate méthyl esters from palm kernel oil, which has substantial
unsaturation, to produce a mixture of fatty alcohols comprising about 52 wt.% of

oleyl alcohol, a monounsaturated fatty alcohol. For additional examples, see '

U.S. Pat. Nos. 2,865,968; 3,193,586; 4,804,790; 6,683,224; and 7,169,959.

The fatty acids or esters used to make fatty alcohols and their derivatives
are usually made by hydrolysis or transesterification of triglycerides, which are
typically animal or vegetable fats. Consequently, the fatty portion of the acid or
ester will typically have 6-22 carbons with a mixture of saturated and internally
unsaturated chains. Depending on source, the fatty acid or ester often has a

preponderance of Cqg to Coy2 cbmponent. For instance, methanolysis of soybean

oil provides the saturated methyl esters of paimitic (C1¢) and stearic (C1s) acids

and the unsaturated methyl esters of oleic (C1g mono-unsaturated), linoleic (Cqs -

di-unsaturated), and a-linolenic (Cig tri- unsaturated) ac1ds The unsaturation in

these acids has elther exclusuvely or predominantly cis- configuration.

Recent improvements i in metathesis catalysts (see J.C. Mol! Green: Chem 20

4 (2002) 5) provide an opportunity to generate reduced chain length,
monounsaturated feedstocks, which are valuable for making deter'gents‘and

surfactants, from Cig to Cap-rich natural oils such as soybean oil or palm oil.

DI
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7 two per drawdown). The strips are weighed prior to testing. Two samples at a

time are placed on a Gardner Company scrub tester with approximately a 2”
gap betwe_en the samples and taped to secure panels to the fnachine. A
spacer is placed over the samples‘to méinstain. the scrub brush_p’éthWay and
further secure the samples. A scrub bn;rs_h (8 cm x 3 cm), pfeconditibned in

room temperalture water, is inserted into the holder. Scrub compound (10 g,

‘supplied by Leneta Compahy’ as “ASTM-2486 scrub compound”) is applied .

evenly to the brush., Water (5 g) is placed into the gap between the samples. -
Samples are tested to 1200 cycles. Ad_d_it_ic}n'al_ scrub compCUné,(10 g) and
water (5 g) are reapplied every 300 cycles. The strips are then rinsed under
tepid water and dried for 24 h. The strips are rewei_ghed'and the % coating

removed is determined.

Gloss Determination - 60°/20° - ASTM D523
Paints are applied to Leneta P-121-10N plastic panels using a wét fitm

applicator (13 cm x 10 mil) and dried under ambient conditions for 5 days
prior to testing. Gloss is measured with an ASTM accepted glossmeter
(Gardco). '

- Results: Sa'mpie A12-16 performs as well as the control surfactants as a

paint additive (see Table 11).

Table 11. Performance as a Latex Paint Additive

60° gloss | 20° gloss % coating _
: _ ' removed, scrub rating
Control 1 486 94 212 -~
Control 2 516 | 1.2 235 ] -
A12-16 523 11.5 ' 2.30. - equal

Control 1: ethoxylated (12 EQ) saturated C+; alcohol
Control 2: ethoxylated (15 EQ) saturated C,; alcohol

Emulsion Polymerization Surfactant Screen:

A reaction kettle is charged with sodium bicarbonate (0.50 g), water (225
g), and seed latex (30 g) and the mixture is heated fo and held at 83°C under
nitrogen with stirring at 260 rpm. In a 1-L beaker, surfactant A12-22 (0.50 %

active surfactant based on total monomer) and water (150 g) are combined and
stired. Methyl methacrylate (255 g), butyl acrylate {235 g), and methacrytic acid -
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(10 g) are combine'd in an Erdenmeyer flask and mixed.. The monomer mixture is
added to the beaker containing water and A12-22 with incréasing agitator speed;
and the resulting mixture is stirréd 10 min. or until completely emulsified to give a :
monomer emulsion. Sepérately, two other mixtures are prepared: an initiator .
shot mixture of ammonium persulfate (1.0 g) in water (20 g), and a cofeed ‘
mixture of ammonium persulfate (2.70 q), sodium bicarbonate (1.50 g), and
water (75 g); the fotal amount of initiator used is 0.74% based on morjomers.

The initiator shot is charge_d to the 83°C reaction kettle dropwise 0\-/er'1 min, then

"held for 10 min. - The monomer emulsion is then fed to the kettle at-. 2.1 mL/min.

for 10 min. The feed rate of the monomer emulsion is increased to 4.2 mL/min., 7
and the cofeed mixture is started at 0.37 mL/min. Total addition time is 3.h,
during which -parti(cle size and temperéture are monitored. Aftgr additidn (_)f. the
monomer emulsion isbompleta, a water Was.’h (50 g} is started, and heating at
83°C continues for 1 h. The product is cooled. The pH is ad}u’stéd to 7.5 with _
dilute ammonium hydroxide solution. A preservative is added, and the mixture is
ﬁltered. Results appear in Table 12. The latex formulated using A12-22 is

considered eduai to the control and suitable for use in formulating é latex paint.

Table 12. Evaluation as a Surfactant in Emulsion Poly%nerization

surfactant level | initiation | coagulum | freezei/thaw | particle size

—in EP (%) _ kick-off {%) result . (nm)
Confrol | 0.50 fast 0.03 flud | 276
A12-22 {050 fast - «<(0.01 . fluid 286 .

A12-22: C,; alcohol (30 EO) sethoxylate.

The preceding examples are meant only as illustrations; the following
claims define the invention. '
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Soybean oil and palm oil can be more economical than, for example, coconut oil,

which is a traditional starting material for making detergents. Meiathesis relies

* on conversion of oleﬁns |nto new products by rupture and reformatlon of .carbon--

carbon double bonds mednated by transition metal carbene complexes. - Se_h‘—
metathesis of an unsaturated fatty ester can provide an equilibrium mixture of

starting material, an mternally unsaturated hydrocarbon, and an ‘unsaturated

| diester. For mstance, methyl oleate (methyl cis-9-octadecenocate). is partially

converted to 9—octadecene and dimethyl '9-octadecene-1,j’8—di6ate, Wit_h both
products consisting predominantly of the trans- |somer Metathesis éffectiVely.'
isomerizes the cis- double bond of methyl oleate to give an equmbnum mlxture of
cis- and frans- isomers in both the unc;onverted starting material and the
metathesis products, with the frans- isomers predominating. ' _ '

Ckoss-metathesis of unsatu'rated fatty esters with oleﬁns generate.sr new
olefins and new unsaturated esters that can have reduced chain length and that-
may be difficult to make otherwise. For instance, cross-meté{hesis of methyl
oleate and 3-hexene providés 3-dodecene and methyl 9-dodecenoate (see also
U.S. Pat. No. 4,545,041 ). Terminal olefins are particularly desirable syhtheﬁq,
targets, and Elevance Renewable Sciences, inc. recently described an improved
way to prepare them by cross.-metathesis of an internal olefin and an a-olefin in
the presence of a ruthenium alkylidene caté!yst (see U.S. Pat. Appl. Publ. No.:
2010/0145086). A variety of cross-metathesis reactioné involving an a-olefin
and an unsaturated fatty ester (as the‘in{ernal olefin source) are desc'r_ibéd.
Thus, for eéxample, reaction of soybean oil with propylene followed by hydro‘ly'sis
gives, among other things’, 1-decene, 2-undecenses, 9-décenocic acid, and. 9-
undecenoic acid. De>sp>ite the availability (from cross-metathesis of natural oils
and olefins) of unsaturated fatty esters having reduced chain length and/or .
predominantly frans- configuration of the unsaturation, unsaturated fatty alcohol
alkoxylates made from these feedstocks appear to be unknown.

In sum, traditional sources of fatty acids and esters used for -méking

unsaturated fatty aicohols ‘generally have predominantly (or exclusively) cis-

isomers and lack relatively short-chain {e.g., Cyo or Ciz) unsaturated fatty

portions. 'Metathesis chemistry provides an opportunity to generate precursors

having shorter chains and mostly frans- isomers; which could impart imp’rovéd
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performance when the precursors are converted to downstream composi,tibns
(e.g., in surfactants). |

SUMMARY OF THE INVENTION |

The invention relates to fatty alcohol alkoxylates. The alkoxylates are
made by reacting alkylene oxides with monounsaturated fatty alcohol
compositions, which aré in turn made by reducing a metathesis—de'rived :
monounsaturated aikyl ester. Microscopy reveals that the mohounsaturéted
alkoxylates .ha»\;'e isotropic and lamellar phases -over a Wider r‘ahge. of actives ..
levels compared with their saturated analogs. This attribute can éxpéhd
formulating latitude for many end-use applications. The unsaturated fatty alcohol

alkoxylates are valuable in, for example, agricultural solvents, nonionic

- emulsifiers for agricultural- compositions, hard surface cleaners, !a,u_»ndry

detergents, specialty foams, additives or surfactants for paints or coatings, 'a'nd
surfactant compositions useful for enhanced oil recovery. '

DETAILED DESCRIPTION OFvTHE _lNVENTlON 7

In one aspéct, the invention relates to derivatives made_ by alkoxylating
monounsaturated fatty alcohol compositions. The fatty alcohol compositions are -
made by r‘edUcing a metathesis-derived monounsaturated alkyl e»ste_‘r.

The monounsaturated alkyl ester, preferably a Cs-Cas alkyl ester, and
more preferably a Ci;-C4; monounsaturated lower alkyl ester, used as a reactant
is derived from metathesis of a natural oil. Traditionally, these materials,
particularly the short-chain alkyl esters (e.q., m.ethyl 9-decenoate or methyl 9-
dodecenoate), have been difficult to obtain except .in lab-scale .quantities at
considerable expenée. However, because of.the recent improvements in
metathesis catalysts, these esteré are now available in bulk at reasonable cost.'
Thus, the monounsaturated esters are conveniently geherated by self-
metathesis efi natural oils or cross-metathesis of natural oils with olefins,
preferably a-olefins, and particularly ethylene,'propylen'e, 1-butene, 1-hexene, 1-
octene, and the like. | ’ , |

As used herein, "monounsaturated” refers to compositions that comprise
principally species having a single carbon-carbon double bond but may also

include a minor proportion of one or more species that have two or more carbon-
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carbon double bonds. . The skilled person will appreciate that it is not hecessary B
and often impracticél to produce a purely “monounsaturated spemes and that
mixtures comprising principally (but not excluswely) monounsaturated. esters,
alcohols, and derivatives are ‘Gontemplated as within the scope of the mvent!on_. ,

Non-limiting examples of procedures for making monounsé.furated lower
alkyl esters by metathesis are disclosed in WO 2008/048522, the contents of
which are mcorporated herem by reference. In partlcu!ar Examples 8 and 9~of
wQO 2008/048522 may be employed to produce methyl 9- decenoate and methyl
9-dodecen0ate Suitable procedures also appear in. U.S. Pat. Appl. Publ. No.
2011/0113679 and PCT Int. Appl. Nos. WO 2012/061093 and WO 2012/061095,
the teachings of which are incorporated herefn by reference.

Preferably, at least a pc}rtion of the monounsaturated alkyl ester has “£¥

‘unsaturation, i.e., the carbon-carbon double bond in the lower alkyl aster is at the -

9- position with respect to the ester carbonyl. In other words, there are
preferably seven carbons between the estsr carbonyl group and the olefin group
at C9 and C10. For the Cy4 to Cq7 esters, an alkyl chain of 1t0 7 céurbor')»isi
respectively is attached to C10. Preferably, the unsaturafio‘n is at least1 mole % -
trans-A°, more preferably at least 25 mole % tran_s-Ag, more preferably at least
50 mole % trans-A° and even more preferably at least 80% trans-A°, The.
unsaturation may be greater than 90 mole %, greater than 95 mole ‘%, or even
100% trans-A°. In contrast naturally sourced fatty esters that ‘have A°
unsaturatron eqg., methyi oleate, usually have ~100% cis- isomers. |

Although a high proportion of frans- geometry (par_trcularly trans-A°

'gedmetry) may be desirable in the metathe’sis~deri§réd unsaturated fatty alcohol

alkoxylates of the invention, the skilled person will recognize that the

- configuration and the exact location of the carbon-carbon double bond will

depend on reaction conditions, catalyst sslectibn, and other factors. Metathesis
reactions. are commonly accompanied by isomerization, which may or may not

be desirable. See, for example G. Djigoué and M. Meier, Appl. Catal A 346

(2009) 158, especially Frg 3. Thus, the skilled person might modify the reactlon
conditions to control the degree of isomerization or alter the proportion of ¢fs-
and frans- isomers generated. For instance, heating a metathesis product in the

presence of an inactivated metathesis catalyst might allow the skilled person to
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induce double bond migration to glve a lower propomon of product havmg trans-

A® geometry

An elevated proportion of trans- |somer content (re!atlve to the usual all-
cis configuration of the natural monounsaturated ester) imparts different physical
properties fo unsaturated fatty alcohel ‘atkoxylates, including, for éxarnplej
modified physical form, melting range, compactabitity, and other‘_.impo'r’tant _
properties. These differences should allow formulators that use unsatur‘ated :

fatty alcohol aIkoxyEatés' greater latitude or expanded choice as they use them in

- cleaners, detergents, personal care, agricultural uses, specialty foams, and other

end uses.

Monounsaturation can also lmpart advantages to formulated products
(incllidmg consumer products) that are often not available with the corresponding
saturated faity alcohol alkoxylates. Because crystallinity is disrupted by the
presence of a carbon-carbon double oohd ‘monounsaturated a!kox'ylaies us'ua!ly.
have lower viscosities than their saturated analogs Moreover; the alkoxylates
can be concentrated and formulated at “higher actwes levels—sometimes much -
higher—than their sa’gurated counterparts. For instance, a saturated a?cohoi‘
ethoxylate might allow a maximum 30 wt.% actives level to give a flowable l_i"'qo.%d,
whereas an otherwise similar monounsaturated alcohol ethoxylate cou[d allow -
the actives level to be as high as 70 or 80 wt.%. Thus, the seemingly minor

structural change to a menounsaturated product can enable shipment of more

. concentrated products, reduce or eliminate the need for special handiling

equipment, andf/or ultimately provide substantlal cost savings. The
monounsaturated alkoxylates are also more effective as compatlblhzers for
surfactants or other components in the fully formulated products. For evidence
of the advantages of using a monounsaturated fatty alcohot alkoxylate, see the
mlCl'OSC()py study results discussed below and summanzed in Table 4. .
Mlcroscopy reveals that the monounsaturated alkoxylates have isotropic
and lamellar phases over a wider range. of actives levels compared thh, their |
saturated analogs. This attribute can expand formulating latitude for many end-
use applications. Thus, in one aspect, the invention is a monounsaturated fatty
alcohol ethoxylate having at least one isotropic clear phase over an increased
actives level range when compared with that of a saturated anélog of the

monounsaturated fatty alcohol ethoxylate.  Preferably, the fatty ai‘coholn
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ethoxylate comprises isotropic and/or lamellar phases at any actives level from 0
fo 100%. More preferably, the fatty alcohol ethoxylate comprises -an 1sotr0p|c
clear phase at any actives level from 0 to 100%.

Suitable metathesis-derived monounsaturated esters dérive‘ from

' carboxylic acids. Preferably,. the esters derive from 05-035 carboxylic acids,

more preferably from C4o-C47 carboxylic acids. Example mc!ude esters denved

from 9-decylenic acid (8-decenoic acid), 9-undecenoic acrd, 9-dodecylemc acid

7 (9 dodecenoic acid), 9-tridecencic acid, 9- tetradecenoic acid, 9—pentadé_cénoic

acid, 9-hexadecenoic acid, 9- heptadecenonc acid, and the like.

Usually, cross-metathesis or self—metathesns of the naturat oil is followed
by separation of an olefin stream from a modified oil stream, typically by stripping
or distilling out the more volatile olefins. The modified oil stream is then reacted
with a lower ak:ohol, typically methanol, to give glycerin and a mixture of élkyl
esters. This mixfure normally includes saturated Cg-Cy; “alkyl eétérs;
predominantly C4g-Csa alkyl 'ésters, which ére essenﬁaﬂy spectators in the
metathesis reaction. The rest of the product mixture depends on whether cross-
or self-metathesis is used. When the natural oil is cross-metathesized with an a-
olefin and the product mixture is transesterified, the resulting alkyl ester mixture
includes a Cyq unsature_ited alkyl ester and one or more Cy to Cy7 unsatqrated _
alkyl ester copro'duct's in addition to the glycerin by-product. . The terminally
unsaturated Cqp product is accompanied by different coproducts depending upon
which a-olefin(s) is used as the cross-metathesis reactant. Thhs, 1-butene gives
a Cy2 unsaturated alkyl ester, 1-hexene gives a Cqq unsafurated alkyl ester, and
so on. The unsaturated alkyl esters are readily separated from each other and '
easily purified by fractional distillation. These lower alkyl esters are excellent
starting materials for making the inventive unsaturated alcohol alkoxylate
compositions. '

Natural oils suitable for use as a feedstock to génerate the

monounsaturated alkyl esters from self-metathesis or cross-metathesis with

“olefins are well known, Suitable natural oils include vegetable oils, algal oils,

animal fats, tall oils, derivatives of the oils, and combinations theréof. Thus,
suitable natural oils include, for example, soybean oil, palm oil, rapeseed oil,
coconut oil, palm kernel oil, sunflower oil, safflower oil, sesame oil, corn oil, olive

oil, peanut oil, cottonseed oil, canola oil, castor oil, linseed oil, tung oil, jatropha
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We claim:
1. A fatty alcohol alkoxylate having the general structure:
R-CH=CH-(CH2)7-CH20-(AO)x-H
wherein R is H or C, alkyl; AO is an oxyalkylene group; and n, which l_so the

AR L1114
A SANAITY

average number of oxyalkylene groups, has a value within the range of 1§ 50
wherein R is C; alkyl, the alkoxylate has at least 1 mole % of traé—A
unsaturation.

2. A liquid surfactant composition comprising the alkoxylate of claim 1,
wherein the surfactant can be processed, formulated, or both at a higher actives
level compared with that of a similar composition comprising a saturated analog
of the alkoxylate.

3. A mixture comprising water and from 1 to 80 wt.%, based on the
amount of mixture, of the alkoxylate of claim 1.

4. A fatty alcohol ethoxylate of claim 1.

5. The fatty alcohol ethoxylate of claim 4 wherein n has a value within the
range of 1 to 20.

6. A mixture comprising water and from 1 to 80 wt.%, based on the
amount of mixture, of the ethoxylate of claim 4.

7. A monounsaturated fatty alcohol ethoxylate of claim 4 having at least
one isotropic clear phase over an increased actives level range when compared
with that of a saturated analog of the monounsaturated fatty alcohol ethoxylate.

8. The fatty alcohol ethoxylate of claim 7 comprising isotropic and/or
lamellar phases at any actives level from 0 to 100%.

9. The fatty alcohol ethoxylate of claim 7 comprising an isotropic clear
phase at any actives level from 0 to 100%.

10. A mixture comprising water and from 1 to 80 wt.%, based on the
amount of mixture, of the ethoxylate of claim 7.

11. A nonionic emulsifier for agricultural compositions comprising the
alkoxylate of claim 1.

12. A nonionic emulsifier for agricultural compositions comprising the
ethoxylate of claim 4.

13. An agricultural solvent comprising the alkoxylate of claim 1.

14. An agricultural solvent comprising the ethoxylate of claim 4.

39

TYROITIZ U




10

15

20

15. An aqueous hard surface cleaner comprising the alkoxylate of claim

16. An aqueous hard surface cleaner comprising the ethoxylate of claim

17. A paint or coating additive composition comprising the alkoxylate of
claim 1.

18. A paint or coating additive composition comprising the ethoxylate of
claim 4.

19. A laundry detergent formulation comprising the alkoxylate of claim 1.

20. A laundry detergent formulation comprising the ethoxylate of claim 4.

21. A foamer, foam additive, or dispersant for use in gypsum, concrete,
or fire-fighting applications comprising the alkoxylate of claim 1.

22. A foamer, foam additive, or dispersant for use in gypsum, concrete,
or fire-fighting applications comprising the ethoxylate of claim 4.

23. A surfactant composition for use in enhanced oil recovery, comprising
the alkoxylate of claim 1.

24. A surfactant composition for use in enhanced oil recovery, comprising
the ethoxylate of claim 4.
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