‘INPRCMED POLYMER PONDER STABI LI TY The present invention relates to inproved
pol ymer pomder stability. In particular, the present invention relates to -
i nproved stability of spray-dried enulsion polymers. Polyners are known to
be useful in many physi cal forns |nclu€|ng powders. Several mnethods are
known for preparing powders of polymer One of the nore practical nethods
for preparing powders of emulsion polyners S by spray-drying a pol yner
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wher ei N sqdstrablé todava the pdlyiner powder be redispersible in the cement formulation. Poor
storage stability may also be indicated by the degradation of performance, as
manifested by the lack of redispersibility of the spray-dried emulsion polymer in the
cement formulation.

One method for attempting to overcome the problems associated with spray-
drying redispersible emulsion polymers was to add polyvinyl alcohol to the emulsion
prior to spray-drying as taught in European Patent Application Number 0601518A.
When polyvinyl alcohol is added to cement modifier emulsion polymers, there is a
tendency for phase separation. Also, the addition of polyvinyl alcohol to the emulsion
tends to impart poor rheology characteristics of cement compositions containing this
mixture.

The present invention seeks to overcome the problems associated with known
methods for providing redispersible polymer powders.

The present invention provides a method comprising

(i) providing an emulsion comprising at least one emulsion polymer and at least
one stirfactant having an HLB value below 7 wherein said surfactant is a
nonionic surfactant selected from the group consisting of alkylphenoxy
ethoxylates, acetylenic polyols, alkylene glycol alkylates, sorbitan alkalates,
glycerol esters, polyglycerol esters, and combinations thereof; and

(ii) spray-drying the emulsion.



noni oni ¢ surfactant selected fromthe group consisting of al kyl phenoxy
- ethoxyl ates, acetyl enic polyols, alkylene glycol alkylates, sorbitan
al'’kal ates, glycerol esters, polyglycerol esters, and conbinations thereof;
and (ii) spray-drying the enul sion. 22 The nethod of the present
I nvention provides spray dried polyners having i mpr oved storage stability
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chanber . alkylene glycol alkylates such as propylene glycol monolaurate; sorbitan alkalates such
as sorbitan monostearate and sorbitan oleate; glycerol esters such as glycerol oleate;
polygiycerol esters such as decaglycerol decastearate and decaglycerol decacleate; and
- combinations thereof; which have an HLB below 7, preferably below 6, more preferably
below 5. Nonionic surfactants such as ethylene oxide/propylene oxide block
 copolymers, even if the HLB is below 7, do not provide the benefits of the present
invention. For example, ethylene oxide/propylene oxide block copolymers tend to
result in high levels of caking on the walls of the spray-drying chamber.

The surfactants useful in the present invention may be added prior to the
polymerization of the emulsion polymers, during the polymerization of the emulsion
polymers, after the polymerization of the emulsion polymers or a combination thereof.
Preferably, the surfactants useful in the present invention are used as the emulsifier for
the emulsion polymerization and are thus added prior to the polymerization of the
emulsion polymers. The surfactants useful in the present invention may also be used in
combination with one or more conventional surfactants useful in emulsion
polymerization. The surfactants useful in the present invention are preferably used at a
level of from 0.1 to 20, more preferably from 0.2 to 18, most preferably from 0.5 to 15
percent by weight based on the total weight emulsion polymer.

The various aspects of emulsion polymerization are well known to those skilled
in the art, such as the selection of the type and amount of monomer(s) and initiator, the
selection of the type and amount of chain transfer agents, the control of pH, the rate of
addition of the various components, the polymerization temperature, the level of solids,
the heating profile, and the like. When preparing emulsion polymers intended for use



.The surfactants useful in the present invention nmay be added prior to the
pol yneri zation of the emnul sion polyners, during the polynerization of the
enul si on polyners, after the polynerization of the enul sion polyners or a
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The emulsion polymers prepared by the present invention are useful in the form
of an aqueous emulsion and as a spray-dried polymer powder. The use of low HLB
surfactants does not present foaming problems when the low HLB surfactant is used as
an emulsifier during the emulsion polymerization, the low HLB surfactant improves
the yield of product upon spray-drying, and the low HLB surfactant improves the
stability of the spray-dried polymer powder.

EXAMPLES
Polymer Synthesis _
The following procedure was used to prepare core-shell polymers. The
surfactants used in each of the examples are set forth in Table V, below.

To a 5 liter, 4-necked round bottom flask equipped with a mechanical stirrer,
thermocouple, condenser, and nitrogen sparge was added 700 grams of deionized
water. The water was heated to 800C. A monomer emulsion (ME#1) was prepared by
combining the components set forth in Table I below. An initiator solution was
prepared by combining the components set forth in Table Il below. While stirring the
contents of the kettle, ME#1 was added to the kettle followed by the initiator solution.
After several minutes, the temperature of the kettle leveled off, a few grams of a
catalyst solution containing t-butylhydroperoxide and sodium sulfoxylate
formaldehyde was added to the kettle to reduce the residual monomer level. To the

. kettle was added the neutralizer slurry (as shown in Table III below) to solubilize the
first stage (shell) polymer.



.preferably from35 to 55 percent by weight polyner solids. Preferably, the
viscosity of the aqueous enul sion of -the present invention is bel ow 5,000
centipoises ("cps"), nore preferably from50 to 2,000 cps to allow for
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shown i n Flaw|Rate 100330 miliiliters per minute; Aix Rressune00 pougds pensquare padhy for .
each of the examples, "Particle Size" is reported as diameter in nanometers ("nm") as

measured by a Brookhaven BI-90 Particle Sizer. The Scrap Ratio reported in Table VII
below is the amount of spray dried emulsion polymer, by weight, recovered relative to
the amount of polymer which adhered to the walls of the spray drying chamber. The
spray-dried emulsion polymers were evaluated as cement modifiers. Cement mortars
were prepared according to the formulation set forth in Table VI below.

The following properties of the modified cements were evaluated, and the
results are set forth in Table VII below.:

Wet-out time: the time required for the mortar to reach a very workable consistency,
reported in seconds ("sec.").

Thin section properties: a 1/16 inch (0.16 cenhmeter) thickness of mortar is placed on
plywood and allow to cure for 24 hours. Toughness is rated qualitatively by scratching
the center with a screw driver. Adhesion is rated qualxtahvely by evaluating how well
the cement adhered to the plywood.

"Fresh” polymer refers to spray dried emulsion polymer incorporated into the cement
formulations within 2 days of being spray-dried.

"Aged" polymer refers to spray dried emulsion polymer which has been placed in an
oven at 60°C for 5 days prior to being incorporated into the cement formulations.



4 A nononmer emnul sion (ME#2) was prepared by conbining the conponents set
forth in Table IV below. To the kettle was added 114 grans of ME#2 and 10
grans of a 20 percent aqueous sol ution of ammonium persul fate. After the
exot herm peaked, the renai nder of ME#2 and 187 grans of a 3.7 percent
aqueous sol ution of ammoni um persul fate were separately added to the kettle
at a constant rate over a period of two hours at a tenperature in the range
of 82-86[err]. The contents of the kett§e tenperature were then nmaintai ned
at 82[err] for an additional thirty mnutes, then cooled to 65[err].
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7.8 percent aqueous solution of sodium sulfoxylate | 43.4g

formaldehyde
TABLEIN
deionized water 110.0g
50 percent aqueous solution of sodium | 35.0g
hydroxide
Ca(OH)2 ' 16.1g
TABLEIV
Materials ME®
:EZﬁonkmd\waum 326.00 grams
Surfactant 11.30 grams
| sodium lauryl sulfate 10.80 grams
“Butyl Acrylate 76200gnnns
Methyl Methacrylate 739.00 grams




formul ations within 2 days of being spray-dried. "Aged" polyner refers to
spray dried enul sion polymer which has been placed in an oven at 60[err]

for 5 days prior to being incorporated into the cement formulations. 5
Material s ME#1 Dei oni zed wat er .290.00 Triton XN-45S
13 Surfact ant . 35. 60 Met hyl N@thacrylate 294. 00 Allyl
Met hacryl ate 5.60 Methacryli® Acid 75. 00 Met hyl
3- mer capt opr opi onat e 13.1 TABLE Il 0.1 percent aqueous solution of [err]
10. 0g 14.9 percent aqueous sol ution tyl - 25.4g hydroperoxide 7.8
percent aqueous sol ution of sodiums ate 43.4g fornmal dehyde TABLE ,
[11 deioniz - T A A e e e Ly ution of
sodi um 35| Oy Exathplei dd [err] Surfactant 16 |HLEABLE |V
Mat eri al s VE: _
1 Octylphenoxy ethoxylated alcohol (1-2 EO units) | 3.6
2 tetramethyl decynediol 4.0
3 Ethoxylated tetramethyl decynediol . 4.0
4 C12-13 linear primary alcohol ethoxylate 3.7
5 polyglycol monolaurate 3.2
Comparative 6 | Octylphenoxy ethoxylated alcohol (~16 EO ugits)| 15.8
Comparative 7 | C 11-15 secondary alcohol ethoxylate 8.0
Comparative 8 | C 12-13 linear primary alcohol ethoxylate 7.9
Comparative 9 | Block copolymers of EO/PO 1-7
Comparative 10 | Block copolymers of EO/PO 12-18
TABLE VI
[ Type I Portland cement | 15.0 grams
| 60 mesh sand 22.5 grams
Spray dried emulsion 1.0 grams (based on polymer
polymer solids)
water 6.0 grams




‘Dei'oni zed wat er 326. 00 grans Surfactant 1130 grans

"sodium auryl sulfate 10.80 grans Butyl Acrylate 762. 00 grans Met hyl -
Met hacryl ate 739. 00gr ans 6 TABLE V Exanpl e
Sur f act ant HLB 1 Cct yl phenoxy et hoxyl ated al.cohol (1-2
EO units) 3.6 2 t et ramet hyl decynedi ol - 4.0 3
Et hoxyl ated tetranet hyl decynedi ol 4.0 4 Cl12-13 |l i near
pri mary al cohol ethoxyl ate 3.7 5 pol ygl ycol nonol aurat e
3.2 Conparative 6 Octyphenoxy et hoxyl BABHEMIEohol (-16 EO units) 15.8 :
Conparative 7 C 11-15 secondary al cohol ethoxyl ate 8.0 Conparative 8.
C 12-13 |[E@ape T a7 Y] e | Coap. Comg. |
copol ynmergs of EQ ivg 19 B8 odk goppl yoers
of EQ PO t | andl cenerdt 15.D grafs
60 nesh J&i8 _ P 11708 dram® [ 298d on
pol yrmer gol yner 6.0 gf ans
Particle 164 150 161 161
size (nm)
Scrap Ratio | 25.0 27.3 240 13.8 193 104 10.9 10.0 16.1 8.8
Wet-out 20 5 | 15 15 20 2 | 5 | 15 | 20 15 |
time (sec.) ]
 Thin
Section
| Toughness
Fresh good | very | very | good | very | poor fair fair fair poor
good | good good
Aged good/ | good jgood/ | fair/ | fair | very | poor | poor | good | very
fair fair poor fair poor
Thin
Section
Adhesion
Fresh good | very | very | good | good | fair | good | good | very fair .
good | good _good
Aged good | good | good fair fair- very | poor | poor | good | very
good poor poor

The data in Table VII show, for example, that spray-dried polymer powders
prepared from emulsions containing emulsion polymers and low HLB nonionic
surfactants, namely alkylphenoxy ethoxylates, acetylenic polyols, or alkylene glycol

* alkylates, exhibit an improved balance of properties with regard to scrap ratio and
stability.



7 TABLE VI| Exanple 1 2 Canp. Cbnp
Conp Conp Conp 6 7 8 9 10 HLB 46 40

3.2 "15.8 80 7.9 1.7 12-18 Partlcl 149
161 158 156  ie64 150 161 161 si ﬁHIﬂﬂ tio 25.0

27.3 24.0 13.8 19.3 10. 4 189 10 t- out

20 15 15 15 20 25

time (secpsl %ct[on Toughness Fresh good very very good very
poor f at ir fair poor good good good Aged

good/ good good/ fair/ fair very poor poor good very fair

fair pogqr fair poor Section Adhesion
Fresh goﬁjm% >c/om veier good good fair good good very

fair good good Aged good good good fair fair- very
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(ii) spray-drying the emulsion.
2. The method of claim 1, wherein the at least one surfactant has an HLB value below 6.
3. The method of claim 1, wherein the at least one surfactant has an HLB value below 5.

4. The method of claim 1, wherein the nonionic surfactant is selected from the group
consisting of octylphenoxy. ethoxylated alcohols, ethoxylated tetramethyl decynediol,
propylene glycol monolaurate, sorbitan monostearate, sorbitan oleate, glycerol oleate,
decaglycerol decastearate, decaglycerol decaoleate, and combinations thereof

5. The method of claim 1, wherein the at least one surfactant is present at a level of
from 0.5 to 15 percent by weight based on the total weight of said emulsion polymer.
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