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why do we need theme

rheology modifiers dictate a
paint’s application feel and
influence final dry film
appearance.

o choosing the right rheology
modifier results in:

o smooth finish

exceptional sag/level balance
high paint stability

low VOC

excellent wet and dry hiding 30% pigments
control and minimization of v
formulation costs

O/ »
\f Ashland

always solving

O O O O O



thickening mechanisms

o

Conventional Associative
(Volume) (Association)
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types of rneology modifiers

SYNTHETIC

ﬂ’olyvinyl alcohol
Polyacrylamide

Polyacrylic acids

CONVENTIONAL

Q\SE - Alkali Soluble Emulsion

N

J

/HM—PAPE - Hydrophobically
Modified PolyAcetal PolyEther

HEUR - Hydrophobically Modified
Ethoxylate URethane

HASE - Hydrophobically Modified
Qlkoli—Soluble Emulsion

ASSOCIATIVE

<

>

4 Others: clays, bentonite...

NATURAL DERIVATIVES

/Cellulose ethers: \

CMC - CarboxyMethylCellulose

HEC - HydroxyEthylCellulose

WHEC - Me’rhylHydroxyE’rhyICeIIqusy

4 N

HMHEC - Hydrophobically Modified
HydroxyEthylCellulose

U 4
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associative thickener structures

— 2nd Gen NSAT < 50,000 MW

ey

B Hydrophobic group

@® Linking Group

Best for

Flow &

Leveli t
HASE ~ 500,000 MW o 1t Gen NSAT < 50,000 MW
e NANADNANLDPANS DA
1t gen
2ndlgen \ NSAT mm  Hydrophobic group
NAT ® LlinkingG
HASE - inking Group
Decreasing
Paint Gloss
{ Potential J

Best for 1 Best for
Anti-Sag & Low Water
In-Can Feel HMHEC Sensitivity

HMHEC ~ 350, 000 MW
OH o4 OH

OH
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HEC thickening mechanism

molecular =) mqjor factor for o P

. weight thickening \e A18hland



HEC grade selection

Viscosity Grade/Molecular Weight Effects
60-PVC Vinyl-Acrylic Flat Paint, 95 KU

Thickener Mw los/ ICI, Spatter Leveling Sag,
x103 100 gal Poise Resistance mils

High Mw 1,000 3.6 0.9 3 5 14
Med Mw 700 4.7] 1.2 l 4 l 4] 18 l
Low Mw 300 9.6 1.7 6 3 24+
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HM-HEC thickening mechanism
(In solution})

entfanglement and hydrophobic
association @(f Ashland
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Hlv\ HEC thickening mechanism
(IN pOIﬂT

oie

é\_ Surfactant
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HEC vs. HM-HEC

/0-PVC Vinyl-Acrylic Flat Paint
Thickening
Efficiency
Thickener Wt (%) lbs/ ICI, Spatter veling Sag, Scrub
100 gal Poise | Resistanc mils Cycles
HEC 0.48 54 0.6 27 3 24 213
HM-HEC 0.63 7.2 0.9 9 3 18 223
)
« Fibrils Brea
Liquid Fibrils Producing
Supported by S
High Elasﬁc’ —

ModuluN
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NSAT associative thickening mechanism

I Floret

0%

(ser) -2 ()
%y Q%

Styrene
Acrylic

Hydrophobic Hydrophilic

strong associative thickening water-phase thickening; weak association

e 7) Ashland
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latex type effects

Acrylic Latex Vinyl-Acrylic Latex
@@/ \
@ @,

(=7

(L%e) @A

Strong Interactions with NSAT Moderate Interaction with NSAT

Contribute to Better Network Primarily Aqueous Phase Thickening

Hydrophobic Hydrophilic
strong associative water-phase thickening;

thickening weak association e/? A "
shland
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standard terminology

o two basic functional types of NSATs

Low-Shear Effective
o Stormer KU/Thickening
e More Efficient
e More Shear Thinning/Less Newtonian

High-Shear Effective
e ICl Viscosity
L e Less Efficient
e Less Shear Thinning/More Newtonian

FFFTFFFFFFF.

Ashland
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formulating with Aquaflow™ rheology

|
24-PVC Acrylic Semi-Gloss Paint
97 KU

1.2 2.4
- B High Shear
Y04 2.0
o B Low Shear "
o -8 |Cl viscosity 5
£ 0.8 1 - 1.6
S / 2
"; 0.6 - 1.2 2
> 2
2 04 - 0.8 >
.9 '/‘/./ O
L -
£ 0.2 I - 0.4

100:0 75:25 50:50 25:75 20:80 10:90 0:100

Low Shear: High Shear Ratio
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shear rate considerations

|
1,000,000
Storage Transportation Processing Application
Sagging
100,000 - Leveling NSAT High Shear Series — 1t Gen
Settling NSAT Low Shear Serie — 1"d Gen
5 NSAT 2nd Gen or HMHEC
°E- 10,000 -
~ Package Rolling
= Feel .
n Brushing
o 1,000 - A
O Spraying
)
> —
100 -
Brookfield m ICI
10 | | | | |

0.001 0.01 0.1 1 10 100 1,000 10,000
Shear Rate, s
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VISCOSItY recovery profiles

100
90 - HEC
80 -
70 |
60 -
50 -
40 |
30 -
20 |
10 -

2nd Gen NSAT

Viscosity, mPaes

1s' Gen NSAT

0 60 120 180 240 300 360 420 480 540 600 660

Time, seconds
2hd Gen NSAT viscosity recovery profile allows leveling to proceed while
preventing dripping

Sag and Leveling balance o :
\OfAshland
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<50 g/L VOC Acrylic Semi-Gloss Deep Base

This no-drip
behavior with
excellent
leveling Is
typical of
Next
Generation
technology.
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experimental method

o 29 PVC, 29 VS VAE semi-gloss paint
o HEC
o NSATs: fraditional HEUR, 15t & 2nd gen. PAPE

o drywall primed using flat black primer
o paints applied with 3/8" nap roller cover

o analyzed panels
o visual ranking
o pixel analysis
o surface profilometry

@(fAshland”
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visual panel rating

o subjective visual rating of the applied hide of painted
drywall panels

-
-~

e 19 Gen'NSAT 24 Gen NSAT

m

e/ -
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HEC

PAPE NSAT

20

Improved visual hide benefits

The Role of Leveling in Applied Hiding

coating

substrate

o deeper brush marks/roller stipple will
reduce hiding

o more uniform film thickness will
improve hiding

29 PVC, 29 VS VAE semi-gloss paint G/}D AShlaIldM

flat black primed drywall with 3/8" nap roller cover always solving



pixel analysis

140000

/ e | ﬂ

80000 |

relative frequency of pixels

\ 20000 |
0 32 64 96 128 160 192 224 256
o scan substrate =» image analysis pixel color value (RGB)

histogram distribution of how “white” is the sample —

o quantifiable and more reliable measure to aid
product development and benchmarking

o used to also analyze surface defects
o foam

o pick spofs @(f Ashland

always solving
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Nanovea ST500

Roughness Finish Texture

* non-contact method based on axial
chromatism technique
« each separate wavelength will re-focus at a

different height

automated ¥1-stage - 40cmx20cm scan area - software quantifies various surface roughness

scan speed: 200mm/s
line scanner: Z-range 0-1000 mm, (80nm Resolution) parameters

\07) Ashland
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NAp pattern characterization

surface

high resolution :
profilometer

scanner

TIGHT & UNIFORM

e}

O/ »
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reduced TIO, application performance

HEC
I — surface roughness
CT T T T T 1T
2 1 Gen PAPE
. Control Ti0,
-..qf—'} control  control  10% less
TE 02 | TiO2 | TO2
HEC 1st Gen 2nd Gen
160 192 224 256 : PAPE PAPE
pixel color value (RGB) - D
2r4.Gen PAPE
10% less TiO; - lower Sg value
— paint with PAPE NSAT is P2 tS o indicates
whiter than HEC smoother surface
thickened painft R & X R T - )
- narrow distribution of | , Ee s | et el \@7) Ashland
24 pixels towards #256 ‘ . L LI always solving




conclusions

o different chemistries and thickening mechanisms can
control paint performance from wet application to dried
appearance

o rheology modifiers play a key role in developing in-can
feel and application properties resulting in superior
applied hide

o visual improvements to applied hide properties can be
characterized and quantified with analytical techniques
to reduce subjectivity of visual measurements

Paint properties can be tailored by
careful selection of the rheology package!
@(f Ashland
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disclaimer

The information contained in this presentation and the various products described are intended for use only by
Persons having fechnical skill and at their own discretion and risk after they have performed necessary
echnical investigations, tests and evaluations of the products and their uses. This material is for informational
purposes only and describes the scientific support for the use of the products described herein as an ingredient
iIntended to enhance performance of an end product. Certain end uses of these products may be regulated
pursuant to rules governing medical devices or other regulations governing drug uses. It is the purchaser’s
responsibility to determine the applicability of such regulations toits products. While the information herein is
believed to be religble, we do not guarantee its accuracy and a purchaser must make ifs own determination of
a product’s suitability for purchaser’s use, for the protection of the environment, and for the health and safety of
its employees and the purchasers of its products.

Neither Ashland nor its offiliates shall be responsible for the use of this information, or of any product, method,
formulation, or apparatus described in this brochure. Nothing herein waives any of Ashland’s or its affiliates’
conditions of sale, and no statement, information and data is to be taken as a guarantee, an express warranty,
or an implied warranty of merchantability or fitness for a particular purpose, or representation, express or implied,
for which Ashland and its affiliates assume legal responsibility. We also make no warranty against infringement of
any pqr’reTnTs by reason of purchaser’s use of any information, product, method or apparatus described in this
presentation.

The testing information (the “Testing Informa’rion”% has been gratuitously provided by Ashland. The Testing
Information is based on many factors beyond Ashland’s confrol, including but not limited to, the conditions
prevailing when the testing was conducted, and in some cases, is based on data Igenercﬂed with development
samples of the Active Ingredient. Although it is infended to be accurate, ASHLAND DISCLAIMS ANY AND ALL
LIABILITY, EITHER EXPRESS OR IMPLIED. The Testing Information is confidential or proprietary to Ashland, and may
not, except as provided below, be disclosed to any third party. You may not make commercial use of the
Testing Information, or make claims with respect to your products based the Testing Information, without the
written agreement with Ashland covering such use.

® Registered tfrademark, Ashland or its subsidiaries, registered in various countries
™ Trademark, Ashland or ifs subsidiaries, registered in vVarious countries

* Trademark owned by a third party

© 2015, Ashland
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