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Performance Characteristics

Thickening
CELLOSIZE hydroxyethyl
cellulose helps contribute
a desired body in paints
and cosmetics. In many
applications, thickening is
combined with suspension,
stabilization, dispersion, and
water retention to produce
desired results.

Pseudoplasticity
Solutions of high-viscosity
grades are pseudoplastic and
thin out under shear. Latex
paints must stay on the brush
or roller, yet flow out easily on
brushing or rolling and then
level out to reduce brush or lap
marks. Hair shampoos must
pour rich and heavy from the
container and yet thin out, feel
wet, and disperse easily when
rubbed between the hands and
applied to the hair.

Salt Tolerance
Because CELLOSIZE HEC is
nonionic, it is stable in solution
with high concentrations of
salts. In electroplating, this
property contributes to brighter
and more uniform plating. In
cosmetics, it can be used to
thicken underarm deodorants
despite the high salt levels of
such products. In latex paints,
tolerance of borates, silicates,
and carbonates is important in
maintaining desired viscosity.

Film Forming
Films of CELLOSIZE HEC
can be applied from water solu-
tions. In paper manufacturing,
coatings that are impervious to
oils, greases, and most solvents
can be prepared. This property
also contributes to excellent ink
holdout in paper-sizing
formulations.

In textiles CELLOSIZE HEC
serves as a warp size, protecting
fibers from mechanical abuse.
The film-forming property can
be used advantageously as a
temporary protective coating
during processing and shipping.
When protection is no longer
needed, the coating can be
washed off.

Water Retention
CELLOSIZE HEC helps
maintain the water content
of formulations at desired
levels. This property enables
formulators to reduce the
amount of water needed in a
formulation because of the
more efficient use made of
water in the presence of small
quantities of CELLOSIZE
HEC. Without water-retaining
and binding properties,
cement-based mortars would
lose their adhesion and strength,
and ceramic powders would
lose their plasticity under
pressure.

CELLOSIZE hydroxyethyl cellulose (HEC) is a

nonionic, water-soluble polymer that can thicken,

suspend, bind, emulsify, form films, stabilize,

disperse, retain water, and provide protective colloid

action. It is readily soluble in hot or cold water and

can be used to prepare solutions with a wide range

of viscosities. It has outstanding tolerance for

dissolved electrolytes.

CELLOSIZE HEC offers narrow viscosity ranges,

consistent viscosity reproducibility, and excellent

solution clarities.



Applications

Agriculture
CELLOSIZE hydroxyethyl
cellulose effectively suspends
solid toxicants in water-based
sprays.

When used in a spray, it helps
bind the toxicant to the foliage.

As a film-former, it can be
useful as a seed coating.

As a thickener for spray
emulsions, CELLOSIZE HEC
reduces drift and permits more
efficient spray directly on
foliage.

Building Materials
CELLOSIZE HEC is used
in gypsum, cement, lime
and organic plasters, tile
adhesives, and mortars. In
cement formulations, it is used
as a retarder and moisture-
retaining agent.

In the manufacture of
wallboard, it is a component
of emulsions for surface
treatment to improve release
from press and to prepare the
surface to accept paint or
surface coatings. It is also used
as a thickening agent in
wallpaper paste.

CELLOSIZE HEC improves
the workability of gypsum
plaster by increasing the open
and trowelling times. It is
superior to other cellulosics in
compressive and flexural
strengths and in dimensional
stability.

Cosmetics and Detergents
CELLOSIZE HEC is an
effective film-former, binder,
thickener, stabilizer, and
dispersant in shampoos, hair
sprays, neutralizers, creams and
lotions. In liquid detergents and
“waterless” hand cleaners, it is
used as a thickener and
protective colloid. The solubil-
ity of CELLOSIZE HEC at
elevated temperatures simplifies
and speeds up production
techniques. Preparations based
on CELLOSIZE HEC are
known to feature improved
body, smoothness, and
silkiness.

Latex Polymerization
The molar substitution of the
protective colloid grades of
CELLOSIZE HEC was chosen
to optimize its role in the
initiation of catalyst-protective
colloid polymerization sites, in
the stabilization of the growing
polymer particles, and in the
stabilization of the finished
latex to freeze-thaw and
mechanical shear.

The concentration of protective
colloid in the polymerization
charge is a critical variable in
the control of latex viscosity,
polymer particle size, and
freedom of the emulsion from
scrap.
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Oil Production
CELLOSIZE HEC is a
viscosifier in workover and
completion fluids. It helps
provide clear, low-solid fluids
that impart minimum forma-
tion damage. Fluids thickened
with CELLOSIZE HEC are
easily broken with acid,
enzymes, or oxidating agents
to maximize the potential for
hydrocarbon recovery.

In fracturing fluids,
CELLOSIZE HEC acts as a
carrier for proppants. These
fluids can also be easily broken
by the above techniques.

Drilling fluids formulated with
CELLOSIZE HEC, using the
low-solids concept, offer
increased penetration rates
with good borehole stability.
Property inhibited fluids can be
used in drilling medium-to-hard
rock formations, as well as
heaving or sloughing shales.

In cementing operations,
CELLOSIZE HEC reduces
hydraulic friction of the slurry
and minimizes water loss to the
formation.

5

Paint Thickening
In latex paint formulations,
CELLOSIZE HEC offers ease
of solution, low-foaming,
thickening efficiency, and
improved color development
and stabilization. Its non-ionic
character contributes stabiliza-
tion over a wide pH range and
permits broad formulating
latitude. The QP type is of
particular interest where
controlled hydration is desired,
as in the direct addition of the
thickener to the water at the
beginning of the pigment grind.

The higher viscosity grades
(QP 15000H, QP 30000H,
QP 52000H, and QP 100MH)
have been developed primarily
for use in latex systems where
the water-soluble components
must be reduced to a minimum.



Paper and Inks
CELLOSIZE HEC is a useful
gloss and ink hold-out size for
paper and paperboard.
Advantages of printing paper
size with CELLOSIZE HEC
include superior definition of
printed images, lower cost
because of lower penetration of
the top coat, and high gloss. It
can be applied to paper or
paperboard at either size press
or the calender stack. In paper
sizing, 0.1 to 0.5 pounds per
1000-square feet (0.5 to 2.5
grams per square meter) is the
usual application.

CELLOSIZE HEC increases
the water retention of coating
colors, particularly with
coatings containing high
proportions of latex, where the
penetration of adhesive into the
base sheet must be controlled.
As a starting point, add about
0.5 to 1.0 percent of
CELLOSIZE HEC QP 09,
based on pigment. If higher
viscosity can be tolerated,
substitute CELLOSIZE HEC
QP 3 or QP 40 for
CELLOSIZE HEC QP 09.

The use of CELLOSIZE HEC
also contributes to improved
grease resistance. For oil- and
grease-proof coatings, use
about two pounds per 1000-
square feet (10 grams per
square meter) of surface.
Coatings may be applied by
blade, air-knife, or roll coating.

CELLOSIZE HEC offers other
desirable properties in paper
applications, including its ready
solubility in water; compatibil-
ity with most gums, resins, and
inorganic salts; low biological
oxygen demand; low foaming
tendency, and its ability to form
clear films.

In ink manufacture,
CELLOSIZE HEC is used for
the production of waterborne
duplicating inks that dry rapidly
without setoff or bleeding.

Textile Sizes
Solutions of CELLOSIZE HEC
make useful warp sizes that can
be removed from the fiber by
water-washing. In combination
with other resins, CELLOSIZE
HEC has found wide applica-
tion in textile finishes. It is also
used as a water-soluble forming
size and binder in glass fibers,
and as finishing and binding
agent in leather pastes.

Textile Latex Coatings,
Binders, and Adhesives
Latex adhesives thickened
with CELLOSIZE HEC are
pseudoplastic; that is, they thin
under shear but rapidly return
to high viscosity to control
strike-through and improve
print definition.

CELLOSIZE HEC controls
water release and permits
continuous running without
buildup of adhesive on the print
rolls. Controlled water release
allows more open time for
good acceptance of flock and
formation of a better adhesive
film without noticeably
extending drying time.

CELLOSIZE HEC QP 09L,
at 0.2 to 0.5 percent, improves
mechanical stability in non-
woven binder formulations,
reduces wet picking at nip rolls,
and increases the wet strength
of the final product.

CELLOSIZE HEC
QP 52000H is an effective
thickening agent for nonwoven
print bonding formulations,
providing exceptional pattern
definition.

The properties that make
CELLOSIZE HEC an excellent
thickener for acrylic-based
binders and nonwoven flock
adhesives commend it for
thickening textile backcoating
and laminating formulations.
It is compatible with many
fillers and effective at low
concentrations.

Textile Carpet Dyeing
and Printing
In carpet dyeing, such as the
Küsters continuous dyeing
system, very few thickeners
can match the thickening
efficiency of CELLOSIZE HEC
QP 100MH. None can match
its total combination of
properties: thickening efficiency,
ease of dissolving to lump-free
solutions, low levels of impuri-
ties to interfere with dye pickup
and color development, freedom
from insoluble gels that would
introduce dye specks on finished
goods, and uniformity of
properties within a narrow
specification range.
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Household Products
CELLOSIZE HEC finds utility
in many household products as
a thickener, stabilizer, and
binder. For example, in liquid
detergents and cleaners, it acts
as a rheology modifier and as
an efficient thickener, imparting
good body structure, a
pseudoplastic rheology, and a
smooth “feel” to products.

The nonionic structure of
CELLOSIZE HEC offers good
compatibility with surfactants
and other formulation
ingredients.

Other formulations for which
CELLOSIZE HEC can be
recommended include fabric
softeners, shoe polishes, and
as a binder in products that
regulate the release of active
ingredients, such as air
fresheners.

Special Applications
Fire Fighting
Additive to enhance the
blanketing properties of fire
fighting foam. Useful in
preparing “thickened water”
for fire fighting.

Foundries
Improves the green strength
and collapsibility in cement
sand and sodium silicate sand
systems.

Microscopy
Film-forming, dispersing
agent for the preparation of
microscopic slides.

Photography
Thickening agent in film
processing fluids with high
salt concentrations.

Fluorescent Tube Coatings
Binder for phosphors in
fluorescent tube coatings.
Stable dispersions can be
applied evenly at a controlled
rate. Selection of grades and
concentrations controls
binding and green strength.

Electroplating and
Electro-Refining
Protective colloid unaffected
by high concentrations of
electrolytes. In cadmium
plating, for example,
CELLOSIZE HEC promotes
uniform depositions.

Ceramics
Green strength binder for
ceramics.

Electrical Cables
Water-blocking powder to
prevent moisture-penetration
of broken cables.

Toothpaste
Thickening agent.
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Figure 1 • Structure of Cellulose

Figure 2 • Idealized Structure of CELLOSIZE Hydroxyethyl Cellulose *
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Chemistry

CELLOSIZE HEC  is named
after its two components:
cellulose and hydroxyethyl
side chains. Cellulose itself is
a water-insoluble, long-chain
molecule consisting of
repeating anhydroglucose
units, as shown in Figure 1.

In the manufacture of
CELLOSIZE HEC, a purified
cellulose is reacted with
sodium hydroxide to produce
a swollen alkali cellulose.
This alkali-treated cellulose is
more chemically reactive than
cellulose. By reacting the alkali
cellulose with ethylene oxide,
a series of hydroxyethyl
cellulose ethers is produced.
In this reaction, the hydrogen
atoms in the hydroxyl groups
of cellulose are replaced by
hydroxyethyl groups, which
confer water solubility to the
product. Figure 2 shows an
idealized structure of
CELLOSIZE HEC.

The manner in which ethylene
oxide is added to cellulose can
be described by two terms:
Degree of substitution (D.S.)
and molar substitution (M.S.).
The degree of substitution
designates the average number
of hydroxyl positions on the
anhydroglucose unit that have
been reacted with ethylene
oxide. Since each anhydro-
glucose unit of the cellulose
molecule has three hydroxyl
groups, the maximum value
for D.S. is three. See Figure 1.

Molar substitution is defined
as the average number of
ethylene oxide molecules that
have reacted with each
anhydroglucose unit. Once
a hydroxyethyl group is
attached, it can further react
with additional groups in an
end-to-end formation. As
long as ethylene oxide is
available, this reaction can
continue, theoretically
without limit. See Figure 2.



Product Line

CELLOSIZE HEC is
manufactured in a variety of
viscosity grades. These
versions differ principally in
their aqueous solution
viscosities and are offered to
optimize performance in
specific CELLOSIZE HEC
applications.

For a two-percent by weight
aqueous solution, viscosities
range from as low as 10
mPa•s up to 100,000 mPa•s.
The number of the
CELLOSIZE HEC viscosity
grade refers to its average
two-percent solution viscosity.

Table 1 • Viscosity Ranges of Aqueous CELLOSIZE Hydroxyethyl Cellulose Solutions

Solution CELLOSIZE HEC Viscosity Range Spindle Number RPM

Concentration % Grade LVF Brookfield at

25°C, mPa•s

5 WP/QP 09L 75-112 1 30
WP/QP 09H 113-150 1 30

EP 09 90-160 1 30
QP 3L 215-282 2 60

2 QP 40 80-125 1 30
WP/QP 300 300-400 2 60

EP 300 250-400 2 60
ER 4400 4800-6000 4 60
QP 4400H 4800-6000 4 60
QP 10000H 6000-7000 4 60

1 QP 15000H 1100-1500 3 30
QP 30000H 1500-2400 3 30

WP/QP 52000H 2400-3000 3 30
QP 100MH 4400-6000 4 30
ER 15000 1100-1500 3 30
ER 30000 1500-1900 3 30
ER 52000 2400-3000 3 30

*Your local technical sales representative will be glad to help you in selecting the most appropriate type for your
specific applications.

Table 2 • Typical Properties of CELLOSIZE Hydroxyethyl Cellulose

Appearance White to cream-colored, freely flowing powder
Bulk Density, lb/ft3 (g/cm3) 19-38 (0.3-0.6)
Decomposition Temperature, °F (°C) About 400 (205)
Softening Point, °F (°C) >285 (140)
Particle Size 100% through U.S. 20 mesh (840 micron)
Specific Gravity at 20/20°C 1.30-1.40
Volatile Matter, % by wt 5
Standard Bag Size (net) 50 lb or 25 kg
Standard Pallet Size

Bag 40
Net Weight 2000 lb or 1000 kg

Two types of CELLOSIZE
HEC are produced for
specific dissolving purposes.
QP type materials disperse
rapidly, while WP types
hydrate quickly. In addition,
CELLOSIZE HEC is available
in several grades, which have
been specifically developed to
improve their resistance to
enzyme attack.

They are designated ER type,
enzyme resistant. Table 1
details CELLOSIZE HEC
product line by viscosity and
dissolving type.

Table 2 shows some physical
properties common to all
viscosity grades of
CELLOSIZE HEC.
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Environmental Impact

Aqueous solutions of
CELLOSIZE hydroxyethyl
cellulose do not appear to
pose any ecological problems.
Based on test procedures
consistent with ASTM and
EPA guidelines, CELLOSIZE
HEC solutions were evaluated
against aquatic organisms. At
the highest test concentrations
used, no toxic effects were
observed for Daphnia magna
(maximum concentration
equals 1,000 mg/liter) or for
fathead minnows (maximum
concentration equals 5,000
mg/liter). In addition,
CELLOSIZE HEC solutions
showed no inhibitory effects
on bacterial biomass
(unacclimated sewage
microorganisms) at concen-
trations up to 1,000 mg/liter(1).

While cellulosic polymers are
not considered to be persis-
tent in the environment, their
complete breakdown to
carbon dioxide and water
is relatively slow unless
extended biotreatment or
waste treatment facility
acclimation procedures are
used to enhance the natural
metabolic rates.

In the laboratory, the potential
rate at which a chemical can
degrade in an unacclimated
water treatment system is
often measured by the
Biochemical Oxygen Demand
(BOD) test(2). This standard
test involves exposing a test
material to an unacclimated
sewage seed and measuring
the oxygen demand of the
system. Calculations of
percent bio-oxidation are
correlated to the amount of
oxygen required to degrade
the chemical completely to
carbon dioxide and water.
CELLOSIZE hydroxyethyl
cellulose exhibits a Chemical
Oxygen Demand (SOC)(2)

of 1.41 mg O2/mg active
polymer. Using this methodol-
ogy, CELLOSIZE QP 4400H
appears to be approximately
five percent degraded in five
days and approximately 12
percent degraded in twenty
days.
(1) Procedure detailed in G.M.

Alsop, G.T. Waggy, and R.A.
Conway Bacterial Growth
Inhibition Test, Journal of Water
Pollution Control Federation, 52,
(10), October, 1980.

(2) Standard Methods for the
Examination of Water and
Wastewater, 14th edition.
American Public Health
Association, 1976, Parts 507
and 508.

FDA Regulations (21 CFR) Permitted Uses

73.1001 (b) Diluent in color additive
mixtures used in coloring
externally-applied drugs.

175.300 Component of resinous and
polymeric coatings applied as
a continuous film over metal
or any substrate suitable for
repeated use in contact with
food.

175.105 Component of food-packaging
adhesives.

176.170 Component of the coated or
176.180 uncoated food contact surface

of paper and paperboard in
contact with fatty, aqueous,
and dry foods.

177.1210 Manufacture of closures with
sealing gaskets for food
containers.

177.1390 (c)(2)(ii) Component of adhesives for
high-temperature laminates,
when separated from the food
contact layer by a functional
barrier.

182.99 Exempt from the requirement
of a residue tolerance when
used as an adjuvant added to
pesticide use dilutions by a
grower or applicator prior to
application to the raw
agricultural commodity.

EPA Regulation (40 CFR) Permitted Uses

180.1001 (c) Exempt from the requirement
of a residue tolerance when
used as an inert ingredient in
pesticide formulations applied
to growing crops or to raw
agricultural commodities after
harvest.

FDA and EPA Status

CELLOSIZE hydroxyethyl
cellulose (HEC) is presently
approved, under regulations
of the United States Food and
Drug Administration (FDA),
for use in indirect food
applications, such as food-
packaging adhesives and can
and paper coatings.

CELLOSIZE HEC has not
been cleared for direct use
as a component of food
products.

Under regulations of the
Environmental Protection
Agency (EPA), it is exempt
from the requirement of a
residue tolerance in pesticide
formulations.
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Explosibility of Dusts

Dusts of CELLOSIZE HEC,
like those of many organic
compounds, are explosive if
mixed with air or other
oxidants in critical propor-
tions and in the presence of
an ignition source. These
dusts represent a hazard
similar to that of other
cellulosic derivatives and of
many widely-used organic
solids. With KST values less
than 200 bar m/s,
CELLOSIZE HEC is
identified as a Class I dust.
Explosion-venting design may
be accomplished by utiliza-
tion of NFPA-68 guidelines.
Though measured minimum
ignition energy levels are
greater than 300 mJ, care

should be taken to prevent
ignition from common
causes, such as cutting and
welding, stray electric current,
and hot surface temperatures.
To minimize the potential for
electrostatic discharge
problems, avoid conveying
through electrically noncon-
ductive piping. Also, normal
good housekeeping proce-
dures should be practiced to
control the explosibility of
dust. At Dow’s CELLOSIZE
HEC production facilities,
CELLOSIZE HEC dust is
conveyed in air, in grounded
equipment, with explosion
venting on receivers and dust
collectors. In the presence of
flammable gases, liquids, or
vapors, CELLOSIZE HEC
should be handled in inert
nitrogen-blanketed equipment.

Figure 3 • Relative Humidity vs. Equilibrium Moisture
Content at 25°C

Table 3 •  Solubility of
CELLOSIZE Hydroxyethyl
Cellulose in Organic Solvents

Solvent Solubility

Hydrocarbons

Xylene I
Benzene I
Petrolene I
Kerosene I
Chlorinated Hydrocarbons

Chlorobenzene I
Carbon Tetrachloride I
Trichloroethylene I
Ethylene Dichloride I
Methylene Chloride I
Alcohols/Glycol Ethers

Butanol I
CARBITOL™ Solvent I
Ethanol (95%) I
Methyl CELLOSOLVE™ Solvent I
Methanol I
Aldehydes

Butyraldehyde P
Formalin S
Ketones

Acetone I
Diethyl Ketone I
Acids

Acetic Acid P
Formic Acid S
Esters

Amyl Acetate, Primary I
Ethyl Acetate I
Amines

Ethylenediamine S
Pyridine I
Diethylenetriamine S
Esters

Isopropyl Ether I
Ethyl Ether I
1,4-Dioxane I
Oils

Mineral Oil I
Cottonseed Oil I
Lard Oil I
Linseed Oil I
Other

Dimethyl Formamide S
Dimethyl Acetamide S
Dimethyl Sulfoxide S
Phenol S

S =Soluble
I =Insoluble
P =Partially soluble

Hygroscopicity

As packaged, the moisture
level (volatile matter) of
CELLOSIZE HEC viscosity
grades is typically five-percent
by weight. However, like all
other cellulose ethers,
CELLOSIZE HEC is
hygroscopic.

If stored in open or loosely
capped containers, the
moisture content will change
to an equilibrium value
determined by the relative
humidity of the environment.
Therefore, to obtain the
desired viscosity during
formulation, compensation
for the moisture weight
change must be made. The
effect of relative humidity on
the equilibrium moisture
content of CELLOSIZE HEC
is shown in Figure 3.
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Solubility in Organic Solvents

CELLOSIZE hydroxyethyl
cellulose (HEC) is insoluble
in most organic solvents, as
shown in Table 3. In a few of
the polar solvents, it is either
swollen or partially soluble.

Preparation of Solutions

To prepare CELLOSIZE HEC
solutions easily, good agita-
tion and pH control are
recommended.

Dispersing of QP Type
Agitation of solutions at a
pH of 7.0 or lower is recom-
mended to make initial
dispersions. After the
CELLOSIZE HEC is well-
dispersed and with agitation
maintained, the hydration rate
may be accelerated by adjust-
ing the pH to alkaline ranges
and /or by increasing the
temperature.

Below pH 7.0, the hydration
rate of QP grades is decreased.
Above pH 7.0, the hydration
rate is increased.

Dispersing of WP Type
To achieve adequate disper-
sions, the WP types of
CELLOSIZE HEC require
more careful techniques than
the QP types. Solution takes
place more readily if agglom-
eration is avoided. Sprinkle
the WP type of CELLOSIZE
HEC into vigorously stirred
water.

Control the agitation to
give maximum shear and
minimum air entrainment.
Continue until a clear,
homogenous solution is
obtained. Depending on the
particular application, slurry
addition may be used to
control agglomeration and to
accelerate the rate of solution.

Pre-Wetting
CELLOSIZE HEC can be
slurried in a water-miscible
liquid (alcohols, acetone,
diacetone alcohol, glycols)
before adding it to water.

Dry-Blending
CELLOSIZE HEC can be
blended with other dry
materials, either soluble or
insoluble, before adding it to
the formulation. Pigments,
fillers, or dyes can thus be
used to aid in the dispersion.

Figure 4 • Effect of Distilled Water pH on Dissolving Characteristics of QP Type

Surfactant Addition
The addition of about 0.01
percent surfactant to the
water can aid in wetting and
dispersing any WP type of
CELLOSIZE HEC.

Effect of pH
The effect of pH on the
dissolving characteristics of a
QP type CELLOSIZE HEC is
illustrated in Figure 4.

Six Important Steps to
Optimum Performance
1. Agitate continuously while

adding thickener. Do not
stop the mixer until solution
is clear and smooth.

2. Quickly sift the thickener
into the solution. Do not
dump or shovel it in.
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3. Water properties influence
dissolving time. Note that
hydration time decreases as
pH and temperature are
increased.

4. Do not add anything that
will raise the pH of the
water until the thickener
particles have been wetted
out. Two or three minutes
mixing will usually accom-
plish this. Raising the pH
thereafter markedly
increases the rate of
solution.

5. Add an effective preserva-
tive at the earliest conve-
nient point in the process.

6. Store CELLOSIZE HEC in
tightly closed containers to
prevent absorption of
moisture.
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Solution Properties

The most important uses of
CELLOSIZE hydroxyethyl
cellulose involve its aqueous
solutions. The wide range of
viscosity grades allows
preparation of solutions in
a similarly wide range of
properties, extending from
moderate viscosities with
usual colloidal properties to
maximum viscosities with
minimum dissolved solids.
CELLOSIZE HEC is the
choice for many thickening
jobs because it offers the
following advantages:
• Thickening Efficiency
• Good Compatibility
• Excellent Stability
• Low Insolubles
• Low Foam Characteristics
• Good Protective Colloid

Activity
• Solution Clarity
• Viscosity Reproducibility

Thickening Efficiency
Any desired thickening
efficiency can be achieved
with the wide selection of
viscosity grades available.

Good Compatibility
CELLOSIZE HEC is compat-
ible in solutions with most
inorganic salts, as well as with
a broad range of gums and
resins.

Table 4 • Typical Properties of Aqueous Solutions of CELLOSIZE Hydroxyethyl Cellulose

2% Aqueous Solutions

Refractive Index at 20°C 1.336 pH 6 to 7
Specific Gravity at 20°C 1.003 Freezing Point, °C 0

Surface Tension of Aqueous Solutions, at 25°C, mN/m

QP/WP 09 QP/WP 300 QP 4400H QP 52000H QP 100MH

Solution Concentration, %

0.01 65.7 66.4 66.3 65.9 66.1
0.1 65.4 65.8 65.3 65.4 65.4
1.0 65.1 65.5 65.8 66.1 66.3
2.0 65.0 66.3 67.3 - -
5.0 64.7 - - - -
10.0 65.9 - - - -

Excellent Stability
CELLOSIZE HEC contrib-
utes stability in a number of
ways. It is shear stable and
can be formulated easily. It
is a protective colloid that
improves the stability of many
dispersions. It enhances
freeze-thaw stability and
promotes shelf-life stability.

Typical Properties
Typical physical properties
of aqueous solution of
CELLOSIZE HEC are shown
in Table 4.
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Viscosity of Solutions

Viscosity Determination
Because different viscometers
vary in their shear rates,
they will indicate different
viscosities for the same non-
Newtonian solution. At the
same shear rate, different
viscometers should give the
same viscosity value. The
type of viscometer and the
conditions under which the
tests were run must, there-
fore, be specified with the
viscosity data.

Some relationships between
shear rate and the apparent
viscosity of selected solutions
are illustrated in Figure 5. It
roughly associates these shear
rates with general applications
and with commonly used
viscometers.

Effect of Shear
The solutions of the medium
and high viscosity grades of
QP 4400H, QP 10000H,
QP 15000H, QP 30000H,
QP 52000H, and QP 100MH
are non-Newtonian and show
a high degree of pseudo-
plasticity. The solutions of
low-viscosity grades show a
low degree of pseudoplasticity
and are nearly Newtonian.
This trend is illustrated in
Figure 5.

Figure 5 • Typical Relationships Between Shear Rates and Solution Viscosities
Two-Percent Concentration Except Where Indicated
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Because solutions of the
high-viscosity grades of
CELLOSIZE HEC are highly
pseudoplastic, their viscosities
are influenced by shear rate.
At low rates of shear, the
molecular arrangement of
hydroxyethyl cellulose is
random, resulting in a high
degree of chain entanglement
and consequent high viscosity.
At high rates of shear, the
molecules become oriented
with respect to the direction
of flow, thereby decreasing
the resistance to flow. Thus,
viscosity, defined as the ratio
of shear stress to shear rate,
decreases with increasing shear
rate, as shown in Figure 5. As
molecular weight decreases,
polymer chains are less
entangled and their
pseudoplastic character
becomes less pronounced.

Shear rate is an important
consideration in estimating
the quantity of any grade of
CELLOSIZE HEC required
to yield a certain viscosity
under the actual shear
conditions of an industrial
application. Shear rate should
also be considered in obtain-
ing laboratory measurements
that are reproducible.

Figure 6 serves as a guide in
predicting typical viscosities
of various solution of
CELLOSIZE HEC as obtained
by any of the Brookfield
model-rpm combinations.
For example, a two-percent
solution of QP 4400H may
yield 25°C Brookfield viscosi-
ties of 13 500, 7000, or 5800
mPa•s, depending on whether
the viscometer was operated
at 6, 12, or 60 rpm.

Figure 6 • Brookfield Viscosity/Shear Rate Correlation
Two-Percent Concentration Except Where Indicated
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By proper grade selection,
almost any solution viscosity
can be achieved using
CELLOSIZE HEC. Viscosity
is also affected by concentra-
tion, temperature, and pH.

Shear Stability
Although they are
pseudoplastic, solutions of
CELLOSIZE HEC are not
degraded and suffer no
permanent loss of viscosity by
shearing. Excellent shear
stability is exhibited by all
grades. Measurements obtained
in laboratory equipment on
two-percent solutions showed
no change in viscosity after 15
minutes exposure to a high
shear rate of 8200 reciprocal
seconds. When solutions of
CELLOSIZE HEC are
subjected to high shear rates
that are inherent in industrial
equipment, shear stability is
normally unaffected.

Effect of Concentration
As the concentration of
CELLOSIZE hydroxyethyl
cellulose is increased,
solution viscosities increase
rapidly. The viscosities
produced by several grades of
CELLOSIZE HEC at various
concentrations are shown in
Figures 7 and 8. The same
target viscosities can be
produced by using different
solution concentrations of the
various grades of
CELLOSIZE HEC.

For example, one percent of
QP 30000H or three percent
of QP 300 will provide about
1500 mPa•s. While the
viscosities of these solutions
will be similar, their flow
properties differ. The first
solution exhibits pseudoplastic
characteristics, while the
second is nearly Newtonian.

Figure 7 • Typical Effect of Aqueous Solution Concentration on Viscosity of
High- and Medium-Viscosity Grades
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Effect of Temperature
Increasing the temperature
of a solution of CELLOSIZE
HEC reduces the solution
viscosity. Cooling the solution
to the original temperature
restores original viscosity.
This effect, illustrated in
Figure 9, is the only influence
temperature has on solutions
of CELLOSIZE HEC. In
contrast to some alkyl/
hydroxyalkyl cellulose ethers,
CELLOSIZE HEC does not
exhibit a gel point (cloud
point), and CELLOSIZE HEC
solutions may be subjected to
freeze-thaw conditions, used
at high temperature, or boiled
without precipitation or gelling
problems. Because the effect
of temperature on viscosity is
large, temperature control is
essential in accurately measur-
ing viscosity.

Effect on pH
Variations in pH between
about 2 and 12 have little
effect on the viscosity of
solutions of CELLOSIZE
HEC. Solution viscosities tend
to be lower beyond these
limits. They may also be less
stable if hydrolysis occurs at
low pH, or if oxidation occurs
at high pH. Such reactions are
characteristic of many
polymers.

Figure 8 • Typical Effect of Aqueous Solution Concentration on Viscosity of
Low-Viscosity Grades
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Blending Different Grades

The solution viscosities that
can be achieved with
CELLOSIZE HEC are not
limited by the grades available.
Intermediate viscosities can be
achieved through appropriate
blends of two or more grades
of different viscosity. Either
dry powder or solutions of
the resin may be blended to
obtain the intermediate
viscosity, which may be
estimated by either of the
following empirical methods:

Calculation Method
An estimate can be made with
the equation:

log VAB = a log VA + b log VB

Where VAB is the estimated viscosity
of the blend of resins A and B, VA is
the viscosity of resin A, VB is the
viscosity of resin B, a is the weight
fraction of resin A, and b is the
weight fraction of resin B.

A multi-component blend can
be calculated by adding the
term c log VC, etc., to the
right-hand side of the

equation. Note that the sum
of the weight fractions a, b,
etc., of the components in the
blend must be 1.00. Also, all
of the viscosity measurements
must be at the same conditions
of concentration and
temperature.

Blending Chart Method
A similar estimate of blend
viscosity and composition
may be made with a straight
edge and a sheet of semilog
graph paper, as shown in
Figure 10. To use the graph:
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1. Locate the solution viscosi-
ties of the resins that are to
be blended on the vertical
lines A and B on the graph.

2. Draw a tie-line connecting
these two viscosities.

3. Locate the desired blend
viscosity on vertical line
A and extend this point
horizontally until it
intersects the viscosity
tie-line.

4. Extend this intercept point
downward to the blend
composition scale and read
the blend composition.
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Figure 9 • Viscosity vs. Temperature of Two-Percent Aqueous Solutions



Figure 10 • Blending Chart
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This composition will have
the preselected viscosity.
Conversely, starting with a
selected composition, the
resulting blend viscosity may
be read by reversing these
steps. Note that a single
viscosity tie-line applies only
to a specific pair of resins; all
other pairs have their own
tie-lines.

For example, a line has been
drawn in Figure 10 for a
blend of CELLOSIZE HEC
QP 300 and QP 15000H.
Two-percent solution
viscosities of these particular
samples are 280 and 17000
mPa•s. In this specific
example, a 50-50 mixture of
the  two resins would have an
estimated viscosity of 2200
mPa•s. Likewise, a viscosity
of approximately 4600 mPa•s
can be obtained by blending
68 percent of QP 15000H
with 32 percent of QP 300.
Identical data are obtained by
use of the equation given in
the preceding subsection.
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Aqueous Solution
Compatibilities

Gums and Resins
CELLOSIZE hydroxyethyl
cellulose is at least partially
compatible with most
water-soluble gums and resins
in common use (see Table 5).
It can be combined with these
materials to form clear,
homogenous solutions of high
viscosity. Thus, the formulator
has at his command many
combinations from which to
select the best system for his
needs. Among the water-
soluble gums and resins listed
in Table 5, the soluble metal
salts of alginic acid have a
synergistic effect on the
solution viscosity of
CELLOSIZE HEC. The
addition of small amounts
of these various salts to a
solution of CELLOSIZE HEC
increases the viscosity
severalfold. This combination
is particularly effective in
producing gels.

Inorganic Salts
CELLOSIZE HEC can be
salted out of solution like
other organic solutes, but its
salt tolerance is much greater
than most other water-soluble
cellulose derivatives.

CELLOSIZE HEC is an ether
alcohol and is not ionizable in
aqueous media. It cannot be
precipitated from solution by
reaction with heavy metal
ions, as can anionic cellulosics.
The nonionic character of
CELLOSIZE HEC makes it
an outstanding colloidal
thickener for solutions
containing high concentrations
of electrolytes.

Table 5 • Aqueous Solution Compatibilities with Gums
and Resins
Compatible

Borated Dextrin
Dextrin
Gum Arabic
Gum Karaya
Guar Gum
Gum Tragacanth
Hydroxypropyl Methylcellulose
Methyl Cellulose
Sodium Alginate
Sodium Carboxymethyl Cellulose

Partly Compatible

Casein
Gelatin
Polyvinyl Alcohol
Starch

Incompatible

Zein
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Effect of Enzymatic Action
and Preservatives

Like other conventional
cellulosics, QP and WP types
of CELLOSIZE hydroxyethyl
cellulose are subject to
enzymatic degradation with
consequent loss of viscosity
solution. Enzymes, which
catalyze this degradation, are
produced by many bacteria
and fungi present in the
industrial environment. To
prevent enzymatic degrada-
tion from occurring, take the
following precautions:

1. Maintain good
housekeeping. Make sure
all tanks, lines, pumps,
and equipment are clean
and are treated routinely
with a broad spectrum
microbiocide. e.g.,
UCARSAN™ Sanitizer 420.

2. Keep containers closed
when not in use.

3. Add a preservative at
the earliest possible point.
Add it during the prepara-
tion of a stock solution of
thickener or during the
addition of dry thickener.

Some end uses are regulated
and require appropriate
preservatives. Any regulated
substance must meet the
Federal/State regulations
for safety, health, and
environment.

4. Make fresh stock solutions
at least once a month. Do
not use stock solutions that
are more than one month
old. Or, consider using one
of the ER grades of
CELLOSIZE HEC.

In general, lower viscosity
grades will tolerate a higher
concentration of salt than the
higher viscosity grades. Data
on the compatibility of
CELLOSIZE HEC with
higher concentrations of salts

are given in Table 6. The
grades for which the data are
tabulated are WP 09 and
QP 4400H. CELLOSIZE
HEC is compatible with at
least 10-percent solutions of
all salts listed in Table 6.



Surface Activity and
Defoaming
Aqueous solutions of
CELLOSIZE HEC show a
slight reduction in surface
tension (63 to 69 mN/m)
over that for pure water
(72.4 mN/m). Since surface
activity relates to foaming,
solutions of CELLOSIZE
HEC can foam when
vigorously agitated, though
the tendency to do so is
relatively slight and less than
most cellulosic water-soluble
polymers. Occasionally,
foaming may cause trouble.
If any difficulty is encountered,
a small amount (0.2 percent)
of an antifoaming agent will
generally alleviate the problem.
The defoamer may be added
to the water prior to solution
preparation if its effect on A
water-dispersible defoamer is
recommended.

Table 6 •  Aqueous Solution Compatibilities with Inorganic Salts
Saturated solutions were tested except where concentration at saturation exceeded 50 percent.
To 15 grams of each salt solution, 1 ml of the solution of CELLOSIZE hydroxyethyl cellulose
was added.

Results Observed

Salt Salt Concentration* 10% QP 09 2% QP 4400H

Carbonate, Sodium 50% Ppt(a) Ppt
Chloride, Ammonium Saturated No ppt No ppt
Chloride, Calcium Saturated No ppt No ppt
Chloride, Ferric 50% No ppt No ppt
Chloride, Ferrous 50% No ppt No ppt
Chloride, Magnesium Saturated No ppt No ppt
Chloride, Sodium Saturated No ppt No ppt
Chloride, Stannic Saturated No ppt No ppt
Chloride, Zinc 50% No ppt No ppt
Chlorohydride, Aluminum 50% No ppt No ppt
Dicromate, Sodium 50% No ppt No ppt
Ferricyanide, Potassium Saturated No ppt V sl ppt(b)

Ferrocyanide, Potassium Saturated Ppt Ppt
Metasulfite, Potassium Saturated No ppt No ppt
Nitrate, Aluminum Saturated No ppt No ppt
Nitrate, Ammonium Saturated No ppt No ppt
Nitrate, Calcium Saturated No ppt No ppt
Nitrate, Chromic Saturated No ppt No ppt
Nitrate, Magnesium Saturated No ppt No ppt
Nitrate, Silver 50% No ppt No ppt
Nitrate, Sodium Saturated No ppt SL ppt(c)

Nitrate, Zinc Saturated No ppt No ppt
Perborate, Sodium Saturated No ppt No ppt
Phosphate, Disodium Saturated Ppt Ppt
Sulfate, Aluminum Saturated Ppt Ppt
Sulfate, Ammonium Saturated Ppt Ppt
Sulfate, Chromic Saturated Ppt Ppt
Sulfate, Ferric Saturated No ppt No ppt
Sulfate, Magnesium Saturated Ppt Ppt
Sulfate, Sodium Saturated Ppt Ppt
Sulfate, Zinc Saturated Ppt Ppt
Sulfite, Sodium Saturated Ppt Ppt
Thiosulfate, Sodium Saturated Ppt Ppt
(a) Precipitation
(b) Very Slight Precipitation
(c) Slight Precipitation
*At room temperature
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Water-Soluble Films
Water-soluble films are usually
prepared by evaporating
solutions of the appropriate
resin onto a substrate. The
unplasticized film possesses
those general properties
shown in Table 7.

For applications that require
greater flexibility and
elongation, films based on
CELLOSIZE HEC can be
plasticized. By adding five to
30 percent plasticizer, elonga-
tion and flexibility are
increased. The following
plasticizers have proven
effective:
• Glycerol
• Ethanolamines
• Glycols
• Sorbitol
• Sulfonated Oils
• Polyglycols

Plasticizers have a profound
effect on the impact
resistance of films based on
CELLOSIZE HEC. A com-
parison of the impact resis-
tance of representative
plasticized and unplasticized
films of CELLOSIZE HEC
QP 09 at different relative
humidities is shown in
Table 8.

Films of CELLOSIZE
Hydroxyethyl Cellulose

Films of good clarity and
moderate strength can be
prepared from solutions of
CELLOSIZE HEC. The films
are odorless, insensitive to
light, possess good oil and
grease resistance, and are
insoluble in most organic
solvents. By appropriate
modification with plasticizers,
films with a wide variety of
physical and chemical proper-
ties can be produced.

Water-Insoluble Films
Films of CELLOSIZE HEC
are normally water-soluble,
but may be insolubilized by
reactions that crosslink the
polymer chains. This is usually
done by the reaction of a poly-
functional compound with
the available hydroxyl groups
in the polymer. Effective
insolubilizing reagents include
dialdehydes (such as glyoxal
and glutaraldehyde),
dimethylol urea, and water-
soluble urea- and melamine-
formaldehyde resins. Almost
any degree of water-insolubility
may be obtained.

Film Compatibility

In addition to their compat-
ibility with plasticizers, films
of CELLOSIZE hydroxyethyl
cellulose can be modified with
various natural gums and
synthetic resins to change
their properties. A list of the
gums and resins compatible
with CELLOSIZE HEC is
given in Table 9.



Table 8 • Typical Impact Resistance of Films

Impact Resistance

ft lb/in2 (KJ/m2)

10% 50%
Relative Relative
Humidity Humidity

Film at 10°C at 5°C
CELLOSIZE HEC QP 09 7 (14.7) 13 (27.3)
CELLOSIZE HEC QP 09+

Diethylene Glycol, 20% 22 (46.2) 47 (98.7)

Table 9 • Film Compatibility with Water-Soluble Gums
and Resins
Compatible

Borated Dextrin
Dextrin
Gum Arabic
Gum Karaya
Gum Tragacanth
Sodium Alginate
Sodium Carboxymethyl Cellulose

Partly Compatible

Casein
Gelatin
Methyl Cellulose
Polyvinyl Alcohol
Starch

Incompatible

Zein
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Table 7 • Typical Properties of Unplasticized Films
Density g/cm3 1.4
Tensile Modulus psi (kg/cm2) 4400 (310)
Elongation to Break, % 6 to 7
Elastic Modulus psi (kg/cm2) 85000 (5950)
Color Colorless
Refractive Index 1.50



Test  Methods

I-Volatiles
(a) Accurately weigh 5.0 g of

the sample into a tared
3-in x 1-in (6.0-cm X
4.3-cm) can.

(b) Place the can in a 110°C
constant-temperature oven
for on hour, leaving the lid
off during the heating
period.

(c) Cover the can in the oven,
remove the can from the
oven, and cool in a
desiccator for a minimum
of five minutes.

(d) Re-weigh the can to the
nearest 0.1 mg.

(e) Calculation:

A-B x 100 + Volatiles, % by weight
C

A = g sample plus can prior to heating

B = g sample plus can after heating

C = original g sample before heating

II-Viscosity of Aqueous
Solutions
Following the procedure
recommended by ASTM
D2364-89 and used by other
manufacturers of cellulosic
thickeners, Dow reports
solution viscosity specifica-
tions on a calculated dry
basis. This means that the
volatiles content (principally
moisture) is first determined
and, when solutions are
prepared, sufficient additional
thickener is used to make up
for the contained volatiles.
The volatiles content of
CELLOSIZE HEC is from
about three to five percent.

(a) Apparatus: Brookfield
Synchro-Lectric Viscom-
eter, Model LVF or LVT.
Constant temperature
bath capable of maintain-
ing a temperature of 25 ±
0.2ºC.

(b) Procedure: First determine
the volatiles content
according to Test Method
1 - Volatiles. Calculate the
dry basis sample weight
necessary to make the
desired concentration
350 g of test solution, as
follows:

Weight of sample, g = 100 x A
100-B

where:
A = desired dry weight of sample
B = percentage of moisture in the

sample weighed.

The actual amount of
sample will be slightly
greater than the approxi-
mate weight shown
because of the adjustment
for the volatiles content.

Add the sample, weighed
to the nearest 0.1 mg, to
the container.  Then add
sufficient distilled water,

weighed to the nearest
0.01 g, to make a total
of 350 g of solution.
Calculate the amount of
water as follows:

Weight = 350-S

where S = sample weight.

(c) Connect the impeller to
the stirring motor, and
stir until the sample is
completely dissolved. The
suggested stirring time is
three hours. The stirring
time should be increased
when the viscosity deter-
mination fails to check
within the prescribed
limits.

NOTE: Stirring times prob-
ably can be reduced on some
grades of CELLOSIZE HEC
(low-viscosity grades) and on
the one-percent solutions of
high-viscosity grades, accord-
ing to the following table:

Specified Solution Approximate

percent by weight Sample, g

1.0 3.5
2.0 7.0
5.0 18.0

Grades Concen- Stirring Time, Hours

tration, % QP WP

09;3 5 1.5 1.5 minimum, or until
all lumps are dissolved

40;300 2 2 2 minimum, or until all
lumps are dissolved

4400H; 10000H 2 3
15000H; 30000H;
52000H; 100MH 1 3.8
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(d) Bring the solution to a
temperature of 25 ± 0.5°C,
if necessary, and place in
the constant temperature
bath (25 ± 0.2°C). Leave
in bath until solution has
reached a temperature of
25 ± 0.2°C. Approximately
one-half hour will be
required.

(e) Remove the solution from
the bath and determine the
Brookfield viscosity. For
QP 4400 and QP 10000H
(two-percent solution), stir
for three minutes at 500 to
900 rpm before measuring
the viscosity.

NOTE: The room tempera-
ture ideally should be kept as
close to 25°C as possible to
minimize temperature varia-
tion in the solutions during
the additional stirring period.
The temperature of the
solution should be checked
again immediately before
determining the viscosity.

Use the spindle-rpm combi-
nations shown in Table 1 to
determine the viscosities of
the indicated grades of
CELLOSIZE HEC.

Allow the spindle to rotate
until a constant reading is
obtained.

Viscosity = Dial Reading x Factor

Report the results as
Brookfield viscosity at 25°C,
stating the solution concen-
tration and the spindle and
speed used.

III-Dry Basis and
As-Packaged Viscosities
Determining solution viscosi-
ties on a calculated dry sample
provides a useful point of
reference. Many users of
cellulosic thickeners, however,
do not make an adjustment
for volatiles but use the
material directly from the
package. Viscosities on an
“as-packaged” basis will be
about 10% lower because of
the dilution effect of volatiles.

IV-Hydration Time
Hydration time is defined as
the time required to dissolve
HEC in an aqueous system.
The thickener grades of
CELLOSIZE HEC (QP 300
through QP 100MH) are
measured using a pH 7.2

buffer rather than distilled
water to yield hydration time
data that are more consistent
with industry standards and
more relevant to most
customer applications. For
most thickener grades of
CELLOSIZE HEC, typical
hydration times in pH 7.2
buffer are between five and
15 minutes. Lower molecular
weight grades (AP 09 through
QP 40) are measured in
distilled water, with typical
hydration times ranging from
five to 30 minutes. Either a

Brookfield or Brabender
viscometer can be used
for these hydration time
measurements.

V-Additional Methods
Additional testing methods
can be found in ASTM
D2364-89, “Standard
Methods for Hydroxyethyl
Cellulose.”



Packaging

All grades of CELLOSIZE
HEC are packaged in 30-
pound or 25-kilogram bags.
•The bags are easy to

palletize.
• They are extra strong.
• They open easily.
• They save valuable

storage space.
• The advantages of stretch-

wrap palletizing are
available when you order a
minimum of 2000 pounds
or 1000 kilograms of a
single product. In stretch-
wrap palletizing, polyethylene
film is wrapped around a
loaded pallet. The protective
covering keeps the bags dry,
positions them firmly, and
protects them from damage
in transit.
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Product Safety

When considering the use of any
Dow products in a particular
application, you should review
our latest Material Safety Data
Sheets and ensure that the use
you intend can be accomplished
safely. For Material Safety Data
Sheets and other product safety
information, contact Dow at the
numbers on the back cover.
Before handling any other
products mentioned in the text,
you should obtain available
product safety information and
take necessary steps to ensure
safety of use.
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