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(S7) Abstract

Methods for controlling wax and other contaminants by improving the dispersion of these materials through the addition of contaminant
dispersants to the process of recycling paper and paperboard are disclosed. A preferred contaminant dispersant comprises: a) water; b)
a plasticizer; c) an anionic dispersant; d) a surfactant wetting agent; and e) either 1) an acid or lecithin and optionally, a base, or 2) a
preneutralized component.

AV A AL AMAT W PAMIAD D b § Bk AL | ML O B VT R S LaE. Para e e

- - N ARATP LIV PR M M ST by herrid e e rs e $ 4 ety 4 el SRR S A M AR LAt AT ok M A PP P PIOVLIFN ran... VIt e g
- L L I A IR o] 111 N . - AP AR IV "
L raaaad e e e b s re e A b E S R R R A A s A ) AN IO ¥ B R e 1 bt +




CA 02319431 2000-11-29

WO 99/47248 o  PCT/US99/04731

]

CONTAMINANT DISPERSANTS USEFUL IN
RECYCLING OF TREATED CONTAINERS

Field of the Invention .
The present invention relates to compositions and methods of use for the
dispersion of contaminants during the recycling of coated papers. Wax is considered a
- contaminant, and the dispersability of wax is a critical component in the viability of
'  recycling methods for wax coated fibers.
u f venti
Old corrugated contairiﬁ:fs (OCC) make up a high pcrceﬁtage of the recycled
‘paper used in the United States, a majority of which is made into new container board.
With such a high reuse level, old corrugated containers are an extremely important
raw material for the container board industry. A potential significant source of OCC
" are wax treated containers. Wax treated containers are corrugated containers which
are coated or impregnated with wax and used to ship frdit, produce and other
agricultural products, as well as nonagricultural products such as bulk nail, screw, and
bearing boxes. Wax treated containers represent an attractive fiber source due to their
plenitude as well as the fact that one type of wax treated centainers, namely, waxed
corrugated, is typically produced from virgin fiber; making used waxed corrhgated
containers a high quality fiber éource.

Currently, waxed corrugated is not acéepted for recycling because it is
considered too contaminated. If an attempt is made to recycle waxed corrugated, it
fails becausé during the recycling process, released wax tends to collect on equipment
and in the finished paper products causing problems with mill operations and affecting
product quality. To reasonably increase the level of waxed OCC used by the paper
industry to the point where mills will accept and possibly seek out waxed containers,
significant improvements in new technology for controlling wax in the recycle plant
will have to be made.

Approaches in the recycling industry for dealing with wax contamination have
been threefold. The first solution is: repulping 6f the recycled wax treated containers

with improved mechanical processes to aid separation. The second solution is using
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coating additives during application of the initial wax coating of the paper. The third
solution is using repﬁlping additives to impfove the repulping process.

~ Mechanical improvements to the recycling process to increase efficiency (the
first type of solution to the problem) include the use of ultrasound as described in U.S.
Patent No. 4,045,243 and a high pressure stream of steam in U.S. Patent No. .
4,312,701, '

Development of more readily repulpable coatings (the second type of solution
to the problem) that can be easily separated from fiber and removed with conventional
cleaning systems (i.e., screens and cleaners) is ongoing. For example, dispersant
coating additives are generally described in Patent Cooperation Treaty A}Splication

WO 91/05107. Mahy polymeric additives to coatings have also been identified such
as copolymers of acrylamide/acrylic esters; disclosed in U.S. Patent No. 3,262,838.
Additional polymeric additives to coatings include the copolymerization product of
styrene and the. half ester formed by the half esterification of one mole of an alpha-
beta unsaturated dicarboxylic acid, disclosed in U.S. Patent No. 3,287,149;
butadiene-methyl methacrylate copolymer latex, disclosed in U.S. Patent No.
4,117,199; a wax composition, disclosed in U.S. Patent No. 5,53'9,035 and a variety of
other polymeric coating additives, disclosed in U.S. Patent Noé. 5,491,190; 5,658,9‘71
and 5,654,039.

Another coatings additive useful in the creation of repulpable coatings are
more readily repulpable hot melt adhesives, disclosed in U.S. Patent No. 5,541,246.

Examples of the third type of solution (the development of repulping process
additives) are a hydrophobically modified associative polymer including

hydrophobically substituted polyethylene oxide polymers, disclosed in EP 0,568,229:

a substituted oxyethylene glycol non-ionic surfactant and a water-soluble low
molecular weight polyelectrolyte dispersant, disclosed in U.S. Patent No. 4,643,800;
alkylamine polyethers for foam control, disclosed in U.S. Patent No. 4,483,741 and
use of trisodium phosphate, disclosed in U.S. Patent No. 1,628,931. Moreover,
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additives to the repulping process for the removal of ink include long-chain alcohols,

disclosed in U.S. Patent No. 5,500,082 and surface-active poly(ethers), disclosed 1n
U.S. Patent No. 4,518.,459.

What are needed are additional contaminant dispersant compositions capable:

of dispersing wax and other contaminants so that wax coated fiber can be effectively

recycled.

Summary of the Invention

According to a first aspect the invention provides method of treating |
contaminants, in a contaminated fiber slurry containing wax, during recycling, the
method comprising the steps of:

(a) adding to a contaminated fiber slurry containing wax at least one plasticizer, the
plasticizer or plasticizers being adipic acid, dimethyl adipate, diethyl adipate, di-n-
butyl adipate, diisobutyl adipate, di-n-hexyl adipate, di(1,3-dimethylbutyl) adipate,
di-2-ethylhexyl adipate, diisooctyl adipate, dicapryl adipate, heptylnonyl adipate,
diisononyl adipate, di-n-octyl-n-decyl adipate, diisodecyl adipate, dicyclohexyl
adipate, benzyloctyl adipate, dibutoxyethyl adipate, bis(2,2,4-trimethyl-1,3-
pentanediol monoisobutyl) adipate, bis(4-chlorobutyl) adipate, diisohexyl adipate, an
azelate, a benzoate, a benzotriazole, a brassylate, a citrate, a glutarate, an
hexahydrophthalate, an isophthalate, an isosebacate, an oleate, a palmitate, a
pentaerythritol ester, a phthalate, a pyromellitate, a ricinoleate, a salicylate, a
sebacate, a stearate, a succinate, a tartrate, a terephthalate, a tetrahydrophthalate or a
trimellitate;

(b) dispersing contaminants from the contaminated fiber slurry containing wax to
obtain a treated fiber in a contaminant-containing slurry containing wax;

(c) separating the treated fiber from the contaminant-containing slurry containing
wax; and

(d) recovering the treated fiber.
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According to a second aspect a contaminant dispersant comprises:

(a) from 10 to 80 weight percent water, the amount of water present in the
contaminant dispersant being such that the entire weight percent of ingredients in the
contaminant dispersant adds up to 100 weight percent;

(b) from 5 to 40 weight percent of a plasticizer;

(c) from 5 to 20 weight percent of an anionic dispersant; and

(d) from 5 to 20 weight percent of an acid or lecithin, and optionally, from 5 to 20
weight percent of a base.

The plasticizer is adipic acid, dimethyl adipate, diethyl adipate, di-n-butyl
adipate, diisobutyl adipate, di-n-hexyi adipate, di(1,3-dimethylbutyl adipate), di-2-

- ethylhexyl adipate, diisooctyl adipate, dicapryl adipate, heptylnonyl adipate,
diisononyl adipate, di-n-octyl-n-decyl adipate, diisodecyl adipate, dicyclohexyl
adipate, benzyloctyl adipate, dibutoxyethyl adipate, bis(2,2,4-trimethyl-1,3-
pentanediol monoisobutyl)adipate, bis(4-chlorobutyl)adipate or diisohexyl adipate;
the anionic dispersant is a naphthalene sulfonate formaldehyde condensed polymer
with a weight average molecular weight of from 500 Daltons to 120,000 Daltons; the
acid 1s dodecyl benzenesulfonic acid, tridecyl benzenesulfonic acid or stearic acid;

and the base is triethanol amine, sodium hydroxide or potassium hydroxide.

Figure 1 is a Plot of Particle Size Distribution Measurements for Wax .
Dispersed with and Without the Instant Claimed Contaminant Disperéﬁnt. The Y-axis
is the percent of the total volume represented by the particles with the size given on
the X-axis. “

Figure 2A is a Plot of Differential Scaniﬁng Calorimeter Data for Wax
Containing Four Different Doses (one of the doses being zero) of Plasticizer which is
2,2,4-trimethyl-1,3 pentanediol diisobutyrate.

Figure 2B is a Plot of Dispersion Temperature vs. Dosage of Plasticizer.
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As used herein, the term dispersant refers to an agent which produces energy
barriers of sufficient height for dispersion of a particle. Dispersants may be ionic or
non-ionic. The term dispersion refers to a process which reduces the particle size of a
contaminant and prevents that contaminant’s agglomeration and deposition to the

point where problems associated with machine runnability and product quality are

significantly reduced.

The contaminants to be dispersed may be either synthetic or natural. Among
natural contaminants are fatty acids, rosin acids, fatty esters and petroleum waxes.
Among synthetic contaminants are stickies, ink and.coating binders. Stickies include
contact adhesives, hot melts and synthetic waxes. Even though the dispersants of the
instant claimed invention have shown efficacy against a wide variety of contaminants,
the primary target for their dispersing ability 1S wax, both synthetic and natural. ..

Wax is a generic term widely applied to a diverse group of natural and
synthetic products which have similar physical characteristics; they are plastic solids
at ambient temperatures, and low viscosity fluids at moderately elevated temperatures.
The chemical composition of waxes can be complex, containing a variety of molecular
weight species and functional groups, or relatively simple, as in the case of some
petroleum and synthetic. waxes which are composed solely of hydrocarbons. Natural
waxes are derived from various sources such as insects, animals, vegetables, minerals,
and petroleum. Examples of synthetic waxes include low molecular weight
polyethylene (weight average molecular weight < 600 Daltons) solid polyethylene

glycols, amide waxes, and Fisher-Tropsch waxes (low molecular weight

polymethylene).
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Depending on the specific application, waxed corrugated containers will be

coated with blends of paraffin and micro waxes as well as blends that include
synthetic waxes, polymers, and resins. Synthetic waxes such as polyethylene and
Fischer-Tropsch are similar to paraffin wax in that they are composed of unbranched
alkanes, but because they’re polymeric materials they tend to have much higher
molecular weights. For example, polyethylene waxes are composed of low molecular
weight polyethylenes, and Fisher-Tropsch are low molecular weight polymethylenes.
Fiber slurries wherein the method of the instant invention can be conducted are
created through the process of recycling of wax treated containers. These recycle
slurries typically comprise water, fibers from the original containers, and synthetic
and/or natural contaminants described previously. In addition to recycle slurries there
are fiber slurries referred to as repulping sturries which also comprise water, fibers

o

from the original containers, and synthetic and/or natural contaminants described
previously.

A plasticizer is anything which reduces the temperature at which a substance
undergo transformation from a solid to a liquid form. The plasticizer may be selected
from the group consisting of adipates including adipic acid, dimethyl adipate, diethyl
adipate, di-n-butyl adipate, diisobutyl adipate, di-n-hexyl adipate, di (1,3-
dimethylbutyl) adipate, di-2-ethyihexyl adipate, diisooctyl adipate, dicapryl adipate,
heptyl nonyl adipate, ditsononyl adipate, di-n-octyl-n-decyl adipate, diisodecyl
adipate, dicyclohexyl adipate, benzyl octyl adipate, dibutoxyethyl adipate, bis (2,2,4-
trimethyl-1,3-pentanediol monoisobutyl) adipate bis(4-chlorobutyl) adipate and
diisohexyl adipate; 2,2,4-trimethyl-1,3-pentanediol diisobutyrate, amide-esters,
azelates, benzoates, benzotriazoles, esters and ethers, including, but not limited to
brassylates, carbonates, citrates, epoxy compounds, glutarates, glycerol esters, glycol
esters, glycols, glycolates, hexahydrophthalates, hydrocarbons, 1sobutyrates,
1sophthalates, 1sosebacates, ketones, nitro compounds, oleates, palmitates,
pentaerythritol esters, phosphates, phosphites, phthalates, polyesters and polymeric
plasticizers, pyromellitates, ricinoieates, salicylates, sebacates, stearates, succinates,

sucrose derivatives, sulfonamides, sulfonates, sulfones, tartrates, terephthalates,
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tetrahydrophthalates, thianthrenes, trimellitates, and terpenes and mixtures and

derivatives thereof.

When the contaminant dispersant is only plasticizer, the plasticizer is 2.2 4-
trimethyl-l,3-pentanédiol diisobutyrate. When the dispersant has other ingredients in
addition to plasticizer in it, the plasticizer is preferably 2,2,4-trimethyl-1,3-pentanediol
diisobutyrate. 2,2.4-trimethyl-1,3-pentanediol diisobutyrate is available from Eastman
Chemical Company (100 North Eastman Road, Kingsport, TN, 57660, (423) 229-
2000).

In addition to plasticizer, contaminant dispersants useful in the method of the
instant claimed invention may also include one or more ingredients selected from the
group consisting of:

a) an anionic dispersant in combination with water containing either:

1) acid or lecithin and optionally a base; or
ii) a preneutralized component; and
b) a surfactant wetting agent optionally in combination with water containing
either:
111) acid or lecithin and optionally a base; or
iv) a preneutralized component.

The anionic dispersant is selected from the group consisting of naphthalene
sulfonate formaldehyde condensed bolymers and ligno sulfonates. The preferred
anionic dispersant is naphthalene sulfonate formaldehyde condensed polymers. The
naphthalene sulfonate formaldehyde condensed polymer has a weight average
molecular weight of from about 500 Daltons to about 120,000 Daltons. Due to the
chemistry involved in the formaldehyde condensation process, the typical polymer
preparation will consist of a number of molecular weight species and the weight
average will reflect in which direction the distribution of species is skewed. In no case
will there be a single molecular weight entity and it is recognized that the distribution
and resulting average molecular weight will be important in determining the efficiency

“of the product. In terms of intrinsic viscosity, I'V, the anionic polymer is generally

within the range of 0.02 to 0.05, and in some instances may be as high as 0.30. The
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aniontc groups are provided by naphthalene sulfonate moieties and control the anionic

charge density of the polymer. This charge density can be modified by adding another
condenséble species, such as phenol, urea or melamine which will copolymerize with
the naphthalene sulfonate and formaldehyde. In this way the charge per unit weight
can be decreased by adding a neutral or cationic species to the cross-linked, aniontc
sulfonate. The charge on the anionic polymer is preferably 2.0 to 3.0 equivalents per
kilogram but may be as low as 1.0 or as high as 4.0 equivalents per kilogram.
Naphthalene sulfonate formaldehyde condensed polymers are available from
Hampshire Chemical Corporation (45 Hayden, Suite 2500, Lexington, MA, 02421-
7994, (718) 861-6600).

The term “surfactant wetting agent” i1s meant to encompass agents which wet
particle surfaces without raising energy barriers of sufficient heigﬁt to disperse the
particle. The surfactant wetting agent suitable for use in the contaminant dispersant of
this invention is selected from the group consisting of block copolymer of ethylene
oxide and propylene oxide, polyoxyethylenated alkylphenols, polyoxyethylenated
straight-chain alcohols, polyoxyethylenated polyoxypropylene glycols,
polyoxyethylenated mercaptans, long-chain carboxylic acid esters, alkanolamides,
tertiary acetylenic glycols, and polyoxyethylenated silicones. The preterred
surfactant wetting agent are block copolymers of ethylene oxide and propylene oxide
(hereinafter “EQO/PO copolymers”™).

. EO/PO copolymers of interest may have a weight average molecular weight
of from about 2000 Daltons to about S000 Daltons and an EO content of from about 0
to about 30%. Preferred HLB (hydrophobic-lipophobic balance) values are from
about 1 to about 8. Higher molecular weight structures with a low EO content are
known as excellent wetting agents. Examples may include block terpolymers which
include butylene oxide/ethylene oxide/propylene oxide. The preferred EO/PO
copolymer for use in the contaminant dispersant of the instant claimed invention is a
L101 EO/PO block copolymer, which 1s 10 mole % ethylenq oxide, has a weight

- average molecular weight of about 3600 Daltons and has 100% actives. L101 EO/PO
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block copolymer is available from BASF Corporation, 3000 Continental Drive North,

Mt. Olive, New Jersey 07828-1234, (800) 526-1072.

The term “acid” refers to a moiety with a fatty component, said fatty
component containing one or more C, or longer alkane groups, and an oxygen
containing component. For use in the contaminant dispersant of the instant claimed
invention the acid is selected from the group consisting of dodecyl benzenesulfonic
acid, tridecyl benzenesulfonic acid and fatty acids, including, but not limited to, stearic
acid. Preferably the acid is dodecyl benzenesulfonic acid. .

The term “base” refers to a moiety capable of neutralizing the acid that it is
being used in conjuction with. Once the acid has been selected, selection of the base
1s within the skills of a person of ordinary skill in the art. For use in the contaminant
dispersant of the instant claimed invention the base is selected from the group
consisting of triethanol amine, sodium hydroxide and potassium hydroxide.

Preferably the base 1s triethanol amine.

When added to the water, the acid gives an extremely low pH. Similarly, the
base will give a high pH in an aqueous solution. In a mixture the acid and base will
react to form a coupling agent and the aqueous solution will have a pH of
approximately 8.5. It has been found that the coupling agent component of the
contaminant dispersant mixture helps reduce the particle size of wax which is very
useful 1n successfully dispersing the wax.

It has also been found that in place of a combination of acid and base, in any of
the previously described formulations, lecithin can be used. Lecithin is a general term
for a class of phosphate esters. Lecithin is available from Central Soya Company, Inc.
P. O. Box 2507, Fort Wayne, Indiana 46801-2507 (219) 425-5230.

In place of adding either acid or lecithin optionaily in combination with base, a
preneutralized ingredient may be added. The preneutralized ingredient may be
selected from the group consisting of sulfonates of dodecyl and tridecylbenzene, and

sulfonates of oils and fatty acids. The preferred preneutralized component is a

sulfonate of dodecylbenzene or tridecylbenzene.
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The ranges, in weight percent, of all the combination of ingredients that are possible In

formulating the contaminant dispersant of the instant claimed invention are presented

in Table A. In Table I, the broad ranges for each possible ingredient are given tn

weight percent for several formulas.

TABLE A

Mhgrediens (1 2 15 T4 5 16 [7 T8 [o

--

3 ---.--

or

lecithin

bwe [ [ fsw e [ [
Compen |||

Swaer || | 10-80 | 10:80 | 10-80 | 20-85 | 20-85 [ 1080 | 429

In Table B, the preferred broad ranges for each possible ingredient are given i weight

percent for several formulas.

TABLE B
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In Table C, the most preferred broad ranges for each possible ingredient are given in

weight percent for several formulas.
TABLE C

Ingredients 1 4 |5 TRE
Plasicizer [ 100 —-— N NTE

anionic 10 10 123
dispersant i :

surfactant 20 10 - 10 10 10 14.3
wetting agent |

acid .
or | r
lecithin

r_-n_n-—-—— 7.]
preneutralized

. 50150 |30 [60 |45 Js50 (459

)

J

t

~J

The contaminant dispersant of formula 9 is the preferred formula for the contaminant
dispersant, as follows:

water, about 42.9 weight %;

plasticizer, which 1s 2,2,4-trimethyl-1,3-pentanediol diisobutyrate, about 14.3 weight
0;

surfactant wetting agent, which is L101 EO/PO block copolymer, 100% actives, about
14.3 weight %;

anionic dispersant, which is sodium salt of napthalene sulfonate, about 14.3 weight %:
acid, which 1s dodecyl benzenesulfonic acid, about 7.1 weight %:; and

base, which is triethanol amine, about 7.1 weight %.

A contaminant dispersant with this formula is available from Nalco Chemical
Company under the product identifier 97P0147.

The contaminant dispersants described herein are to be applied at dosages
tailored to the specific fiber slurry to be treated. A significant factor in detennihing |
how much of the treatment to utilize is the amount of contaminants known to be
present 1n the process stream to be treated. For every unit of contaminant the amount

of contaminant dispersant ranges from about 0.1 unit to about 1 unit, and preferably
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the amount of contaminant dispersant relative to each unit of contaminant is about

0.25.

Mode of addition of the ingredients in the contaminant dispersant to the fiber
slurry 1s not critical. The ingredients can be pre-blended for addition of one
contaminant dispersant product at one time and in one point in the system, or addition
at multiple points in the system. Moreover, each ingredient in the contaminant
dispersant may be fed separately to the system.

The treatment of contaminants to decrease their interference in the recycling
process may be accomplished in either of two ways by the treatments described
herein. The contaminant may be sufficiently dispersed as to become completely

dissociated from the fiber, or the contaminants may be retained with the fiber but in

reduced size as a result of treatment.

Mixing of the fiber slurry is required in order for the contaminant dispersant to
be effective. Shear force sufficient for mixing is provided by the pulp and paper
process itself; for example, from the refiners, repulpers, agitators, and fan pumps.
Therefore mixing may be either the result of a specific mechanical step during the
process, or may stem from the flow conditions inherent in the process. The mixing
must take place after the contaminant dispersant has been added to the fiber slurry.
Optionally, the fiber slurry can also be mixed prior to adding the contaminant
dispersant and during addition of the contaminant dispersant to the fiber slurry. Itis
preferred that the fiber slurry 1s mixed before, during and after the contaminant
dispersant 1s added to the fiber slurry.

After the contaminant dispersant has been used to disperse contaminants the
method of dispersing contaminants may be extended to

D.) separating said uncontaminated fibers from said slurry.

In order to facilitate separating said uncontaminated fibers from said slurry a
compound selected from the group consisting of coagulants, bentonite and colloidal
silica may be added in order to more readily agglomerate contaminates.
Agglomerated contaminants are easier to remove from the slurry and removal of

agglomerated contaminants is one way of facilitating separating uncontaminated fibers
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from said shurry. Coagulants useful in the r1n3éthod of this invention include, but are not
limited to, alum, polyaluminum chloride, or cationic polymers such as
poly(amine/epichlorohydrin) condensation polymers, polyethylene imines,
poly(aminoamide/epichlorohydrin) condensation polymers,
poly(diallyldimethylammonium chloride), and glyoxalated acrylamide/diallyldimethyl
ammonium chloride copolymers among otiu:rs‘

After the contaminant dispersant ha§ been used to disperse contaminants and
said uncontaminated fibers have been separated from said slurry, the method of
dispersing contaminants may be extended to:

E.) recovering said uncontaminated fibers.

Recovering of uncontaminated fibers may b\e accomplished by using techniques
known to people of ordinary skill in the art.

The following examples are presented to describe preferred embodiments and
utilities of the invention and are not meant to limit the invention unless otherwise

stated in the claims appended hereto.

EXAMPLES

Example 1

~ To determine the effectiveness of the contaminant dispersion, the following
procedure was utilized. Three grams of bleached kraft dry lap fiber, 250 mL of
hardened distilled water (275.4 ppm CaCl,.2H,0, 231 ppm MgSO,.7H,0, 231 ppm
NaHCO,) and the contaminant dispersion were combined in a jacketed mixer
(Eberbach Corporation, P.O. Box 1024, 505 South Maple Street, Ann Arbor, M,
48106-1024, 800-422-2558) and allowed to equilibrate to a température of
125°F(51.7°C). A sami)le (100x1 mg) of crushed ‘Amoc'lc;M(ZOOO East Randolph Drive,
Chicago, IL 60601-7125, (312) 856-6111) Eskar Wax R-35, petroleum wax with a
melting point of approximately 131°F (55°C) was then added and the mixer was run
on high for 6 minutes. The generated fiber-wax slurry was then filtered through a 9.0
cm Reeve AngelTédrade 230 paper filter (Whatman, Inc., 9 Bnndewell Place, Chifton,
NJ, 07014, 800-441-6555), and the turbidity of filtrate was measured using a Hach
Model 2100A Turbidimeter (Hach Company, P.O. Box 389, Loveland, CO, 80539,
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800-277-4224). Measured turbidity values for various chemical-to-wax ratios from

the testing of several products are shown in Table 1. Background corrections were
made for turbidity contributions from the chemistry alone. Higher turbidity levels
correspond to higher levels of dispersion. Table 1 also shows results for the
combination dispersants. The data indicates that the combination of naphthalene
sulfonate and an EO/PO copolymer provided better performance than the individual
chemistries (in efficiency and effectiveness in dispersing the added wax), and that the
introduction of 2,2 4-trimethyl-1,3-pentanediol diisobutyrate to this combination

produced the best performance of the chemistries tested.
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Example 2
The following method was also utilized to determine effectiveness of the contaminant
dispersant treatments. Two-hundred-fifty mL of hardened distilled water (275.4 ppm
- CaCl,.2H,0, 231 ppm MgSO,+7H,0, 231 ppm NaHCO,) and the contaminant
dispersant were combined in a jacketed mixer (Eberbach Corporation) and allowed to
equilibrate to a temperature of 125°F(5 1.7°C). A sample of corrugated container
board coated with petroleum wax was then added and the mixer was run for 6
minutes. Coated board samples were produced by dipping ~1"x 1" sections of board
.ihto a melted wax mixture (heated to 200°F (93.3°C)) containing 20% impregnating
wax and 80% saturating wax from various sources (Amocgdehevro;h{S 75 Market
Street, San Francisco, CA, 94105, 415-894-7700), ConocBM(GOO North Dairy Ashford,
Houston, TX, 77079, 281-293-1000) Exxon (5959 Las Colinas Bivd., Irving, TX,
75039, 972-444-1000), MobilT%225 Gallows Road, Fairfax, VA, 22037, 703-346-
3000)) ranging in melting point from 127-150°F (52.8°C to 65.6°C). The cqating
level for these sections was approximately 300-400 mg per 400 mg corrugated board.
The fiber-wax slurry generated in the mixture was then filtered through a2 9.0 cm
Reeve Angengrade 230 paper filter (Whatman, Inc.), and a portion of the filtrate (100
mL) was combined with 100 mL of propanol and'rnixed for 10 minutes and passed
through a preweighed 0.45 pum filter membrane (Gelman Sciences, 600 South Wagner
Road, Ann Arbor, MI, 48103-9019, 313-665-0651). The sample was then dried
overnight and weighed. Fourier Transform Infared Spectroscopy analysis indicated
tﬁat the collected sample was composed primarily of the wax introduced to the |
sample. Table 3 reports the percentage of wax added that is dispersed by the chemical
as a function of the treatment concentration reported in g treatment per g wax. Results
have an estimated uncertainty of +7%. Dispersant A is a conventional wax treatment
that has a solids level of approximately 20%. The active cbmponent is an alkoxylated
alkanol amide. Dispersant B is a gombination of an EO/PO block copolymer and
naphthalene_éulfonate (40% solids) with a solids level of 43%. Dispersant C is an
equal mass combination of the EO/PO block copolymer, naphthalene sulfonate (40%

solids) and 2,2,4-trimethyl-1,3-pentanediol diisobutyrate with a solids level of 43%.
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The level of wax dispersion is reported

ds

2.5 X mass of wax collected on 0.45 um filter membrane 106
-— - = — - X

wax dispersion (%) =

mass of wax added

The data indicates that Dispersant B greatly outperforms the conventional way

treatment Dispersant A. The performance of Dispersant B is then further increased

(significantly)

with the addition of 2,2,4-trimethyl-1,3-pentanediol disobutyrate ( Dispersant C).

Table 2. Wax dispersion test results.

Conc. wax Conc. wax Conc. wax
| Dispersant A’ dispersion | Dispersant B’ dispersion | Dispersant C° dispersion
(g2/g) (%) (g/g) (%o) (g/g) (%)

o) A ) I
I ) 3 | 5

1available from Nalco Chemical Co. of Naperville, IL |
“available from Nalco Chemical Co. of Naperville, IL -,
“available from Nalco Chemical Co. of Naperville, IL

Example 3

The same procedure as described in Example 2 was used with the exception of the
temperature. Table 3 shows results at 115°F (46.1°C), 135°F (57.2°C), and

145°F (62.8°C). The results indicate that Increasing temperature increases the
performance of the dispersants and that the addition of 2,2,4-trimethyl-1,3-pentanedio]
diisobutyrate to an already effective dispersant (Dispersant B) produces a formulation

(D1spersant C) that provides greater dispersion of the wax both below and above its

melting point.

SUBSTITUTE SHEET (RULE 26)
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Table 3. Wax dispersion test results at various temperatures.

115°F (46.1°C)

Conc. wax Conc. wax Conc. wax
Dispersant A' | dispersion | Dispersant B’ dispersion Dispersant C’ dispersion
(g/g) (%) (g/2) (%) (8/g) ()

 Of I o 30| o] 39
- 068] 13 0.64 8.8 0.80 25
a 4 28
G 26 57
SO [ e8| 1 63| @

135°F (57.2°C)
Conc. | wax Conc. wax Conc. wax
| Dispersant A' | dispersion | Dispersant B’ dispersion Dispersant C’ dispersion
(g/g) 1 (%) (g/g) (%) (g/g) (%)
~ 0 I TN B Y R

I I )
G I I <% I 7 I
I A Y A 3 ) AN W BT}
55
76 100
9] 89 i
86| i 76 100

145°F(62.8°C)
Conc. wax Conc. wax Conc. wax
Dispersant A' dispersion | Dispersant B’ dispersion Dispersant dispersion
(2/g) (%) (g/g) (%) C’ (g/g) (%)

available from Nalco Chemical Co. of Naperville, IL
‘available from Nalco Chemical Co. of Naperville, IL
“available from Nalco Chemical Co. of Naperville, IL

SUBSTITUTE SHEET (RULE 26)
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Another method to determine dispersion effectiveness is the coupon deposition
test, described herein. A cleaned Teflon' coupon was preweighed and fixed 1n the
top of a jacketed rnix.er (Eberbach Corporation).' Two-hundred-ﬁﬂy .milliliters of
hardened distilled water (275.4 ppm CaCl,+2H,0, 231 ppm MgS0,.7H,0, 231 ppm
NaHCO;) and the contaminant dispersant were then added and allowed to equilibrate
to 125°F (51.7°C). A piece of bleached kraft paper coated with approximately 100 mg
of wax was then added, and the mixer was run for 6 minutes. The coupon was then
removed and rinsed with distilled water to remove any non-deposited wax, and hﬁng
up to dry. The dried weight of wax -deposited on the Teflon' ™ coupon was reported as

wt. wax deposited
% deposited = - x 100

wt. wax added

Tables 4 and 5 report the results of wax deposition tests at various
temperatures on three commercially available waxes used to coat corrugated
containers. The AmochEskar R-35 and ChevroglMSamrating Wax 2 contain paraffin
wax with little or no additives. The Conogg‘ .SupercoteTM 4/5 1s a curtain coating wax
containing significant levels of a polymer additive. Table 4 lists results for testing

when no dispersant was added and Table 5 presents values for when Dispersant C was
added at levels of 1g treatment per 1g wax.

The tables also show the results of dispersion tests. In that proc‘edure 250 mL
of hardened distilled water (275.4 ppm CaCl,.2H,0, 231 ppm MgS0O,+7H,0, 231 ppm
NaHCO;) and the contaminant dispersant were combined in a jacketed mixer
(Eberbaéh Corporation) and allowed to equilibrate to a selected temperature. A 200
mg sample of wax was then added anci the mixer was run for 6 minutes. The fiber-wax
slurry generated in the mixture was then filtered throﬁgh a 9.0 cm Reeve Angengrade
230 paper filter (Whatman, Inc.), and a portion of the filtrate was used to make a
turbidity measurement. Another portion thﬁ mL) was combined with 100 mL of

propanol and mixed for 10 mi_-hutes and passed through a preweighed 0.45 pum filter
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membrane (Gelman Sciences). The sample was then dried overnight and weighed.

The level of wax dispersion is reported as

, , 2.5 x mass of wax collected on 0.45 um filter membrane
wax dispersion (%) = m;;;sﬂ;-)?wax —dded —— x100

Again, Table 4 describes performance when no dispersant was present and Table 5
lists dispersion results with 200 mg of Dispersant C present. The results indicate that
for the materials composed primarily of paraffin waxes at a given temperature,
Dispersant C is able to significantly improve dispersion (breaking the material down
and preventing deposition). For materials containing higher levels of additives,
Dispersant C again enhances dispersion. However, its greater contribution for this

material 1s to prevent deposition.
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xample

The stability 01; the wax treated with this treatment was tested in the following
manner. Five-hundred mL of hardened distilled water (275.4 ppm CaCl,.2H,0, 231
ppm Mg50,4.7H,0, 231 ppm NaHCO,) and contaminant dispersant (when treatment
was tested) were combined in 2, 250 mL, jacketed mixers (Eberbach Corporation) and
allowed to equilibrate to a temperature of 145°F(62.8°C). A 150 mg sample of
Chevron Saturating Wax 2 were then added to each mixer and the mixer was run for 6
minutes. The wax dispersions generated were then combined with 2500 mL of 100°F
(37.8°C) hardened distilled water (275.4 ppm CaCl,.2H,0, 231 ppm MgSO,+7H,0,
231 ppm NaHCO,) in 2 3000 mL beaker and mixed for about 2 minutes. A 300 mL
sample was drawn and analyzed by filtering it through a 9.0 cm Reeve Angel grade
230 paper filter (Whatman, Inc.), combining it with 200 mL of isopropanol, mixing
the sample for 10 minutes, and passing it through a preweighed 0.45 um filter
membrane (Gelman Sciences). The sample was then dried overnight and weighed. A
portion of the remaining, untested sample, was then transferred to a 2000 mL
Erlenmeyer flask, placed in a 100°F (37.8°C) temperature bath, covered, and mixed at
500 rpm using a Britt Jar propeller (Paper Research Materials, 2828 Southwest 171"
Street, Seattle, WA 98166-3268, (206) 248-2058). Samples were then drawn and
analyzed on a periodic basis. Table 6 describes stability when no dispersant was
present, and when Dispersant B and Dispersant C were present at levels of 2 g/g wax.
The results indicate that the dispersion produced with Dispersant C is significantly

more stable than those produced with Dispersant B and with no dispersant present.
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Table 6. Dispersion stability at 100°F (37.8°C).

Time (hrs.) No Dispersant |Time (hrs.)
Dispersion
(%)

Dispersant B
Dispersion (%)

Time (hrs.) |Dispersant C

Dispersion
(%o)

“-_ 100

I R S 56

I T N S N VA
— o3 | » | 4 | 85 | 4 [ 1%
— 04 | a1 | 8 | 85 | § | 05 _
o5 | 18 | e | 4 | 2 | 155
— T T -
I S S S RS

Example 6

The contaminant dispersants were also tested in the following manner. Two
liters of hardened distilled water (275.4 ppm CaCl,+2H,0, 231 ppm MgS0O,+7H,0,
231 ppm NaHCO,) were preheated to 135°F (57.2°C) and added to a temperature
controlled British disintegrator. A blend of one gram each of EO/PO copolymer,
naphthalene sulfonate, and 2,2,4-trimethyl-1,3-pentanediol diisobutyrate were added
(enough to disperse nearly 100% of the added wax) and mixed for 30 seconds. A
single coated board sample and 24g of sectioned corrugated board (approximately 1"X
1") were then added and the British disintegrator was run for 25 minutes
(approximately 77,500 revolutions). Coated board samples were produced by. dipping
approximately 1"x 1" sections of board into a melted wax mixture (heated to
200°F(93.3°C)) containing 20% impregnating wax and 80% saturating wax from
various sources (Amoco, Chevron, Conoco, Exxon, Mobil) ranging 1n melting point
from 127-150°F(52.8°C to 65.6°C). The coating level for these sections was
épproximately 300-400 mg per 400 mg corrugated board. The sample was maintained
at 135°F(57.2°C) and 250 mL aliquots were transferred into 400 mL plastic tri-pour
beakers for testing. Using a Britt Jar (Paper Research Materials) with a mixing speed
of 500 rpm, the coagulant treatment was mixed into the stock sample using a syringe

according to the following mixing sequence:
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Time (seconds) Procedure

start mixer
add coagulant polymer

Immediately following this sequence the sample was filtered through Reeve Angel
230 paper filter (Whatman, Inc.), and the turbidity of the filtrate was measured.

Results are reported as a turbidity reduction calculated as

(Turbidity),,. . - (Turbidity)
(Turbldlty) Blank

Sample

Turbidity Reduction =

The dose (g polymer actives per g wax) necessary to achieve turbidity reduction
values of >0.80 for various coagulants is shown in Table 7. All treatments are
conventional coagulant treatments for contaminants. This data indicates that once a

material has been dispersed it can be removed (for example) through the addition of a

coagulant.

Table 7. Wax Coagulant Test results.

to achieve >0.8 turbidity reduction
Linear Epichlorohydrin-Dimethylamine 0.137
f
0.497
Ammonia Crosslinked Epichlorohydrin- 0.310 |
33
0.153 .

T
Poly Diallyl Dimethylammonium Chloride 2 0.161

Poly Diallyl Dimethylammonium Chloride 3 0.236
Poly Diallyl Dimethylammonium Chloride 4° . o187

available from Nalco Chemical Co. of Naperville, IL
available from Naico Chemical Co. of Naperville, IL
avaslable from Nalco Chemical Co. of Naperville, 1L
available from Nalco Chemical Co. of Naperville, IL
available from Nalco Chemical Co. of Naperville, IL
available from Nalco Chemical Co. of Naperville, IL
available from Nalco Chemical Co. of Naperville, IL

3
<
5
6
7
‘available from Nalco Chemical Co. of Naperville, IL

SUBSTITUTE SHEET (RULE 26)
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Example 7

A test of the efficacy of a con'taminént dispersant is to apply the contaminaht
dispersant to a composition containing a contaminant and measuring the contaminant
particle size distribution. An indication of an effective contaminant dispersant is if the
particle size distribution is narrow with a particle diameter preferably less than 1.25
m.

In Figure 1, hine 2 shows the particle size distribution of Amoco R-35
impregnating wax dispersed with nothing.

In Figure 1, line 1 shows the particle size distribution of wax dispersed with a
contaminant dispersant of the preferred formula.

In Figure 2A, a differential scanning calorimeter 1s used to 1llustrate the
reduction in melting point for Amoco®R-335 impregnating wax that has had four
different dosages of plasticizer added.

In Figure 2B, a plot of dispersion temperature versus dosage of plasticizer is
shown with the maximum decrease of the dispersion temperature of wax found to be
about 8 degrees celsius. The indicated reduction in melting point shows the efficacy

of plasticizer in melting/dispersing the wax.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method of treating contaminants, in a contaminated fiber slurry containing wax,
during recycling, the method comprising the steps of:

(a) adding to a contaminated fiber slurry containing wax at least one plasticizer, the
plasticizer or plasticizers being adipic acid, dimethyl adipate, diethyl adipate, di-n-butyl
adipate, diisobutyl adipate, di-n-hexyl adipate, di(1,3-dimethylbutyl) adipate, di-2-ethylhexyl
adipate, diisooctyl adipate, dicapryl adipate, heptylnonyl adipate, diisonony! adipate, di-n-
octyl-n-decyl adipate, diisodecyl adipate, dicyclohexyl adipate, benzyloctyl adipate,
dibutoxyethyl adipate, bis(2,2,4-trimethyl-1,3-pentanediol monoisobutyl) adipate, bis(4-
chlorobutyl) adipate, diisohexyl adipate, an azelate, a benzoate, a benzotriazole, a brassylate,
a citrate, a glutarate, an hexahydrophthalate, an isophthalate, an isosebacate, an oleate, a
palmitate, a pentaerythritol ester, a phthalate, a pyromellitate, a ricinoleate, a salicylate, a
sebacate, a stearate, a succinate, a tartrate, a terephthalate, atetrahydrophthalate or a
trimellitate; ‘

(b) dispersing contaminants from the contaminated fiber slurry containing wax to obtain a
treated fiber in a contaminant-containing slurry containing wax; '

(c) separating the treated fiber from the contaminant-containing slurry containing wax; and

(d) recovering the treated fiber.

2. A method as defined in claim 1, further comprising in step (a) adding at least one
hydrophobic surface-active polymeric wetting agent and at least one dispersant, wherein the
hydrdphobic surface-active polymeric wetting agent is an ethylene oxide/propylene oxide
block copolymer, and the dispersant is a naphthalene sulfonic acid-formaldehyde condensate

or a lignin sulfonate.

3. A method as defined in claim 1 or 2, wherein the contaminated fiber slurry comprises

old corrugated containers.



CA 02319431 2000-11-29

28
4, A method as defined in claim 1, 2 or 3, further comprising, between step (b) and step

(c), the addition of a compound which is a coagulant, bentonite or a colloidal silica, wherein
the coagulant is alum, polyaluminum chloride, a poly(amine/epichlorohydrin) condensation
polymer, a polyethylene imine, a poly(aminoamide/epichlorohydrin) condensation polymer,
a poly(diallyldimethylammonium chloride) or a glyoxylated acrylamide/diallyldimethyl

ammonium chloride copolymer.

5. A contaminant dispersant comprising:

(a) from 10 to 80 weight percent water, the amount of water present in the contaminant
dispersant being such that the entire weight percent of ingredients in the contaminant
dispersant adds up to 100 weight percent;

(b) from 5 to 40 weight percent of a plasticizer;

(c) from 5 to 20 weight percent of an anionic dispersant; and

(d) from 5 to 20 weight percent of an acid or lecithin, and optionally, from 5 to 20 weight
percent of a base;

wherein said plasticizer 1s adipic acid, dimethyl adipate, diethyl adipate, di-n-butyl adipate,
diisobutyl adipate, di-n-hexyl adipate, di(1,3-dimethylbutyl adipate), di-2-ethylhexyl adipate,
diisooctyl adipate, dicapryl adipate, heptylnonyl adipate, diisononyl adipate, di-n-octyl-n-
decyl adipate, diisodecyl adipate, dicyclohexyl adipate, benzyloctyl adipate, dibutoxyethyl
adipate, b1s(2,2,4-trimethyl-1,3-pentanediol monoisobutyl)adipate, bis(4-chlorobutyl)adipate
or diisohexyl adipate;

wherein said anionic dispersant is a naphthalene sulfonate formaldehyde condensed
polymer with a weight average molecular weight of from 500 Daltons to 120,000 Daltons;

wherein said acid is dodecyl benzenesulfonic acid, tridecyl benzenesulfonic acid or stearic
acid; and

wherein said base is triethanol amine, sodium hydroxide or potassium hydroxide.

6. A contaminant dispersant comprising:

water, about 44 weight percent;

a plasticizer which is dimethyl adipate, about 14 weight percent;
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a surfactant wetting agent which is L.101 ethylene oxide/propylene oxide block copolymer,
100% actives, about 14 weight percent;

an anionic dispersant which is a sodium salt of napthalene sulfonate, about 14 weight

percent; and

an acid which is dodecyl benzenesulfonic acid, about 7 weight percent, and a base which is

triethanol amine, about 7 weight percent.

7. A contaminant dispersant comprising:
water, about 44 weight percent;
a plasticizer which is dimethyl adipate, about 14 weight percent;

a surfactant wetting agent which is L101 ethylene oxide/propylene oxide block copolymer,
100% actives, about 14 weight percent; |

anionic dispersant which is sodium salt of napthalene sulfonate, about 14 weight percent;

and

lecithin, about 14 weight percent.

8. A contaminant dispersant comprising:
water, about 44 weight percent;
a plasticizer which is dimethyl adipate, about 14 weight percent;

a surfactant wetting agent which is L101 ethylene oxide/propylene oxide block copolymer,
100% actives, about 14 weight percent;

an anionic dispersant which is a sodium salt of napthalene sulfonate, about 14 weight

percent; and

a preneutralized sulfonate of dodecylbenzene or tridecylbenzene, about 14 weight percent.

0. A contaminant dispersant comprising:
water, about 42.9 weight %;
a plasticizer which is 2,2 4-trimethyl-1,3-pentanediol diisobutyrate, about 14.3 weight %;
a surfactant wetting agent which is L101 ethylene oxide/propylene oxide block copolymer,
100% actives, about 14.3 weight %:
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an anionic dispersant which is a sodium salt of napthalene sulfonate, about 14.3 wei ght %;
an acid which is dodecyl benzenesulfonic acid, about 7.1 weight %; and

a base which 1s triethanol amine, about 7.1 weight %.

10. A contaminant dispersant comprising:

water, about 42.9 weight %;

a plasticizer which is 2,2,4-trimethyl-1,3-pentanediol diisobutyrate, about 14.3 weight %;

a surfactant wetting agent which is L101 ethylene oxide/propylene oxide block copolymer,
100% actives, about 14.3 weight %;

an anionic dispersant which is a sodium salt of napthalene sulfonate, about 14.3 weight %;
and

lecithin, about 14.2 weight %.

11. A contaminant dispersant comprisng:
water, about 42.9 weight %;
a plasticizer which is 2,2 4-trimethyl-1,3-pentanediol diisobutyrate, about 14.3 weight %
a surfactant wetting agent which is L101 ethylene oxide/propylene oxide block copolymer,
100% actives, about 14.3 weight %; |
an anitonic dispersant which is a sodium salt of napthalene sulfonate, about 14.3 weight %:

and

a preneutralized component which is a sulfonate of dodecyl and tridecylbenzene, about
14.2 weight %.
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