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(57) ABSTRACT 

The present invention relates to encapsulated activated car 
bon and a method of preparing the same to protect the struc 
ture of the activated carbon and preserve the odor absorbing 
capability of the activated carbon particles. Particularly, the 
present invention is directed to a method of forming a poly 
mer Substrate upon melt processing comprising providing a 
first master batch of activated carbon particles that are at least 
partially encapsulated with a non-water Soluble amorphous 
polymer, providing a matrix polymer, mixing the first master 
batch with the matrix polymer to form a mixture, and extrud 
ing the mixture to form a polymer Substrate. 
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ENCAPSULATED ACTIVATED CARBON AND 
THE PREPARATION THEREOF 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to encapsulated acti 
vated carbon and a method of preparing the same to protect 
the structure of the activated carbon and preserve the odor 
absorbing capability of the activated carbon particles. Par 
ticularly, the present invention is directed to a polymer Sub 
strate and a method of forming the same upon melt processing 
using activated carbon particles encapsulated with a non 
water soluble amorphous polymer. 
0003 2. Description of Related Art 
0004 Garbage waste is often a source of odor in a house 
hold. For example, odor can be generated from waste during 
storage in a trash container or waiting for disposal in a gar 
bage bag. Odor from waste can be a nuisance and a variety of 
methods and products are known for managing the odor. For 
example, one known technique uses a scented formula to 
mask the odor. Such conventional methods and systems gen 
erally have been considered satisfactory for their intended 
purpose, although there remains a need for addressing mal 
odors without the resulting scented affect. 
0005. Therefore, a method of managing odor generation 
remains highly desirable for home waste management. It is 
also desirable that the odor from the household waste be 
reduced with a simple and cost effective method. 
0006 Activated carbon is known for odor absorption due 
to its highly porous nature and has been used in a variety of 
other industries for years for various odor control applica 
tions. For example, activated carbon has been used in filtra 
tion blocks, filter packages and others. Activated carbon has 
been recognized as an excellent candidate for odor reduction 
in certain applications involving porous or textile materials 
because of its known odor absorption capability and rela 
tively low cost and availability. 
0007. However, when activated carbon is blended with a 
molten polymer, the porosity is reduced due to penetration of 
polymer molecules in the activated carbon. As a result, the 
odor absorbing capability of the activated carbon is reduced 
as compared to the original powdery state. This constitutes a 
potential performance issue for activated carbon or any odor 
additives embedded in a bag structure where quick odor 
absorption is desirable. Therefore a method is needed to pre 
serve and facilitate the odor absorbing capability of the acti 
vated carbon in melt processing. 
0008. As described in U.S. Pat. Nos. 3,992,558 and 4,265, 
960, encapsulation of particles is known for dispersion pur 
poses. The process is well developed and open to practice. 
U.S. Patent Publication 2006/0,008,646 describes coating 
activated carbon with a removable or leachable material for 
wet processing. As evident from this related art, this process 
ing requires a washing removal step that necessitates disposal 
of the waste wash, additional labor, and increased hygiene. 
While this process may be suitable for the textile industry, it 
is not applicable to polymer products or industries that utilize 
a melt processing process. 
0009. Thus there remains a need for an efficient and eco 
nomic method and system for protecting the structure of the 
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activated carbon and preserving the odor absorbing capability 
of the activated carbon particles upon melt processing. 

SUMMARY OF THE INVENTION 

0010. The purpose and advantages of the present invention 
will be set forth in and apparent from the description that 
follows, as well as will be learned by practice of the invention. 
Additional advantages of the invention will be realized and 
attained by the methods and compositions particularly 
pointed out in the written description and claims hereof, as 
well as from the appended drawings. 
0011 To achieve these and other advantages and in accor 
dance with the purpose of the invention, as embodied and 
broadly described, the invention includes a method of form 
ing a polymer Substrate upon melt processing. The method 
includes providing a first master batch of activated carbon 
particles which are encapsulated with a non-water soluble 
amorphous polymer, providing a matrix polymer, mixing the 
first master batch with the matrix polymer to form a mixture, 
and extruding the mixture to form a polymer Substrate. The 
method can also include forming microVoids or cavitations 
around the activated carbon particles after extrusion. 
0012 Melt processing is any of a variety of well known 
dry processes and has many suitable applications including, 
but not limited to, blown film (bag bubble), cast film (flat 
sheet), melt spinning fiber, extrusion of solid rod or three 
dimensional objects (crown molding for building construc 
tion), injection molding, thermoforming, and the other Suit 
able applications. One of ordinary skill in the art could apply 
the description herein for use in any of these and other suit 
able applications. 
0013. In one exemplary embodiment, the non-water 
soluble amorphous polymer is incompatible with the matrix 
polymer. In a preferred embodiment, the matrix polymer is 
linear low density polyethylene (“LLDPE). A preferred non 
water soluble amorphous polymer is polystyrene. In one 
embodiment, the method also includes adding at least one 
additive to the master batch, such as CaCO. The activated 
carbon particles are non-modified activated carbon particles. 
0014. The invention also includes a polymer substrate. 
The polymer Substrate comprises a matrix polymer Substrate 
material, activated carbon particles, and a non-water soluble 
amorphous polymer which at least partially encapsulates the 
activated carbon particles. 
0015. In a preferred embodiment, the polymer substrate is 
a film with a thickness between 0.5 and 10 mils. The polymer 
Substrate can be a single layer or can include two or more 
layers. In one embodiment, a first layer of a multi-layer struc 
ture includes the activated carbon particles. The loading of 
activated carbon is substantially between 0.1 and 50 wt %, 
preferably between 0.2 and 20 wt %, and more preferably 
between 0.5 and 10 wt %. The invention also includes a bag 
made from the polymer substrate. If multi-layer, the first layer 
having the activated carbon therein is located on the inside of 
the bag. 
0016. The invention also includes a master batch for use in 
melt processing to prepare a polymer Substrate. The master 
batch comprises a matrix polymer Substrate material, acti 
vated carbon particles, and a non-water Soluble amorphous 
polymer which at least partially encapsulates the activated 
carbon particles. The master batch also can include portions 
of a matrix polymer Substrate material. 
0017. A preferred non-water soluble amorphous polymer 

is a rigid, permeable polymer, such as polystyrene. Prefer 
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ably, the non-water soluble amorphous polymer is a brittle 
composition that can be cracked. The activated carbon par 
ticles have an average particle size of 10 microns or less. 
0018. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and are intended to provide further explanation of the 
invention claimed. 
0019. The accompanying drawings, which are incorpo 
rated in and constitute part of this specification, are included 
to illustrate and provide a further understanding of the method 
and compositions of the invention. Together with the descrip 
tion, the drawings serve to explain the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a representation of the encapsulated acti 
vated carbon in accordance with the invention. 
0021 FIG. 2 is a representation of one embodiment of a 
multilayered film in accordance with the invention. 
0022 FIG.3 is a representation of another embodiment of 
a multi-layered film in accordance with the invention. 
0023 FIG. 4 is a representation a bag formed from a film 
made in accordance with the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0024. Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. The method 
and corresponding steps of the invention will be described in 
conjunction with the detailed description of the invention. 
0025. The methods and compositions presented herein 
generally are intended for melt processing, although other 
similar or Suitable polymer processing is contemplated. The 
present invention is particularly Suited for the preparation of 
encapsulated activated carbon to protect the structure of the 
activated carbon and preserve the odor absorbing capability 
of the activated carbon particles upon melt processing. For 
purpose of explanation and illustration, and not limitation, an 
exemplary embodiment of the encapsulated activated carbon 
in accordance with the invention is shown in FIG. 1 and is 
designated generally by reference character 100. 
0026. The invention is particularly useful to incorporate 
activated carbon with a polymer into a polymer substrate. The 
activated carbon master batch can be used when extruding 
shaped articles, films or sheets to provide quick or short time 
odor absorbing efficacy. The invention may be used for liners, 
sheets, storage bags, Sachets, patches, shoe insoles, and other 
Suitable applications; all used anywhere odor protection or 
control is desired. This invention allows the use of activated 
carbon in extrusion, coating, and molding techniques. Final 
products include sheets, rods, films, and rolls. The rod or 
sheets can be cut into sections or the sheets can be wound on 
a roll. For blown film application, a blown bubble can be 
collapsed to become two pieces for a trash bag. 
0027. The invention includes a method of forming a poly 
mer Substrate upon melt processing. The method includes 
providing a first master batch of activated carbon particles 
wherein the particles are at least partially encapsulated with a 
non-water Soluble amorphous polymer. 
0028 Particularly, and in accordance with a preferred 
embodiment of the present invention, the first master batch is 
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formed by compounding a non-water soluble amorphous 
polymer in pellet form with activated carbon. 
0029 Activated carbon generally is recognized as carbon 
material mostly derived from charcoal that has a high Surface 
area. Before processing, activated carbon has a high porosity, 
which allows for a large amount of void space within the 
particles that gives good absorption. It is preferred that the 
activated carbon be any type that is in fine powderformat. For 
bag applications, the particle size is preferably less than 10 
um, more preferably less than 7um, and most preferably less 
than 5 Jum. For other applications, the particle size can be 
larger. The activated carbon powder should have a narrow 
particle size distribution. The activated carbon particles are 
non-modified activated carbon particles, although modified 
activated carbon particles or other odor absorbing powders 
that are porous can be used. 
0030 The non-water soluble amorphous polymer is used 
to encapsulate and protect the activated carbon during the 
melt processing. For the purpose of illustration, and not limi 
tation, reference is made to the embodiment of FIG. 1, which 
shows an encapsulated activated carbon particle 100. The 
core activated carbon particle 110 is at least partially sur 
rounded by the non-water soluble amorphous polymer encap 
sulant 120. 
0031. In a preferred embodiment the non-water soluble 
amorphous polymer is a rigid, permeable polymer. Prefer 
ably, the non-water soluble amorphous polymer is a brittle 
composition that can be cracked such as mechanically or 
thermally by induced stress. A preferred non-water soluble 
amorphous polymer is incompatible with the product matrix 
material as described further below. For example, in a pre 
ferred embodiment, the matrix polymer is linear low density 
polyethylene (“LLDPE), and the non-water soluble amor 
phous polymer is polystyrene. Other Suitable non-water 
soluble polymers include other styrenic polymers and 
copolymers such as styrene-acrylonitrile copolymers, sty 
rene-containing elastomers such as styrene isoprene styrene 
(“SIS), styrene butadiene styrene (“SBS”), styrene ethylene 
butalene (“SEBS”), silicon-based elastomers, olefin-based 
elastomers such as ethylene methyl acrylate (“EMA'), ethyl 
ene vinyl acetate (EVA), styrene-butadiene copolymers of 
KRO3, cyclic polyolefins, permeable or water sensitive mate 
rials such as thermoplastic polyurethane (“TPU”), brittle 
materials such as polymethyl mathacralate (“PMMA'), 
acrylics, polyethyelene terephalate (“PET), polyamides, 
cellulosics such as cellulosic acetate and derivatives, non 
water Soluble Surfactants, amorphous wax, and any combina 
tion thereof. 

0032. In an alternative embodiment, porosity-inducing 
formulations such as polymers dissolved in a solvent can be 
used as a coating material on the activated carbon. The Solvent 
can be phase-separated out to form a porous network in the 
coating, a method or formation similar to microporous mem 
brane formation. Other suitable materials used include iono 
mers, epoxy compounds, crosslinkable resins, and other Suit 
able materials. 
0033. The activated carbon is encapsulated by compound 
ing, coating, plasma deposition, ionic deposition, physical 
deposition, chemical deposition, or any other Suitable pro 
cess. In a preferred embodiment the activated carbon is 
encapsulated by compounding the polymer with the activated 
carbon. Compounding is recognized generally as combining 
polymers and/or other materials by blending, for example by 
using an extruder. In an alternate embodiment, the activated 
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carbon is encapsulated by coating by dissolving in a solvent 
as described in more detail herein below. 
0034. Optionally, surface treatment can be performed for 
adding polarity or branched polymers on the Surface of the 
encapsulated activated carbon particles. Such treatments 
include Stearic acid treatment, silane coupling agent treat 
ment, and any other known treating formulation or techniques 
to affect the surface characteristics of activated carbon such 
that desired characteristics can beachieved. These techniques 
allow the activated carbon to bind other particles better, such 
as CaCO, and create gaps which gives better absorption 
characteristics and stronger affinity to stay with other par 
ticles. 
0035. Further, in accordance with the invention, the 
method comprises providing a matrix polymer, mixing the 
first master batch with the matrix polymer to form a mixture, 
and extruding the mixture to form a polymer Substrate. As 
previously noted, the matrix polymer can be, and preferably 
is, linear low density polyethylene. Alternative polymers Suit 
able for the desired product or application can be used. Non 
limiting examples of Suitable matrix polymers include poly 
mers, copolymers or blends of low density polyethylene 
(LDPE), linear low density polyethylene (LLDPE), linear 
medium-density polyethylene (LMDPE), high density poly 
ethylene (HDPE), very low density polyethylene (VLDPE), 
metallocene (mPE), polypropylene (PP), polyamide 6 polya 
mide 66 and their copolyamide, poly vinyl chloride (PVC), 
acrylic, thermoplastic polyester (TPE), ethylene/vinyl acetate 
(EVA), polystyrene (PS), high impact polystyrene (HIPS), 
modified polystyrene, liquid crystal polymer (LCP), polya 
mides, polyacrylic acid (PAA), polylactic acid (PLA), poly 
ethylene terephthalate glycol (PETG), polymethyl methacry 
late (PMMA), polyphenylene ether (PPE), thermoplastic 
elastomer, and cellulose and filled plastics. 
0036. To facilitate mixing or compounding, the matrix 
polymer preferably is provided in the form of pellets or other 
well known form for melt processing. Mixing of the first 
master batch with the matrix polymer to from a mixture, and 
extruding the mixture to form a substrate can be performed by 
any of a number of known techniques using conventional 
equipment. For example the encapsulated carbon particles 
can be blended with the pellets of matrix polymer at the 
desired ratio and then heated to a molten state prior to extru 
sion. Alternatively, the matrix polymer can be heated first to a 
molten state prior to mixing the desired ratio of encapsulated 
particles therein. 
0037. In one embodiment, the activated carbon is com 
pounded with the non-soluble amorphous polymer by using 
conventional master batch processing techniques, such as 
using mechanical, thermal, or extrusion tools such as a high 
intensity mixer, Koch mixer, mechanical mixers, or ribbon 
ers. Requirements such as pre-drying or Surface pretreatment 
for dispersion of fine particles may optionally be used. Simi 
lar techniques can be used for compounding the encapsulated 
activated carbon with the matrix polymer. 
0038. If desired, the activated carbon can mixed with addi 
tional ingredients or additives such as calcium carbonate 
(CaCO), magnesium hydroxide (Mg(OH)), talc, or other 
Suitable additives, for processing together. These additives 
serve as pore formers and help create microVoids which assist 
in creating a path for malodors which increases absorption. 
Other odor absorbing additives include, but are not limited to, 
Zeolites, cyclodextrins, baking Soda, clays, silica gels, natu 
rally formed inorganic particles and minerals (e.g., dirt) and 
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other known suitable odor absorbing additives. One of ordi 
nary skill in the art will select odor additives of different 
shapes and material parameters to be compounded with acti 
vated carbon in any weight ratios to achieve desired perfor 
mance targets such as rigidity and Surface characteristics. In a 
preferred embodiment, the additive is mixed with the acti 
vated carbon and non-soluble amorphous polymer informing 
the master batch. Alternatively, the additive could be mixed 
with the polymer matrix during the product formation stage. 
0039. In one embodiment, an optional step includes craz 
ing or cracking the encapsulant, or creating microVoids or 
cavitations in the matrix polymer around the activated carbon 
particles, each of which can be created by a variety of 
mechanical or thermal techniques. Examples of mechanical 
techniques for include, but are not limited to, mechanical or 
local stretching, rolling, or any other Suitable means for cre 
ating Voids. Examples of thermal techniques include quench 
ing or quickly cooling, for example by using an ice bath or 
chiller, thermal shocking, or any other Suitable means for 
shrinking the polymer on a Submicron scale. These various 
structures create a path for the malodors to reach the activated 
carbon, which increases the amount absorption and odor 
reduction. Such crazing or cracking can be created prior to 
mixing the first master batch with a matrix polymer or after 
Such mixing occurs. Creating microVoids and cavitations will 
occur during or after extrusion. 
0040. In accordance with another aspect of the invention, 
a polymer substrate also is provided. The polymer substrate 
comprises a matrix polymer substrate material, activated car 
bon particles, and a non-water Soluble amorphous polymer 
which at least partially encapsulates the activated carbon 
particles. 
0041. The activated carbon, non-water soluble amorphous 
polymer, and matrix polymer that form the polymer Substrate 
in accordance with the invention are described in detail 
above, respectively. Likewise, these components can be 
present in any suitable weight percent and/or can include any 
of the other features described herein. The activated carbon 
particles preferably are non-modified activated carbon par 
ticles. 
0042. In one preferred embodiment, as depicted in FIGS. 
2 and 3, the polymer Substrate is a film structure having a 
Suitable thickness for the intended application, Such as a 
thickness between 0.5 and 10 mils for bags and wraps. The 
polymer Substrate can be a single layer, or a multi-layered 
structure if desired. The invention also includes an article 
made from the polymer Substrate, including, but not limited to 
a web, film, sheet, wrap, bag container, or the like. In a 
preferred embodiment, the article is a bag 410 having a pair of 
panelsjoined along opposing sides 416,418 and a bottom 420 
opposite an open mouth 414, as shown in FIG. 4. The bag can 
have any size and configuration Suitable for its purpose. 
0043. For example, in one embodiment, the bag can have 
a single layer construction. For Such single layer construc 
tion, small particle size activated carbon should be used to 
maintain the integrity of the panels of the bag. In a preferred 
embodiment, for purpose of example and not limitation, the 
activated carbon has an average particle size of 6 um or 
smaller, with the thickness of the film is approximately 1 mil. 
The bag can be made by conventional blown or extrusion 
processes or other known Suitable techniques. 
0044. In another embodiment, the article, such as a web, 
film, or bag panel, can have a multi-layer construction. For 
example, each panel of the bag includes two or more layers 
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with the encapsulated activated carbon distributed uniformly 
in the inside layer of the bag. This structure allows a short 
diffusion path for the odor molecules to reach the activated 
carbon particles that are distributed near the surface of the 
film. The outer layer can be free of activated carbon, and if 
desired, can be a barrier layer made of suitable materials to 
prevent or inhibit the transfer of gases or malodors. 
0045. For the purpose of illustration, and not limitation, 
reference is made to the embodiment of FIG. 2, which shows 
an example of a multilayer construction. The first layer 210 
includes the encapsulated activated carbon and a polymer 
formulation, such as linear low density polyethylene. The first 
layer can optionally include any of the additives discussed 
herein above. The second layer 220 is a solid polymer layer, 
Such as linear low density polyethylene. In one embodiment, 
the first layer is located on the inside of a bag. In a preferred 
embodiment, the relative thickness ratio of the first to second 
layer ranges from 1799 to 99/1. The multilayer bag can be 
formed by coextruding, extrusion coating, spray coating, 
printing, or patterning, or any other known Suitable tech 
niques. Further, the processing method optionally includes 
any of the mechanical or thermal means of crazing, cracking 
or creating microVoids or cavitations around the activated 
carbon particles discussed herein. 
0046 For the purpose of illustration, and not limitation, 
reference is made to the embodiment of FIG. 3, which shows 
another example of an alternate polymer Substrate having a 
multilayer construction. The first layer 310 includes the 
encapsulated activated carbon and a polymer formulation, 
such as linear low density polyethylene. The first layer 310 
can optionally include any of the additives discussed herein 
above. The first layer is sandwiched between the second layer 
320 and the third layer 330. In a preferred embodiment, the 
second layer 320 is a porous, permeable or breathable layer. 
The second layer 320 can also optionally include any of the 
additives discussed herein above. The third layer 330 is a solid 
polymer layer, such as linear low density polyethylene. Pref 
erably, the third layer 330 is a barrier layer to prevent odor 
leakage. In one embodiment, the second layer is disposed on 
the inside of a bag or container Such that the odors can reach 
the first layer by traveling through the second layer. The 
multilayer polymer Substrate can be made by lamination, 
coextrusion, or any other known Suitable techniques. 
0047. In any of the embodiments of the multi-layer appli 
cation, the construction optionally includes a barrier layer 
(e.g. gas barrier) and/or an adhesive layer with a release liner. 
The number and thickness of layers can vary depending on 
the requirements of mechanical properties and the odor effi 
cacy performance desired. Other features of a bag that can be 
formed with the polymer substrate and method of the inven 
tion are described in copending U.S. application Ser. No. 
11/430.307 entitled “Web Materials With Active Agent For 
Use In Forming Reclosable Packages, which is incorporated 
herein in its entirety and U.S. application Ser. No. 10/375,188 
entitled “Thermoplastic Bags Or Liners And Methods Of 
Making The Same,” which is also incorporated herein in its 
entirety. 
0048. In one embodiment, the bag has the following per 
formance characteristics: the machine direction draw ratio is 
substantially between 15 and 86; the transverse direction 
draw ratio is between 1.5 and 4; the area draw ratio is between 
60 and 129; the die wall shear rate is between 10 and 200 per 
sec; and the loading of activated carbon is Substantially 
between 1 and 50 wt %. 
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0049. Further in accordance with the invention, a master 
batch is provided for use in melt processing with a matrix 
polymer to prepare a polymer Substrate. The master batch 
comprises activated carbon particles and a non-water soluble 
amorphous polymer which at least partially encapsulates the 
activated carbon particles. 
0050. Materials and details of the activated carbon and 
non-water soluble amorphous polymer are described previ 
ously herein. Additionally these components can be present in 
any weight percent and/or can include any of the other fea 
tures described herein. 
0051 Having broadly described the invention and pre 
ferred embodiments thereof herein above, the following 
examples help demonstrate the invention. These examples, 
however, are presented for purposes of illustration and should 
not be construed as limiting the invention. 

EXAMPLE 1. 

Encapsulation of Activated Carbon with Polystyrene 
0052 Polystyrene (“PS) resins were used for encapsula 
tion of activated carbon (AC). The PS resins included STY 
RON 685 (Dow Chemical, melt index (“MI)=1.5 gram/10 
mins) and Polystyrene 523 (TOTAL Petrochemicals, 
MI=11). Materials in pellet form were compounded with a 
commercially available AC powders (6-10 um) with a 50/50 
weight ratio in a Brabender mixer operated at 200° C. for 5 
minutes. The blends were collected and then compounded 
with LLDPE (Dow Chemical, MI=0.9) in the Brabender to 
make a 10/90 ratio blend that gave a composition ratio of 
AC/PS/LLDPE=May 5, 1990 in the blend. AC without encap 
sulation of PS was compounded with the same LLDPE resin 
to form a AC/LLDPE=5/95 composition ratio blend as a 
control for comparison. 
0053 Film samples, approximately 3 mils thick, were 
molded at 200° C. from a molding press and evaluated for 
odor absorption efficacy by using ethyl acetate (“ETAC) 
vapor as the odor molecule. The odor absorption efficacy was 
determined by putting samples in glass jars containing fixed 
amount of ETAC and measuring the weight of the samples in 
1 to 24 hours storage time periods. The amount of ETAC used 
was 10 ul (9.6 mg) in a 125 cc bottle that contained approxi 
mately 0.25 grams of the film sample. The odor absorption 
capability was determined by how much and how quickly 
ethyl acetate was absorbed in the films. The absorption results 
are listed in Table 1, expressed as the weight gain ratio with 
respect to the weight of AC. The films of PS encapsulated AC 
showed much higher total absorption and a faster absorption 
rate than the control. 

EXAMPLE 2 

Encapsulation of Activated Carbon with TOPAS 
Cyclic Olefin Copolymer 

0054 Cyclic olefin copolymers produced by TOPAS 
Advanced Polymers were used for encapsulation of AC. The 
TOPAS cyclic olefin materials are amorphousand known to 
have higher rigidity than conventional polyolefins. TOPAS 
6013 and 5013 were compounded with activated carbon, in 
the same manner as described above in Example 1, with a 
50/50 weight ratio in a Brabender mixer operated at 200° C. 
for 5 min. The blends were then compounded with LLDPE in 
the Brabender to make a 10/90 weight ratio blend. The blend 
had a composition ratio of AC/Topas/LLDPE=May 5, 1990. 
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The TOPAS encapsulated AC samples showed higher total 
absorption and a faster absorption rate compared with the 
control as shown in Table 1. 

EXAMPLE 3 

Encapsulation of Activated Carbon with Polystyrene 
Copolymers 

0055 Astyrene-butadiene copolymer of KRO3 (Chevron 
Phillips) and a SEBS resin of Kraton G2720 were used in 
encapsulation of AC. The resins were processed using the 
same method and process as described in Example 1 above to 
make blends with AC and LLDPE with composition ratios of 
AC/KRO3/LLDPE=May 5, 1990 and AC/SEBS/ 
LLDPE=May 5, 1990. The odor efficacy was evaluated by 
using the same method as described in Example 1 above. 
Films made of the encapsulated formulations showed higher 
absorption and a faster absorption rate than the control group, 
as shown in Table 1. 

EXAMPLE 4 

Encapsulation of Activated Carbon with Low Crys 
tallinity Elastomers 

0056 Vistamaxx 3000 and 6100 (ExxonMobil) are poly 
olefinelastomers that have a relatively low degree of crystal 
linity (<30%) compared with conventional polyolefin resins. 
Vistamaxx 3000 and 6100 resins were compounded with 
activated carbon, in the same manner as described in Example 
1 above, in a 50/50 ratio in a Brabender at the same condition 
described in Example 1. The blends were then compounded 
with LLDPE to make 10/90 ratio blends. A final composition 
ratio of AC/Vistamaxx/LLDPE=May 5, 1990 was made. The 
odor efficacy was evaluated by using the same method as 
described in Example 1. Films made of the encapsulated 
formulations showed marginally higher absorption and a 
faster absorption rate than the control, as shown in Table 1. 
The low crystallinity elastomers tested in this example were 
not as effective as the other encapsulants described in 
Example 1-3 above. The crystallinity of the polymers useful 
for encapsulation is preferably less than 30%, more prefer 
ably less than 15%, and most preferably less than 5%. 

TABLE 1. 

Summary of odor absorption data for films from Brabender blends 

Ethyl acetate absorption, wt % 

Example Sample description 1 hr 2 hrs 4hrs 24hrs 

Control LLDPE blank O O O O 
Control S95 ACLLDPE 5 7 10 16 

1 SS,90 ACPS685, LLDPE 15 2O 27 37 
1 5.5/90 ACPS523, LLDPE 13 19 28 32 
2 5/5/90 AC/Topass013/LLDPE 6 10 14 29 
2 5/5/90 AC/Topasó013/LLDPE 7 10 16 29 
3 SS,90 ACKRO3, LLDPE 12 16 19 30 
3 5,590 AC KratonG2720, 21 26 26 25 

LLDPE 
4 5,590 AC, VistamaXX3000 11 13 15 18 

LLDPE 
4 5,590 AC, VistamaXX6100 10 12 16 19 

LLDPE 
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EXAMPLE 5 

Extruded Films with Encapsulated Activated Carbon 
0057 Polystyrene resins of STYRON 685 (Dow Chemi 
cal, MI=1.5) and General Purpose Crystal Polystyrene 3900 
(Nova Chemical, MI=38) were used to make 50/50 PS/AC 
compounds from a high intensity Henschel mixer at approxi 
mately 200°C. The blends were used in blown film extrusion 
with LLDPE resin to make 1.5 mil films. The net material 
formulation was a May 5, 1990 ratio of AC/PS/LLDPE in the 
films. Film extrusion was performed on a 1" single screw 
Killion extruder with a 3" annular die to make 8" layflat blown 
films. The extrusion and die temperatures were set at 200° C. 
Films were collected in rolls by using a winder. The films 
were tested for odor efficacy by using the same method as 
described in the previous examples. The film sample weight 
was adjusted to contain an equivalent AC weight to the 
molded films to be used in the test jars and a similar amount 
of ETAC was used in the test. The result is shown in Table-2. 
The result showed that films contained PS encapsulated AC 
gave a much higher absorption rate, and the total absorption 
of ethyl acetate was also higher. 

TABLE 2 

The odor absorption data of blown films 

Ethyl acetate absorption, wt % 

Example Sample description 1 hr 2 hrs 4 hrs 24 hrs 

Control S95 ACLLDPE 2 2 5 13 
5 SfS 90 ACPS685 LLDPE 15 19 27 30 
5 SfS 90 ACPS3900, LLDPE 12 16 24 26 

EXAMPLE 6 

Coextruded Films with Encapsulated Activated Car 
bon 

0058 General Purpose Crystal Polystyrene 3900 (Nova 
Chemical, MI=38) was used to make 50/50 PS/AC com 
pounds from a high intensity Henschel mixer with activated 
carbon (6-10 um) in the same manner as described in 
Example 5. The compounds were dried in vacuum oven for 24 
hours prior to the extrusion processing. A commercial 
CaCO/LDPE=50/50 masterbatch in pellet form was also 
used for selected samples. The LLDPE resin was from Dow 
Chemical (MI=0.9). Two-layer coextruded blown films were 
produced from a blown film line that has two 1" extruders and 
a feedblock to allow the two melt streams to feed to a 2" 
annular die. Films were blown from the die with a layflat of 
approximately 6" and a thickness of 1.5 mils. The films con 
sisted oftwo layers with an inside/outside layer ratio of 20/80. 
The outside layer was LLDPE and the inside layer contained 
2% net AC, with and without encapsulation, blended with 
LLDPE. The extrusion was conducted at approximately 200° 
C. extrusion and die temperatures with an extrusion rate of 
approximately 15 lbs/hr. Films were collected on rolls by 
using a winder. 
0059. The odor absorption efficacy of the films was tested 
by using the same method as described in Example 1. The 
results are summarized in Table 3. The absorption capability 
of AC could vary with its dispersion status and residual mois 
ture content. In this set of blown film samples, the control 
sample had 7% absorption, the sample with PS3900 encap 
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sulation had 17% absorption, and the sample with PS3900 
encapsulation and with the addition of CaCO had 31% 
absorption after 24 hrs of storage. Films with encapsulated 
AC clearly performed better than the non-encapsulated con 
trol. 

TABLE 3 

Odor absorption of coextruded films 

Ethyl acetate absorption, wt % 

Sample description 1 hr 2 hrs 4hrs 24hrs 

80/20 outside? inside layer ratio 2 5 4 7 
outside = LLDPE 
inside = 10.90ACLLDPE 
Net composition AC/LLDPE = 2/98 
80/20 outside? inside layer ratio 9 17 16 17 
outside = LLDPE 
inside = 10:1080ACPS LLDPE 
Net composition AC/PS/LLDPE = 2/2/96 
80/20 outside? inside layer ratio, 22 29 32 31 
outside = LLDPE 
inside = 10,1040/40 ACPS 
CaCO/LDPE 
Net composition AC/PS3900/ 
CaCO/LDPE/LLDPE = 2/2/8/8/80 

EXAMPLE 7 

Coextruded Films and Bags Containing Encapsu 
lated Activated Carbon 

0060 Activated carbon was processed with a chosen poly 
styrene resin to make encapsulated compounds and to make 
2-layer coextruded films for a bag odor absorption test. The 
activated carbon used in the test was a powdergrade material 
with a mean particle size <4 Lum. The AC powder was com 
pounded with Polystyrene 523 (TOTAL Petrochemicals) in a 
twin screw extruder to make a 50/50 weight ratio compound. 
In some examples, a small amount of CaCO was added to the 
AC powder and Polystyrene 523 and compounded in the 
extruder. The granulated compounds were dried in a hot air 
oven at 80° C. for 24 hours and then dried in a vacuum oven 
at 80° C. for at least 1 hour. The dried compounds were 
subsequently used for 2-layer blown film coextrusion. 
0061. The coextrusion line has a 2" and 1.75" extruder 
connected to a blown film die that allows two melt streams to 
be combined in a feedblock and coextruded in a 6" annular 
die. The extrusion and die temperature were set in approxi 
mately the 200-230° C. range. The total extrusion rate was 
approximately 150 lbs/hr. The layer thickness ratio in the film 
was adjusted by controlling the feed rate to result in 10/90 and 
20/80 inside/outside ratios with LLDPE as the outside layer 
and LLDPE with the encapsulated AC as the inside layer. The 
blown film had a layflat of approximately 32" and the film 
thickness was approximately 1 mil. Films were collected on 
rolls by a winder. 
0062 Bags of approximately 27" by 24" with one of the 
24" sides as the opening were made for the odor efficacy test. 
The bags were stored in metal cans that allowed the bags to 
open on the top and the films to be conformed to the can 
interior surface. The cans were closed with a metal top cover. 
Food mixtures containing milk, chicken, onion, broccoli and 
cantaloupe were prepared by using a kitchen blender. A fixed 
amount of the food mixture was stored in each of the bags for 
96 hours. The volatile content inside the bags were measured 
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by sampling the headspace vapor in the bag and analyzing it 
using gas chromatography (“GC). The total evolution of the 
Volatile content was measured and compared. The results are 
shown in Table 4 and indicate that the formulation with 2% 
net encapsulated AC allowed reduction of >50% of the head 
space odor contents. The additional use of CaCO in conjunc 
tion with AC in the inside layer of the film provided lower 
Volatile content in the bag. 

TABLE 4 

Comparison of the volatile content (number of odor molecules 
counted) in the bag headspace 

Total 
volatile content, 

Sample description GC counts, arb units 

Bag without activated carbon 1.1E(+8) 
80/20 outside? inside layer ratio 5.5E(+7) 
Inside = 10.1080ACPS LLDPE 
Outside = LLDPE 
Net composition AC/PS/LLDPE = 2/2/96 
80/20 outside? inside layer ratio 4.1E(+7) 
inside = 10/10/20/60 AC/CaCO/PS/LLDPE 
Outside = LLDPE 
Net composition AC/CaCO/PS/LLDPE = 2/2/4/92 

EXAMPLE 8 

Mixture of Activated Carbon with Stearic Acid 
Treated CaCO, 

0063 A control sample was prepared by mixing stearic 
acid treated CaCO with activated carbon, then compounding 
this blend into the LLDPE matrix. A 50/50 mixture of acti 
vated carbon and CaCO powder was prepared and heated to 
150° C. for 1 hour. A small amount of the mixture was used to 
make blends with LLDPE and film samples as described 
above in Example 1. The results showed that the May 5, 1990 
ratio of activated carbon/CaCO/LLDPE performed some 
what better than the 5/95 control blends of activated carbon/ 
LLDPE. The CaCO, did contribute to the AC efficacy, but not 
nearly to the extent as when polystyrene was used as an 
encapsulant. 

EXAMPLE 9 

Coating of Polystyrene on Activated Carbon 

0064. As an alternative to melt compounding, coating is 
another way to apply encapsulation of amorphous polymers 
such as polystyrene (“PS). Polysytrene was chosen to use as 
a coating or encapsulation material due to its permeable 
nature, brittleness and incompatibility with the film matrix 
material of LLDPE. Work was done in a lab to demonstrate 
the concept. In one preparation, 20grams of activated carbon 
(6-10 um) was dispersed in methylene chloride. 1 gram of 
polystyrene was dissolved in 10 ml methylene chloride to 
from a uniform solution. The polystyrene solution was mixed 
with the activated carbon/methylene chloride mixture. The 
methylene chloride (solvent) was allowed to evaporate to 
form 5% polystyrene-coated activated carbon. The material 
was dried at 90° C. for approximately 16 hours. The dried 
material was ground with a mortar and pestle. The material 
was used for blending with LLDPE to form films in a Bra 
bender. Film samples were pressed and tested for odor 
absorption efficacy by using tetra hydrofuran (“THF) and 
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ethyl acetate (“ETAC) as the odor molecules. Measurements 
were taken for samples enclosed in glassjars containing fixed 
amount of the odor compounds and stored for 2 or 4 hours. 
The amount of the odor compound remaining in the jar was 
measured by using gas chromatography ("GC). Various 
types of samples were tested using the same method as a 
comparison. The results show that films with 5% polystyrene 
coated activated carbon possessed higher odor-absorbing 
capability than that of the non-coated activated carbon in the 
same 5% activated carbon loading. The absorption was con 
ducted for 2 and 6hrs storage time by following the same odor 
efficacy test method. Films with PS-coated AC showed higher 
absorption and faster absorption rate than the un-coated con 
trol which was basically flat from 2 to 6 hrs of storage, as 
shown in Table 5. 

TABLE 5 

ETAC absorption of films containing PS-coated AC 

Ethyl acetate 
absorption, wt % 

Sample description 2hrs 6 hrs 

Sf95 ACLLDPE 3 2 
4.7S.O.25.95 ACPS, LLDPE 8 22 

0065 While the present invention is described herein in 
terms of certain preferred embodiments, those skilled in the 
art will recognize that various modifications and improve 
ments may be made to the invention without departing from 
the scope thereof. Moreover, although individual features of 
one embodiment of the invention may be discussed herein or 
shown in the drawings of one embodiment and not in other 
embodiments, it should be apparent that individual features of 
one embodiment may be combined with one or more features 
of another embodiment or features from a plurality of 
embodiments. 
0066. In addition to the specific embodiments claimed 
below, the invention is also directed to other embodiments 
having any other possible combination of the dependent fea 
tures claimed below and those disclosed above. As such, the 
particular features presented in the dependent claims and 
disclosed above can be combined with each other in other 
manners within the scope of the invention such that the inven 
tion should be recognized as also specifically directed to other 
embodiments having any other possible combinations. Thus, 
the foregoing description of specific embodiments of the 
invention has been presented for purposes of illustration and 
description. It is not intended to be exhaustive or to limit the 
invention to those embodiments disclosed. 
0067. It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
method and compositions of the present invention without 
departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention include modifications and 
variations that are within the scope of the appended claims 
and their equivalents. 

1. A method of forming a polymer Substrate upon melt 
processing comprising: 

providing a first master batch of activated carbon particles, 
wherein the particles are at least partially encapsulated 
with a non-water soluble amorphous polymer; 

providing a matrix polymer; 
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mixing the first master batch with the matrix polymer to 
form a mixture; and 

extruding the mixture to form a polymer Substrate. 
2. The method of forming a polymer Substrate upon melt 

processing of claim 1, wherein the non-water soluble amor 
phous polymer is incompatible with the matrix polymer. 

3. The method of forming a polymer substrate upon melt 
processing of claim 1, further comprising forming micro 
Voids or cavitations around the activated carbon particles after 
extrusion. 

4. The method of forming a polymer Substrate upon melt 
processing of claim 1, further comprising cracking or crazing 
the non-water Soluble amorphous polymer encapsulating the 
activated carbon. 

5. The method of forming a polymer substrate upon melt 
processing of claim 1, wherein the matrix polymer is linear 
low density polyethylene (LLDPE). 

6. The method of forming a polymer substrate upon melt 
processing of claim 1, wherein the non-water soluble amor 
phous polymer is polystyrene. 

7. The method of forming a polymer substrate upon melt 
processing of claim 1, wherein the non-water soluble amor 
phous polymer is a cyclic olefin copolymer 

8. The method of forming a polymer substrate upon melt 
processing of claim 1, further comprising: 

adding at least one additive to the master batch. 
9. The method of forming a polymer substrate upon melt 

processing of claim 8, wherein the additive is CaCO. 
10. The method of forming a polymer substrate upon melt 

processing of claim 1, wherein the activated carbon particles 
are non-modified activated carbon particles. 

11. A polymer Substrate comprising: 
a matrix polymer Substrate material; 
activated carbon particles; and 
a non-water Soluble amorphous polymer which at least 

partially encapsulates the activated carbon particles. 
12. The polymer substrate of claim 11, wherein the poly 

mer Substrate is an article in the form selected from a group 
consisting essentially of a film, web, bag sheet, wrap, or 
container. 

13. The polymer substrate of claim 12, wherein the article 
is in the form of a film and the thickness of the film is 
substantially between 0.5 and 10 mils. 

14. The polymer substrate of claim 11, wherein the poly 
mer Substrate is a single layer structure. 

15. The polymer substrate of claim 11, wherein the poly 
mer Substrate is a multi-layer structure. 

16. The polymer substrate of claim 15, whereina first layer 
of the multi-layer structure includes the activated carbon par 
ticles. 

17. The polymer substrate of claim 11, wherein the loading 
of activated carbon is substantially between 0.1 and 50 wt %. 

18. The polymer substrate of claim 11, wherein the matrix 
polymer substrate material is linear low density polyethylene 
(LLDPE). 

19. The polymer substrate of claim 11, wherein the acti 
vated carbon particles are non-modified activated carbon par 
ticles. 

20. A master batch for use in melt processing with a matrix 
polymer to prepare a polymer Substrate, the master batch 
comprising: 

activated carbon particles; and 
a non-water Soluble amorphous polymer which at least 

partially encapsulates the activated carbon particles. 
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21. The master batch of claim 20, wherein the non-water 
soluble amorphous polymer is incompatible with the matrix 
polymer. 

22. The master batch of claim 20, wherein the non-water 
soluble amorphous polymer is a rigid, permeable polymer. 

23. The master batch of claim 20, wherein the non-water 
soluble amorphous polymer is polystyrene. 

24. The master batch of claim 20, wherein the non-water 
soluble amorphous polymer is a cyclic olefin copolymer. 
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25. The master batch of claim 20, wherein the non-water 
soluble amorphous polymer is a brittle composition capable 
of being cracked. 

26. The master batch of claim 20, wherein the activated 
carbon particles have an average particle size of 10 microns or 
less. 

27. The master batch of claim 20, wherein the activated 
carbon particles are non-modified activated carbon particles. 

c c c c c 


