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SORBENT INDOOR AIR PURIFIER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority of
U.S. provisional application No. 63/203,313, filed Jul. 16,

2021, the contents of which are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] The present mvention relates to indoor air purifi-
cation and, more particularly, to a sorbent indoor air purifier.
[0003] Auar testing devices available today (e.g., mail-in
samplers) often find dangerous chemicals present 1n indoor
air.

[0004] No reasonably priced commercial devices are cur-
rently available that are proven to remove common danger-
ous chemicals like formaldehyde, vinyl chloride, or mitrogen
dioxide. The few that are sold are not well validated and
reports exist pointing out that they might not serve their
intended purpose (e.g., Chao-Heng Tseng et. al.). They are
also quite expensive, on the order of about $500-$1500. For
example, the Dyson™ Purifier Cool Formaldehyde™ TP09
purifying fan claims to both measure and remove formal-
dehyde.

[0005] As can be seen, there 1s a need for an effective,
inexpensive air purifier for removal of predetermined air
contaminants.

SUMMARY OF THE INVENTION

[0006] In one aspect of the present invention, a diffusive
air purifier comprises an air permeable container and a
chemical sorbent or a precursor thereol contained within the
permeable container, said chemical sorbent having a chemi-
cal composition selected to achieve removal of a predeter-
mined air pollutant via a chemical reaction that renders the
predetermined air pollutant immobile.

[0007] In another aspect of the present invention, a
method of manufacturing the diffusive air purifier, com-
prises impregnating a porous solid with a solution of chemi-
cal sorbent precursor and a binding agent; and drying the
porous solid.

[0008] In another aspect of the present invention, a
method of purifying indoor air comprises detecting a mea-
sured concentration of an airborne chemical 1n an enclosed
location; selecting the diffusive air purifier, wherein the
diffusive air purifier 1s operative to adsorb a predetermined
mass of the airborne chemical per a mass of chemical
sorbent contained within the diffusive air purifier; and
placing the diflusive air purifier 1n the enclosed location.
[0009] These and other features, aspects and advantages of
the present invention will become better understood with
reference to the following drawings, description, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 1s a perspective view ol an air purifier
according to an embodiment of the present invention;
[0011] FIG. 2 1s a sectional view thereof;

[0012] FIG. 3 1s a front elevation view of an air purifier
according to another embodiment of the present invention;
[0013] FIG. 415 a schematic view of a process of operation
of an air purifier according to an embodiment of the present
invention;
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[0014] FIG. 5 15 a sectional view of an air purifier accord-
ing to another embodiment of the present invention;

[0015] FIG. 6 1s a cutaway schematic view of a sulfur
dioxide source component of an air purifier according to
another embodiment of the present invention;

[0016] FIG. 7A 1s a graph of formaldehyde measured
within a chamber containing particle board with and without
an air purifier according to an embodiment of the present
invention; and

[0017] FIG. 7B 1s chart thereof.
DETAILED DESCRIPTION OF THE
INVENTION
[0018] The following detailed description 1s of the best

currently contemplated modes of carrying out exemplary
embodiments of the invention. The description 1s not to be
taken 1n a limiting sense but 1s made merely for the purpose
of 1llustrating the general principles of the invention, since
the scope of the mvention 1s best defined by the appended
claims.

[0019] Broadly, one embodiment of the present invention
1s an air purifler device comprising a container enclosing a
sorbent contained within a porous bag or comprising a
sorbent impregnated onto a porous substrate. The air purifier
device may also be referred to herein as a filter.

[0020] As used herein, the term “‘sorbent™ refers to both an
adsorbent and an absorbent. Fither means of immobilizing
an air pollutant may be used.

[0021] The mmventive device 1s generally a passive air
purifier. As used herein, the term “passive” indicates that the
device relies on the diffusion of contaminants with ambient
air 1nto the device and onto a sorbent. Air diffuses through
the holes 1n the outer container, through the porous bag or
permeable pouch and into the sorbent where the chemical to
be removed 1s rendered immobile. Air, free of the target
chemical, diffuses out of the container and the process
repeats. The mventive air purifier operates through a diffu-
sive mechanism, capturing pollutants by using a specific
chemical reaction.

[0022] The present invention provides a device eflective to
absorb specific chemicals at measured concentrations for
specific times. The mventive device provides a low-cost and
non-toxic method for the removal of specific common
dangerous chemicals (e.g., formaldehyde, sulfuryl fluoride,
etc., and any combination thereol) that compromise indoor
air quality and are often found using low-cost, mail-in air
samplers.

[0023] The mnventive air purifier removes airborne chemi-
cals (1.e., air pollutants) from the air through specific means
that are well known. The device i1s generally proven to
remove target contaminants through validation studies and
its capacity to adsorb the specified contaminant 1s measured
with a known error. Measured specifications enable the user
to predict the device’s lifetime.

[0024] The present invention employs diffusion combined
with removal of a chemical by a known chemical reaction
that produces a stable product without producing additional
pollutants. Ionizers and other electrical devices are disad-
vantageous 1n that they tend to produce ozone or hydroxyl
radicals which are pollutants in themselves or react with
common household materials to produce formaldehyde or
related pollutants.
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[0025] The inventive device i1s preferably reasonably
priced (e.g., <$200) to be available to much of the popula-
tion.

[0026] The sorbents developed for use 1n the diffusive air
purifiers may also be used 1n active purifiers that use fans or
similar mechanisms to force air through a filter to remove
dust. In this embodiment, the sorbent and adsorbed or
absorbed product are generally secured to the filter.

[0027] The inventive device comprises an outer container
that may contain the 1nitial solid sorbent and the product of
sorption. One type of container (for example but without
limitation, a cardboard box) and porous bag may be used for
both. The outer container may have holes, or apertures,
enabling air to diffuse both 1n and out.

[0028] The sorbent chemical composition may be selected
to achieve removal of a specific air pollutant. The sorbent
chosen determines the target chemical removed from the air.
In the case of formaldehyde, the chemical sorbent may
contain sodium bisulfite or a similar composition. Formal-
dehyde reacts 1rreversibly with the bisulfite 1ion to yield a
bisulfite-formaldehyde adduct which remains in the con-
tainer as a solid. For example, formaldehyde may be con-
verted to hydroxymethanesulionate. In some embodiments,
the sorbent may be tricthanolamine for sorption of air
pollutants such as, but not limited to, nitrogen dioxide
(NO,), sulfur dioxide (SO,), formic acid, acetic acid, and
related organic acids. For example, nitrogen dioxide may be
converted to nitrite.

[0029] In some embodiments, the mventive device may
comprise a mechanism to alert the user when to replace the
filter, 1.e., when the eflective lifetime has ended. For
example, a colorimetric indicator may be placed on the outer
carton where 1t 1s clearly visible to estimate the mass of
chemical captured by the filter enabling the user to deter-
mine when to replace the filter. In some cases, the colori-
metric indicator may be placed next to a color standard that
indicates the color of the colorimetric indicator when the
filter 1s saturated. As used herein, the term “color standard”
refers to a component having a predetermined color that has
been determined to reproducibly indicate a predetermined
saturation status. The indicator may be one of many types,
including suitably formulated embodiments of those
described by Lambert and Chiang in U.S. Pat. No. 4,511,658
and Liang Feng, Christopher J. Musto, and Kenneth S.
Suslick 1n J Am Chem Soc. 2010 March 31; 132(12): 4046,

the disclosures of which are incorporated by reference.

[0030] Insome embodiments, a section of the filter may be
sent to an accredited laboratory after a predetermined time
for quantitative analysis. Measurement of the mass of
chemicals adsorbed or absorbed over a measured period may
give users a way to estimate the life of the filter 1n a specific
environment. A report 1ssued by the laboratory may inform
the user when to replace the filter, 1.e., what the remaining
eflective lifetime 1s estimated to be.

[0031] The device may be used as follows. The diffusive
air purifier 1s simple enough to put on a shelf in an enclosed
location such as a residential room and be forgotten for
months. It may also be placed near the return for a heating,
ventilation, and air-conditioning (HVAC) system or 1n any
part of the ducts leading to a furnace or air-conditioning air
handler. It removes the chemical targeted by detection with
a mail-in sampler, reducing the risk of serious health con-
sequences.
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[0032] The device may be manufactured of low-cost,
non-harmiul materials according to a suitable method. The
sorbent may be placed inside a porous bag and sealed. The
sealed bag may be placed inside an outer container and the
container may be sealed. For example, a sorbent for form-
aldehyde may be manufactured in bulk by combining an
aqueous solution of sodium bisulfite with a porous solid
(like a sorbent paper) and by applying heat to dry the wet
paper. Similarly, the sorbent paper may first be coated with
sodium hydroxide solution and later reacted with sulfur
dioxide. The process may be accomplished easily on a
reel-to-reel system, where the reagent 1s applied to the web
and the web 1s dried using an inirared (IR) heating element.
The sorbent may be shredded, the shredded sorbent may be
stufled into a mesh bag, the bag may be sealed, and the
sealed bag may be put into the outer container which may 1n
turn be sealed. The sorbent and suitable binding agent may
alternatively be applied to an air filter configured for use 1n
a commercially available air handler system. The mechani-
cal properties of the sorbent may determine the manufac-
turing method, such that the sorbent and adsorbed or
absorbed chemical remain fixed in the filter and do not leave
in the form of dust.

[0033] Without intending to be limiting, the following
embodiments are illustrative of the invention. Embodiment
1 1s a diffusive air purifier that uses specific sorption means
(chemical) well known 1n the art to remove specific chemi-
cal(s) from air and that 1s validated to remove this specific
chemical using documented scientific methods. The device
generally has a well-known sorption capacity of each spe-
cific chemical, 1.e., a predetermined mass of chemical, per
mass of sorbent and thus a useful lifetime that 1s estimated
from the known concentration of the chemical and this
sorption capacity. The sorption means may a known chemi-
cal reaction selected from the group consisting of a covalent
bond forming reaction (including proton transfer) and a
redox reaction. The product of the reaction may be detected
alter the air purifier 1s used by standard quantitative ana-
lytical methods such as 1on chromatography.

[0034] FEmbodiment 2 1s a diffusive air purifier, validated
to adsorb specific chemical(s) from the air, that 1s con-
structed of the following three nested parts: 1) an outer
carton with holes that enable air to pass into its interior
through simple diffusion, 2) a mesh bag or similar porous
pouch that fits into the carton that contains 3) a sorbent
developed to adsorb specific chemicals, that 1s known to
adsorb a well-defined mass of the chemical per mass of the
sorbent.

[0035] Embodiment 3 1s a sorbent developed for use 1n a
chemical specific air purifier. The sorbent may use a chemi-
cal reaction that 1s well known in the sciences and 1s
validated to absorb a specific mass of chemical per mass of
sorbent. The sorbent may be formulated to remain 1n a
specific physical state (e.g., mesh powder) after absorbing
the specific chemical. This state may be measured in mesh,
such that it 1s containable by a mesh bag in the diffusive air
purifier device described herein, or 1n physical integrity of a
coating made of the sorbent useful 1 a filter for an air
handler or similar mechanically driven device.

[0036] Referring to FIGS. 1 through 6, 7A, and 7B, FIGS.

1 and 2 show an air purifier 10 according to an embodiment

of the present invention comprising an outer container 11,
with a plurality of holes 12 therethrough, and a mesh bag 14
containing a sorbent material 20. The outer container 11 has
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a colorimetric indicator 16 and a color standard 18 for
comparison to determine whether the sorbent should be
replaced and/or to determine whether the target chemical 1s
present for removal. A mesh bag 14 containing sorbent
material 20 according to an embodiment of the present
invention 1s shown 1 FIG. 3. While the invention 1s not
limited to formaldehyde removal, FIG. 4 schematically
illustrates an example of gaseous formaldehyde (H,C=—0)
adsorbate removal performed by another embodiment of the
air purifier 10, shown i FIG. 5. A mesh bag 14 contains
sorbent precursor material 20 comprising sodium bicarbon-
ate (NaHCQ,) surrounding a sultfur dioxide (SO, ) source 30
surrounded by a permeable barrier 24, for example 1n the
form of a ball. The sodium bicarbonate may be supported on
a substrate or may be present as a pure solid, e.g., as
particles. The sulfur dioxide source 30 contains sodium
bisulfite (NaHSO,) in an acidic environment (H™), such as
but not limited to, phosphoric acid or succinic acid, both of
which are non-volatile and may be adjusted to a predeter-
mined pH. The emitted sulfur dioxide reacts with the sodium
bicarbonate sorbent precursor 1n or on the sorbent matenal
20 or substrate to form sodium bisulfite sorbent and carbon
dioxide. The sodium bisulfite reacts with formaldehyde
adsorbate entering the air purifier 10 to yield formaldehyde-
sodium bisulfite adduct (NaSO,CH,OH), a solid at tempera-
tures below 200° C. The process repeats with unconsumed
reagents.

[0037] As shown 1n FIG. 6, a sulfur dioxide source 100
according to another embodiment of the present invention a
flexible plastic tubular container 101 with perforated or
porous endcaps 114. Within the container 101, a sodium
bisulfite gel solution 120 surrounds a glass tube 124 filled
with succinic acid [(CH,),(CO,H),] or the like 130. The
production of sulfur dioxide may be triggered by breaking
the inner glass tube 124, releasing the acid 130. The diprotic
succinic acid 130 reacts with the sodium bisulfite 120,
releasing sultur dioxide gas which reacts with a reagent in
surrounding sorbent material.

[0038] FIGS. 7A and 7B illustrate data collected compar-
ing formaldehyde detected 1n air surrounding particle board
stored 1n a chamber with or without a prototype of the
inventive air purifier. As shown 1n the Figures, the prototype
a1r purifier dramatically reduces the formaldehyde content 1n
the air within the chamber. The data was collected as
discussed below.

[0039] Example 1. Production of Sorbents. Sodium
bisulfite (3 g, Oakwood Chemicals #075234) was dissolved
in water (250 mL) producing a 0.12 M solution in the bottom
of an aluminum baking pan (Superking by Handi-Foil®,
1134"x9348"x3%16"). After the solid dissolved, 3 L of
unpacked absorbent paper (Sophresh Super Absorbant
Crinkle Paper, obtained from Petco™) was added to the pan
and the liquids absorbed, agitating the paper periodically
with a gloved hand. Once the liquud was completely
adsorbed or absorbed (circa 30 min), the absorbent paper
was allowed dry outdoors 1n the sun for 5 h (temperature
average circa 90° C., 60% humidity 1n a shaded area). The
dried sorbent media which smelled strongly of sulfur diox-
ide was divided 1nto 3 portions, and these stored 1n 1 stored
in 1 gal Ziploc® bag.

[0040] Sorbent media was similarly impregnated with
sodium bicarbonate and stored similarly 1n a plastic bag.

[0041] Example 2. Packaging of Sorbents. Materials were
packaged for testing by placing mto zippered washing bags
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(Target™). The sodium bicarbonate impregnated paper was
placed 1nto a large bag (circa 1 gal volume, 914"x13" flat).
The sodium bisulfite impregnated material was stutled with
some compression mto a much smaller washing bag (circa
4 gal, sold for washing women’s bras by Target™). The
apparatus was assembled for testing by placing the smaller
bag 1n the center of the web of absorbent paper of the larger
bag. Once assembled, the smell of the sulfur dioxide van-
1shed, indicating that 1t was reacting with the sodium bicar-
bonate.

[0042] Example 3. Chamber Testing of Sorbent. A testing
chamber was built using a 12-gal waterproof plastic con-
tainer. The atmosphere inside the chamber was probed for
formaldehyde vapor using colorimetric tube (Gastec® 91
PL) and an SKC™ pump (model 224-36) operated 1n low
volume mode. The volume of air pumped through a detector
tube was confirmed to be consistently 200 mL/min using a
50 mL pipet as a bubble meter, connecting the downwind
side of the tube with Tygon® tubing. This was confirmed 1n
real time with the instrument’s flowrate meter. The chamber
was sampled for 30 min per measurement at 78° F. One hole
was drilled into either side of the chamber, and these were
fitted with rubber grommets to hold the Gastec® tube 1n
place with an airtight seal. The holes were sealed with metal
pins when the chamber was not being sampled.

[0043] The formaldehyde source used for the experiment
was produced using a piece of particle board (Home
Depot™, 34"x2'x4' cut into 1' squared). A single 1" square
ol particle board was placed into the chamber, the chamber
sealed, and 1t was allowed to outgas for 1 h. After 1 h, the
concentration of formaldehyde 1n the chamber was mea-
sured to be 150 ppb. The chamber was opened, and the
sorbent air purifier was added, and the chamber sealed. After
1 h, the concentration of formaldehyde was measured to be
<20 ppb. The air purifier was removed, and the chamber was
again sealed for 1 h. The concentration of formaldehyde 1n
the chamber was found to have returned to 150 ppb. The
experiment was repeated for 6 h and 24 h time intervals. In

all cases the purifier was found to lower the formaldehyde
levels (see FIG. 7B).

[0044] It should be understood, of course, that the fore-
going relates to exemplary embodiments of the mvention
and that modifications may be made without departing from
the spirit and scope of the mvention as set forth in the
tollowing claims.

What 1s claimed 1s:

1. A diffusive air punifier comprising:
a. an air permeable container; and

b. a chemical sorbent or a precursor thereof contained
within the permeable container, said chemical sorbent
having a chemical composition selected to achieve
removal of a predetermined air pollutant via a chemical
reaction that renders the predetermined air pollutant
immobile.

2. The diflusive air purifier of claim 1, further comprising
a permeable pouch housed within the permeable container
and surrounding the chemical sorbent.

3. The diffusive air purifier of claim 1, wheremn the
chemical sorbent 1s impregnated onto a porous substrate.

4. The diffusive air purifier of claim 1, wheremn the
container further comprises a colorimetric indicator adjacent
to a color standard that indicates the color of the colorimetric
indicator when the chemical sorbent 1s saturated.
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5. The diffusive air purifier of claim 1, wherein the
predetermined air pollutant 1s selected from the group con-
sisting of: an aldehyde; sulfuryl fluoride; nitrogen dioxide;
sulfur dioxide; an airborne acid; and any combination
thereof.

6. The diffusive air purifier of claim 1, wherein the
chemical sorbent 1s activated carbon and the predetermined
air pollutant 1s sulfuryl tluoride.

7. The diffusive air purifier of claim 1, wherein the
chemical sorbent 1s sodium bisulfite and the predetermined
air pollutant 1s an aldehyde.

8. The diffusive air purifier of claim 1, wherein the
precursor ol the chemical sorbent 1s present and further
comprising an activator operative to chemically convert the
precursor to the chemical sorbent.

9. The diflusive air purifier of claim 8, further comprising
a flexible plastic tubular container with perforated endcaps
containing the precursor; and a glass tube suspended within
the flexible plastic tubular container, said glass tube con-
taining the activator.

10. The diffusive air purifier of claim 8, wherein the
precursor 1s sodium bisulfite gel solution and the activator 1s
succinic acid.

11. The diffusive air purifier of claim 1, further compris-
ing a sulfur dioxide source surrounded by a permeable
barrier nested within the chemical sorbent, wherein the
chemical sorbent 1s formed from a chemical sorbent precur-
sor comprising sodium bicarbonate.

12. The diffusive air purifier of claim 11, wherein the
sodium bicarbonate 1s supported on a substrate or 1s present
as solid particles.

13. The diffusive air purifier of claim 11, wherein the
sulfur dioxide source comprises sodium bisulfite 1n an acidic
environment.

14. A method of manufacturing a diffusive air purifier,
comprising:

a. impregnating a porous solid with a solution of chemical

sorbent precursor; and

b. drying the porous solid.

15. The method of claim 14, further comprising:
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. shredding the porous solid;

. inserting the shredded porous solid into a mesh bag;
. sealing the mesh bag;

. inserting the mesh bag into a container; and

¢. sealing the container.

16. The method of claim 14, wherein the step of impreg-
nating the porous solid comprises coating the porous solid
with sodium hydroxide solution to produce a sodium
hydroxide coating; and further comprising;

a. reacting the sodium hydroxide coating with sulfur

dioxide.

17. The method of claim 14, wherein the porous solid 1s
an air filter configured for use 1n an air handler component
of a heating, ventilation, and air conditioning (HVAC)
system.

18. A method of purifying indoor air comprising:

a. detecting a measured concentration of an airborne
chemical 1n an enclosed location;

b. selecting the diffusive air purifier of claam 1, wherein
the diffusive air purifier 1s operative to adsorb a pre-
determined mass of the airborne chemical per a mass of
chemical sorbent contained within the diffusive air
purifier; and

c. placing the diflusive air purifier 1n the enclosed loca-
tion.

19. The method of claim 18, further comprising deter-
mining an effective lifetime of the diffusive air purifier based
on the measured concentration, the predetermined mass of
the airborne chemical, and the mass of the chemical sorbent.

20. The method of claim 18, further comprising;

a. removing a section of the diffusive air purifier after a
predetermined time;

b. analyzing quantitatively a content of the airborne
chemical within the section;

c. calculating a remaining eflective lifetime of the diflu-
sive air purifier; and

d. 1ssuing a report stating the remaining effective lifetime
of the diffusive air filter.
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