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HUMIDITY CONTROL SYSTEM FOR WOOD PRODUCTS
CROSS~-REFERENCED TO RELATED APPLICATIONS
Not applicable
3 STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

Not applicable
BACKGROUND OF THE IRNVENTION
I. PField of the Invention
10 The present invention relates generally to the
preservation of woed ceontaining objscts and, in

particular, to woeod ceontaining obiecits such as museum

artifacts, and musical instruments by controlling the
humidity of the storage environment for such items.
15 II. Related Art
Wood products stored in enclosures will absorb and
release moisture as dictated by the temperature and

storage environment humidity. Unfortunately, as moisture

content changes, wood will shrink and expand in a manner

20 that will often change the physical properties and

appearance permanently and may damage a stored wood
product. It is well XKnown, I[or example, that in cold
waather, particularly in polar latitudes, the indoor
moisture content is often very low and low humidity

23 levels cause wood products to shrink in a manner that mavy

cause damage. Conversely, in high humidity environments

such as tropical regions, the high humidity may well
damags woed products due to moisture absorption and
swelling. Because of concerns with environmental

30 humidity, highly valued wood products such as art
ocbjects, musical instruments, and even expensive sports
egquipment are frequently sealed in a controlled humidity
snvironment. The recommended relative humidity (RH) for

the storage of weood products has been found to de between
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40% and 60%,
As disclosed in U.8. Patent 5,936,178, the relative

humidity of closed envireonments can be stabkilized hy the

use of humidity control systems comprisaed of moisturs

) oermeable pouches containing specific salt solutions.
Also, certain non-ionic sclution containing low molacular
weight molecules such as ethyvlene glyeol, propvlens
glycol, glvecerin, ursa, guanidine, ethancol amine, simple

sugars, or sugar alcohols may be employed. The choice of

1§ the solute and the solute concentration in an aguecus

solution determines the solution water activity {a,). The
water activity of a8 spolution will eguilibrate with the
surrcounding atmosphere until the relative humidity {(RH}
18 eguivalent to the water activity. Thus, the RH

is percentage will egual the a,X10°, For example, an agusous
sglution ¢f saturated sodium chloride with excess

crystals, ay 0.75 will sguilibrate with the moist air or

dry air in a closed system until 8 relative humidiity of
75

20 However, it has also been discovered that many of

oL

parcent 18 achieved.

the solutions that are mest effective in estabklishing and
maintaining the coptimal relative humidity rangs {(40% to
60%}) have undesirable properties such as chemical
reactivity with packaging material, Ccorrosivengss,

23 undesirable gas formation, oy limited moisturs transfer

capacity {(MTC) (defined bkelow). For example, a saturated

solution of potassium carbonate with excess crystals will

maintain a stable humidity in the desired 40% to 60%

» ﬁ ~

range, but the high pH of the materlal will degrade many

¢

30 packaging films. Another problem is the corrosive gas

that 1s formed when nitrite =zalts are used to control the

humidity,

The molsture transfer capacity (MTC) 15 defined as

the ameount of nmoisture transferred, inte or gut of &



CA 02905563 2015-09-11

WO 2014/158383 PCT/US2014/015547

3.

3

given control svstem, i1.e. device, pouch, seto., over a

defined relative humidiiy range. For example, an agueous
solution of calcium chloride, magnesium chloride, or

glycerin may be used to control humidity betwsen 40% and

c{1%, but the MTC i1s only about 15 to 20% ¢©f the packags
weight. Also, meisture control systems emploving sclid
subdstrates such as silica gel or water abscorbing crganic

polymers, &.4., acrylamide, can pe formulated to a

specific relative humidity; however, these systems arve

10 characterized by low moisture transfer capacity and are

less useful for maintaining a controllied humidity

environment, Clearly the molisture transfer capacityv of a
bmidity control system is very important for maintaining
the desired humidity over a range of environmental

15 conditions., As the meisture transfer capacity of the
device increasss, there is an increased ability of the
gevice to provide the necessary moisture to maintain the
numidity reguired to protect a wood product of interest.

SUMMARY QF THE INVENTION

2{} The present invention provides devices or containers
in the form of packets or pouches containing material
systems in the form of humidity control solutions for

contrelling the relative humidity at an optimal level for

wood product and museum artifact pressrvation when such

23 items are kept in a generally closed environment. This
invention discleoses preferred systems providing superior
moisture transfer capacity for stabilizing the relative
humaidity generally within the critical range of 40% to
oU% reqguived for wood products. The disclosed formulas

30 provide superior molilsture transfer capacity in this range

without undo corrpsion, or package degradation., In a

preferred form, ths prasent invention employvs a saturated
aguacus scelution of sodium formate mixed with acetate,

lactate or citrate salts. These sclutions may be
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contained in a varlety of polvmeric films that will allow

the ftransfer of moisture wapor but not liguid selution
and enable control the relative humidity beatween 40%
and 6U% in a3 ssaled containey such as a musical
instrument case or a display cabinet.

Certain thickening agents may be added to these
humidity control seolutions in crder to increass and
control the viscosity. A high viscosity product will

minimize undesirable solution leakage in the event of a

package defect. Many potential thickening agents were
disclosed in the above-cited U.3. Patent 5,836,178, In
the material of the present invention, the preferred
thickening agsnts include hydroxvethvicellulose
(Natrosol®}, xanthan gum, alumina {Aeroxide®!, and fumed
stiica {(Rerosil®). These thickening agenits have a high
molecular weight and are added in low concentrations so

that they exert only a minimal sffect on the relative

humidity control of the device yvelt greatly increase the

viscosity of the solution.

in some embodiments, the humidity control solutions
or sysiems in acceordance with the invention are
introduced inte pouches formed from pelyvmeric films that
preathe in a manner such that they will transport
moisture vapor but will contain the solution without
ieaking liguid. The water vapor transporit, Xnown as

watey vapor transmission rate {(WVTR} is measured in ferms

of grams of water passed pey 100 sqguare inches of

material per 24 hours under standard test conditions. It
15 a function of the tyvpe of film used and the thickness

ocf the £ilm. The total moilsture transferred, of course,

18 alse determined by the area ¢f £film exposed to a
humidity control sclution in a given application. It has

peen shown that a WVTR of abkout 10 grams water per 100

sgquare inches oveyr 24 hours provides good results for a
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device 1n accordancs with the invention. Packaging film
materials that may be semploved include polyvvinvichloride,
fibrous polyethylene (TYVEK®), cellophane, polvearbonate,
thin polyolefin, oriented polystvrene, polvilucrocarbon,

or polvester such as the elastomery Hytrei® laminated onio

a suitable substrate such as paper. The pouch may

A

comprise polvamide nyvion film, such as Capran®, stvrene-

putadisaneg copolymer such as K-Resin®, celliulosse acetate,
poivethviene terephthalate {(Myvlar®), ethylene vianvldi
acetate, or eihvlene vinvl alcohol,

However, the relative humidity conitrel device is not

ilimited to a polyvmeric film pouch. Any container or

material that will transport water vapor while retaining

the liguid <an provide a sultable container for the

humidity control scelutions of the invention.

An aspect of the invention is that the humidity
control devices poth add and remove watey vapor in a
storage containsr atmosphere to eguilibraits the water
activity ¢of the humidity centrol scoliution ¢f the controel
device with the surrounding atmosphere ¢of the stcrags
centainer. The particular cheoice ¢f solute determines
the a, or RH Yset point” of a particular device or pouch.

A plurality of pouches can be used 1n a given storages

container. The devices may be of the sams or different
sizes or capacities and sat peints. While a WVTR of 10
gm water wvapoyr peyr 100 in®/24 hours provides good results,
a general range from 1 to 25 gm water vapor in 24 hours
may e used. Both the RHEH set point ang the WVTR 0f &
given device depend on the combination of the composition

of the humidity control solution and the composition and

thickness of the packaging filim,
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BRIEF DRDESCRIPTION OF THE DRAWINGS

In the Drawings:

o

4
\

Figure gepicts a tLypilcal pouch for humidity

control in aceordances with the invention: and

tfy

Figure 2 depicts a8 plurality of the pouches of
Figure 1 placed in a guitar case with a guitar.
DETAILED DESCRIPTION
The following detailsd description that describes
one or more embodiments of the present ianvention in

10 detall is offered by way of example and is not msant 0

ilimit the scops of the invention as othey combinations

and variations may ccour to those skilled in the art that
are well within the scepe of the inventive concent.
The present invention comprises a humidity control
15 device including a polvmeric £1ilm pouch having walls
sufficiently permeable t¢ permit migration of water

through the fiim in the form of water vapor and yei thick

and impervious enough to prevent the escape of liguilds.

Certain preferred embpodiments employ an agusous humidity

clution inciuding sodium formate, combined with

20 control

{72

potassium acetate or sodium lactate, and a thickening

agent such as silica, hvydrozxvethvlecellulose, alumina orx

xanthan gum. The sclutions may contain excess soluts,

1.e. sodium formate, potassium acetate, or sedium lacghate
23 to increase the capacity of the device to remove waiter

vapoyr from the surroundings.

The polymeric film pouch may be constructed of any
3ize Or shaps necessary to hold the amount of solution

A

necessary to stabilize the humidity of the environment of

30 interest to be contrelled. A tvpical device to maintain
the numidity in a guitar case, oy example, 1s a pillow

like, water wvapor permeable, polymeric pouch containing

3

about 7U grams of control sclution. Such a pouch 1is

rillustrated at 30 in Figure 1. Larger pouches orx

[ £
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multiple pouches may bs emploved to control the humidity

cf larvger volumes such as glass or metal cases usad

Lo display or store art obiects or museum artifacts.,
The peouch of the present invention may be

constructed of any poivmeric material that contains the

solution, but has a sufficient molsture vapor
transmission rate. Materials such a polvethvliene,

polyvinvichioride, polystyrene, polvamides such as nylon,

[ £

cellophane, ethvlene vinyl acetate;, and polyesters such

10 as polyethyvliene terephthalate or Hytrel® have beean

emploved successfully. A preferred packaging material

old under

{72

contains a thermoplastic polyester elastomer
the trademark Hytrsl®.
The preferred rangs of water vapor transmission rate
15 for the pouch material is one that fransmits moisture
from abeout 1 percent to about 40 percent by weight of ths

initial total package contents over a Z24-hour period in

an atmosphere ©f less than 10% relative humidity and

A

whaerein the pouch absorbs moisturs from abkout 1 parcent

20 to about 40 percent by weight of total initial package

contants over a Zi-houy period in an atmosphere greater
than 85 perceni relative humidity. Most preferably, the
pouch material 1s one that fransmits and absorbs water

vapdy in an amount from about 1% to about 50% by weight

LS )

25 of the total initial package contents over a 24-hour

period in the respeactive atmesphere of 10% relative
numidity and 85% relative humiditbty.
The preferred wailsy vapor permeable pouch materials
incliude pouches comprising poelvmeric materials such as
30 polyvester, Hytrel®, polyvinvichlorids, polymeric
fTlueorccarbon, nyvion, poly lactate, poelyethyiens vinvl
alteohoel, pelyethylene vinyl acetate, polvstvrsns,

polyethylene, Surlyn®, polypropylene, polyethylene

terepinthalate, compbination polvmers or similar materials
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that transmit water wvapocr, bul not liguid water. Any
material that mests the basic criteria might e used.
Any receptacie that transmiis water vapor as desired and

provides a parrvier to liguids can be used. In addition,

the molsture control system, sealsed pouch may be

contalined in a second {(outsr) water vapor permeable

pouch, bag or cotheyr container in order to provide back-up
protection 1if the primary pouch should leak.

The solutions disclosed in this invention may
contain from 15% to 50% water depending on the humidity
of the environment Lo be controelled., The sodium formate,

sodium lactate and potassium acetate are used to obtain

the optimal humidiity control, and certain formulations
may contain an excsss of these components, generally as
crystals. Although Thickening agenits are not reguired or
instrumental in controlling humidity, the humidity
contrel sclutions may be thickened Lo improve processing
and minimize poetential leaks. Although different
thickeners can potentially be emploved, hyvdrophelia fumed
silica in the form of Aeresil® 200 {(Eronik) and brine

tolerant xanthan gum (Danisco® 3M) are preferred. The

[ £

xanthan is used at levels ranging from 0.2% te 0.7% and

the Asrosil i1z usaed at about 2.5% teo achieve the desired

v osity which 18 in the range of about 500 to about

i
IRt

8¢
0 centipoise.

With respect o humidity controel compositions, an

aagaditiconal drawback to many invelves off-gassing, or the
evelution of trace gases such as hvdregen sulfide, sulfury
cxides, velatile acids or nitrogsen oxides which will,
cver Lime, coryrode components such as metal or fabric in
an chiject to be protacted by a humidiiy control device.

A standard test in the industrvy is referred to as the
Oddy test which exposes lead, copper and silver to the

humidity control system at 60°C for 28 davs. Any
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delateriocus off-gassing will corrode one or more of these
metals and rander the corresponding humidity control
device unacceptable for many appiications. The humidity

control devices of the present invention do not have this

drawback as they are able o pass the Qddy test and are

guite benign Lo the typical environment of use.

Thus, preferrsd materials for the moisture control
system include an agqusous selution containing salts
selected from sodium formate and potassium formats

10 combined with one or more additicnal components selecisd

from sedium lactate, potassiun lactate, sodium citrats,

potassium citrate,; scodium acetate and potassium acehate.

o

The pH of the solution may

-

be adijusted using common
acids or bases such as, but not limited to, citric acid,

5 lactic acid, formic acid, phosphoric acid, phosphate

salts, sodium hydroxide, oy potassium hyvdroxide. A

praferrved pH range is from about &.3 to about 9.5,
Preferably, but not necessarily, the humidity

control soluticn is thickened with a viscesity control

A0 agent selescted from, but net limited to, such substances

as silica, alumina, chemically modifised cellulose and

xanthan gum. Activated carbon may also be added to the
humidity control scolution.
QPERATION
25 In use, the humadity control devicss of the preseant
invention are placed in sealed cases or other similar
nlace containing an ohkject to pe protected by controlled
numidity. For sxample, as depicted in Figure 2, one or

more pouches 30 may be placed in a guitar or violin case

30 43 with an instrumsnt 50. Likewise, one or more pouches

may Dhe placed in a sealed cabinet containing art work orv

museum artifacts. Theoretically, 1L the pouch were sized
correctly and the cabinel or case had a peris=ct seal, the

controlled humidity would be maintained indefinitely.
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However, actual enviroenments are less than ideal and

l1

cases and cabinets tend to leak and may be o

oL

:?@E}@d from

time to time. Accordingly, a gilven pouch will gain water

or lose water in such & fashion as to prozect the

.y

valuable cbiect until the pouch has gainsed or lost watbs

exceeding its meoisture transfer capacity. This limit can

be deitsrmined faslily by measuring either the relative
humidity in the case cabinet, or the weight change in the
pouch,

-

10 A preferred method to contain the humidity contrel

pouch in an envirgomment teo be controllad is to place it
inside a bag constructed of Gortex® or similar material
that will contain any petential scolution leak, but will
readily enable transfer of water vapor.
{3 ERAMPLES
Exanmpis 1

In cone preferred embodiment ¢f the presant

invention, a saturated agusous solution ¢of sodium formate

containing potassium acetate was prepared by adding 476

20} grams of sodium formate to 355 grams of water and 170

grams of a potassium acetate soliution containing 50%
B

ctassium acelate and 5U% water {weight). Xanthan gum

o

Danisco SM (3 grams)] was dispersed into the mixture.

& heated to 160°F (71.1°C) and then cooled

4

TNis MixTUure w:

¢

25 to 120°F (48.9°%C) . This solution was filled into a pouch
: 3 3 . 7 ™ -3
comprised of Hyitrel® film (DuPont)y (1.5 x 107° inches

thick}) on a paper substrate. The pH was found to be 8.3

and the relative humidity 53% {water activity 0.53}.

When placed in a dry atmosphere (10% RH} in a gulitar
30 case, this device emitted 32% of the solution weight as

moisture before it resached the 40% RH limit. When placed

in a aumid atmosphere {(85% RH!, this sclution absorbed
12% ©of the pouch content weight before reaching the

higher ©0% RH {(U.&60 water activity) limit. Thess are
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highly satisfactory results and a pouch containing 78

grams ¢f this sclulion was aple Lo maintain the desired
numidity for ssveral months in & gultar case, containing
a guitar, when tested over a variety ¢f high and low

numidity conditions, This humidity control svstem alsc

passed the Qddy offi-gassing performance test.

Exampie 1A
& saturated aquecsus solution of sodium formate
contalining potassium acetate was preparsed by adding 470
grams of sodium formate to 355 grams of water and 170

rams ¢of potassium acetate solution {(50% water) as in

03

Example 1. The mixture was heated to 100°F (37.8°C) and

-

{n

35 grams of Aerosil® 200 hydrophilic fumed silica
(Eronik) was added and theoroughly mixed. The pH was found

Lo be Y.2 and the humidity 542% {(water activity 0.52).

The watery emitting and absorbing characteristics of this

formula were similar to that of Example 1 when exposad Lo
eguivalent envirommental conditions. This humidity
control system also passed the Qddy offmgaSSiag
periormancs test.

Example 18

A saturated agusous solution of sodium formate

containing potassium acetate was prepared exactly as

‘

Example 1A except €0 grams of alumina

described in

(Aeroxide® Alu 130} fumed aluminum oxides {(Eronik) was
added in place of the Aerosil®. The phE was found to bhe
¢.7 and the water activity 0.32. This soclution performed
aggentially eguivalent to that of Example 1A, This
humidity contrel system passed the Oddy off-gassing
performance test.

Example 2

A& saturated aquecus sciution ¢of sodium formate

containing sodium lactate was prepared by adding 470

grams cof sodium formate, 125 grams of 0% scdium lactate
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soiution {40% water) {weight}, and 5 grams of xanthan gum

to 400 grams of water. The mixture was heated to 1&0YF

-

{(71.17°C) during continucus mixing. This scolution pH was

-

8.2 and the water activity 0.5%4. This soluticen had a
malsture transfer capacity of 36% of the initial seolution
weight before 1t reachsd the a lower ilimit of 0.43 water
activity and 12% solution weight was gained in a high

numidity envirenment until the upper limit of 60% RH

{0,060 water activity) was reached. When placed in a

gultar cass, three 70~gram pouches maintain the relativs
humidity within the case for over thres months. This

numidity control system also passed the Qddy off-gassing

parformance test,

Exampla 3

A saturated agquecus soluition of sodium formate
containing potassium citrate was prepared by adding 430
grams of scodium formate and 142 grams of tripotassium

=

'

rams water., The inid

citrate mono hvdrate to 430

W

water activity was 0.53 and the pH 8.3. In a low
numidity environment (10% RH), this solution was shown Lo
Lose 35% water by weight of the initial solution hefore
reaching a water activity of 0.40.

Example 4

Formula to Control High Humidity Environment

A& saturated agueocus solution of sodium formate

containing sodium lactate was prepared by adding 400

grams of sodium formate to 300 grams of 60% sodium

lactate {40% water) {(weight}. The mixture contained a

substantial sxcess of sodium formate crystals. The water
activity of the solution was 0.44, the pH was 7.8. Whern

this solution was exposed to an atmosphere greater than

23% RH, this sclution gailned 38% water by weight of the

selution before reaching the high limit relative humidity

of 60% (0.60 water activity}). This humidity control



CA 02905563 2015-09-11

WO 2014/158383 PCT/US2014/015547

~13-

system also passed the Gddy off-gassing pesricrmance test.
Example 5

Formula to Controeld High Humidity BEnvironment

& saturated agquesus scolution of sodium formate

containing poetassium aceltate was prepared pyv adding 150

grams of scodium formate to 290 grams ©f a 50% agueous

solution of potassium acetate. The watery achtiviiy was

shown to be 0,38 and the pH 9.07. This soliution

containing excess crystals gainsd 45% of the initial

mixture weight as water before reaching a water activity
of 0.60., This humidity control system alse passsad the

Oddy off-gasszsing pericrmance test.

wih

=&l 1R

)

h

considerable detaill in order to comply with the patent

This invantion has been descrihed

£

statutes and to provide those skilled in the art with the

information nesdsad to apply the novel prainciples and to

4

construct and use embodimsenits of the exampie as reguired.
However, it is to e undersitood that the invention can be
carried ocut by specifically different devices and that
various modifications can pe accomplished without
Aaparting from the scope of the invention itself.

What is claimed 1is°
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AMENDED CLAIMS
received by the International Bureau on25 July 2014 (25.07.2014)

1, A humidity control device for use in a closed
environment for maintaining a relative humidity in the
closed environment in the general range of 40% to 60%,
the device comprising:

{a) a pouch formed of a thin-walled polymeric
material permeable to water wvapor but not to
liquid solutions;

(b) a humidity control solution comprising
saturated aqueous salt solution containing an
amount of sodium formate sealed in said pouch
wherein said salt solution contains from about
30% to 90% salt; and

(c) whereln the water vapor permeability of the
pouch is such that the moisture transfer
capacity of the pouch transmits at least from
about 1% to about 50% by weight of the initial
pouch contents in a 24-hour period when exposed
to an atmosphere of less than 10% relative
humidity and absorbs at least from about 1% to
about 50% by weight of the initial pouch
content when exposed to an atmosphere having
greater than 85% relative humidity.

2. A humidity control device as in claim 1 wherein
the humidity control solution further comprises an amount
of one or more salts selected from the group consisting
of sodium lactate, potassium lactate, sodium citrate,
potassium citrate, sodium acetate and potassium acetate.

3. A humidity control device as in claim 1 wherein
said humidity control solution is thickened by an amount
of one or more compatible viscosity control agents.

4, A humidity control device as 1in c¢laim 2 wherein
sald humidity control solution is thickened by an amount

of one or more compatible viscosity control agents.

AMENDED SHEET (ARTICLE 19)
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A2 humidity control device as in claim 3 wherein
Or more viscosity control agents are selected
group consisting of silica, alumina, chemically
cellulose and xanthan gum.

A humidity control device as in claim 4 wherein
Or more viscosity control agents are selected
group consisting of silica, alumina, chemically
cellulose and xanthan gum.

A humidity control device as in claim 1 wherein

10 the device passes the 0ddy off-gassing test.

8.

A humidity control device as in claim 4 wherein

the device passes the 0ddy off-gassing test.

9.

A humidity control device as in claim 1 wherein

said humidity control solution contains an amount of

15 activated carbon.

10.

A humidity control device as in claim 1 wherein

said humidity control solution comprises an agueous

solution

of sodium formate containing an amount of

potassium acetate.

20 11.

A humidity control device as in claim 10

wherein said solution of sodium formate is saturated.

12,

A humidity control device as in claim 11

further comprises an amount of xanthan gum.

13. A humidity control device as in claim 11
25 further comprises an amount of alumina.
1l4. A humidity control device as in claim 1 wherein

said humidity control solution comprises a saturated

aqueous solution of sodium formate containing an amount

of sodium lactate.

30 15.

A humidity control device as in claim 15

wherein said humidity control solution contains an excess

amount of sodium formate crystals.

16.

A humidity control device as in claim 1 wherein

said humidity control solution comprises a saturated

33 agqueous solution of sodium formate containing an amount

AMENDED SHEET (ARTICLE 19)
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of potassium acetate.

17. A humidity control device as in claim 1 wherein
the pH of the humidity control solution is in the range
of from about 6.5 to about 9.5.

18. A humidity control device as in claim 17
wherein the pH of the humidity'control solution 1is
adjusted by adding an amount of an acid or base selected
from the group consisting of citric acid, lactic acid,
formic acid, phosphoric acid, phosphate salts, sodium
hydroxide, or potassium hydroxide.

19. A humidity control device as in claim 1 wherein
said polymeric material of said pouch is selected from
the group consisting of polyesters, polyamides,
polyvinylchloride polymeric fluorocarbons, poly lactate,
polyethylene vinyl chloride, polyolefin’s, polystyrene,
polyethylene terephthalate, styrene-butadiene copolymer,
and combinations thereof.

20. A humidity control device as in claim 1 further
comprising vapor-permeable outer pouch for containing
said pouch as a further protection against leaks.

21. A humidity control device as in claim 1 further
comprising a bag for containing said pouch.

22. A humidity control device as in claim 19
wherein said polymeric material of said pouch comprises a
polvyvester.

23. A nmethod of controlling relative humidity in a
closed environment comprising introducing one or more
humidity control devices of claim 1 into the closed
environment and monitoring the relative humidity in that
environment at timed intervals.

24. A method as in c¢laim 23 including monitoring
the weight of said one or more humidity control devices.

25. A humidity control device for use in a closed
environment for maintaining a relative humidity in the

closed environment in the general range of 40% to 60%,

AMENDED SHEET (ARTICLE 19)

PCT/US2014/015547
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the device comprising:

(2) a pouch formed of a thin-walled polymeric
material permeable to water vapor but not to
ligquid solutions;

d (b) a humidity control solution comprising
saturated agueous salt solution containing an
amount of potassium formate in combination of
one or more salts selected from the group
consisting of sodium lactate, potassium

10 lactate, sodium citrate, potassium citrate,
sodium acetate and potassium acetate sealed in
sald pouch wherein said salt solution contains
from about 30% to 90% salt; and

(c) wherein the water vapor permeability of the

15 pouch is such that the moisture transfer
capacity of the pouch transmits at least from
about 1% to about 50% by weight of the initial
pouch contents in a 24-hour period when exposed
to an atmosphere of less than 10% relative

20 humidity and absorbs at least from about 1% to
about 50% by weight of the initial pouch
content when exposed to an atmosphere having

greater than 85% relative humidity.

AMENDED SHEET (ARTICLE 19)
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