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(57) ABSTRACT 

A composition for moisture regulation in the form of a gel is 
disclosed. The composition includes magnesium chloride, 
and a cellulose selected from hydroxypropyl methylcellulose 
and methyl hydroxyethyl cellulose and water, in which the 
ratio between the quantity of magnesium chloride and the 
cellulose is between 0.1 and 16 by weight. Preparation meth 
ods for Such composition and methods for regulating the 
moisture of an environment are also disclosed. 
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COMPOSITION FOR AMIBIENT MOSTURE 
REGULATION, METHOD OF PREPARATION 

THEREOF AND USE THEREOF TO 
REGULATE THE MOSTURE OF AN 

ENVIRONMENT 

TECHNICAL FIELD 

0001. The present invention relates to a composition for 
moisture regulation in closed environments, such as packag 
ing, containers, boxes or even shoes, for example. 

BACKGROUND ART 

0002. It is known that the presence of excess moisture can 
affect the condition of numerous products due to the forma 
tion of fungi, mould, bad Smells or condensation. 
0003. At the same time, an environment that is too dry is 
harmful to other materials. In these conditions, for example, 
the state of wooden musical instruments can be affected and 
the flavour and fragrance of foods and spices is altered. 
0004 To reduce the moisture in a closed system, desiccat 
ing materials are commonly used, generally supplied in 
breathable bags. The most commonly used include silica gel. 
activated clay and hygroscopic salts. 
0005. However, the limits that make these materials 
unsuitable for use as moisture regulators are numerous. 
Firstly, they capture the moisture (until they are completely 
saturated) even when not necessary, with the risk of making 
the environment too dry. 
0006. A second limit is their poor or null regeneration 
capacity (i.e. moisture release) once maximum absorption 
has been reached. In these conditions they become unusable, 
and to re-activate them they have to be heated to over 100°C., 
with consequent high energy consumption and poor practi 
cality in terms of use. 
0007. A third limit of some of these materials is their 
deliquescence, a phenomenon that consists in the formation 
of an aqueous solution following the absorption of moisture 
by a solid hygroscopic salt. In addition, said solution can 
contain ions which are potentially corrosive for the material 
to be protected. 
0008 To remedy this problem, various formulations are 
known in which particles of hygroscopic Salt are mixed with 
thickening materials. However, organic thickeners such as 
modified Starches or Sugars have the unfortunate drawback of 
being an excellent nutrient for the development and prolifera 
tion of bacterial growth, especially if used in large quantities. 
0009. An important aspect is that the majority of the des 
iccating products cited above cannot be used in direct contact 
with food. A solution to this problem may be the use of 
Suitable protective membranes which contain the desiccating 
material. In this case, however, the moisture absorption speed 
is inevitably reduced, and at the same time the end cost of the 
product increases. 
0010. In addition to the above, to raise the moisture level in 
a dry system, humidifiers are usually used which constantly 
release moisture until they become completely depleted. As 
described for the desiccants, also in this case the process is not 
controllable, with the risk of passing from an excessively dry 
environment to an excessively humid environment. 

DISCLOSURE OF INVENTION 

0011. The object of the present invention is therefore to 
provide a new moisture regulation material which has a high 
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capacity to retain or release moisture according to utilisation 
requirements, which is not subject to phenomena of deliques 
cence in all working conditions, which has a rapid regenera 
tion capacity, and which can be used in direct contact with 
food. 
0012 Said object is achieved by the present invention, 
which relates to a moisture regulation material according to 
claim 1 and a method for the preparation thereof according to 
claim 4. Since the moisture regulator consists of a solid mate 
rial in stable gel form which maintains its form, it does not 
require any container, like boxes or bags, thus facilitating the 
use thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0013 The present invention will be described below in 
detail with reference to the figures of the accompanying draw 
ings, in which: 
0014 FIG. 1 illustrates the results of the test conducted in 
example 3: 
0015 FIG. 2 illustrates the results of the test conducted in 
example 4; 
0016 FIG. 3 illustrates the results of the test conducted in 
example 6: 
0017 FIG. 4 illustrates the results of the test conducted in 
example 7: 
(0018 FIG. 5 illustrates the results of the comparative 
analyses with the systems of the known art of example 8. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0019. According to a first embodiment of the invention, a 
composition is provided for moisture regulation in stable gel 
form which maintains its form consisting of magnesium chlo 
ride, a cellulose selected from hydroxypropyl methyl cellu 
lose and methyl hydroxyethyl cellulose and water, in which 
the ratio between the quantity of magnesium chloride and the 
cellulose is between 0.1 and 16, preferably between 0.5 and 4. 
more preferably equal to 1. 
0020. The term “composition for moisture regulation' 
indicates a composition able to absorb in a first step the 
ambient moisture which is then released in a second step at 
ambient temperature without the use of ovens or high tem 
peratures. 
0021. The composition thus obtained is in a stable gel 
form which maintains its form and is able to absorb moisture 
up to over 250% by weight in conditions of extreme relative 
moisture. 
0022 Advantageously, selection of the specific salt and 
specific gelling agent used in the above composition allows a 
moisture regulator to be obtained which does not have the 
deliquescence typical of chlorides and does not modify its 
aspect before and after absorption with enormous advantages 
in application terms. Furthermore it consists solely of com 
ponents approved by the FDA in the food sector and therefore 
the composition can be used in direct contact with foodstuffs 
or as a coating for food wrappings. 
0023. In addition, since magnesium chloride is widely 
used as a food Supplement and the above celluloses are often 
applied in the pharmaceutical industry as coatings for pills 
and capsules, the moisture regulator described here is edible. 
0024 Preferably the composition can be used as it is or 
alternatively it can be used inside a wrapping, for example a 
container or a bag, permeable to moisture. 
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0025. According to a second embodiment of the invention, 
a method is furthermore provided for preparation of the com 
position described above. 
0026. In the art, the preparation of compositions compris 
ing hygroscopic salts and cellulose is known, as illustrated for 
example in U.S. Pat. No. 7,326,363 and U.S. Pat. No. 7,927, 
655. 
0027. The first comprises the addition of small quantities 
of cellulose to a solution of calcium chloride prepared previ 
ously (method in solution). As highlighted in the patent, said 
method has the drawback of producing a highly non-uniform 
sample, with the presence of lumps, which require various 
precautions to be taken during the production process (mini 
mum gradual dosages of cellulose, atomisation of the solu 
tion, etc.). Consequently, said method is less effective, more 
costly and disadvantageous in energy terms with respect to 
the synthesis method of the present invention. 
0028. To remedy the drawback of non-uniformity of the 
sample during synthesis, the known art proposes a second dry 
method illustrated in U.S. Pat. No. 7,927,655. Said method 
comprises mixing of the two Solid components which are then 
conditioned in a climatic chamber. Said conditioning entails 
two distinct steps: the first with high moisture level, for 
example RH-90%, and the second with low moisture and 
high temperature, thus roughly doubling the synthesis times. 
0029. The method of the invention overcomes the draw 
backs described above. 
0030 The first step consists in the preparation of a solution 
obtained by dissolving the magnesium chloride in water. The 
solution thus obtained is heated to a temperature above 50° 
C., preferably 70° C. After heating, the cellulose in powder 
form is added by stirring. The solution thus obtained is then 
quenched to temperatures below 10°C., preferably below 5° 
C. The gel obtained is then conditioned in a climatic chamber 
under the desired conditions according to the final applica 
tion. 
0031 Advantageously, unlike the methods used so far, by 
heating the solution to high temperatures before adding the 
gelling agent, an extremely uniform and workable solution 
can be obtained which is not subject to deliquescence. Fur 
thermore said preparation method is much cheaper and 
quicker than the dry preparation methods known in the art. 
0032. The product thus obtained can be used in numerous 
applications for moisture regulation in an environment, inside 
packaging, containers, boxes or even shoes. 
0033 Advantageously, further additives can be added to 
the composition of the invention, such as fragrances and 
antibacterial Substances for example, in relation to the desired 
SC. 

0034) Further characteristics of the present invention will 
become clear from the following description of some merely 
illustrative and non-limiting examples. 

EXAMPLE1 

0035. Preparation of the Composition 
0036 Various samples of the composition were prepared 
as described below. 
0037. A known quantity of salt is dissolved in 10 ml of 
demineralised water. The solution obtained is then heated in a 
water bath to a temperature of approximately 70° C. 1 g of 
hydroxypropyl methylcellulose (HPMC) in powder is added, 
stirring with a rod, and the mixture thus obtained is quenched 
in an ice bath to a temperature of 5° C. to ensure rapid 
gelation. 
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0038 Table 1 below illustrates the quantities used for 
preparation of the samples prior to conditioning. 

TABLE 1 

MgCl2, 
Sample Water (g) MgCl2 (g) HPMC (g) Gel 

CO.1 1O.O O.1 1.O O.1 

C1 1O.O 1.O 1.O 1 
C2 1O.O 2.0 1.O 2 
C4 1O.O 4.0 1.O 4 
C8 1O.O 8.0 1.O 8 
C16 1O.O 16.0 1.O 16 

0039. The samples thus obtained are conditioned in con 
trolled atmospheres to give them the characteristics necessary 
for the specific use. 
0040. If said regulator has to protect a material from con 
ditions of high moisture and avoid, for example, the forma 
tion of fungi, mould, bad Smells or condensation, the condi 
tioning parameters can have a temperature of 23° C. and a 
relative moisture of 40%. After said conditioning the samples 
have the compositions listed in table 2. 

TABLE 2 

Water Thickener MgCl2, 
Sample (%) MgCl2 (%) (%) Gel 

C0.1-low 34 6 60 0.1 
C0.5-low 40 2O 40 O.S 
C1-low S4 23 23 1 
C2-low 58 28 14 2 
C4-low 61 31 8 4 
C8-low 64 32 4 8 
C16-low 66 32 2 16 

0041 Vice versa, if said regulator has to preserve condi 
tions of high moisture, for example in the shipment and con 
servation of tobacco, the conditioning parameters can have a 
temperature of 30° C. and a relative moisture of 90%. After 
said conditioning, the samples have the compositions listed in 
table 3. 

TABLE 3 

Water Thickener MgCl2/ 
Sample (%) MgCl2 (%) (%) Gel 

CO. 1-high 64 3 33 O.1 
C0.5-high 76 8 16 O.S 
C1-high 82 9 9 1 
C2-high 85 10 5 2 
C4-high 87 10 3 4 
C8-high 87.8 10.8 1.4 8 
C16-high 88.4 10.9 0.7 16 

0042. The suffixes “low” and “high” in tables 2 and 3 
identify the quantity of water contained in the samples, due to 
the two different conditionings, dictated by the specific appli 
cations. 

EXAMPLE 2 

0043 Maximum Absorption Test 
0044) The samples of table 2 were analysed in relation to 
their maximum absorption capacity when Subjected to high 
moisture conditions. The test was performed by placing the 
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samples in a climatic chamber at 40°C. with a relative mois 
ture value of 75%. The results obtained are shown in table 4. 

TABLE 4 

Sample Absorption (%) 

C0.1-low 2O 
CO.5-low 39 
C1-low 47 
C2-low 52 
C4-low 55 
C8-low 57 
C16-low 58 

0045. From the results obtained it can be seen that the 
quantity of water vapour absorbed increases as the quantity of 
magnesium chloride increases. 
0046. The increase in the absorption data is not linearly 
proportional to the increase in the quantity of magnesium 
chloride, since the latter determines an increase in the quan 
tity of gelation water in the starting system. 

EXAMPLE 3 

0047 Cyclic Test in Bland Conditions to Simulate an 
Application in which the Utilisation Time is Shorter than the 
Regeneration Time 
0048. The sample C0.5-low of table 2 was analysed in 
relation to its capacity to absorb moisture in bland conditions 
and to regenerate at atmospheric conditions. The test was 
performed by placing the sample in a climatic chamber at 40° 
C. with a relative moisture of 75% for 8 hours, then allowing 
regeneration in the air for 16 hours. These conditions were 
chosen to simulate a relatively short utilisation condition (8 
hours) as desiccant, and a longer regeneration phase (16 
hours). 
0049 Said test was performed in a cyclic manner (5 
cycles) to evaluate the repeatability and continuity of use of 
the system. The results obtained are shown in FIG. 1. 
0050. As can be seen in FIG. 1, the system is able to absorb 
40% of the moisture during the ambient desiccation phases (8 
h each). Said value is equal to the maximum possible quantity 
of moisture absorbed (see table 1) denoting an excellent 
response speed of the system under the ambient conditions. 
0051. This translates, during use, into a rapid conditioning 
of the environment thanks to the invention. 

0052. During regeneration, the system is able to return to 
the starting condition (complete regeneration) after 16 hours 
at ambient conditions. It should also be noted that the system 
has an identical absorption and regeneration behaviour at 
each analysis cycle, highlighting an extreme reversibility. 

EXAMPLE 4 

0053 Cyclic Test in Stringent Conditions to Simulate an 
Application in which the Utilisation Time is Longer than the 
Regeneration Time 
0054 The sample C0.5-low presented in table 2 was 
analysed in relation to its capacity to absorb moisture in 
conditions of stress and to regenerate under atmospheric con 
ditions. The test was performed by placing the sample in a 
climatic chamber at 40°C. with a relative moisture of 75% for 
16 hours and then allowing regeneration in the airfor 8 hours. 
Contrarily to what was observed in the previous example, 
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these conditions were chosen to simulate a relatively long 
utilisation condition (16 hours) and a shorter regeneration 
phase (8 hours). 
0055 Also in this case, the test was performed cyclically 
(5 cycles) to evaluate the repeatability and continuity ofuse of 
the system. 
0056. The results obtained are shown in FIG. 2. 
0057 Also in this case, as can be seen in FIG.2, the system 

is able to absorb approximately 40% of the moisture during 
the first cycle. As already observed previously, said value is 
equal to the maximum possible quantity of moisture absorbed 
(see table 1). 
0058. The system is able to return to the starting condition 
(complete regeneration) also following a short regeneration 
(8 hours). Said data highlights that the system is able to 
regenerate in a short period of time, thus optimising its use. 
0059. In FIG. 2 it can be seen that the system has an 
identical absorption and regeneration behaviour at each 
analysis cycle, highlighting an excellent reversibility. 
0060. In general, from the examples illustrated, it can be 
concluded that said system can be used several times without 
altering its characteristics regardless of the conditions of use, 
whether bland or stringent. 

EXAMPLE 5 

0061 Maximum Desorption Test 
0062. The samples presented in table 3 were analysed in 
relation to their maximum capacity to release moisture when 
subjected to a dry environment. The test was performed by 
placing the samples in a climatic chamber at 23°C. with a 
relative moisture of 40%. The results obtained are shown in 
table 4. 

TABLE 4 

Sample Desorption (%) 

CO. 1-high 45 
C0.5-high 59 
C1-high 61 
C2-high 64 
C4-high 65 
C8-high 66 
C16-high 66 

0063 Also in this case the quantity of water vapour des 
orbed increases as the quantity of magnesium chloride 
increases. The increase in the desorption data is not linearly 
proportional to the increase in the quantity of magnesium 
chloride. 

EXAMPLE 6 

0064 Cyclic Test in Bland Conditions to Simulate an 
Application Entailing a Utilisation Time Shorter than the 
Regeneration Time 
0065. The sample C0.5-high in table 3 was analysed in 
relation to its capacity to release moisture in bland utilisation 
conditions and to regenerate at high relative moisture. The 
test was performed by placing the sample in a climatic cham 
ber at 23°C. with a relative moisture of 40% for 8 hours, then 
allowing regeneration for 16 hours (T-30° C., RH-90%). 
The results obtained are shown in FIG. 3. 
0.066 Contrarily to what was discussed in examples 3 and 
4, in this case the system is used as a humidifier and, conse 
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quently, in the utilisation phase denotes a weight loss (and not 
an increase) due to the release of moisture in the dry environ 
ment. 

0067. In general it can be seen that during the cyclic use of 
the sample (5 cycles) it is able to exchange moisture with the 
environment for a value equal to 36% of its weight. In addi 
tion, during the first utilisation cycle, the sample shows an 
even greater humidification capacity with respect to the equi 
librium value (36%), stabilising at a value of around 50%. As 
already highlighted in the previous cyclic tests, also in this 
case the system maintains its characteristics unchanged over 
time. 

EXAMPLE 7 

0068 Cyclic Test in Stringent Conditions to Simulate an 
Application Entailing a Utilisation Time Longer than the 
Regeneration Time 
0069. The same sample C0.5-high as the previous 
example was analysed in relation to its capacity to release 
moisture in conditions of stress and to regenerate with high 
relative moisture. The test was performed by placing the 
sample in a climatic chamber at 23°C. with a relative mois 
ture of 40% for 16 hours, then allowing regeneration for 8 
hours (T-30°C., RH-90%). The results obtained are shown 
in FIG. 4. 

0070. In this case, where the stringent conditions entail a 
short regeneration and a long use, the sample shows a con 
siderable dehumidification capacity. In fact the sample is able 
to exchange moisture with the environment for a value equal 
to 28% in weight. 
0071 Also in this case, during the first utilisation cycle, 
the sample shows an even greater humidification capacity 
with respect to the equilibrium value (28%), stabilising at a 
value of around 57%. 
0072. As already highlighted in the previous cyclic tests, 
also in this case the system maintains its characteristics 
unchanged over time, regardless of the conditions of use, 
whether bland or stringent. 

EXAMPLE 8 

0073 Tests for Comparison with the Known Art: Moisture 
Regulation in a Closed Environment 
0074. A sample of moisture regulator C1 according to the 
invention was prepared as illustrated in example 1 with the 
formulation of table 1. The sample was then conditioned at 
23°C. with 40% relative moisture, to operate as a moisture 
regulator for high ambient moisture values. 
0075 10 g of the conditioned sample, with rectangular 
shape and dimensions 5x4x0.2 cm, was placed in a plastic 
box with snap closure and an internal volume of 1.5 litres 
(below Box C1), verifying the internal temperature and the 
moisture conditions with a datalogger. A desiccating mate 
rial, representative of the known art, was prepared by mixing 
95% MgCl2 and 5% hydroxyethyl cellulose, as described in 
WO2005087364. 10g of this mixture in powder was placed in 
a second plastic box (below Desiccating Box) containing a 
T-RH datalogger, as in the previous case. A third plastic box 
(below Reference Box) was prepared, including only a T-RH 
datalogger without any desiccant or moisture regulator. 
0076. The C1 Desiccating and Reference Boxes were 
closed and placed in a climatic chamber, with the correspond 
ing T-RH logger to collect data at 5 minute intervals. 
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0077. A cyclic program was then started which simulates 
the typical day/night fluctuations in temperature and relative 
moisture. After 5 days the experiment was stopped; the tem 
perature and relative moisture data collected in the Boxes 
were reported in the graph of FIG. 5. 
0078. It should be noted that only the moisture regulator 
subject of the present invention (Box C1) is able to preserve 
the moisture conditions in the case of both large and Small 
deviations. In fact, while the fluctuations in the Reference 
Box fall within the range 35-55%, the sample C1 shows 
excellent control of the moisture, maintaining it at a value of 
44+1%. The sample of the Desiccating Box, on the other 
hand, drastically reduces the moisture in the box, maintaining 
it slightly below 10% for the entire duration of the experi 
ment, clearly acting as a conventional desiccant, far from the 
regulation properties presented by the composition of the 
present invention. 

EXAMPLE 9 

(0079 Evaluation of Mechanical Properties 
0080. The mechanical properties of the composition of the 
invention were evaluated with a dynamometer according to 
the European standard ISO 527-3. The samples were synthe 
sised and conditioned at 23° C. and 40% relative moisture or 
at 40°C. and 75% relative moisture, according to the method 
described in example 1. Strips were then made measuring 
20x150 mm with a thickness of 2.0 mm. 
I0081. These samples were placed in a dynamometer using 
two appropriate clamps and were Subjected to a constant 
elongation of 100 mm/min until breakage. Said experiment 
allows calculation of both Young's modulus and the tensile 
strength which are shown in table 5. 

TABLE 5 

Sample Young's modulus (MPa) Tensile strength (MPa) 

C0.1-low 10-100 1-10 
C0.5-low 1.O-10 0.1-1.0 
C1-low 0.1-1.0 O.O1-0.1 
C2-low O.OS-O.S O.OOS-O.OS 
CO. 1-high 0.1-1.0 O.O1-0.1 
C0.5-high O.OS-O.S O.OOS-O.OS 

I0082 Considering the results obtained, the mechanical 
properties of the composition Subject of the invention can be 
compared to gelatinous materials. 

1. A composition for moisture regulation in gel form con 
sisting essentially of magnesium chloride, a cellulose 
selected from hydroxypropyl methyl cellulose and methyl 
hydroxyethyl cellulose and water, characterised by the ratio 
between the quantity of magnesium chloride and cellulose 
being between 0.1 and 16 by weight. 

2. The composition according to claim 1, characterised by 
the ratio between the quantity of magnesium chloride and 
cellulose being between 0.5 and 4. 

3. The composition according to claim 1, characterised by 
the ratio between the quantity of magnesium chloride and 
cellulose being 1. 

4. A method for the preparation of a composition according 
to claim 1, the method comprising: 

a) dissolving the magnesium chloride in water to obtain a 
Solution; 

b) heating said solution to a temperature higher than 50° C.; 
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c) adding a cellulose selected from hydroxypropyl methyl 
cellulose and methyl hydroxyethyl cellulose to said 
Solution; 

d) quenching to a temperature lower than 10°C. to form a 
gel, and 

e) conditioning said gel in a climatic chamber. 
5. The method according to claim 4, wherein heating said 

solution is conducted at a temperature of 70° C. 
6. The method according to claim 4, wherein quenching is 

conducted at a temperature lower than 5°C. 
7. (canceled) 
8. (canceled) 
9. The composition according to claim 1, further compris 

ing at least one of a fragrance and an antibacterial Substance. 
10. A method for regulating moisture of an environment, 

the method comprising: 
providing a composition, in gel form, consisting essen 

tially of magnesium chloride, and a cellulose selected 
from hydroxypropyl methyl cellulose and methyl 
hydroxyethyl cellulose and water; wherein the ratio of 
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the quantity of magnesium chloride and cellulose is 
between 0.1 and 16 by weight; and 

including the composition in packaging with a product, 
thereby regulating the moisture within the packaging. 

11. The method of claim 10, wherein the product is a 
foodstuff. 

12. The method of claim 10, wherein the composition is 
present as a coating on a wrapping, and the method further 
comprises placing the coating facing the foodstuff. 

13. The method of claim 10, wherein providing the com 
position in gel form further comprises providing the gel form 
in a shape maintainable thereby without an enclosure Sur 
rounding the shape. 

14. The method of claim 10, including the composition in 
packaging with a product comprises positioning the compo 
sition inside a package. 

15. The method of claim 11, further comprising condition 
ing the gel form to have a selected relative moisture before 
including the composition in the package. 

k k k k k 


