
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

26
2 

93
7

A
1

TEPZZ¥ 6 9¥7A_T
(11) EP 3 262 937 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
03.01.2018 Bulletin 2018/01

(21) Application number: 17185314.6

(22) Date of filing: 08.12.2010

(51) Int Cl.:
A01N 25/04 (2006.01) A01N 59/00 (2006.01)

A61K 31/695 (2006.01) C05D 9/02 (2006.01)

C05G 3/00 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 09.12.2009 IN 2202CH2009

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
10798639.0 / 2 509 414

(71) Applicant: Barlaa B.V.
1398 AB Muiden (NL)

(72) Inventors:  
• LAANE, Henk Maarten

1398 AB Muiden (NL)
• WITTERLAND, Walter Ferdinand

3831 EH Leusden (NL)

(74) Representative: Nederlandsch Octrooibureau
P.O. Box 29720
2502 LS The Hague (NL)

Remarks: 
This application was filed on 08.08.2017 as a 
divisional application to the application mentioned 
under INID code 62.

(54) MICRO-COLLOIDAL SILICIC ACID COMPOSITION

(57) The present invention provides a composition
comprising an acidified aqueous solution of (1) micro col-
loidal silicic acid, (2) boric acid, and (3) a water absorbing
additive, having a pH value of equal to or less than 1,
wherein the micro colloidal silicic acid has particle sizes
in the range of 1-8 nm, especially in the range of 1.5-6

nm. The invention also provides a particulate product ob-
tainable by the method according to claim 18, wherein
the particles comprise (1) silicic acid, (2) boric acid, and
(3) the water absorbing additive, and wherein at least
90% of the particles in the particulate product have par-
ticle sizes in the range of 0.3-5 mm.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to stable aqueous solu-
tions and powders containing bioavailable and bioactive
silicon and boron that can be used to enhance and
strengthen plants and trees, or as food, food additives,
or as creams (gels, a.o.), to improve the health of humans
and/or animals.
[0002] The invention is also related to the preparation
of stable solutions and powders containing bio-available
silicon and boron and optionally other elements like cop-
per, molybdenum, selenium, zinc, compounds like amino
acids, humic and fulvic acids and (other) nutrients.

BACKGROUND OF THE INVENTION

[0003] Silicon is an essential nutrient for plants. In mod-
ern agriculture systems however, the nutrient solutions
are mostly deficient in bioavailable silicon.
[0004] As is known (Epstein, E (1999). Silicon. Ann
Rev Plant Physiol. Plant Mol. Biol. 50:641-64.), silicon is
beneficial for hardening the roots of plants, and is also
beneficial or even essential for good plant growth and
disease resistance. Leafs are strengthened through an
outer opal layer, built of silicic acid polymers acting as a
mechanical barrier. Silicon also connects plant substanc-
es such as sugars, proteins or phenolic compounds
which are present in all kinds of plant fibres. Mycelia of
fungi cannot penetrate the plant anymore: Silicon is es-
sential against biotic and abiotic stresses: it increases
the yield, induces resistance to stress, controls diseases
and pests, reduces toxicity of certain minerals as man-
ganese and aluminium, increases tolerance to freeze ca-
lamities, regulates water consumption and improves leaf
erectness, resulting in photosynthesis enhancement.
[0005] Boron is also an essential nutrient for plants.
The combination of boron and silicon show synergistic
or antagonistic effects on plant growth and disease re-
sistance, dependant of their concentrations (Bengsch,
E(1989). Reduction in symptom Expression of Belladon-
na Mottle Virus Infection on Tobacco Plants by Boron
Supply and the Antagonistic Action of Silicon: Verlag
Zeits Naturf. D-7400 Tubingen 0341 -
0382/89/0900-0777 and Bengsch, E(1989). Effects of si-
multaneous supply of Silicon and Boron on Plant Growth
and on Herbicide toxicity: Verlag Zeitschrift Naturf. D-
7400 Tubingen 0341 - 0382/89/0900-0781). The right
concentrations of both nutrients induce synergistic ef-
fects on the increase of yield and an increased resistance
to diseases and pests.

SUMMARY OF THE INVENTION

[0006] Silicon is an essential nutrient for plants and
may be present as small sized silicic acid in soil, mineral,
river and ocean water. In modern agriculture systems

however, the nutrient solutions are mostly deficient in
bioavailable silicic acid and the added silicates are una-
ble to compensate for this deficiency.
[0007] Although silicates and (poly)-silicic acid are
sometimes included in formulations of nutrients, these
compounds are not bioavailable enough as such, be-
cause they are not absorbed. Moreover only a low per-
centage of silicates and silica gel in water is slowly hy-
drolysed into orthosilicic and disilicic acid.
[0008] Only these small sized silicic acid compounds
(mono (= ortho) and disilicic acid) are highly bioavailable
and are the relevant bioactive silicon molecules for the
metabolism of diatoms, plants, animals and humans.
[0009] On the other hand orthosilicic acid is a relatively
unstable molecule with a tendency to polymerise into
dimers, trimers, etc. (= oligomeric) molecules (non-col-
loidal silicic acid) and following to larger molecules of
several thousands of silicon molecules being small par-
ticles of 1-8 nm, such as 1,5 - 6 nanometers, the micro-
colloidal phase. These micro-colloidal particles aggre-
gate into longer chains, leading to a real three-dimen-
sional network (colloid). This process results in the for-
mation of a soft gel, which is poorly bioavailable. The
formation of these colloids and gels is pH dependent.
The longest gelling time occurs at pH 2. At lower and
more alkaline pH, the time for colloid and finally gel for-
mation decreases (Iler RK. The Chemistry of Silica. Wi-
ley: New York, 1979).
[0010] The stages from monomer to sol-gel polymeri-
zation can be summarised as follows:

1. monomer orthosilicic acid in acid medium;
2. polymerisation of orthosilicic acid, from monomers
into dimers, trimers, tetramers, etc., linear or cyclic
(oligomers) up to structures of more than thousand
silicon molecules;
3. further condensation into linear or randomly
branched polymers (small spherical particles (pre-
sol / micro-colloidal, particle size between 1,5 -10
nm consisting of several thousands of silicon mole-
cules);
4. growth of these particles (sol, colloidal, particle
size of about 10-100 nm);
5. linking of particles into chains (aggregation, col-
loidal);
6. chained into network and extension throughout
the liquid (aggregation, pre-gel);
7. thickening into a gel.

[0011] It is described that silicon is absorbed via the
roots as orthosilicic acid. Usually, silicates, silica gel (col-
loid), meta-silicates, zeolites and other silicon com-
pounds are used as silicon source, however, having a
low bioavailability. To date, new data suggest that also
other silicon compounds (e.g. disilicic acid) are absorbed
by special membrane proteins (aquaporins).
[0012] New chemicals that are used in agriculture also
induce polymerisation and aggregation of orthosilicic ac-
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id into colloids (e.g. fluorides, nitro- and chlorinated com-
pounds, insecticides, antibiotics, fungicides etc.). By that,
synergetic activity between roots and microbes, resulting
in better bioavailability of minerals and solubilisation of
silicates is omitted or reduced, which results in weaker
plants with a lower mineral content. To circumvent this
problem, plants have to get more fertilizers than neces-
sary and also have to be protected by insecticides, fun-
gicides, etc., more than necessary. This is especially a
problem for plants on hydro culture.
[0013] In addition to the importance of silicon to plants,
there is also evidence that silicon is an essential element
for animals and humans (Laane, H.M.: Silicon for hu-
mans: beneficial or essential? Abstracts of 4th Interna-
tional Conference on Silicon in Agriculture, 2008; 59).
[0014] The question arises if silicon is also able to pro-
tect and strengthen animals and humans against infiltra-
tion of pathogenic microbes (bacteria, fungi) and could
directly be related with certain physiological conditions.
The human body contains a very substantial amount of
silicon, far higher than most essential trace elements like
Mn, Fe, Cu or Zn. Especially organs like connective tis-
sue, cartilage and bones contain high amounts of silicon.
Some studies show that the silicon contents decrease
with age. Pregnant women have low silicon serum con-
centrations and the use of silicon supplements by them
showed therapeutic action on the skin and lowers alu-
minium toxicity (Reffitt DM, Jugdaohsingh R, Thompson
RPH, Powell J.J.: Silicic acid: its gastrointestinal uptake
and urinary excretion in man and effects on aluminium
excretion. J. Inorg. Biochem. 1999; 76 :141-6; and: Van
Dyck K., Van Cauwenbergh R., Robberecht H., Deelstra
H.: Bioavailability of silicon from food and food supple-
ments. Fresenius J. Anal. Chem. 199; 363 : 541-4). The
use of silicon supplements also reduces aluminium tox-
icity. Aluminium inhibits bone formation and is correlated
with neurological diseases like Parkinson and Alzheimer.
[0015] Silicon is connected with the elasticity of the ar-
tery and blood vessel walls and enhances the immune
system.
[0016] There are clinical reports on improvement of
skin diseases, heart diseases, asthma, rheumatic dis-
eases, psoriasis, bone diseases, etc. by using silica gels.
Silica gels are used all over the world. However, these
gels are poorly bioavailable because of difficulties to dis-
solve bioavailable silicic acid.
[0017] The bioavailable form of silicon is orthosilicic
acid and disilicic acid, not silica. Silica is silicon dioxide,
which is not bioavailable. Silicon is found in food (and
horsetail) as silicates, which are likewise not bioavailable.
All dietary silicates must be transferred into orthosilicic
and disilicic acid being the relevant bioavailable com-
pounds to be absorbed and used by the body.
[0018] Orthosilicic acid, however, is unstable. In con-
centrations over 1 ppm (the maximum amount typically
found in mineral water) orthosilicic acid readily polymer-
izes into long chains which are not bioavailable.
[0019] Hence, to use silicon in an effective bioavailable

way, one has to use a bioavailable silicic acid solution
and one has to prevent the polymerization process. How-
ever, it is very difficult to inhibit polymerization leading to
gel formation in highly (> 0,1% Si) concentrated solutions
at all pH values.
[0020] Next, colloids and gels as such are not bioavail-
able. From the (macro) colloidal stage depolymerisation
is very limited and hardly reproducible. This results in a
very low concentration of orthosilicic acid.
[0021] Human supplementation studies reveal that sol-
id silicon supplements such as colloidal silica and phy-
tolytic silicates are hardly or even not at all bioavailable
whereas it is proved in prior art that a solution of stabilized
orthosilicic acid in a HCl-choline matrix has a high bioa-
vailability (Calomme M., Cos P., Vingerhoets R., Van
Hoorebeke C., Vanden Berghe D. (1998): Comparative
bioavailability study of silicon supplements in healthy
subjects, Journal of Parenteral and Enteral Nutrition, 22,
S12, (abstract #47). Van Dyck K., Van Cauwenbergh R.,
Robberecht H., Deelstra H.
[0022] Boron has similar effects in plants, animals and
humans. In animal and humans boron increases bone
growth and strength, plays a role in the prevention of
osteoporosis and other functions. In plants silicon and
boron have mutually enhancing effects on as well plant
growth as on the reduction of stress factors amongst oth-
ers a lower infection rate.
[0023] An object of the present invention is to prepare
a stable solution or powder of micro-colloidal silicic and
boric acid from which bioavailable and bioactive silicon
and boron are readily absorbed by the body and the plant.
[0024] Another object of the invention is to have a sim-
ple but innovative method to prepare the above men-
tioned solution or powder.
[0025] Yet another object of the present invention is to
stabilize the silicic acid in the micro-colloidal phase with
a particle seize around 4 nanometers (such as 6 1.5 - 6
nm) consisting of many hundreds till few thousands of
silicic acid molecules partly coupled with boron mole-
cules to form micro-spheres (as determined from NMR-
spectra) also called micro-colloidal as a precursor to eas-
ily release ortho - and disilicic acid.
[0026] 29Si NMR spectra were acquired at 298K using
a Bruker DMX-400 spectrometer operating at 79.4 MHz
equipped with a 10 mm BBO probe.
[0027] Data were typically acquired with a spectral with
of 300 ppm in 32K data points, a relaxation delay of 10
sec and 1024 scans. As a reference external TMS was
used.
[0028] Another object of the present invention is to
have the prepared solution stable for at least a year and
the powder stable for at least 2 years.
[0029] Yet another object of the present invention is to
have the prepared solution of micro- colloidal silicic acid
and boric acid in which other compounds like other min-
erals, vitamins, amino acids, etc. can be dissolved.
[0030] The present invention includes an aqueous so-
lution with silicic acid and boric acid with a silicic acid
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particle size around 4 nm, such as especially in the range
of 1-8 nm, such as 1.5 nm to 6 nm consisting of many
hundreds till few thousands of silicic acid molecules cou-
pled together to form micro-spheres (determined from
NMR-spectra) also called micro-colloidal. This solution
can also comprise a water absorbing additive. The solu-
tion contains bioavailable silicon and the solution may be
stable for at least 1 year. Herein, the phrase "particle in
the range of 1-8 nm" and similar phrases may especially
indicate that at least 90% of the particles have a particle
size in that range, especially at least 95%, such as sub-
stantially all particles. The particle size can for instance
be determined with TEM or SEM. Especially, the silicic
acid particles have particle sizes in the range of 1.5-6 nm
(especially at least 90%). Even more preferably, at least
90% of the particles have a particle size in the range of
3.5-4 nm.
[0031] Hence, the invention especially provides a com-
position comprising an acidified aqueous solution of (1)
micro colloidal silicic acid, (2) boric acid, and (3) a water
absorbing additive, having a pH value of equal to or less
than 1, wherein the micro colloidal silicic acid has particle
sizes in the range of 1-8 nm. The invention thus provides
a composition with micro colloidal silicic acid, in contrast
to prior art compositions which are non-colloidal (with
particle sizes below 1.5 nm),
[0032] The invention also comprises a method for the
preparation of a solution in which silicon and boron and
one or more other micro-nutrients compounds (like zinc,
copper, molybdenum, selenium, humic acids, fulvic ac-
ids, amino acids and others) are hydrolysed in an acidic
aqueous solution. This solution can contain one or more
dissolved (strong) water absorbing additives (humect-
ants). The solution can also be processed to a particulate
product or powder by removing at least a part of the aque-
ous liquid, especially a major part. Especially, the solution
can be processed to a dry powder by removing the water
of the aqueous liquid. A free flowing particulate product
may be provided.
[0033] The invention especially provides a method of
preparing such composition, the method comprising:

- providing in a first process a first mixture of a water
absorbing additive and an acidified aqueous liquid,

- providing in a second process a second mixture of
a silicon source and an aqueous liquid,

- mixing in a mixing process, preferably at a temper-
ature in the range of >10°C and <35°C, preferably
at a temperature in the range of 15-30°C, even more
preferably 18-22 °C, the first mixture and the second
mixture to provide a stock solution, wherein the first
mixture of water absorbing additive and acidified
aqueous liquid is stored for at least 6 hours before
mixing with the second mixture of silicon source and
aqueous liquid, and wherein the method further com-
prises adding a boron source to one or more of the
second mixture and the stock solution.

[0034] The first mixture preferably has a low pH, such
as lower than 1, like lower than 0.5. Acidifiation may for
instance be performed with H3PO4 and/or HCl. The sec-
ond mixture may or may not be acidified.
[0035] Preferably, the first mixture is stored for at least
6 hours, even more preferably at least 12 hours, yet even
more preferably at least 18 hours. This allows the water
absorbing additive to saturate with water. Preferably, the
first mixture is stored without substantial stirring. Further,
preferably the first mixture is stored at a temperature in
the range of >10°C and <35°C, preferably at a tempera-
ture in the range of 15-30°C, even more preferably at a
temperature in the range of 18-22 °C.
[0036] The invention also includes the use of this so-
lution or powder, in which, in general after dilution, the
final solution (thus after the dilution, if any) is added to
plants or trees, to increase its resistance against one or
more of the group of microbial infections, insects, pests,
fungi, weeds, or extreme physical conditions. The pH of
the solution that is applied is in general in the range of 4-6.
[0037] The invention also comprises the use of the so-
lution or powder, for use after dilution, to strengthen the
seeds of plants, trees, etc.
[0038] The invention also comprises the use of the so-
lution or powder, for use after limited dilution, as a growth
retardant for plants and flowers.
[0039] The invention also comprises the use of the so-
lution or powder (after dilution) for oral use to strengthen
different types of connective tissue, bones, cartilage and
joints, arteries, skin, hair and nails in humans and animals
(including fish).
[0040] The invention also comprises the use of the so-
lution or powder (after dilution, e.g. solved in creams,
gels, etc.), for topical use to strengthen and improve skin,
hair and nails in animals and humans.
[0041] The invention also comprises the use of the so-
lution or powder, for use to stimulate the immune system
as well in humans, animals as plants.

LIST OF EMBODIMENTS

[0042]

1. A composition comprising an acidified aqueous
solution of (1) micro colloidal silicic acid, (2) boric
acid, and (3) a water absorbing additive, having a
pH value of equal to or less than 1, wherein the micro
colloidal silicic acid has particle sizes in the range of
1-8 nm.
2. The composition according to embodiment 1,
wherein the micro colloidal silicic acid has particle
sizes in the range of 1.5-6 nm.
3. The composition according to any one of the pre-
ceding embodiments, wherein the water absorbing
additive comprises a humectant selected from the
group consisting of a polysorbate, a vegetable gum,
a substituted cellulose, a polyglycerol ester of a fatty
acid, a polyethylene glycol, a polydextrose, a propyl-
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ene glycol, a propylene glycol alginate, a polyoxy
ethylene glycol ester, a pectine or amidated pectine,
a sucrose ester of a fatty acid, an acetylated or hy-
droxypropyl starch, a starch phosphate, urea, sorb-
itol, malitol, a vitamins, and a mixture of two or more
of such humectants.
4. The composition according to any one of the pre-
ceding embodiments, wherein the water absorbing
additive concentration is at least 30 % of the com-
position.
5. The composition according to any one of the pre-
ceding embodiments, wherein the water absorbing
additive concentration is in the range of 30 - 60% of
the composition.
6. The composition according to any one of the pre-
ceding embodiments, wherein the molar Si/B ratio
is in the range of 1.5-300.
7. The composition according to any one of the pre-
ceding embodiments, further comprising an addi-
tional additive selected from the group consisting of
a flavouring agent, a sweetener, a colouring agent,
a preservative and a stabilizing agent, and a combi-
nation of two or more of such additional additives.
8. The composition according to any one of the pre-
ceding embodiments, further comprising an addi-
tional nutrient selected from the group consisting of
zinc, copper, molybdenum, selenium, a humic acid,
a fulvic acid, an amino acid, and a mixture of two or
more of such additional nutrients.
9. The composition according to any one of the pre-
ceding embodiments, having a pH value equal to or
less than 0.5.
10. The composition according to any one of the pre-
ceding embodiments, further comprising one or
more of HCl and H3PO4.
11. The composition according to any one of the pre-
ceding embodiments, having a shelf life of at least
one year at room temperature.
12. A dilution of the composition according to any
one of the preceding embodiments having a pH in
the range 4-6.
13. A method of preparing a composition as defined
in any one of embodiments 1-12, comprising:

- providing in a first process a first mixture of a
water absorbing additive and an acidified aque-
ous liquid,

- providing in a second process a second mixture
of a silicon source and an aqueous liquid,

- mixing in a mixing process at a temperature in
the range of >10°C and <35°C, preferably at a
temperature in the range of 18-22 °C, the first
mixture and the second mixture to provide a
stock solution, wherein the first mixture of water
absorbing additive and acidified aqueous liquid
is stored for at least 6 hours before mixing with
the second mixture of silicon source and aque-
ous liquid preferably without substantial stirring,

and wherein the method further comprises add-
ing a boron source to one or more of the second
mixture and the stock solution.

14. The method according to embodiment 13, where-
in the silicon source is a silicate, especially an alkali
silicate, even more especially potassium silicate,
and wherein the boron source is boric acid.
15. The method according to any one of embodi-
ments 13-14, wherein the first mixture is stored for
at least 12 hours before mixing with the second mix-
ture, and wherein the boron source is added after
mixing the first mixture and the second mixture.
16. The method according to any one of embodi-
ments 13-15, wherein the mixing process is per-
formed in a rotary jet mixer.
17. A method of preparing the dilution according to
embodiment 12, comprising performing the method
according to any one of embodiments 13-16, main-
taining the composition thus obtained for at least 6
hours at a temperature in the range of >10°C and
<35°C, especially at a temperature in the range of
18-22 °C, preferably without substantial stirring, and
subsequently diluting the composition with an aque-
ous liquid to arrive at a pH in the range of 4-6.
18. The method according to any one of embodi-
ments 13-17, further comprising removing, prefera-
bly by spray-drying, the aqueous liquid and produc-
ing a particulate product.
19. A particulate product obtainable by the method
according to embodiment 18, wherein the particles
comprise (1) silicic acid, (2) boric acid, and (3) the
water absorbing additive, and wherein at least 90%
of the particles in the particulate product have parti-
cle sizes in the range of 0.3-5 mm.
20. The particulate product according to embodi-
ment 19, having a shelf life of at least two years at
room temperature.
21. A dilution according to embodiment 12, obtain-
able by dissolving the particulate product according
to any one of embodiments 19-20 in an aqueous
liquid and optionally adjusting the pH to a range of
4-6.
22. Use of the dilution according to any of embodi-
ments 12 and 21, to germinate the biological char-
acteristics of seeds.
23. Use of the dilution according to any of embodi-
ments 12 and 21, to enhance the biological charac-
teristics of seeds.
24. Use of the dilution according to any of embodi-
ments 12 and 21, to strengthen a plant, a tree, or a
crop, or their seed.
25. Use of the dilution according to any of embodi-
ments 12 and 21, to increase the resistance of a
plant, a tree, or a crop, or their seed, against one or
more of the group of a microbial infection, an insect,
a pest, a fungus, or an extreme physical condition.
26. Use of the dilution according to any of embodi-
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ments 12 and 21, with a dilution factor lower than
80, for use as a safe growth retardant to slow down
the growth of plants and flowers especially in the end
phases of the growth and flowering.
27. Use of the dilution according to any of embodi-
ments 12 and 21, to strengthen fish and to increase
their resistance against microbial infection.
28. A dilution according to any of embodiments 12
and 21, for strengthening one or more of the group
of connective tissue, bones, skin, nails, arteries, car-
tilage and joints.
29. A dilution according to any of embodiments 12
and 21, for use in the treatment of diseases related
with one or more of the group of bone, skin, arteries,
connective tissue, cartilage, joints, osteoporosis,
rheumatic diseases, arthritis, arteriosclerosis, hair,
nail and skin diseases, cardiovascular diseases, al-
lergic diseases, degenerative diseases and immune
diseases.
30. Use of a composition according to any one of
embodiments 1-11 or the dilution according to any
of embodiments 12 and 21, in a therapeutic form.
31. Use of a composition according to any one of
embodiments 1-11 or the dilution according to any
of embodiments 12 and 21, as food additive or food
supplement.
32. Use of a composition according to any one of
embodiments 1-11 or the dilution according to any
of embodiments 12 and 21, in a cosmetic, a thera-
peutic cream, an ointment, a shampoo or a gel for a
humans or an animal.
33. Use of a composition according to any one of
embodiments 1-11 or the dilution according to any
of embodiments 12 and 21, in combination with an-
other substance, in a cream, an ointment or a gel
(’coatings’) for a plant, a tree or a crop.

DESCRIPTION OF THE INVENTION

[0043] The present invention relates to a solution con-
taining silicic acid in the micro-colloidal phase as a pre-
cursor to easily release of bioavailable and bioactive sil-
icon, preferably combined with boron stabilized by water
absorbing additives. The solution can also comprise oth-
er minerals like copper, molybdenum, selenium, zinc
and/or (micro)-nutrients and/or compounds, like humic /
fulvic acid, amino acids, etc.
[0044] The first aspect of the present invention relates
to the preparation of a stock solution comprising silicic
acid compounds with boron stabilized by water absorbing
additive (humectant). Optionally one or more micro-nu-
trients, like for example selenium, copper, molybdenum,
zinc, etc., can be added.
[0045] The second aspect of the invention is a method
for preparing an aqueous solution, especially with a ro-
tary jet mixer, including inhibiting or even stopping the
polymerization reaction with humectants at acidic pH, af-
ter which boron (especially in the form of boric acid) is

added. In addition one or more other micro nutrients can
be added.
[0046] The third aspect is spray-drying, spray-chilling,
or lyophilization like freeze-drying of the said stock solu-
tion by which the solution is transferred into a powder,
containing silicic acid and boric acid (and the water ab-
sorbing additive).
[0047] It has been found that the combination of bioa-
vailable silicon with boron is synergistic and causes an
enhanced bioavailability and bioactivity of silicon.
[0048] Since the silicic acid should be present in a mi-
cro-colloidal form to be easily transformed to bioavailable
silicon, formation of macro-colloidal silicic acid should be
prevented. This can be done by choosing the right con-
centration, e.g. a concentration around 1% Si, as shown
by NMR.
[0049] A combination of bioavailable silicon, boron and
a strong water absorbing additive gives a solution with
high concentrations of micro-colloidal silicic acid (e.g. 2
wt.% Si can be reached. Such a solution should have a
low pH, below pH 1 and preferable below 0.5. This low
pH can be reached by adding acids like HCl or H3PO4.
Because the pH is very low (e.g. <1), water and particles
are highly protonated.
[0050] Mainly micro-colloidal particles of around 4 nm
(NMR) are found but generally the size may be in the
range 1,5 nm to 6 nm. Because of the strong action of
the humectant these micro-colloidal particles will not
grow further into larger colloidal aggregates finally result-
ing in precipitation.
[0051] The presence of silicic acid compounds can be
made visible by NMR technology and it is shown that
micro-colloidal particles are formed with nanometer di-
mensions. Because of the presence of a stabilizer these
particles do not polymerize into macro-colloids. The re-
lation between silicon and boron in the micro-colloidal
phase is not yet complete clear. In the micro-colloidal
phase silicon-boron bonds (B-O-Si) were seen as shown
by NMR. Hence, it seems that a silicon-boron complex
may be available.
[0052] Hence, the solution of the invention, is micro-
colloidal silica, i.e.: silicic acid that is (mainly) in stage 3
(polymerisation of orthosilicic acid into small particles /
micro-colloid) and also the combination of this solution
with a set of micro-elements or micronutrients like i.e.
zinc, molybdenum, humic , amino acids and fulvic acid.
[0053] The invention is not directed to colloidal silica
or silica as sols (stage 4 and higher). Colloids comprise
particles of approximately 10 to 100 nm (Kirk-Othmer,
’Colloids’) and Römpp describes in his Chemie Lexikon
silicasol as an aqueous anionic solution of colloidal amor-
phous SiO2, with a mean particle size of 15-150 nm.
[0054] The biological activity of the solution of the in-
vention is due to these micro-colloidal particles with boric
acid. Pure micro-colloid silicic acid has a lower activity.
The humectant enables high concentration of micro-col-
loidal silicic acid in stage 3 and prevents aggregation.
Aggregation of these particles (stage 4 and higher) re-
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sults in opalescence, turbidity, light reflection, colloid and
gel formation and thus loss of bioactivity.
[0055] If an additive is used, this humectant is prefer-
ably chosen out the group of food additives (E-list).
Hence, the solution according to the present invention is
a solution in which the water absorbing additive (humect-
ant) may be polysorbate, a vegetable gum, a substituted
cellulose, a polyglycerol ester of fatty acids, a polyethyl-
ene glycol, a polydextrose, propylene glycol, propylene
glycol alginate, a polyoxy ethylene glycol ester, a pectine
or amidated pectine, a sucrose ester of fatty acids,
acetylated or hydroxypropyl starch, starch phosphates,
urea, sorbitol, malitol, a vitamin, etc. or mixtures thereof.
The strong humectant may prevent that polymerization
proceeds beyond the micro-colloid stage.
[0056] To obtain a high concentration of micro-colloidal
silicic acid, a high concentration of the water absorbing
additive is necessary. The water absorbing additive in
the solution of the invention is preferably present in a
concentration of at least 30% (W/V, Weight per volume
for powders and V/V for liquids), preferably at least 40%
for liquids. Boron is preferably present in a concentration
of around 0.2%. Such solutions can be stored as stock
solution and kept for a long time (> 1 year) at room tem-
perature before dilution and application in plants, animals
and humans. Hence, in this way a solution is created with
a high concentration of micro-colloid silicic acid, that can
be used as stock solution in which silicic acid is present
in its micro-colloidal form and in presence of a set of
nutrients like selenium, zinc, molybdenum e.g. The con-
centration of micro nutrients in the solution ranges from
0.0001 to 10% V/V. This solution has a pH below 1, pref-
erable below 0.5.
[0057] Boric, silicic and also humic and fulvic acid (ex-
tract of humic / fulvic material and heterogeneous mate-
rial, comprising organic weak acids and minerals) are
weak acids and poorly soluble in water. In low concen-
trations they are common in non-polluted water all over
the earth. They are vital for mineral health of plants, an-
imals and humans. All these acids become depleted in
polluted systems and by that, their bioavailability de-
creases. It has been found that selected mixtures of these
acids in liquid formulations at low concentrations stimu-
late normal health conditions and could be used as nu-
trient preventing several diseases and as anti-aging
agents. Hence, the solution of the present invention can
also comprise in a specific embodiment humic / fulvic
acid. In such a solution, humic / fulvic acid is present in
a final concentration between 0.1 and 10% (V/V).
[0058] Concentrated solutions like these, comprising
micro-colloidal silicic acid, boric acid, a set of (micro)-nu-
trients like humic acid (i.e.) and a water absorbing addi-
tive can be prepared in a way in which one or more silicon
and boron compounds are hydrolysed in an acid solution
containing one or more dissolved water absorbing addi-
tives. During this method, the water absorbing additive
(humectant) is dissolved in acidified water.
[0059] It is preferred to acidify and to fully hydrate the

water absorbing additives (humectants as liquids or with
water mixed powder), preferably for at least 6 hours, such
as at least 12 hours e.g. approximately a temperature
>10°C and <35°C, before adding silicates (e.g. an alkali
or alkaline earth silicate solution), preferably by a special
mixing process, especially with a rotary jet mixer. A good
result was e.g. obtained with the mixing of an identical
volume of a diluted 4 - 12 fold alkaline potassium silicate
solution (12 - 18 % Si) in water (water preferably has
approximately a temperature > 10°C and < 35°C) which
is added to the concentrated propylene glycol or PEG or
other humectants. Preferably, at last boron (e.g. boric
acid) is added.
[0060] The mixing may in an embodiment be done with
a rotary jet mixer which may provide fast and efficient,
hydraulically-balanced mixing. The liquid to be mixed is
circulated from the tank via a pump to the rotary jet mixer
which may be positioned under the liquid surface. The
liquid flow may be used to drive a gearing system which
makes the nozzles of the rotary jet mixer to rotate around
both the horizontal and vertical axes. In an embodiment,
the apparatus (plant) as described in WO0224317 (which
is herein incorporated by reference) may be applied for
mixing the liquid.
[0061] The concentration of the humectant, in the
aqueous liquid comprising the humectant that is used to
form the composition of the invention, is preferably at
least 80% and in the final silicon containing solution, the
final humectant concentration is preferably at least 30%,
such as preferably at least 40%.
[0062] After homogenization the silicic and boric acid
solution and humectant solution (and optional further
components such as one or more (micro) nutrients), the
composition may be processed into a powder, for in-
stance by spray-drying with a spray dryer with for in-
stance a two-fluid nozzle with high performance cyclone.
However, also other methods may be applied, such as
freeze-drying, etc. The particle size in the powder thus
obtained may preferably ranges from 0.1-10, especially
0.3 to 5 micrometer. This may especially indicate that at
least 90 % of the particles, especially at least 95%, have
the particle size in that range. This may for instance be
determined by SEM.
[0063] The invention also provides the composition of
the aqueous solution of an additive with other compounds
like micro-nutrients and the silicic and boric acid solution,
before use.
[0064] This composition may be obtained after com-
bining the starting products, such as the silicic acid so-
lution, the boric acid solution, and the humectant con-
taining solution.
[0065] The composition may also be obtained after dis-
solving the powder as described above.
[0066] After the combination, the obtained powder can
be dissolved, diluted and applied. For example, the silicic
and boric composition is, before use diluted and sprayed
on plants. Several combinations of solutions are possi-
ble, to obtain the solution of the invention. The micro col-

11 12 



EP 3 262 937 A1

8

5

10

15

20

25

30

35

40

45

50

55

loidal solution obtained can be stored for a longer period
than one year. The micro colloidal containing powder can
be stored for longer than 2 years.
[0067] Due to the low pH of the composition, in general
dilution is required before use, in such a way that an
acceptable pH is reached. It is preferable that the final
solution after dilution has a pH range of 4 to 6. This pH
will depend upon the application. The pH may, if neces-
sary, be adjusted by adding a base, such as KOH or
NaOH (preferably while mixing) or an acid.
[0068] The concentrated solution or dissolved powder
according to the present invention can, after dilution, be
added to plants or trees. A dilution factor of at least 100
may be required before adding to plants or trees. The
diluted solution according to the present invention can
be used to strengthen plants, tree and their seeds, to
increase their resistance against microbial infection, in-
sects, pests, fungi, or extreme physical conditions like
heat or freezing. If the dilution factor is lower than 80 the
diluted solution can be used as a safe growth retardant
for plants and flowers. The pH range of 4-6 is preferably
used since the uptake into plants is optimal at this pH
interval.
[0069] It is clear that the (concentrated) solution or dis-
solved powder added to the plants or trees may also con-
tain other additives. These additives can for example be
added after dilution. The additives can also be added to
the concentrated stock solution. Additives are for exam-
ple, minerals, nutrients, anti-microbial agents, insecti-
cides, pesticides, fungicides, herbicides, etc., or combi-
nations thereof. Preferably, these additives do not sub-
stantially influence the micro-colloidal nature of the silicic
acid in the solution or extend it to a real colloid formation.
However, when the solution according to the invention
is used (after dilution) to spray e.g. on fruit, usually the
less fungicides etc. are necessary, because of the im-
proved fruit quality and immunity.
[0070] The concentrated solution or dissolved powder
of the present invention can, after dilution, be added by
spraying on plants or trees and/or their leaves and/or
their crops and/or seeds or by adding the solution to the
medium in which the plants or trees have their roots (hy-
droponically use) or to the soil. In the same way the so-
lution can be hydroponically used, after dilution, for ger-
minating seeds.
[0071] As described above, this will enhance the health
of the plants or trees. It is also a way to concentrate boron
and silicon in e.g. vegetables and fruits. Vegetables and
fruits can then be used for human consumption.
[0072] Good results on several crops, e.g. on fruit like
bananas, apples, grapes, pears, on rice, wheat unions,
potatoes, tomatoes and also on flowers etc., can e.g. be
obtained with a solution that has a Si concentration of
about 0.2 to 2 wt.%, a B concentration of 0.01 - 0.2 wt %
and as humectant in an amount of about 30 to 60, pref-
erably about 35 to 50 wt.%. The pH of this solution is less
than 1.
[0073] The (concentrated) solution of the present in-

vention may also be used after saturation in super ab-
sorbers like polyacrylates (sodium polyacrylate or homo
polyamino acid compounds like poly aspartate, or natural
materials like clays or zeolites, etc). Mixtures of these
compounds together with soil substrates can be used as
slowly releasing agents, for example slowly releasing Si,
B, Se and humic/fulvic acid, amino acids to plants.
[0074] The (concentrated) solution or dissolved pow-
der of the present invention can also be used, after dilu-
tion, to strengthen fish (including shellfish) and to in-
crease their resistance against microbial infection. The
solution or dissolved powder will usually be diluted ap-
proximately 1000 to 30000 times, before adding to the
fish. It can for example after dilution be added to the basin
of the fish, such that the appropriate concentration of the
acids is obtained. This solution can also be used to con-
centrate boron and silicon in algae.
[0075] This solution or powder can also be used in
combination with minerals, nutrients, anti-microbial
agents, or combinations thereof. These additives can for
example be added after dilution of the concentrated so-
lution or dissolved powder. The additives can also be
added to the concentrated stock solution.
[0076] The (concentrated) solution or (dissolved) pow-
der of the present invention can also be used, after dilu-
tion, in humans and animals to strengthen e.g. connec-
tive tissue, bones, skin, nails, arteries, cartilage and
joints. Humans and animals benefit from both the bioa-
vailable silicon and other nutrients and especially the syn-
ergetic effect of increased bioavailability of silicon by the
presence of boron.
[0077] The solution or (dissolved) powder, after dilu-
tion, can be used for the treatment of diseases related
with of bone, skin, arteries, connective tissue, cartilage,
joints, osteoporosis, rheumatic diseases, arteriosclero-
sis, hair, nail and skin diseases, cardiovascular diseases,
allergic diseases, arthritis, degenerative diseases, etc.
The solution or powder should be used in a therapeutic
form, this means including possible physiological accept-
able additives. This can e.g. be done by adding drops of
an undiluted or diluted solution or (dissolved) powder to
drinks, using the undiluted or diluted solution or powder
in the preparation of medicines foods as food additive or
as supplement, and other methods. The solution or pow-
der can also be used in cosmetics, (therapeutic) creams
and ointments, shampoos, gels, etc., and in the prepa-
ration thereof.
[0078] The final dilution of the solution or dissolved
powder should be such, that an acceptable pH is
reached. This will depend upon the application. Usually,
the dilution with water (or water based liquids) will range
from approximately 20 to 1000 times, before intake. If
necessary, the dilution can be less or more. When diluting
the solution or increasing the pH of the solution, e.g. in
the course of an application, it is preferred that the pH is
not higher than about 4-6. When the pH is higher than
about 6, the beneficial effects decrease. Hence, the so-
lution will mainly be used at acid pH’s (less than about
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6). Smaller dilutions (like about <20 times) may provide
less stable diluted solutions, whereas stronger diluted
solutions (like about larger than 500 or 1000 times) may
provide longer stable solutions for application.
[0079] Also the intake and/or the frequency of use of
e.g. cosmetics comprising the (diluted) solution or pow-
der of the present invention will depend upon the appli-
cation. The total human intake per day may approximate-
ly be 0.5 to 10 mg Si for a 50 kg body weight (animals
and humans) and 0.5 to 1 mg B for a 50 kg body weight;
in cosmetics, the concentration may preferably approxi-
mately be 0.5 mg/ml to 0.001 mg/ml Si and 0.2 mg/ml to
0.001 mg/ml B in cosmetics.
[0080] Depending upon the application, the (concen-
trated) solution of the present invention the stock solution
may include additional additives. The additional additives
may be a flavoring agents, sweeteners, coloring agents,
preservatives, stabilizing agents, etc. These additives
can for example be added after dilution of the concen-
trated solution or powder and before use. But the addi-
tives can also be added to the concentrated stock solu-
tion. Preferably, these additives do not substantially de-
crease the solubility of the micro-colloidal silicic and boric
acid in the solution and do not promote to (macro) colloid
formation or gelling.
[0081] Hence, in summary, the invention provides a
composition comprising an acidified aqueous solution of
(1) micro colloidal silicic acid, (2) boric acid, and (3) a
water absorbing additive, having a pH value of equal to
or less than 1, wherein the micro colloidal silicic acid has
particle sizes in the range of 1-8 nm, even more espe-
cially, wherein the micro colloidal silicic acid has particle
sizes in the range of 1.5-6 nm.
[0082] The water absorbing additive preferably com-
prises a humectant selected from the group consisting
of a polysorbate, a vegetable gum, a substituted cellu-
lose, a polyglycerol ester of a fatty acid, a polyethylene
glycol, a polydextrose, a propylene glycol, a propylene
glycol alginate, a polyoxy ethylene glycol ester, a pectine
or amidated pectine, a sucrose ester of a fatty acid, an
acetylated or hydroxypropyl starch, a starch phosphate,
urea, sorbitol, malitol, a vitamins, and a mixture of two or
more of such humectants.
[0083] The water absorbing additive concentration is
at least 30 % of the composition, especially, the water
absorbing additive concentration is in the range of 30 -
60% of the composition.
[0084] Preferably, the molar Si/B ratio is in the range
of 1.5-300 (i.e. the number of moles of Si is present at
least 1.5 higher than the number of moles of B).
[0085] The composition may preferably further com-
prise an additional additive, for instance selected from
the group consisting of a flavouring agent, a sweetener,
a colouring agent, a preservative and a stabilizing agent,
and a combination of two or more of such additional ad-
ditives, and alternatively or additionally an additional nu-
trient selected from the group consisting of zinc, copper,
molybdenum, selenium, a humic acid, a fulvic acid, an

amino acid, and a mixture of two or more of such addi-
tional nutrients.
[0086] The composition as claimed may especially
have a pH value preferably equal to or less than 0.5. The
composition may further comprise one or more of HCl
and H3PO4.
[0087] The shelf life appears to be at least one year at
room temperature.
[0088] The invention further provides a dilution of the
composition as claimed as described herein having (after
dilution) a pH in the range 4-6.
[0089] The invention further provides a method of pre-
paring a composition as defined herein, comprising:

- providing in a first process a first mixture of a water
absorbing additive and an acidified aqueous liquid,

- providing in a second process a second mixture of
a silicon source and an aqueous liquid,

- mixing in a mixing process at a temperature in the
range of >10°C and <35°C, preferably at a temper-
ature in the range of 18-22 °C, the first mixture and
the second mixture, preferably in a rotary jet mixer,
to provide a stock solution, wherein the first mixture
of water absorbing additive and acidified aqueous
liquid is stored for at least 6 hours, preferable 12
hours, such as at least 18 hours, before (said) mixing
(in said mixing process) with the second mixture of
silicon source and aqueous liquid, and wherein the
first mixture is stored preferably without substantial
stirring, and wherein the method further comprises
adding a boron source to one or more of the second
mixture and the stock solution. The aqueous liquid
used may especially be water, but may optionally
also be a mixture of water and one or more other
water miscible liquids. The ratio of the amount of
such liquids relative to water is preferably at least
1:5, even more preferably at least 1:10, yet even
more preferably at least 1:20 (i.e. for instance 1 liter
other liquid and 20 liters water).

[0090] Especially, the silicon source is a silicate, es-
pecially an alkali silicate, even more especially potassium
silicate, and wherein the boron source is boric acid.
[0091] Preferably, the first mixture is stored for at least
12 hours before mixing with the second mixture. Storage
is preferably at >10°C and < 30°C. Preferably, the boron
source is added after mixing the first mixture and the
second mixture.
[0092] As indicated above, the storage (before the mix-
ing process) is preferably without introducing turbulence
through for instance mixing. Especially, the mixing proc-
ess, which is performed after the storage of the first mix-
ture for at least 6 hours, is performed in (with) a rotary
jet mixer, such as indicated herein.
[0093] The invention further provides a method of pre-
paring the dilution as defined herein, comprising perform-
ing the method of preparing a composition as defined
herein, maintaining the composition thus obtained (i.e.
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after mixing the acidified aqueous liquid, the water ab-
sorbing additive, the silicon source and the boron source)
for at least 6 hours at a temperature in the range of >10°C
and <35°C, especially at a temperature in the range of
18-22 °C, preferably without substantial stirring, and sub-
sequently diluting the composition with an aqueous liquid
to arrive at a pH in the range of 4-6.
[0094] Especially the aqueous liquid, the silicon
source, the water absorbing additive and the strong acid
may be mixed in a rotary jet mixer. In operation, the liquid
in the rotary jet mixer may be circulated from the tank of
the mixer via a pump to the rotary jet, which is positioned
under the liquid surface. The liquid flow is used to drive
a gearing system which makes the nozzles of the rotary
jet rotate around one or more, and preferably both, the
horizontal and vertical axes. An example of a rotary jet
is described in WO0224317, which is incorporated herein
by reference. After this mixing boron as boric acid is add-
ed.
[0095] The invention further provides a method of pre-
paring the dilution as described herein, which method
may comprise performing the method of preparing a com-
position as defined herein, maintaining the composition
thus obtained for at least 12 hours at a temperature in
the range of >10°C and < 30°C, especially at a temper-
ature in the range of 18-22 °C, without substantial stirring,
and subsequently diluting the composition with an aque-
ous liquid to arrive at a pH in the range of 4-6 because
the uptake into plants is optimal at this pH interval. This
dilution is stable for at least 12 hours at a temperature in
the range of >10°C and < 35°C.
[0096] The invention further provides a particulate
product (powder). This may for instance be obtained by
executing the method of preparation as defined herein,
and removing, preferably by spray-drying, the aqueous
liquid and producing a particulate product.
[0097] Hence, the invention also provides a particulate
product (obtainable by the method as defined herein),
wherein the particles (of the particulate product) com-
prise (1) silicic acid, (2) boric acid, and (3) the water ab-
sorbing additive, and wherein at least 90% of the particles
in the particulate product have particle sizes in the range
of 0.1-10 mm, especially 0.3-5 mm. The particulate prod-
uct may comprise other materials, such as micro nutri-
ents (see also above).
[0098] The particulate product may have a shelf life of
at least two years at room temperature.
[0099] The invention further provides a dilution, as de-
fined herein, which may be obtainable by dissolving the
particulate product as defined herein in an aqueous liquid
and optionally adjusting the pH to a range of 4-6.
[0100] The dilution as defined herein, may be used for
all kind of individual, of if desired a possible combined,
applications:

- to germinate the biological characteristics of seeds;
- to enhance the biological characteristics of seeds;
- to strengthen a plant, a tree, or a crop, or their seed;

- to increase the resistance of a plant, a tree, or a crop,
or their seed, against one or more of the group of a
microbial infection, an insect, a pest, a fungus, or an
extreme physical condition;

- with a dilution factor lower than 80, especially lower
than 50, for use as a safe growth retardant to slow
down the growth of plants and flowers especially in
the end phases of the growth and flowering;

- to strengthen fish and to increase their resistance
against microbial infection.

[0101] The invention further provides a dilution as de-
fined herein for strengthening one or more of the group
of connective tissue, bones, skin, nails, arteries, cartilage
and joints.
[0102] The invention further provides a dilution as de-
fined herein, for use in the treatment of diseases related
with one or more of the group of bone, skin, arteries,
connective tissue, cartilage, joints, osteoporosis, rheu-
matic diseases, arthritis, arteriosclerosis, hair, nail and
skin diseases, cardiovascular diseases, allergic diseas-
es, degenerative diseases and immune diseases.
[0103] The composition defined herein or the dilution
as defined herein, may be used:

- in a therapeutic form;
- as food additive or food supplement;
- in a cosmetic, a therapeutic cream, an ointment, a

shampoo or a gel for a human or an animal;
- in combination with another substance, in a cream,

an ointment or a gel (’coatings’) for a plant, a tree or
a crop.

Examples

Experiment 1: Preparation of stock solutions; test of the 
stability in time.

[0104] Concentrated liquid sodium and potassium sil-
icates were used as starting materials (13% W/V Si as
silicate). Concentrated solutions were first five to tenfold
diluted in different concentrated humectants acidified un-
til pH 0.5. These stock solutions contained up to 1% Sil-
icon and up to 0.2% Boron. Only addition of highly con-
centrated humectants such as non-toxic food additives
like polysorbates, polyethylene glycols, propylene glycol,
urea, polydextrose, sorbitol, etc. resulted in stable solu-
tions of both acids.
[0105] All these humectants are highly mixable with
water and also mixable with different kinds of silicates or
silanols. Only strong humectants (e.g. those that absorb
water about 0.5 times or stronger water than glycerol)
were able to inhibit colloid formation beyond micro-colloid
stage of silicic acid after long time.
[0106] The stability in time for different strong humect-
ants and their combinations was observed during 32
weeks at 50°C.
[0107] It was concluded that the humectant concentra-
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tion must be at least 30%, preferably 40%, in the final
acidified stock solution to inhibit colloid formation beyond
the micro-colloid stage.
[0108] Examples of such strong absorbing additives
are propylene glycol, PEG 200, 400, 600 and 800, urea,
dextrose, polysorbate, sorbitol, galactose, cellulose, dex-
tran, vegetable gum, and combinations thereof. Lower
concentrations than 30% W/V resulted in extended col-
loid and gel formation after 3 months or even earlier in
some cases.

Biological test of type humectants:

Experiment 2: Preparation of stock solutions: search of 
for a good stabilization of the active particles (micro-col-
loidal) and of the biological activity.

[0109] In order to use economically the synergetic ef-
fect, two plants were selected as antifungal model: Lollo
Bionda (a salad) and White Lisbon (an onion). In both
cultures strong antifungal compounds are used to inhibit
fungal infection (Botrytis), resulting in leaf blight. Plants
are cultivated outside during March-August, completely
without Botrytis after treatment with antifungal drugs. No
treatment results in heavy infection.
[0110] Next the antifungal treatment (once a week
spray) was replaced by several diluted stock solutions.
[0111] PEG 400 and propylene glycol (Merck) at 40%
final concentration (V/V) and were used as type humect-
ant and different concentrations silicic acid - boric acid,
Si 6 mg/ml; Si/B ranged from 1/1 to 1/300, were prepared
for use on the two types of plants. The stock solution was
500 times diluted before use. The best results for pre-
ventive antifungal activity and increased plant growth
was silicon/boron > 1.5. The ratio could even be extended
up to 1 : 300 without losing big biological activity.

Experiment 3: Preparation of stock solution (to be diluted 
before use).

[0112] 5 liter PEG 400 or Propylene glycol (Merck) is
brought at a temperature of > 18°C and 300 ml concen-
trated HCL (first diluted with 300 ml aqua dest.) is added.
This solution is brought at >15°C and <30°C, and kept
at this temperature for at least 12 h. Next solved 500 ml
concentrated potassium silicate solution, diluted in 4.5
liters aqua dest. is added by using a special mixing tech-
nique (with rotary jet mixer). Then, 2 gram boric acid
(crystalline) is added. The resulting solution contains
0.8% Si and 0.2% B and the final pH is +/- 0.4.

Quality control: micro-colloidal solutions of silicic and bo-
ric acid with NMR.

[0113] The solution must be stable even 1 year after
the preparation, incubated at room temperature. In order
to fulfill this condition, the solution must be completely
clear (transparent), show no opalescence or have color,

show no effect in a turbid meter (light reflection) and
should filterable without flow reduction on a 0.1 micron
filter after three months at 50°C. Fivefold dilutions of the
stock solution in a phosphate buffer pH 6.5 results in
complete gel formation after 10 minutes, showing that a
too high pH immediately results in gel formation. The
solution is only partially retained in a molecular filter with
cut off 5000 after 1/10 dilution, in preparations with PEG
400 or propylene glycol).

Experiment 4: Preparation of the stabilized powder; test 
of stability in time

[0114] 1 liter of the stock solution (see example 3) with
silicic and boric acid is spraydried with a spray dryer. The
particle size in the powder ranges from 0.3 to 5 microm-
eter. The drying gas of the spray dryer enters in laminar
flow through a two-fluid nozzle 0.7/1.4 mm from the top
into the drying chamber. The drying chamber is heated
up with an inlet temperature of 220°C and an outlet tem-
perature of 95°C. The piezodriven spray head generates
ultra-fine droplets, which are gently dried into solid par-
ticles. The gas spray flow is 70 mm and aspiration 100%
with the peristaltic pump at 20%. The dried particles are
electrostatically charged and collected at the collecting
electrode.
[0115] The particle size is determined with a SEM TM-
100 to be between 0.3 to 5 micrometer.
[0116] The stability in time is at least two years.
[0117] Experiment 5: Test with patients in Amsterdam
(the Netherlands). 100 volunteers were evaluated. They
received (in a small 25 ml plastic vial) made with PEG
400 (see above) a stock solution with micro-colloidal sil-
icic acid (silicon = 4 mg / 0,5 cc daily) and boric acid
(boron = 0,8 mg / 0.5 cc daily).
[0118] Each patient took every day and during 3
months 10 drops (= 0,5 cc) solved in 150 ml. water to
evaluate biological effects.
[0119] Evaluation of the biological activity was done
on day 31 and 95 after starting the treatment.

Conclusion after 3 months:

[0120]

- (significant) improvement of the skin and wrinkles
- improvement of brittleness of hair / stronger hairs
- significant decrease of hair loss and increase in hair

growth
- improvement of brittle nails hair /stronger nails
- improvement of arthralgia (joint pain) and back pain
- boost in general wellbeing / boost of immunity / vi-

tality
- improvement of skin disorders like psoriasis and ec-

zema
- improvement of arthritis (rheumatoid arthritis and

psoriatic arthritis)
- improvement of wound healing (ulcus cruris)
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- lowering of infection rate of URI’s (upper respiratory
tract infections)

- improvement of allergy like hay fever and food aller-
gy

- antihypertensive effects,
- improvement of constipation
- improvement of insomnia
- improved sexual potency
- improved fracture healing

Only 4 of the 100 patients reported no effects at all.
[0121] These results show that a short oral treatment
with this formulation promoted direct biological effects in
patients and also that this silicon/boron compound is
highly bioavailable in humans.

Experiment 6: Influence of micro-colloidal silicon / low 
dose boron improves the strength of hooves in horses.

[0122] During 6 months the stock solution (with silicon
(4 mg / 0,5 cc) and boron (0,8 mg / 0,5 cc per 60 kg
weight) was given daily to 12 horses, with the stock so-
lution being sprayed on the food or diluted in the drinking
water. After 6 months significant strengthening was ob-
served on the hooves of the horses.

Experiment 7: Application of micro-colloidal silicon / low 
dose boron on apples (Elstar, Cox and Jonagold)

[0123] The solution, containing about 0.4 wt.% Si,
about 0.1 wt.% B and about 45 wt.% PEG 400, having a
pH of about 0.5, was about 800 x times diluted before
use and applied to Elstar, Cox and Jonagold Fruit (ap-
ples). The fruit was treated each 2 weeks till
harvesting( each time 350 ml. of the solution per ha.). It
appears that after harvesting the fruit size, weight, firm-
ness, color, TSS value (total soluble solids) and the
amount of starch was in all cases higher than untreated
fruit. Also the shell life time was doubled due to the hard-
ening of the skin with 0,5 - 1 point.

Experiment 8: Improving yield of rice and increase in 
straw yield (in India).

[0124] During 2 years and several seasons and on dif-
ferent locations with different soil type Foliar Si was ap-
plied 20 days after transplanting rice seedlings, with an
interval of 15 days for four and five times. Grain yields
were significantly increased over the control by of a foliar
spray with a dilution of 500 and 250 times (= 2 and 4 ml
of stock solution per liter water) plus 50% the recom-
mended doses of insecticide and fungicide in both years.
The highest grain yields of 6679 and 5172 kg ha-1 were
in plots receiving 4 ml L-1 Si plus half the recommended
dose of insecticides and fungicides respectively during
2007 and 2008. No yield increase was observed with the
application of 8 ml L-1 Si alone plus half the recommend-
ed doses of insecticide and fungicide at both locations.

A significant increase in straw yield was observed with
application 2 and 4 ml L-1 Si alone and along with half
the recommended insecticide and fungicide. The in-
crease in straw yield was observed only during 2007 in
the hilly zone and in 2008 in the coastal zone.

Experiment 9: Improving yield of Papaya’s (in Colombia)

[0125] All Si applications showed better growth of the
trees compared to the placebo, as well as an increase in
height (+4.7%, +7.8%, +6.3%), diameter (+1.4%, +8.2%,
+7.3%) and fruit production (+8.7%, +11.9%, +13.2%).
These initial tests also showed that a 20-40% reduction
in pesticide use is realistic.

Experiment 10: Increasing the rate of germination of the 
seeds of wheat

[0126] Different levels of silicic acid were tested on
seeds and in pot experiments to assess their effects on
improvement of seed and the growth and yield in wheat.
[0127] The findings of this study showed that when sil-
icic acid was applied at 0.25-0.50% level, the rate of ger-
mination was increased.
[0128] Next, the silicic acid concentrations affected
crop positively as all the varieties of wheat produced high-
est plant growth and yield at 0.25% and 0.50% silicic acid
application.

Experiment 11: Improving yield of Potatoes (Nether-
lands)

[0129] Potatoes (Bintje) were treated 5 times with foliar
sprays of micro-colloidal silicon / low dose boron during
the crop cycle.
[0130] The potatoes treated with Si applications
showed an increase in yield. The production in the Si
group was 53.274 kg/ha, while the control was 50.121/ha
being an increase of 6,3%.

Experiment 12: Improving yield of Unions (Netherlands)

[0131] Unions (Hyskin) were treated 6 times with foliar
sprays of micro-colloidal silicon / low dose boron during
the crop cycle.
[0132] The unions treated with Si applications showed
an increase in yield. The production in the Si group was
49.194 kg/ha, while the control was 44.411 kg/ha being
an increase of 10,77%.

Experiment 13: Growth retardant effects by application 
of micro-colloidal silicon / low dose boron on rice

[0133] The rice was treated with high dose microcol-
loidal silicon/boron foliar. The dilution factor of the stock
solution, see experiments 1 or 3, was 50. The production
of the Si treated plants was retarded compared to control
plants.
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Experiment 14: further example of preparing a stock so-
lution

[0134] To demi water 32% HCl is to obtain a dilution
Factor DF of 0.3. Then, PEG 400 or Propylene glycol
(Merck) is added to the diluted HCL solution. The solution
has to stabilize for one day.

Potassiumsilicate is dissolved in demi water.

[0135] With a jet rotary mixer the potassium silicate
solution is added to and almost momentaneously homog-
enized with the PEG solution preventing polymerization
proceeding beyond the micro colloidal stage. The result-
ing pre-stock solution contains 0.8 w/v% Si; pH is < 0.5.
[0136] Boric acid (which in itself has a stabilizing ef-
fect), is dissolved in the said pre-stock solution resulting
in the final stock solution. The stock solution has to sta-
bilize for one day.
[0137] The final stock solution contains 0.8% Si, 0.2%
B and the final pH is +/- 0.4.

Comparative experiment: mixing conditions

[0138] Instead of adding a mixture of water and potas-
sium silicate, the potassium silicate was directly added
to a mixture of water and water absorbing additive. It
appeared that undesired polymerisation took place and
a gel was obtained.
[0139] Instead of mixing a first mixture of acidified wa-
ter and the water absorbing additive (here PEG) that has
been stored for at least 6 hours with the second mixture,
potassium silicate, silicic acid, HCl, water and boric acid
are all mixed in one step. Again, it appeared that unde-
sired polymerisation took place, and a gel was obtained.
[0140] As such the invention has successfully attempt-
ed to achieve a preparation containing bioavailable and
bioactive silicon.
[0141] The description given above is only explanatory
and is not limiting. The application shall cover the scope
of content of subject matter that will be well understood
by skilled person in the art.

Claims

1. A solution containing

(i) silicic acid in the micro-colloidal phase being
particles, where at least 90% of the particles
have a particle size in the range of 1.5-8 nm;
(ii) copper, molybdenum, selenium, zinc, humic
acid, fulvic acid and/or amino acids; and
(iii) a water absorbing additive for at least 30%
V/V of the solution;

wherein the solution has a pH below 1.

2. The solution according to claim 1, wherein the range
of the particles is 3.5-8 nm, preferably 3.5 - 6 nm.

3. The solution according to any one of the preceding
claims, wherein the water absorbing additive is a
polysorbate, a vegetable gum, a substituted cellu-
lose, a polyglycerol ester of fatty acids, a polyethyl-
ene glycol, a polydextrose, propylene glycol, propyl-
ene glycol alginate, a polyoxy ethylene glycol ester,
a pectine or amidated pectine, a sucrose ester of
fatty acids, acetylated or hydroxypropyl starch,
starch phosphates, urea, sorbitol, malitol, a vitamin,
or mixtures thereof.

4. The solution according to any one of the preceding
claims, wherein the water absorbing additive con-
centration is in the range of 30 % V/V - 60% V/V of
the solution.

5. The solution according to any one of the preceding
claims, further comprising an additional additive se-
lected from the group consisting of a flavoring agent,
a sweetener, a coloring agent, a preservative and a
stabilizing agent, and a combination of two or more
of such additional additives.

6. The solution according to any one of the preceding
claims, having a pH value equal to or less than 0.5.

7. The solution according to any one of the preceding
claims, further comprising one or more of HCl and
H3PO4.

8. The solution according to any one of the preceding
claims, having a shelf life of at least one year at room
temperature.
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