[0001] INSULATION MATERIAL CONTAINING MICROFIBERS FROM STEM FIBERS OF BANANA
FRUIT TREES [0002] [0003]Description [0004] [0005] [0006] Technical field of the invention. [0007]
[0008]An object of the present invention is a thermally and/or acoustically insulating material
essentially comprising plant microfibers from fibers of stems of banana fruit trees. An obect is also
various uses of this material as well its process of manufacture. [0009] [00010] The technical field of
the invention is that of the manufacture of building materials based on plant fibers, in particular
material useti1 s thermal and/or acoustic insulation for construction of houses and industrial

premise 100 he altorbiNENL Y Rt BRI MR A BloR Spaiti Wr & tontainment of

material$-(B RREOF BIYNARNA SR DITTTRBESY low temperatures. It also relates to the technical field of
materialE for the hydration and the cultivation of plants. [00011] [00012] [00013] Prior Art. [00014]
[00015] g insulating materials based on plant fibers such as hemp or cotton fibers as well as
coconut,[paif] or Ascaigianila hemp) fibers are known.

[0004]

[0005]

[0006]  Technical field of the invention.

[0007]

[0008] An object of the present invention is a thermally and/or acoustically insulating
material essentially comprising plant microfibers from fibers of stems of banana fruit
trees. An obect is also various uses of this material as well its process of manufacture.
[0009]

[00010] The technical field of the invention is that of the manufacture of building
materials based on plant fibers, in particular materials used as thermal and/or acoustic
insulation for construction of houses and industrial premises, for the automotive
industry, industrial vehicles, aircraft and/or spatial or the containment of materials or
walls brought to very high or very low temperatures. It also relates to the technical field
of materials used for the hydration and the cultivation of plants.

[00011]

[00012]

[00013] Prior Art.

[00014]

[00015] Building insulating materials based on plant fibers such as hemp or cotton
fibers as well as coconut, palm, or Abaca (Manila hemp) fibers are known.

[00016]

[00017] Hemp fibers constitute good thermal and acoustic insulators, completely
natural and therefore easily recyclable. However, their production requires ungainly
means; in effect, it is necessary to cultivate the hemp, harvest it, then extract the fibers
before forming them.

[00018] The cotton wools have the advantage of being producable from recycled

cotton fibers obtained for example by unravelling of old fabrics, cleaning and



[00016] [00017] Hemp fibers constitute good thermal and acoustic insulators, completely natural and
therefore easily recyclable. However, their production requires ungainly means; in effect, it is
necessary to cultivate the hemp, harvest it, then extract the fibers before forming them. [00018] The
cotton wools have the advantage of being producable from recycled cotton fibers obtained for example
by unravelling of old fabrics, cleaning and compacting of the fibers. Nevertheless, theses cotton wools
are expensive and have a very low mechanical strength. [00019] Finally, insulators based on coconut,

palm or Abaca fibers are very expensive and require ungainly means to perform the extraction and
treatmerRUTRBEISSG0 U RSN AR RIS n IFTE BLP A0 AL PR HAReRAE &SR on plant
fibers froverpdoanadutanicaD2iéidte patent document FR 2,846,685 (CARPANZANO, Joseph)
describeg?gé egia le boaro\ onstitutedq essentiall tb ‘ibers Rf drief banana skins. The document
WO 20057092885 [CRREARZARS 5388010 e Yhde sl §barAMha e sn Bt iR e
constitutaddessguitialin gt clyi pseainsaogrexfokm s reneXdralotina e tr trest O] filleegpatent document
FR 2,5810704&6 RESSON) discloses a lightweight concrete based on agricultural residues, such as
banana tree trunks, treated to obtain fibers interlacing with the mixture, in mixture with a hydraulic
binder. [(00221Thélsatkne\Wodarienpiar 88,887 i(ikUainodisaiesetsthasgskosr peittiesrsffnanas

bunchesy,gHt a4 REESSEd to remove the juice, then dried and finally divided into fibrous particles. The
latter are mixed with a binder to be used in a construction material. [00025] The article W.KILLMANN

ET AL: "R0&HunGRMBAIRHIEIEHTHEN BEh A48 &3P SFARFEMN/ANRPIeraRMR e SHRESTIOV oI, 1977,
No. 3, 1¥4anaees Kar6ddirseiRash e HE8I9THParRIQUS BAES BARANARRIHE T REELENIMGIAGY,

noteably for the manufacture of insulating materials. _ _
WO 2005/092985 (CARPANZANO, Joseph) also describes a material based on plant
fibers constituted essentially by chips of banana skins and/or banana trees.
[00023] The patent document FR 2,583,743 (FRESSON) discloses a lightweight
concrete based on agricultural residues, such as banana tree trunks, treated to obtain
fibers interlacing with the mixture, in mixture with a hydraulic binder.
[00024] The patent document NL 63,937 (KOOL) discloses the use of residues of
bananas bunches, cut and pressed to remove the juice, then dried and finally divided
into fibrous particles. The latter are mixed with a binder to be used in a construction
material.
[00025] The article W.KILLMANN ET AL: "Verwertungsmaglichkeiten der
Bananfasern" DEUTSCHE PAPIERWIRTSCHAFT, Vol. 1977, No. 3, 1977, pages 61-
65, describes the use of fibererous parts of banana tree, after grinding, noteably for the
manufacture of insulating materials.
[00026] The insulating materials described in these documents all have acceptable
insulating properties.
[00027]
[00028] The main objective of the invention is to provide a new material that exhibits
properties of thermal insulation and acoustic insulation superior to those obtained with
materials based on plant fibers from banana trees.
[00029]
[00030] Another objective of the invention is to provide a method enabling simple,

quick manufacture and at low cost of this insulating material.



[00026] The insulating materials described in these documents all have acceptable insulating
properties. [00027] [00028] The main objective of the invention is to provide a new material that
exhibits properties of thermal insulation and acoustic insulation superior to those obtained with
materials based on plant fibers from banana trees. [00029] [00030] Another objective of the invention
is to provide a method enabling simple, quick manufacture and at low cost of this insulating material.
[00031] [00032] [00033] Disclosure of the invention. [00034] [00035] The solution offered by the
inventioz is a material used as thermal and/or acoustic insulation, constituted essentially by
microfibePHdM fibers of banana fruit tree stems. [00036] This material has thermal and acoustic
insulatiofoe@g®rties far superior to known insulation materials, especially compared to other materials
using ﬁbg@ﬁ,%g anana skins ttﬁunkséﬂﬁngo-trunks or stems of banana trees, and that at both

n

positive ative éorﬁ%%era?{ure%.' e applicant has in fact found that fibers from banana tree stems
have surffli¥l@g]acoustic and thermal insulation properties, especially properties of resistance to heat
and COICI[00035] The solution offered by the invention is a material used as thermal and/or
acoustic insulation, constituted essentially by microfibers from fibers of banana fruit tree
stems.
[00036] This material has thermal and acoustic insulation properties far superior to
known insulation materials, especially compared to other materials using fibers from
banana skins, trunks, pseudo-trunks or stems of banana trees, and that at both positive
and negative temperatures. The applicant has in fact found that fibers from banana tree
stems have surprising acoustic and thermal insulation properties, especially properties
of resistance to heat and cold.
[00037] By "microfibers" is meant, in the sense of the present invention, fibers having
a diameter between 0.01 mm and 1 mm, and preferably of the order of 0.1 mm.
[00038] By "banana fruit trees”, is meant noteably all kinds and species of banana
trees grouped under the taxonomic genus Musa of the family of Musaceaes.
[00039] By "banana tree stems" is meant, in the sense of the present invention, the
arch-shaped rods pointed downwards, which emerge from the top of banana trees and
that bear bananas.
[00040] Applicants found that banana fruit tree stems are composed almost entirely of
fibers having the property of dividing into microfibers, while the fibers of other parts of
the banana tree are unique and indivisible or difficultly divisible. However, these
microfibers, when they are agglomerated, have the ability to store a large volume of air
microbubbles that contribute to the thermal and acoustic insulation of the final material.
The applicants were able to demonstrate that the volume of air stored in an
agglomerate of microfibers from stems of banana tree fibers is higher (from 5% to 30%
depending on the density of the finished material) to the volume of air stored in an
agglomerate of single fibers from other parts of the banana tree (stem, pseudo-stem,

leaves, banana peels, ...). It follows that the material object of the invention has



[00037] By "microfibers"” is meant, in the sense of the present invention, fibers having a diameter
between 0.01 mm and 1 mm, and preferably of the order of 0.1 mm. [00038] By "banana fruit trees", is
meant noteably all kinds and species of banana trees grouped under the taxonomic genus Musa of the
family of Musaceaes. [00039] By "banana tree stems" is meant, in the sense of the present invention,
the arch-shaped rods pointed downwards, which emerge from the top of banana trees and that bear
bananas. [00040] Applicants found that banana fruit tree stems are composed almost entirely of fibers
having the property of dividing info micrafibers, while the fibers of other parts of the banapa tree are
Unique aRRANAS SIENOF TN O e IORLOR S RESE R TR FElGHals (eSS e R merated,
have thefadlitytiherspaiesafatgebananetafabniikroubiabdhataantibute to the thermal and acoustic
insulatioer1 f the final material. The applicants were able to demonstrate that the volume of air stored in

an agglo (r)at of microfibers from stems of banana tree fibers is higher (from 5% to 30% depending

on the d¢0GN¢2f the Grishéal Mmeatemizl tytienvetatios of drestoirdfincas agd onstveterudrsiagle fibers
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material object of the invention has properties of thermal and acoustic | ation superior to those
materialdiberssausbiinées from other parts of the banana tree and known in the prior art. [00041]
[00042] |[@)@6q%1 to maximize agglomeration of the microfibers and to store more air microbubbles, the
aforementioned microfibers are advantaﬁeously mixed with a fibererous binder. [00043] [00044] The

insulatin{PRRAétial THaReHainsomsieanhisiBsteaNRogors koenstitietd ¥Rl 188 88°%0%, of
microfibeyefEpabAbar At PenaNR LB SISTE RS HIONMEl Araridinosegreferred

implementation mode the insulating material is in the form of boards, rolls or microfibers to be blown or
flocked. [0864%

[00046] According to a preferred implementation mode the insulating material is in the
form of boards, rolls or microfibers to be blown or flocked.

[00047]

[00048] Another aspect of the invention relates to a method of manufacturing the
insulating material. This method comprises:

[00049] - unravelling stems of banana fruit trees so as to separate the fibers of the
aforementioned stems into microfibers,

[00050] - crushing the obtained microfibers in order to flatten them then and unravel
them again.

[00051] Microfibers having a minimal diameter are thus obtained.

[00052]

[00053] Advantageously, the microfibers obtained are mixed with a binder; this
mixture is introduced into molds, templates, or glazing tools; and this mixture is heated
to provide the final shape of the material.

[00054]

[00055] Before or during the mixing of the microfibers with the binder, the
aforementioned microfibers can undergo a fire retardant and/or antibacterial and/or
fungicidal treatment.

[00056]

[00057] To increase the volume of air stored in the material and increase the

insulating properties of the latter, the microfibers are preferably mixed with aluminum



[00048] Another aspect of the invention relates to a method of manufacturing the insulating material.
This method comprises: [00049] - unravelling stems of banana fruit trees so as to separate the fibers
of the aforementioned stems into microfibers, [00050] - crushing the obtained microfibers in order to
flatten them then and unravel them again. [00051] Microfibers having a minimal diameter are thus
obtained. [00052] [00053] Advantageously, the microfibers obtained are mixed with a binder; this
mixture is introduced into molds, templates, or glazing tools; and this mixture is heated to provide the

final shape, gf the materia). 0005418%)005 Erefore or_duriq%%e mixinﬁ_ of the microfibers with the
binder, t08 dRANA GO R ThiR S RBRIRE 4l hogE Y B tRBY R e (G hUYEP ARt 4 iFor
fungicidahtretieneiol d) A0aGIAARO6T hlEeimgteaks the aienenfiehestonpdure thenewtatial ardbincrease

the InSU g D B e et AR I A S RIS S E RS RPN e Sty gluminum
[00058]
[00059] In an an implementation mode variant, the microfibers are mixed with a binder
and optionally with water, to obtain a pasty mixture. The latter is then mixed with
aluminum oxide and potassium, so as to form hydrogen microbubbles. The resulting
pasty product is then coated onto a substrate and then heated so as to replace the
hydrogen microbubbles by air microbubbles.
[00060]
[00061] Yet another aspect of the invention relates to the use of insulating material,
for hydration and the cultivation of plants, in the form of boards or rolls adapted to be
applied on, or buried in, the soil of the terrain to be cultivated.
[00062]
[00063] Yet another aspect of the invention relates to the use of the insulating
material as mulch, the microfibers being applied loose to the base of plants in order to
limit evaporation and/or the growth of weeds and/or as thermal protection.
[00064]
[00065] Other aspects of the invention relate to the use of insulating material:
[00066] - as a flame retardant, in the form of boards, rolls, adapted to be being
applied onto at least one other material to be fireproofed,
[00067] - as a filtering agent, being preferably embedded in a membrane, a filter or
any other equivalent filtration device,
[00068] - for the making of post-formed products such as casing, smart card, circuit
board.
[00069]
[00070] Other advantages and features of the invention will better appear upon
reading the description that is going to follow, made way of indicatif and non-limiting
example.
[00071]
[00072]



oxide and potassium to generate hydrogen microbubbles. After introducing the mixture into the molds,
templates or glazing tools, the aforementioned mixture is heated in order to replace the
aforementioned hydrogen microbubbles by air microbubbles. [00058] [00059] In an an implementation
mode variant, the microfibers are mixed with a binder and optionally with water, to obtain a pasty
mixture. The latter is then mixed with aluminum oxide and potassium, so as to form hydrogen
microbubbles The resulting pasty product is then coated onto a substrate and then heated so as to

replacerr |cr0bubbles bﬁ air gucrobubbles [00060] [00061] Yet another aspect of the
inventio Qgpa '@%’E"f’ i1R5UTS4 t86dnyeR ratlon and the cultivation of plants, in the form
of board$omoradis adapted to be applied on, or buried in, the soil of the terrain to be cultivated. [00062]
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insulatingaw%eﬂg]lial’ without requiring treatments or extractions. This enables siginficant
limitation of the production costs of material, but it is also completely natural and thus
fully and easily recyclable. The microfibers obtained can optionally undergo a fire
retardant and/or antibacterial and/or fungicidal treatment, but this is not necessary.
[00076]
[00077] The material consists essentially of agglomerated or non-agglomerated
microfibers from fiber stems of banana fruit tree, that is to say consisting of at least 50%
of microfibers, advantageously at least 80% of agglomerated microfibers, preferably at
least 90%, and 100% if necessary. Such a proportion gives the material a very low
toxicity to the environment, and a very good recyclability, even when the microfibers are
mixed with a binder. In addition, it greatly reduces the costs of raw material and
therefore of production of the material.
[00078] In practice, the diameter of microfibers is between approximately 0.01 mm
and 1 mm, and in practice of the order of 0.1 mm following the technique of pushed
unravelling described hereinafter in the later in the description.
[00079]
[00080] The microfibers can be used as is or agglomerated by a simple compaction.
However, they are advantageously densified in order to improve the mechanical
strength of the material. In practice, the microfibers are mixed with a binder that
provides cohesion and improves their agglomeration. The material obtained is thus
more rigid, with a higher mechanical strength, easier to shape and easily handable. The
binder selected can be a dry fibrous binder, optionally synthetic of the polypropylene
type, or an aqueous organic binder such as a paste based on starch or cellulose paste,
or an aqueous inorganic binder such as a hydraulic binder based on sodium silicate
(NazSiOs).



[00066] - as a flame retardant, in the form of boards, rolls, adapted to be being applied onto at least
one other material to be fireproofed, [00067] - as a filtering agent, being preferably embedded in a
membrane, a filter or any other equivalent filtration device, [00068] - for the making of post-formed
products such as casing, smart card, circuit board. [00069] [00070] Other advantages and features of
the invention will better appear upon reading the description that is going to follow, made way of
indicatif and non-limiting example. [00071] [00072] [00073] Implementation modes of the invention.

00074
[ | [00081] The fibreous microfibers/binder mixture has the advantage of being able to

store a large amount of air microbubbles and thus increase the thermal and acoustic
insulation capacities of the material.

[00082] Other suitable components and additives suitable to the person of skill in the
art can be combined with the microfibers depending on uses of the material of the
invention.

[00083]

[00084] The extremely simple constitution of the material of the invention enables a
packaging, formatting, and storage in various forms, which are more particularly chosen
depending on applications. The material is, however, preferably in the form of boards or
rolls of varying dimensions, density and thicknesses. The material can also be in the
form of sleeves, tubes, plates, sheets, fleeces (by trapping of a layer of material
between two sheets of at least one flexible material and preferably flame retardant, in
particular at least a textile material), etc. In general, it is possible to obtain rigid, semi-
rigid or flexible elements, and at least keep their shape. It can also be used in the raw
state, loose, for hydration and the cultivation of plants, for example by mixing
microfibers with earth or compositions for hydration and cultivation of plants or in
soilless hydroponic culture. The microfibers can also be used directly as mulch. The
microfibers are also suitable for coating applications by machine or hand flocking,
blowing or by molding or over molding on complex parts of machines, thermal or
mechanical, among others.

[00085]

[00086] The material has surprising properties of thermal insulation, acoustic
insulation, fire retardance and liquid absorption.

[00087]

[00088] With regard to the thermal insulation properties, tests demonstrated that a
duct having a thickness between 0.5 cm and 1 cm constituted by the insulating material,
applied to an exhaust duct of a boiler producing a stream of hot air with a temperature
of approximately 300°C, enables full insulation of the aforementioned duct. The

temperature rise on the external surface of the duct in contact with air is very low, a few



[00075] The material object of the invention is made from agglomerated microfibers fibers of stems of
banana fruit tree. These stems can be used in their natural state as raw material, without requiring
treatments or extractions. This enables siginficant limitation of the production costs of material, but it is
also completely natural and thus fully and easily recyclable. The microfibers obtained can optionally
undergo a fire retardant and/or antibacterial and/or fungicidal treatment, but this is not necessary.
[00076] [00077] The material consists essentially of agglomerated or non-agglomerated microfibers
from fiber stems of E_a ana fruit tree, that is to say consisting of at least 50% of microfibers,
acvantaGESUER abIBAC, DA PG ERRSH S chSHRBTE R HAAEH, WL BB 8
necessahgdtuciharpsppodindugivgptot nuaie iantaceof kevéaxitdydothemdwnment, and a very
good rez%ﬁ g ity, even when the microfibers are mixed with a binder. In addition, it greatl regduces
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agglomeration. The material obtained is thus more rigid, with a higher mechanical strength, easier to
shape aneceRalfisigntmeidheraabiFRRAILSIWER] Eimh BeUAHRDBRSCHab RIS RsieaN FayigiMbtic of the
polypropylefe iigker. an aqueous organic binder such as a paste based on starch or cellulose paste,
or an agueous inotﬁéalnic binder such as a hydraulic binder based on sodium silicate (Na2SiO3).

[00081] THORNeol 8o RabHIR SRR ABEISINNGRE HSRANE ARMHBEH HRaRgelbie RFEIBVE a large

amount ebatamitewrlblencard fincisideereanddis, therwalandrikedesticdisglalioarcapacities of the
material.#go 082 OtPer. syitable components and additive suitaég}le to the R%{/son of skill in the art can
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The extremedyssiexbleusodsidtistomniod the nate nedet dileofrhernivertioabdsoaepablkeging, formatting, and

storage iy yguiqus orme WAICH st male pariculariv chgssn depgpding o Applcelins. The maeril
is, however, preferably In the form of boards or rollS of varying dimensions; density an thicknesses.

The mateefalgesiatatbty unkénatind darm of sleeves, tubes, plates, sheets, fleeces (by trapping of a layer of
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cultivation of plants or in soilless hydroponic culture. The microfibers can also be used directly as

mulch. TA®RABRMiIERIPEAES QL iaplieefomaetetifl lhishtsaiBASIHY Bt AMEHHARE flocking, blowing
or by moidngiahfroneidinengrppiitRifdrRatssthinashtbesndieineal isaerhpigeh aeRAgathers.
[00085] of material according to the invention, preferably agglomerated without binder,

embedded between two sheets or layers of at least one flame retardant textile.

[00092]

[00093] With regard to the acoustic insulation properties, tests measuring the acoustic

absorption coefficient with the impedance tube made in accordance with the standard

DIN EN I1SO 10534-1 and 2 were used to determine that the material has acoustic

insulation properties better than those obtained with the material described in the patent

document WO 2005/092985 (CARPANZANO Joseph), with absorption coefficient

values at medium frequencies greater than 0.9.



[00086] The material has surprising properties of thermal insulation, acoustic insulation, fire retardance
and liquid absorption. [00087] [00088] With regard to the thermal insulation properties, tests
demonstrated that a duct having a thickness between 0.5 cm and 1 cm constituted by the insulating
material, applied to an exhaust duct of a boiler producing a stream of hot air with a temperature of
approximately 300C, enables full insulation of the aforementioned duct. The temperature rise on the
external surface of the duct in contact with air is very low, a few degrees, which allows manual contact
on the aforementioned duct Withoutérglgression of heat or burns, even (iuri%?(_? prolonged contact of

several tSHO8f5e bR F RSN RYGifEHHIE BT ALY IO th &P BRI PE FEL Bt ctivity
were useiteks) tfethenfone thicl theds)gikias hasshesmsaf irmsigioolzropéifiées, keitenibanttiwse obtained
with the material déalﬁcrri]bed %'n trge document WO 2005/092985 (CARPANZANO Joseph), with values of
thermal CEEMcTENT coondgu%‘talvffyt/J (3?%%%55 than 0.041 W/m.K, on the order of approximately 0.038
W/m.K, 4860851l cases lower than the coefficients of thermal conductivity of the insulating materials of
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the standarddatNvENflG@2$0534-1 and 2 were used to determine that the material has acoustic
insulation-properties &etter tl'%e%{t‘ho’s&gbtaipeerg Citkhtgg n}s%t Ir}]a{ dee ocrrin?%ﬁi 6% atuh Spoart%nsdocument_
wO 20029@ 5?& @Joseg?%, Wﬁll:vé"bsorp Ion coeﬂlment values at' medium frequencies
greater thppl@dto at least one other material to be fireproofed. In particular, the material can be

used in plating or coating, for making doors and fire separations or for the containment

of automotive interiors. Microfibers can also be directly flocked or blown onto at least

one other material to be fire proofed.

[00098]

[00099] With regard to other properties of the material according to the invention,

tests showed that a plate of such a material was able to absorb a liquid volume at least

equal to its own volume. Such absorption properties, combined with thermal insulation

properties, make it a very good retainer of liquids. This allows in particular

maintainability, for example in crop applications, of a high level of humidity for a long

time (at least one week) in the absence of watering, allowing for example a water-

saving during periods of heat, but also retaining water in the land and preventing frost

around the roots of plants in winter. The material can also be used as mulch, the

microfibers being directly applied loose to the base of plants to reduce evaporation

and/or weed growth and/or as thermal protection.

[000100] As an absorbent, the material can be used in the form of boards or rolls,

adapted to be applied on, or buried in, the soil of the terrain to be cultivated. In practice,



[00094] The material can thus be used as acoustic insulation, for example of ceiling tiles, in the form of
boards, plates, or sheets, flannels, rolls or fillers, and under the same conditions set out above.
[00095] [00096] With regard to flame retardancy, the fibers of banana tree stems are almost a natural
self-extinguishing flame retardant making the material nonflammable. Thus, a plate having a thickness
of 3 cm formed by a glaze of microfibers agglomerated with a binder based on sodium silicate on
which is applied a flame for a period of 30 minutes does not catch fire and visual degradation is not

apparent. |t is aJso noted that there is a lack of red point (or melting point), the microfibers not being
conaumatDIE T AR B0 AR CENe 2 BbHGHAG bt B P EhAofibers in order 10
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contact with fl m?% O&%gﬂiln t{lﬂs aﬁgkication the material can be used in the form of boards or rolls
ne other

306ne Migterid) %

applied 1670 el ng‘i?ep'roofed. In particular, the material can be used in plating
or coatinfdot@igking doors and fire separations or for the containment of automotive interiors.

Moo g BARA RS Al S ALAIA NG S93 A5 SN BLNBLEI RIS i prooted

[00098] 99| \ gard to other properties of the material according to the invention, tests
showed tieiai plast bessiems pidienana/bsibbeetaran@iectelioinitheonatsohsietest witielto its own

volume. S RRSRURIANREPRRSHESEEIIABCHLIL BRI BRI BIGREIIES. ke d auyery good

retainer of liquids. This allows in particular maintainability, for example in crop applications, of a high
level of RIIRIEYSshAbRYNEs af R theanRKiFEHY 488Ence of watering, allowing for example a
Water-sawngfbgjng periods of heat, but also retaining water in the land and preventing frost around
the roots of plants in winter. The material can also be used as mulch, the microfibers being directly

applied | M ERseTe RS TSyl pietihseRa/atebEd I gRsR R M CHR e Afal
protectioprOMEEL ARE Attt 38R heatidhsny atadal ean heseseskindbe frimia hpardsworeiadle, adapted

to be applied on, or buried in, the sqil of the terrain to be cultivated, In practice, a board is provided
aving a5 URRGES SETRHSRNAE . BIABEEr B BHRAHBRLFUA I SoHanEh &0 Lse also
limits theaggowtiowvdrae edshd bathetabfiteetsaramn alsw bimenixecedivectlyfia pattiogrixilirf000101]

constituted by the aforementioned microfibres and substances contained in liquid form

in the stems such as water and starch, among others.

[000105]

[000106] After the unraveling, it can be advantageous to remove the majority of these

liquid substances. To do this, the obtained residual mixture is pressed at the outlet of

the tearing machine, using a hydraulic press under a pressure between 200 kg/cm? and

400 kg/cm?. Preferably, the residual mixture is pressed between pressing dies heated to

a temperature of approximately 100°C to 120°C, which enables carrying out a

superficiel pre-drying of the microfibers.

[000107]

[000108] Atfter having unravelled the stems of the banana tree a first time, and

optimally after pressing the residual mixture, the microfibers obtained can be crushed

between two rolls so as to flatten them in order to unravel them a second time. Indeed,

the crushing of the microfibers increases their surface such that the needles of the

tearing machine can divide them again. It is then possible to obtain smaller microfibers,

having a diameter on the order of 0.1 mm.

[000109]
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[000102] The process of manufacture of the material will now be described in more detail. First the
stems of banana fruit tree are collected in the natural state, without being treated or prepared
beforehand. The stems of banana tree produce, that are cut after harvest of bunches of banana can
be directly used. [000103] [000104] These stems are unravelled in order to separate the fibers into
microfibers. In practice, the stems pass in a tearing machine whose needles open the fibers to reveal
the microfibers. Microfibers having a diameter of approximately 0.5 mm to 1 mm, which are recovered

at the outlet of the tearing machine in the form of a crude mixture constjtuted by the aforementioned
oo DA G e AP L o e LIRS A RE WS 2 QN Emome

others. [@00frab),[A00LGEAter Byeausiraplipgs st campactibraotagsedsiintenbirvdetheanmajority of these
liquid subst[?nncqﬁ. V‘I\'/otdp Ev isléﬁher O\Ht in?ﬁl ri?si ualimr%xt%eiis resseﬁi] at the E?%IeF ftrr]le tearing
machine?Bs?nga 2 hy%r%ullc pre YURAET? & Sreggu?es Betfeen 8\1<egslcmeira% ‘?(8 o, Preferably,
the residiiglohixtiiréhs predseddietteseraprbssirghdies s batddrtof drtemplyanpdaiapmexirhately 100C

to 120C’ﬁ%9i8ﬁ|%e§t R E@rBYHg%]%Hﬁﬁt?ﬂéD}‘?éﬁq‘r?é %Fﬁigﬁ?(n%%a?ﬁé?ﬂ Qﬂﬁrﬁ{ﬂ?gr&l&? 8%%&%?8?08] After

having unrave e stems o ‘banana tree a first i optimally after pressing the residual
mixture, &iieniGeedfibore oareliedsoanreass ibhdbesataland wapuslic sstlaton Lapaciies oh tbrler to
unravel them apecond time. Indeed, the crushing of the microfibers increases their surface such that

the needles of the tearing machine can divide them again. It is then possible to obtain smaller
microfibd)Hehdhd & AREELET BroamicdItisiescan aise bposedguch as a starch-based paste or

a cellulosic paste.

[000113] An inorganic aqueous binder can be used such as an hydraulic binder based
on sodium silicate (Na,SiOs), in particular a binder containing 20% to 40% sodium
silicate to 60% to 80% water and known by chemical name of neutral liquid sodium
silicate. This aqueous binder is in the form of a viscous colorless liquid, enabling easy
mixing with the microfibers, which solidifies with air and heat and which has the
essential advantages of being non-flammable and non-combustible (Euroclasses Al
and A2), having very little toxidity and easily recyclable. Such a binder is for example
produced and marketed respective by the Belgian companies SILMACO N. V. and
BRENNTAG N. V. under the reference Silicate Soda 38/40.

[000114] The percentage of binder can vary depending on the nature of the latter, the
desired final density, applications and properties sought. For this purpose, the
microfibers with a small amount of binder are mixed in a mixer, in order to form a
mixture with a content of at least 80%, and preferably at least 90%, microfiber and at
most 20%, preferably at most 10% of binder. This mixture is then introduced into molds,
templates or glazing tools and pressed. The assembly is heated at a temperature of on
the order of 100°C to 300°C, for several minutes to provide the final shape of the
material. When fibrous binder is used, the temperature rise of the mixture melts the
fibrous binder which then blends intimately with the microfibers. The latter are then
completely agglomerated after cooling.

[000115] The material can also be shaped in shaping molds, if need be in veneer or in

admixture with thermoplastic materials for making automotive dashboards and gaskets.
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[000110] Depending on the applications, these microfibers can be used as is or, to the contrary,
agglomerated by a simple press compaction or mixed with a binder, and optionally water, which
provides their cohesion and improves their agglomeration. [000111] The binder selected can be a
fiberous binder of the polypropylene type. The microfiber/fiberous binder mixture has the advantage
that it can store a large amount of air microbubbles and thus increase the thermal and acoustic
insulation capacities of the material. [000112] An aqueous organic binder can also be used such as a

starch-based paste or a cellulosic paste. [000113] An inorganic agueous binder can be used such as
o O Rl PRI PB A CUB TSRS (UABSISIO V AP S U Loftaining 20% to 400%
sodium sificaimtmtdiedaBOUfivatecandikdenyo byfichesticahnoarel o retityattieyisd sodfiom silicate.
This aqugous binder is in the form of a viscous colorless liquid, enabling easy mixing with the
microfibd e ML v i et T T i L L e S R g
non-flampnatiie @ rahhibactenabastilte {wicdatsgemband A2), having very little toxidity and easily
recyclab@?\?ﬁg a binder is for example produced and marketed respective by the Belgian companies
SILMAC V. lind BRENNTAG N. V. under the reference Silicate Soda 38/40. [000114] The
percental§®ot bihder ge vigringegrseiing volumere{taiestingr inthe matalediead fieieasashe,
applications, A PrIBpHIRsSBHEN R hissRuBRTDae ARSI PaRMAR AT BYcL inder are

mixed in a mixer, in order to form a mixture with a content of at least 80%, and preferably at least 90%,
microfibdCARTP R PheR BAVE PREFEPARYHI AR S0 IL00R WHIRS dNiF IR kRE RetRariRrBdUced into

molds, teyaplried tirgaraadp ApahAtRSRBDilde aeREFIRIY S MeaiRg. Al fetarappigture of on the
order of 100C to 300C, for several minutes to provide the final shag)e of the material. When fibrous

binder is'BERHUBEE {8 FUKHRHES S tREITS: (A& QhE ARRALCBIS IS ARG TR BRStHS
intimatelynyiihyéhe Ruatetibersn thernates sienibebampleigidragelo mariieabaiies beipling. (000115]

The materigl can also.be shaped in shaping molds, if need be in veneer or in admixture with
thermoplrgsﬁlﬁcrﬂa idl§ %FF&EHR#&U‘E&%%%W@ (?g%%(?fm?&nd gaskets. [000116] Before or during the
mixing of @06 In@jrofite raivritkibbesiadel sthbeafnivardefdranenhnpieoyfilsara raprwithde tgode fieg detardant

and/or antilFact ial and/or fu icigal.treatm nt. In.practice, the micr.of'aers are so in tubs
e A A BB e e e A e e e

increaseghenialumexafeaarstgreidssithne, isatksitd ordihydragenhwsitisbldibigproperessiohthe latter, the
microfib ' | i oxl i

microbuﬁ%@%@%ﬁ%ﬁ@#@ﬁ%ﬁ %?Sbg%grgggﬁﬁ%%%%@ré %t%(alr?? v%ﬁ%%%[ﬁ%e e?aénd prior to
heating. 24eiR@iRpiingcRRYIAWS AfHa® fplase helbydreatiarierobgasgals, the
aforemeptiensis,pHidyre is heated in an oven or a stems room, the hydrogen microbubbles being
replaced by air microbubbles under the effect of heat. [000119] The microfibers can also be mixed, for
example[@é%i?ﬁ}lg, with a binder and optionally with water, to obtain a pasty mixture. This mixture is

then mixgsbpitnihe RUBBIENRD ArddehaBes RIERARARI BR1AFTadOERNIOBaRVEIgRsMkiRS. The

resulting pasty product can then be coated onto a support and then heated by means of a heat gun

type heafiRiCaRphFANE S EOAS ¢ VR AR THEGH BRol§e R HIdRSLITBIEY ByYlgir thithEB IBIES URsho120]

or cut to particular formats, such as tiles or boards of standard sizes. If necessary they
can also be subjected to a post-treatment against rot or be coated to improve their
appearance and especially their mechanical strength or intrinsic absorption or insulation
as well as fire resistance proprieties.

[000122]

[000123] This material essentially comprising plant microfibers from stems of banana
fruit tree fibers can be used in many other applications.

[000124]

[000125] It can noteably be used as a filtering agent for air, water and other

contaminated fluids. This material in fact has properties of absorption and/or retention of
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[000121] The boards and sheets of material thus made are then removed from the mold and can be
conserved and stored as is, or in the form of rolls, for their future use, or cut to particular formats, such
as tiles or boards of standard sizes. If necessary they can also be subjected to a post-treatment
against rot or be coated to improve their appearance and especially their mechanical strength or
intrinsic absorption or insulation as well as fire resistance proprieties. [000122] [000123] This material
essentially comprising plant microfibers from stems of banana fruit tree fibers can be used in many
other appli ationzécéOOOl%g} 00012@2& can noteably be used as a filtering agent for air, water and
other conEHIABIGATTGS oF REARREAARFIRETHEY (ROPB O LY LB PYeiifion o
pollutantiegeiteddoy maip)ertizobeapressiat brdaaiainasis, @tquid such as mercury, lead (heavy
metals), gcﬁaé‘]nw ste, organic waste, etc. 0(312.6 licants found that the plant microfibers from
ctem o 00 BB A R T D e e S LR R SRR .
Indeed, tnésx dfdtver thieanagptmtativanfageeal Eagacit)ueingfaibutoust ageatiarye eedntiigrofigers

icrob | d i j i iti f the r i 00127
oo B AR T R B e e
or any othid ivatioereastcthgcisopgarhantierdtrntianpapacited akthednaiggiamerated by a simple
compact'L@@dri@ ilter Bl TERERD e i RS RTe YR R BN aRAUHN ERASIH e hNRfds to

improve the mechanical strength of the material. The microfibers can be mixed with a binder that
provides! @i ETNRISBA. ntitRh¥ovey eHeF AHREAERRYHE- The binder used is preferably of clay, which

is a ”atUJ@bUﬁgin*H’éimi@ﬂﬂfb%ﬁ‘ﬁ’%ﬂ‘ﬁ@[@é%rﬁ%ﬁsQf‘ﬁﬁdiﬁﬁ@iﬁfgﬁhﬁf%%ﬂﬂ&@%&%&%ﬁiﬂ?d and

shaped for filtration applications, the properties of absorption and/or retention of pollutant agents are

optimize&. Mgl 4" MR BBVEYETy hEY, 880 39V BntReepisy ARt HPHRI&RIar as thermal

and/or agapsdiveaine andtranaaiingrésiiRtaRien IO0A2 9N arceristiraaa sk thexeel wie &f air stored
in the material and increase the absorption angd/or retention properties of the latter, the microfibers and
the ciay DA BG THKBLPNAF S RAE SR BBALGR IS GEHIE! oL BR HRSEbURG s, Thic
mixing c@nrefeftdryeot lokfpreyhdciiiggzon adiesl miziteg avibitthedain deptanid g povdertiestioncAftes having
introduced ihe mixtULe Jnip malds Jsmpiates. rgiazingodis, the aloramentioned Mixiye fs heated in
an oven Of & Stem T60m the ydrogen RicrobUBBIES eing rep aceoPBy A microbubbigs Under the
effect of diebsaptjo0GIBDP[0eTIBbN\GEtllothet agelitatonh aquinprees Usgatmesairiow ibasr to
making i t ireul - r ' or of
automotiq\gljlé,}[t}gfe_§hon3l/j,\é;erc()91r;f)fgo'lu%{rﬂgIE E?E@F%@?ﬁyc%ﬁf‘ g)(%e?ﬁ?u‘%ﬁﬁﬁﬁ%%ﬁi&t’(gﬂ t %eéﬁérofibers are
mixed withdipidéiepopafiagyraHiaierpristic or polyethylene, or polyester and starch type, etc.

[000129] In order to increase the volume of air stored in the material and increase the
absorption and/or retention properties of the latter, the microfibers and the clay can be
mixed with aluminum oxide and potassium to generate hydrogen microbubbles. This
mixing can be effected before, during or after mixing with the binder and prior to
heating. After having introduced the mixture into molds, templates or glazing tools, the
aforementioned mixture is heated in an oven or a stem room, the hydrogen
microbubbles being replaced by air microbubbles under the effect of the heat.
[000130]

[000131] Yet another application comprises using these microfibesr to making casing,
smart card, circuit board, or any other postformed product used in the sector of
automotive, telephony, computing (smart card, circuit board ...). In this application, the
microfibers are mixed with binders of the synthetic plastic or polyethylene, or polyester

and starch type, etc.
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CLAIMS 1. Thermal and/or acoustic insulating material, characterized in that it constituted
essentially by microfibers from fibers of banana fruit tree stems. 2. Material according to claim 1,
characterized in that the microfibres are mixed with a fiberous binder. 3. Material according to one
of the preceding claims, characterized in that it is constituted by at least 80%, preferably at least 90%,
of agglomerated microfibers from fibers of banana fruit tree stems. 4. Material according to one of
the preceding claims, characterized in that it is in the form of boards, rolls, or of microfibers to be
blown or to be flocked. 5. Method for manufacturing of the material according to claim 1,
comprising: - unravelling stems of banana fruit trees so as to separate the fibers of the aforementioned
stems inoLAIMSfibers, - crushing the obtained microfibers in order to flatten them then and unravel
them again. 6. Method of claim 5 comprising: - mixing the obtained microfibers with a binder, -
introducing the mixture into molds, templates or glazing tools, - heating the mixture to provide the final
shaping of the atéeamhal and/or acoustic insulating material, characterized in that it constituted

essentially by microfibers from fibers of banana fruit tree stems.

2. Material according to claim 1, characterized in that the microfibres are mixed

with a fiberous binder.

3. Material according to one of the preceding claims, characterized in that it is
constituted by at least 80%, preferably at least 90%, of agglomerated microfibers from

fibers of banana fruit tree stems.

4. Material according to one of the preceding claims, characterized in that it is in

the form of boards, rolls, or of microfibers to be blown or to be flocked.

5. Method for manufacturing of the material according to claim 1, comprising:
- unravelling stems of banana fruit trees so as to separate the fibers of the
aforementioned stems into microfibers,
- crushing the obtained microfibers in order to flatten them then and unravel them again.

6. Method of claim 5 comprising:
- mixing the obtained microfibers with a binder,
- introducing the mixture into molds, templates or glazing tools,

- heating the mixture to provide the final shaping of the material.
7. Method according to claim 6, wherein before or during the mixing of the
microfibers with the binder, the aforementioned microfibers undergo a fire retardant

and/or antibacterial and/or fungicidal treatment.

8. Method according to one of claims 6 or 7, wherein:
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7. Method according to claim 6, wherein before or during the mixing of the microfibers with the binder,
the aforementioned microfibers undergo a fire retardant and/or antibacterial and/or fungicidal
treatment. 8. Method according to one of claims 6 or 7, wherein: - the microfibers are mixed with
aluminum oxide and potassium so as to generate hydrogen microbubbles, - after having introduced
the mixture into the molds, templates or glazing tools, the aforementioned mixture is heated to replace

the aforementioned hydrogen microbubbles by air microbubbles. 9. Method according to claim 5,
wherein: - the micrgfibers are mixed with a binder and optionally with water, in order to obtain a pasty
miture. - 6 PURG IR AP ARG A AT TR RIS, & BT ToAtE hycrogen

microbulhiyig getineniesaBtibdpasty product is coated onto a substrate and then heated so as to replace

the hydro%?n microbub Ire%a b §u{ microtgubbles. q sl,J,St% of }he material.ac%o ing to one of

1 r
claims 1t Ile rfgla mrégrw ion nHeih”é'ébﬁ’t'% ¥8r¥hoef B]gn S, Nt ea%?rr? o Igcz)g}%so&srb seadapted to be

applied @ftweorantineddmikieisois dfchie dioarptadectioalgiamuentiontl lyskagfedhe material according
to one ofncﬁlg]jg?) t}bﬁ%é ?%mm@mﬁgo%@icroﬁbers being applied loose to the base of plants in order

to limit evaporation and/or the growt weeds and/or as thermal protection.

9. Method according to claim 5, wherein:
- the microfibers are mixed with a binder and optionally with water, in order to obtain a
pasty mixture,
- the pasty mixture is mixed with aluminum oxide and potassium, so as to form
hydrogen microbubbles,
- the resulting pasty product is coated onto a substrate and then heated so as to replace

the hydrogen microbubbles by air microbubbles.

10. Use of the material according to one of claims 1 to 4, for the hydration and
the cultivation of plants, in the form of boards or rolls adapted to be applied onto, or

buried in, the soil of the terrain to be cultivated.

11. Use of the material according to one of claims 1 to 4, as mulching, the
microfibers being applied loose to the base of plants in order to limit evaporation and/or
the growth of weeds and/or as thermal protection.

12. Use of the material according to one of claims 1 to 4, as a flame retardant, in
the form of boards, rolls, or microfibers to be blown or to be flocked adapted to be being
applied onto at least one other material to be fireproofed.

13. Use of the material according to one of claims 1 to 4 as a filtering agent.

14. Use according to Claim 13, characterized in that the material is embedded in

a membrane, a filter or any other equivalent filtration device.
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12. Use of the material according to one of claims 1 to 4, as a flame retardant, in the form of boards,
rolls, or microfibers to be blown or to be flocked adapted to be being applied onto at least one other
material to be fireproofed. 13. Use of the material according to one of claims 1 to 4 as a filtering
agent. 14. Use according to Claim 13, characterized in that the material is embedded in a
membrane, a filter or any other equivalent filtration device. 15. Use of the material according to
one of claims 1 to 4, for the making of post-formed products such as casing, smart card, circuit board.

15. Use of the material according to one of claims 1 to 4, for the making of post-

formed products such as casing, smart card, circuit board.
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