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ABSTRACT

Research and developing studies on furanic resins and
its applications were necessary do for many years to
know their possibilities of use in the industry mainte-
nance activity. An extensive study was done by specia-
lists of the Cuban Research Institute of Sugar Cane
Derivatives (ICIDCA) on the development of furanic
polymers, third generation derivatives obtained from
sugar cane, and their applications as anticorrosive coa-
ting, polymeric cement, cold welding compounds, solu-
tions for wood protection, in the sugar and other indus-
tries maintenance activities. As results, an investment
of a commercial plant of 345 t / year of furanic products
was approved after a feasibility study. The Plant will be
operated by ZETI-Cienfuegos, located in the province of
Cienfuegos in the center-south of Cuba, with ICIDCA’s
license of use of the technology. The commercial pro-
duction of these furanic polymers and its economic
impact in the Cuban sugar cane agro industry initially,
is another step into the sugar cane diversification.
KEYWORDS: furanic polymers, production, applications,
investment, transfer of technology.

RESUMEN

Muchos afios de investigacién y desarrollo sobre las
resinas furdnicas y sus aplicaciones fueron necesarios
para reconocer sus posibilidades de uso en la actividad
de mantenimiento industrial. KEspecialistas del
Instituto Cubano de Investigaciones de los Derivados
de la Cafia de Aztcar (Icidca) han realizado un extenso
trabajo en el desarrollo de polimeros furanicos, tercera
generacién de derivados de la cana de azicar, y sus
aplicaciones como recubrimientos anticorrosivos,
cementos poliméricos, soldaduras metdlicas en frio,
soluciones para la proteccién de maderas en la activi-
dad de mantenimiento de la industria azucarera y de
otras. Como resultado fue aprobada, después del estu-
dio de factibilidad, una inversién para una planta
comercial de 345 t/afio de productos furanicos, La plan-
ta serd operada por Zeti Cienfuegos con licencia de uso
de la tecnologia del Icidca, la planta esta localizada en
la provincia de Cienfuegos, centro sur del pais. La pro-
duccién comercial de estos polimeros furdnicos y su
impacto econémico en la agroindustria azucarera ini-
cialmente es de hecho otro paso en la diversificacién de
la cafia de azucar.

PALABRAS CLAVE: polimeros furanicos, produccion, pers-
pectivas, aplicaciones, inversion, transferencia de tec-
nologia.

INTRODUCTION

ICIDCA's researchers, Gémez, et al. (1-6) have
developed in the last 25 years products based on
furan resins, to be used in the protection and main-
tenance of industrial floors, terraces, passable
covers, surfaces of metal, concrete and wood,

among other applications. The effectiveness of
these products can be verified by works done at ins-
tallations and constructions belonging to several
sectors of the Cuban national economy, in addition
to scientific recognitions, patents, and rewards
from national Forum of Science and Technique,
and in Commercial National Fairs.
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The furan resins, produced from furfural and
furfuryl alcohol are used in putties and plastic con-
cretes, adhesives, paints and anticorrosive coa-
tings, cold metallic solders, especial coatings and to
impregnate (preserve) wood, and they are registe-
red under FURAL trade mark. The aforementioned
products substitute similar products based on
epoxy, polyester and phenolic resins, which are
produced from nonrenewable sources like those
from the petro-chemical industries, Diez and
Goémez (7), Dopico, et al. (8), Diez, et al. (9). The
objective of this work is to share experiences on
furanic polymers development, their productions
and uses and on the implementation of the obtai-
ned results. An investment of a plant of 345 t /year
capacity is being carried out at Cienfuegos's pro-
vince, in the southern center of the country, desti-
ned to the production of furanic polymers, Pérez, et
al. (10), Cordovés, et al. (11).

MATERIALS AND METHODS

The products developed on the basis of furan
resins and the implemented services for their
applications satisfy the Quality Management
Systems on Norm ISO: 9001: 2008.

The FAM and FL resins, from furfural and fur-
furyl alcohol respectively, are the base resins.

Table 1. Resins FAM and FL properties
Properties \ Resin FAM FL
Viscosity cPs 2000 — 3000 | 5000 — 10 000
Density g/cm? 1,16 - 1,17 1,21 — 1,23
Dry weight % 70 - 75 75 — 85
Gel point (seconds) @ 5—12 5-15
Life time (minutes) 40 - 50 -

a: 170 °C with 12 % of bencensulfonic acid (BSA)

b: At room temperature with 15 % of polietilenpoliamine (PEPA)

They are thermosetting resins with high thermal
and chemical stability; their properties are in the
Table 1.

In order to satisfy the needs of furanic poly-
mers in the recondition of floors and/or recupera-
tion of pieces during the stages of preventive and
corrective maintenance in the Cuban sugar
industry an investment of a plant of 345 tons per
year, at Cienfuegos's province, in the southern
center of the country, is being carried out.

Furanic polymers synthesis doesn't need spe-
cial or sophisticated installations; it is a versatile
unit with minimum technological complexity. The
process does not require high temperatures and
the reactions occur at atmospheric pressure. The
installation has 3 levels in which equipment such
as' reactor, condenser, tanks, among others, are
placed as it can be seen in Figure 1.

The furanic derivatives that will be commer-
cially produced are: Resin FAM, Resin FL,
FURAL Ri1001, FURAL Rr Mortar, FASOL,
FURANICID VII and the Resin PB20

RESULTS

The properties of furanic derivatives are pre-
sented in Table 2.

Anticorrosive systems (coatings and mortars)
for applying on surfaces, and to glue antacid
brick.

FURAL-Ri 1001 is used as conditioner
layer for the elaboration of anticorrosive mor-
tars, for placement and sealing of antacid
bricks, coating of channels, floors and walls;
the resin FURAL-Rr mortar is used as finish
layer, and to glue antacid bricks, too. In the
sugar industry, these products are applied on
sugar bulk storage floors, for covering water

Figura 1. Plant of Furanic polymers.
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Table 2. Properties of furanic derivatives

Figura 2. Coatings for the protection of floors, terraces, passable

and not passable covers and concrete deposits in general.
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FURAL-Ri |[FURAL-Rr FURANICID
Property 1001 Mortar FASOL VII PB20

Volume Mixing Relation 41 41

(resin/hardener) ' '

Application temperature (°C) 15 - 40 15 - 40

Strengthening time (h) 24 24

Useful application time (min) 25 — 50 25 — 50

Storage time at room temperature 9 9

(years)

%)Jéximum temperature to resist 150 150

%)Jcil)limum temperature to resist - 90 - 30

Density (g/cm 3) 1,11 - 1,13 1,12-1,29| 1,24-1,26 | 1,24 —1,26

Viscosity (cP) 100 - 200 50 — 150 | 280 — 480 50 — 80

Adherence (MPa) 45 - 50 45 - 50 - - -

2

Pgrformance kg/m?2x 1 mm 0.6-08  20-35

thickness

Dry weight (%) 50 - 60 50 - 60 65-75 55 - 60

Table 3. Properties of furanic covering treatment area, to covering floors

Property Concrete Mortar |Putties | Cement of sugar production, storage tank
Density g/cm 2.1-2.4 | 1.8-20 | 1.6-20 | 1.8-2.0 | of molasses, channels of effluents.
Compression R. MPa 50-70 | 70-80 | 100-120| 60-80 |  Lhe properties of these polymeric
T :on R. MP 45 67 10-12 67 compounds are in Table 3 and an

rac‘tlon : a example of application in the
Flexion R. MPa 12-14 20-30 30-35 18-20 figure 2.
Thermal R. °C (Martens) | 250-300 | 250-300 | 250-300 | 250-300

Wood Impregnation with furanic
product.

The furanic product to
impregnate and protect the wood
will be useful in various applica-
tions (Figure 3). It has the advan-
tage of giving good resistance to
the wood against biological and
environmental agents, and incre-
ases the mechanical resistance,
too; this product brings dimensio-
nal stability to the treated wood,
which becomes resistant to the
water. The product can be applied
with brushes; by submerging the
wood in it or by introducing the
wood into an autoclave; the selec-
ted method will depend on the
grade of desired protection and
final application of the wood trea-
ted. The obtained final product is
a dark-color wood, of high density
and good physical mechanical
property .
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Figura 3. Impregnation of wood with furanic product.

‘laple 4 rroperties o1 lvietalllic cold welding

Properties

Metallic | Traction |Flexion Compression |Shearing |Thermic

cold welding |Resistance Resistance |Resistance |strength |stability
(MPa) (MPa) (MPa) (MPa)  |(°C)

Aluminum 27 22 26 13 =200
High 32 45 38 13 =200
Tenacity
Iron 17 41 38 10 =200
Bronze 7 19 34 12 =200

Furanic polymeric com-
pounds for the reconditio-
ning of pieces

The properties of the
structural adhesive formu-
lated as cold metallic solder

"FURAL" are in Table 4 and

examples of applications in

Figures 4, 5, 6 and 7.

Recovering of cane milling

machinery (virgin and

bench) with cold metallic
solder

The principal stages of
the process of recovering of
this equipment with the
cold metallic solder can be

seen in the figures 3 to 5.

The uses of furanic poly-
mers products are:

* FURAL Ri1001: It is the
conditioner and barrier
for chemical resistance of
surfaces and concrete
deposits and wood; after
it, another FURAL pro-
duct is applied.

Figura 5. Views of cane milling machinery (virgin and bench) using traditional method of recupera-
tion: electrode welding and machine tool.
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Figura 6. Views of cane milling machinery (virgin and bench) using cold metallic welding recuperation

method.

Figura 7. Other cold welding application.

FURAL Rr (Mortar): It is applied in the sea-
ling of metallic and concrete deposits, techno-
logical floors of different industries, plants of
water treatment, filters and reactors of ionic
interchange, on laboratory tables, floors of kit-
chens, etc.

FL resin: It is used in the manufacture of
goods of reinforced plastics with fiberglass
(FGRP) for tanks and pipes; in the manufactu-
re of antacid cements of high thermic stability,
in the elaboration of oxide converter and in
especial coatings against rust.

FURANICID VII resin: It is recommended for
foundry processes "not bake" and "hot box". It
enables a males' fast hardening, offering good
resistance to the penetration of the liquid
metal.

PB 20 resin: It is used to increase the adhesi-
veness of lime paints. It has been utilized also
as agglutinant of sands in foundry process.
FASOL: product for the protective treatment of
wood. Protects against the attack of fungi,

insects and against the humidity. Increases
the mechanical resistance of the treated wood,
and protects the wood against the chemical
common solvents (according to the method of
used treatment).

The production and applications of these pro-

ducts in the Cuban sugar sector (Group AZCU-

B

C

A), guarantees:

Cold metallic solder and especial coatings.
Anti corrosive paints.

Converter of oxides.

Product for wooden protection.

Resins for foundry process (Ferrous and no
ferrous).

The production of an improved lime-paint.

ONCLUSIONS

New materials from furanic polymer products
have been developed; they can be defined as
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the third generation by-products from sugar
cane.

These furanic polymers have been evaluated in
applications related with the maintenance
works in the sugar industry and other indus-
tries.

The principal uses of furanic polymers are in
anticorrosive coatings, mortars and polymeric
cements, metallic cold solder, protection of wood

* The attained results have promoted the inves-

tment of a plant for the production of 345
tons/year of furanic polymers at Cienfuegos's
province.

The destination and impact of these products
will be in the activity of maintenance of the
sugar industry, fundamentally in those where
an important weight has the recuperation of
pieces and the anticorrosive protection.

and other.

REFERENCES

1. Gémez, A.; et al. Procedimiento de impregnacion de madera y otros materiales a base de alcohol fur-
furilico monémeros Cuban Patents CU 21 755/1987. 13/01/1987.

2. Gémez, A.; et al. Composiciones poliméricas a base de resina furfural acetona. Cuban Patent CU
929/1989. Cuba. 21/09/1989.

3. Gémez, A.; et al. Sintesis de resina furano epoxidica y su procedimiento de sintesis. Cuban Patent
CU 22 355/1994. Cuba. 12/06/1994.

4. Gémez, A.; et al. 2011. Recubrimientos que se requieren en una destileria. Parte I. Propuesta de
Normalizacién. Revista ICIDCA sobre los derivados de la cafia de aztcar, 45 (3): 39 - 48.

5. Gémez, A.; et al. 2012. Recubrimientos que se requieren en una destileria. Parte II. Propuesta de
Normalizacién. Revista ICIDCA sobre los derivados de la cafia de aztcar, 46 (1): 38 - 45.

6. Gémez, A.; et al. 1994. Generalizacién de recubrimientos especiales furano - epoxidicos en la protec-
ciéon de pisos, terrazas, cubiertas transitables y depésitos de hormigén en general. Revista ATAC
No.1: 4 - 11.

7. Diez, F.; Gomez, A. 2004. El uso de los polimeros en el mantenimiento industrial. Revista INGE-
NIERIAY GESTION DE MANTENIMIENTO,7 (34): 85 - 89. Editorial "ALCION", Espaia.

8. Dopico, M.; et al. 2005. Aplicaciones de una nueva masilla en la recuperacién de partes y piezas de
metal, madera y hormigén. Revista de Plasticos Modernos, 80 (529): 30 - 34.

9. Diez, F.; et al. 2005. Resistencia a la compresién de sistemas furano-epoxidicos y epdxicos. Efecto de
la relacién matriz - endurecedor. Revista INGENIERIA QUIMICA, 37 (424): 187 - 190. Editorial
"ALCION", Espaiia.

10. Pérez, 1.; et al. 2014. Ingenieria conceptual, instalacién de planta de resinas en la planta de cal de
Cienfuegos; Instituto Cubano de Investigaciones de los Derivados de la Cafia de Azticar (ICIDCA),
AZCUBA, Mayo 2014

11. Cordovés, M.; Gémez, A.; Pérez, 1. 2014. Estudio de oportunidad instalacién de planta de resinas en
la planta de cal de Cienfuegos; Instituto Cubano de Investigaciones de los Derivados de la Cana de
Azicar (ICIDCA), AZCUBA, Septiembre 2014.

ICIDCA sobre los derivados de la cafia de azicar 51 (2) mayo-agosto, 2017 59




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


