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Abstract: particleboard made of rice husk and straw fibers is required to manufacture some furniture instead of
wood. The most important problem to use these agricultural wastes as the reinforcement fibers is the integrating
problem between the matrix and fibers, thus, mercerization. Rice straw and husk fibers are hydrophilic, but
polyethylene as the binder is hydrophobic. So rice husk and straw must be treated to integrate them into organic
matrix. Water glass, polyvinyl alcohol, urea-formaldehyde resin and other additional agents for mercerization could
make the surfaces of natural fibers compact and hydrophobic, so help them to distribute into matrix. In this case,
zinc-aluminum phosphate and polyphosphate, sodium silicofluoride and aluminum hydroxide were used as curing
agent for water glass. In addition to these, urea formaldehyde also improved the adhesive ability of the water glass.
This paper dealt with the effect of water glass and polyvinyl alcohol on the rice husk and straw fibers for
particleboard when compared with mercerization based on maleic anhydride.
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BJIUSAHUE BOJHOT' O CTEKJIA U TIOJIMBUHUJIOBOI'O CITUPTA HA MEPCEPU3ALIUIO
PUCOBOM WIEJYXHU U COJTOMbBI PUCA JJIs1 I[I:EBECHOCTPY)KE‘IHBIX IJIAT
Kum En ‘I)Kyl, Kum En?

YKum En Yucy - acnupanm,
cmpoumenvHas mamepuanbhas Kageopa, Gaxkyibmen apxumexkmypbl, 0moen OusaiHa unmepovepa u mebden,
2Kum En - doyenm, kanoudam mexronozuteckux OP2aHUYECKUX CIPOUMELbHO-MAMEPUATLHBIX HAVK,
npenodasamein,
CmpoumenbHO-MamepudIbias kagpeopa,
Ixenvsnckuii apxumekmypHulil yHusepcumen,
. [Ixenvsn, Kopetickas Hapoowno-/emoxkpamuueckas Pecnyoauka

Annomayusn: J[CII, uzeomognennas u3 wenyxu puca u coiomvl, mpebyemcs 0isk Bpou3eo0cmea medeiu eMecmo
opesecunvl. Haubonee 8aicnotl npodiemoil 0isi UCHOTb306AHUSL IMUX CELbCKOXO3SIUCIMEEHHBIX OMX00068 8 KA4ecmee
APMUPYIOWUX B0IOKOH S6TISLEMCSL UHMe2PUPYIouasl npodiema Mmexncoy mampuyei u 80JOKHAMU, MAKUM 0OPA3OM,
mepcepusayusi. Conoma u3 pucosol CONOMbl U WEAYXU AGNIOMCS 2UOPODUILHBIMU, A NOTUIMUTLEH 6 KAYeCcmee
ceazyioue2o a6aaemcs euopodoouvim. Taxk umo pucosas wenyxa u coioma OONHCHbL Obimb 0bpabomansl, YmMoowvl
unmezpupo6amev  UX @  OpeaHuy¥eckyro  mampuyy.  Boowoe  cmexno,  NOMUBUHUNOBbIL  CRUPM,
MOUEBUHODOPMATLOCUOHASL CMOAA U Opyeue OONOJIHUMENbHbIe Geuecmea OJisi MepCepusayuu Mo2ym coeiams
NOBEPXHOCIU HAMYPALbHBIX BOIOKOH KOMIAKMHLIMU U 2UOPODOOHBIMU, UIMO NOMONCEM UM PACIPOCMPAHIMbBCS 8
mampuye. B omom cayuae 6 xauecmee omeepoumensi Onis HCUOKO2O CMEKAA UCHONb306AIU (Pocham yunka u
amoMuHusl, ROUPocgam, CUTUKOPmMopud Hampus u UOPOKCUO amtoMunus. B dononnenue k smmy popmanvoezud
MOYEBUHbI MAKIICE YAYHUIUT A02E3UOHHYIO CNOCOOHOCMb 8600HO20 cmekad. B oannoii cmamve peuv wina o erusnuu
HCUOKO20 CMEKIA U NOTUBUHUTIO8020 CRUPMA HA PUCOBbIE BOJIOKHA WELYXU U CONOMbL OJisl OPEBECHOCPYHCEUHbIX
NAUM NO CPAGHEHUIO ¢ MepCepu3ayuell Ha 0CHO8e MALEUHO8020 AHUOPUOQ.

Kniouesvie cnosa: Boonoe cmekio, noauSUHUNIOBbIN CRUPH, MePCEPU3ayls, PUCO8dsi Weryxd, PUucogds ColoMd,
OpesecCHOCMpPYCeyHas Nauma, OeH30UNbHas 2epynna, noaugocgam, 2uOPOKCUO ATIOMUHUSA, OMEepoumens,
NOAUIMUTIEH, KOMROZUN.

1. Introduction
1.1. The surface characteristics of the rice fiber



Rice husk and straw fibers are one of the bio-mass produced in agricultural industry. Rice residue is either
disposed of as waste by being burnt in the field or used as animal food and bedding material. [4] The amount of rice
husk and straw is not so small, and if it is not underutilized efficiently, it might affect the global warming by being
burnt, and also saving the forest and petroleum resource. Today the interesting of the furniture gets higher and to
meet it, variable kinds of composites made of wood are utilized, but wood resource is limited and the cultivation of
them takes a long time. In case of rice husk and straw, the amount of production is constant every year in some
countries use rice as main food. Now all over the world the study on used non-wood bio-fibers such as straw and rice
husk fiber in place of wood for manufacturing particleboard will save existing wood. A composite is a combination
of two or more materials held together by physical entanglement or a chemical matrix. [1]. Rice is harvested
mechanically or manually, and the rice straw is cut off to around 400 mm length by downstream machinery, and then
both rice straw and rice husk are ground to the desired particle size in a rotary knife cutter. After grinding, they

Fig. 1. SEM micrographs of a rice husk: (a) and (b) outer surface and (c) inner surface

On outer surface of the rice husk there are well-structured corrugated cuticles, as shown in Fig. 13.2(a). As it is
magnified, the outer surface has spiky trichomes, as shown in Fig. 13.2(b). These trichomes are mostly made of a
form of silica called opaline silica, which is hydrated and amorphous in form. The silica content of the outer surface
of the rice husk makes it abrasive and resistant to moisture. The inner surface of husk is very smooth as shown in Fig.
13.2(c).



(@) (b)
Fig. 2. SEM micrographs of a rice straw stem: (a) transverse section and
(b) longitudinal section

SEM micrographs of traverse and longitudinal sections of a rice straw stem are shown in Fig. 2 [3].

1.2. The several methods for fiber surface treatment

The strong adhesion between the fiber and the matrix is the key to high strength. So many researches to modify
surfaces of rice husk and the straw had been suggested in order to improve the mechanical properties. A coupling
agent, at first, coats fiber surface and then bonds with matrix. There are several kinds of methods for treatment, thus,
such as Mercerization, Maleic anhydride-grafted polymers, silane treatment, Acetylation, Benzoylation, Grafting of
acrylic acid acrylonitrile, Permanganation, Peroxide treatment.

Mercerization: It is the widely used method for surface treatment of rice straw and husk, using alkali which
makes the amount of hemicellulose and lignin reduce, therefore causes fibrillation of rice fibers or stream which
makes the fibrous matter from the rice husk remove [5].

Maleic anhydride-grafted polymers: It is a usual choice for rice straw and husk. Heating polyethylene in
maleic anhydride solution generates polyethylene macroradicals which may set off the polymerization of maleic
anhydride or join the developing chains of poly (maleic anhydride) by reaction of peroxide radicals with
polyethylene and by reaction of polyethylene—maleic anhydride radicals with polyethylene chains.

Silane treatment: Rice straw and husk interact with silane in two steps. Thus, in the first step, silane monomers
are converted into silanol reactive groups upon hydrolysis, liberating alcohol molecules. And then, in the second step,
silanol and rice straw and husk fibers develop interlinking through self-condensation, adsorption and chemical
grafting.

Acetylation: It is an esterification reaction which has plasticize rice straw and husk fibers by-introducing acetyl
functional groups (CH3COO-). The reaction of rice straw and rice husk with acetic anhydride is shown below.

RS/RH-OH + CH3 —C(=0)-0-C(=0)-CH3 — RS/RH-OCOCH3

+ CH3COOH

This makes the fibers hydrophobic in nature and improves the water resistance and dimensional stability of the
composite.

Benzoylation: Introducing benzoyl functional groups (C6H5C=0) at the fiber surface increases the water
resistance by below reaction.

RS/RH-OH +NaOH —RS/RH-0~ Na* +H20

RS/RH-0~ Na* + benzoyl-Cl — RS/RH—benzoyl + NaCl

Grafting of acrylic acid acrylonitrile: The reaction of Acrylonitrile (CH2=CHCN) as coupling agent with
surface hydroxyl groups of RS/RH is shown below.

RS/RH-OH+CH2 =CHCN — RS/RH-OCH2CH2CN

Permanganation: Mn0j ion formation affects production of cellulose radicals, and highly reactive Mn3* ions
set off graft copolymerization.

Peroxide treatment: A schematic reaction between RS/RH fibers and polypropylene, initiated by organic
peroxide, is shown below.

RO-OR — 2 ROe

ROe + PP-H — ROH + PP-

RO¢ + RS/RH-H — ROH + RS/RHe

PP+ + RS/RH* — PE-RS/RH

2. Method of surface treatment for rice straw and husk with water glass



2.1. Mechanism of mercerization

Strong adhesion between rice straw or rice husk and polyethylene as the matrix enhances stress transfer and load
distribution all along the interface. Therefore, researches for surface modification were conducted to increase this
interface adhesion and thus improve the mechanical properties of the composite. Rice husk and straw are hydrophilic
and it has hydroxyl groups. In this case it is difficult to fix each other because rice straw and rice husk contain
cellulose, which is hydrophilic in nature, whereas the polymer matrix is hydrophobic. As mentioned above, there are
trichomes made of amorphous silica called opaline silica on the surface of RS fiber. These are also hydrophilic. If
RH fiber were treated with NaOH, these trichomes would react with NaOH during long term, so the strength of
the composite will get lower. Of course, trichomes should contribute to increase the strength of composite
instead of reacting off. If urea is added into soluble glass, its cohesive force can be improved without modifying the
viscosity.[6] So sodium silicate(water glass), polyvinyl alcohol and urea formaldehyde resin were utilized for
treating surfaces of natural fibers instead of sodium hydroxide. Here especially water glass is required for trichomes
and UF resin is necessary for matrix which is hydrophobic and cellulose fibers which are hydrophilic. Polyvinyl
alcohol is for releasing the emission of formaldehyde. Benzoyl functional groups (C6H5C=0) also is required for
reaction between RS/RH fibers and water glass. Sodium silicofluoride, zinc polyphosphate and ammonium
polyphosphate are used for water glass as the curing agent, and ammonium chloride as the acid-cure catalyst is used
for UF. The curing reaction of water glass is shown below.

Na20+nSi02+C0O2+mH20=Na2C0O3+nSiO2*mH20

The process is very slow, so soluble glass is often heated or mixed with sodium fluosilicate (Na2SiF6) as an
accelerator for hardening to quicken the hardening speed. Sodium fluosilicate is added into soluble glass will react as
follows, speeding up the precipitation of silicic acid gel.

2[Na20-nSi02]+Na2SiF6+mH20 = 6NaF+(2n+ 1)SiO2emH20

The reaction of water glass with zinc phosphate and aluminum phosphate is shown below.

3Na20+nSi02+Zn3(PO4)2+mH20 = 2Na3P04+3Zn(OH)2 | +3nSi02+(m-3)H20

3Na20+nSi02+2AIPO4+mH20 = 2Na3P04+2Al(OH)3 | +3nSi02¢(m-3)H20

or

RS/RH-OH +NaHSiO3 — RS/RH-0~ Na* +H2SiO3

RS/RH-0~ Na* + benzoyl-Cl — RS/RH-benzoy! + NaCl

H2SiO3(among RS/RH, and from water glass ) +C0O— CaSiO3 +H20

3H2Si03+ 2A0HB— AI2(Si03)3+ H20

Instead of zinc and aluminum phosphate, the zinc and aluminum polyphosphate will react with water glass more
and more. This reaction will help the curing of the water glass.

2.2. The new method for mercerization

After the formation of the hydroxyl methyl urea at a pH of about 8-9, the appropriate amount of the hydroxyl
methyl urea should account for 10% of the weight of soluble glass. The formaldehyde-to-urea ratio is 1.6. The
module of water glass is 3.1 and its density is 1.29 g/cni, which is made in Kim Chaek University of Technology of
DPR of Korea. The component of complex curing agent (CCA) for soluble glass and urea is shown below.

Table 1. Component of CCA

Sodium Zinc Aluminum Aluminum Zinc and
silicofluoride polyphosphate polyphosphate hydroxide magnesium oxide
15 30 30 5 20

CCA should account for 20% of the weight of soluble glass. At first CCA will be mixed uniformly with 45~500

pm RH and 100~1000 pm RS fiber with around 10% moisture. And then the hydroxyl methyl urea and soluble glass
would be mixed also with CCA and RS/RH fiber. This compound was transferred into the oven and allowed to dry
for 1 h at the temperature of 60-80°C and put at room temperature for 24 h. And then it was ground in the ball mill

among the 5% polyvinyl alcohol solution of 5% of the weight of soluble glass to prevent formaldehyde emissions.
Here the ammonium chloride is added. This was removed into the oven and allowed to spray and dry under the




condition of thermo fan 60-80°C. Finally the treated RS/RH fibers were mixed with polyethylene as matrix for
making the particleboard as traditional methods.

2.3. Result

In comparison with maleic anhydride mercerization, the mean density values obtained for RS/RH particleboard
were 536 kg/m3, it is about 30% higher. This is because of water glass and urea. After 24 h of immersion of the
specimen in water samples treated by water glass had got lower 12%. Modulus of elasticity (MOE) and Modulus of
rupture (MOR) were increased 20% respectively.

3. Conclusion.

It had been shown that it is possible to utilize water glass and urea for mercerization of rice husk and straw fiber
particleboard. In this paper the new curing agent for water glass which was used for manufacturing RS/RH fiber
particleboard had been dealt. Due to the same structure of silica water glass was more suitable and fixed well. To
solve the poor water resistance of water glass and urea, zinc-aluminum phosphate and polyphosphate and pH
condition for UF was dealt. The agricultural waste, RH/RS might be efficiently used for particle board. In future
more and more studying, instead of wood production RS/RH fiber will contribute to human’s life.

References

1. Bassyouni M., Taha I., Abdel-hamid, S.M.-S. and Steuernagel L., 2012. Physicomechanical properties of
chemically treated polypropylene rice straw bio- composites. Journal of Reinforced Plastics and Composites, 31,
303-312.

2. Ryu S.-E. , Kim T.-N. and Kang T.-K., 1997. Pulverization of rice husks and the changes of husk densities.
Journal of Materials Science. 32. 6639-6643.

3. Zhang Q. and Cai W., 2008. Enzymatic hydrolysis of alkali-pretreated rice straw by Trichoderma reesei ZM4-F3.
Biomass and Bioenergy. 32. 1130-1135.

4. Buzarovska A., Bogoeva G.G., Grozdanov A., Avella M., Gentile G. and Errico M., 2008. Potential use of rice
straw as filler in eco-composite materials. Australian Journal of Crop Science. 1 (2). 37-42.

5. Liao Z., Song G., Shi F., Yin Z., Yang Y., Niu Z. and Tang G., 2011 . Preparation and characterization of PLA/rice
straw fi ber composite. Applied Mechanics and Materials. 71. 1154-1157.

6. Building Materials in Civil Engineering A volume in Woodhead Publishing Series in Civil and Structural
Engineering, 2011. Pages 29-45, 423.



