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Abstract. The article is devoted to solve the problem of modification of 

the non-returnable cotton and flax spinning waste in order to improve the 

physical and mechanical characteristics of composite heat-insulating plates 

based on these wastes. The modification of the vegetable filler with a 1% 

solution of sulfuric acid made it possible to increase the physical and 

mechanical indicators of plates. The thermal insulation properties of the 

composite plate material with some soft acid modification of the filler did 

not change significantly. 

1 Introduction  

Recycling including vegetable is one of the directions in resource-saving technologies. 

Annual wastes are used for the production of composite materials, as well as for 

construction. There is an experience of using bonfires, straw as filler for manufacturing of 

heat-insulating plate materials [1, 2, 3]. Secondary waste spinning manufactures unlike 

other vegetable materials are not used for the production of construction materials, although 

this raw material is characterized by a number of valuable technical properties. Pulverized 

non-returnable waste from vegetable fiber spinning can be used for the production of heat 

insulation plates if necessary operational properties are provided [4].  
If other types of return flax and cotton fiber waste are used, then non-returnable wastes 

are disposed of by incineration or landfill. The solution of recycling management will lead 

to an improvement in the environmental situation. 

The properties of non-returnable pulverized spinning wastes are mostly determined by 

the fiber structure, physical properties, susceptibility to chemical influences. The reason for 

the insufficient strength of composites from pulverized wastes is the poor adhesion of the 

binder to the filler particles. This is due to the presence of fatty substances on the surface of 

the particles of flax and cotton. 
To improve the strength of the composite plate material which is based on pulverized 

waste of flax and cotton, surface modification of cotton fibers can be used. Fiber 

modification can be carried out by physical or chemical methods [5, 6], by UF-radiation 

[7]. According Fras Zemljič L. an effective method of increasing strength, wet ability, 
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adsorption capacity is the treatment with weak acid solutions [8]. According to many 

researchers, the most common methods of modifying vegetable fibers are alkaline or acid 

hydrolysis [9 - 14]. 

2  Materials and Methods 

The samples of composite plate material from non-returnable waste of flax fiber production 

were manufactured in the laboratory of the department of LDP KSU. 1% sulfuric acid 

solution H2SO4 was used for modification. Urea formaldehyde binder (UF), phenol 

formaldehyde binder (PF), liquid glass - Na2O(SiO2)n and alumochromosphate binder 

CrAl3(H2PO4)n were used as binders for composite materials. NH4Cl was used as a curing 

agent for UF . Samples plate materials were made by wet production method by pressing 

and drying at 100 ° C. The average density of the plates was 375 kg/m3, the consumption of 

binders was 30% by weight of the amount of filler. For the produced samples of plates, the 

following was determined: ultimate strength at static bending, MPa; density, kg/m3; 

swelling thickness for 24 hours,%; water absorption for 24 hours,%, coefficient of thermal 

conductivity, W / (m • К). 

3  Experimental part  

The composition of different batches of thermal insulation materials is presented in Table 1. 

The results of determining the physical and mechanical properties of composite materials 

are presented in Table 2.  

Table 1.  Composition of heat-insulating materials. 

Batch of composites Binder Precipitator  Hardener 

1 PF Al2(SO4)3 - 

2 UF - NH4Cl 

3 Sodium silicate Al2(SO4)3 - 

4 Alumochromophosphate Al2(SO4)3 - 

The coefficient of thermal conductivity of composites is in the range from 0.089 to 0.091 W 

/ (m • К) for materials based on cotton filler, from 0.058 to 0.059 W / (m • К) for materials 

from flax waste, both for plates from modified raw materials and for control panels without 

modification. 

Table 2.  Results of definition of physicomechanical properties* plates. 

Batch of 

composites 

Bending 

strength σ, MPа 

Thicknes 

swellings, Ph, % 

Water absorption, 

W, % 

Density, ρ, 

kg/m3 

1 
0.50/0.56 3.65/3.23 200/120 326/327 

2 
0.18/0.21 2.01/1.85 205/145 321/324 

3 
0.62/0.63 5.68/5.16 199/132 325/327 

4 
0.59/0.61 3.07/2.72 150/125 416/419 
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Control (without modification) 

1 
0.09/0.31 8.36/7.54 244/179 344/347 

2 
0.26/0.48 7.33/5.76 234/138 348/352 

3 
0.21/0.41 5.98/5.81 239/142 350/353 

4 
0.36/0.46 5.97/5.80 235/141 352/355 

* Above the dash for slabs of cotton, under the slab for flax plates. 

4 Conclusions 

The improvement of physical and mechanical indicators of plates (with the exception of 

plates on UF) with mild acid modification of vegetable filler is explained by two reasons. 

Firstly, the removal of a part of the fatty substances from the filler surface with a weak 

solution of sulfuric acid. Secondly, when the hydrolytic action is soft on the surface of the 

vegetable filler, a mixture of the initial cellulose and the insoluble products of its initial 

hydrolysis is obtained [15]. The degree of polymerization of cellulose decreases, some of 

its amorphous regions are removed, and the groups bound in the original cellulose are 

activated. This creates new hydrogen bonds between the cellulose chains, as well as 

chemical bonds with the active groupings of the matrix-binder. 

When using an acid-modified vegetable filler and UF with an acid hardener, the binder 

is prematurely cured prior to the pre-pressing and drying step. This reduces the physical and 

mechanical properties of the plates. 

As the density of the material does not change significantly, the coefficient of thermal 

conductivity also does not have significant fluctuations when  soft acid modification of the 

filler of plates is used.  
The results of the experimental research showed that plates based on a modified filler 

made from pulverized waste products of flax and cotton spinning industries have a strength 

under static bending of more than 0.4 MPa, that is, they meet the requirements of standard 

documentation – state standard 4598-86 to the analogue material - wood fiber boards wet 

mode of production. 

Acid modification increases the strength of plates, the exception is the use as a binder 

UF. To a greater extent, the effect of increasing strength affects when cotton waste is used 

as a filler. 

The best-strength results for this method of modifying the filler material from the non-

returnable waste products of both cotton and flax fibres are obtained when inorganic 

binders as a matrix are used, while the water resistance of the material is higher when 

aluminochromophosphates are used. 
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