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Abstract  

     The Rock Wool Board (RWB) is widely used in the building exterior insulation 

all over world. As polymer affects hardening of plate, meaning it acted as a basic 

binder in this work and gave a smooth texture, ease of carrying and workmanship in 

different sizes and shapes. PVA was studied at the rates of PVA %4, %5, %6.66, 

%10, %20, results showed that 6.66% is the best percentage, through tensile and 

bending tests, this percentage was use with polyurethane with rates of PU 1, 0.5, 

0.333, 0.25, 0.2 It is found that the ratio 0.333 is the best ratio to give good 

mechanical properties of bending, tensile and elongation. This percentage was fixed 

on different percentages of polymer (PU/PVA) as %2.5, %5, %10, %15, %20 and 

examinations were performed on these percentages and percentage %10 was best, 

this percentage was adopted. Another study in change of the rock wool with rates of 

%5, %7.5, %10, %12.5, where it was found that best percentage of the rock wool is 

12.5% after studying mechanical and physical properties. 

 

 Keywords: Thermal insolating, Polymer fiber board, Fiber reinforcement, external 

insolating, Basalt fiber board. 
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    الخلاصه

( عمى نطاق واسع في بشاء العدل الخارجي في جسيع أنحاء RWBتدتخجم ألهاح الرهف الرخخي )     
العالم ، حيث يؤثخ البهليسخ عمى ترمب المهح ، مسا يعشي أنو يعسل بسثابة مادة رابطة أساسية في ىحا العسل 

،٪ 5،٪ 4بشدب٪  PVAويسشح ممسدًا ناعسًا ويديل حسمو وصشعة بأحجام وأشكال مختمفة. تست دراسة 
٪ ىي أفزل ندبة من خلال اختبارات الذج والانحشاء وقج 6.66ظيخت الشتائج أن وأ 21،٪ 01،٪ 6.66

ىي  1.000وجج أن الشدبة  1.2، 1.25،  1.000، 1.5، 0استخجمت ىحه الشدبة مع البهلي يهريثين بشدب 
أفزل ندبة لإعطاء خرائص ميكانيكية جيجة للانحشاء والذج والاستطالة. تم تثبيت ىحه الشدبة عمى ندب 

وتم إجخاء الفحهصات عمى  21،٪  05،٪  01،٪  5٪ ،٪ 2.5( بشدبة PU / PVAختمفة من البهليسخ )م
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ىي الأفزل ، وتم اعتساد ىحه الشدبة السئهية. دراسة أخخى في  01ىحه الشدب السئهية وكانت الشدبة السئهية 
لمرهف الرخخي ٪ ، حيث تبين أن أفزل ندبة 02.5٪ ، 01٪ ، 7.5٪ ، 5تغيخ الرهف الرخخي بشدب 

 ٪ بعج دراسة الخهاص السيكانيكية والفيديائية.02.5ىي 
  

1 Introduction 
     Spread of polymer composite construction materials allowed development of products in 

all areas of applications to meet the technical requirements in a most effective way. Increasing 

economic and environmental demands for reinforcement of the polymer-bearing construction 

materials are encouraging researches to develop new, high-strength reinforcement materials 

and structures. As a result, in recent years, extensive research has begun worldwide regarding 

applicability of various types of organic and inorganic reinforcement materials in polymer 

matrixes. Basalt of mineral origin has gained increased interest as a stiffening material 

compared with the traditional glass and carbon plants [1]. 

 

     Basalt comes from the basalt rock which is an above-ground igneous rock saturated with 

45-52% SiO2. As a consequence of this formation, basalt has many beneficial properties such 

as elastic modulus, excellent heat resistance, high heat resistance capacity, acoustic resistance 

and outstanding vibration isolators. Because of its insulation property, it is used an insulation 

material in the construction industry in the form of rock wool, which is produced as follows: 

using the centrifugal blowing process, the basalt rocks are knocked into threads with a 

diameter of 7-13 microns and a length of 60-100 mm and of a melting temperature higher 

than 1500 ° C. This material is used as an insulator in construction due to fact that it is an 

excellent sound and thermal insulation and vibration damping, as well as non-slip, chemically 

indifferent, corrosion resistant and biologically stable. Several materials dealing with glass- 

and carbon-reinforced polymers indicate the significance of basalt as a potential new 

reinforcement material [2, 3]. 

 

     With the use of such low density, solid compounds instead of metallic raw materials, for 

example in manufacture of mechanical problems of rotating fluid machines those related to 

fan blades [4,5] can be overcome. There are only a few researchers who have been able to 

create composite basaltic compounds in a polymer matrix [6] because of the interface 

interaction problem between matrix and high fracture sensitivity of the basalt. The use of 

basalt FRP (BFRP) reinforcement and development phase of composites are currently in the 

top research interest [7, 8]. Mechanical properties of the basalt fibers are very close or even 

better than remaining fibers (aramid, carbon, glass, etc.) [2]. Properties of the basalt fiber 

generally depend on the source and the type of basalt rock and method of production. Basalt 

fibers have high temperature resistance and are much cheaper than rest of composite fibers [3. 

9]. 

 

     Zhang et al. fabricated basalt fiber (BF) reinforced poly (butylene succinate) (PBS) 

composites with different fiber contents by the injection molding method. Their tensile, 

flexural and impact properties, as well as thermal stability have been investigated [10]. Wang 

et al. investigated the creep behavior of newly developed basalt fiber reinforced polymer 

(BFRP) tendons for prestressing applications. Furthermore, the creep rupture stress was 

predicted based on statistical analysis [5]. Li et al. studied rock wool board (RWB) in 

construction of exterior insulation worldwide. Fiber diameter, solid volume fraction (SVF), 

and contact degree among the fibers significantly influence the RWB physical properties [11]. 

Chakartnarodom et al. studied mechanical and physical properties, and performance of the 

texture roof tiles reinforced with basalt fibers. Samples of basalt-fiber reinforced texture roof 

https://www.researchgate.net/profile/Parinya-Chakartnarodom
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tiles were produced on industrial scale using the filter pressing method. After forming, as-

molded samples were air cured and characterized based on ASTM C1185 standard for their 

mechanical properties and physical properties [12]. Arora et al. studied the effect of different 

basalt fiber contents (0%, 10%, 20%, 30%, 100% by binder mass) as a replacement of rice 

husk ash on the fresh hardened and microstructural properties of geopolymer paste [13].  

In this work, damaged rock wool, which is present in large quantities in the General Company 

for Mining Industries in Iraq, was used to manufacture insulating panels for ceilings, walls 

and surfaces as sound, heat and fireproof panels. Aim of this research is to study applicability 

of the basalt as a reinforcing material in polymers, to determine properties of basalt and to 

define a model for production of basalt. 

  
2 Materials 

     The basalt fibers wastes (made by General Company for Mining Industries,Iraq - Basra), in 

rock wool form, were used. It is treated with a polymer matrix and used as a binder in this 

work, and which consists of:  

1- Poly Vinyl Acetate (PVA) from Waha Company (Iran - Tehran), which a product of the 

reaction of acetic acid with estylene, and this reaction takes place either in a liquid phase or a 

gas phase.  

2. Polyurethane is a solid foam formed from the two main compounds, namely Polyols and 

Poly Toluene Diisocyanite (TDIS). Polyol is an alcohol that contains multiple hydroxyl 

groups. It comes in a liquid form, gives flexibility to polymers, it has several molecular 

weights and this makes its uses different. As for (TDIS) is white in color with an aromatic 

substance. It has a pungent odor it causes irritation of the respiratory system and the eye when 

inhaled. Moreover, it is very toxic. Therefore, utmost care and caution must be taken when 

dealing with it or when storing it, and it is preferable to use oxygen masks.  

3. Water is considered good solution for reaction matrix and binding material. 

 
3 Methods and Samples Preparation  

     PVA was used alone as a binder for the rock wool. Subsequently, Polyurethene (with 

different weight ratios) was used with PVA as Polymeric blends. The rock wool fibers were 

dipped in PVA dissolved in water, then it was placed in a mold with dimensions of 300mm 

x300mm x12mm and left for two days to dry. The same method was repeated, but this time 

PU (of different weight ratios) was added to the PVA, and the homogeneous mixture was 

poured into a molds of size of 300mm x300mm x12mm. The models were left for 48 hours to 

dry. The models were taken out of the mold and exposed to a temperature of 40  for a period 

of 24 hours until they solidify. The molds were cut according to the specifications(ASTM 

1185, 2013). Physical and mechanical properties, density, parallel tensile strength, bending 

and elongation were studied.  
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4 Result and discussion 

4.1 Tensile Tests 

 
Figure  1: Effect PVA % concentration in water on tensile strength . 

 

     Figure 1 shows that increasing the concentration of PVA in water led to an increase in 

tensile strength parallel to the surface, as it increased from 0.0727 to 0.252 MPa; reaching a 

maximum at a PVA concentration of 6.66%; tensile strength started to decrease at 10% PVA 

concentration and continued to decrease to the highest level of PVA in water. The reason for 

this behavior is that an increase in PVA, leads to a strong cohesion between fibers (rock wool) 

due to its adhesion properties, but when it reaches a saturation state at the ratio 20% of PVA, 

then  percentage of PVA is more than that of the rock wool. Where at the ratio (20%) tensile 

strength decreased until it reached 0.185 MPa. 
 

 
Figure 2: The effect of %6,66 polymer as concentrations PU/PVA on tensile strength. 

 

     Figure 2 two materials were used in the form of a polymer blend, which are PU and PVA, 

with various ratios of PU:PVA where the PVA was changed:  1:1, 1:2, 1:3, 1:4,1:5,  then 

making cement fiber board at a ratio the rock wool %15, after tests.  Figure 2 shows the effect 

of adding PU on the efficiency of PVA as a bonding force for rock wool panels, where it is 

noticed that when adding PU with increasing PVA led to an increase in tensile strength 

parallel to the surface until it reached a maximum value of 0.248 Mpa at a ratio of 1:3 which 

is best ratio. Tensile strength decreased with further increase of PVA indicating that the PVA 

quantity is more than required. The ratio of 1:3 was chosen as the best ratio because it is more 
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resistant to moisture and PU large porosity allows the control of the lightness of the panels, 

thus giving a lower density and higher thermal insulation. 
 

 
Figure 3: The effect of % concentration of polymer in water as 1/3 (PU/PVA) on tensile 

strength. 

 

     Figure 3 shows the effect of polymeric mixture PU: PVA from (2.5 - 20)%, where it was 

observed that at a ratio of 2.5%, tensile strength was zero due to the weakness of bonding 

material between pores of rock wool represented by PU:PVA, but when percentage of 

polymer increased tensile strength gradually increased until it reached 0.344 MPa at rate of 

polymer 15%, which represents the highest tensile strength, after which tensile strength 

started to decrease at the rate of 20%. The reason is that increase in polymer ratio leads to an 

increase in crosslinking between the rock wool fibers until it reached state of saturation, after 

that amount of polymer when it is more than the amount of rock wool, tensile strength begins 

to decrease and porosity increases between the rock wool[14]. 

 

 
 Figure 4: The effect of content rock wool at %15 polymer and 1:3 PU/PVA ratio on tensile 

strength. 
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     From Figure 4, It is noticed that there is an increase in tensile strength, according of the 

standard (ASTM 1185, 2013)  when increasing  the percentage of fibers in  water, as tensile 

strength increased from ( 0.0743 to 0.355) MPa when increasing weight percentage of fibers 

in the water from 5% to 15%. The reason for this increase in tensile strength is due to the the 

increase in the durability of the board as result the increase of rock wool. Thus, the density 

increases density and closes intervals (as a result of the increase in mass and according to the 

relationship density equals mass to volume), which leads to an increase in strength and 

durability of the board, and consequently an increase in compaction force inside matrix, this 

increased  tensile strength vertical of surface, which leads to an increase a strength of bond 

between the rock wool[15]. 

 

4. 2 Bending Tests 

 
                Figure 5: The effect of PVA % concentration in water on flexural strength. 

 

     Figure 5 shows gradual increase in the bending resistance with the increase of PVA, as it 

rises from 0.564 MPa until it reached 3.2 MPa reaching almost the highest value of 3.5 Mpa 

at 20% from PVA.. The reason is because PVA material has a high adhesion force that works 

on the cohesion between the rock wool fibers. 
  

 
Figure 6: The effect of %7.5 polymer as Concentrations PU/PVA on flexural strength 
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      Figure 6 shows the effect of PU on the bending strength, where it is noticed that bending 

resistance begins to increase until it reached 0.817 MPa at a ratio of 1: 3, after this ratio the 

increase in PVA will decrease bending resistance until it reaches 0.4 Mpa. Where the increase 

in PVA affects the binder, as a result, the best ratio of the binder is 1:3 as a ratio PU: PVA. 

 

 
Figure 7: The effect of % concentrations of polymer in water at 1:3 PU/PVA ratio on flexural 

strength. 

 

     Figure 7 shows that bending resistance increased with the increase of bond material 

(polymeric mixture), as it increased from (0 to 0.318) MPa when polymer percentage 

increased from (2.5 to 20) %, and the reason for this is that increase in bending material leads 

to an increase in bond strength between pores of the rock wool[15]. 

 

 
Figure 8: The effect of rock wool content at %15 polymer at 1:3 PU/PVA ratio on flexural 

strength. 
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fiber leads to a reduction in voids and pores  within the matrix and increase in its density, 

which leads to an increase in  cohesion of components of board leading to an increase in 

resistance to fracture[16]. This is evident in Figure 5, where the bending resistance gradually 

increased with the increase of PVA, reaching almost the greatest value of 3.5 Mpa at 20% 

from PVA. 

 

4. 3 Density Tests 

 
Figure 9: The effect of PVA % concentration in water on the density boards. 

 
     Figure 9 shows that density increased with the increase in the concentration of PVA in 

water.Density increased from 156 kg / m
3
 to 249 kg / m

3
 due to the nature of properties that 

PVA has in water, where it is characterized by its heavy weight and gives characteristic of 

stacking with components of the mixture.  

 

 
       Figure 10: The effect PU/PVA concentrations at % 6.66 polymer on the density boards  
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by the fact that density of PU is less than density of PVA because it contains a foamy 

substance with lower densities. 

 

 
Figure 11: The effect of % concentration of polymer in water at 1:3 PU/PVA ratio on the 

density boards. 
 

     From Figure 1, it is noted that density increased gradually when increasing concentration 

of  the polymer in water, where density begins to rise from 155 kg/m
3
 to 211 kg/m

3
 at 

polymer ratios ranging from%2.5 to %20, which is as a ratio 1:3 (PU: PVA) where it is 

constant for all polymer blends, and the reason for this increase in density is due to the 

increase in the ratios of PVA, which is heavier than PU which considered a foamy and 

inflating the material. 
 

 
Figure 12: The effect of rock wool at %15 polymer and 1:3 PU/PVA ratio on the density 

board. 
  

     Figure 12 shows that increasing weight ratios of rock wool leads to density increase, where 
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3
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3
 when increasing rock wool from %5 to 

%12.5 in water, for as the rock wool weight increases, density increases as a result of the 
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5 Conclusion   
1. The rock wool is submerged in one batch and in a large quantity better than if it was in  

0

50

100

150

200

250

0 5 10 15 20 25

D
e

n
si

ty
 K

g/
m

3  

PU/PVA(%wt) 

0

50

100

150

200

250

0 5 10 15 20

D
e

n
si

ty
 K

g/
m

3
 

rock woolr(%wt) 



Mohammed et al.                                  Iraqi Journal of Science, 2022, Vol. 63, No. 10, pp: 4282-4291 

 

4291 

batches so that wool does not clump and leave breaks between the matrix and binding 

material which affects internal composition of sample, then affects study on the mechanical 

and physical properties during casting, i.e. large quantity and one batch by immersion makes 

the rock wool is intertwined and forms a single lump with bonding the material. 

2. Increase in the polymer ratios leads to the weak mechanical and physical properties but 

helps adhesion to the rock wool surface. Therefore, best percentage polymer 10% to seek 

adequate the mechanical properties and adhesion. 

3.Increasing the rock wool ratios leads to a decrease the moisture content and absorption but 

improves the thermal conductivity, the compression resisting, the elongation percentage and 

the bending resistance before and after immersion. 
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