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Abstract  

The maintain structural composite safety considered the greatest challenge to workers in this field to minimize and 

eliminated the dangerous of fires or completely removes through resist the flame generated from fires and terminated its 

activity. Zinc borate which represent inorganic fire retardant was used to coating structural composite consist of araldite 

resin reinforced with carbon and Kevlar fibers to increase the flame retardancy for these structures , where a surface layer 

from zinc borate was used as a coating layer of (4mm) thickness. The material was exposed to a direct flame generated from 

Oxyacetylene torch (3000ºC) with different flame exposure distances (10, 15, 20mm), and study the range of resistance of 

retardant material layer to the flames and protected the substrate. For enhance the action of zinc borate, a hybrid fire 

retardant was formed by added antimony trioxide with various quantities (10%, 20%, 30%) to zinc borate to react flame and 

exposure this hybrid material to same flame temperature and exposure distances. Method of measuring the surface 

temperature opposite to the flame was used to determined the heat transferred to composite material. The optimum results 

was obtained with (30%) antimony trioxide mixed with zinc borate and exposed distance (20mm). 
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Introduction 

Fire retardants (FRs) comprise a diverse group of chemicals 

which are widely used at relatively high concentrations in many 

applications, including the manufacture of electronic equipment, 

textiles, plastic polymers and in the car industry
1
. The use of 

(FRs) is primarily to protect materials against ignition and to 

prevent fire-related damage. Room combustion tests comparing 

FR plastics with non-FR plastics conducted by the National 

Bureau of Standards (The National Institute of Standards and 

Technology) have shown that FR materials allow longer escape 

time, less heat release, less smoke and release of a lower 

concentration of toxic gases.  
 

These effects are due to a decrease in the amount of burning 

materials
2
. Fire retardants commonly divided into four major 

groups: Inorganic FRs, Organo phosphorus FRs, Nitrogen-

containing FRs and Halogenated organic FRs. Depending on 

their nature, fire retardants can act physically or chemically
3
. 

 

Inorganic FRs comprise metal hydroxides (e.g. aluminum 

hydroxide and magnesium hydroxide), ammonium 

polyphosphate, boron salts, inorganic antimony, tin, zinc and 

molybdenum compounds, as well as elemental red phosphorous. 

Inorganic FRs are added as fillers into the polymers and are 

considered immobile, in contrast to the organic additive FRS
4
. 

 

Polymeric plastic combustion occurs in the vapor phase. When a 

plastic is exposed to increased temperatures, the plastic 

undergoes pyrolysis. Potentially combustible vapors are slowly 

released at first. Since many polymers are substituted, the 

increase in surrounding temperatures can cause variations in 

connectivity among the monomer units 
5
. Often, these variations 

in connectivity result in an overall weakening of the polymer 

structure and can encourage the release of more vapors and 

liquids, both flammable and non-flammable. As the heat source 

persists, the temperature of the polymer increases steadily 
6
.  

 

Volatile vapor release rates increase and hydrogen and 

hydroxide radicals diffuse out of the material. The radicals can 

combine to propagate the flame spread. Re-radiation from 

combusting vapors effectively increases the polymers’ 

temperature
7
. During this process a char layer forms on the 

surface of the plastic which serves to inhibit flame spreading. If 

there is enough char barrier, the flame will slowly extinguish. 

Otherwise, heat will continue to be released at higher rates and 

the pyrolysis-combustion process continues. So the flame 

retardants used with these materials to inhibiting combustion 

process
8
.  

 

A composite is a structural material that consist of two or more 

constituents that are combined at    a macroscopic level and are 

not soluble in each other
9
. One constituent is called the 

reinforcing phase and the one in which it is embedded is called 

the matrix
10

. The composite material however, generally 

possesses characteristic properties, such as stiffness, strength, 

weight, high-temperature performance, corrosion resistance, 

hardness and conductivity that are not possible with the 

individual components by themselves
11

. Fiberglass sheet is a 

composite since it is made of glass fibers imbedded in a 
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polymer. Composite materials are said to have two phases
12

. 

The reinforcing phase is the fibers, sheets, or particles that are 

embedded in the matrix phase
13

. The reinforcing material and 

the matrix material can be metal, ceramic, or polymer
14

. 

Typically, reinforcing materials are strong with low densities 

while the matrix is usually a ductile, or tough, material
15

.   
 

Material and Methods 

Materials: the following materials was used in this paper: Zinc 

Borate (2ZnO.3B2O3.3.5H2O) was used as a fire retardant, 

which supply by Akrochem corporation. Antimony Trioxide 

(Sb2O3) : with particle size (1µ) and produced by NL Industries. 

This trioxide was added to zinc borate with a various quantities 

(10%,20%,30%). Araldite resin (GY 2600) . this resin produced 

by Huntsman Corporation. woven roving fibers  )º 45 - º 

0( Carbon fibers. woven roving fibers  )º 45 - º 0( Kevlar fibers.  
 

Fabrication of test samples: sample of thermal erosion test 

shown figure-1 have a square shape, with dimensions 

(100×100×10mm), which can  be  fabricated  by  the  hand  

layup  technique using laboratory  compression  moulding  

machine
16

. 

 

 

 

 

 

 

 

 

 

Figure-1  

Sample of thermal erosion test 

Experimental procedure of thermal erosion test: thermal 

erosion test by Oxyacetylene torch with temperature (3000ºC) 

was used in this test. The system (contains fire retardant 

material and composite material) was exposed to this flame 

under different exposure distances (10, 15, 20mm).  

 

Determination of heat transmitted through fire retardant: 
surface temperature method used here to calculate the amount of 

heat transmitted through fire retardant and composite material. 

Figure-2 shown the transformation card (AD) which was used to 

observed and saved temperatures with time in seconds. 

 

Results and Discussion 

Figure-3 represents the thermal erosion test for composite 

material with retardant surface layer at exposed distance 

(10mm), the temperature of the opposite surface to the torch 

begins to increase with increasing the time of exposition to the 

flame. Zinc borate will form a glassy char at high temperatures 

that prevents flame propagation. It also releases water of 

hydration from its chemical structure. Therefore, the substrate 

(composite material) will protect and the fire spread will 

decrease
17

. This process of flame retardancy will be increased 

by addition antimony trioxide to zinc borate where zinc borate is 

a synergist with this oxide, so the combined ingredient will have 

better flame resistance than separate materials would have
18

. 

When added (10 %) antimony trioxide to Zinc Borate ,the phase 

transformations happened in internal structure of  this  oxide  

which with zinc borate enhanced flame retardancy of composite 

materials, and this retardant action increased with increased  

antimony trioxide content to (20 %, and 30 %)
19

. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-2  

Thermal monitoring and recording system 

 

Thermal Monitoring and Recording System 
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Figure-4 represent the thermal erosion test for retardant surface 

layer with exposed distance (15mm). As a result, when the 

exposed distance to flame increased to (15mm), the time 

necessary to break down of fire retardant layer will increase and 

the combustion gaseous will reduced and there will be a less 

plastic to burn due to water of hydration and protected glassy 

coating layer comes from zinc borate. This protection will 

improves with addition (10%, 20%, 30%) from antimony 

trioxide because the mode action of this oxide with glassy 

coating layer increasing flame retardancy
20

. The improvement in 

flame retardancy will increased with increased exposed distance 

to (20mm) as shown in figure-5. All that will rise the time of 

break down for zinc borate- antimony trioxide layer and 

substrate composite material
21

. From figures, the optimum 

results was with (20mm) exposed distance and  (30%) antimony 

trioxide. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-3 

 Exposed distance 10 mm  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure-4 

Exposed distance 15 mm  
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Figure-5 

Exposed distance 20 mm  

 

Conclusion  

An experimental method has been developed to improvement 

flame retardancy for composite material during combustion 

process by addition zinc borate and as a retardant layer. 

Increasing the flame retardancy when added antimony trioxide 

to zinc borate with different percentages and forming hybrid 

retardant material. The resistance to flame spread will increased 

with increasing of exposed distance and the optimum percentage 

from antimony trioxide was (30%) . The flame retardancy is 

increased as the flame temperature is decreased. 

 

References 

1. Stark N.M., White H.R., Mueller S.A. and Osswald T.A., 

Evaluation of various fire retardants for use in wood flour-

polyethylene composites, Polymer Degradation and 

Stability, 95, 1903-1910 (2010) 

2. Levchik S.V., Introduction to flame retardancy and polymer 

flammability, Morgan AB, Wilkie CA, editors, flame 

retardant polymer nanocomposites, John Wiley & Sons; 

NY, USA, 1–29 (2007)  

3. Horrocks A.R. and Price D., Fire retardant materials, Taylor 

and Francis Group, LLC (2010)   

4. Obidiegwu M.U. and Ogbobe O., Mechanical and 

flammability properties of low density polyethylene/kola 

nitida wood fiber composites, Academic Research 

International, 2(3), 230-238 (2012) 

5. Bhattacharjee C.R., Sharon M. and Nath A., Synthesis of 

Nano Composites from Plant-based Sources, Res. J. Chem. 

Sci., 2(2), 75-78 (2012) 

6. Rakotomalala M., Wagner S. and Döring M. ,Recent 

Developments in Halogen Free Flame Retardants for Epoxy 

Resins for Electrical and Electronic Applications, 

Materials, 3, 4300-4327 (2010) 

7. Dev Nikhil, Attri Rajesh, Mittal Vijay, Kumar Sandeep, 

Mohit, Satyapal and Kumar Pardeep, Economic and 

Performance Analysis of Thermal System, Res.J.Recent 

Sci. 1(4), 57-59 (2012) 

8. Gerard  C.,  Fontaine G. and  Bourbigot S.,  New  trends  in  

reaction  and  resistance  to  fire  of  fire-retardant epoxies, 

Materials, 3, 4476-4499 (2010) 

9. Deshpande A.D. and Gogte B.B., Novel Polymeric 

Surfactants Based on Oxalic Acid and Citric Acid for 

Detergents, Res.J.Chem.Sci. 1(6), 42-47 (2011)    

10. Datta  K.K.R.,  Srinivasan    B.,  Balaram    H.  and 

Eswaramoorthy M.,  Synthesis  of  Agarose-

metal/semiconductor  Nano particles  having  superior 

Bacteriocidal  Activity  and  their  simple  Conversion  to 

Metal-Carbon  Composites,  J.  Chem.  Sci.,  120, 579-586 

(2008) 

Time, sec 

S
u

rf
ac

e 

T
em

p
er

at
u

re
, 
ºC

 

0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 

0 
1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 0 
9 0 

1 0 0 
1 1 0 
1 2 0 
1 3 0 
1 4 0 
1 5 0 
1 6 0 
1 7 0 
1 8 0 

Zinc Borate + 30% Sb2O3 

Zinc Borate + 20% Sb2O3 

Zinc Borate + 10% Sb2O3 

Zinc Borate  



Research Journal of Chemical Sciences ___________________________________________________________ ISSN 2231-606X 

Vol. 3(1), 10-14, January (2013)                             Res. J. Chem. Sci. 

   

International Science Congress Association  14 

11. George Mulongo, Jolocam Mbabazi and Song Hak-Chol, 

Synthesis and characterization of silver Nano particles 

using high electrical charge density and high viscosity 

organic polymer, Res.J.Chem.Sci.,  1(4), 18-21 (2011) 

12. Rao Sathish U. and Rodrigues L.L. Raj, Applying Wear 

Maps in the Optimisation of machining parameters in 

drilling of polymer matrix composites – A review, 

Res.J.Recent Sci. 1(5), 75-82 (2012)    

13. Jain D. and Kothari A., Hair Fibre Reinforced Concrete, 

Res.J.Recent.Sci. 1(ISC-2011), 128-133 (2012) 

14. Tandel R.C., Gohil Jayvirsinh and Patel Nilesh K., 

Synthesis and Study of Main Chain Chalcone Polymers 

Exhibiting Nematic Phases, Res.J.Recent.Sci. 1(ISC-2011), 

122-127 (2012) 

15. Shukur Majid M., Kadhim. F. Al-Sultani and Hassan 

Mohammed N., Preparation of alkali lead glass and glass – 

ceramic compositions as electrical insulators, 

Res.J.Chem.Sci. 2(2), 28-34 (2012)   

16. Dixit S. and Verma P., The effect of hybridization on 

mechanical behaviour of coir/sisal/jute fibres reinforced 

polyester composite material, Res.J.Chem.Sci. 2(6), 91-93  

(2012)    

17. Al-Mosawi Ali I. , Study using of antimony trioxide 

material as a flame retardant material , M.Sc. Thesis , 

Engineering College, Babylon University, Iraq (2003)   

18. Formicola C., DeFenzo A., Zarrelli M., Frache A., 

Giordano M., and Camino G., Synergistic effects of zinc 

borate and aluminum trihydroxide on flammability 

behavior of aerospace epoxy system , eXPRESS Polymer 

Letters, 3(6), 376-384 (2009) 

19. Kashiwagi T., Danyus R., Liu M., Zammarano M., and 

Shields J.R., Enhancement of char formation of polymer 

Nano composites using a catalyst , Polymer Degradation 

and Stability, 94, 2028-2035 (2009)  

20. Al-Mosawi Ali I., Rijab Mustafa A. ,Salaman Ali J. 

,Alwash Naser A. and Aziz Naglaa S., Flammability 

behavior of composite mixed with retardant agents , 
Applied Mechanics and Materials , 186 , 129-131 (2012)  

21. Al-Mosawi Ali I., Ahmed Jaleel K. ,Hussain Haydar A. , 

Evaluation flame retardancy of  epoxy composite by using 

design of experimental, Applied Mechanics and Materials, 

186, 156-160 (2012)  

 


