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 :(Abstractملخص البحث )

ةملم يللأججفيجفختورفجمتا  ريوتجةمعثقو روتجفريجفةمنرمجمتشر جةمععلر ة.جةةلرونججلأيتةم  جملم يمنجفيجمتشاوىجةملمعتل بيج  مجفعلأجملمع ف

و جفةنرمجمتشر جفلروجيرؤ  جمارمجزبرو ةجلرمثجلأ جةمنرًونجة لقر جفرمنجملممرو  جملمق نر ر فوتجيلاتو هروجمتجروىجةملمعتلر جفريجةنروي جاقر جةم و ر

 رر صجمعتعرر ضجلمخرروة جمتج بررق.ججةجفرروع غمجفرريججكررةنجمتخيررواجملمتةم رر ةجفرريجملممررو  جملمق نررلأجف ررو ةجعلج بررقجمضجمنجة ررة ج ليرروتجةويوررلأج

ةةنرروي جمعلقرر جةغمتةرروجفرريجفصررو  جمتج بررقجفلرروجي برر جفرريججفرريجملمررةم جمعقوفوررلأجع  ررتعو ج ررو ىجمضفررو يجملمق نررلأجفثرر جمع رر  ججفرريجمع لررو  

م تلوعيلأج  ةثج  ميق.جعتعرجت  بجةتهجمع  منلأجمامج ق يمجفرو ةجنرويو ج قروةاجمض رتعو جف عوعيرلأج تمرتةج لروجمنجةرتهجملمرو ةج فلر ج  رمج

ةررتهجملمررو ةجفرريجكرر جمضفررو يجمعاررىججانررتخ ممماررمج ًو ت رروجمعقويوررلأ.ج رر ةةج  ررمجمارر جيلعرريججفوفضررو لأماتعوثرروتججأ مض  ررونجةمعتيرررلأجةعرري جعهرروج

 ي ت  ج وي وجمتشاوىجةمع ةم جع فو يجملمق نلأ

Millions of pilgrims flock to Makkaha and Medina from different nationalities and cultures during the Hajj and Umrah 

seasons. There are services needed by Hajj and Umrah visitors from the means of transportation, accommodation, 

moving between sacred feelings and the end of the pilgrimage season, which leads to increased opportunities for 

exposure to fire risks. Although the tents in the holy sites are fireproof, the presence of huge quantities of flammable 

materials outside the holy places, such as mattresses in hotels, transportation and other sources of fire, increases the 

likelihood of fires. 

Therefore, this study aims to provide a substance that is resistant to ignition very effectively, is safe for humans and the 

environment and has no emissions, in addition to the low cost. Moreover, this substance can be used in all places 

frequented by pilgrims and visitors to holy places. 

Introduction 

Fire safety is always a big concern wherever a huge number of people gather like in Hajj and Umrah season in Kingdom 

of Saudi Arabia; KSA. Governments spend a lot of money to prevent fire incidents including training, precautionary 

measures and using flame retardant and/or fire retardant materials and equipment. The flame retardants are the 

additives which delay ignition and fire retardants, on the other hand, are the additives which slow down 

combustion/flame propagation. Flame retardants are added substances, which when added to manufactured materials 
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like plastics or textiles, during or after manufacture, restrain or suppress the burning process. In the presence of an 

ignition source, they meddle with combustion at different phases of the burning process, e.g. during heating, ignition or 

fire spread. The primary function of these additives is to suppress the spread of fires or slow down the flashover time so 

that people can escape from the premises.  Flame retardant chemical additives have been used for several decades to 

reduce the flammability of resins and polymers found in commercial products such as furniture, mattresses, electronics 

(e.g., televisions, cell phones), and even children’s products such as car seats, strollers, and baby clothing [1-4]. These 

chemicals are designed to increase the time available to escape from fires by delaying the combustion of the treated 

materials. However, these flameretardants have been shown to leach or otherwise escape from these products over 

time and accumulate in both indoor and outdoor environments, raising concerns about human exposure and potential 

health effects [5-7]. Prior to 2004, polybrominated diphenyl ethers (PBDEs) were one of the most 

commonflameretardant mixtures used  in furniture and electronic products. PBDEs were sold commercially as three 

different formulations referred to as PentaBDE, OctaBDE, and DecaBDE, each having different applications. However, 

due to their persistence, bioaccumulation, and potential health effects, PentaBDE and OctaBDE  were banned or 

voluntarily phased out from use beginning in 2002 in many regions of the world, and will  soon be added to the list of 

banned chemicals included in  the Stockholm Convention on Persistent Organic Pollutants [8]. PentaBDE was 

historically used in the highest volumes in North America (primarily U.S. and Canada) to treat polyurethane foam in 

furniture [9]. The higher use of PentaBDE in North America led to elevated levels of the PentaBDE congeners in the U.S. 

population relative to European and Asian populations, likely due to a higher exposure from house dust [10-17]. Several 

studies have recently found associations between human body burdens of PBDEs (primarily PentaBDE) and health 

effects such as thyroid hormone and androgen abnormalities, cryptorchidism, and low birth weights [18-21]. The 

phase-out of PentaBDE has led to the development of alternate flame retardant formulations and the increased use of 

existing flame retardant chemicals to meet flammability standards for polyurethane foam [22]. We recently identified 

the brominated components of a PentaBDE replacement mixture suspected of high volume use in polyurethane foam 

[23]; however, for many flame retardants, basic information such as chemical identity and their consumer product 

applications is typically not available. Lack of information significantly restricts environmental and human health 

assessments for these chemicals, which is of considerable concern, particularly since the PentaBDE replacement 

chemicals recently identified were also detected in U.S. house dust [23]. Occurrence in house dust suggests 

thathumanexposure to theseflameretardants will also occur, and raises concerns regarding the potential for exposure to 

other PBDE replacements that have yet to be identified. Though several studies have reported the environmental fate 

and effects of PBDEs, very little information on the occurrence, fate, and toxicity of their replacement chemicals exists.                                                                                                                                                                               

Research aims  

The aim of this research is to develop a low cost higly flame retardant additive that can be used in liquid or powder form 

to suppress fire.  

The characteristics of the proposed product are as follows:  

Cost Efficient  

 The aim of the research is to provide an economical solution for energy efficiency and fire protection.  
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Eco-friendly  

The developed product can be used to prevent forest wildfires and does not impact our habitat system.  

Highly insulate  

The proposed product has an effective isolation property. It can prevent heat transfer between surfaces.  

Water based/Anti-allergic  

The product does not contain harmful ingredients towards the human health. It is water-based and anti-allergic.  

Non-toxic Smoke/Less Smoke Pollution  

The smoke formation from materials coated or sprayed with the proposed material is significantly less under fire 

exposure.  

Validity Period  

Products and materials sprayed or applied with the additive material are infinitely protected so long as the end item is 

coated.  

Free from discoloration and fabric alterations  

After several tests it has been proved that the proposed material does not affect the original characteristics and 

conditions of fabric materials.  

Research methodology  

Flame Retardants Definition.  

Flame retardants are added substances, which when added to manufactured materials like plastics or textiles, during or 

after manufacture, restrain or suppress the burning process. In the presence of an ignition source, they meddle with 

combustion at different phases of the burning process, e.g. during heating, ignition or fire spread. The primary function 

of these additives is to suppress the spread of fires or slow down the flashover time so that people can escape from the 

premises[24].  

Classes of Flame Retardants. 

Flame Retardants, both Reactive and Additive types, can be classified into the following  classes [25]: 

• Mineral compounds 

• Organohalogen compounds 

• Organophosphorus compounds 

Mineral compounds 

These compounds mainly consist of aluminum hydroxide (ATH), huntite, magnesium hydroxide (MDH),  and 

hydromagnesite,[26][27][28][29], red phosphorus, and boron compounds, mostly borates. 

Organohalogen compounds 

Organochlorines (chlorendic acid derivatives and chlorinated paraffins), organobromines (decaBDE), 

decabromodiphenyl ethane, polymeric brominated compounds (brominated polystyrenes, brominated epoxy oligomers 

(BEOs), brominated carbonate oligomers (BCOs), tetrabromobisphenol A (TBBPA), tetrabromophthalic anyhydride and 
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hexabromocyclododecane (HBCD) compounds fall in this class[30]. These compounds form the largest group of flame 

retardants used in printed circuit board (PCB) materials [31]. 

Organophosphorus compounds 

Organophosphates (triphenyl phosphate), resorcinol bis(diphenylphosphate) (RDP), aluminium diethyl phosphinate, 

bisphenol A diphenyl phosphate (BADP), and tricresyl phosphate (TCP) and dimethyl methylphosphonate (DMMP) 

compounds are another class of flam retardants [32]. 

Proposed substance (BET200)  works under a gas phase that interrupt chemical reactions that take place in the flame.  

BET200  has three main forms. Depending on the materials, BET 200 can be either used as liquid, powder or jelly forms.  

Results and discussion  

Mechanisms of Flame Retardancy 

 Flame retardation mechanisms usually take place either physically or by chemical actions[31]. 

There are three modes for the physical flame retardant mechanisms. These are:  

• Cooling  

• Formation of Protective Layer 

• Dilution 

Under the cooling mode, an endothermic process is activated by added substances cooling the substrate to a 

temperature underneath that required for continuing the burning process. After cooling, a solid or gaseous protective 

layer shields the combustible layer from the gaseous phase. The heat exchange is obstructed by excluding the oxygen 

required for the combustion process. In dilution mode, to restrain the lower ignition limit of the gas mixture, fillers are 

incorporated that evolve inert gases on decomposition diluting the fuel in the solid and gaseous phase[33-36].  

Chemical action flam retardant mechanisms can be subdivided into two modes: 

• Reaction in the solid phase 

• Reaction in the gas phase 

In the solid phase, the flame retardant causes a layer of carbon to form on the polymer surface by dehydration of the 

flame retardant that forms a carbonaceous layer by cross linking. This layer acts as an insulation layer, preventing 

further decomposition of the material. Whereas, in the gas phase the free radical mechanism of the combustion process 

is interrupted. The exothermic processes are thus stopped, the system cools down and the supply of flammable gases is 

suppressed[37].The mechanism used by brominated flame retardants (BFRs) is shown in Fi. g. 1.0 At the first stage, 

bromine breaks down to form a bromine radical. After this HBr forms by the reaction of hydrocarbon with bromine 

radical. The high-energy H and OH radicals then removed  by the reaction of HBr. The high-energy radicals are replaced 

with low-energy bromine radicals. The HBr consumed is then regenerated by reaction with the hydrocarbon. 

 
Figure 1 Brominated flame retardants (BFRs) Mechanism [37] 
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In the category of non-halogenated flame retardants, the phosphorus containing compound is converted to phosphoric 

acid by thermal decomposition. The phosphoric acid then dehydrates the oxygen containing polymer and causes 

charring as shown in the Fig.1.2. 

 
Figure 2 Non-halogenated flame retardants Mechanism[37] 

Depending on the above mechanism and chemical reactions, a propsed subastance called BET200 is prepared. Table 1 

contains the physical and chemicla properites of BET200. . The benefit of spraying BET200on wood and polyster foams 

are ilustrated in Fig 3 and Fig. 4. Fig. 3 shows that there is no decerease in wood thickness after ignition for 300 sec 

whereas 

 Thickness  of wood piece  without BET200 starts to decrease after only 5 sec. This means that BET200 slow the ignition 

of wood piece for 300 second. Similary, when spraying BET200 on polyster foam, the reuction in its thickness delyed to 

2500 second. These results reveal clearly the benifts of using BET200 as afire retardancy substance. 

Summary and conclusion  

A new propsed subsatnce called BET200 is prepared and tested to get its chemical and physical properties. BET200 has 

been showed a significant possitive effect on retarding fire when sprying on wood and polyster foams. BET200i is safe 

as it is non-toxic smoke/less smoke pollution  and is not harmful as it is eco-friendly..  

Recommendations  
3. From the above rsults, BET200 is recommended as a fire retardancy substance which might be used in holly sities 

during Haj and Ummarah seassons. 

Figures and Tables  

Table 1 Chemical and physical properties of BET200 

Property Description 

Appearance Liquid 

Boiling Point 98 C 

Freezing Point -2 C 

pH 3 – 5 

Deflagrate None 

Flammability None 

Flash Point None 

Scent None 

Colour Turbid 

Solvents Water 

Density 1.2  kg/m3 

Viscosity 1.0 



The Custodian of the Two Holy Mosques Institute for Hajj and Umrah Research, Umm Al-Qura University119 

 
 

 

Table 2 Results of spraying BET200 on foam door and polyster 

 

 
Fig 3  Effect of spraying BET200 on  ignition time of wood. 

 

 
Fig 4. Fig 3  Effect of spraying BET200 on  ignition time of polyester (Foam) 

 

BET 200 

Heat C° 

Direct Torch 

Flame 

Sustain 

Time 
Material Thickness after Process 

Fire Retardant Fiber / Foam Door 5 cm Thickness 1200 C° 38 Second 1.8 cm 

Fire Retardant Fiber / Foam Door 5 cm Thickness 

(with BET 200) 
1200 C° 5 Minutes 4.8 cm 

Polyester 1.5 mm Thickness 800 C° 35 Second 0 mm 

Polyester 1.5 mm Thickness (with BET 200) 800 C° 35 Minutes 1.2mm 
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