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I. I. IntroductionIntroduction

ZincZinc borateborate is a white, is a white, oderlessoderless powderpowder. . 

ZincZinc borateborate has ben has ben usedused industriallyindustrially since since 
thethe 1940s.1940s.

TheThe mmostost widely used widely used ZnBZnB formulationformulation::

((ZnOZnO. 3B. 3B22OO33. 3H. 3H22O)O)



ZincZinc BorateBorate is is usedused as a as a flameflame
retardantretardant andand smokesmoke suppressantsuppressant forfor
widewide rangerange of of plasticsplastics, , rubbersrubbers, , 
paperspapers, , textilestextiles andand woodwood productsproducts



Fire Fire RetardantRetardant PropertiesProperties
of of ZincZinc BorateBorate



EmitsEmits nonnon flamableflamable gasesgases like like 
water, carbon dioxide, sulfur water, carbon dioxide, sulfur 
dioxide, hydrogen chloride dioxide, hydrogen chloride etcetc. . 
via via endothermic reactionsendothermic reactions..



EEndothermicndothermic reactionsreactions cool the cool the 
surface of substrates and reduce surface of substrates and reduce 
the formation of the formation of pyrolysispyrolysis
productsproducts..



ZincZinc borateborate dehydratesdehydrates
endotermicallyendotermically, , andand thethe hydratehydrate
waterwater vaporizesvaporizes andand absorbsabsorbs
heatheat..



ZincZinc borateborate can can alsoalso meltmelt toto form a form a 
glassyglassy layerlayer coveringcovering thethe thermalthermal
decomposabledecomposable surfacesurface at at sufficentlysufficently
highhigh tempraturetemprature..

ThisThis layerlayer producesproduces a a thermalthermal
barrierbarrier..



II.  II.  MaterialMaterial andand MethodsMethods
-- PreparationPreparation andand Treatment of Wood SpecimensTreatment of Wood Specimens

Wood specimens measuring Wood specimens measuring 
19(19(TT))××19(19(RR))××19(19(LL)) mm were cut from mm were cut from 
sapwood portions of Scotsapwood portions of Scotss pine (pine (PinusPinus
sylvestrissylvestris spp.) treespp.) tree

ZnBZnB solutions were prepared by using 1% solutions were prepared by using 1% 
HCI (37%, Merck, Germany) because of HCI (37%, Merck, Germany) because of 
itsits low solubility in water. low solubility in water. ZnBZnB was was 
supplied supplied byby EtiEti Boron Inc., Boron Inc., BandBandıırmarma, , 
Turkey.Turkey.



Specimens were vacuum treated Specimens were vacuum treated 
with aqueous solutions of with aqueous solutions of ZnBZnB at at 
0.10, 0.50 and 2%0.10, 0.50 and 2% concentrationsconcentrations. . 

In the treatments, the pressure cycle In the treatments, the pressure cycle 
consisted of a 30consisted of a 30--min vacuum min vacuum 
(88(88 kPakPa absolute pressure) in a absolute pressure) in a 
treatment treatment desiccatordesiccator..
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-- Thermal AnalysesThermal Analyses

Treated and untreated wood Treated and untreated wood 
specimens from each group were specimens from each group were 
dried at 60dried at 60°°C to constant weight, C to constant weight, 
ground and sieved. ground and sieved. 

Treated and untreated wood dust, Treated and untreated wood dust, 
approximately 230approximately 230--270 mesh, 270 mesh, waswas
used for thermal analyses.used for thermal analyses.



Perkin Elmer Diamond TGPerkin Elmer Diamond TG\\DTA.DTA.

NNearly 4 mg of wood dust samplesearly 4 mg of wood dust samples

-- FFlowlow rate israte is 100 ml/min nitrogen100 ml/min nitrogen

-- HHeating rate eating rate is is 10 10 °°C/min C/min 

-- FFromrom room temperature to 1000room temperature to 1000°°C.C.



RESULTS AND DISCUSSIONRESULTS AND DISCUSSION

The effectiveness of such a The effectiveness of such a 
compound as flame retardant can be compound as flame retardant can be 
measured  as a function of the measured  as a function of the 
temperature at which maximum temperature at which maximum 
pyrolysispyrolysis occursoccurs and and the amount of the amount of 
char formedchar formed



ComparisonComparison of TG of TG curvescurves of of untreateduntreated andand
ZnBZnB treatedtreated woodwood samplessamples



Ratio of char yield [%]
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ComparisonComparison of DTG of DTG curvescurves of of untreateduntreated andand
ZnBZnB treatedtreated woodwood samplessamples



Maximum thermal decomposition 
temperature (Tmax [°C]) 
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Maximum thermal decomposition rate 
(Tr [%/min]) 
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Activation energy (E [kJ/mo])
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ConclusionConclusion

Reduction in the maximum thermal Reduction in the maximum thermal 
decomposition temperature means decomposition temperature means 
that decomposition reactions get that decomposition reactions get 
easier and finish at lower easier and finish at lower 
temperature. temperature. 

As a result of these impacts, As a result of these impacts, 
flammable volatile compounds which flammable volatile compounds which 
compose at high temperature cancompose at high temperature can’’t t 
emit from wood surfaceemit from wood surface. . 



In this study, we found char forming In this study, we found char forming 
increased while maximum thermal increased while maximum thermal 
decomposition temperature decomposition temperature 
decreased and eventually decreased and eventually ZnBZnB--
treated wood was more resistant to treated wood was more resistant to 
thermal decomposition than thermal decomposition than 
untreated wood, especially at 2% untreated wood, especially at 2% 
ZnBZnB concentration level. concentration level. 



The char yield of The char yield of ZnBZnB--treated wood treated wood 
was higher than that of untreated was higher than that of untreated 
wood and this difference increased wood and this difference increased 
with increased with increased ZnBZnB concentrationconcentration



When maximum thermal When maximum thermal 
decomposition rate was evaluated, decomposition rate was evaluated, 
this value increased in wood this value increased in wood 
specimens treated with 0.1% and specimens treated with 0.1% and 
0.5% 0.5% ZnBZnB solutions. solutions. 

But if But if ZnBZnB concentration increased to concentration increased to 
2.0%, thermal decomposition rate 2.0%, thermal decomposition rate 
was four times slower when was four times slower when 
compared to control specimenscompared to control specimens



Overall, wood specimens treated Overall, wood specimens treated 
with 2% with 2% ZnBZnB solution showed better solution showed better 
resistance against thermal resistance against thermal 
decomposition.decomposition.
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OuestionsOuestions??


