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ABSTRACT KEYWORDS
It has been highlighted the importance of huntite/hydromagnesite mineral Huntite/hydromagnesite;
asaninnocent flame retardant material in the plasticsin our previousworks. Epoxy dye;
In this study, flame retardant behaviors of huntite and hydromagnesite in Coatings;

the polymeric dye coatings were obtained and thesize dependence of this
circumstance has been investigated. After getting different size of mineral
powders, phase, microstructural and thermal analysiswere undertaken using
XRD, SEM-EDS and DTA-TG prior to the fabrication of the composite
materials. The minerals with different particle size and content were
subsequently added to the polymer matrix (epoxy dye) to produce composite
materials. After thefabrication of composites, FTIR analysishas been done
and the flame retardant behaviors were evaluated to determine flame
retardancy of the coatings. It was concluded that by adding huntite/
hydromagnesite mineral to the polymer matrix, flame retardant epoxy
coatings were produced. And it was evident that decreasing the additive
sizeisuseful to achieve better flame retardancy.
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Polymeric composites;
Flame retardancy;
ULY%;
Sizedistribution effect.

INTRODUCTION To obtain theflameretardant materias, ancillary

flameretardants are added into flammable material s

Inthepoint of thesaving life, flameretardant mate-
riasplay asignificant role. Those materia sact for de-
laying the spread of flameeven if ignition occurs. So
that they provideextratimeintheearly sageswhenthe
fire can be extinguished or an escape can be made.
Henceflameretardant material simplement the most
effectivemethod for protecting lifein combinationwith
smokedetectors, fireaarmsand rel ated systemg'¥l.

while convertingtheraw materia into thefinished prod-
uct. Those materialsput in to matrix to get demanded
properties, such as flow ability of the melt, tensile
strength, bending strength, resistance to breakage by
impact, resistancetothe effects of oxygenor UV light
etc. dongwith resstancetofireor suppresson of anoke
intheevent of ultimate burning?.

Theflameretardant materia sareused either done
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or in combination with other mineral flameretardants.

A review of the applications can beclassified asfol-

lowing;

- wireand cableapplicationssuchaswiringintele-
communication, under thehood automotivewiring,
wiring in naval vessels, power stationsand low
smoke PV C cabling,

- condructionindustry gpplications, such asflooring,
roofingtiles, conduits, profiles, coils, sheets, films
to replace brominated flameretardantsand PV C,
partitionsand paneling and insulating foams,

- €eectronic/electrical applications, such asrelays,
switches, plugsand sockets based on nylon, hous-
ingfor dectricd equipment, insulating and connecting
partsand printed circuit boards?.

Animportant exampleof theflanmablemateridsis
thepolymers. They are highly combustibledueto their
chemical structure, whichismade up mainly of carbon
and hydrogen. The combustion reactioninvolvestwo
factors: oneor more combustibles, which arereducing
agents, and acombudtive, whichisoxidizing agent. The
combustive material isgenerally theoxygenintheair.
Thewholeprocessusudly sartswithincreas ngthetem-
perature of the polymeric materid. Thisheatingupin-
duces polymer bond scissions. Thevolatilefraction of
theresulting polymer fragmentsdiffusesintothear and
creates acombustible gaseous mixture. Thisgaseous
mixtureigniteswhen the auto-ignition temperatureis
reached, liberating heat. When theamount of heet lib-
erated reachesacertain level, new decomposition re-
actionsareinduced in the solid phase, and therefore
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Figurel: Principleof thecombustion cycle”
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more combustiblesareproduced. Thecombustioncycle
isthusmaintained, and cdled afiretriangleaspresented
inFigurel™,

Thethermal decomposition of apolymer isan en-
dothermic phenomenon, which requiresaninput of en-
ergy. Theenergy provided to the system must be higher
than the binding energy between the covaently linked
atoms (200400 kJ/mol for most C—C polymers). The
decomposition mechanismishighly dependent onthe
weakest bonds, and also on the presence or absence
of oxygeninthesolid and gas phases.

Tounderstand how flameretardantswork, it isfirst
necessary to see how materialsburn. Solid materials
do not burndirectly, they must befirst decomposed by
heat (pyrolysis) to release flammable gases. Visible
flames appear when these flammable gasesburn with
theoxygen (O,) intheair. If solid materia sdo not bresk
downinto gases, then they will only smoulder Sowly
and often sdf-extinguish, particularly if they “‘char” and
form astable carbonaceousbarrier which preventsac-
cess of the flame to the underlying material. For
ingressing of oxygentothefuel, thischar servesasa
barrier and also asamediuminwhich heat canbedis-
sipated*®. Flame retardant materials can act chemi-
cdly and/or physicaly inthecondensed phaseor inthe
gasphase. Inredity, combustionisacomplex process
occurring through simultaneous multiple pathsthat in-
volve competing chemical reactions. Heat produces
flammablegasesfrom pyrolysisof thepolymer andwhen
therequired ratio between these gasesand oxygenis
achieved, ignition and combustion of the polymer will
take place (Figure 2)P.

Flameretardant fillers have endothermic decom-
position coupled with therel ease of inert gases. These
two processesaregenerdly found together, principally
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Figure 2 : Working mechanism of flame retardant
materilagy.
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in some carbonates, hydrates and hydroxides®. Cor-
respondingly, generd flameretardant materid sinclude
hydroxides. Those structures endothermically decom-
poseat temperatures between 200 °C and 400 °C and
liberate water steam and/or carbon dioxide. Besides
the cooling effect and extinguishing of theflamesby in-
ert gases, theflame retardancy effect isimproved by
formation of akind of ceramiclayer formed onthecom-
pound surface and this surface protectstheignitable
materialsfrom further attacks by flamesand heat as
mentioned above8.

Regarding theflameretardant materiasusedinthe
markets, generally, two main categories can be seen,
hal ogenated and hal ogen-freeflameretardants. Halo-
gen-containing flameretardantsact in thegasphaseand
contributeto incompl etdly burned substanceslikeblack
smokeandtoxic COP., Duetothis, scientistshavebeen
studyingto useof inorganic minerdsasflameretardant
additives. Aluminiumtrihydrate (ATO) and magnesum
hydroxide aretwo main examples of thoseinorganic
materids. In thisstudy huntite/hydromagnesiteminera
was used as magnes um hydroxide source of inorganic
flameretardant. Thisminerd consstsof physicd blends
of two minerd shuntiteand hydromagnesitewith vary-
ing ratios in between 40-30% huntite and 60-70%
hydromagnesite. Physical densities of huntite
(Mg,Ca(CO,),) and hydromagnesite
(Mg,(OH),(CO,),.3H,0) minerasare 2,70 g/cm*and
2,24 g/lcm®, respectively®9,

Although, flameretardant materiad sremoveagood
deal of the heat evolved in the degradation and thus
preventsfurther degradation, sometimesthey causethe
lossof mechanica propertiesdueto beingforcedto be
used at very highloadingg®?. Such that many firere-
tardantsare used a very highloadings, whichcansig-
nificantly impact the physica propertiesof the polymer
Nano composites becomeapart of an activity inthis
circumstance. Thedifference between the micro com-
posite and theNano compositeisthedispersion of the
material inthe polymer. InaNano composite, or the
Nano-filler/additive, well dispersing throughout the
matrix can beobtained. Nano compositeformation may
improvementsin mechanicd propertiesthat usualy oc-
cur through theformeation of theNano composite. Thus,
same or better flame retardant property can be ob-
tained by using shorter amount of additive in Nano
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Dueto those reasons, it was experienced to use
Nano scale minerals in this study. Huntite/
hydromagnesite mineral hasbeen crushed and ground
to get finer fractions. At theend of themilling process
different sizeof minera powderswereobtained. Then
phase, microstructural and thermal analysiswereun-
dertakenusing XRD, SEM-EDSand DTA-TG prior
to thefabrication of thecompostematerials. Themin-
eraswithdifferent particle sizeand content were sub-
sequently added to the epoxy dye to produce com-
posite materials. After thefabrication of composites,
FTIR analysishas been done and the flame retardant
behaviorswereevd uated to determineflameretardancy
of the coatings.

EXPERIMENTAL

Preprocessing

Huntite/hydromagnesitemineral(Mg,Ca(CO,) /
4MgCO,.Mg(OH),.4H,0) were utilized in the epoxy
coating/paintsasflameretardant materias. First of all,
the mineralswere crushed and ground to 10 pm size.
Thenthey wereground at room temperaturefor O, 15,
30, 60 hoursto Nano size particlesinaHigh Energy
Bdl milling machine(Fritsch Premium line Pulverisette
7 moddl). Theflameretardant powderswere ground
at therate of 800 rpm at room temperaturefor 15min-
utesinair.

Fabrication of coatings

Polymeric paint compaositecoatingswere prepared
by reinforcing flameretardant nanoparticlesat different
ratiosinto the epoxy matrix. Prior to thereinforcement
of flameretardant nanoparticles, epoxy paint and its
hardener were mixed with a1:1 weight ratio respec-
tively. After thisprocedure, different typesof polymeric
compositeswere prepared for flame retardant perfor-
mance. Figure 3. Signifiesaflow chart for production
of flameretardant coatings.

Thecodeof theground huntite/lhydromagnesitema:
teridsarelistedin TABLE 1. The sample namewas
called accordingto grinding periodsincluding 0, 15, 30
and 60 hours at room temperaturein air. Then ground
minera swere blended to the epoxy dyewith different
szeand different loading levels. Afterwards, theplastic
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Huntite/hydromagnesite
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Figure 3 : Flow chart for production of flame retardant
coatings

substrates are coated with those composite dyes.
Coated samples and their descriptionsare shownin
TABLE 2.

Characterization

Thethermal behaviorsof hydromagnesite/huntite
mineral, polymeric and composite materia powders
were eva uated to observe decomposition and phase
formation at aheating rate of 10°C/min in the tempera-
turerange of 25-700 °C under air at-mosphere by us-
ing DTA/TG machine (DTG-60H Shimadzu). Al O,
powder wasused asareference materia. Theenthap-

TABLE 1: Thecodesof theground huntite/hydromagnesite
materials

Sample names Grinding periods

HMOQ0 0 hour grinding

HM15 15 hours grinding
HM30 30 hours grinding
HM60 60 hours grinding

TABLE 2: Sample codesand descriptionsof flameretar dant
composite coatings

Sicr:jpt)ale Description
V00 Pure dye

iesof solvent remova and combustion were obtained
using TA 60WS software of Shimadzu 60AH. Thissoft-
ware derived theenthal piesby cal culation of total area
under each peak with respect to the baselinefrom start
to end temperature. In order to determinethermal be-
havior of materials, DTA/TG (Shimadzu DTG-60H)
anayseswere performed under air.

FTIR (Perkin Elmer) absorption spectraof thecom-
posite materia swereonly measured over therange of
4000t0400 cm™ at room temperature. FTIR (Perkin
Elmer Spectrum BX) spectraof composite materials
wererecorded to determine the organic componentsin
the samples. After preparing powdersat thesetempera-
tures, they were mixed with potassium bromide KBr.
All of thesefive sampleswere characterized by FTIR
by which % transmittance asafunction of wavelength
and % absorbance asafunction of wavel ength curves
can be obtained.

The phaseandysisof hydromagnesite/huntitemin-
erdswasperformed by using aRigaku D (Max-2200/
PC Model XRD) X-ray diffractometer at 40 kV, 20
mA with amonochromatic CuK _ irradiation (wave-
length, 2=0.15418 nm) by both 6-26 mode and 20
scan mode with ascan speed of 8°/min.

Themicrogtructura cross-sectiond areasof huntite/
hydromagnesitereinforced polymeric composite mate-
rialswereexamined by using aJEOL JIM 6060 SEM
with an EDS attachment. Sizefactorsand wettability
propertiesof huntite/lhydromagnesiteminerdswereex-
aminedinthecompositesusng SEM-EDS. X-ray maps
of Mg, Ca, Cand Ointhecompositeswere eva uated.

Flame retardancy testing of the composites was
performed. Generally, there exist two typesof flame
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retardant testsincluding Limiting Oxygen Index (LOI)
and UL94 for flame retardant tests. A LOI test ma-
chine measuresthe minimum concentration of oxygen
inaflowing mixtureof oxygenand nitrogenthat will just
support flaming combustion of amaterid initidly a room
temperature®. UL 94, thistechniqueisusedinplastic
industry according to UL94 standardization. The ma-
teria isconducted to theflameinaspecificangleand
distance. Extinguishingtimeof theflameand dripping
ability aremeasured*?.

TheUL94 test tandardisagenerally-used indica
tor of the acceptability of plastic for genera usewith
regard toitsflammability. Therearethreedifferent teds,
surfaceburntests, vertical burntest, horizontal burn
tests. Explanation of surface burn test used for our
coated samplesisbel ow schematicaly in TABLE 33,

RESULT AND DISCUSSIONS

Powder characteristics

The flame retardant material is huntite/
hydromagnesite powder, itspowder characterigticswere
evaluated before coating process. The powderswere
characterized by DTA-TG, XRD and SEM-EDS.

Inasmuch asexothermic and endothermicresctions
aredgnificantin regard to flameretardancy properties,
DTA-TG analysis are carried out to investigate the
huntite/lhydromagnesite mineral swhichwereground at
different timessuch 0, 15, 30 and 60 hour(s). DTA-TG
analysesare performed by heating up at therate of 10
°C/min at temperatures between 25°C and 600°C in
ar. DTA analyssof huntite/hydromagnesitemineral is
demonstrated in Figure 4. Showsthat there arethree
thermal reactions. Huntite and hydromagnesite have
Mg,Ca(CQO,), and Mg,(OH).(CO,).3H,0 chemical
formulas respectively. Note that decomposition oc-
curred inthese minera sat temperatures between 25°C
and 600°C. The first thermal phenomenon starts at
219.86°C and ends at 331.89°C and then heat absorp-
tionis-3,61 J, corresponding to removal of water and
OH groups. After removal of water from
hydromagnesite, Mg,(CO,), decomposestoMgO and
CO,,. It is estimated that the decomposition of
Mg,(CO,), occurs at temperatures between 376.29°C
and 490,76°C. Thisisthe second thermal behavior and
heat absorbed at -5,49 J. It is difficult to separately

= Fyl] Peper
TABLE 3: UL94 flammability ratingg*3.

Burning must stop within 60 seconds after five
applications of five seconds each of aflameto a
test bar, and there must be no burn-through
hole. The flameis larger than that used in
Vertical Burn testing. Thisis the highest (most
flame retardant) UL 94 rating.
Asfor 94 5VA, but a burn-through holeis
allowed.

a) Surface Burn tests
Specimens must extinguish within 10 seconds
after each flame application and a total
combustion of less than 10 seconds after 10
uL94 o .

flame applications. No samples are to drip
flaming particles or have glowing combustion
lasting beyond 30 seconds after the second
flame test.
Specimens must extinguish within 30 seconds
after each flame application and a total
combustion of less than 250 seconds after 10
flame applications. No samples are to drip
flaming particles or have glowing combustion
lasting beyond 60 seconds after the second
flame test.
Specimens must extinguish within 30 seconds
after each flame application and a total
combustion of less than 250 seconds after 10
flame applications. Samples may drip flame
particles, burning briefly; and no specimen will
have glowing combustion beyond 60 seconds
after the second flame test.
Thin material version of the vertical burning test
applied to thin or flexible materials which may
distort, shrink or flex during the 94 V test. A
specimen 200 x 50 mm is rolled longitudinally
around a 12.7 mm diameter mandrel and taped
on one end. When the mandrel is removed the
specimen forms a cone shape, which gives it
longitudinal rigidity.
Have the same three classificationsas 94 V.
Differences are that aflameis applied twice for
only three seconds, and no specimens may have
flaming or glowing combustion beyond a point
125 mm from the bottom of the specimen.

b) Vertical Burn tests
Slow horizontal burning on a3 mm thick
specimen with aburning rateis lessthan 75
mm/min or stops burning before amark 125
mm away from the point of flame application.
HB rated materials are considered “self-
extinguishing’. Thisis the lowest (least flame
retardant) UL94 rating

¢) Horizontal Burn test

uL94
5VA

uL94
5VB

uL94
V-2

uL94
VTM

uL94
HB

state decomposition phenomenacf theindividua com-
ponentsof huntite/hydromagnesite becauseitisamix-
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ture of Mg,(OH),(CO,),.3H,0 and Mg,Ca(CO,),.
Finaly thethird thermal effect startsat 503.94°C and
ends at 598.29°C. In this case, heat absorption is -
1,43 J. MgO and Ca0 are formed by the end of this
process. The similar results can be found in Ref.[".
According to Equations 1 and 2,
Mg,(OH).(CO,),.3H,0 and Mg,Ca(CO,), starts to

decompose at high temperatures.
Mg,(CO,),(OH),-3H,0 —>4M gO + 3CO,+4H,0 )
Mg.Ca(CO,), »3MgO +Ca0 +4CO, )
T I S
o] \j\ —— HMBO
20 ] =
20 t \\prxx\
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Figure 4 : DTA curves of groun huntite/lhydromagnesite
minerals.

Asfor TGA analysis, asdepicted in Figure5, the
welght lossesoccur in huntite/hydromagnesitemineras
asafunction of temperaturefrom room temperatureto
800°C. Itisindicated that the decomposition of huntite/
hydromagnesite mineral occurs at temperatures be-
tween 400°C and 500°C. Totd weight lossesof huntite/
hydromagnesite mineral were found to be 56 wt %.
Rothon! indi cated the decomposition temperatures of
Mg(OH), and Al(OH), are 300-400°C and 250-

350°C, respectively. Thereforeit can beexplained that
huntite/hydromagnesiteor even minera reinforced com-
posite samplehavehigher decomposition temperatures
than Mg(OH), and Al(OH),. Thefact that decomposi-
tion temperatureof huntite/lhydromagnesitemineralsis
high and MgO and CaO ceramic materidsareformed
after burning processarequitelikely to beakey area
for development of flameretardant polymeric compodte
coatings. Inthecontext of therma propertiesof huntite/
hydromagnesite minerals, it can beused asaflamere-
tardant materid.
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Figure5: TGA curvesof ground huntite/lhydr omagnesite
minerals.

The XRD pattern of huntite/lhydromagnesite min-
eral powder isshowninFigure6. Itisfound fromthis
result that the basic minerals are hydromagnesite
(Mg,(OH),(CO,),.3H,0), huntite(Mg,Ca(CO,),) and
dolomite (CaMg(CQ,),) in the raw huntite/
hydromagnesiteminera. Themost striking feature of
the powder isthat themain phaseswith high intensity
are huntite and hydromagnesite. An average mineral -

An Tudian Journal



MSAIJ, 11(3) 2014

Hiisniigiil Yilmaz Atay and Erdal Celik 91

ogica compostion, based on XRD and chemicd andy-
sisdata of current oresisasfollows huntite (46 %),
hydromagnesite (46 %), magnetite (4 %), aragonite (3
%), and cdcite (1 %). Thisfinding inthe current study
issimilar to Kirschbaum’s research!®.

1: Hydromagnesite - Mg4(OH)2(C03)33t
2: Huntite - Mg3Ca(CO3)4
3: Dolomite - CaMg(CO3)2
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Figure6: XRD patter n of huntitelhydromagnesiteminer al
powder

Figure7 demongtrates SEM micrographsand EDS
andysisof huntite/lhydromagnesiteminerd particles. It
isseenfrom Figure 8 that huntite/hydromagnesitemin-
eral particlesof 20 um size possess irregular shapes
after thegrinding process. EDS analysisproved XRD
result because Mg, Ca, C and O e ementswerefound
inthehuntiteand hydromagnesitemineral andthereare
somee ementsfrom oresasimpurities.
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Figure7: SEM micrographsand EDSanalysisof huntite/
hydr omagnesite mineral with 20 pm
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SEM micrographsof ground huntite/hydromagnesite
minerd powder samplesat different magnificationssuch
as 500X, 1000X, 2000X, 5000X and 10000X are
denoted in Figure 8. The powders in Figure were
ground at different timesincluding 0, 15, 30 and 60
hoursat room temperaturein air. Thegrinding process
of theminerdsprovidesoutstanding final flameretar-
dant properties. Whilegiving theanticipated benefitsin
grinding processof the powders, their mechanica and
flameretardant propertiesare affected. Whenincreas-
ing grinding timefrom O hour to 60 hours, finer particles
are obtained. Theseeffects can be seen from SEM mi-
crographs. Naturadlly, it can be stated that smaller the
szeof theminerd denser the composite coating/paint
material. Notethat this behavior increasestheflame
retardancy property of the material. As SEM micro-
graphsarecomparatively examined, thesizeof thepow-
der ground at O hoursisbigger than that at 60 hours.

Coating characteristics

Flame retardant reinforced composite coatings/
paints were characterized after deposition process.
Within theframework of the present study, experimen-
tal investigationswere performed to characterize struc-
turd, microstructural and flameretardant properties of
the composite/paints. Huntite/hydromagnesitereinforced
composite coatings/pai ntswere spastically character-
ized using FTIR and candleflametester.

Figure 9 presents FTIR spectra of huntite/
hydromagnesite mineral epoxy dyematrix composite
coatings. Theminera sused in the coatingswereground
with different timescontaining 0, 15, 30 and 60 hour(s).
Their effectswere eva uated with thisrespect. It should
be noted that thereisno any influenceof grinding pro-
cessto organic bonding in order to form anew struc-
ture. Inthese experiments, theanaysiswas carried out
in500- 4000 cm™band range. Itisimportant toredize
that the high intensity band at 1500 cm™* may related
with C=C bondsin the matrix, and theweak bandsat
600-700 ct may related with C-H bonds. More spe-
cifically, those weak bands may berelated with cal-
cium carbonate bonds. The other interesting point is
that there is no any interaction between huntite/
hydromagnesite mineral and epoxy dye. Thankstothis
reason, the composite coatings/paintswereformedin-
stead of anew polymeric material. Inthe composite
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Figure8: SEM micrographsof ground huntite/lhydromagnesite mineral powder sat differ ent magnifications
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coatingg/paints, structural modificationdid not dter in
material chemistry. Only huntite/lhydromagnesite min-
era was embedded in the epoxy structure. In prepar-
ing compositematerid swith flameretardant content, it
isnecessary to achieve ahomogeneousdistribution of
huntite/hydromagnesite minera. To overcomethis, the
grinding processisasignificant issueand consequently
powder sizeof theminera isanimportant factor. Even
if thereisany interaction between them, the powder
with smd| sze meanshomogenous mixtureand strong
mechanical strength and high flameretardancy inthe
composite coatings/paints.
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Figure9: FTIR spectraof ground huntite/hydromagnesite
reinfor ced epoxy dyematrix composite coatings.

Huntite/hydromagnesitereinforced epoxy dye ma-
trix composite coated plastic sampleswere subjected
to flameretardancy tests asindicated beforehand, and
the obtained resultswere presented inTABLE 4. The
characteristic burning behaviors of huntite/
hydromagnesitere nforced epoxy dyematrix compos-
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TABLE 4: Flamestarting timeof thesamples

Samplename Flamestarts Afterflame Results
V00 110 sec. >180sec. NOK
VS 15-25 100 sec. >180sec. NOK
VS 15-50 120 sec. >180sec. NOK
VS 15-65 120 sec. >180sec. NOK
VS 30-25 180 sec. >180sec. OK
VS 30-50 180 sec. >180sec. OK

ite coated samplesincluding ground minerdsarea so
showninFigure 10.

Generdly, it ssemsclearly that thecompositeswith
30 hours-ground powder show better flameretardancy
property than that with 15 hours-ground, this may be
dueto small particlesizeof huntite’hydromagnesite. So
that comparingwith thesamegrindingtimeand differ-
ent loading level (VS1525 vs. VS1550 vs. V S1565
and V S3025 vs. VS3050); it can be seen that chang-
ing the loading quantity doesn’t affect the flame
retardancy so much, only flamestartingtimeincreased
from 100 secto 120 sec by increasing theloading leve
from %25 to %50 for the samples of VS1525 vs.
V S1550. However, comparing with the sameloading
level and different grinding time (V S1525 vs. V S3025
and V S1550vs. VS3050); it can be seen that chang-
ing thegrinding timechanged theflameretardancy be-
havior, such asincreasing grinding timefrom 15to 30
hr., theflame starting timeincreased from 100 sec to
180 sec for the samples of V S1525 vs. V S3025 and
smilarly, itisincreased from 120 secto 180 secfor the
samplesof VS1550vs. V S3050. Therefore, it can be
sadtha themain effectiveparameter istheparticlesize
but not theloading level for theflameretardancy. Soit
ispossibleto obtain the sameor better fireresistivity
by decreasing theparticlesizeand loading level. This
resultissmilar our previousstudy performed with EVA
polymers el sewhere®.

Correspondingly, Refl**! has been observed that dif-
ferent grades of the samefireretardant filler can give
sgnificantly different effects, despite gpparent similari-
tiesintheir endothermic decomposition or rel ease of
inert gas. Whilst thismay, in part, bean outcomeof the
flammability test procedureagpplied, distinct partidesize
and particlemorphol ogy effects have been reported*?.
Inparald with our results, inrelation to flammability,
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Figure10: Burning behaviour sof huntite/hydr omagnesiter einfor ced epoxy dyematrix composite coated samplesincluding

ground minerals
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Ref*S shown that using the UL94 vertical burn test that
the effectiveness of magnesium hydroxidein polypro-
pyleneincreased with decreasing particle size. Simi-
larly finegrades(<1 um) gavemarkedly higher oxygen
index valuesthan coarser (45 um) grades, particularly
at filler loadings above 50% by weight, in studiesin-
volving PMMA modified withATH.

Related with the mechanism of finer particlesaffec-
tivity; it can beexplained by that for instanceinlarger
particlesof ATH, water escaping nearer the center of
thepartidlehasalarger diffusion path, givingmoretime
to react with aluminaformed near the surface of the
decomposing particle. During this processboehmiteor
psuedo-boehmiteisformed and, beingapartia decom-
position product, ismore stablethan ATH, decompos-
ing at about 450°C. In relation to the effects of particle
szeontherma stability, decomposing timeof thema:
terial increases. So thisevent delaysthefireresstivity
of themedium(®.

Depending on their nature and geometry,
nanoparticlescan contributein variouswaystoimprov-
ing theflameretardant performancesof polymer mate-
rids. Inthisrespect, acombination of thedifferent types
of nanoparticlescan be expected to promote somesyn-
ergetic flameretardant effects. Moreover, the combi-
nation of thenanomaterid canimprovethe cohesion of
theresiduesrecovered, which aremuch less cracked
than thoseisol ated separately from either Nano com-
positiongd,

Ontheother hand, athough thesamplesof V S3025
and V S3050 passed the flame retardancy tests, they
arejust at theboundary of the standards. It canbesaid
that the coatings are not good enough to get required
flameretardancy property. Thiscan beseen at Figure
11 that the middl e parts of thementioned samplesare
burned. Thismay duethethicknessof the composite
codings. Conversdy to our previousworks, inthisstudy
dye polymerswere used asapolymer matrix and the
coatingswereso thinfilmsinstead of massiveplastics.
Soitisnormal to not get the same good resultswith the
previous plasticsworks. It can be said that to achieve
better results, coating thickness can beincreased, how-
ever at thistime coating surface quality can become
poorer. Or the grinding time can be extended to get
finer particles. But thismay be not economic for the
industry application. Thereby, it needsto be estimated

—= Fyf] Paper

all thethickness, particle sizeand the cost together to
meet therequired fireretardant properties.

CONCLUSIONS

The flame retardant behavior of huntite/
hydromagnesite mineralsused asan additivein epoxy
dye was investigated in this study. Huntite/
hydromagnesite minerd swere groundinaball mill O,
15, 30, 60 hours, they were blended into an epoxy dye
and then glassand plastic substrateswere coated with
those compogitedyes. At theend of theflameretardancy
tests, it wasfound that 30 hours ground materia had
higher flameretardancy then 15 hoursground. It was
concluded that decreasing the size of the additivein-
creased theflameretardancy of the polymer compos-
ite, perhaps dueto thefact that surface areaof the ad-
ditivewasincreased. Thereforeitisclearly stated that
decreasngaveragesizeof theminera canhdptoachieve
moreflameretardancy inthe polymer composite prod-
ucts.

Meanwhile, although two of samples passed the
flameretardancy tests, the compaosite sampleswere not
sufficient for ensuring adequatefire resistanceto meet
the required standards. This may due to inadequate
coating thickness. To get better resultsand improving
the flame retardancy of the dye coatings the coating
thickness can beincreased or particle size can be de-
creased. In addition, it can be accompanied by addi-
tiona mechanismsinspecia systemsor in combination
with other flameretardants.
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