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11 NTRODUCTI ON The studyidse dbsj etco i mprove -
ceramic coatings (GCCs) . I n

Gl acsesr ami ¢cs (GCs) are obtained |gp4g t ough nceesrsa mi fc gcloaastsi ngs (| P' O

of parent glass system with ap|;phe systemés durability. Iy I

the gl assi ti on gt eanpcertat e r e I( &in

form various types &f Tdreysgladss imatirtisx structure

undergoes controlled crystallization to the | ower energy, res:t

developing randomly oriented 2sMAnMERdmdLSEJIHOMD S| grain siz

generally without pvocrlodsstymlwortdwcrrau:ddseatarn

agent Gtasamics ( GCs) wi t h rizctjlonglﬁt%lfbﬁiértles can be

produced in consequence of a ¢pEPeEhEiPALt & usheedeGhant akic®dRitdtypig
glasses with tlhyetatlVantagpdaseb.ne2qme hfatt G ee EANre€e 0209 Grade D
higlemperature and abrasion resigpm@ans§eonbi o sSitor eem@txh,10 mamhikn gt
bi ocomplaty bility subjected to sutrhfeacceo atliemag i prgo cheesf

Gl acsesr ami ¢ coatings (GCCs) can Thhee appPpkihed omod@diroiusatssa bsitrriat esg
wet/ dry methods. Afdt etro tthhee GQuEssy g fag |1e@ip defiadon for GCC) were proc

treatment is applied;, ahginngal@npd immwgyssmadtlelriizadtsi ONsakarya, Turk
hydrogen power, water heaters pggpiloyed bd @b WP i @) e P2 BmAMI nyh ani ¢
durability and chemical Gcer-Ioas(siosq)@yprgbpp&igeida,reanrdeqsud'drieudm ni f

ceramic coatitnhges f(eGQQosu)s ocfofnepro nyg nytesn & nwWiTdaep [fea g e ofhe features
color options, and the resultagnt PrPdupbodscaddotinhefiiwerf eqhyr es
even in har® environments Comosites (Yalova, Turkey).

Abrasion is the most commonedeformati on mechanism in the coat
surfaces <caused by biietrtalme c f rclaacdtiGamelniad dli t eiamp ogsliaasisons of t he
(GCCs) of §118 sAssy an art ais el t of degrcathisng t tbBAt cRALt eGIC2 GC3

surfaceds gl assy | aiynetrer fpaccreas iltoywefrd mmgp ot shiet it h  %wt ( %wt ( %wt .
interfaceds stability, chemical RPe§Rst NAceK arrd - 2els3t- el bcO0lattr
extreme condi tions. Sever al stﬂg (3@ hcaave MBee4n2§§bbb38heSd0 in
literature to enhance the abrasion resistance and mechanical p
of inorgaxnyi<t ecnosa.t i iflgese studi esRPBAHRI ubie. chAlanglX 2t% 2t5hé1. 2!

systemds % omposwieltiloms the 1éadndditF§@(nR:ofSimi Ifdi adgld td ¥eso g3 21
par tliP’dcecsor ding to the steudiies, otfhd heengi neering prop

coatings depend on some varia R:s uke) i2r i7mpgl . i ons,

mi smatch stress between the additive and parent system, quant:i
the size of additives. 2. 2. Experi ment al Design
Carbon fiber reinforced glass MmAtFNkScShpd¥itLt8refaft ETgNki &4
of f elan wilredi ng for structur al ng)ﬁllcé)z_gteidor{"shlegtjr'st(ganrg'WethfBrﬁ
stiffness, excellent toughnesConlt@\}vnbgﬂsf%py,o aﬂedu%’}q%% WhibG
behaVistiowever, the main disadVEPRdFHd - ofThEpimi I {gfhe cafbon 1
composite is the | imitend aonxiodat®iBRCrdesi EREnEE &ap I!)i'll d)ﬂ*th'Sve'
atmosphere at high temperatur%®sed piritde FhedVeralcq& SHPYPa§ Bt iT¢
debonding ofouti biesr sacatnwalpiuzdd whensggd grwsk peaglesdthe mi x8hg t
carbon fibers, hence strain efLer gy Wwakeasefrabeali Spoiwielre aoil!
toughness?mékthahismsituation, geppposdten f@nd ud@rsddea@d Nofi Sthe pr
equal to trhsatwiofh tshiegnfiifecant figherccpulalndowtc.2 Whidc hs pM&ad/n tnegc ht reicc
i mproved composite toughness. weqmp ¢shiots@ nUlatcicBatdgd ngaitloUtdhestha
greater than that oM @ldei maonioaft@ldo®@mpmMe® were dried in an
performance riei ncfaorrbcoend fglbaesrs ceompoght s, ahtibeft hBatfi Xed at 860
interfacial adhesion sh®uld be kept in intermediate value

In this study, the effects ofTarbdPend2me cteimesntofofc acdromord i bebeus
mor phol ogi cal , ther mal , anar ameicdpa e al LQﬁé’tprerljeines% 9L Ui %S s
coatings (GCCs) were investigated:.0Om) ( &dm) (gPcn ( MPa)

1i10 1i50 1.76 29030000
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TablSeangpl e codes and carbon fibPRESUOLeME iANDheDsaInCUesSS| ON
Sample Code Addition of C

3.Rhase Analysis

GC1 Reference sam
GCs %0.06 Carbon Fig. 1 presents the XRD pattern
GC10 %l.00 Carbon composition with diffetreaateaedrab
gg% ;)gfggeg;?bzﬁm c_rystal_lizati.on rG@Bméormuﬂz@@ﬂ:bns
GCao0 %l. 00 Carbon Si C,2a%idO Zr SppOOase are obtained,
GC3 Reference sam addi tion of car bon fiber to the
GCB CF %0. 06 Carbon crystallization formation. Since
GCR0CF %1.00 Carbon percentages, awenctarbawefbben wmb
crystallinity of other phases. Si
substrate use during the crystal
2.3 Characterization Studi egecomes 70% austenitic, hence di s

XRD anal ysUsa i athi oCru,K sdc)oafnr'ilmfgcar%{rfgféfs(EZ mor e rapidly from32Fhe |
(Rigaku Minifl ex 600) perfor?ﬁgbls odrfffp"éﬁ'l%ﬂe@aypé\ﬁ@grlé.o.Sl"h% ¢
microstructure of GCC-@OWGBVOSS%Q\%é%%'HR/OSJ'etatfoq}_SStMahlYos_mgt'O_n _wa
el ectron microscopy/ SEM equi pp%%3 Wt & $h fEOD_rSmedFo'rn stc_haen_nhi'nggh esl'elc'tcr‘
mi croscopy (SEM) analysis, an gkcghgrﬁPfijmvBPfgalelbFaig RYSWEL
at wor ki ng <dainsdtnatmOc eCso | oofr BveaSlcuod so ra nodf t

t he sampleevsal wat ed wi t h Konoda Mi nol t a CM

Spectrophotometer in terms of B#%, Miccrgstrgghgt WgalcoAng!l pedSur e

were determined for four diffepgdyly aRdobubble Structufeif the QdsBrfic dbRihgUn@sSana r e
of four measurementsst@heet obaiplRantCGinfehc® BF e Qualitydof the glassamic coating.
diagram can be expressedtas a Poobif And bubbled dtetmaikiy @eWiBd ddeSto tRefolitgassing i n g
aE* =2 [ (el 4] Zeb (1)the hea??tAteanhn@hheg-tneahmenf phe
coating surface is fused, and ga:
Gl oss was evaluated with a TQGC eShaeneinc Roolaytdlnogs.s Wjltchs & hreetceom t d e\
at 60A in four di fferent poi ngtas,. tThheen rbeusblblites sarmeaict heesneane O
measurements. Thereodteesd eslp dgyitnredeast ime@inlt i N osmee dlubbl es rise to
ball impact test by BS EN 102009 awandardhétosudétbeembrahoeramib
feature of the com. A hemi spheeodtianignpeaddht wohh waatthéera edc@®anp @ifssi
and a diameter of 22 mm was dreppegd Befohe samplférsuwnwgf aceaatmeat
of 300 mmreBhefdadherence was liayer piretfedr wédh amgpawat ei gnspor

accordin to ratings rangin from 5 oQr adherence to 1 e x
g g g g The por(epdispersellon an)d sl ze re
adherence) .

viscosityamnd addcki Dsilviegssso t he high
Heating microscope observes -timel simgecongi Mghavher ublhl dshec agn
ceramic coatings, a-HSewatlierp siOhae nseop ae( DDl e si ze becomes sn
3.32) was wused. The sintering andemel hs ufrfetac memtta seeetets nogfs ,t hweh i
were determined by heating thendowbdeesdf sampu rede 2do WedfeiAiCe daédia
of 10 AC/ min. poor adhesion to he substrate,

t
Mi crohardness was measured witChratChkeI n\gi. koenr§ ﬁar?(t:llr?gg hygggo%rg?tl
| s .i.n th GCs. As ¢

c
(Struers Duraminkéeﬁomethodthe%fe lp%/rr%emi%qbst%i gln%_ . )
tip with 136A of apewrdmgles tDeftp\E/que’rgE)tlyWear;ri'afuendte?oa 'ng with opti
having a square base is stungsérrmuo the& sample for 10 seconds
force (F). 100 grams of the | olagl Wiag. aPpSEMdi magéhebslampyiesg du
procesdurAfter removing the | oad,hotwsMq bcibad eehdlorimandtoms dafe theotut
(d1 and d2) on the material artehinekarseusse do fu stimey saa mp Icerso sicso pxE5 0 K
arithmetic mean (d) is calculart eidn thiees apbamleadsir ®r eh asshowap ¢ at
mini mum of 10 times for eawchattolked manidn tdilee memtns vafl uehe SGC@E s
Because only the hardness of theniGE€®BCOascanxaméneden nduehitso sutn
hardness was mesaescutrieodn ionf tthhee camdoastisi nggd d iot iaweod doany or med <crysta
contribution from the substr atper ohcaersdsn.e sisn. Fling .t IBe SGiKIcFK ew&3Fe s e abried
hardness was measuted and55 drGCEsed e s4 rvep oMo wn , and the-skambbl| e
averaged. i mages due to outgassing.
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50 ) .
\ 30, Cuate The thicknesses of the coating c
SiC Moissanite-3C
thege anf35m0 The inclusion of c
40 51 discernible effect on the size ar
IJ.L TR AR RS TS TR However, when carbon fiber i s us
= 301 with carbon fiber as an aggl omer &
!.:,\ — GCL6CF | because of oxidation. Therefore,
-Ezo_ P SN T carbon fiber incr eanstecss e cans arh oam
% Fi g. 3. The useepbpémicar boat ii mg sg
—10_@ hardness of componentscernarblotha:a
are reasonably hard, but their me
i the brithkeeghassremadofix, which al
04 I BT S SRS TS propagation of cracks.

T T T T T T T T Thttoughness of ceramics is charact
10 20 %0 40 %0 o0 0 8 (K, which is an indication?oVitcker
26(deg.) hardness test cpaanr abnee tuesre dr e loa tdiert ¢ rtn
(A) toughness 3&ndThhearfdmastsure toughnes
60 materials can be determined by the
i oo G Vickers hardness test and t¥e law arh:
study, filling the formed bubbl es
hardness values because this stres:
the bubbles whesns tthestViwkersppilairied
£} shown in Figure 4 and applies to
% fiber percentages. When the carb
ﬁ of GC1 samples increases from 737
.g the hardness is increased from 8
- fiber ratio is 1% wt. In GC3 sam
831.60 to 865.20 VH when the carhb
deviation values areamgeveh. Tn F4
0 27.03 for6,6Ca01 GCéspecti vedl,y.ankKo
GC2a 0, the standard deviation val
10 20 30 40 50 60 70 80 val ues ar e 11. 70, 13.7-8, amg 6

respectivel y.

20(deg.)
(B) SEM i magetsuoifedheamples' surfaces
di fferent cemmamcicalcognpassti ons
1407 SO Gz reference sample in this investi
120 4/—GC€8] | their characteristi:zcrysaalbsdareldu
____,.J-JM,.Y.KHHr“m““ Fig. 5a, g belongscetroanG@l caomip 0GC:
100 ~ i be confirmed by XRD rsesulitomn.s DEM
380@ crystals embedded in the glass m
5‘; | ' Fi g. 2b. Wi th the i ncrceoanspionsg td arnb
'«Eeo_ .._...--I""'"“'--L'“ LIPSO N T fl aws and disorders are increasir
g of eclearsasmi ¢ coating. Carbon fiber
T 404 500AC, after thirsatemper atassr ec ome
00 6T reaction ofC@rypggassiamgesresul ti
—-—ﬂ'l"""““'—-t'-***mh*mdw-&w.- surfaces.
04
10 20 30 40 50 60 70 80
26(deg.)
(C)
FiguXlkRDl1 patterns of the studied samples with different <carbon
fiber ratios. A) GC1l samples B) GC2 samples C) GC3 sampl es.
- . . 10
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» 4 H

4 ’ . '~ C) EDS i mages of Al ,

- )

Fiug2SEM/ EDSsecbisens i mages of the studied samp
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780
770
760
750
740
730
720 s:71.70
710

700

/

Bubbles from COz, H2
etc. gases

300 um

Vickers Hardness (HV)

OCF 6CF 10CF
— GC1 7374 756,4 763,8

A)

920
900
880
860
840 | 5:34.80
820

800 ]—-

780 s 34.50 5:73.60

760

740

720

Vickers Hardness (HV)

OCF 6CF 10CF
— G2 816,6 831 889

B)

880
870 T
860 T l
850
840
830
820
810
800
790

s: 69.80
s: 13.74

s: 11.70

Vickers Hardness (HV)

OCF 6CF 10CF
—GC3 831,6 861,6 865,2

C)

Fiug4eVi ckers hardness test result of
Fi g8S&M csecstsions images of thecptafd edocrRrmp! &€2 4am®ICds with 6¢
6 CF B)6 Q3C2C)6 G3C3 and 10CF.
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190

X208 188mm

FiugheSEM i mages of the studi éedFs &Alp0lGEsl Ds) G B R6 eEdf-L 0 )
G) GC3 8(gF.GC3
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33.Gl oss and color parameter 8. 4. Tbeheehranailor
This increment of flaws and diFRiog.de& ss hoonwst hae rseusruflatc eo fa ftfheec thse att
and color parameters, as showai fifnerking. 7c.arbont hebernt udygnt anmhte.

di fferences between the referémscieggnsdmpglacmsd aehtlectamph et Hevoent eari m
carbon fiber are determ neal bygs @iquami foinb dr aall ateedn s eataditeuaecen av alcu a
Tabd e I n CIE color notation, elh*e viaé atisn gamadnil @ & tb ey eapsasmid ¢ f f€eraeg n c
lightness and darkness; a posidxampldemetht i o ft reoriple ®50aAMBE aE@®X a (

color. @a* values indicate dif{f&6@htCe gogmetmheredtaimphgsealfnd i i m
deviation fredd®a* coéams white aacoedahigve odeveiaautiinogn mivag i8 H  AgGCS
from @a* means a greener coloreqebf .valh®ES orf & pernd snegrltd edhipfafo@rOaury cee
yell ow or blue axis whereas a(pPdsSiAC)yelanavi®EA®N dre® mhebhemea
yell ower color, and negativeldgrvoapsonSphemeaxibt nid@driiC)a alylewdnri G
For each formulation, Fig. 7a s,lr(eovss76a8AcCIoarn_dcgo'm8 r'ggFgoPerg?pr&(%Frr'%o
. . GCH 6{796AC) i s -lh q@é&SZACh)?na G
containing samples and referencFe, S 8mé)les|. A%;cord ng to,t,hese rd
the addition of carbon to the (co'n%lp'om)t'itorr:% apl?egtoﬁqpiﬁétéganravt
each car bon fiebesam:polnetse.ntFoirnza@fn%insdtcGCZ%Lmaem € atleor,ematps?r:
formul ations with different carebo'nnef|'beyr0,coenqen ersEﬁoL\'/vrse sallmiYVa'r
. . reaches a_di mensi_onal (iha'm@eeffroaxn

changes i n comparison of.O@fred_erenﬁe hsamples and %be @i o £ i
%0.06wt.CF. On the ot herCFhand, Ehé &E vefaalttdﬁ”sq % 'ecd.boﬂs‘:”apzys rﬂi““.
10CF differ sig-n'(IFisamplyesaare%mauré%ezsorqght_eer compogea erco aa

have morempxndantcs .c

(Tadl.e
Figure 6 SEM i-lma@F ss amp It éh es GrCf3ac e

Tab4Gol or values of stud ed samplesS@marbon fiber canofbet sEwACHN
arEDS i.magda he glass crystallizat]

CompaS$a&mpl e: aelL* ea* e&eb* . . -
GC1 &6CF 0575 028 05825 causes a dec??egE@eumf bvqas,cfmsbetry (o3
GC1 &10CF 0565 06 15975 the glass matrixi mn@C3 isa&mploed has
ar e -threcaatf edr t heir mdlhtei Mmelteéemmer
GC2 &6CF 0025 -05 07175 t h@CAO0CF812ACcording to heating
GC2 &10CF 776 -07 11225 (Fig.t8hi.s Isatudy, the cwpnst alhlbisza
GC3 &6CF 6.8 2 01 12325 860AQ hfeorsampl es. After the melti
GC3 &10CF 8252t -13 34925 treat ment was continued, and ear |l
samplfTass early crystallizahi @iee

Gl oss values of the sTawdbiaendd stshhepf aee sar@f sthhoewns ajifvpgl.e s6 .1 nG C3i gsuarme
variation of gloss values withlewrbbarmabeteadsdianea agc&hBwhygi
The carbon fiber impairs the gélogcssesrva%lili:%s ac}fe tbhoendseadmptloesa ase 28

with the wvisual appearances of oLhe YT REC a%low kM Beotditld &a%P athif

Being t he gloss,depemdwsarantetrhlfzsetos'.ouxrfra(::c‘,jlecotsiOlnlsglz)tccur bet ween the

reflection, as well as on the 85”EIg‘gei-(fneorfjaﬁrﬁ'incﬁF‘éosrspAolstihtoiuognhs theq !

feature is not evaluated in t8}gsidddVng [Nfe Rehh &S i trlon b d b

caused a decrease in gloss Va_ééﬂr%p?leds“,aelutmoea‘¢‘ﬂ%mf8‘tﬁ%&%%vea°éf?m§h¥c§é’mr¢bt
tyP

out gassd nlgy cawisckati on of the f b 0f GC used in the study

Tab3G oss valuesploefs.stud ed sam
GLOSS (600) 3.5 Adherence

GC1

w
©
[EnY
a1

GOECF 33.00 Duringrekeaédament several chemical
GCIN0CEF 28:175 as diffusion %P aadtk aHeir nmaoonxso WFad f o
GC?2 32.93 on gstheel surfacegodbodmatiesn (ahch
GCHBCF 31.10 saturati ovapft FeOGEe anip ertesterlatiir
GCAO0CF 12.90 etc. These dendrites, showing t|
GCXF 70.55 coating and the metal sswltdtiromtsed
ggigEF ji’gé SEM .images of i ghe 2samp| 8&s iTmese
provide a strong adherence bet wee
chemical bond is one of the most
system. In Fihg. GZECsrawsuht sli 6fF er e
14
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after the impact test process i s ~sents a
bet ween the substrate and the coa nd is or
most i mportant parameters of the g. 9, re
the GCCs with different carbon fi mpact te
is shown. This test presents ad bstrate

coating.

According to these resul ts, t he fibers
significantlyfchhergemphetréessttsl
result is evaluatdelf acentS)icppeod of
adher &ncfeair adherence,2 3Yyergoogo
adherende, examdal | en(tBSadbhMr d026 9) .
categoriesedrky deher mimevami of cgataissg

particles remaining on the metal substrate after the i mpact te:
For example, the appearance of = SEM rate i
t hat no adhesi on9awasd,obamd nheedar
samples for each formulation, t
whi ch means-cehami theogltasg part
70% to 80% of the area of i mpact
on adher ewn®w€EF fand 10 ©8CF ac&@or di
resul ts, because adherence feat
with varying carbon fiber rati
categori 2Zadhéepnpewontasaccording to BS EN 10209 standard,

and furthernedvidentedmayi das, as shioWwhBEMEimages3 oflPFe sutrd ciced

d adhe
i fica

form
pl es

A) M GC1-6CF
—  mGC1-10CF
w
<]

o EGC2-6CF
(V]
< mGC2-10CF
I
~  EGC3-6CF
S
S EGC3-10CF
o

B) 80
70
60

50 ——GC1

40 =@—GC2

Gloss (60°)

=== GC3
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