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ABSTRACT
SYNTHESIS ORVIgAI204 SPINEL POWDERS FOR TRANSPARENT ARMOR
AND INFRARED DOME APPLICATIONS

LEVENT KARACASULU
Departmant of Materials Science and Engineering
AnadoluUniversity, Graduate School of Sciend&gugust2018
Supervisor 3URI 'U *«UVR\ $56/%$1

In this thesis, synthesis of higiintering activity particledy flame spray pyrolysis
method, which will contribute to microstructure controlpaflycrystalline transparent
MgAIl2O4 ceramics, has been realized. Hysta flame spray pyrolysis reactwas
designed for the production of particlédumatrane was ches as precursorvas then
introduced into thelesigned reactdsy diluting with an organic solvesuch as ethanol
to produce MgAdO4 ceramic powderdAs a processariable,the effects of the reactant
fed dispersinggas and therecursorthe concentratiomf the precursorused, and the
different solvenfuels to the particle size were observ&article size measurements were
doneusing Scherrer equation from therXy diffraction data obtained. The results were
compared with the information gathered frdme literature. The powders produced have

homogeneous distribution and are synthesized in nanoscale spherical morphology.

Keywords: Transparent ceramics, Spinel, Powder synthesis, Flame spray pyrolysis



7(u(..h5

dDOOuUPDODUOPO WDPDPODQRDRWVOR OV MIHANAM\BHK) \D!
esirgemeyen WH] GDQOUPDQOP 3URI 'U WDUDBOPSSERIAXV X
\DUGOPODUOQO HVLUJHPH\HQ 'U g+ U kenditkéhdimEE®WD & D Q
OONPPRUHWH@+U h\HVL gVPDHNE g]JeU g=(5

dDOOUPDODUOPGD NXOODQGO+OP HNLSP&RODUOQ
U$126/80HUW *h/ g]JH .857 6H\IL <$0$. $KPHW +DPGL
$QDGROX hQLYHUVLWHVL OHWDO $W|O\HVL dboduDQODU

dbDoObuPDP VOUDVOQGD PDQHYL GHVWHNOW®OIPOH \I
Merve KUMAN, Berkay YAZIRLI, dHWLQ OHU L ¢ Men@(MANER, ve Mutlu
.$5%026/871QD

(VNLUHKLUTGH \DUDGO+OP VeUH ER\XQFD EDQD GHYV
726085%$/3 HQLGWHP %LONXQHQAOB BHHDL 7 g0BEIWIOPK Q KH L
DQOQGD E HIgdléh, bBripdedteklieyen aileme,

VRQVX] WHUHNN-UOHULPL VXQDUOP

Levent KARACASULU
$+XVWRYV



03/08/2018

(79. o/.( 9( .85%//$5% 8<*81/8. (<$11%0(6o
%X WH]LQ EDQD DLW |]J*Q ELU oDOOUGUPD ROGX+XQX o0oDC
YH ELOJLOHULQ VXQXPX ROPDN ¢«JHUH WeP DUDPDODUODQ
GDYUDQGO+OPO EX oDOOUPD NDSVDPOQGD HM®GH HGL
JIVWHUGL+LPL YH EX ND\QDNODUD ND\QDNoDGD \HU Y
hQLYHUVLWHVL WDUDIOQGDQ NXOODQOODQ 3ELOLPVHO
KLOELU GHNLOGH 3LQWLKDO LOHUPHGL+LQL  EH\DQ HGHI
lgLOL \DSWO+OP EX EH\DQD D\NOUO ELU GXUXPXQ VDSWI
DKODNL YH KXNXNL VRQXoODUO NDEXO HWWL=+LPL ELOGI

oP]D

Levent KARACASULU

Vi



adegl'(.8/(5

00 B U/, SAYFASI ..o rr——— et a e e e e e e e e e s s ]
“h58 9( (167 @87 h 2. LB i ieee et reme e .
[0 TR (USSP iii
AB ST R A CT et e e e e e e aeee iv
A QT P 1 T PSPPI UPRTRPPR v
(72. @/.( 9(85%//$5% 8<*81/8. %(<$11350(6.dcecvccunrrnnn Vi
TBUW/21B5 "B BLBeiiiiiiiii e e iX
U(.B/T(5 "Bl X
FOB56 (/1(5 "B =@ Ll Xii
620*(/(59( .,63/708/35 "8=@.1.@ oo Xiii
O B N RSP 1
2.7581638581 =,5+ 03/=(0(/(58ieiiiiiiiiiee e 2
*HOHQHNVHO 7UDQVM.SDUDQ.=AUKODU. ..o 2

2.2 Transparan SeramiKIer..... ...t 3

TDULKQHVN L e 3

7UDQVSDUDQ VHUDPLNOHULQ OuUQN.JHOIBUJHQOL:-
7UDQVSDUDQ VHUDPLN..]JOUK.V.LVW.HP.OHI1OL
.0]00|WHVL ,5 NXEEH.X\JXODRDODWULO. 12
7UDQVSDUDQ JOUK YH NO]O @ | WoH WL NNXXEEBIQX\ 0 P Q

seramikK MalZeMEIEE.........uiii e 13
7UDQVSDUDQ JOUK YH NO]JOO |[WHVL NXEEH X\JXO

NRQWURO®*QeQ. . JQHPL .o 16

3.72= h5(780 <GL17(0/ (5B 19

DWO +DQ.BHQW.H]L oot eee 19

BOYO +DQ.BHQWHIL oot 19

A NW SR H. oot eme e aea 20

3.2.2 SOIgEl SENLEZI......uii i 20

3.2.3HIArotermMal SENTEZI.......iieeiieeeii et e e e e ean 22



3.3 GAZ HAl SONTCZI. ..o e 23

$OHY VSUH\ SLUROQ.LIL.NQWHPL oo 24
4.d$/,0081,1 $0B&, 9( gLl0@. e 26
B, "(1(<B (] AdB/, 008/ S5 eeere e e s, 30

$OHY 6SUH\ 3LURQ.LIL.EHDNMW Ui, 30
SHDNW |U.W.DVMDUOPRQ...coioiieieeee e 30
5.1.2CINAZ KUIUIUMU ...ovvieiiceiie et e e mmme e e e e eeaaaaas 34
%DUODQJOO0 .LPADV.D.OO..BHALP.L..coovoioeeeeeeee, 37

5.3 AlUMALIAN SENIEZI....uuiiiiieeeii e ceeee ettt e et e e et eeaaans 39

5.4 MgA04s 6SLQHO 7R]ODUO.QOQ.6HQWH]L...............40

6. BULGULAR ...ttt ettt emmme ettt e e s e et e e e e e 41
6.1 Alumatran sisteminin karakterizasyonu..............coooooiuiiriimmmnnnnciiiiiiienee 41
7*8 VRQXOQDUOD i 41

6.1.2FT,5 VRO X.0.0D.UOD ..o, 42

YOUOQ SLUROLIL.VRQXaODUD ... A2
$OHY 3LUROL]JL LOH *UHWLOH.Q.WR]ODUOQ.MDUDNWH

'D+OWOFO JD]OQ SDUW.LNsO..ER\XWXQD. BMWNLVL
6.22%DGODQJO0 NLP\DVDOO GHraEKEQLQ.SD.UMWLN-O ER

'HULGLPLQ SDUWLN«Q.ER\XW.X.Q.D..HW.N.LV32

<DNOWOQ SDUWLN.O.ER\XW.XQ.D. HWNLV.I55

*(1(/ 6218d/35 9( gl(5@/L 5 e 59
Rl T o S 62
g=*(d0gu

viii



Tablo 4.1.
Tablo 4.2.
Tablo 5.1.
Tablo 5.2.
Tablo 6.1.
Tablo 6.2.
Tablo 6.3.
Tablo 6.4.

7$%/2/%$5 'o0=9019

7LFDUL VSLQHO WR]QDUOQ.DQD..J]JHOOLNQHUL
YDUNOO WR] \|QWHPOHULQLQ.NDUGLOQODUWDUOOPD\
$OHY SLUROL]JL VLVWHPOHULQ NXQODQOBDQ 0J YF
dDOOUPDNDAWGDQOODQ..GHQH\. W.DV.D.UQP.Q40
.DOVLQDV\RQ GHQHPHOHULQH J|UH..N.D.OV4A43QDV\RQ>
'"HULBIIPUWLN*«O ERMXWX.W.DEORV.X....oooveverrns 53
.X00DQOODQ \DNOWO.DU.OQ.\DQPD.HQWDGBSLOHUL
<DNOWODUD J|UH ISONAW.LN.«O..ER\XW.X..LO....56



u(.e//(5 'e=90lg

UHNLODUNOO® JHOHQHNVHO WUDQVSDUDQ..]JOUK.¥LVWHPL
UHNLOZON WUDQVSDUDQ.VHUDPLN.QXPXQHV.L......4
UHNLOQHPOL OuUON VDoOOOP PHNDQLIPD.QODUOQDQ J|VWH
UHNLGSO*PLQD PDO]JHPHVL LeOQON]HBHINJERLXIMONSON LV L
UHNLGBSLQHO PDOJHPHVL L-00@dN JH-QoH NL.IEFRA\ X XN LV L
UHNLGO*PLQD LoLQ WDQH ER\XWXQD ED.:00..JH1I00HN GR=

UHNLO’TUDQVSDUDQ JOUK.VLVWHRL...2.@.cccevveemrene. 11
UHNLOFHVDSODQPO (i GHDO L FE R\XU.LOHUL..>.@......... 13
UHNLGSLQHOLQ NULVWDO.ADSQVQO.2.@...ccooveeereennn. 15
UHNLOB6SLQHOLQ ID] GLADIUDP.O.2.@..cccoovveerereeeen. 15
UHNLOUHPDWL]H HGLOP&)®@ ®HNOBRRBERAMDDELOLU GXUXP
c)Uygun olmayan durum [18].........couvurrmmiiiiiiimreeeirieee e e e eeeeans 17
UHNLOho IDUNOO WLFDUL WR]GDQ HOGHody LOPLU KDP E-
GD+0.00P0O. e e 18
UHNLOBGLQWHUOHQPLG VSLQHOOHULQ WDQH ER\XW GD+0O
(0 5] AN TSP EEU S OSPPRPR 18
UHNLGBOHY SLUROL]L SURVHVL.OHPDV.O.>...@.......25
UHNL @Gchlick 'sVHQ *XVWDY 6FKOLFN..*RE+.... &R....... 31
UHNL ®lozul teknik resmi [49].......cooviimiiiiie i 32

UHNLQODID SODNDVOQOQ ERMXWOX.WHNQLN..UH3BEPL
UHNLQDID SODNDVOQDWSDOBPO6D O HRAIRW.QX..W.HNELN UHVP
UHNLMg-VSLQHO EDUGODQJOo0 NLP\DV.DO.Q...$QXPDBH¥UDQ \D

UHNLGBOXPDWUDQNO.Q.7.x$..JUDILEL e 41
UHNLGBOXPDWUDBR JOQULE L. e A2
UHNLOOUOQ SLUROLJL..5..JUDLLEL e, 43

UHNLOD+OWOFO JD]OQD J|UH..GDRQODEQON..oDSQ.28DIL+L
UHNLOD+OWOFDUMWIN«O ER\XW.X..LOLAONL..JUD.IL=.146
UHNLODUNOO GD+OWOFO GHELOHULQGH.sUHWLBBHQ WR]C
UHNLO / GNJYOON GD+OWOFO JD] GHELV.LQGH..sUBWLOHQ ¢
UHNLO / GNJYOON GD+OWOFO JD] GHELV.LQGH..sUBBWLOHQ ¢
UHNLO / GNJOON GD+OWOFO JD] GHELV.LQGH..+UBWLOHQ



UHNLO%DUODQJOo NLPABBD®ON>®OERKXOWX..LQ.LUALVL JUDI
UHNLO)DUNOO EDUODQJOo0 NLP\DVDOO GHELQHWBOLQGH U}
UHNLO PO GNTJOON EDUODQJOo0 NLP\DVD.OO.GHBLVLQGH -
UHNLO PO GNTJOON EDUODQJOo0 NLP\DVD.OO.GHBLVLQGH -
UHNLO PO GNJOON EDUODQJOo0 NLP\DVD.OO.GHBRVLQGH -
UHNLO)DUNOO GHULULPOHUGH *UHWLOHQ.WR]OBUOQ ;5"
UHNLO 0 GHULGLPOL EDUODQJOo0 NLR\DV.DOO.BLGDQ +UH
UHNLO 0 GHULGLPOL EDUGODQJOo0 NLR\DV.DOO.BAGDQ +UH
UHNLO.VLOHQ YH 7THWUDKLGURIXUDQ LODYH HGLOPLG \DI
S5 JUD L Lot 57
UHNLO(WDQRO 7+) \DNOWQ.D... UHW.LOH.Q.. W.R]Q.D.LE7
UHNLO(WDQRO .VLOHQ \DNO.WO.D..«UHW.LQOHQ..W.RE® DU

Xi



*g56(//(5 'e=901l9

*JUVHOBRG\XP EXKD.U.QDREDVO . .o 5
*JUVHOCam $/21 NDUGOQDAUW.OURDVQ..ccooooveveecee e 12
*JUVHO$OHY SLURO.LJL.UHDNWLU e 36
*JUVHO$OHY SLUROL]L UHDNW.|U.QsQ..ND.ID..SOD.RDVO

Xii



600*(/(5 9( .,6%$/70%$/%$5 '9=901g

Mg-Spinel : Magnezyum$OPLQDW 6SLQHO

uv 8OWUDYL\ROH ,u0Q

IR .0]60|WHVL ,u0Q

HIP : Hot isostatic pressing

HP : Hot pressing

SEM 7DUDPDOO (OHNWURQ OLNURVNREX

XRD :X-,00Q0 'LIUDNWRPHWUHVL

Xiii



1. *g5guU
%LUORN VDYXQPD YH KDYDFOOON X\JXODPDODUO XO\

GDOJD ER\X DUD Grénsparnbldd rEremeRrg&ektimektedir <e«NVHN
WUDQVSBUDQAODBMD\®SODUDO Gel*N \D/RHFW-XRIFDYEPG QBN
gelmektedir[1].

$ U D 0 W O WkRdojik iieriamelerle birlikte, her zamankinden daha fazla optik
X\JXODPDODU IzeheQIHOLIMDFFID WUDQVSDUDQ VHUDPLNOH!
X\DQGOUPDNWDGOU 7UDQVSDUDQ VHUDPLNOHU GL=+HLU
ROPD\DQ \*NVHW ROWLERHUOHBHU \«NVHN OVOO YH PHNDC
VXQPDNWDGOU 7HN NUL\rsvEparanblRE HNQULeBMRD @aRk OD U DN
RODUDN WHPLQ HGLOHELOLU WR]ODUGDQ GDKD GeU*N
ROXUWXUXODELOPHNWHGLU

Transparano RN N UR B YWPHO OAP D O« P L Q-EpielNsS uQui vericOvé
KO]JOD ROJXQODUPDNWD RODQ ELU WHNQRORMLGLU
JJUsQ+U YH ,5 VSHNWXUXPGD \eNVHN RSWLN LOHWLP LO
serg_LOH\HQ EX PDO]JHPH HNRQRPLN RUBUQHNOIUHWLCHELBD|R
WUDQVSDUDQOON LoLQ JHUHNOL J|JUHFHOL \R+XQOX-=EL
PLNUR\DS® JHOLGLPL PHNDQL]PDODUO GH=+L toXuA®) VWRN
NDUBOYD®GX\DUOOOO+D VDKLS ROPDODUO QHpBoBe® L\OH NLC
\DSIPHOOLN LOLUNLOHULQLQ DQODUOODPDPDVO LOH ELUH
JHOPLUWHNL sUHWLP EDUDUOVOQOQ DQDKWDU@QRD KDP
RUWD\D oONDQ NDUPDUON oRN |[OoHNOL oRN GH+LUNHQ
XxXopuborPOuwWOU 1LKDL |JHOOLNOHU «J]HULQGH NRQWUR
|]JHOOLNOHULQLQ EHOLUOHQPHVLQGH |QHPNIO UFRROXRMQ D
GD+O000OPOQOQ NRQWUR2Ze LOH XODUOODELOPHNWHGLU

Bu WH] oDOOUPDVOQOWDOYWVEBODDPPIFWK YH NO]JOO |WHYV
LOoLRLNUR\DSO NRQWURO «QdHV B D@D NaR\DEHRD P m@iQ
\|QWHPL\OH VHOLOHQ EDUGODQJGantétlemé&idibOO PRGHO VLV
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7UDQVSDUDQ ]OUKODU SDUoDODQPD YH\D EDOLVWL
transparan RODFDN GOHNLOGH WDVDUODQPOU PDh@jdPH YH\
WDQOPODQDEAR®PAHINOWHBHWOQOIO LVI\DQ NRQWURO-+ YH
H\OHPOHUL GH GDKLO ROPDN ¢«JHUH PXKDUBSIEH @& a0WXI
X\JXODPDODUGD NXOODQOOPDNWDGOU $\WUOFD DUDOW
GL+HU G+uPDQOON oDWOUuPD O D Udbilnekeedr BuRsistenitddmN LoLQ
KHU ELUL EHOLUOL WHKGLWOHUL RUWDERBER NODLAG ONE@B
gereksinimlerEXOXQPDNWD@GWIDUDQ ELU JOUK VLVWHPL LoLQ
EHOLUOHQHQ WHKGLGL ER]JPDN GH=LO D\QO ]DPDQG
LQGLUJHQPHVL\OH oRNOX YXUX0 \HWHQH + L WIR-U®DINOW
D-OUOON DODQ YHULPOLOL+L YH PDOL\HWH NDUu® SH
oHGULWOL SDUDPBIWUHOHUH VDKLSWLU

*HOHQHNVHO 7UDQVSDUDQ =OUKODU

*HOHQHNVHO W URFWUSPBIUD SR O UKRWXEDE ONDODFEOR O LU H \
SROLYLQLODOB«WLUDIMUD\D JHWLULOPLUO Ge¢] FDP YH SROL
kompozit \DS O OJUGHONL IGEDKD L\L D Q @ DWichmmDNEQ O PHYVO HQ H N
WUDQVSDUDQ ][O UBMWMOVWY PY MOMIBGMVWW DQVSDUDQ ]C
X\J X O D P D O DARNQ (@8dteptit. @ « Q tdansparan® UK PDO]JHPHOHULQLQ
HWNLQOLNOHUL VHUWOLNRGH:SH VB HWIOQ INQDEMWIWI®R QN LP\B
JeFe GH DU\BPBEMNwshaiMDO UK VLVWHPL EDOLVWLN WHKGLW
YH RSWLN RODUDN Gélerdkddl WVRIDIPQ\OSCDGUMIQgefeRdinkn@id U
NDU GO ODQFBING HDPDY D Q W DCAMIBNS Polivnerle@énelikig OUK GHOLFL
OHNLUGHN PDO]JHPHOHUL LoLQ VHUWOLNOHUL GeGsNW-eU
GXUGXUPDN LoLQ N in®kegirA)LBuyHGEHQG BIHOH@HNVHO WUDC
PDOJHPHVLQLQ EDOLVWLN SHWRWPDYVLOHHQD odwWWRDBOI
DUWWOUPDNWOU %XQXQOD ELUOLNWH EX o|]*P oR+X X\
DUDoWD D+OUO0O+0 DUWOUDHFMHWWHUD GDUD ¥ Q OHIOMDIP PG
NOVOPODUO GDKD LQFH E|O*POHUH J|UH GDKD ID]OD R
VD\GDPO ® P& W DPEEEMD U W OiseQlaRah&fil) 81Bh@ ince ve daha iyi balistik
performans sunan yeni malzemelerin hala @R U ROBDVOGOU



UHRNLO D UdeR@kseWUDQVSDUDQ JOUKM4YLVWHPL WDVDUOPOD

2.2 Transparan Seramikler
7TDULKOHVL

gON WUDQVSDUDQ VHUDPL+H \|QHOLN oDOOUPDOD
3/X F D OtRfd.UCentAL uminiumOXLGH WLFDUL LVPL\OH ROXUGWXUXC
ORN NULAOVROOUHWLPL\OHHEDDPDY EFAWORLQLQ NDWNOVOD
IXFDOR[ XQ JHOLULPL VLQWHUOHPH V*UHFLQLQ PRGHU!
VOoUDPWOPO ELU G|QHPGH PH\GDQD JHOPLUWLU, 6LQWHL
LON YH HQNUQHEBBEHD GR+UXGDQ /XFDOR[ GHVIBOD QGD \F
EDUOD\DQ oDOOGPI®2de J|@ WGIHHEEIO J|[JHQHNVL] \eNVHN

transpaDQ ELU DO+PLQDQOQ EDUDUOVOQD \RO DoPOUWOU



UHNRPOFON WUDQVSDUDQ VHUDPLN QXPXQHVL

IXFDOR[ P*NHPPHO ELU UHIUDN W BirUGDLLUINH QMHLUGPHD © RINR |
letim |JHOOLNQHOHQWLUPLUWLY &Y% HOHGVYNAHEDVOQo0OO 11
NLP\DVDO VDOGOUOVOQD NDUGO HUJLPLGU VLOLNDGDQ
cUHWPH\L EDUDUPOUWOU /XFDOR] OP : \H NDGDU RC
EDVOQo0OO ODIERKUBYDQWVWOQD GD\DOO VRNDN ODPEDODU
R\QDPOUWOU hUHWLOHQ EX FLH®DEF«\+N \BDCDQGHD H\W\BUDIE\H
(*|[UVHD



*|UVHMIO6RG\XP EXKDU ODPEDVO

IXFDOR[ XQ RUWD\D oONOUO YH DUGOQGDQ WLFDUL
Ee\eN LOJL PODWGEDL WUDQVSDUDQ VHUDPLNOHULQ JHC
oDEDODUOQ VRQXd2émB@ DK D/NUMHQUWD ROD 0O POmBKD UOH VI
zamaQD NDGDW.-WBNUDPLN WR]XQGDQ WUDQVSDUDQ VHL
PDOJHPHOHUH | LQ:HWOR RJALDR ($pinglD PbO+ZrO,-TiO2 +LaxOs
VLVWHPLQGH 3/=7V EaweyadTHAVeysMbOsHI® HKVWDELOL]H HG
DIRWOD VWD E400 (c]AONY,* EsANO:1$ (YAG), LusAlsO12, Se0s, LuxOs,
PbTiOs-Pb(Mgz/ sNbsg)Os NDW O o |]HO WT&@4d WHIDH Y=GH J-Fr0% = 7

ZnAl,04, ZnS (Se), CaF, Mgk KBr, polikristalin elmas, apatitler, ve -BN
VD\OODELOPHNWHGLU +HU ]DPDQ \HQL PDQHPHOHU JHC

2.2.2 Transparanseramiklerin @ @MNoL U JHmAIODQAL]PDODUO

gQFHOLNOH WwWUDQVSDUDQ JOUK YH NO]JOO |[WHVL
JHOLUJHQOL+LQLQ Ta@mpadr®© RO G X
VR+XUPD \DQVO

.5

PDO]JHPHOHUGH OuON
VHUDPLNOHUGH OuON JHOLUJHQOL=+L

PHNDQL]PD\D ED+-0OGOU
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Seramik malzemeleiltHOHNWURQ HQHUML]Eme @ O OMHA 1 D QlsL
JJUeQ+*U E|OJHGHNL @PO+®DUUYSDWIPQROPDOD[EO EHNOF
7UDQVSDWDQOMMNO | HRdE PULIALFPAP VREX N P éRtdranyetik
GDOJDQOQ VHUDPLNOH HQ D] HWNLOHUGLPH JLUGL+L DQO
bir elektron bulutu DoONoD E|\OH ELU GDYUDRQPDPuNDD W D BN OG-
seramiklklUGH ELOH IDUNOO PHNDQL]PDODU HPLOLPH \RO Dol

.OvD GDOJD ER\ODUOQGD XOWUDYL\ROH 89 UDG\L
HOHNWURQODUOQOQ DUWDQ HQHUML LOH RXBLWWIP@O H U
YH LOYRNKOGRDOUWPQ@OPPOU ELU HQHUML ERUOX+XQD ND
boyunda PHY FXW R /& kiantuinGniekant IkurallarO Qi@iQverGL+L |Oo*WWH
E+Q\HGIFONHINW U RRQ 8 XI4H0QGD EDGODU

6SHNWUXPXQ NO]JOO|WHVL ,5 WDUDIOQGD UDG\DV\
JHOLGUOHUL LQG*NOHPHN LoLQ \HWHUOL HQHMRAIXYVPDJLO!
WLWUHRRPGHNGOUWXRQPRO|I D+ODUOQLYHQIE NMBNMQH U MQ
IDUNOOOONODUO LOH LOLGUNLOLGLU

.ULVWDO NDIHVLQ QRNWDONXIYNODDOQ Y|H\@PHHY DG \DAD
ROGX+X RNVLMH QG EJRQOMNYSENH YXRKXQ | D UNRGE WGORIA O D
\ROPDANWDBRXYWXQ NGU® B NORWDHDQIXEK i bitlikteQaK EristallL U
Al,0;, JHOHQ EH\DJHOLO/IND Qtaya o ONDWOUND ELU |UQHN
DWPRVIHUOHULQ D]IDOWOOPDVOQGD VLQWHUOHQPLG RN\

2222<DQVOPD

6 D @R@ya VR + X WNDD O S O B8 Bile RariR naksimum JHOLUJHQOLN
\¢]H\OHUGH PH\GDQD JHOH @10@eRl®y Bcdnen HOBQOWMHELOHF
PDNVLPXP NXUDPVDO 2WHYGHVISDGBHQWWAINOGIL+L JLEL PDO
indeksinin bir fonsiyonudui9].

6 GL tJ &3
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6DOOWPD\OSODUO PLNUR\WUDQVEDUYDOQ ROAD DO W P

LOHWLRELUQKWPQL NoWWONO®PVRD\UEEB S RO DOMNDWBGOAWQOUOD!
JIJHQHNOHU larLXH QFU dpfs I LHELWORUNUR\D S Cild D¢ @ © HQG H N
ELULQFLO NDWN®D vD+0Q \QBaRE B Y ORNDH NDINOVGCHS ORIN N ULV
WUDQVSDUDQ DO*PLQD PDO]JHPHVL LoLQ |[QHPOL OubON V
[10].
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Isigin yansimasi

v Yiizey
ATl A" Gozenek
' | A : ,>Tane smirlan
— - N
20um 4 ] L} [
’
Gecen 151k
UHRBOQHPOL OU®GNNDROIEeOPDUOQOQ JIVWHULPOHUL
Apetz ve van Bruggefi0] \R+XQOXNWDNL DO+PLQD\O PRG

NXOODQGONOD W) e 0Q B R EPH\GE IVXQ@GBm:HND ROIDALMNW U D Q
*]JHULQH RODLDQFH\VONENKRO U TGH «JHIsE@GMmtdalga boyuna
NDtwah®SDUDQ RODQ MNOLAL QMGG HN O i OR INQethmAa R30S

J | ] H Q Hdyak Haligelebilmektedir.
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Gézenek boyutu (nm)

UHRBOBO<PLQD PDOJHPHVL LeOQAOIN]HB&NUERLXIMWX

Spinel malzem®©® HULQ GXUXPXQD EDNOOGO+0QGD
ER\ODWO =L1WDQSP J|JHQHN NRQVDQWRDX\RIIND G D GHD MG L
UHNLOAUWDQ NDOOQadi+-BYOVDEBHFHELU GHNLOGH D]DO
]JDPDQGD DVJDUL ELU KLSRNURP GHSODVPDQ®B@®D GD Q
nedenle, PP NDOOQOO+OQGD SODND LoLQ PLQLPXP NO]OO]
PP NDOOQOO+OQGD SODND LoL®*Q +UQP O®DI®I POER XNV D G
100 volppm'de PP NDOOQOO+OQGD SODND LoLQ tuHmakULPL ¢
LOUQHQHN ER\XWRQXN® DOWO @ridek@dia P N DAIOEGO0O00+00Q
SODND LQIPQE«\¢NO-¢«++QGH bilk|jleti@ HNOHILQGH EHOLUJLQ EL
sahiptir. Bu nedenlelJ|U+*Q+«U WUDQV SY\URXQ DV im&tddiledilirQ
JIJHQHN ER\XWOPWHD Hecotl @SSP GHQ GDKDJ|GH@HINEL U
konsantrasyonun@&100 vot SSP R O P D V OsaBipK @ PHpA4 édilebilir]6].



= 0,01% poros./ 200 nm v w o 0,01% poros./ 600 nm
w—0.01% poros. /2500 M c— 0.01% poros./2500 nm

— =

Gergek dogrusal gegirgenlik (%)

10 100 1000 10000
Géozenek boyutu (nm)

UHNBOGSLQHO PDO]JHPHVL Lo@@@M]J—I—@I—ILNJLEIR\)LWKGNLVL

6DoOOOP ND\OSODUOQGOQ LR WYRLSL NQWHPVONHNW N G H X
RODUDN VD\OOPDNWNDGWRO RDL I WQ & OWIO @PQ B #ILMEGIL DNQ O
ROPDGO+0 DekieDiP GON JPIONUR\DSOGD UDVODQWOVDO RC
ROXUWXUGX+X KHUELU WD QHYVYO@®®UIO@GEH BN &HE N-HHU GEIK
NOUOOOPD YH EHUDEHULQGH VDo OmrDP R-QOIU H @ L HWNNQ
PLNUR\DSOGD QLKDL WDQH ER\XWXQXQ JHOLULPLQ LVWH
ROPDVOQO MO+ODPDNWOU

6DoOOOPOQ WUDQVSDUDQOON +«]HU[LQGWNUDHOMWNGENQ
JHOLUWLULG& IBBW MXIKDPOQD GD\DOO ELULPRGHOOH L

4+@ SFdgts @2 4
Rs = <«]JH\OHUGHQ GD+0OQON \DQVOPD\OD PH\GDQD JHOHQ
r. = matris tane boyutu
i dLIWNOWANAHYUMQ PDOJHPHOHUGH HQ GeGeN YH HQ \¢N\
DUDVOQGDNL IDUN
d NDOOQOON
= Dalga boyu



Apetz ve Brugger1l0] DO +RICGDIWNOUOOOPD ED+@t@nevDo0O OO0
boyutu il ONLVWULQNV.OL N L OTHEIMHW HIO &2 Q & P LIQoafe boyutunun

QPYGHQ — P 7 \¢$onucihdamalze@e trangparan halden opak hale
JHOPHNWHGPYGH HOGH HEEARHIXVDO JHAHNIPOGH§MWUWHL G+

~ ~ ~

JIVWHULI@HON WHRULN W U ® QWSHD LWDOUQNO (Rj@mMEEIDMOD
WDQH ER\XWXQD VDKLS I&@@vWwURQVSDXOQ NDGOQORN|VWH!

-
=

T L T T T T T T T
80 k Transparan
Ef A/

&0
40

20

Gergek dogrusal gecirgenlik (%0)

=
[ =

& 5 10 1
Ortalama tane boyutu (Um)

UHNBOBO+PLQD LoLQ WDQH ER\XWXQD ED-00® JHUOHN GR=U>

2.2.3 Transparan seramik z O Wistemleri
7UDQVSDUDQ VHUDPLNOHU WDULKWHQ EX \DQD ELUOF

X\JXODPDODUGDQ ELUL RODQ WUDQVSDUDQ ]OUKODU
RO P X 9\ & UP fGH EDKVHGLOGL*VLMVEHP OHOHQGE N WMD D
ve polimer malzemelerigenellikle JOUK GHOLFL oHNLUGHN PDO]JHPHO
GelGeNW* WX \¢]GHQ ROXUWXUXODQ ]JOUK VLVWHPOHUL St
ELU GHNLOGH *BOWLOVPHNOWHGEDE \HULQH mMxz@ee@EOd ODELC
ELUOLNWH WUDQVSDUDQ ]OUKODUGD G Ddisterle i @DNDVO
SHUIRUPR® YO Q JmubWAHO LDP-DONNDOEAN-6000) O Q & PBINW D G O U
UHN2ZD JHOLGUPLG ELU WUDQVSDUDQ VHUDPLN ]JOUK
JIVWHUPHNWHGLU gON NDW JHQHOOLN Qréyaabfohge D VO UI
HWPHN LoLQ WDVDUODQPOUG VHUW ELU \¢] PDO]JHPHGLU
LODYH GLUHQo VD+ODPDN LoLQ HNOHQLU YH |Q NDWOD D
X\XPVX]OXNODUOQGDQ ND\QDNODQDQ JMUde@mikiebHUL D]
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SROLPHUH oDWODN \D\OOPDVOQO GXUGXUPDN LoLQ NXC
KHU ELULQL D\OUOU 6RQ WDEDND JHQHOOLNOH VSDOO
SROLNDUERQDW JLEL ELU SROLPHUG@LQ]HPR K VIL EN D]\& P B QU
NDOOQOO+O DUD WDEDND VHUWOL+L DUD WDEDND NDC
vOoubvO JLEL GH+LUNHQOHUL GH+LUWLUHUHN IDUNOO
tasarlanabilif3].

Catlak
engellenmesi ve
termal genlesme
Seramik uyumsuziuklan
tabakalar igin polikarbonat
ve seramik
arasindaki ara
katman
Polikarbonat destek
kalkan gdrevi goriir,
karik zirha tutar.
Seramik katlar
arasindaki ara
tabaka sertlik veya
kalinlik bakmundan
degigebilir.

UHNRZO7TUDQVSDUDQI[3PUK VLVWHPL
*JUVHO WweP FDP ]JOUK NDWPDQO ELU $021 SOD
NDUGOODGVWOR UOKPKHWOWRUQBLYVL ELU JOUK GHOLFL PHUPL
ELU \DQGDQ LVH .DOOQ WDEDND\D VD kdbBmek@r[6O UK E X N

11



*lUvVOCam $/21 NDUubobuwdUPDVO

0100 | VWktbBeu\JXODPDODUO

*|UsQ+U DODQ E|O]JBVK WOIDRVYISOMDPQL\NHQ GL+HU EL!
E | O JH OHeyda@aGyeleN O 10 O | W H V malzeth@IVBIDLUGHN LFLGLU %X C
HQ JRUOX X\JXODPDODUGDQ ELUL [YDPHI@HUNQU 5 WHAQ VN
G HN O Lk@BetediiBu WeU SDUoDODU \R+XQ HUR]J\RQD YH FLGGI
\D+PXU GDPODODUO YH NXP SDUoDF&®WNOPHNDIO M W NUM
|]JHOOLNOHUH HN RODUDN EX X\JXODPD LoLQ PDO]JHPH!
\eNVHN RSWLN $ GRIOWE)FHD Sbkte, NO]E&OVHQV|UOHU \D RUWD
(35 -m) ya da uzun dalghoyunda(844 P oCPDNWBGBQUL WeU SHQFHUI
NXOODQOODEPBONR U XD@EDUW@DOD FWHOL NXEEH X\JXODPD
EDUOONODHBRUWIDQGDOJD ER\XQGD JHOLUJHQOL+H LKWL\

U H NL8® G H -dpihel ve ALON ticari malzemesinin dalga beytOHWLP JUDIL+
JJUSOPHNWHGLU %XQD J|UH $/21 WLFDUL PDO]HPHVL
LWLEDUHQ LOHWLP GHYUHOPHNWGRHIGQ UG-« (W +dpirelL U \DQC
malzemesioWD NO]JOO|WHVL GDOJD ER\XQGD GDKD \eNVHN L«
DQODUO@APDNWDGOU

12



UHNBOFHVDSODQPO G GHDALIDL ERAXULOHUL

2.25 Transparan z O Wek O ] fle€ikubbeu\J X O D P D O IDXUGDO IDa@r@amkD Q
malzemeler

7UDQVSDUDQ JOUK YH NO]JOO |[WHVL NXBDRHN X\DX@®m D
seramikmalzemesiPHY FXW GHXLO® W WX\IJXODPMEDQ\XBLRNVLQLW
(ALON  PDJQH]\XP DO*PLQDW VSLQHO VSLQHO YH WHN
PDO]JHPHOHUL V<UHOOHBGLRLOHEFLHHOPHNWNORWDMODUO
YD URP U

2.25.1AION

Al,0; *Q VSLQHO IRUPXQXQ \HWHUOL QLWURMHQ YD
WXWXODELOGL=+L J|UsOP«UW+U %XRPFO]HPHKRP®NH QoHNQ
ile 9AI03.4AIN'yYe \DNOQGOU $vOOQGD D-HHRW OINwHU MIN G PHEIO
Al,03 GeU 2NVLWNYBOGIM UDQ\RQ DOW WHERDMW RQOmUO OKH
WHWUDKHGUDO KHP GH RPNDW BVKOBREELP . NDOIDLO HEL D ND S O
GL\DJUDPO RMGONMNONDEP 21 WL Siolee® 35N B W &] kb U] IHOGH. Q L
RUWDODQPOUG ELU DU brekietiMep .RBLANX ANXQXYWPONVKHDSOVO
A1ON, WUDQVSDUDQ RODUDN «hirHAgto@kHH In@ldeedifR?). NULV W I
1LVSHWHQ VD\GDP SDUoDODU LON GHID \Oo0OQGD o0l
ediPLaWLU

$021 UHNL@MAKWQGUWAHHLQ SDUEOGBIAINHWOFDNOO!
VLQWHUOHPHQLQ L]OHG Imektedir. UL AMIHINLQ B DR NPID @ [HP K URIOVG
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GROM@MHRH NRUXOODUO LOH LOJLOL D\WUOQWOODU VSL
bilinmektedir.

AION 1516 GPaH9  V H B s&iplokupAl O3 seramiklerden (222 GPa) daha
GelU*NW+U DQF DthinspaaH GGUHK WD-@D\ODUO DUDVOQGD HQ \+N!

2.2.5.2Safir

dRN NULYWNMEBODPLONOHULQLQ *UHWLPL SUREOHPOLC
*cUHWLOGL+LQGH DO*PLQ\XP RNVLW VD\GDP RODUDN +Ut}
Ee\ePH WHNQLNOHUL YH\D NHQDU WDQOPOO ILOPOH EHV!
Ee\eW:OHELOPHN® MELYWIDOLDSOVO UKRPERKHGUDO ROX
NULVWDORJUDILN RU\DQWDV\RQD J|UH GH+*LGPHNWHGLU
YH oHGLWOL *UHWLFLOHULQ NXOODQOPOQD VXQXOPXuW
\e NVHMWISDUoDODUO WHN NULVWDOOL SDUoDODUOQO N|
6DILU oRN \eNVHN PXNDYHPHWOL ELU PDOJHPHGLU DQFL
oRN ED+0OGOU

2.25.3 Mg-Spinel
dRN NULVWD O O-kpielBranked UIBQ—0B DOJD ER\ODUO DUL

JIVWHUGLNOHUL \eNVHN RSWLN JHOLUJHQOLNGIS ELUOL!
*3D HODVWLN PRG+O+ § *3D YH HOBOPH]HXQODN®RHY
ED+O0OO RODUDN WUDQVSDUDQ JOUKJINHLNOO®OQRDHB D DGC
NULWLN X\JXODPDODUGD NXOODQOODB.HMHNQ®EPOL PDC
JIVWHULOGL=+L JLEL |[U*W \BSDQYIOONIBLMNADSYHR B D@ ®ID N
GDYUDQOU VHUJLOHGL=+L LoLQ oLIWNOUOOOP VDoOOOPO

14



UHNRBOSSLQHOLQ NELVWDO \DSOVOD

Safirve AON P«NHPPHO PHNDQLN YH RSWLN |JHOOLNOHUH
oLIwW NOUOOPD WHN NULVWDO NXOODQOPO JHUHNWLULU
SDUODPMW GOED G+G*N «UHWLP PDONWAN. WDHRIENAO N6GDL Q6
EIDHVLQGH GDKD \eNVHN RSWLN[2].06WQ P QJLHD Mijd®HDIQH
UHNLO fGD YHULOPLGWLU

UHNNL®6SLQHOLQ IDRIGL\DJUDPO

15



2.26 Transparan z O U Kk @ Hie€lkubbeu\J X O D P D O UKDUIRA DG O
kRQWUR e *Q
g]HOOLNOH WUDQVSDUDQ JOUK YH NO]J]OO|WHVL NXE|

E*Q\HGH LVWHQLOHQ P+KHQGLVOLN |JHOOLNOHUL PL
JHOPHNWHGLU %X \¢]JGHQ WR] VHQWH]L R@WNYU KB D OO
WXWXOPDVO JHUHNPHNWHGLU

Krell ve ark. \DSW O N O D U Mgspr@ldnaRér@dindetane boyutunu
GeUsUHUHN \DSWONODUO PLNUR\DSO NRQWURO+ VD\HVLQ
sergileyen safiri balistik testlerdeD N D GRY®BSLOGL+LQL JIMWHUPLUOHUGL

Sokol ve ark[15] VSLQHO P D O ]HDRIHNGDHU HVY.QQo YH VOFDNOO
VSDUN SODVPD VLQWHULQJ oDOOUP®B PHN@®D N W JUHXOOS
« ]HULQH HWNLOHU Lrakca Ln@kFard Ovel Pobladalanomere DUDV O QG D
Ee\eNO*NWHNL WDQHOHU L3H® WK U WIDINSEHMIWUGHQL J41DY
Sokol ve ark[16] yapW ONODUO EDGUND ELU oDOOUGUPDGD LVH VS|
ER\XWXQX EHOLUOL ELU GH+HULQ -3HPW FBO WaDL@IN L @ |
J|JOHPOH®IUWWH®MLNOH WDQH ER\XWXQXQ GeuWeNoH VH!
EHOLUOHQPLGUWLU

Morita veark.[17] VSLQHO PDOJHRARHOIHU @O PD KO]JODUODOQC
VLQWHULQJ X\JXODPDODUO JHUOHNOHUGOWLUPLGWLU ‘'eGel
\eNVHN OVOWPD KO]JODUOQD J|UH GDKD L\L PHNDQLN |]JH¢

Goldsteinve arfl8] KDP PLNUR\DSOODUOD LOJLOL LGHDO X
VLVWHEKIOHUTGH YHUPHXIWOYGD LGHDO SDNHWOHQPH\L J|
2.11EYGH XODUOODELOHFHN HQ X\JXQ KDRPLPLOH R VIHS O\IX ©
ROPD\DQ SURVHV VRQXFX DJUBJDHPOIBQERPANUDYVARBAED
ROGX=+X JJUsOPHNWHGLU 2 RODIGNOVWA H R XDHHFBA 8dDicsE, N L O
Mg-VSLQHOGH VLQWHUOHPH VOFDNOO+0Q0Q |QHPOL GHU
NDWNO VD+ODQDELOHFH+LQL |[QHUPLGUOHUGLU

16



UHRIDUHPDWL]H HGLOP&)®E ®H N O BRBOSIRBIOOD E ¢)ayhun aBrayax P
durum[18]

7R] VHQWH]LQLQ NRQWUROO+ PLNUR\DSO JHOLUGLPL
OLNURNRPWURO*QGH ELULQFL URO+ WR] SURVHVLQGH N
YH NLP\DVDO |]JHOOLNOHUL R\QDPDNWDGOU )DUNOO
SDUDPHWUHOHUL LOH NRQWURO HGLOHELOHQ LOJLOL |
oL]LCBIHNWR]ODUOQ LVWHQLOHQ |JHOOLNOHUGH ROD!
\|QWHPOHULQGHQ ELULQLQ VHOLOPHVL JHUHNPHNWHGLU

UHNLUQEH IDUNOO SDN H \ikeigP/HD KNLDBU Baibuiyiitébrik
spinel tozundanH O GH H@&m 8 PQYH QHIH@H N E ROOND B@WHD LOPLUW
[18]. SN2 kodlu tozdaelde edileham E « Q\KIHP KDP \R+XQOXN KHP GH J|]H
GD+O000OPO Do0OVO Q GdylenttkiedirdN] ketid @rddi@de Edilen ham
E*Q\HGH*NVHN NRRUGLQDV\RQD VDKLS ROGXtw®D LuDU
numwelein PLNURDDHOW lgkiediO P61 YH 61 NRGOX QXPXQHOHU
RUWDRQQWBUOHQPLGVGPXYD IVRY MHPMODY G WHRUXB ODU DC
\R+XQODUWOUOOPOUODUG O Uharh E » QN\RIGYXXA IV IRH B U@V « U H W L
SNHUOHQPLOMINR DO DGRiMOeRBED 61 YH 61 QXPXQHOF
NDUUGOODIWKDPO®GHYRDEML\ILH R OQINIDQU LP di daRriyiD S O
|]JHOOLNOHU VHUJL O HG L X PPQ & PRHINWMHIED. RIDIeIBQ H ER\ XV
JHOLUJHQOUHKBIFDKLEHQ 61 QXP X Qoéitslanga@He boyuty ke

JHOLUJHQOLN J|iH REB)N2GHDGIL B ONGIDrQunesise, — P
RUWDODPD WDQH ER\XWX2U®H VRQX0oODQPOUWOU UHNLC

17



UHROD ho IDUNOO WLFDUL WR]GDQ HOGHEHRGX®PG D +DPOPM\HOH

OHNRL®6LQWHUOHQPLU VSLQHOOHULQ WDQH ER\XW GD+O00OPO P
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3.TOZ h5(7280 <g17(0/ (59
6HUDPLN WR]ODU®Q VHQWH]OHQPHVL LoLQ oHUGLWOL \

SRWDQVL\HO |JHOOLNOHULQGHQ HQ L\L GHNLOGH \DUDU
NeosN SDERMKMOQD VDKLS \HQL VHU D Pdehle ¥R Bold® JHUH
KDPPDGGHOHULQL VHQWH]OHPHN LOLQ OHGLWOL \|QWHP(

.DWO KDO VHQWH]L
60YO KDO VHQWH]L
3. Gaz hal sentezi.

%X VHUDPLN WR] VHQWH]L WHNQLNOHULQLQ WDPDP
GD+O00OPODUOQD G N RONUIYW NQ P\DVYDIOO+O LVWHQPH
ROGX+X JLEL ED]O LUOHPOHU EHOLUOL ELU VHUDPLN W]
dHGULWOL LGOHPOHULQ WHNQLN DYDQWDMODUOQD HN R(
VHOLPLQL HMZNUOHRIOMWN YHUNOMAHON. K QXQVRDWD ID] VI
Al:0sveZr» QLQ VOYO ID] LikGWHQLQLIDH VHOWH]L LOH «UHW
ROPDNWDGOU

31.DWO +DO 6HQWH]L

.DWO ID] UHDNVL\RQ VHQWH]L Q G Hvelindirgebié€ b D GG HQ
NDWO PDGGHQLQ WHUPDO D\UOUPDVO YH LNL NDWO DUL
WLS NLP\DVDO UHDNVL\RQ YDUGOU

3 60YO +DO 6HQWH]L

6HUDPLN WR]ODUO Q- WVi@W O FHB 1 MIBEQ WGEEPX. OP@HBY WD G O U
V OYAQ N X U XoWMhaRPsBIWMIB O VHQWH]L KLGURWHUPDO VHQWH
LOH ELU JD]OQDUEORNHEPERMMXH o|[NHOWPH LoLQ *0 oDOOUGF
VOFDNOON GH=+=LGULPL EXKDUOD G4eDselNterzi Hda® bBR/EXYO UHDN
o|[NHOWPH PHWRGXGXU EXQXQOD ELUOLNWH NDWO o]|N
ED+0OO RODUDN ELU MHO D+0O YH\D VRO SDUoDFO=+0 KD
\|QWHPOHUL EHOLUOL ELU NDWO ID]OQ o0QQ@PNXBEODAO.
[19].
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3 d|NWeUPH

d|]]JHOWLGHQ ELUOLNWH o|NWeUPH PHWDO RNVLWC
WHNQLNOHUGHQ R\RIQELIWU Oz V. WHHIDHH@ BNIDJ VXOX o|]JHOWL
o|[NHOWPH DMDQOQO LoHUHQ EDUND ELU o|]]HOWL LOH ND
ILOWUHGHQ JHOLULOHUHN VOYOGDQ DVWOOOU NXUXV
D\UOUWOUOOPDNWNREOOUDUDHORBLHDNWWP HN LoLQ S+ NDUOU
NRQVDQWUDV\RQ JLEL oHULWOL SDUDPHWUHOHU NRQW
NRQWURO+ VDIOO+O YH PRUIRORMLVL L\LGLU %XQXQOTL
O|NWeU+sOPHRMNREMN LQKRPRMHQLWH\H \RO DoDELOLU ¢
WHNQLNOHULQGH ROGX=+X JLEL [RUHJIJDODU JHQHOOLNO

%X SURVHVLQ DYOGRWDMDIUFHEOMIOMPELU \|QWHP |
reaktanto [ NHOWLOHULQLQ KRPRMHQ NDUOUWOUOODUDN UHD
[21] 'L+HU ELU \DQGDQ EHQ]HU 0|]*Q+UO*N UHDNWDQWOD
dH]IDYDQWDMO VD\OODELOPHNWHGLU <eNVHN VDIOONW
HOGHVLQGHNL JRUOXNODU UHDNWDQWODUOQ IDUNOO o
VDKLS ROPDVO GL+HU GH]DYR2RWDMODUO RODUDN J|U+Ol

3.2.2 Solgel sentezi
02 oObUOQ KD]JOUODQPDVOQD \|QHOLN ELU EDUND WFE

GHKLGUDV\RQXQ DUGOQGDQ 0|JHOWLOHU-Bll4ente2idiRU| EL U
[20].

7HPHO RODUDN LGOHP JHUHNOL PHWDO L\RQODUOQO
VRO ROXUWXUPDN *EeoLIQo LEI®H VIXOXKUDPIQLN WX]ODU KD
LOHUPHNWHGLU %XQX VOYO VROXQ \DUO VHUW ELU NI
HWPHNWHGLU 6¢UHo EHOLUOL VLVWHPH ED-0O RODU
VRQX0o0DQDQ ELULGHWUOBPWHEQO LBO®RMDORLGDO VLVWHPO
MHODV\RQ VROGDNL NROORLGDO ELOHUHQOHU DUDVOQ
NRQWURO HGLOLUNHQ SROLPHULN MHOOHULQ ROXUGXP X
GDKLO ROPDNW\BMDUH UHDNVL\RQODUOQ QLVSL RUDQC
EHOLUOHQPHNWHGLU -HOOHUPH\L WDNLEHQ o]]*F* \R:
X\JIXQ OVOOULUDOWP QOMBWLULOPHOLGLU
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Alkoksit, alkoksit WX] VLWUDW WLSL \|QWHPOHU YH VXOX
\|QWHPOHU VHUDPLN WR]JODUOQO +UHWHHE UHE QUDXOR
HQ L\L EDUIDDEOPHOPUL PHWDO DONRNVLWOHUGLU o0°+QN
HGLOLU YH NDUGOOON JHOHQ KLRA.RNVLW YH\D RNVLGH

$ONRNVLWOHU - RIDX WHKNIXIODQ5VRIAD ELU DML O JUXE
KLGUROL]L LOH VHUDPLN VHQWH]LQL LoHU lalkoksitRIN ELOH U
DONRO LoLQGH ELUOLNWH NDUOUWOUOOOU YH ELU DONF
ELU DVHWDW JLEL ELU WX] RODUDN HNOHQLU E|\OHFH H
sahiptir. Hidroliz, eklenen #D, alkoksit DONRO GHULULPL YH S+ NRUXOOL
ELU GHNLOGH JHUOHNOHUWLULOLU HGLOLU 5HDNVL\R
NXUXWXOPXG YH\D NDOVLQH HGLOPLUO YH\D WR]JODUOQ G
monolitik jel (bir alkol el RODUDN ELOLQLU ROXUWXUDUDN VRQX
PH\GDQD JHOHQ UHDNVL\RQODU NDUPDUONWOU DQFDN
ROPDN ¢«]JHUH DGOPGD20HUOHNOHUPHNWHGLU

M(OR)x + xH20 AEM(OH)x + XROH (hidroliz) Q)
2M(OH)x ZEM20y + xH20 (kondensasyon)  (2)

Metaloksijenmetal (MO-0 ED+ODUO o0o|]]JHOWL LoLQGH NHQGL
YH\D IDUNOO DONRNVLWOHU NXOODQOOGO+OQGD oDSUD
M. AlkoksitlerilesotJHO LGOHPL NROORLGOHULQ NXooDQOPO\OL
sp\obudU DQFDN ED]®O HN DYDQWDMODUD VDKLSWLU
ROGX+XQGDQ HOHNWURNLP\DVDO VHQWH] LoLQ |QHPOL
ROXUWXUPDN LoLQ VDIODGUWOQODELOLUNHQ ELOHUGHQ
sayed QGH JHOLUPLG NLP\DVDO KRPRMHQOLN HOGH HGLOLL
NXOODQOPOQGDQ GDKD GelG*N NULVWDOOHQGLUPH VOFCL
RNVLGH G|Q+G*P LOLQ LOH f & DUDVOQGE JHUOHI
alkoksitler, kolloidlerin selJHO LUOHPL LoLQ |[QFOHUH NO\DVOD QLV
DUDOO+O WLFDUL RODUDN WHPLQ HGLOHELOLU YH EXQO
o|]*F¢« ED]JOOGLU @gUOHPL WDP RODU DadaNakex&xBri@ PDN Lo
HNRQRPLN VHQWH]LQL JHOLGVEJUPH\H \|QHOLN 4GDUWODU
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$YDQWDMODYDQWIDMODUOQO Y{NWHONH FIDNOLHU M N LRJANHH
NRPSR]JLV\RQ NRQWURO[20] VDz®N P DNWPGOU Geu+N VO
VHQWH]OHQHELOPHNWHGLU .LP\DVDO UHDNVL\RQODUO
RODQD+0QD VDKLSWLU 3DUWLN+O GHNOL ER\XWX YH GI
oNVLW VLVWHPOHUL LoLQ DWRPLN VHYL\HGH KRPRMHQOL

'HIDYDQWDRYD®EOD E Oo NLP\DVDOMMHODOQOQWR D L\t
|QHPOL SUREOGIHPGYLHQWRIQL LOH HQG+«VWUL\HO |OOHNWH
DoOVOQGDprdurH2SDEK+N YHULP HOGH HGLOPHNWHGLU 8
gerekmektedir. SOMHO LUOHPLQLQ EDGUND ELU GH]DYDQWDMO
o|]]JHOWLOHULQ NOVD UDI |PU QH YLVNRRARDWNDH Or¢i0 @Y
GH+LULNOLNORULQH \RO DoDU

3.2.3 Hidrotermal sentezi
+LGURWHUPDO VHQWH] VXOX RUWDPODUGD \¢eNVHN \

N3D WHN YH\D KHWHURMHQ ID] UHDNVL\RQODUOQD J
O|JHOWIWLAN@DOL]JH HWPHN LoLQ NXOODQOODQ ELU VeUHo
WHULPL oHYUH NRUXOODUOQGD JHUOHNOHUWLULOHQ Lu
6HQWH]OHU JHQHOOLNOH o0o|]]JHOWLQLQ EHOLUWLOHQ
bledLPLQGHNL GR\PXuU EXKDU EDVOQFOQD NDUuUOOON
JHUOHNOHUOWLULOPHNWHGLU +LGURWHUPDO VHQWH]LQ
NDGDU X]DRABNWDGOU

+LGURWHUPDO VHQWH]LQ oHULWOL DYDQWDMODUO E.
i. <eNVHN NDOLWH YH VDIOONWD GDKD L\L ELU oHNLU
UHNLO ER\XP\WO QGIDGWRODAOQ «UHBUPILQL VD+ODPDN

i. 8FX] EDuODQJOo NLP\DVDOODUO RNVLWOHU KLGURI
[31]

i.h. 6BHQWH] IDUNOO NLP\DVDOODUOQ JHUL ND]J]DQOODFI
VLVWHPGH JHUOHNOHUGWLULOLU E|\OHFH oHYUH\H ]
getirilmelidir [31].

iv. +LGURWHUPDO VHQWH] GeGeN VOFDNOONWD X\JXOD
ELOH *JUHFHOL RODUDN Ge+GsN VGF DINOENY U VE DO
SDUoODOD\DELOLU E|\OHFH JHQLU DJORPHUDV\RQGD(
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v. 'L+HU vOYO ID] \|QWHPOHUL YH NDWO KDO VHQWH]O
*UHWLOHQ WR]ODU QDGLUHQ |Q VLQWHUOHPH YH\
GX\PDNWDGOU

Vi. %+\+NDRLPGH HNLSPDQODU NXOODQOODELOLU %|\Ol
|OOHNWH \eNVHN NDOLWHOL VHUDPLN WR]JODUOQ +UF

$QFDN ED]O GH]IDYDQWDMODUO GD EXOXQPDNWDGOU

. 2WRNODYODU J|POHNOHU YDOIOHWU®DWH @CaeB8U
\DUGOPFO DOHWOHU JLEL (NLSPDQODUOQ PDOL\HV

i 8\JXODQDQ \*NVHN EDVOQFOQ QHGHQ ROGX=X \
JHUHNOLOL+L |UQ X\JXQ NRUXPD YH EXUVWHU GL

i, 9IDUOO+OQGDQ ND\QDNODQDQ SRWDHRearmerHO \+NVHN
LQHUW DVLO PHWDO YH\D SROLPHULN JHUHNWLUH
otoklav ceketleri.

iv. 2WRNODYODUOQ BOUPDUON WDVDUOPO

V. 6eUHFL J|]JOHPOHPHQLQ LPNDQVO]OO+0O %X LUOHP
PDJQH]\D \D GD VSLQHO JLEL WUDQVSDUDQ VHUDP
LOH P«PN*Q ROPDNOD EHUDEHU YH RODUDN P+PN
GH+LGWLULOPHVL BAIUMNVLQLPL YDUGOU

vi. d|]*Q+UO*N |JHODUMN.GMHQLBEHPOLOL=+L

vii  <¢]H\ NLP\DVO LOH I[30JJLOL SUREOHPOHU

3.3 Gaz Hal Sentei
*D] ID]JOO UHDNW|UOHU HQ VDI VHUDPLN WR]ODUO «UF

UHDNW|UOHU WLSLN RODUDN SDKDOO ROPD\DQ \|QWH
HGLOHELOHQ Ve UHNOL UHDNW|UOHUGLU *D]NP{B UHDN
boyutu VHUDPLNQ@MRW B DU oDFON ERIXWXHEDHOBOPODU OI
UHDNW|UOHU GeG+sN KDMeRPON ERDKNW DB NGHDOWRN.N+OOHU
SDUoDFONODUOQ E+\eN KDFLPOL JD]GDQ D\UOORDVO ]RU
SDUoODFONODUOQOQ *UHWLP PDOLABINLRQWIO iQHORUPLD E ILJUH
WRUED ILOWUDV\RQXQGDNL EDVOQo Gelictte VOUDVOQGD |
VHUDPLN WR]X VHQWHI]L \|QWHPONR+XGPD] YH]IONQLE® DD \EL
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UHDNVL\RQODUO® LoHULU %X JD] ID]® UHDNVL\RQODU(
LQGLUJHPHQLQ \DQ® VOUD NLP\DVDO[MRPELQDV\RQ UHD

3.3.1Alev sprey pirolizi y | QW HPL

7R] VHQWH]OHULQGH NXOODQOOMHD \IKR RR R\HDY oPN Mt
GLUHN o|NW+sUPH Y G QLKDL RNVLBDMOBR+Q®HW WLODG
GROD\O ER\XW NRQWUROe+ «]HULQGHNL DYDQWDMODUO \
GR+UXGDQ RNVLW ID]OQ HOGH HGLOHELOGL+L KLGURWH
YH oRN ELOHUGUHQOL NRPSR]LV\RQimesU @i detave®taNOH H
getirmektedif32] d|JHOWL HVDVOO DHURVRO WHNQLNOHUL LVH
LVH LVWHQHQ ID]OQ WHN ELU VeUHo LoL Q[GHI[3BHBULUGHNO
WHNQLNOHUGHQ ELUL RODQ $OHY VSUH\ SLUROL]JL PHWI
GHNRPSR]JLVI\RQX YH RNVLGDV\RQX VRQXFXQGD QDQR |
NXOODQOODQ ELU X\JXODPDGOU $OHY SLUROIafL VLVWH
3«VNeUWPH D\JOWO %HVOHPH SURVHVL <DNOFO E|O«P:
WR] WRSODPD SURVHVL RODUDN V|\OHQHELOLU 3-V
GDPODFONODUD JHoLG RODUDN WDQOPODQDELOPHNWH
\DUGOPOSDUWLN*OOHU G|Q+l+*P SURVHVLGLU $OHY Lol
SDUWLN+OOHULQ WRSODQGO+0 NOVO R34 \Alev WirBlizi WRSODF
\|QWHPLQLQ DYDQWDMODUO Dub+OGDNL JLEL vOUDODQTL

L 7R]ODUOQ DOHY VRQUDVOQ@W KQPOBDEDW RHND OIS
GeGeN PLNWDUGD YH ER{3BWWD DJUHJD ROXUXPX

LL 6¢UHNOL ELU SURVHV ROXuUX YH QLVSHWHQ \eN)\

vermesi

LLL )D] GL\DJUDPOQGDNL WHUPRGOQDEPOKORGDU NN
ID]JODUOQ GD \O3PODQDELOPHVL

LY .XOODQOODQ EDUODQJOo NLP\DVDOODUO X\JIJXQ L
GeU+*N R3IB]XUX

$OHY SLUROL]L3SWHR \GHI\PLD & H N-L[@4]GNLa2ukda (oWgiletl ile
ELUOLNWH EDGODQJ®0 o|]JHOWLVL DHURVRO KRBOLQH JI
ROXGWXUXODQ DOHY ND\QD=-0O LoLQGH EXKDUODUGUPD G
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%XKDUODUGUPD GHNRPSR]JLV\RQ YH \ID@RRQOC Db cR)@XUIX & OB
VLVWHPGH DuOUO GR\VIXQOX+D XODuOOGO+OQGD oHNLUG
kritk ER\XWX DUDQ oHNLUGHNOHU ELU DUD\D JHOHUHN \R=+

- . .

Toz toplama < |, A%, e
Filtr= T 3L s :
Arlomerasyon ;

-

Agzrazazvon
Cekirdaklenme’
Yozunlazma

Yanma
Buharlagma/
Dzkompozisy

Dazttma

Spray alevi

Pilot alevi

CHe + Oy
Baslangzig

cozaltist

OHNLOBOHY SLUROL]JL[BMURVHVL GHPDVO
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3.d$/,00%$1,1 $0%$&, 9( gl(0o
7UDQVSDUDQ JOUK YH NOJOO |W HiNel ileNp¢kaBet edehJ XODPLC

transparanmalzemeler tek kristal safir ve ABO2sNs (AION), Al20s polikristalin
VHUDPLNOHU VD\OOPDNWDGOU 6DILU YH $021 P*NHPPH
ROPDVOQD UD+PHQ EX LNL PDO]JHPH\H J|UHJO®MPO LG QIH |
GDKD NROD\GOU YH GDKD GeG+*N «UHWLP PDOL\HWLQH V
NO\DVOD NO]JOO|WHVL KHGHIOHPH LoLQ NXOODQOODQ
\eNVHN VOFDNOONWD GDKD \*NVHN ELU ,5GEBEBUIRUSVL\R
\¢]G H@inel WUDQVSDUDQ JOUK YH NO]JOO |WHVL NXEEH X\J»

malzemedir

g]HOOLNOH WUDQVSDUDQ JOUK YH NO]J]OO|WHVL NXE|
E*Q\HGH LVWHQLOHQ P+KHQGLVOLNMRQWORQEOHIHO L PLLF
JHOPHNWHGLU %X \¢«]GHQ WR] VHQWH]LQGHQ VRQ +U+Q
WXWXOPDVO JhUBNPHRIWHEWMLP \NDVIRPE@QMORN WR] cUHW
\|QWBABHQ EDKVHGEDRIMMWWRQVSDUDQ J]OUK YH NO]OO |WH
sinterlenecek tozun WO SNO L ORHOUQ] WHHU@HPUN LoLQ JHUHNOL ROD
benzerdir %X |[JHOOLNOHU Geli+sN SBUGDN+ODERAXMWXOQBR\XW
VDKLS N*RBMNMWHORMLGH DJORPHUDVI\RQX EXOXQPD\DQ Y
VDKLS RODQ \*NVHN[MIOONODU VD\OODELOLU

7UDQVSDUDQ VSLQHO PDO]JHPHOHULQL *UHWPHN Lol
NXOODQOOPDNWDGOU %XQODUGDQ LNLVL QP SDUWL
SDUWLN«O ER\XWXQ®O®AIUspinkeDWRRODUOQOQ DQD |]HC
|JHWOHPH38W40GLODO]J]HPHOHULQ WDP RODUDN \R+XQOI
mkUR\DSOODUOQ NRQWURO DOWOQD DOOQPDVO LoLQ HC
\ROODUOQO vD+ODPDVO JHUHNWL=+L \D\JOQ ELU GHNLO
DO W O QW DRIRO S WD D UROIHWIHN WIH (3B WRIDX lo ORRG EeérN W
NRQWUROO+ PLNURVWSGG HHOQHAPIL EeUNUROMS®DDMROW UR (
ELULQFL URO+* WR] SURVHVLQGH NXO0ODQOODQ EDUODQJ
R\QDPDNWDGOU )DUNOO EDUODQJOo NLP\DVDOODUO YH
LOJLOL |]NOQ GM@mMWGOW H]OHPH \|QWHPIZR]J®H 0 O]Q O PWHWM W@
|]JHOOLNOHUGH RODELOPHVL LoLQ X\JUJXQ VHQWH] \|¢
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gerekmektedir. 7DEOR fGH %]|O-P GHUBQYORPWAEPORULWI
NDUuOoD{pa@uoorPOuWOU

Tablo4.1. 7LFDUL VSLQHO WRI]BsPM&H Q DQD |[JHOOLNOHUL

6D10 <e¢]H\| 3DUWI *JUHF
hUHWIL Model 6HQWH] 7-U %) DOD( boyutu maliyet
0
(m?/g) (nm) (%)
Nanocerox Alev sprey pirolizi 99,995 29-34 53 3000
Baikowski Alum WX]ODUOQ
o S30CR 199,995 2831 57 150
Chimei ER]XQPDV(
Taimei $PRQ\XP NDUE
) TSPR20 99,995 1315 120 300
Chemicals WHUPDO ER]

Tablo4.2. YDUNOO WR] \|QWHPOH[20Q31p NDUuudboDuwOudboPDVO

A B C D E F G
Kompozisyon

- + ++ ++ ++ ++ ++
.RQWURO =
Morfoloji

- 0 0 ++ ++ 0 +
.RQWURO =
Toz

- - + + + + +
S5HDNWLIO
3DUWLN-Q

>1000 >10 >10 >100 >10 >10 >10

boyutu (nm)
6DIQAN <99,5 >99,5 >99,9 >99,9 >99,9 >99,9 >99,5
Aglomerasyon 0 + - - - 0 -
Kalsinasyon Evet Evet +D\O| Evet +DhO| Evet +D\O
g+*WPH Evet Evet +D\O| Evet +D\O| Evet +D\O
Maliyet -/0 0 0/+ 0 + + 0

-$ .DWO KDO UHD NV L\RSpiey/Donddrafakkutiitrid: (&« OV L\RQ, & BpeW H] L
pirolizi, F: Sotjel. G: hidrotermals-: ][D\O | GOxosthl+: L\L \eN¥HPMNeNHPPHO
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7R] VHQWH]OHULQGH NXOODQOOMHD \IKR RR R\HDY oON Mt
GLUHN o|NW+sUPH Y G Q LoD Q FENVLND DV DQDNVOREM EDVDP I
GROD\O ER\XW NRQWURO+ «J]HULQGHNGS\ WO WDBDM O D UL
\|QWHPOBHML@HMH WR]XQXQ ND\QD+OQD GD D\WUOFD GLNN
WR]ODUOQO VHQWH]OHPHN LoLQ NXOODQOODQ IDUNOO
PDOJHPHQLQ \R+XQODGUPD GDYUDQOUOGQO PLNUR\DSO
\|QHWHELOHQ WR] NDUDNWHULVWLNOHULQGHNL GH=LUGL
boyuWX ER\XW GD+O0OPO PRUIRORMLVL VDIOO+O YH
ELOLQPHNWHGLU WRSIXQ WO EIDNI RRIDPILON 0J YH $0 QLWUL
VRO+V\RQODUOQO NXOODQDUDN oHULWOL NLP\D&DO \RO
NDOVLQDV\RQ JHUOHNOHUWLULOHELOLU %DLNRZVNL ,Ql
WLFDUL WR] 0J YH $0 WX]ODUOQOQ Emék@ditNBvhdn o |[NHO W
DUGOQGDQ NeNe«UW JLGHUPH GDKD ID]OD NFEAWLHDV\RQ
DODQOQO D\DUODPDN LoLQ MHW NBWW PH\JO\QXDIQREBDNV
PLNWDUODUGD V+OleU SL\DVDGD EXOXD P:X W QRDHR.O HAUR
DUDVOQGD GR+UXGDQ RNVLWH IBERD Q+d@G B GIDGQDHEDQG
KLGURWHUPDO VHQWH]LQGH LVH JHUHNHQ \eNVHN EDVO
J+0Oe KI@e edilebilmesi bir dezavantaj getirmektef®2]. A\U O Fablo 42
LQFHOHQGL+LQGH VSUH\ SLUROL]L \|QWHPLQLQ PRUIRC
ROGX=+X JJUs-OPHNWHGLU

/ILWHUDW+UGH DOHY SLURRIQRDUQWAHR®LAOHWLPILQKDN
oDOOUPD EXOK Qadk $iydma Gelard42] QLWUDW WX]OoDUOQGDQ
oDOOUPDVO JHUOHNOHUWLUPLUWLU %X oDOOUGUPDGD VRQ
GHNLOOHUGHNL WeRI] OB PRRUWH WEDPDHWQW® DOHY-SLUROL
VSLQHO WR]X *UHWLPL oDOOUGPDVOQR D UPMIcizEBRQHO Y HL
metoduile24 QP DUDVO SDUWLN+O ERREWEk(4E NDWBPQHQP |
DPDoO0O ZWPOMHPHVL JHOLGWLUPHN LoLQ VSLQHO WR])
cUHWPLUWLU 3DUWLN«O ER\XWX 6FKHUUHU HULWOL=L I
ark.Au/MgALOs NDWDOL]|U PDO]JHPHVL LoLRQOBOHY GPURMDWWNL N
ER\XWX HO (4H]. BoM§dinivé aldWLFDUL RODUDN 1IDQRFHURJ[ IL!
DOHY VSUH\ SLUROL]L \|QWHPL\OH «UH Wan€pergn spilelUNO O N
*UHWPHNXIOQODQRO OW O BKQP E<Q\HOHUGH L\LORKWLUPF
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\eNVHN \R+XQOXN VHYL\HOHULQLQ HOGH ré@hidiRHVLQL \
sergileGL+L J|U-[@ap,{4AV U

%X WH] oDOOUPDVOQGD WUDQVSDUDQ ]O0WwkvYH NO]C
VSUH\ SLUROL]JL \|QWHPL\OH VHOLOHFHs$enetldhmeshGHO VL
DPDoODPDNWDGOU
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5.'(1(<6(/ d$/,00%$/%$5
5.1 Alev Sprey PiroliziGHDNW | U ¢
5HDNDWDUOPO
dDOOUPDQOQ HQ YRIBNOW W INDKWRAIN ROGX+X LoLQ OLW

RODUDN WeP WDVDUOPODU LQFHOHQPLUWLU +HU ELU S
PRUIRORMLVL YHULP «JHULQH HWNLVL WHWNLN HGLOPLU

/ILWHUDW+UGH DOHY VSUH\ SLUROL]JL oDOOuPDODUOQC
VLVWHP NXOODQOOPDNWDGOU %XQODUGDQ ELUL GLNF
WLSLGLU GS5HDSWNHAQSROMMDRQXQD J|UH \DWD\ UHDNW
paroDFONODUOQ ER\XW D\UOPOQD L]LQ YHUGL+L WHVSLW
GDKD Ee<\*N YH GDKD Ne¢o*N SDUWLN+O IUDNVL\RQODL
EHOLUOMS P MW | JHOOL+LQGHQ GROD\O UHDNW|U WDVDL
GUHNLOGH obDOoOuboPOuwoOU

TDVDUOPD HWNHQ ELUORN SDUDPHWUH EXOXQPDNWD
YHULP LoLQ WDVDUOP SDUDPHWUHOHUL LQFHOHQPLUWL
KHUKDQJL ELU KHVDSODPDOO DNOUNDQODU GLQDPL=L
hesaphma \DSOOPDPBONW®U RSWLPXP VLVWHP WDVDUOPO Lo
oDOOuPDODUOQGDQ ID\GDODQOOPOUWOU $OHY SLUR
UHDNW|UGHNL JHUHNOL DUDPDODU GX GHNLOGHGLU

5.1.1.1Beslemesistemi
Besleme sistemi, kimyasall®Q YH SURVHV LolLQ JHUHNOL

DNWDUOODELOPHVL LoLQ ROXUWXUXODQ VLVWHPGLU
DUDFOOO+O\O Y HBFKAVMNDY 6FKOLFN *PE+ &R T
JJIQGHULOPHNWHGLU %DGODQJ®H oG HCOMEFQ DUMINO W RI C
JHUHNOL RODQ GDPODFONODU HOGH HGLOPHNWHGLU

'HVWHN DOHYOHUL LoLQ NXOODQOODQ PHWDQ YH RN\
NRUX\XFX JD]ODUO VLOLQGLU 2HRMNRIDEDWORH@IR&EIH QP U (B
NRQWURO+ YH JeYHQOL -+ L-Galve Dondf Dapatad, Aév tumieu@r #FeKH F N
ED+ODQWOODUO \HUOHUWLULOPLUWLU 6LVWHPGH ROX
NDUDUOOOO+0QO NRUXPDN LoLQ NXOODQOOQ QU RWDRHW
NXxXoobQborPdbuwbdu

30



5.1.1.2 < D N€&xtedi
6LVWHP WHPHO RODUDN SURILO ¢]HULQGH KDUHNH

JHOPHNWHGLU GHYGH]LIQNVEHHNOEVM @6 PIKOMANY 6 FKOLFN

&R "PDUND QR]XO WX OHUWDWHPRBMIOUQR]XO VHol
GD+OWOFO JD] JHoLU KO]O VSUH\ DFOVO YH GHVWHN
SDUDPHWUHOHUL QR]]JOH oONOUGU XFXQGD EXOXQDQ \*NV
D\DUOD\DELOPH |JHOGZAULQLQ EXOXQPDVO

1R]XO VLVWHPLQLQ W HMNG@LN WWMNBLORHNWHGLU %D
<DNOW VOYOVO QR]XO PHUNH]JLQGHNL Lo NDSLOHU ER
NDSLOHU ERUX HWUDIOQGDNL DQXOXVWDQ JHOoRHINWHGL
JLULO EXOXQPDNWDGOU OHUNH] QR]XOXQ HWUDIOQGD
NLP\DVDOO WXWXUWXUPDN LoLQ JHUHNHQ PHWDQ YH R
EXOXQPPRSIWDGOU

25 mm
3 |
b |
>
e~ |
o)
32
3
‘ KWX

Flussighkeitsmengen Reguhemade!

=S + = '+ w2 + @ -Form4

UHMNBLGchlick '*VHQ *XVWDY 6FKOLFN *PE+ &R
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<DQDQ \DNOWOQ \DQPD RGDVO LOHULVLQGH NDUDUO
VR+XWXOPDVOQO VD+OD\DQ SHUGHOH\LFL JD] RODUDN
SODNDWMHWDUW RODUDN WDVDUODQDQ EX VLVWHP LOH 1L
oONDUWOODELOPHNWH DOHY ER\XWXQXQ WR]D HWNLVL
KDYD JLULGUL VD-ODQDELOPHNWHGLU +DYD JLULGL ND]|
VOID-D\DUDN \DNPD JD]ODUOQOQ VR+XPDVOQD YH FLKD]
NRQWURO VO33DDPDOWDGOOSDOO DOHY WLSLN RODUDN
ELOHGWLPL DOWOQGD DoON DOHYOHUG MG LOR N. IBIKDOERG E
PXKDID]D HGLOPHVL KDYD\D DOHY JLUPHVLQL |[QOHPHNW
ND\OSODUOQO DJDOWOS SDUoDFON NRDJ-OPBM\RQXQX YH

XYDUVOWSSXHXQOXNODUO® GD |QHPOL ELU SDUDPHW
oDOOUPDODUO LaptinEHsBteiDdtiesPa i@/ UHUHNOL JHRPHWULN
LOJLOL RODUDN OLWHUDW+UGHDNK D& )V R@WD IPHOORDVIOQS
WR] NDSODPD oDOOUBBEBVRIQ DY H\VAWDWVAEAKQVILQ \DSWO
X]XQOX+X DUWWONoD ND:S3DHPOHPHOH@R QLWL W UWWO |
X]XQOX+XQXQ DUWPDVO NDSODPD NDOOQOO+0QOQ YH
\DUGOPF®O ROPDNWDGOU > @ %X VHEHSOH NDSODPD |
WeSOHU Y H FP ROPDVO JMUHN W DKID G/Ri Q@QODNPLe (10ND-QJ(
SODQODQPDNVXYMEOM»IE oDSO LoLQ X\JIXQ |[00+QeQ WHYV
\D S O O Fébekiwelatk[51], alev pirolizi UHDNIWLWLQR GH DHURVRO DNOuUO J|
NDSODPD VLVWHPEBHUL|QEPEREBKMZEQX EHOLUWPLGWLU
UHDNW|U+Q ODERUDWXYDU |OoHNOL \HULQH SLORW |Oo
nedeniyleNXYDUV WeS oDSO FP RODUDN EHOLUOHQPLGUWLU

5.1.1.3Toztoplamasistemi
Toz toplama sistemi olarak WDVDUOP KHVDSO@&dRtQdanik O \DS(

O|NWeU*F+GHQ PDOL\HWOHULQGHQ GROD\O YD]JHOLOPLU
torba filtre GeG*Q+OP«aGWEQFL NXYDUV WeS oONOUOQGDQ YDN
VLVWHPLQH \|QOHQGL Uchr® IPENN RRIODHU WDOV\WUBPLOH WR’
VD+-ODWIP SODQODRRDODWWOWDOOUPDODU LoLQGH =
JHUOHNOHUGW LXIYDHRHWMSWHWLQ VRQXQD UHIUDNWHU P
VHQWH]OHQHQ WR]ODU NXYDU W+¢SOHU ¢«]JHULQGHQ HOGH
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5.12 Cihaz kurulumu
/ILWHUDW+U YH \DSOODQ WRSODQWOODU VRQXFXQGD

*UHWHELOHQ YH X\JXQ NDSODPDODUOQ \DSOODELOG
oDOOUOOPOUWOU %HOLUOHQHQ |Oo0+*WOHUS3EFKOLEFEDW XV
'VHQ *XVWDY 6FKOLFN *PE+ &R " PDUND QR]XO
NXUXOXPX LoLQ VIH UMHR@AV ROIURVHY NRUXOODUD GD\D
SDVODQPD] oHOLN PDO]JHPHOHU WHGDULN HGLOLS LuOt}
BoyXWOX J|U.QW58% RONXISO SDUoDODUOQD D\UIBWP DU
JIVWHULOPHNWHGLU .DID SODNDVO TXDUW] WeS LoLQG
DODQO LOH DUDVOQGDNL X]DNOO=+0O L\L ELU GHNLOGH |
sahiptiU % |\OHOLNOH G\DRDERRQUX NEHIIOQPDHRIRQWURO« X\
UHNLOGH VD+ODQDELOHFHNWLU 3DUoDODUOQ D\WOOPO
metanRNVLMHQ GHVWHN DOHYL LoLQ VD+ODQOUNHQ LNLQ
OlUGWXUXOPXUGWXU

SHDNW|U NXOODQOODQ JD]J]ODUO VOUDODPDN JHUHNL
LoLQ GD+OWO668WNWN NDHMHYD]JELOHUHQOHUL RNVLMHQ YH
RODUDN D]RW NX®MOODRD ARPDRWIHAMHNOL RODQ NeWOH LC
ROGX+XQFD \eNVHN GHEL |JHOOLNOHULQH VDKLS RODQOTL
NLP\DVDO YH GD+OWOFO JD] RUDQODUO DNOuU KOJODUC
PLNWDUODUGD \WRPPYVEWORLQ(- Mk GD+OWOFO JD] DNOU
NLP\DVDO KO]O DUWOUOOOUVD LVH WR]XQ5%3BUWLN.O
QHGHQOH GH \*NVHN LOHELMHEULEQ S$MWBGIHWDOWLN SRPSD
$OHY ER\XWX KDYD JLULGL JLEL HWNLOHULQ LQFHOHQH
YH NXYDUV WeS LoLQGH KDUHNHW HGHELOPH |JHOOL=+LQH

'DKD VRQUDNL o INXO ODDaUREBOGPH XHQ O X+ X QGDNL NX
WeSOHU WHPLDSHGDS®ODWMILMNHVLW DODQGDQ JHOHQ DN
GROD\O VLVWHPLQ WR] HOGH YHULPLGuvaBUWSORDN L
NXoobQboprPbuwbdu
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UHNMBODID SODNDVOQOQ ER\XWOX WHNQLN UHVPL

UHNMKMODID SODNDVOQOQ sSsbUuoDODUDOQD D\WOOPDOU ER\XW
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*IUVHIO$SOHY SLUROL]JL UHDNW|U-

*|UVB20$OHY SLUROL]L UHDNW|U*Q+Q NDID SODNDVO
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52%DUODQJOo0 .LP\DVDOO 6HOLPL
Sentezlenecetozun« UHWHIN\RQRPLN DoOGDQ GD X\JXQ ROPDVO J

ROXUWXUPDN LoLQ OLWHUDWUGH oHULWOL 0J YH $O ND\
alev SLUROL]L \|QWHPL LoLQ NXOODQ®ODQ 0J YH $0O ND\Q
OLVWH LQFHOHQHFHN ROXUVD $0O YH 0J PHWD@ONDW\RC
HNRQRPLN RODUDN GDKD X\JXQ ELU VHOHQHN RODUDN E

Tablo51. $OHY SLUROL]L VLVWHPOHULQ NXOODQOODQ 0J YH $O PHWDO

Element Metal .DW\RQ .D\QD=+0O d|]*Fs Reference

Mg Magnesium zZethylhexanoate 2-Ethylhexanoic acid [53]
Magnesium acetylacetonate Tetrahydrofuranethanol [54]
Magnesium pentanedionato Tetrahydrofuranethanol [55]
Magnesium acetate Methanol [56]
Magnesium acetate Ethanol [57]
Magnesium acetate tetrahydrate Methanol/Water [58]
Magnesium acetate tetrahydrate Ethanol [58]
Mg(Il) acetylacetonate Methane/acetic acid [59]
Magnesium ethoxide Methanolacetic acid [60]
Al Alumatrane Ethanol [61]
[62]
[63]
[64]
[65]
Ethanoltetrahydrofuran [56]
[54]
Ethanol tetrahydrofuran [58]
Methano] butanol [66]
Aluminium 2-ethylhexanoate 2-Ethylhexanoatetoluen [67]

Acetic acid anhydride2-
[59]

ethylhexanoic acid
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Tablo 5.1. (Devam) $OHY SLUROL]L VLVWHPOHULQ NXOODQOODQ 0J YH $0 Pl

Tetrahydrofuran [68]
Aluminium acetylacetonate Ethanolbenzene [69], [70]
Ethanoltetrahydrofuran [56]
Methanol#acetic acid [71]
[72]
[73]
Methanol/Acetic acid [59]
Toluen [74]
Aluminium chloride Tetrahydrofuranethanol [56]
Aluminium seebutoxide Butanol2-propanol [75]

Diethylene glycol
monobutyl ether/acetic | [76], [77]

anhydride
Xylene [78]
[79], [80]
[73]
[81], [82]
Toluenacetic acid 2- (83]
ethylhexanoic acid
Xylenefacetonitrile [84]
L . IsopropanalXylene+
Aluminium isopropoxide ethylacetate [85]
Aluminium nitratenonahydrate 2-propanokmethanol [75]
Deionised water
kerosenesurfactant
(hexa(2 hydroxy-1,3 [75]
propyleneglycol)
diricinoleate
Ethanol, butanol [58]
Isopropanol [86], [87]
Tetrahydrofuranethanol [56]
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Tablo 5.1. (Devam) $OHY SLUROL]L VLVWHPOHULQ NXOODQOODQ 0J YH $0 Pl

Methanol/water [88]
Ethanol [89]
Lithium ssodiumz+
Ethanol [90]
alumatraneglycolate
Magnaalumatrane
Ethanol [43]
glycolate
AlI203 (predominantly
Ethanol [91]
sigma, gamma, thetaphase)

5.3Alumatran Sentezi
% X o Dda@ickhdre ve ark[43] NXOODQGO+O DOXPDWUDQ PDO]

oDOOUPDODUO \DSOOPOgiséfinde FBHOW B D WNIIDVQ\ PQRRG W@ + OD P
Mg(OH)2 ve Al(OH):.xH20 kullanO O P.OAXV O HWDO NDW\RQ ND\QDNODUC
nedeni, @dha ekonomk ELU VH®ROPBR®XQD J|UH VWRNL\RPHWU
ROXUWXUDFDN (OHNW BB Xuldarak etilen glikol sisteminde

ELU VeVSDQVL\RQ KD]OUODQROVOFD ERO/NWDDW VLD QR
DIRW JD]O Raksybr® OWRANX OPXUWXU 7HSNLPH JHUOHNOHUGW
\DUO PDP«O HWDQRO LOH ELUOLNWH YL]NR]LWKHVL GetG-U
EDGUO MNQPODMDGE HGLOPLUWLU

Mg(OH); + 2 AI(OH); + 3 TEA wrciGuo .,

UHMN5Mg-VSLQHO BENDURO D@Déxdan)\DS OV O
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54MgAl204 6SLQHO 7R]ODUOQOQ 6HQWH]L
'"HW D\ GRHH @ Q OAdmidrandazemesinnVHQWH]L JHUOHNOHUOWLUL

PDO]JHPH LOLQGHKEO PHWDO NDW\RQODUOQOQ(MYRSODPO
FLQVLQGHQ EDUODQJO0 NLPAQ M DIHOLDGHD GHOUA I LHPG V. @ P IQUGA
OT\H D\DUODRDQPOGWDODUOQ JHU oHNEbk 53N G QWHWIL OHP |
SDUDPHWUH YH GH=LUNHQOHU Widr2Wend¢U He] HQUMWBHO MW X C
EDVOQo DOWOQGCHVWIHN.WOHY®P LWOW QUIJHUHNOL RODQ PH\
JD]O /| GN RODUDN D\DUODQPOUWOU 'D+OWOFO RNVL
RODUDN EHOLUGNQPHEMWEGKNL D]RW JJD|] @ GHWIBNMH AN TAOD Q C

Tablo52. dDOOGUPDODUGD NXOODQOODQ GHQH\ WDVDUOPO

Parametreler | Birim | .RGO '"H+-LUNHQOHU
'D+O W
) Lidk | A1D 6 9 12
Oksijen
%DUOD
NLP\DVDO L/dk Al1P 4 6 8
DNOU K
Etanol + Etanol +
Entalpi - AlE | Etanol
Tetrahidrofuran Ksilen
‘HULOL M Al1C 0,48 0,96 1,44

40



6. BULGULAR
6.1 Alumatran sisteminin karakterizasyonu
7*$ VRQXoODUO
SenteZOHQHQ DOXPDWUBIONDERMEN KO]JOD KDYD RUWDPO

TGA analizLQLQ VRQXF He YHNILO BIOINNVICY Grebksiyona girmgen

JLUHQOHU YH\D UHDNVL\RQ VRQXFX ROXUDQ V360XQ JLGH
°¢ DUDVOQGD DOXPDWUDQOQ GHNRPSR]LV\QXW¢Q EDU
VOFDNOONODUGD LVH PDO]JHPHGHNL NDOOQWO NDUERQ

UHMLBOXPDWUDQYIOQ 7*$ JUDIL=+L
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)7,5 VRQXo0ODUO

hUHWLOHQ \BOXPPRPWR;DIR VR @XODDUOBEHHXHOLOPLUGUWL
/ILWHURDWHUGH NOVPL W XW DJUHN2I@WWEHDUP G GOWEBDG-L U
\DSOVOQO YHUEPHNWHGLU

T

Gecirgenlik

0en
1
—
—

3500 3000 2500 2000 1500 1000

Dalga sayis1 (cm™)

UHNMR2OBOXPDWUDRIOQILAEL

YORLAUROL]L VRQXo0ODUO

+D]OUODQDQ DOXPDWUWE SHOVORmBNDOO+O0QGD VDDW
HGLOPLUWLU 3LUROL] VRQUDVO ROXUD@G3AWRIKALGBGHWQ
J|JUeOGe+e+ ¢« ]HUH VSLQHBGIDDHEHQLDQAQARAUWIOU2 ID]O GI
%XQXQ QHGHQLQLQ :XNXDPDQAVODPQR GENI+ ED-0O VX\XQ
RODUDN EHOLUOHQHPHPHV1IQW & QV N B HQ © Qm@&@® NOWDGEDD |
saat boyuncdDSOODQ NDOVLQDV\R G.DEN D VRIXD OO Q GDO GHE B¢
*|UeOGe++ }PHIMdEIASyordenemelersonucinda IDUNOO NDOVLQDV\RQ
WHVSLW HGX OPIAMAL UsH 224+ 0LQ NDOW]L&HDWARRODUDN E-\
GHQH\OHUGH RODUDN HvVDV DoOoQrPObuwbU
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UHMBOOUOQ SLUROL]L ;5" JUDIL=+L

Tablo6.1. .DOVLQDV\RQ G H Géldnesdriwils QGHHJI VIRH) X 0 O D U

Kalsinasyon Denemeleri | <«]GH G|Q-*U

1 %68
2 %65
3 %62

$OHY 3LUROL]L LOH *UHWLOHQ WR]ODUOQ NDUDNWHU
7R]ODUOQ ID]- QOM®L ] OIFUDKRY FRKWIH DUDFO 0O +0\0OD \
3DUWLN+<O PRUIRORMLOHUL LoLQ LVH 7DUDPDOO (OHN
7R]ODUOQ RUWDODPD ER\XWODUO6;5' \D@QWBPRLOKXQ O 6
hesaplarP O 0 8¢iietler\| QW HPLQLQ NX DYDQO@D¥BERHEQPSFKHUUH L
QP DOWO ER\XWODGEAWLQ X\JXQ ROPDVO
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rg a L
U?KOa X8,

T = kristal boyutu,
GDOJD ER\Xg¢
FWHM
%UDJJ DoOVO

'HQH\OHUGH |O0+*OHQ \DUO \¢NV H hilzazddrkayheklaBdnN JH QL
SLN JHQLUOHPHVLIJHONNOW ROD®®+ ) 3GDGH+HWL EXOXQPI
6FKHUUHU HGLWOL=+L Lo LstandBrSof@a QOK N VRS OlX PO DW®EDIP C

= ( 2|Oo-OHeQﬁ3I%cihaz)l/2- Xd

6.21'D+OWDOFK SDUWLN+O ER\XWXQD HWNLVL

'D+OWOFO JD]OQ WHJindRhEWLE QD@ G R-EDVWDRONXOODQ
RNVLMHQ JB® DNOU KOJODUO DA\ddh Udt@@a2 Gebispspray> OP O uW
L o L QGa®idrhlacklar ®@ o D SKD«@ O@P Hader@li D N W DiXORIOD\ DuD+0OGD
HPSULN IRUP+«OH J|UH GH[8D]oONoD J|JUsOPHNWHGLU

9<9

48 489 =

S L @A Ew{yB—7—C S rrrted (6.3

Ds 'DPODFON oDSO

1 VOYO \¢e]H\ JHULOLPL G\QH FP

1/ VOYO \R+XQOX+X J FP

—/ VOYO YLVNR]JLWHVL SRLVH

Q. KDFLPVHO vOYO DNOu KO]1O0 FP V

Qs KDFLPVHO JD] DNOu KO10 FP V

Us VOYO YH JD] DUDVOQGDNL JJUHFHOL KO] FP V
'"HQH\WVHO RODUDN oDOOUOODQ DUDOO+OQ GDPODFON

UHMUOHNL JUDIL-L YHUPHNWHGL Jaz GHEQ Gk %® H] HAMHP DA
GeUPHNWHGLU
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REST f }eli v P if ~>1 [e

UHMBOD+OWOFO JD]OQD JJUH GDPODFON oDSO JUDIL+

Damlac® oDSQQBQPHVLQGHQ GROD\O taQlbkhd AL QG HNL
meydana gelmektedir ve reaksiyor®® N+WOH WUDQVIHULQHAQD]DUDC
oldundan, yanma a@® GD JHU oH N O €4l In®sa@deK @mallanmakéd
%|\OHOksie®@ HDJ®HELVL DUWWONOD GDKD N emeydaraR\XW O D
JHOLS Ne+o*N ER\XWOX WR]©ODPODNWB®QOBPLQH RODQDN V

$\UOFD OTDHWMWNIYEMHQ GHELVL\OH DOHMenPRUXNXQ G-
%XQXQ QHGHQLQLQ ID]JOD YHULOHQ RNVLMHQ PLNWDUO
yerine getirmesindekaynaklarG O + O G « (i « Q « QUHHNEL Gk YSel olarak elde
HGLOHQ SDUWDNOW EROXWIX] DUDVOQGDNL LOLUNLQLQ JL
GHELVL DUWONOD SDUW IEN@J REKMD XNapaXiDO G HI W GLeO P L G W
TasarlananU H D N W | D UV tel@i@slilen boyutlareE s \eBiIPHN LoLQ NXOODQO
JHUHNHQ GD+OWO painRiN vardkH Q GG\HE DWIDYIOQJHUHNWL=+L El
'DKD E+\eN RNVLMHQ GHELOHULQGH SDUWL ND+CD ENR\0*W O D |
oksijen debilerinde(3-4 L/dk) RNV LM H GtaddaitCo@ar@kQbelirleneEDGODQJ0O 0
NLP\DdebODDHURVRO KDOLQM RHWIHMWPPIGQG6H SUREOHPO
WHVSLW HGLOPLGUWLU
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UHNMBEOD+OWOFDUIWIN.O ER\XWX LOLUNL JUDIL=+L

UHNB®a;5' DQDOL]L VRQXoODUO YHUL arafaz\elarak %X V.
VSLQHO HOGH HGLOPLUWLU 6SLQHO ID]OQOQ GOubQGD

UHMBODUNOO GD+OWOFO GHELOHULQGH *UHWLOHQ WR]O
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UHN L7068, 6974 1D U IGMG O W @ebi@inlDHNL SDUWLN<OOHULQ
Ee\eWPHGHNL J|UsQW+OHUL YHULOPLGUWLU IDUNO
NeUHVHO RODUDN VHQWH]OHQGL=+L J|U*sOP«GW+U 1XPXQH
VWDE ¢«]HULQH GDPODWOOOS NXUXWPD SUPRWDHG Qe HNGL k
WR]ODUOQ DJORPHUDV\RQX YH DOHY SLUROL]JL VHQ\
DJUHJDV\RQODUOQ ROGX+X J|UsOP+GW-U

UHMNIZ® L/IdkTOON GD+OWOFO JD] GHELVLQGH *UHWLOHQ SI

a7



UHMBO®/ GNJTOON GD+OWOFO JD] GHELVLQGH *UHWLOHQ

UHMPA2/ GNJYOON GD+OWOFO JD] GHELVLQGH *UHWLOHQ
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6.22% DUODQJO0 NLP\DVDOO GHELVLQLQ SDUWLN<O ER\XW
%DGODQJOo NLP\DVDOO GHELVLQLQ SDUWLN40O ER\XW

PO GN DNOu KOJobUO DUDVOQGD oDOOUPO BEANIWOQ %
PO GNT\D oONDUOEBGOHREQED ELU UHNLOGHU®OHY EF
J |10 HRQP L &OW\IOH QIHNNQ. 1D TGHNL J|dWHY ERGXWIX @PH DK W W |
VD\HVLQGH J|QGHULOHQ DHURVROXQ DOHYGB PNHRD V-

QPIDMWWOUGO+-®BHODQOB@Q RLPWRWDOO DNOGQEXDO P
LVH WR] ER\XWXQXQ N e«d3udud srnedenlfit, QQRAXION tWLQGH GD +(
SUREOHPOHULQGHQ ND\QDNODQGO+0 G+0G*Q*OPHNWHGL
JHOLOGL+LQGH DOHY ER\XWXQGD EDND®~G+0PO]GNPYOH @
DNOUODWGPUIPQ E LnozidlaoR RGIHMHQ LOH DHURVRO KDOLQ!
GHNIIDOMGAHODUDN SDUWLN«O ROXUXPXQD HQJHO ROGX=+X V

UHMLO %DUODQJIJO0 NLPABBDW/OND>OOEIRKXOWX LOLGNLVL JUDIL-
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UHNULOI&EIDUNOO EDUODQJIJO0 GHELOHULQGH JHUOHNOH
VRQXoODUO YHULOPLUWLU %X VRQXoODUD J|UH DQD
ID]OQOQ GHIDDGGBDOWHVSLW HGLOPLUWLU

UHNLZ6.13,6.4% IDUNOO EDGUODQJO0 NLP\DVDOO GHELOH
N9YGD Ee\eWPHGHNL J|UsQW+OHUL YHULOPLGWL
PRUIRORMLVLQLQ NeUHVHO R ODIUXPX®HQMWWH ] GMPERLR-Q GH L
SDVW|U SLSHWL LOH VWDE +<JHULQH GDPODWOOOS N.
1XPXQHOHUGH oHULWOL QDQR |OoHNOL WR]JODUOQ DJ
vVOUDVOQGD DOHY LOLQGH ROXUDQr.DJUHJDV\RQODUOQ R

UHMID)DUEOO®ODQJO0 NLP\DMDHOMDLGHBLW RUAMBBIQ ;5" JUDIL=L
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OHMLADAmM GNIEDINDQJO oGHEPLDVP®K s UHWLOHQ SDUWLN.OO

UHMNL®E6mM GNIEDINDQJO oGHEPLDVEP®K s UHWLOHQ SDUWLN.OO
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OHMILO8mMI GNIEDUNDQJO oGHEPL\DVE®KW cUHWLOHQ SDUWLN.OO
'HULULPLQ SDUWLN<O ER\XWXQD HWNLVL
'HULULPLQ SDUWLN<O ER\XWXQD HWNLVL LQFHOHQC
HGLOHPH&IWWYYLIE®H GH J|VWHOUDB IGGHULIHPHQGH QLKDL ¢
ER\XW X QP HOGH HGLOLUNHQ 01GD QP 0f
HGLORLWWUDW.UGH NRQVDQWUDV\RQ DUWWONoD SDUWI
[57], [93], [94] Bunun nedeninin,EHOLUOL ELUWOMYHLAIOQGBHSDUWLN
KRQVDQWUDV\RQXQXQGD DUWDUDN GDKD VON ELU GHNI
ND\QDNODQ®BD NMWLEIRUWLNO ER\XWX DUDVOQGD WHVSI
QHGHQOHURQ KL WNRIDBEDUODQJIJO0o NLP\DVDOOQOQ VH\U
KRPRMHQOLN SUREOHPOHUL QR]XOGDNL WONDQPD SUR
NXOODQOPODUGD\GMHURNNQGLNMOHU
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Tablo6.2. '"HULBIPUWLN.O ER\XWX WDEORVX

E]"]u ~D- W E&S]I1°0 }CuUSH ~VvuUue
0,48 21
0,96 29
1,44 16

UHNIEe IDUSAOLOLPHWHIHNOHIWLULOHQ GHQH\OHULQ ;
YHULOPLGUWLU %X VRQXoODUD J|UH 63QQHD] IROOQDOA &8
0J2 ID]® GD WHVSLW HGLOPLUWLU

UHNL® 6.7TGHOUKBOLULPOHWIGHHQ SDUWLNOO@MHULQ
Ee\eWPHGHNL J|UQW+OHUL YHULOPLUWLU IDUNOO GHE
RODUDN VHQWH]OHQGL=+L J|UsOP«GW+U 1XPXQHOHU HW
* ]JHULQH GDPODWOOOS NXUXWPD SURVHGHULWOH ®DXR
|OoHNOL WR]ODUOQ DJORPHUDV\RQX YH DOHY SLUROL]
DJUHJDV\RQODUOQ ROGX+X J|UsOP«GW-U

UHML® )DUBBOLILAODHNUIGCHHQ WR]JODUOQ ;5' JUDIL=+L
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u kKl 6.16. 0 GHULUGULPOL EDUODQJOo0 NLP\DVDOOQGDQ *UHW

UHMILD1,440 GHULGWLPOL EDUODQJO0 NLP\DVDOOQGDQ *UHW
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6.23<DNOWOQ SDUWLN+<O ER\XWXQD HWNLVL
Etanol, Etanol ve7 HWUDKLGURIXUDQ NDUOUOPO HWDQRO Yt

0 IDUNOO \DNGW UNMyQuedWRVL LQKDMNDMMFOADWDLQ HQWI
Tablo 63fH Y HU L StPhelv#vdrkJo|]*F+ NRPSR]JLVI\RQXQ |QHPLQGHQ
<eNVHN \D@YPD FHQYLQH VDKLS 0|]*F*OHULQ GDKD Ee+\eN SD
E H O L U[96PJoésahlve ark97], yanmaentalpsi \R + X Q OWXHXLPLQGHQ EDKVHYV
<DQPD HQWDOSLVL \R+XQOX+X EHVOHQHQ EDUODQJDo N
WRSODP JD]@DGERIAQDQO® RODU 3D UWLO®BGRE § DEH \DH O
|JHOOLNOHUGH RO XSESD WW EN O RS dKor@ bl n@5 4,7

kJ/gaz) tespit ¢ P L 0 Wabld 64fWH EDKVHGLOHQ \DNOW ND\QDNOD
SDUWLN+.O ER\XWODUO YHULOP L aiédelbtarioti)e kedtezlams O OD Q
SDUWLN+O ER\XWXQD J|UH EHOLUOL EunDWWILWO v &4 HDQGIH
oDOOGUPDODUO GHVWHNOHGL=*L J|U+sOP +sadeectletadliil®HQ LO]|
VHQWH]OHQHQ SDUWLN¢«O«(ER\XERXXQW O D|W HJ | BAHKMO KBQ P L
QHGHQLQLQ NVLOHQ HQWDOSLVLQLQ GL+HU NLP\DVDOC
NOYOOFOP UHNOLQGH ROXuPDVOQGDQ ND\QDNODQPDNW
DOHY LoLQGH NDOPD Ve.UHWVIH GDKL NOLPDOD WDO®DN W DG
GHNOLQGH DOHY HOGHVLQH UD+PHQ NVLOHQLQ HQWDOS
ER\XWODUOQD oONPDVOQD QHGHQ ROPDNWDGOU

Tablo6.3. .XOODQOODQ \DNOWOB3I (& \DQPD HQWDOSLOHUL

<DNW W » Yanma entalpisi (kj/mol)
Etanol 1367,6

Tetrahidrofuran 2505,8

Ksilen 4559
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Tablo64. <DNOWODUD J|UH SDUWLN+«O ER\XWX LOLUNLVL

z If§ "] 3(80]lwalcRrice) W E&S]I1°0 }CuUSH ~VvuUue

Etanol (%100) 29

Etanol (%50) + Tetrahidrofuran (%50) 39

Etanol (%50) + Ksilen (%50) 27

UHNLEIGMVLOHQ YH WHWUDKLGURIXUDQ LODYH HGLOP
'5' DQDOL]JL VRQXoODUO YHULO a4z dlarak BpkelVeRI® X 0 O D L
HGLOPLUWLU 6SLQHO ID]OQOQ GOubQGD 0J2 ID]O GD WEH

UHNLOTGD WHWUDKLGURIXUDQ, 6.0 DG H VIL\XE HN VU ID\W QO IP(
VRQXFXQGD HOGH HGLOPNOTGHPLQHO WER]IXWQKIGHNL J|U-
YHULOPLGWLU IDUNOO GHELGH GH WR]JODUOQ PRUIF
JJUeOPOW+U 1XPXQHOHU HWDQROGH GD+OWOOOS sD
NXUXWPD SURVHGe<Ue LOH KD]JOUODQPOUWOU 1XPXQHC
agRPHUDV\RQX YH DOHY SLUROL]JL VHQWH]L vOUDVOQG
ROGRe®NoD JJUsOPHNWHGLU
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UHMILI® . VLOHQ YH 7THWUDKLGURIXUDQ LODYH HGLOPLUO \DNOWOD U (

OHMNILD (WDQRO 7+) \DNOWOD *UHWLOHQ WR]ODU
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OHM2O (WDQRO .VLOHQ \DNOWOD *UHWLOHQ WR]ODU
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%X oDOOUPDGD WUDQVSDUDQ JOUK YH NOJOO |WHVL
\|QWHPL\OH VSLQHO WR]ODUO QO @ X Hh@\W 6/QLD olLAO DBBWO
UHDNW]|Us WDVDUODQPOUWOU 7DVDUODQDQ UHDNW|UG
HWNLVL DURKDXWO HDOPOOWREIDNO NDSVDPOQGH HOHEH BB U
DuD+OGD YHULOPLUWLU

1. ODJQH]\XP DOXPLQDW VSLQHO WRHONWO DOHELSPUR®

2. $OHY SLUROL]L UHDNW|U WDVDUOPOQOQ SDUWLN-O |

3. 1R]XO LoLQGH EDUODQJOo NLP\DVDOOQO GD+OWDFDN
GDKD Neo*N DHURVROODU KDOLQH JHWLQWHHN H®IBK
HGLOHELOGL=+L JJU*sOP+GW-U

4. %DUODQJOo0 NLP\DVDOO mnidpéain SOHUBN. IVNL QDL EDRAWW ¥ © R
etkisine sahiptir.

5. $OXPDWUDQ VLVWHPL LoLQ NRQVDQWUDV\RQXQ HWN
LOLGONLVL WHVSLW HGLOHPHPLUWLU

6. %DUODQJO0 NLP\DVDOOQBIQU HEHNVMHE SIMH| [MD@D N OSHDULW
GH+LOWLUPH |JHOOL+LQH VDKLSWLU 7HWUDKLGURIX!I
VDKLS ROXS SDUWLN+O ER\XWXQX Ee\¢eWeUNHQ NVLC
SDUVEIRNX®V XQX DUWOUDFDN ELU HWNL\H VDKLS RODP

7. VDI VSLQHO *UHWLPL LoLQ NXOODQOODFDN PDO]H
Al(OH)3.xH22 LOLQGHNL ED<+ONX @@ DRIONWIFD™D \O+OQGD G
JIVBHYLQGHQ VWRNL\RPHWUL\L GH+LGUWLUHELOL

8. $OHY SLUROL]L VHQWH]L NLQHWLN |JHOOLNOHUH ED-=
| D Uftz@r |[UsOHELOPHNWHGLU

9. 7DVDUODQDQ UHDNW|U SURVHYVY VOUDVOQGD ED]O GXlI

/| GN GHELGHNL GD+OWOFO uImy OWWDQGED B M EBQILD

DNOuUOQO DHURVRO KDOLQH JHWLUHPHPHNWHGLU 'L
EDUODQJOo NLP\DVDO DNOUO VWDQGDUW EHOLUOHH
aerosol haline gelememektedir.

10. 7DVDUODQDQ U HIDONWY [GH NRRIW DRYORUBDUDPHWUH NRG)
GHELVL /| GN EDuODQJOo NLP\DVDO GHELVL PO
RNVLMHQ JD]® GHELVL /| GN SHUGHOH\LFL D]JRW J
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11. PLNURQOXN 0oDSD VDKL & DQR/|XD XRID MERQGN-OUHAH Q
olarak GHQH\OHULQ \DBOORP®DQ G axdiN DLRRDMNOVDD G H

tutarV 010 O N OdnaN VOHG ! @

12. 1R]XOXQ KDVVDV ROPDVO\OD JHOHQ ELU GL+HU ]JRU
GH+LGLNOLNOHU$bNRUHE DQ HHYOBEBDANV X QX GH=+LUWLUHL
DNVDNOONODU oONDUDELOPHNWHGLU

13. .DID SODNDVOQGD \DUbQDQ WONDQONOON SUREOHF
NDUDUOO ELU DOHYLQ ROXUXPXQX HQJHOOHPHNWHGH

14. 20XGWXUXODQ GHVWHN DOHYL LoHQLMNDVD\®W¥DNHVD
NDOPDNWOBBOHIN oDOOUPDODU LoLQ GHOLN vD\OVO DL

15. 3BHUGHOH\LFL JD] RODUDN NX00DQOODQ DJRW JD]OQ
DNOG NRQWURO|U LOH \DSOOPDVO DOHY ER\XWX GD¥
sasOD\DUDN WR] ER\XWX oDOOUPDODUO GDKD L\L ELU

16. +HU QH NDGDU J|JUHFHOL RODUDN XFX] RODQ PHWDO
EDGODQJO 0 QRIQP \PWIDOP L L Q H W V] R RW)\WgerB&sinimi
EXOXQPDNWDGOU %X GD *UHWLP PDOL\HWLQL DUWO!

17. 200°&YfOHUH NDGDU oD O O @dpaDhQRVOFDAINID OH@HDINV LLGDLHPUL
LOH YLVNR]JLWH Ge+lG°UJQPH\BOXPOWIIP DVYBABWLPLQL
OLWHUDW -eU @ H * HiMdtblorgaukO @danometalik, veya tuz sistemlerine
\|QHOWHELOLUvisg®2 XPHOAMLD GPOQR]XOD |DUDU YHUPH |
DUWOUPDNWDGOU %XQXQOD LOJLOL ELUNDo DNVDNC

18. 9DNXP LOH oHNLOHQPWRIQVRIOXEPDVIOVWHHQH\OHUL
\DSOOPDVOQD QHGHQ RODFDNWOU d*QNe YDNXP DUD
DNOGO SDUWLN<OOHULQ UDVWJHOH DOH®YLQMRRXQD
JHOHFHNWLU

19. *D]ODUOQ ED+00 ROGXENXUYGD « OVDXGADKDPIWANY HN  JD]
DNOuODUOQGD SUREOHPH VHEHS ROPDNWDGOU 5H
gUQH-LEDU oDOOUWOUOOPDVO EX SUREOHPH o|]*P |

20. SHDNW|U*Q VR+XWPD \HWHQHNOHUL GX DQD NDGDL
dHIRUPDV\RQ \DQPD JLEL SUREOHPOHU PH\GDQD
WDVDUOPODUGD EXOXQDQ JHQHO VR+XWPD VX\X YH
LKWL\Do GX\XOPDVO RODVOGOU
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21. 6]] NRQXVX UHDNW|U LG J*YHQOL.-bUDSODOHNPEDQ JQYN
WeSH JLULG \DSWO+O NOVOPODUGDQ GDKD VRQUDNL
DUDVOQGDQ YH NXYDUV WeS VRQXQGDQ QDQR |Oo
VOIPDNWDHENW|UGH oONDQ JD]ODU \L @K O BRBRGIDV X Y
L\LOHGWLULOPHVL KHP GHQHVDHD@OMWBE@MEMDIQ KHP G
VRQXoODUD \RO DoDFDNWOU
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