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ABSTRACT

INVESTIGATION OF MECHANICAL PROPERTIES AND CORROSION
RESISTANCE OF AZ63 MAGNESIUM ALLOYS AFTER CRYOGENI C
PROCESS

Ksmai | Deni z Kajan DEMKR
D ¢ z @neversity
Graduate School of Natural and Applied ScienBepartmenbdf Composite Material
Technology
Ma s t Ehesis s
SupervisorProf. DrrK1 yas UYGUR
February 202066 pages

Magnesium is the lightest of all design metals. It is as light as a plastic material and at
the same time hard as metal. High specific toughness and hardness, good wyorkabil
coatability and weldability by known methods have become attractive for the industry.
The newest metal is magnesium of use our age, is increasing parallel with developments
in industry and technologyue to its lightness, durability and longevityjstin use for
industrial. The use of Mg alloys in automobiles increases fuel efficiency and reduces
emissions by reducing vehicle weight. The AZ63 alloy is a cheaper material than other
magnesium alloys because it is widely used asracastinganode mterial, and its

tensile strength and elastic modulus are similar to those of the AZ91 alloy used in the
automotive, aerospace industry, although the notch impact strength is higher than most
magnesium alloys. The easy production of AZ63 alloy by usingcésting method
makes it attractive to use this alloy because it has similar properties compared to
advanced magnesium alloy&tudies have been carried out on the examination of wear,
corrosion and mechanical properties of magnesaluminum alloys. Thesstudies are
usually investigated either by changing the test ambient temperatures or after coating.
Although there is not much work in the literature for the AZ63 alloy, the literature on
the cryogenic process for the AZ63 alloy is not availablee mainlimiting factor in

the use of magnesium alloys is the low corrosion resistance and the degradation of wear
resistance under high loads. For these reasons, especially in the automotive industry,
these properties become a problem. The aim of this studyinsprove the corrosion
resistance of AZ63 magnesium alloys and wear resistance under high loads and to be
used in more industrial applicationis. this thesis, we compared the improvements in
material properties of AZ63 magnesium alloys in the first cgsphase, in the
homogenization annealing, in the precipitation hardening and in the cryogenic
processing, in terms of corrosion resistancerarwostructural propertieg\s the phase
distributions in microstructure increased and grain size decreasduartirgess values

and elongation values increased. Substantial increase in the corrosion resistance of the
material along with the appearance of secondary phases in the microstructure was
observed.

Key words: Corrosion Cryogeni¢ Magnesium, Magnesiu@loys, Microstructure
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1. GKRKK

Son birka- yeélder, enerji kaynakl aréenén k:
nor ml ar &, end¢gstrilerin geleneksel mal zemi
mal zemel er i araBaseonraurnywn -a%-~mekm@&bkekl ai nv i
Al ternatif yakeét kaynaj] énén kull anél maseé@
aerodinami k ighillexkoli mak!| gzevd. Bdnunl a birl
teketiminin °neml i 2oernmainsdyao nd m aygun amaliyeths ée v e

se-enek gi bir[l]lg[2lzH&kfmefk t melti al | er i n se-i mi,
-%z¢:mpd py adbdanaken bolbulunanelement olan magnezyum (Mg)][3
otomobil, hava € | é k e n di¢rs-torki sm¢ hvebn.d i dalyardr € wiypg u | a ma ¢

verici metallerden biridir.

Ama- 1 ama&mi €Ponl arénén akat maeekeorwalneraisreinre €
sapmaséyl a berabélyr; sas a- ¢ agv daka rkaenkéknolnaf roé , g
ek unsur ar dan kaynakl anasmwlraj @mé® kngpidd eaiginrdes
magnezyam @dmlker artant i[5 Dahadan&k load ammeé k i r

yapélan il ave donanémlar y akét talgpienyie ml i | i ]

uyukmazl ék S wseteedreme kbtierd iak.aajt @akli cal®8adalkma s

sonun larrtecaya - ékatcggf enée 11 eri S¢rm¢Kk

T Yakét tOBEA400OuKwm iyil ekme.

T Performang1l109i Keekmeégzi anmanyadgmgmnkénda 0,
T Emi syonl ar &v &@Dadlat @alzmaygsa& sal éné mé.

1 G¢ v e-Pol0iDkha az kinetik enerji.

T Yék takemddWapKgsdil e&sii yi | ek me.

1 Frenleme mesafedio00 Km/saaty avakl ama evresinde 3m de
T Mevcut donanémlrar-én -ar te§rl &lnmaesé&ai st eml e
Magnezyum, al ¢minyumdan %i8réetaldreBuP z e & hi v 81 |
modern teknol oj i ol an wuzay, uk- aa-ké nvee mmtzo nho:
gel mektedir. Fakat saf hddyanéewmd ghlez gmm@du

ol maséendan °t¢r ¢ m¢ mk ¢ ral @agralgmentld laveedildiek n e d e |



mg e@mhrr éneéen mukavemet/ aj @erla@ak ar enuklay e me

aléeamkl aré@hre di kkattr-ekici hal e gel mi«k

Magnezyum al aklénnelmalriée nleanelsliijkelre°rz g ¢ | mukave
termal 1 et kenl i k, iygtii bu d2 & l¢ Imi kK aebri, | Al , ¢inko
metallerin ilar e s i Il e daha da artteéerél abidiijre.er Mar
alakem el ementlerinin ilavesi il e artan c

Al umi nyum al akkiérml kaw l&lnaam & e@a[gkl ame kt ér

Bir alakémén °zeltia@akeyohu Vvagrkwekal @Oumkmlrar:

mi kroyapésénda intermetalik bibd ekz édi Ini klaect
geli ktiril mesi ne Fyalkd@mmenderinm|ekemkesiérrne] i n
AZ91 Mg em& aikcCam i | ave eder e ks kryedrenanik S écCa

i yi | .eXytri éCcaar bu alakeml ar da bul unan dendr
yar démc &anoel uyrapvees eéneée dg,4% miral aakad mé nge®-z alilri
Il yil extiermémirnyadilju, sécakl ék kontrol ¢ i1le
iti baren yaygén bir uy g «ll, 2 maldaeékr & meému naz el d
meydana gelen dejikikliklaeryienindelremélnt ie-mi
iK1 em, mal zemeni n® zde lkl¢gikk Iseérciankkbnirddgeteabkid+ait m r i | r
kull anélan bir ikkl grmdilra:8 @#Auyy @Il mybackh@inr : s & c ak
yapélan i klem (HILHdEe yiakpledn kedgroijveni k i K

olarak i kiye ayreleéer. Derin kriyojenik i
©zell i kl er ir dggemci@Qtoilrumeye vya
Bu -al é&kmanén amacbBoimamekiaz @bywomrd®ikgll enpik vy

y a k| ankdéernma uiyAgZuel3a nmmaégkn e z w8 AcClbalieérk@n yoj en

uygul ayarak dejiken mekani k ©°zel Al klk@mién i

kriyojeniki kK | e mteuttarbak i1 ki nci faz -°%kel mesini Kk
ve i kina-iéjfaaz-leakmék biki yaple féadlearé mekzeéemn
fazla ikincil if-alzd 68- éd |aB0iEamRd saaavk 4%aat

kriyojenik i k| em uygul anméxt ér . Buekewdgahémé nee

korozyon édaiymmetlnd mda k k gkhkknfelrearmail rec ekll eerknt
Mikroskobu GEM) g ° r ¢ n wve;H reerrij i Dadjkeln@eml|Sp e(EDSy os ko p

analizl eri il e mi kroyapeéesal boyutl ardaki f



2.LKTERAT! R ARAKTI RMASI

21. MAGNEZYUMUN GENEL¥ ZEL L KKL ERK

Periyodik cetvelin 11 A grubunda bulunan toprak alkali metallerden biri olan
magnezyum elementir kimyasal elementtirl 7 @e5JGC. Delanetherie magnezyum
tuzlmagmazit heGEXTE FvetbLdidwi g doajrablo nnaatgén ebzuyl u
Sir Humphrey Dewy magnezyunelekirolize ettil 8 3eFaraday magnezywnortaya
-ékarde. edal) o € my Bukman en bol elementlerdenbiridir ve t ¢ m
d¢nyadaki el éermleénlt -l & ryi ankkli ad kK éekd e%2 , Masgenreiz ytuenk
-0k bsleknannci el ementTtaibn avé aal demce metya
olarak ( %0, 1 3) ve toprakta iKlealinde mevauteuw Bier i n
cevherl erin en yaygead IMagnesit(MyCds)ovmiKarnalif Ca Mg (
(KMgClz.6H0) ol arak sd&yalealgpledde $d4ffL magnezyun

°czelli kleril2lg®°r ¢l mektedir
¢i zellLaf 2 Magnezyumun fiziksel ©°zel
i Termal
Fiziksel Yoj unl  Ergime ¥zgg¢l Elektriksel b
¥Yzell (g/cm3) Nok t a)s (CaV @)& iletkenlik | B
(% IACS) | (W /mK)
sal 1.74 650 0.24 39 167
Magnezyum

Saf magnezyum, hegzegonal sékée paket (HCP)
kristall ek[16). Buk e/kaiplé, 2 .dlef or madyaan yetnekngejd
sécakl ékl arda daha az kayma sistemi var d:¢
sécakl ejéna sahiptir ve d°ke¢egm i-in eri me
ol arak nispeten dengesizdir ve d@éR8Chadeni z

saf magnezyumun kafes parametreleri a = 0.32092 nm ve ¢ = 0.5240% d Bur

nedenle, & orane 1.6236" deér vV e éna g ndeozyymuun t un re



(c/a=1.633) [13, [14] .

atom aj 241805

ye¢zey
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a)
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c)

C2@Ahk saf magnezyumun?3 stamjatinl uj u

ve atmesfemei hok €digi]:- 68Dt &n d 4
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b)
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d)

kekillMalznezyum biri
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d¢zlemi ve [1210]
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d) An

MAGNEZYUMUN AL Akl ML ARI

Yapésal

otomoti v

azal t mayiahtyigedniky | e

end¢gstrisi

(0001)
/\ | (1010)
AN
\ » A2
— (1011)
a (1012)
[+
[[0001]
[1010] [Z110]

[11Z0]

[1070]

[000T]

cre kristali. a) At
b°l gesinniars étl edeg 1z | ¢
nel i ml er .

me t all laear imma genre zlyafmi, f ison on yeél da -
nde ajérsexl azadhat et ¢ k

artmaktadeéer . Magnezyu

yé¢ksek °©zg¢ly ¢ s ke & v ebnaesté,n - | & k alPikl¢gimee tu y g uknd
atmosfer alteénda iyl kaynakl anabilirlik g
kolayca elde edilebiir Bununl a birlikte, hal en magne
kull anéména neden ol an -exitl:] °czelli kl er
sénérl & sdr¢gncike - ad ek mha, yécksek séecakl ékl ar
di renci ,¢ zkeartiénldaekkmma y ¢ksek be¢egzel me derecesi
sérérklorozyon J]Bur @reziadciamtfal 7 ar én ol umsuz e
ol uml u °czelli kl erin yé¢kseltil mesi SZerine
kull anél axémi gka-buabn geliktiril mesine Yy«
gruba ayrélabilir:



a) ¥zge¢l mukavemet artteéer émeé

b) S¢nekli k geliktirme, yojunluk azalt ma
c) S¢r ¢ nme aritrérnmad

e) Korozyon direnciige | i Kt i r me

Pek -0k met al gi bi adisraefn nealgankeéznysuénz dfaor m

uygul amal arée Al-auhéenuldPagéimgk. hem de d°kn

magnezyumunk e k i | al ma kabiliyetigikel ivket i ome ks ui
kull anél ér . En yaygén al ak é anganézezimkenyum| er i -
silikon ve nadir toprak metalleri, ol ukan
et ki | o | a elemdnitlgricirr[12, §18].a¢tkiézne2l2geal akém el emen
magnezyum al akémlar énéen °rmekledirlH.| er i szerir
¢i zeblde awlenmentlerinnmmgnezyum ¢zerindeki et
Al akém E Al akém el ementinin te
¢tekme Mukavemeti ve sertlifji
Aluminyum (Al Met al | e -r17AIa2)-“ af§ & z & magini destéklere |
Do k¢l ebirlifji arterer.
Korozyon direncini arterer.
¢tekme Mukavemeti ve sertlifji
¢inko Tane yapéséné inceltir.
Do k¢l ebirlifji arterer.
Korozyon direncini arteéerer .

Demir elementinin olumsuz etkisini atlak korozyon direncini
Mangan (Mn) arterer.

Akma dayanéméneée arteéerer.

Ergi mi k hal deki metalin ak&éHkc
N ) S¢rée¢nme direncini arteéerer.
Silisyum (Si) _

Mg2S | fazénén ol ukumunu dest e

Do°k¢l ebirliji ve korozyon di
Nadir Toprak |SoJ ukta -al ékma direncini arf
Metalleri tekme mukavemetini ve sertli




221. Magnezyum Al akémlarénén Ksimlendiril me:

Magnezyum -adjawnrelmi kalriak is elr ghysegkk 1Hav ey a ¢ - num

tanéml anér . Har f laar ,al alk@uné ned & mewmlt Klean mar ft e
yojun bulunan alakéem el ementini, I Ki nci h
elementig® st er i r . H a mumaradardanilk tnamara pk harfd tenmsil eden

el ementin ajeéerlekana yickidresi h&n m¥mn enjj iemr | &
AZ6 3 al ak é mé nAduminyun, Kkincihharfi Z¢ii nkloak éml ar eneée i f ¢

Bunl arén al akeéan ar-alk dyeRudirylaki3id k%&lod uj unu
gostMaigmezyum n&lnarddltamaée si stenmal,¢gmi aluhkl e
al avwé&mlai bi standart b i [R0]. - e ruklaumagnezyunk o n u |l n
al akéml ar & irakam kihlaa h a rvaek . itkBn € mlaal i éae7a r AS
standardenpéedaRe Bgdseer i | 2etagendazZzyuym al akeé
d°ke¢m ve d°vme al akéemlar ol arak i ki ana gr
AZ91, AM50, AM60, ZK51, ZK61, ZE41, ZC63, HK31, HZ32, QE22, QH21, WES54,

WE 4 3, El ektron 21. D°k¢m al akéemi2868MBap én ge
uzama 9%b2jOerairaséengaj uolk tjb a inadastigmocdmu3l 6¢t ¢4r2 v

GPadder . D°vme alakémlar ; AZ31, AZ61, AZE
HM21, ZE41, ZC71, ZM21, AM40 AM50, AM60, K1A, M1, ZK10, ZK20, ZK30,
ZK40. D° v me gerel clakak m3dadroe MP a -ekme -dlayaném

ar al ajzamda dsahiperleri20].e

¢Ci zeBdagezyum al akéml arkonkEhansgiamhekédsal:

A | Aluminyum N | Nikel

B | Bizmut P Kur kun
C|Bakéeér Q |Gdn¢ K

D | Kadmiyum R | Krom

E | Nadir Metaller| S | Silisyum

F | Demir T | Kalay

H | Toryum V | Godolinyum
J | Stronsiyum W|Ktriyu
L | Lityum Y | Antimon

M | Mangan Z | Kalay




2.2.2. MagnezyumAluminyum Al ak éml ar é

Mg-Al ikili sistemien e s ki ve en -ok Kku.lAZ9 AE30aen d° k ¢
AM60 gi bi alakemlar hal en thbygry ¢nka ghnierz ylum ¢a
ol ukt (RRJu.r | l&& kMg-A | faz diyagr anZjnAal'ningMgst er me
i - i nndagkksii mum - ° zQ'nde | w@XIiavedEHKE A° t ek tfisk s eéce
kadar- ¢ z¢nerl ¢k % 12..@Buradaki kdcaktdriatikler MdA & k @amialki r

sistemialéamkl ar éngeghebiyli i rdlI°ikk , meksait év ee s € Wyrtiedile e r t
saj balacejini gl ermektedir [ 24

°C

10 20 30 40 50 60 70 80 90 100
700 S B E E i B T I ,
660.452° : i i L 650°
H £
- 450° : f : : :
o *
400 / : 171 e 85} B e 59.8 667 S
: -
300 b= A IARRTOE ] Gy R (O
i i Pl
000 BRIt
100 ® | 1 l i | i

Al 10 20 30 40 70 80 90 Mg

k e k i.MagRezy2irmAluminyumk i | i denge di yagr amé

kek2i.l13@%re¢g !l d¢j Al gialdia Kk Blgte2dient ednalhear if az |l a al
i -erdiji zaman d° ksAlmi mti &r me ty &39lejsidhag@are My amr c
al ¢mi nyum%7h+ eri¢gjzieri nde i se aj y/Alp és éneé

~

intermetalil]i tane séneérl aré boyunca daj e
dol ayée s¢nekli k azalér k evigiAl1og annt le&rkmed ratl & if
-%z¢nmesine sebep ol ur, katée eriyida sert

-ekme mukavemet.i ve s¢nekl i Jo ar ti®AAliomakt ad

intermetalil]i -%kelebilir ve bu -°%kelti
sajl ar. Bukla &laawé&ml awgé yapésal mal zemel er
°zel l i kl eri takémamaktadeér . ¢i nko, mangane



Mg-A | alakem sistemine iltavel mdsil esdlk | &@amak
[28].

"<

foo

400

100

00

J 3.2% ( 200°C ‘do)
waed X

’
.
.

o L) 10 T

Al %

k e k B.IMg-R sistemininmgnezyumca zengin olan b?°

Yaygeéen dll aarnaékd a kR u-amhaggmyeuzny uens a s I¢té z @2 .gdgéE ml ar
me k anilki k°lzeli yl e tib[B0.| iEknt ey avyegén malkaxk &kl kol
AZ91, AM50 ve AM60 akEaereémligkrséedkmgdiemerdl va
do k¢l ebi | me © z2.eAM30i kvlee rAMGO0 salha &Eah ek lei K see
k op ma t okl uju czell i kl eri il e ateregh- | ar da
edilmektedirler AS ve AE seriésml ama g nieszey toprakear| daikj i
el ementéelmd rair éalsakw esi ndg uy aknkdalb Famdaknlakhk adeée



¢i zeWbtylgAl2. al akéml arénén °zel
Al ak AZ31B AZ61 AZ63 AZ80 AZ91 AM50 AM60B
Yof uf g/cm3 1,77 1,8 1,83 1,8 1,81 1,77 1,8
%Mg 97 92 90,7 91 89 Kalan Kalan
%Al 2.50-3.50 | 5.80-7.20 5.36.7 7.89.2 8.39.7 4.45.4 5.56.5
c
% %Zn 0.60-1.40 | 0.40-1.50 2535 0.20.8 0.351.0 0.22 0.22
§ %Mn 0.20 0.15 0.15 0.12 0.1 0.260.6 0.240.6
£
8 %Si 0.10 0.10 0,3 0.1 0.1 0.1 0.1
2 %Cu 0.050 0.050 0.25 0.050 0.03 0.01 0.01
>
£ %Fe 0.0050 0.0050 0.0050 0.0050 0.005 0.04 0.0050
X
%Ni 0.0050 0.0050 0.01 0.0050 0.0020 0.02 0.0020
%Zr - - - - - - -
¢tekmenBd 260MPa | 310MPa | 197 MPa | 380 MPa | 230 MPa | 220 MPa | 225 MPa
Akma Day ,55ypa | 230MPa| 94MPa | 275MPa| 160MPa| 125MPa | 130 MPa
. (Gerinim 0.26)
(]
~ Yéertel
- ertell 130Mpa| 140MPa| 125MPa | 165MPa | 140 MPa | 115MPa
_ Dayané
‘: Kes me M| 17GPa 17 GPa 17 GPa 17 GPa 17 GPa 17 GPa 17 GPa
H
o El asti k| 448GPa| 448GPa| 44.8GPa | 448GPa| 448GPa| 45GPa 45 GPa
S Poi sson| 035 0.35 0.35 0.35 0.35 0.35 0.35
X
(]
= Uzama Y
0, 0, 0, 0, 0, 0, 0,
(in 50 mm) 15% 16% 4.5% 7% 3% %10-15 06813
Sertlik (HB) 49 60 50 82 63 60 65
¢ e n tDarbd
Dayanén 4.30J 410 410 3J 2817
tenti k
(0]
N
H
| sél Ge-n ~ ~ ~ ~ ~ ~
- 100Agnza26 Om{26 Omj26.1 O/26 Omf25 Omj25.6 26 Om
=
(]
'_
Termal K 96W/MKk | 70W/MK | 77W/MK | 76 W/IMK | 72WIMk | 62 WMk | 61 WMk

k|



2.2.3. Magnezyum¢ i nKloakéml ar é

Magnezyum i nko ( Zn) sd) s b ke man ( k eygunl etgideliibin e n

MgZn; bi imeikl e buna daha sonr am adak Mginmvek i Ki
MgZn'deno | uk uKat e fazl ar bel | iptrbBural Ro@djdenkl i
sécakl éekta az rastlanér. ¢ i nekroinyuenb i nhangen eszéyr

verene ] r i si bir-ok arouge gr pnapal menkwabi muxet i
-%kel memese mti | e mk¢enknyark t akd elarak M&2n a ultra-hafif

aléaml ar én, magnezy wWmdkaant éy aenrai ya &kngdeandr i t |
°t ekt iofl iuxdaguakrl [3l}-{84].

Weight Percent Zinc
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| i H
100 : I it =
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i 1 i
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i I H
0 | B i3 Lo e |y |I URARRSRa RSy L (B R LG
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Mg Atomic Percent Zinc n

k ek &.IMg2n Denge .Diyagr ame

¢inkonun magmeayemdal ar yaygeéAl kmi hyaumma mee
-inko al ak-Al#Ingr. é Bamrl a(f Mg Al dabhanéefaerhkhddan
Al-Zn ambhar é, dayaneém, Iy kordmd yagyre Ve elma ft i
Alaml ar éoki-rloj kakeébaAld°amlaxwriégmkaoMg | avesi [

10



kat é kermuyk avemet. tirienest il artarl Magnezyumurtto 1 @ak

fazia aluminyuml| eemallamddr él masée sopgéaménde] i
s ¢ niejkil, gevineakr ada@i & le k el s éon duakn kawrzakleeg . ol
Y a p éal kaand e mm&larda BdZ@Ad- (Nadir Toprak Metalleria | ak é ml ar én én
Al-Zn ambar gavent aj |l art itre.sépltaredda KZm or ané
daha f[3p34ader

2.3. MAGNEZYUM AL Ak | ML A RQUNJAMM ALANLARI

2.3.1. Otomotiv

Bel irli bir bil ekesni nii-men gMg el ublzlé2bmpi neén ed e 1
ot omoti v uygulaarmaa-s eh -tk @nign@rneksini ml er i
Magnezyumu °hzglz alg®@inan yapésé v eGemlulaaki e met
bir kamzéman mekOemPvde ve Kabsu dlkas énhluaruc
magnezyum kul |l anélm56adeanki rbudwua- Bekekenl

°czelli kler g°steril mektedir.

GUVENLIK

MALIYET ARAC CEVRE

AVANTAIJI BILESENLERI DOSTU

ISLENME MEKANIK
KABILIYETI DAYANIM

kekbl MAr.a- bilekenlerinin ihtiya- duy

1930'" 1l u yel karkeea, tMg ar i. Vaksvwageh §/W)l Beetlg,u | | an
transmisyon sistenMg a | ek édmoén aitlée | d é . Bugkne kkeadar iHie
sistemliermiekgel-iiknt Mg. Biniletemksistemeri k umbhantiél dl ar
kutusu ve tahik mi | | er i i -eren . Mot or dgn koe ki k &k €

11



ul aktéjéndan mbbat ayduMgdal k u\BN Beetle,mASHL e r | b
yapél mék 10 Kg aj éer | é]Busayeae A krank nklirkallankn mi | i

ara-lara g°re %25 daha fazl a gt ocarl axjermd laa
motorl arda kul |5peCAMGes éingin edegmine 1di r enci
Bir spor otomobilde motorda krank milinin

i htiya- duyul maktadér. Bu n obutihdiydhca cevap 5 4 , Q

vermektedir

¢i zebdea?2. parMgal akémdaén mevcut |[B8. potans

Mot or ve .
K- Aksg kasi Pa| G°vde P34
Par - al {
Di kK11 K| Direksiyon Simidi Jantlar D°k¢m pa
_ Y a kdépiosu
Emme Manifoldu| Kol t uk B Rotkol ar € R
kapaj é
Krank Mili G°sterge Mot or b Kapeée akg;g
_ _ _ Direksiyon Arka Tampon
Silindir : EKkt ¢r ¢ze
Bil eken deste]j
R Fren ve Debriyaj
Y aj pom Sa- Par
Pedal |
Transfer kutusu |[Hava yasHt
Genel ol ar ak Al al akeml ar é bir aracen 0
bul maktadeér. Mg 1|l klakkmmeg wgwenine skl 8tLi ndieg
kapajénda kull anél deé. Bir aracen Kasi si
mukavemet dayaé mé n a , hafifli]e, korozyon dayane
ol mal eder . 197061 erde Porsche AM60 magnez
alakeml aréndan %19 daha haf ilf9 6a0yb&/ralde ] a s al
taraféndAr9t adéen éfrmnatilen B80 dikl.i Kut us.

i -in biol aaakr mabnezyumun r ahat |kéekk iga k2u.l |

Mg kKanzéeman kutul arénén Qrgmatyiek pmag@ms@aman

12



da yakér ®gl ead alkktée ml ar éndan i mal edil eceji
kull anél arak genel otomotiv wuygul amal ar én.
avant aj é sajlanmaktadeéer . Buda ara-1arda

azal masé antkdai@@d@na gel mek

kekbMga&l.akéeml asnaénean!| en (RB&nzeéman kutu

Ara-larda kullanélan en ©°neml:. par -al ar d:
magnezyurraluminyumkompozit motorb | oj u Kelki Ig°23t2r i | mekted
kul |l anédeanmakgnmezerum al aB.méndan yapeéel mekt e

keki.BMEZal7; mi-mggmezyum kompozit motor

13



Ara- Dbilekenlerinden yojun ohabak Kujkeaneél
ol an k kel g2 gaBteChévioletCorvette mo d e | @agreezytna

al akéméndaB7.yapél mékteéer |

k e ki.lChe2role®orvettemodel aracén magnezyum al a

232. Havaceéel ek

Son yéllarda, u-aklarda ajéerl ek azaltma i
dée¢kéek yojunluklu dejialjyatyhié acalamasnéager &k
kull anmaséna neden ol muktur . T¢e¢m al akéml a
pl asti kl er bu ama- i -in -o0ok kullaneéel méext
yenil ik, pahal é FML ke dgapés@&lzepl aktekl e
alternatif olarak kullanél maya bakl ande.

heli kopterlerin imalaténda sék-a kull anél

200, AM503 al ack éhkagnakthraail ry anpeé lanhé ka,| aexne ml ar én
kabul edil en motor , g°vde ve3g kanadt. bbDg¢lney
Savakeé' nda, u-ak par-alaréneée @Br6e tBmark aic-€ism
ABD XP56 ve FB 0 avceée eksbkKgaeen ¢ a30.dK eneiklt 2. 906d
g°stesi2l enmapk or u- ajF¥E9tiu-ribno f el inkottiorri |deéenk g
magnezyum el ektron 3l akéméndan yapeéel mékteér

14



k e k i.F-112 Tugbofan Motoru

24. MAGNEZYUM ALAkKI MLARI NI N ELDESK

Yél |l ar boyuncar, @rMgs éoratzd £2i ail -aikre mbiar - ok t ek n
mi kroyapésal czellikll emi, ng ad&li gule-da | ea] Isedc¢
faz kategorisi varder: s&ve Dar¢ikei klaed iMma
A s¢nexklle k knetdenfiaz y°ntemireadidinme Sewe

sentezik um d° k ¢ m, kad ®lp¢emdé k ¢ghmar putesr écé d° k¢ m,

yerinde sentezl eme gibi d°ek ¢one niekllleinklleer i knun
ve presd © k ¢ mnitlel er i dkOukl ¢ 4dnkaydAlad r aad sk @ mlde rké m¢ n d
genel de pres d°ke¢m kull anéel éeyor ol sa bile
Bu tez -alékmasénda kum d°k¢m y°ntemi kul |

2.4.1. PresD° k ¢ m

Presd° k¢m 10 K1 emi d °earimmeetk vl ee rdi°nki ¢, nbb iirktll®ekngImy i r .
dojrudan vedo°kglmgyhibne preis i -ed?k¢mdPDojfe udial
210(a) "da g°sterildifiji gi bi, erimi Kk met al
el de et mek i -dan ¢lsds &mm- eépy g wlrarf &m. Dol ayl &
210(b) "de g°sterildifiji gi bi, alt kal ép bi
metalin heézé, bir piston yardéeméyla ayarl
kat él akéelréz éeP,i sk aothaulnakma s¢resini, t¢erbel ar
belirler.

15



Dol pyleés

mal z e me ver i mi

uygul anakatdglzagkma

el de edil mesin
presd® k ¢m tekni i
doke¢em 0 mal gt &,

s¢zéel méasil hada el

al akéml ar én
Mg

bir

tane b¢gyeéekl ¢ ¢

sentezl enmesi

do°k¢gmegnddeP gimgondamaptas!l ar éndan

ne neden ol an kél avuz

baséence
kull anéel arak ¢retilir.
pretdd @ by mé genel Ini k9 re
er . Gknlked m, ol kag -akk

i -in

al akéeémhayaéarar|l eSekdujar élF méd kaxccakegn nA23
mi kkek gH4@ds@® st eril diiji
b-Mgi7Al12i nt er met al i k

gi bi ,-Mgtva n e
fazl aréneé

gzl eml enmektedir.

a)

pressure

direction

melt
preform

core
counter die
form
heating casting
é die
gating
press table shoot
base plate cylinder
piston

kekildk e2mat i k

Di agr Onbj o Deslaa-PVie¢ BAr es

kekillPreegD° k ¢ m AZ31 makargm

16

nedeni yllksgmpt i mt
i i - anpazitle. (MMKtar Megae he Mait ki & s d

WVKKi' Il la e r

lpirres kat é

kull anél ér .

g°star mglktokdi r



mék al akémlarén mikroyapé evr i mi

~
—+
(]l
—
(0]

a) Al akeém il avesi bakl angé- sécakl éej é

b) Séekéktérma &€aseéncé ve pistonun h

c) D°kme iklemi seé

alin |

™
-
@
(9]
®
S
o
m
™
-
3
A
3
™
Lo d

242. D¢ kK¢ k BR°slkegm | e

Magn
ci ha
al ak
daya
si st
erit
koru
i -in

sevi

ezyum al akémlaréenéen dg¢Kkcekkul b aszeail-alnigi rk u
z 1Rdek € mat®i k ol arak g°steril mi@@Q-Mor. Tas
é nkl Borularde ke r i mi K magnezyumun aktareéel ma:
nmaktader . Yer - eki mi et ki si al ténda,
em boyunca sabit bir sévé met al sevi
me f ér énmneéar tdé kegy koaksi bir santi me
nur . |l sétmal é te¢gplerin tegm sistemi hert
de oksit olukumu ile ilgil:@i probl eml e
ye daja kiimdi reinl din ierioziyno n uk a°pnl ¢dBdail a°rle-

VALVE PRESSURIZED AIR

LEVEL SIPHON TUBE | SFg/CO,/AIR
CONTROL ‘ [ SAND MOLD

MELT
PROTECTION
or ... .. CONSTANT

LEVEL
CASTING
t MACHINE
CONNECTING
TUBE

CASTING FURNACE
MELTING FURNACE

&~ D
LIFTING
l TABLE
[ N

==

kekild Degprasken-1é& kum d°ke¢egm sisteminin |

243. Kum D°%k¢m

Kum
k g
al ak

kal é

doke¢egm i kIl emlfersii I(iykeati v ekyuam,r eGG ne bajl
ajérl éejka -lkadadi - onagnez et | Mdferyymrl.er i
éml areéeneén kum d° k¢ mg, met al kal ep /
pl ama v e -ekirdek Kum kar éeékémlar énd
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gerektijinden dijer d°k me n mielt iatl 9 relr eer ,- otke k
kombinasyon halindel lul-lereeli:a nk ¢sakkearjté d abkoir i

floroborat ve amonyum f | &aobtsplpinkaantl.ar@¢ ik

genel ama-1l¢é& d°k¢gmlerli kte, kbbhsaag!l gret Bm
veya plastikk al ewd amhalbheédlkéml ar e, yé¢ksek degzeyd:d
magnezyum d°kg¢gml er i cretmek i -in kull anél

magnezyumun d¢Kegk yojunlkigmalnediesti ggrhieni nge
akeke en aza indirecek ve magnezyum d°k¢mli

tasarl anmaseée37gerekmektedir [

25. KRKYOJKEKIKKL EM

Uzun yéell aséan i mmaeimleencee °zel |l i kl erini ar
duyumw t.8u | kelneeth |lg kl e oda syeya@sadbépoénat marel
Soj uk I Kl em dtibaren wyys;gzuwyléad maa n al an é bul ar ak
kar kK &1 a ktiygjenikl mE & mé y a k 800k éské coal kal réakBl éamzéd a y a p
kriyojenolarak( s e v é az dt9 63ée kak I @jn@ll ¢né ] ceenrdiar | e mi y o0 j
(DCT)ol arak adl andeéer él ér . h&r i ijskepciakk |iékklleam ¢
ujrakmamkal zemeyi bel irli bir sécakl eja ka
sakl ékta tutmak ve dahacakdreija@&nhkhademelrime
2. 13kértieyoj enikari omuemifnazlnar ingez agnasa k! €ki mi
g°steriMinektedir

350 | Sogum.a Fazit IsmmaFazn
300 .
= 250 " Bekleme Fazi
= 200 :
S 150
v I'.
100 | Gergek
| — 2 Teorik
50
| | ] ] ] |
0 20 40 60 80 100
Zaman [h]
k e k 13 Kriyojeniki kK | em | -z aamasné ceajkrl iéski
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DCT i knieml pakl angécénda °ncelikl:i ol ar ak
kul l anél dé. Bu -al éxkxmal ar sonucunda DCT"'r

g%zl eml endi

a) ¥stenitin martenzite tamamen d°ng¢Ky¢mg
b) Matris i-ine dajélmék ince karbg¢gr -°kel
c) Kal énté gerilim gider mesi

Zhirafar vyve AdrSKkadaBkilO0ar-eel i k ¢zerinde DCT ¢
sonrasé n°tron kéréném metodu kull anél ar a
°stenit hacminin %5. 7' derpy.%eskoveR veyak.46d ¢ K t ¢ ] |
DCTninvakuml u ortamda ésgedksead emez t gdlpiéjtiuntiu
czerindeki et ki sini arakt émdah& al LT é rsiotntr eals
azal madan ayr é& oberae ak a dkizeghtli -3 ap € Igdhrygad € mh e C
Rockwel | C sertl isdraudsey eor am@ndadCTadené] éneé
Ayr éca, DCT' n i%%4 otraaknég@na d9%am it gi °mzgll i ejem liHaiathg ve

ar k. [ 30} el M2 i naleé b Clar. DGesm-r ekkal@ebx¢trilredrii n v ar
%5ila%lla al € a Emugeljzél e ml eRGCT'ewre I[kaéjrled me@dhamr ak ,
ol an | - s tjruensul eirli emr ioiluuxkgtipbeakemBmun ana r
olarakal ak ém el e me ndtilfesraiyrmimak badittiemnDd fvez yon or an
DCT almalzemehet ut ul mabajprvwe dadakeér é yoamunamiif ¢ z

geriimelerg ®© z | eml Aesdli | & ar k. AZ91 magnezyum al
derin kriyojenik ixklemlegzemi nme khd télkialpssréin d a :
Mgi7/Ali2i nt er matel i k fazénén morfolojishinin d
faze matri se daj el mexk bu deji ki kliklIle

g%zl eml e fh0]l.kAZ3r1di D° k me al akeme ¢yapiehimék dal

-al ékmada da kriyojenik i Kl eml er den sontr
par-acéjénén -°kel difji ve faz morfolojisi
Bu -alékmada el de edilen ©bir di Jeregnbul gu
kriyojenik i Kl em sécakl eje azal dek-a d¢
mi kroyapeéedaki ded d kg kml r i ysojnaurciukndakl em s é
°]l -¢de -ekmeawvwemanrzdanaardtagdd]. g°zIl eml enmi Kt ir
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2.6. MEKA MK Z E LKLER

2.6.1. Sertlik

Bir malzemenin plastik deformasyona direnmesine sertlik déna.r k1 € ser t | i k
Brinell sertlik testi, Vickers sertlik testi, Rockwell sertlik testi vb. e r Burtez

-al ekmasénda akajéda a-eéekl anahBrinelBseitlik el | S
deneyn de bel i r | imalzener yy zéegman (zFe) me d e helirfldrp € 1 me K
-aptabil y® yardémeyla bir s¢re uydayl anmas
meydana getirme e&a&2.hlasdtleeageaeyimaa taidlér ol ar
g sitlemi Mdlizeme y¢zeyine WY gklaan ainz i knu vkveéert e s
al am@hgnmesi yl e Br(HBpheidé ddilir Standdrtlbir Beineldtesfinder i

10 mm -apénda ser3o0oextkgfi |l mgk FkEEikebtil ya
vel it & gi bi sert mal zemeye n¢gfus et meye  z
daha yumukak mal zemel er i - iBriirmsel Ibus eyr¢itkl i5
(2. 1) 6de khie sfaodd8@aenié ri | e

P Yk

Numune
kekid Brinell sertli kg®lstegmimin Ke mat
B 2P
D (D — VD2 — d?) (2.1)
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Bu denklemde P y¢k (Kgf cinsinden), D bil
iz -apédér [48mm cinsinden)

2.6.2. ¢ e k Mesti

¢ e k me , nuneuseninu - | @oyudca numuneye t Kk i eden -ekme Kkuv
tanémliam.abil ek eksenl i, -0 ft eksenl i veya
mal zemel erin mukavemet.i hakkénda tasarém

kull anél anekeak &ksenTekeksehliggeritm tesénede, @umune
artantekelksn !l i bi r y Nuemummaernu zn kuazlaéma.s éndaki dej
Eldeedi en veril er mgereinldmes | @jkr igseir imliada k - i z
m¢hendi sl é&armgelrd | venr i | mi Kt iyrg k ¢ Mg N i snluimu
orijinal kesitineolaro r a n &d&rSt(aAndart bir m¢ghendi sl i k
kekRi.lLgéseer.i |l mi ktir

S=PAo (2.2)
Denklem@ . 3) 6t e M¢hendi sl i k gerini mi formegl ¢
uzunlukd e J inin( LO)r,j i nal (LQ@luah uprmanéeder .
e=ad /L o=(L-Lo)/Lo (2.3)

¢ ek me mlepae-ya, °nce nNel asitaihlao swakikd dee kiipK ta
deji Ki mi ne maenrolamk dk phafr ak kér el ar ak kopar .
mal zemenin akma sénéréna kadar ol an b°l ¢m
olan b° | g etda kkme demayizeme ni n kopuncaya k ad

def ormasyonu i ki kademede ger-ekl exir.
1 Elastik deformasyon

1 Plastik deformasyon
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Gerinim, S

Kinlma Bolgesi

e———— Akma Sinin ———————

71

Boyun Verme
Baslangic

Plastik
|-
Deformasyo

Bdlgesi

&
Kayma
Akma
Dayanimi

Cekme Dayammi

Kinlma

Kirilma Stresi

Gerilim, e

kekiSGellmGer i ni mMOQE] ri si [

Numunenin hacmi denep oy unc a

daralmadard aha f azl adeéer .

yéeken

akél maskBu greoletkane kb eym unun

azal maya baxkl adéje

ker el

dayan

sabit meaklé&estmdBndakil angeé -
p8kl erkmenibnr demw&madtme

bakl adéj é

numun e Boyum venme hmaleemeg e r 1 |

éncaya kadar devam eder . Ma lkme me n i

émé ol flak tanéemlaneéer

2.7. KOROZYON

2.7.1. MagnezyumunKorozyonu

Mgoni
tarteée

n korozyonu basit bir i Kl em gi bi

Kel maktadér . dMgv'rnainne Kk §a é eH2OsRodrieaixz yy o n

di yagr amé&nddag2®.rl;, | meMigt, edmnert al i K dur umunda
potansiyellerde (2.4 V vs. Standart Hidrojen ElektroduSHE)) bulunabilir ve bu

p ot ans ieyndel Mgh'ya pksitlenir. MgOH), pH 8'in ¢zerinde
ol arak stabil bi rKsp (6.6 x D042) berkontgol egimeglidiry, Bu, v e
bi-HO0ki sneéeml eri nékkapaselcadal sl tha &

dijer

Var |l é

]e tarteéexkélabilirt doil satne |Peoeuknilthabiedr 1d(i y a

dej] eMg'lve MgQ. Pour bai x
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yerl ektioksimdasyMgn 1 -in denge potansiyel:]

S¢ér ¢l mesi i -1 n hald/i h ard@.rKdr@ezyon yaag urne abki sri ykoant | ¢
genelliklef or my¢ | 2.4 ve 2.5@dleB5Neril dii]i Kekil di
Anot: Mgs)"  Mg?* +2e (2.4
Katot 2 Oy + 2 €"  Hag+ 2 OHsy (2.5
0.8+ _\Ing_‘:'\—\"\*\_;___
( 1 \ﬂ_?]«
0.4 4 e
@
0.0 e "
0.4 4 B - b~
Ai? -0.8 4 T
B, %] Mg Mg(OH),
1.6+
-2.04 Mg'?
24 — “
Mg T~—
2.8
2 D 5 4 R o W
pH
k e Rill Mg-Sus i st e mi I -in PBHurbaix diyagr

Bi rtliek | mi kK korfoaymaol r2a&é&dadner il di ] i gi bi

Mgs) + 2 HOg) -A Mg?*su) + 2 OHsy + Hag) (2.6
Kk i reaksi ypharakkéaseonaklier &ce b¢gyeé¢k ol duj
hezl edgm evaer @O Hp HZz @ ¢ n & ve sonunda Mg(OHin birikmesine
y ol a-acakteér,
Mg* sy + 2 OHsy A Mg(OH)zgs) (2.7)
Bu reaksiyonlabirlikte, Ho de ol ukt uj undan, Mg ymweyi nd:«
Mg(OH)Y' ni n - ©° keekbnmpakslh ni t abaka ol uxt @ankama s-&n é

birilmiogybn ¢r¢neéekerMgk,y ¢glezye nmedkelbii ,r tyragpmlya:
sahiptir[50].
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2.7.2. Magnezyumve Elektrokimyasal Seri

Mg bazl e mal zemelerin korozyon direncinin
k e ki@da®2z.elt | gtbhnsdluiir ortamda ter modinami k ka
dej il dir. El ektr oki mysatsaanld agdr irleedr¢ krse ddmks
g°re s9.rDahaaegatif®@ ej erl erine sahip olan t¢rl
el ektronl ar éjsidribres td abkéar dahamastietkl epler i ne s ah
ol anl arén elektronlaré kabul entekaeizma ke a z al |

ilgili elektrokmyasal bir dizi element i z e26'daestandart hidrojen elektroduna

(SHE) karkeéeyetlgmrpoet abnsrl i kte g°steril mekte
Geor ¢l ebil difji gi bi, Mg elektrokimyasal ser
mal zeme (Ca bir yapeéesal mal z e mBu kenunaum a k d ¢

bir sonucu, el ektri kmdae mdg'échelm, ddblua spews il
potansiyeline sahip bnr k r bdlowkksti ufrtafbt.ilnmens i M
Bu ol aséel ék, Mgsernl ed @kt kakEmgbhmak ol ar @
dijer el ementl erl e ablwémiceanmda&rean zori Inake

korozyona neden olabilir.
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¢i zeb.Ba

el ektrok

Pezde kullamehaheveibanéstandar
potansiyellerini g°%Jteren
ELEMENT ECindirgeme/ SHE
Ca&*+2e-A Ca -2,87V
Mg®*'+2e-A Mg -2,37V
Y¥3*+3e-A Y -2,37V
Al¥*+3e-A Al -1,66 V
v+ 4e-A Zr -1,45V
Zn**+2e-A Zn -0,76 V
Cr*+3e-A Cr -0,74 V
Niz*+2 e-A Ni -0,23V
Fe*+3e-A Fe -041V
Cl*'+e-A CU 0,16 V
Cw¥*+2e-A Cu 0,34V
Ag>+e-A Ag 0,80 V

27.3. MgAIl ak é mKerazyom @md a

¥zl k!l er i

denenmi

et ki si

potansi yel

ul akamayacap3d

Ktir.

ni
Bir

al akeém

el ement i

Al akém El emanl!l ar @énén

gel i ktalrarkeé&m ii-li anv eMai g nelzayruark -

se-er ken

di kdktatte rLal émdnal ggalkedeni gl e i hi lbérir

fi

|l ok al

i ze
Kr i
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2.7.3.1. Aluminyum

Mgded ¢ zenl i olarak en -ok kullanélan al ak

koroz y 0 n performanseéet grztedgx aldrddgi t adltakkiélmd rair € n

mi ktarénén artteéereél masé, Awvveltlbreummivear?:
f az eMgvegbMgi/Alk ar ek émé) ol ukmasé nededenyl e s

olur. Genel ol ar ak Al umi nyumun Ma gkorezgoyp u m  a |
perfomanséné arttéerdéjeée kabul edilir.
Tutarl é bir kxekilde bildirilen 1Kki g%zl em

hemEcorrhem de Vol ta potansdlywHdti nnrddcujpuo zyi°n gn

i -erijJinin arttereéel maseé-Fe dP Rzeamnémi gl UKkode
al akemen safl éjéene

da azalteéer vV e sonu- o |

genellikle Al ileeklenir [B1].

2.7.3.2. ¢i nko

¢Ci nkK,- bkékllankuan Mg al akéAnZl asreé issdar)i shiinmri nal a
Bir Mg al akéménén Zn I -erijJinin artteéerel
yé¢zeyde zenginl ederadk tled o gy afig e mdl mérmaink tair ré
fazénda Zn-faza@&mleée jdearmén ,g¢b t agp di r eBuinlt @if K typarp t

kat ot olukumu da korod&lyon direncini arteéerr

2.7.4. MagnezyumAl ak éml ar énén Korozyonu

Genelliklemeé al i k °zel |l i kte ol an maramdergiedliklerir i n et
elektrokimyasal reaksiyonlars onucund a yeyqaial gelere mstkraneyen

dej i K e kotozygnldenrBu t anéma bakél énca, ol ukumu

t¢egreéene gore ki myasal" ve elektroki myasal

bahset mek mamlkasrad ¢ rkorkKizyon, met al vV e al i
i -erisindeki oksitlenmesidir (kuru korozy
i -erisindeki bozul mal ar é &laks korozgoh)edtatak o ki my

adl ander éli&n. kor ozgean eclelgrekgngagah meklaaizma ile

ootaya b-idktnéje&kt edi r . Magnezyum al akéeml ar é
-ukurcuk korozyonuna karké dayanékseéezdeér.
k¢-¢k -ukurlar olukturakakobpYomansgkgnoeyp:e

bir s¢re i -erisinde delinerek kull anél maz
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-ukur di plerinde ol ukan garénelakorozgon glaaki | me

tanénan -atl ama ol ayeéene benallikla klon ba bramr . ¢u
iyonl aré i-eren n°tr oyMg@inl atdaomr (° Na€ji wv
bakeémeée o#nagm olan deninr t a me -ukurcuk Kkorbozyonun

ortamil&or ogfyon d@aakmnemelkyralzeme&irmhéen é mak ve -evr
kKartl aré kontrol alténa alBmak eisti ny°korreaonty
birincisi en basit y°ntem olan k¢gtle kayhb
testidirrEl ekt r oki myasal t est | er mikpolarizagyonltabte y a p €
ol ar ak adl andér el an k eAf aeleksokimyadali empedamnso z y o n

spektrumu (EIS) e st | ol arak adlandér el an uzun sg¢r e
Mgal akéml ar énén korozyonu, k¢tle kaybe, h
hepsi birbirleriyle uyum i-inde korozyon
empedans spektroskopi si dahi | -ekKi tli

incelenebilir p4] . Mg al akéeml ar é, gal vaniikncimial z e me

malzemg e bajl andékl aréenda gal vani k rkikmor ozyon
galvanikk or ozyona kar ké harsesaydreun wanm .&iddgr agdesakeli
27deg®steril diji gi bi ortak Mg al akéml ar é
kar kélaswtydraeltrmkdir edil ebilir.

¢i zell.lg 2l akéml arénén karkél ailler mal & K¢

Korozyon Dayan Metod
AZ80>AZ91>AZ31 EIS
AM60>AZ31 K¢t e k
Saf Mg>AZ91>ZE41 K¢tl e kayl
Saf Mg=AZ3>A791>AM30>AM60>ZE41 Hidrojen
WE43>ZE41>AZ91 K¢t e Ka
ZK60>AM60>AZ31>AZ91 EIS
AZ91>AZ61>AZ31 Kegtl e kK
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Yapél an -al,éxkmalaarlda bhirl eej i |l i mkmavéoti de]

nedeni olabilir bunlar

1 Kirleticilerinvar | éj & ve

1 Mikr oy a etléles.a |
Cu, Fe, Ni agiénid ad okr g ma ysaal- @k@am is-aifrs elzé leikd la
l'imitinin ¢ste¢gnde bulundujunda al akém kor

olabilir [55. Ba k€W apéda mevdwatz dolpduajnuenrd a bbu da
g¢-1 ¢ birbtkat #t eyygpadahp Fe, Mg matri si i -

veya katodik FeAl veya Feikincil metalf az| ar & ol ukturabilir. l
ol an -°z¢:i#rme ykeompMmre ksl eri ml axitwyirmarke i Mm n €
b°yl eca@&® lndg mdie Kk i H e57). Buerunla Biriikte, baze- e ka- éné&l ma
ol arak kaleér ve y¢ksek Fe: Mn oramd@&ganén ar:
Mn i -eren f az|58r Kirketicilerio pdl sérfaébidadec[fe al akeén

korozyon performansnéke oyajpiél Peckidey hé kz @ma mad &

275 K¢ tHaey¥YEnt e mi

En eski ve en baskor ozyon °likmpe | g° ktagmé y°ntemidir
kupon numuneleratmosfera - é k oyrat adndtl &4 ° zzdb@&r alsé&inhér ve be
s¢rieste mde bekl|l eti l.dlieksttdrerdenr @@ neék areél|l 0
tartél arak Naugtuinhel afiér & lée & hgeerr & re&kr exledn rmaseéerk
yaml@k or ozyon hezéenén kga,ckt aoadtdallabidritramb
ol abil mesi i -in met al kuponl arénén wuzun s
dezavantajl arée ol ar ayk° rbti dknorr neetkgtoend ihré.z ek ¢btell e

-%z¢é¢nmeni n hgemkneldedirKordzyoassrés, nl er i ni n edka ma me n

met al ycargkhadenér él mase 2B dek nekttledi kayl
hesapl anmaseéebgg®sterilmiktir |
Ketl e=K&Yy ke kgt &Kibkpotdlleo) |1 (2.8

276. El ektro Kimyasal Kmpedans Spektroskopi s

El ektroki myasal Empedans Spektroskopisi (E

il e, el ektroki myasatdepi ki smii st emi al exmmea slané
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Empedans spektroskopisi mahhembat sézzamana
©zel | i kélnedrai bhialkgkiy neerziarmanda pillerin Kkor
devam edemak kd redd ed ar nbeijligni; vyearkiért. h¥; cr el er

bakka herhangi bir elektrokimyasal I K1 emd e

Genel olarak, empedans, @h y a :na sséennéér | a ma & r olemhaedkam i k
akéekena dayanma kdadbhm!l ispetsi fokabak kielkii ihidr
-eki tli diren-1erden, kapasit®°rler veya i

ger-ekl eken karmlaage&k bt ana@mlr&anabil ir.

Empedans kavr amé&m he¢en alofjemnatsiifstakné mda i -

kul | anél dabElSItieck nolj $sa yal m&2ma gal t @i naytaipfan
odaklAynrééycuak,ar €éda bahsedil di ] géinbi gensliisjtie
dojrusall éj e kor umak i -1 mMojyreuseali ndda r Kk ¢s-
s¢perpozisyonun °neml i °©zellijognedisahi pka
sinyalin ajeéerleklé toplaméndan olukuyorsa
verdiji tepkilerin g@gptam)st ek kb sbardeénik. ( aj &
kull anél arak analiz edilen -0ju element,
davranék Byfnsutnelramelzi.r | i kt e, -0k k¢- kk taneé
analizdengr ar | anmak i [60.n kull anél abilir
Dojrusall ejéen °nemini a- ekl amak iChmn ©°nc
kanunudirenci voltaj E)i | e (A&réans éndaki oran ol arak tan:
R(t) = E()/1(t) (2.9
Ancak bul i K K i sadece bir devre eKdeceealnébi(n deia
birka- basitlextirici °czellije sahiptir:

1T T¢mkam voltaj seviyelerinde Ohm Yasaseé

T Diren- dejeri frekanstan bajémseézdeér.

T Bir regiesAlarkdeemn ve voltaj sinyall eri b i
Devre el emanl aré -oksedaghd eldakmexsiktd @divrder
kavr akkédletrekedraha genel bir devre parametr es
Direncin aksine, empedansixk ar éda | i stel enen basitlextir
El ektroki myasal empedans, genell i kl e bir
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uygulmmarakh ¢ cr e i -erms?® hdgkine ik &imde, ztoa dian eait la
bir uyareéemkuyygylaaya frekanséné ve har moni

yanété eBueakdam!| srnyal. sin¢gzoidal fonksi
edilebilir (bir Fourier serisiDoj r us a l (veya s°zde dojrusal
bir potansiyeler er i | en mevcut cevap, ayné frekanst

217'de g°stergiafiklagi ogabak kaydérél ér .
Zamanén bir fonksiyonu olarak i1ifade edil er
Ef)=cos ( ¥t) (2.10

E (t) t zamanéndaki ndatjamdsiry eviedi¥r ,r aEOy asi rfy

! faz degisimi

araseéndaki

(0]
3
1
(]l
=
(]l
A
(]

k e ki7 Potansifed i irviek ak é

Benzer -k&leikl dadadwmal | Orekans ve faz kaymaseé
It)=locos (¥t1T «) (2.1

Bu yeni potansiyel ve akém tanémlaréneé kul

y alabair:

Z(t) =E@®)/I)=Bc 0 s fcwts) (/ybcos@ ¥ &) Zcos (Z1AT «) )
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3. MATERYAL VE Y¥NTEM

3.1. DENEYSEL MALZEMELER

Deneyl erde Yeél dér ém AnkimyasalLanalizi¢ i wied lgkd d & d e
verienAZ63 al akéml & magnezyum an®denevydbekkal € ak
numunel er T6 eéeseél | Mumemeher & abbé eésébul mki
400AQéddsaat -°zeltiye alma iklemi yapeéel de
i Kl emine talKiultanéal mokimad zemenin ki myasal
A. k. 6de OB Lnro dVeel ci haz keul.l anél arak yapélm

¢i zelldZ63. Magnezyum al akéménéen ki mya

Element Al Zn | Mn | Si | Mg
% 512| 2,54| 0,18| 0,01 (92,15

Deneylerdk ul | anél an MZA6nBu nyedvear | ak kesitli mal z
saniyede O, 4dinmknt emé zd mnrkaeshdssas CNC torn
kull anél acak sttdredasértdnuarun®ll € mbzgoni |, mi
i ncel emel er i i -1 n k ukd d kainlée | 3 c 4 émaddki ikdg ihbmnmimu
Numunel erkeyojgni@ipiell ekmllge8 .d2e0 ver.i |l mi ktir

¢i zelygemBnel ere yapeéelan ikl emler

Numunek od | ar Kriyojenik Kkl em Zsaama n

Kkl eAd83 z Kriyojenik Yok
AZ63 (24h) -80C 24
AZ63 (48n) -80C 48

31



3mm 20 mm

£ 30 mm £ 30 mm
A B
kekil 3. 1kulDeameéyllaenr cdneu mune °1I| - ¢l eri  A) Kor
numune °1 - ¢s¢, B) Sertlik ve Mikroyape t

32. DENEYLERKRI LI kI

Deney testlende SEM ve EDS analizle¢ zce | niversitesi b¢n:
Bilimsel ve Teknb oj i k Ar akt ér mal ar Uygul ama ve Ar

Korozyon testleri, D¢zce ''niversitesi

ger-eklexktirilmicktir. tekme testleri, Tek
Ki myasal anal i z StAeNs tAl.ekr.i0,d eE c zSaecrétblaikké TEe st |
Ti c. Ltd. kti.o6de ve Mi kroyapée testl eri
bul unan | abaratuvarl arda ger-eklexktiril mik

3.2.1. ¢ e k Mesti

Anot ol ar ak kull anél mak iczere Yélkd earréont A
-ubuk]!| arkémmed annu mune s i -ékarteldéektan sonr a
t abi tutularak bu numunel ere yapéeoaamkak i K

Kekitlodbd amda 9 uwmdwere s-i e khmez émr-leaknnmeé k4 @b u k | Tagr
ki yoj eni k i kKl em uy g-uel kanmed étket satnl ehrei miegtlerr s- oenkr | ae
ISO 68921 standardéna ¢g&gmee -yuabpuejlumé Rt egl er i

veril mi ktir.
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I SN ]
75mm
g0omm i
) 160mm i
keki.l ¢e-kkmbeuj u °1I - ¢l er i

3.2.2. Sertlik Testi

D°k¢meg yapeéelan mmoumuapdredaeherdO0kriyojenik

numune -ékartél mékteéer ve bu numunel er i Ze
toplam 6 adet sertli k deSerit | akéHammank eo i t i
D°k¢m be¢nyes iBMSI 2000b0BP@rniame | | sertlik. cihaz

Sertl i k 1®nhm biymiless0dgf y ¢ kg earl-teeknldeak t i ri | mi Kt i
65061 st andar deentaérg®r e yapeéel

3.2.3. Korozyon Testi

Korozyon cneylerinde elektrokimyasal elektrokimyasal impedasypektroskopisi

Garmy3 000 model cihaz ile Gamry Echem Analy
kaybé deneyl eri 5 farklé numunenin topl ar
bekletildikten sonfra numnel eri n toplam ajérl ekl aré hes

yardémé il e dejikim hesabé yapeéel méxktér.

3.24. T ar a rEkHKtrén Mikroskobu

Kriyojedivki Kiss@Emeumunel er den lendan ysonyraki nfaz k I K

deji kivid ekdamazyon teall @drij] i somtasényapgeé z| e

gor¢é¢nt gl eri al énarak karkeél aktérmal ar yap:¢
faz daj el eml ar éneé belirl emek i -1in EDS ar
yapeéel mékteéer. Bu I KI e mIFErG i2-5i0n nfoHlle | maSrEkiva
kull anél mékter.

33


http://www.bulutmak.net/bms-3000-obpc.html

325. Mi kroyapé G°re¢nt el eri

Kriyojenik iklem yapél mék ve iklem g°r mel
sonr aki faz dejikimlerini gzl eml emek i -1
Numunel er h azaé&rél ainlee kd®0&,e 2000 ve 4000
zémparal anméexteér vV e ardéndan parl atma ci
parl at él mékter . Parl atélan numunel e %5 0 |
-%zel tisi i | e daj nelerrNkan MAIDO modeDapfk Imikros&opta n u mu

d

100x b¢yeé¢tmede i ncelenmi Ktir.
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4. BULGULAR VE TARTI k MA

41. KRKYOJENKK KKLEM SONUCU ELDE EDKLEN MKEk
G¥R! NT! L ERK

kelki 4e 1féar k1 & kriyojenik iklemlerden sonrég
g°r ¢ntrgnheetr edivre. Kriyojeni k eikklbams ifzorma kgr®or
ol up AM-BMemiesa@xkled t iar datzl ax-Mexeregi n - kel ti

mi kro g°re¢nt gee¢e gRekiKme Bytodjdeini &k 1 kKl em g°r mg
i se dahae¢ryictkeremMg-Ali- Rtkaradzd ar e . k%l @enidk. tli r
artan kriyojeniki Kk | e m sAi-Mrefsaiz EBialredaz a | dA@ fipeb (Mge/AliM g

fazl ga@egna daha homojen dAyEéda]lkr gybéjzé mimk ¢

°t ekt iak éb vfeaz|l aré& daha belirgin hale gelm
Yapél an EDS sonu-Ilarée sonraseénda Al el eme
-%kel diJi ahslakegkemaktkadeAZ91l magnezyum al e

-aldaakri yojeni k i bFaml ar Egapé mh k blavsao | e
daj el dej é g° 0. HuahgeZmquanive arkRZ3. mfznezyum al ak é
éczerindeve bemdeewmak | ar el[dE Yapeani xh endakt érn
kriyojenionirkalaeamldek af e s dar al mal ar é meyd
sonucunda ikinclU v e b f az| air-énnéekstre- alaklaottayee seik t €] &

saptanm®8wtn@&@m yanénda matris sékeéekték-a s

-eéektéejé bunund®anggkeredk emiekrrjoysepéda i1yil ek
bel irl & BEMKgGCirre n[t ¢ erNISSEfement®pndgnaimeée yar der
renkl endirilerek hesaplanan -°%kel ti fazl ar

daj él ém or anlearKe | AedanGs3-0Aekned itjii nfdaz| ar @énén o1
AZ63 (24)06te %2%5202A063ar &Kk &@hédeBul adhamék r i

i KI emr esi arttek-a -9% kel ti fazl ar énén o]
ge°r ¢l mektedir . B boyuiunc yiam & & Id m eddifde wvégikerk i |

mi kroyapeéel ar da ger ¢l mektedir. aT.ak.emiChea
czerinde yapteje -aléekmalar da rmazemeninboyut

-ekme dayarkamandar an ar 6k g°zlemlemikl er
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k elkdil. Farkly®j eni k i klem uygul anméxk numu.l
kar kél aveg énebh| b at)Kikd reénsli azr sBAZBK K hielmso z AZ6
mikroy a geday (c) AZ63 (20) mi k,(d)AZG3d2h) mi k detay, P43

(48n) mikroygp ,&f) AZ63 (48) mi k detay. a p é
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