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MeTaAAIKG KpApaTa: OOUN Kal IOXUPOTToinoN MEOW
OEPUIKNG KATEPYATIOC
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Figure: ZUVOTITIKN TTapoudiacn Twv BEPATWY TToU TTEPIYPAPOVTAI OE AUTO TO KEPAAAIO
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Aoun Kpauatwyv

Koatd v meprypaen t™¢ Pactkng KPLOTAAMKNG OOUNG TOV  UETOAA®V,
avapEpOnke OtL Tal dTopa gival OAa Tov 1010V TOTTOV, UE ECAIPEST TNV OYI-GLYVN
TOPOVGIO, ATOU®Y TPOCUEIEE®V" oVTA To HETAAAQ Oava@Epovior ®C kobopd
uétaAia, av ko umopel va unv etvon 100% kabapd.

Ta kaBapd pETaAlo TOL EUTOPIOL YPNOLOTOLOVVTAL Y10 OLAPOPES EQPAPLOYES KOl
TPOTOVTA, OMMC TO OGAOLUIVIO Yio QUAAQ (TT.}. GAOLUIVOYOPTO), O YOAKOS Yio
NAEKTPIKOVS ay®mYOVS, TO VIKEALO 1 TO YPOULO Y10, EMUETAAANDGCT KO O YPpLGOG Yo
NAeKTPIKEC emapes. Ta KabBapd UETOALD EXOVV GYETIKA TEPLOPIGUEVES 1OLOTNTEC,
aAAG  avTEC pmopoLV vo  petafarAlovtor kKot vo  PeATiOvoviol UECH TNG
kpapdtmonc (alloying).

‘Eva kpauo (alloy) omoteleiton omd dv0 1N mePlocoOTEPO. YNUIKO GTOUYELN,
TOVAAYIGTOV £Va, €K TOV OMOIMV Eivol LETOALO™ 1 TAELOVOTNTA TOV UETAAA®Y TOV
YPNOLOTOLOVVTOL GE TEYVOAOYIKES EQUPUOYES EIVAL KATOLO LOPPT] KPALATOC.
Yrdpyovv 600 Pacikéc poppég kpaudtmons: oteped drwoivparto (solid solutions)
Kot pecopeToiMkég evoeerg (intermetallic compounds).



2TEPEA OIOAUUUATO

Ao Opot gival Kaiplog onuaciog yioo TNV TEPLYPAPT] TOV KPUUATMOV: OLOALUEVN
ovcia kKot oAt H otoAvpévn ovcia gival to dgutepebov GTotyElo (.y., OAATL
N Chyapn) mov mpootiBeton oTov d1ADTH, 0 0TO10¢ €ival TOo KOpLo GToLyElo (Y.,
vePO).

Me Opouvc otoreiov o€ pion KpuoTaAAKY ooun, M OlAvueEvn ovoio (dtoua
OlALIEVC ovciag) €lval to otolyeio mov mpootibeton otov doAvTn (dTouo
unTpkng ooung). Otav 1N ovyKekpluévn KPLOTOAAMKTY) OOUN] TOL OADTY
Ol TNPEiTOL KATd TNV KPOUAT®OOT], TO TPOKVITOV KPALO OTOKOAEITAL OTEPED
OtdAvpa.

Eidn otepedv dwwAvpudtov: (a) Zteped dwwAvuota aviikatdotaons, (b) Zteped
OlaAvpoTo TOPEUPOANG.
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MeGOUETAAAIKEC €V
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Figure 17 EDS analysis of 3 : ‘ o
the cutectic resolidified \. .
structure which includes :

intermetallic phases with
formula Alg;Mn.
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O O peoopstarAikéc evwoelc (intemetallic compounds) ivat moAUTTAOKeEC SOUEC TTOU
armoteAouvtal amod 6U0 HETOAAQ OE QUTEG, T ATopa TNG SlaAupévng ouoiag
TomoBetolvTal AVAUESA O ATOUA TOU SLAAUTN O€ OUYKEKPLUEVEC OVAAOYLEG.

0 OL pecopeTOAMKEG evwoel xapoktnpllovtol amd avtoxn, OKANPOTNTa Ko
paBupotnta. Adyw twv uvPnAwv onueiwv tRENG, TNG avioxnNg o€ UPNAEC
Bepuokpaoiec, tNG KaARC avtiotaon¢ oe ofeidwon Kal TNG OXETIKA XOUNANG
TUKvotNTaGg, €lvol  KAatdAAnAa UALKA vy  €dapUoOYyEC  OMWE  TPONYUEVOL
oTpoBLAokLvnTnpeC.
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2UOTANATA OUO (PACEWV

O Mia ¢paon (phase) opiletal wg eva duoikd oploOsTNUEVO Kal OpoLloyeVEC "uépoc”
o€ €va UALKO. KaBe daon elval Eva OPOLOYEVEC MEPOC TNC OUVOALKNCG palog Kol
EXEL OLKA TNC XOPAKTNPLOTIKA Kol LOLOTNTEG.

(a)

Figure 4.3 (Q) 2XNMATIK AvATTAPACTAON KOKKWY, OPIWV KOKKWYV KAl OWHATIOIWV OIECTTAPUEVWY O€
OAn TNV éKTacn TNG OOMNG EVOC CUCTANATOC BUO PACEWY, OTTWCG TT.X. £va KPpAua POAuBdouU- XaAKou.
O1 KOKKOI avaTTapIoTouV PJOAUPBOO 0€ aTEPED DIAAUPA O€ XOAKO Kal Ta owuaTidla gival JOAUBOOG wg
oeuTeEPN ®Aon. (B) ZxNUATIK aAvaTTapAcTAON CUCTAMATOC OUO PAcEwV atroteAoUuuevou atrd duo
OUVOAO KOKKWV (OKOUPOXPWHO Kal avoiXxtoxpwua). O1 €yxpwMol Kol AEUKOi KOKKOI  €XOuv
OIOPOPETIKEG OUOTACEIS Kal 1010TNTEG.
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Alaypauuara gacewyv

» 'Eva  oudypapupo @AcE®V, YVOOTO Kol ©C OYPOULO 100PPOTIaC,
TOPOVCALEL TIC OYECELS avAUESH ot Beprokpacio, T cVGTACT KOl TIC
PACELS TOV VTAPYOLY GE E£VOL GLYKEKPIUEVO KPOUATIKO GUGTNUO TTOV
Bpicketal o€ 1GoppoTia.

¢ O 0po¢ 1ooppomia Yoo Eva, GOGTNUN GNUaiveL OTL 1 KATACTACT TOV O&V
ueTaAaAAreTal Le ToV YpOVO.



AlQypaupa pACEWY VIO TO KPAUATIKO oUCTNUO XOAKOU-VIKEAIOU
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Figure: AIGypapua @ACEWY YIa TO KPAUATIKO oUCTAPA XOAKOU-VIKEAIOU

OTTWG AapBaveral pe apyd pubud oTepeOTTOiNONG.
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MnXaVIKEG I010TNTEC KPAPATWY XAAKOU
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Figure: Mnxavikég 1I010TNTEC TV KPAUATWY XOAKOU-VIKEAIOU Kal XOAKOU-Weudapyupou ws ocuvapTnon
TNG oUOTACNHG TOUG. OI KAPTTUAEG YIa TOV WeUDAPYUPO £XOUV MIKPO UAKOG, ETTEION O WYEUDAPYUPOG EXEI
MEYIOTN OTEPER DIOAUTOTNTA O€ XOAKO 40%.
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Composition (at% Zn)
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Ficene 9,17 The copper-zince phase diagram. [Adapted from Binary Alloy Phase Diagrams, 2nd edition, Vol. 2, T. B.
Massalski (Editor-in-Chief), 1990. Reprinted by permission of ASM International, Materials Park, OH.]
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AlGypappa ¢ACEWY VIO TO KPAUATIKO oUCTNUA KOO TITEPOU-PNOAUBOOU
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Figure: AiIdypaupa @ACEWV YIA TO KPAPATIKO oUCTAPA KAOCOITEPOU-UOAUBOOU OTTWS AauBAaveTal PE
apyo pubuod oTepeoTToinoNC.
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Alloys commonly used for electrical soldering are 60/40
Sn-Pb, which melts at 188 °C (370 °F), and 63/37 Sn-Pb
used principally in electrical/electronic work. 63/37 is a
eutectic alloy of these metals, which: has the lowest melting
point (183 °C or 361 °F) of all the tin-lead alloys; and.

Solder - Wikipedia
hitps:/fen_wikipedia.org/wiki/Solder

About this result Feedback
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EMLOTNUOVIKN ETIUEAELD A. MavwAdkoc & A. Mapkoroulog, ekb. T{oAa)



To ouoTnua o1drjpou-avepaka
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Figure: To diaypaupa @Acewv o10rpou-avepaka.
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To ouoTnua o1drpou-avepaka

Fe atoms C atoms

}<—— Ah] ——»{

5

Fe atoms

Austenite Ferrite Martensite Carbon (%) c¢ (nm) a(nm)
0 0.286 0.286
0.20 0.288 0.2858
0.40 0.291 0.2856

(a) (b) (c) (d)

Figure: O1 povadiaieg kuyeAideg yia (a) woTevitn, (B) @eppitn Kai (yY) paptevoitn. H emmidpacn Tou
(katd Bapog) TTocoaTou AvBpaKka OTIC dINOTACEIC TOU TTAEYUATOGC VIO TOV HAPTEVOITN TTAPOUCIAlETAI
oto (8) TapatnpeAoTe TN B€on TTAPEMPOANRG Twv atéuwyv AvBpaka. MaparnprnoTe eTTiong TNV
au¢non Tng dIdoTacong € augavopévnG TNG TTEPIEKTIKOTNTAGC o€ AvOpaka: autry n emidpacn

UTTOXPEWVEI TN HOVadIAia KUWENIDA TOU NOPTEVOITN O€ OXUa 0pOoywVIKOU TTPIioUATOG.
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To dIaypapua eAacewv o1dnpouU-KapRIdiou Kal N avaTrtuen
UIKPOOOMNWYV O€ XAAUPBEC

Temperature (°C)
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Figure: 2XNMOTIKA aAvaTTapacTacn Twv
MIKpoOOpWY VyIa €va KpAua o1dnpou-
avOpaka He euTtnkToEldr) ouotaon (0.77%
avlpakag), Tavw Kal KATw amd TO
EUTNKTOEIOEC onueio (Beppokpacia 727°C,
1341°Eh
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To d1dypapua @Aaocewyv a1dripou-KapRIdiou Kal N avaTTuen
MIKPOOONWY O€ XAAUPBEC

A

P AN 7

Figure: Mikpodour Tou TTepPAITn o€ XaAuPa 1080, n otroia oxXNUAaTiCeTal ATTO WOTEVITN EUTNKTOEIOOUG
ouoTaoNG. € auTr TN AAPEAOEIDN) DO, Ol AVOIXTOXPWUEG TTEPIOXEC AVTIOTOIXOUV O€ QYEPPITN Kal Ol
OKOUPOXPWHEG TTEPIOXEG O€ KapRidlo. MeyéBuvon: 2500x%.
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Hypoeutectoid alloys contain proeutectoid ferrite (formed
above the eutectoid temperature) plus the eutectoid perlite
that contain eutectoid ferrite and cementite.

Pearlite

N
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Hypereutectoid alloys contain proeutectoid cementite
(formed above the eutectoid temperature) plus perlite that
contain eutectoid ferrite and cementite.

> Pearlite

.
c

Proeutectoid

$ “ ‘\\‘ A ~ \*‘-J " - . §id r : - ' -
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XuTtoaidnpol
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O 06pog YVTOGIONPOG AVAPEPETAL GE LU0 OTKOYEVELD GLOT|POVYWOV KPAUATWOV TOV ATOTEAOVVTOL

and oidnpo, avlpaka (Le TeplekTiKOTNTO TOL KLpaiveTal amd 2.11% Emc 4.5%) kot mopitio

(mg 3.5%).

1. ®ai6g yvtooionpog 1 patocidnpoc (gray cast iron, gray iron)

2.  OlMcpog yutocidonpog, avapEpETaL ETIONG MG YVTOGIONPOG GPALPOEIOOVS LOPPNG N
YOTOGIOMNPOC GPapoeldove ypopitn (nodular cast iron, spheroidal-graphite cast iron)

3. Agvkog yvtooidnpog (White cast iron)

4. Mohaxtog oidnpoc (malleable iron)

Y10npog¢ svumayovg ypagpitn (compacted graphite iron)
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XuTtoaidnpol
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Figure: Mikpodoun xutooidrpwy (ueyéBuvon: 100x%). (a) PeppITIKOS PalocidonPog Pe QUAAIdIa ypagitn. (B)
DePPITIKOG, OAKIUOG 0idNPOG e oPalpoeIdn YPa®iTh. (Y) PEPPITIKOG, HAAAKTOG GIdNPOG" OTEPEOTTOIEITAI WG AEUKOG
XUTOOIONPOG PE TOV AVOPAKA VA EUPAVICETAI WG OEPEVTITNG KAl AKOAOUBEi ypa@ITiaon Eow KATAAANANG BEPMIKNG
KATEPYQOIAG.

1. ®oudg yutooidnpog N eatocidnpog (gray cast iron, gray iron)
2.  'OAK0G YVTOGIONPOGC, AVAPEPETAL EMICTC G YVTOGIONPOG GPOLPOEIOOVS LOPPTG T
YOTOGIOMNPOC GPapoeldovg ypapitn (nodular cast iron, spheroidal-graphite cast iron)

3. Agvkog yvtooionpog (White cast iron)
4. Mohaxtog oidnpoc (malleable iron)
5. Zidnpoc cvumayovg ypapitn (compacted graphite iron)
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¢, Strain

1. ®ai6g yvtooionpog 1 patocidnpoc (gray cast irol
2. 'OAkog YuToGidNPOGC, AVUPEPETAL EMICTC G YV
YOTOGIOMNPOC GPapoeldove ypapitn (nodular cast iron, spheroidal-graphite cast iron)

Fig4.8 stress-strain curve for gray cast iron in tension showing brittle behavior.

3. Agvkog yvtooionpog (White cast iron)
4. Mohaxtog oidnpoc (malleable iron)
5. Zidnpoc cvumayovg ypapitn (compacted graphite iron)
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MikpodouEC XaAUBwWV

(c) bainite formed at 180°C {d) martensite
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MikpodouEC XaAUBwWV
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MikpodouEC XaAUBwWV

10pm

{d) martensite
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MikpodouEC XaAUBwWV

(c) bainite formed at 180°C
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Maprtevaoitng (martensite)
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Figure: (a) ZkKAnNPOTNTa TOU MPAPTEVOITN WG OuvAPTNON TNG TTEPIEKTIKOTNTAC O€ AvBpaka. (B)
Mikpoypa®ia papTevoitn PeE TTEPIEKTIKOTNTA AvBpaka 0.8%. O1 ykpileg, "TTAAKWOEIC" TTEPIOXES €ival
MOPTEVOITNG™ €X0OUV TNV idI0 CUCTACT PE TOV APXIKO WOTeVITN (AEUKEC TTEPIOXEC). MeyEBuvon: 1000x.
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MapTevaiTng ¢ eTTava@opdac (tempered martensite)
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Figure: 2KANPOTNTA TOU MOPTEVOITN E£C-ETTAVOPOPAC WC CUVAPTNON TOUu XPOVOU ETTAVOPOPAC Yid
¥aAuBa 1080 Ttrou petaoxnuartifetal yéow Pagric oe 65 HRC. H okAnpdtnTa pEIwvETal ETTEIDN TA
cwpartidla KapPIdiou ouvevwvovTal Kal PEYaAwvouv o€ PEyEBOC, autdvovTtag €101 TNV OTTOOTOON
METACU CWHATIOIWY OTOV JAAAKOTEPO PEPPITN.
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MapTevaiTng ¢ eTTava@opdac (tempered martensite)
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MnxavikeG 1I010TNTEG XAAUBWYV avoTITNONG WG OUVAPTNON TNS cUCTAONG KAl MIKPODOOMNG
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Figure: ZkAnpotnta (a), (B) kar ducBpauoTdoTNTA (V) YIa AtTAOUG avOpaKoUXoug XAAUBEC
avOTITNONG WG CUVAPTNON TOU OXNMUATOC TwV CWHATIOIiwV KapPIdiou. 2Tov TTEPAITN Ta CwPaTIdIN
gival AapeAoEION. AETTTOKOKKOC TTEPAITNG AapBaveTal au¢dvovtag Tov pubuod wueng. 2tn doun
oQaIPOEIdITN Ta cwHaTIdIa KapPIdiou £xouv oPaIpIKO OXAHA.
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MnxavikeG 1I010TNTEG XAAUBWYV avoTITNONG WG OUVAPTNON TNS cUCTAONG KAl MIKPODOOMNG
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Figure: Mnxavikég 1010TNTEC XAAUBWY avOTITNONG WS oUVAPTNON TNS cUCTAONG Kal MIKPOOOUNAG.
MapaTtnproTe TNV aUgnon TG OKANEAOTNTAC Kal avToxXNES oTo (a) Kal TN YEIWON TNS OAKINOTATAC KAl
duoBpauaoTtdétnTac oTO (B), AUCavoPEVNG TNS TTOCOTNTAC TTEPAITN Kal KapRIdiou o10ripou.
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- Figure: (a)Aokiun Jominy Kal puBuog

wuene. (B) KauTruAeg eupatrtdtnTag yia
TTEVTE DIAPOPETIKOUG XAAURBEG, OTTWG
AaupBavovtal atrd TNV avtioToIixn
OOKIUN. MIKPEG DIOKUUAVOEIG OTN
ouoTaOon JTTOPOUV Va PETaBAAAOUV TO
OXNMO AUTWV TWV KAPTTUAWYV. K&Be
KAMTTUAN €ival oTnNV TTPAyhaTikoTnTa Jia
wvn Kal o akpIBnG TTPoodIopIouOGS TNG
gival onUavTikOG yia TN BEPUIKN
KATEPYOOia HETAAAWY, ETTITPETTOVTAG
KAAUTEPO EAEYXO TWV IDIOTHTWV.
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@EPUIKN KATEPYATIA UN-O10NPOUXWV
KPAMATWY Kal AVOCEIDWTWY XOAULBWV
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O@EPUIKN KATEPYAOIA PN-O10NPOUXWY KPAUATWY KAl
AVOCEIdWTWY XOAUBWYV / ZkKANpuvon UE KATAKPAUVLON
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Figure: (a) Alqypauua @ACEWY VI TO KPAWATIKO oUCTNNA GAOUMIVIOU-
XaAkoU. (B) Aidpopeg HIKPOOOUEG TTOU AapBavovTal KaTta Tn SIAPKEIA TNG
OKArfjpuvong ynpavong.
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[Npavon (ageing)
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Figure: ETidpacn Tou Xpdvou yrpavong Kai TG Bepuokpaciag oto 0pIo
dlappor¢ Tou Kpauartog ahoupiviou 2014-T4: yia kGBe Bepuokpaaia
UTTAPXEI Evag BEATIOTOC XPOVOC Y pavong yia JEYIOTN avToXH.
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TexvikEC etTipavelaknc okAnpuvong / Surface (Case) Hardening

TABLE 4.1

Process

Element

General characteristics

Metals Procedure Typical
hardened added to applications
surface
Carburizing Low-carbon C Heat steel at A hard, high-carbon Gears, cams, shafts,
steel (0.2% C), 870 -950°C surface is produced. bearings. piston pins.
alloy steels (1600 —1750 °F) in Hardness 55 to 65 sprockets, clutch plates
(0.08-0.2% C) an atmosphere of HRC. Case depth <
carbonaceous 0.5 =1.5 mm (< 0.020 to
gases (gas carbu- 0.060 in.). Some
rizing) or carbon- distortion of part
containing solids during heat treatment.
(pack carburizing).
Then quench.
Carbonitriding  Low-carbon Cand N Heat steel at Surface hardness 55 to Bolts, nuts, gears
steel 700 -800C 62 HRC. Case depth
(1300 -1600 °F) in 0.07 to 0.5 mm (0.003
an atmosphere of to 0.020 in.). Less
carbonaceous gas distortion than in
and ammonia. carburizing.
Then quench in oil.
Cyaniding Low-carbon Cand N Heat steel at Surface hardness up to Bolts, nuts, screws,
steel (0.2% C), 760 —-845°C 65 HRC. Case depth small gears
alloy steels (1400 <1550 °F) in 0.025 10 0.25 mm
(0.08-0.2% C) a molten bath of (0.001 to0 0.010 in.).

solutions of
cyanide (e.g., 30%
sodium cyanide)
and other salts.

Some distortion,
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TexvikEG eTTiIpavelaknc okAnpuvong / Surface (Case) Hardening

TABLE 4.1
i in
Process Metals Element Procedure General characteristics Typical
hardened added to applications
surface
Nitriding Steels (1% Al N Heat steel at Surface hardness up to Gears. shafts, sprockets.
1.5% Cr, 500 -600°C 1100 HV. Case depth valves, cutters, boring
0.3% Mo), alloy (925 —1100°F) in 0.1 10 0.6 mm (0.L005 to  bars. fuel-injection
steels (Cr. Mo). an atmosphere of 0.030 in.) and 0.02 to pump parts
stainless steels, ammonia gas or 0.07 mm (0.001 to
high-speed mixtures of molten 0.003 in.) for high
tool steels cyanide salts. No speed steel.
further treatment.
Boronizing Steels B Part 1s heated using Extremely hard and Tool and die steels
boron-containing wear resistant surface.
gas or solid in Case depth
contact with part. 0.025 —0.075 mm
(0.001 —0.003 in.).
Flame Medium-carbon ~ None Surface is heated Surface hardness 50 to Gear and sprocket
hardening steels, cast irons with an oxyacetylene 60 HRC. Case depth teeth, axles. crankshafts,
torch, then 0.7 to 6 mm (0,030 to piston rods, lathe beds
quenched with 0.25 in.). Little and centers
walter spray or distortion.
other quenching
methods.
Induction Same as above None Metal part is placed  Same as above Same as above
hardening in copper induction
coils and is heated
by high frequency
current, then
quenched.
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AladIKAOIEC ETTAVAPOPAC EVOC PuXpnAATNHEVOU
N OEPUIKA KATEPYAOTUEVOU KPANATOC OTIC APXIKEC TOU IDIOTNTEC
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Figure: leplox€c BEpUOKPATIWV KATEPYATIAS KOIVWYVY (avBpakoUXwV) XaAUBwY, OTTwS
UTTOOEIKVUOVTAI OTO BIAYPANMA PACEWY TOU CUCTANATOC O10HPOoU-KapRIdiou.
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Figure: 2kAnpoTnTa XaAUBWYV 0€ KatdoTaon Bagrg Kal
gEopdAuvong, wg ouvapTnon TNG TTEPIEKTIKOTNTAC 0€ AvOpaKa.
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Figure: Mnxavikeg 1ID10TNTEG

XOaAuBa 4340 peta atod Bagn
(Me €Aal0) wg ouvapTnoNn TNG
BepuoKpaCiag ETTAVAPOPAG.
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