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mR TWm' W yrRTFm tf WR 5vT f-IHhl ?T HR ^ ^r?
^ rRT h'qfkri '-i4ni % P7RR>r>Tf % qfrqprr ^TSHf
^ fa*™ fa™ HR | qfTRRTW * & iP^T gfRR ?T* | #- HH)« 

if fnfeq HRHR 4t-''*-mi'', qR^i % fRTj *RR #r HTWH ?T HT^T
^ i qfrRqr^f HHfqfiR h^t^T yRjf % qnRf qfiEjm tth

’^fa1™771! fan 11 f^T 3fa!R ^T «7R if n^r 3TRR H qfrRM ^jf % 
fafa171 ^ nfalHRI wv ^T 11 tiR 3PfH5 WV$ qfnqM ^i"

tl

f^TR qH iIRT? yKiqt,f|" -giHR ?H[?T 1988 if HHilf^R R
t iwf ^r ?trt ^irarsTf if iRf^R rwt 13.(KK)

rR^fcft S^TRf W, M WH fcq W f | qfTRRT W H^H:
5R5T^R m # SRRT HRT tl fTT qfrtiRT TO if t^ffW a^T W^RT 
yTT^T^ff fT 2200 ITfafRHf qq HR R 3Rof qfTHiqiO f qf 11 qfTRRT^f 

RTO WWl W, H fHHH if qn^ ^H^f S^-q^Tf
'R fa™ t 3k fH HfrqRBTf ^T SlfcR i^Rraf %

fH^RHf H> Or-mmi ?T fTO RT ||

TOT HP^T t fH> RR "qfrRRiTO Hjg q^-fHTfHRT" % f^cfif 
™™ ^|r1^ ^ ™ fRHTfw % f?qTT iWifT HRT #r qy^ qrf htt^j 
RRT I ?rq R *rtfT fHRRf % TOTft t fH'tl't f^f qfnqrqr TO % fHRM if 
TOR fan I TR^f q qq Rqq t fa H fq qfaHqiiHqyi ^ iRH q1 3TR
’pTR faf RHyq ifa dlfa sTMIliil iFRH R ^TfaHv Jqqiqi RRT
HT ?fal

qf faTTTq 

^RTt. 1996
qq fq^q qHRRT

3TTO

(v)



crar ^fTRiqi ^ryj l^Hhi '-iR-mIjhi %
’^vTfyirf ' TfTRM ^Tyj" Wtt fm'jT i| qfrtfPTf

W *T f'lMf''ll^3J'i dMl yilfsll^ ?T ^FTR7! 22(H) y*H^ '/ifqi^^l
55T WT 37T^T frfHT^T m^RMiT Hf t: —

(1) f'i'4-/j'ii (Extractive Metallurgy)

(2) (Physical Metallurgy)

(3) hi^-, ’HM+zH (Industrial Metallurgy)

TfrqM W, f^#T oRj ^q, erf ^ '^irq T^TT sqi ^
it *r ^Ff ^ ^fti 'qr i qr? Rwq fftt iftt yi^r^ir %

MHhl W. ^>R ^T flT-qfa^xTf qr '3JTF, fiTW
yi^N'-ir' 19S8 it y^rfyFt ft twt #■ h

wrm 13000 % fftt tot ffn; w ti

cr-,i* u

f*r mh'hioi gqyT gf^qf qq FHq> 'frw #■ TO srat ir 
TOt tftt iTR fgyfrw w, rtot r f^f '^tor TOt Rqr i gf '4t ttot TOt 
RTT TWT R TT*TT g^FI jqqqrrpipqqi

■'Zt \

mRi gfrogr % ^tot % gfrorr^t gr hrm gq TO TOm qr 
TOrqqTOt % fro i 'ih'HiMr-qr qq g«pq grot q^r TO % qrq fR gfrengr^it qg 
fro qr fgyTW q gr^R fggR-myf qR ^tTO TOti TOq qq 
fro i ir gR’qrgr TO qr TOm r TO rr TO tTOTO r rTOr TO q^T 
'tTOr TOr'gt TO TOTO qq rTOi grR frt i TO rft TOor'gt TO

TO rTOrt
gqpT fqFTT I qRTeT: g^ gRHIMiRiyT foyl TO TO % ^FTqj gf^RR, RTRfRq> 
Hqq TO rggR-TOryf qq gTOrR 11 gRRigr^it qq gTOrTO gRRR tqRfr ggr 
I TO TO2 'gggqq gqrq qq ggrRRg ggrR fqvgr ggr f i

fgyTgqit ^T TO) RR^q t TOTOr rTOt R^g

(vii)

gRR gf^oigr qqyT r rft gfgTOgr TOir w. qqRik qR r f i TOqqqrqg; 
gigTOgr qq TO? qR r^t grgTOgr TOqr qr ^in ^rr r ffit gt R i q^fr-gTO 
rr gfgTO r rTOrt rot gTOTOrr grqqr TO rTOtt ^t «rr r rRqR
jqiqiqfv.qi q; wq R qT Rf R TO ^ TOTO R WT -jTqqRfq qR
TO fRRRT i w gfrorgrTO TO trr gRorgrTO r rrot TO qRit gf R TO 3R

TO l TJTR’RTTg. converter gfqTO 
qr TOTO ROT gw qr eonverters TOq Bessemer. Great Fall. Kaklo. 
I D. Pierce Smith rotor, ggr Thomas Gilchrist TO? TO TOhiTO. ^T Rf 
t TO g qggfqTOgr ggg-'TOr TOTO qr qR r TO IrTOrt TO trsrt rTOrt rtr
TO TORT l fTO gw casting delects, forging defects RRI rolling defects
TO? TO gTOoTgrg ggr TO rtr TO Rt t gT Rg rTO ?rgt qq 3rTO TOt-wt qR 
r TO faro i rr gTOorgr qqyT w, igTO
'ggRTOj fqRi rygr f |

R

gTOorgr w. TOg TOqr ggr

W7 W. RRT TRTOg qq

w TO TOr r gR yi^qqyT rtr qR-lirfggR w. fyrTOt ggr mgriggr 
qr TOtr qggrTO fRRR rtrt TO fqgg TO tTO rrrr r gqg-gRR r hs-rTO 
•qfaqq fgRRRT i gr fqgqrg RTgqR-tTOfggR TO *RHq- w qgqr 
gfrggqqTO rr TO gRrgt qgqr iqgg r rTOt TO? TOrtt TO 3^R 
rr gfrorgrTO r fgfyqg rr r RRggr faTOi grqTO TO Rfqgr w. TOg 
gtffTOg q? TO r tRTO-TOTO grTOTOgqr yR? TO1 TO TO gf fi toTO 
Tq'j-#q?gFgg TOgrigTO rrth (qqyTT tr? ho ho). orTO grggngqq 
rrtr (qqw). TOq tTOggR 
i qilngg gTOqwrg (gggr) gr gidTO tTOfggTO tgorgr ggr rTOr tott 
ggRyiTRT (rr^tw) w, mh-tr fTOtggR trrtrt ggr rTOr toTO ggrRuTTRT 
(qgyTW) q> TOra R ^Ri RRg-RRR g^ TqyTRg RTRfg TO toTO RRRTgTgqq 
TOnfgg Rt i

Rgryj g? RqRRT 
gq qgtggyrqj (gq^TOr)

(viii)



%/Cl«H .1° W

TtHI, <P'iS'*l(I) S 3iir’i<4’*ll t^THHI , ■'o 3^1

1. yio W-
2. gio mo fto iTW^T
3. WO rr7?^ WFT
4. WO ?yT ^ HFR
5. wo mui wryTw
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10. WO TFTWyT ^^4lr.
1 1. WO WWW FT^
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12. wo wo mo *ihW*h

13. WO ’WPS :p7F iw
14. WO m? WWT
15. Wo WRO WIO WlpTRT 
Ur WO WWW! WW? PT?

(4) WTWRT S'MJH WWW. WTWvFT

17. WT WfO WO Wff
18. W WWW wm TW^W

(ix)

(5) jiir*i<4/i '—WW#?T 3 RW TW?WWW.HMI

wwp:

19. Wo wfrw ^RIT
20. wo €To ^o wwt

21. Wt owo RRO
22. wo rtjo wo

23. wo w>to mw

(Pi) fw
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1. wo wryfww. to ro yro sptTr
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3. 'rt m fww 3nt. rwrw fwtyrw
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Accumulator metal

♦HQ1IVJKl’^T ^ 0.1 % IRTT 11
^T ^TH ^ f^TT Jllrii i I

3m ^tgf^Tacid bessemer process

—Bessemer process

STf^fcl ^idlacid brittleness

—pickling brittleness

Acid bronze 3f*<rT chlVt

Ttf\ fir^, 8—10% Sn dk 0—1.5% Ni ^TT 
2.17% Pb ?TdT tl dM-MHl ^ ?tdT tl

dret ^id dw*!

acid process 31^

fFTRT «RH 3F^T fdf^T f3RT*T yif< 3FJI 3R^TT
3flt? f^t 3jk'iid 'TPTO1' ^>T ?TdT t % fercr 3fP<rT-ddl

^51 y^lM f=hdl dldl 11 fd <Mq^*mdiil R1 ^
seiqi RjSf ^trar i 'idKI yirMd Fd-dl dldl tlCM'Ji

-4 d^ddlMtieacid refractory

tfeR—refractory %

1

adaptive metallurgy

—metallurgy % iiddd

^sfRirnd 4ld"1Admiralty brass

brass % STdRd

RR deedAdmiralty gun metal

dra fmir 88% rht, 2% ^tt dtr 10% rr t^rii r? r^r rrt
R^llkJIll^l tlRT 11 fRR5T RRRTR RTRW=T ^ 5T®R^T RR=Rf, %RftRT, 

dlf'dT, RR fM^-ddl 3trf? R1 tlRT tl

Advance metal RgRRR

RR) RTR fR^ t^Rf 56% Cu, 42.5% Ni Stfa 15% Mn ttRT tl R1 
4)l'^Hc!'dd % RRH tfRT 11 ?R^T RTR-^TTR) RfRR^T RR^R tldl 11 fRRiT 
^RRTR RRl^HCll RRRRRTf ^RRTR RRIRRlf^RT ^ tlRT 11

after blow R9RRRR

5tRT#R dRRt RRRT R5T 3TfRR R^l/^I^H 4R yufd4l "JR^ ^ RR % RTR ^tR 
RT RTT fRRR RR5 gRT R5T RRTf R^T ^RIRT11 
•3TcRR tf ^RFRI11 
SlfRRj StiR^tRRRT R ft I

RcRRT—fore blow

R5M R^RRIage hardening

fRR# 3Mm fR^^f RTR^f RR 4>iRRT R R^FR RRTRR ^ SfR^tRR 
RRTR f^RT R^t RT RR^t 11 RR RRTR 3TR fRdRR RRTR RFR fRRt^'^f R tt RTRT

I fRfRfRRR1RT t'tRRTR-^I?, |7%frR,

2



UTlfj^r fg^T ^rar t #r far 3^jT 
cTR RT ^JT TO WFR gR^fUl itrtt f
3OT^ 5Rr f^rr^T ?r T-nfFw, ^rm, ^ grro ^ tr '-jrm^ ir ^ 11 

T, >TOTOT frrangjf fSR ^ qftqfo R ^ 11 fR
SR^TI *6H 'J| ^ TOT 11

ageing TOT ^HWT

rTR TT TTO^f 3T^j frWTTtflf if TOT: TOT'JI R TTRTT tl m 
5TRR 'STf^T ^T^T 5TR f^TORT R ^rj
TOT THR-T TOT k\ fR TOWT fTR^R fT TRT RTT qil TOT yRR^T % 
TOPRTO *qr^gf ^vT !R#TO ufi«i"i, rjrfRTOW uf-i^"! rR TOTTdl ^ TOfr t 
^ HTj/ril TOT ?T TOTT 11 5FT: TO WTOT ^ TO TTOT fTOTT %
^ TO TO5TOT TO '7TOT TOT? faSTT^ % fenT fTOTT TOTT 11 TTR

^tto: tor tottot fron tott ? ?tt ^vah tor trtot to #t: gror sr^tot 
tosttr to% ti

6ldi 11 fR nRqd'i TO3TOR

ageing index TORWTTOf

^ferr—ageing' test

ageing test TORWTTOT q'OyR

f^T yf^qi R1 df-Td qfT^T aft ^tj nroR ^ % ^r 10tfRT!?RT 
CRT ^1 TO^T 11 fR TRTO £f W TO TOT TO fRR TOTT f qftSR

TO 3TRn TO 100°C qr: 24 ^ TOR-!3RTTOT fTOl TOcTT 11
tl TO TTTRq qr 

TO TO ^T: TOT TO fRR TOTT 11 fR URR HR if TO TOtte HR % qfcTTOT 
^ TOTOT fTOTT TOTT tl SPR qfroiTH TO TORRHRH HRTOR TOR f |

agglomeration

TRT R 3TfER) HRTO R TOTf TO HRTO TO RR TORT sRRT TOfiTTOR 
TOT H TO T TOT TO TOH TORT H TOHR HTfTOT TTO 11
3tTHR H TOfRT f^T TO TOcfl tl #Wh 45T fqfTOTT fH TOR t—

q^TTO TO^ TOT fTO H TOTH H#T if TfaTOc HR RdTR TOTT

irfaror

3

1. ^TTOTTOT (balling)—TO TORf % ^TTOT ^T t1^
% ^fH TORT TOR qTRTO ^ RT% 11 ff^TOT^f TsflT fTf^TTOT^f TOT

3RT% % ftrPf TORf TOT qTRTO TOTOT HTRHf % TOR RtH-bt-R 

tT3 tl

2. ff^TORH (bnquetting)—TOiH if 
HHTO % fTOT TORR Rq^TOT 3TTTOR ^ 3TTHR ^T ^TOFT TOTlt TO# 11 
1R ^fRTOT# TOT TO#TR fTOR TORT 11 q^TOT TOTTO TOT qTOR HRT, 
^TORH TOTO Rq #?- HR H fTOTO TOR TORT TO3KR qTOH 3H^ 
qTOif #T- RTOR # TOfeR fJRRHf RT Wr TOT# 11 3TRH TOT RTOR TO# 
# RfTTO qr- # fTO# TOTRT 11 irfqRR TOT TO RTOH TOTTO-ff#TOT#f TOT 
RRTR if 3Tf#TO RTO #f-ff#TOT#f TOT TOTTR if TOH q^TOR TORT tl

3. HcTORR (extrusion)—fH qTOR ?TOH RTTOTO TOTTOTT-^f TO
TOHHR5KTOfat TOTTRR# tl fHTOR TO RT# #t: Rq^TOR TOTTO #RTTO: 
^TO ^RTTOTT TO TO?T #TOTRT TORT 11 TO^T" fdTOR TO RTOfR TOT TO#T

HHfRRf TOT ffTTO TOT HR? fTORT TORT t fTOTOTO % TO#T TO TOR tl

4. qfRTOTOR (nodulizing)—1TOTO RTf-STTOTO 3k TOTTO # TOftTO TOT
#f#5T TO fTO5t RT ^TO ^ff TO^ TO TO fRTOTRT TORT 11 ^TRTO # 3RTOR
rRH tTOf #T TORT TOT fTOqftR fR9TT if TOTO TORT t fRTOTO 3TORTO TO TO^TOR-

3TRTO

-^rf TOt sfRTO TO TOTR TO3JRtTO

# qTRTTOK R TOTOT TORR qfRTOR TO# t11

5. i^TOTRR (pelletization)—fTO RTOTO # # fTOTOq TO# 11 RR# f^TO if 
RTR qr TO#T RtfRTO RRTt TO# t #T fTO# # RRTOT R^RR HFT 

(1200°C # TOTOTOTO) RT RTTRH fTOTO TORT tl RRTOR 200 m TO# 
^uf ^T HHTO TO TOTR STRTO fRRT RTOTO #, TO# # fTORTTOT #rTR TO

qr#T TOfRTO RRTt TO# 11 R #f#TO #f#5T RH 3iTRTO RRT^f-R^TOT
if TO# 11 TO#T TOfRTO #T HR^# TOf^TTOT-RRT ^k ^RTOT #TO 
^HTR TO TORR ## 11 R^R RTR TOT :3TOTOH TOTR RT RT^TOTO 3TTRRT TO RRR

^tlHI*^

3HRTO

# TORTO 4 TOfTORt SlfTOTO HR^R TO TO# tl fffeTOT RRTR #T H#R 
Rf#TOT, TfRTOTfRH RR RTO fjfeTOT#R TORTOT# tl

4



ti snt^ ncfR % ti ^
Rfm-iRT^ ^i, ik ?H ^ ^ ^ x^.
^loiiHrf? snk kkr ^t fk^rcr urar ti fksm, krf ^ fk? 
MKJ|BT gRTT t kr fkK ^ R » 11 %

^FT ^T ^ 3FF qr ^5-^% t fkm fk^T0! % 
ifT^iRq-T W^ tl aRr^--?^ ^T dd(H RTF d^lK,
^jj % qjRRWF ^ fk3 I 3k
fTRRR ST ^RTT 11 ^SF-'k ^5 fT^R ^T aT# FT F§kT ^ fTF2TF 
SFTf T^rTT 11 aRFSTFRT 3TT 5^1 FRF % FTF dfad 3TFTIF % ^S' F 
^FR Tf fkFT aTRTT tl fkkr F5T >fP^T toRFT RI^T 
t fTFkf ^T FT^TT R 'kf fFFT « f I FF^rT #?-
Tnkf R 3FR^> ^ % dMFFT ^1 FS TTWTT 3TfFF) k^T FT#
fq^f | cHiffa fTTR aRT^-^feT F5T t^FT % ^F R FFTF faRFT FRTT t FT 
FF5 3TFf5p? W4 11 Ifl'dH TT FRFT 'H^fiFT R F-IH 3TH FFFT J^F 
^K^TTT ffRRT FFTFT FT TTFRTT t fFR ^feFFFF FFRT FFTFf 
TRTF kf tl

6. tadfF (sintering)—FS fFf«T TTTFTT

FF( F^TfkkTair acetylene welding

oxyacetylene welding

grf^F kr Tf5TF FktFaircomatic welding

—inert gas welding

FT^ =ft6Kul fTFTFair hardening steel

FS STFTrT fkT ^Tt% sw’f'iF) FTF-FTTTf F STFFT dTRT STfFF) FTF F FT^ 
F ^T 3ST afR ^5R fFRU FT FFkTT t ?k kTFT F^RFT 3FFF ^TF %
3FF 3lfFaR FTF F SffFF FRF F^T 3TTF9FF5FT Fk Ilk tl ITTFiT MW? 
3FTSTF fFFRT-FFftFF fTFTF I fFFF 0.3% FkF, 4% fF^TT #T 1.5% 
Shlfaqq SIFT tl FRFF, Af^TF, IfIFFF, fF^FT -k FjfFFF FT pTH-fa-FT^ 

fFTTF (low alloy steel) fF Fff F 3TTF tl

52—231 M i)l HRH Oh

Aitch's metal ft^

FTF IkT^ 60% Cu, 38.2% Zn sk 1.8% Fe stFT tl fF% 
FRTF FFFR Stt tl fF^T FFFTF Fqf, FT^Ff, FTfF-FrrfF 3TTk F 
BtFT 11

Ajax metal tFFF FT^

Tkrr ![FtT FTTFf <$\ M fkk 5% F^ Zn. 5—12% Sn, 1% FFT Ni 4r 
10—30%Pb STFT t ^T fckTF FTFT ^ FRFRF 3TFFT Mt'TF)H At ttFT 11 4 
FF^r sk FrFF TTFF5F FW Fk STF 11 fF^T FFFTF FFfkl FFTF A
?Tft 11

Ajax—Wyatt furnace FtFF—FTf3TF FRF

tfetr—induction furnace

Albatra metal qkfer ft^

FFT FTF fFFT^ fFFF 20% Zn. 20% Ni 3k 1.25% FF> Pb StFT f I FS 
FF^. F^ 3k F^RkTAT StFT f I ?FF5T FFFTF STtFFT, FFjJ FtFt 3!Tk FFTF
F STFT 11

Albion metal qfkTSTTF FT^

FF--
ATF a4 FTFT qrr FFFR FFTFT FTFT11 
FF FTrfT 11 qfk3TTF FTF FF FFTF f^5 FTF-FFFT, f^kt, FTF 3TT»jkf. FFTf 
FFT 3raTFF FTFTFt ^T oTFFF Ft firTF Fkt % ^F A, FFT FFFF FT^t ^5Tf ^T FFTF 
FT R'lU fFTFT aiTFT tl

Alcan FRFtF

FTT
FSff-FTF I SF fF^3Jt F Cu. Si. Fe 5k Mn k FTtfr-FrAT Mg. Zn. Cr, Ni

6



Ti ITH tl St tl %
-yR<(t^t st% tl qi^Hl sftt 'q^iqiHl' ^

3mt
sfrr

^ ^ f^R OTraf ^t ^TH % f^tr ItaT 11 S^T ^t % fSf r^l^ faw$i 
t— 16s, 17s, 26s, 50s, 75s, 160, 340, GB 117 dfc GB 1621

wnvn

O^n y^HALCAN process

s^t ggw t cfl 2000 °c m; t tmt^:
^tyR^d yi'-d f^dl didi 11 S^T ^t 13(X) C ^ 

AlCh ^ tar ^ 11 f5ra% 
stdt. 11 wrtss ^ siyqci* ^ yqi^d f%4T ^rat t ^sr ^ ^

3

tl

^cr«rrlsalclad M, H

^ apft i f^T ^tsR Rr?n^ ^t yqoidi 3k ^ % k4 %
^rgn^kHt ^j°t 4>t <Hql,i dithi 11

—cladding

^(r4)l3fTAlcoa

4)KMH';VH 3tTO 3Wft45I ^RT Rtfkt ^t MI fkt
^t-^t Fe Mg SRTf 11 fd^t Rd4)4l4dTCu ^tT Si % 3Kr1l4l

ak 45RT 4)6l<dT HrdR St% tl fW HRkn WfoTct f'^Hl
t 3k Milled dK^ ^T dHH F StdT tlqicrq

k^t3H y4l<?H y?hHALCOA smelting —rocess

O^RtPl^q m3\ 3ITO 3kft4)T ALCOA 451 dTR 11 f^T ^ ^ 
^(^RtPl'^R 3RR^f H W<t Oc^Rlil ^t dwktd kt % WQ 700—900°C ’R,

5Fd qrrlKi^s ^ 700°Ckr^s t yRqfrid Rhdi qidi 11 yqjRqryi

7

dm qr yRin "iqui % k^r-sm^RTT ^rt, m^kfkRT ^ ijirt ^t itr?! 11 
kr t 3--I'd Rvkk kr ^t '-r-khk^i R rut ^rtt ti mm g^R ^ 
^mRT R SR R STWkr kr dtf *Fkr 3k 30% mR f^T 5F5T ^ gkt 11

AI comax Ur.kAqn

R4) TRR fRRRJ fSRTR 15% fdkrT, 25% d)Nl"3, 10% mr|fRfkTR
^R rm r dki, dnkkfR -k fkrkRR kr 11 rs 3RRfkp) mm srar
t rrt SRmr hrrpt Rkt ^qy)!' m Rtr^i r kRT inm ti

aldip process O.B.M T'l' - SM trtr

k9R—hot dipping

Alfenide metal simkRms rrj

RR) dTR fRRTd kRR 60% dim. 30% Zn, 10% Ni 'k 1% Fe mm 
11 RR R^ 3Rmr R> RfR R^TRqklT STRT 11 SRRTT RRRTR IRIRR RRRf R k 
RdTRR RTRRT RRTR R STRI tl

Al-Fib process RfRR)R R^R

RmRi mm k ^rtr rrjstT cr mkRfRRR mi k rrr rvt r^r i 
fRkRR 3Rm-RnfR. R^RrTR k ^miR m RTR 3R kRR Rimm R fRTRT
^fiRT^t k k k^m q'fkhyH k f m rirt rtrt 11 rr^rr^

fmRT RTRT tl

micm
t k RR RR| RR Rm RT Rltl R iRRR

Alfenol rnkrim

^ t^TT 16% kkfRRR k m mmi sirt ti fkr
k^i'^i krm k stfRRR mfR rsr rr tkt 11 ?rrr rrrir fkRR 
k^t f kr ti

Alger metal RTRIT rt^
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gry tqssng; 10% zfc o-o.3% »irar 11 <5^410
45 fuTTT f^TT ^RTT tl W% ^

<735
^ 3113^1 35T3 7f 3i[i"1 
35fP5T t1!

355 WT3alligator effect

—orange peel effect

3357Talligatoring

, 3<'1H % ^HHNlVlf

33T rf, fcmifid gHI I

3^5 ^31alligator skin

—orange peel effect

3N< t'Mdlallotropy

31 31 #335 ^4f ff typn ^RT # 4fcl35 #7 7PFn3f335 
3 <735-?# 3 <73TR fqR 11 #3 W 3 351 35TTTII (1) fowl-#331
3T (2) #T 35 3T<3# 3 3^1 #3131 (3) 53 3?t ^-#331 i^\ 11 3733.

fjR3 f3-*-37'l-^'J 331 351 33117311 f3335 #1. ^1# 35W3 
33 tl
4l3T 3^ 35 33H713 l11 #f333 35 4l3.
353 W. f^3R ^3 #1 f| f335 3lf3[#3 31335 3F3 dc4l 35 # 

113 f I

f35# d'-q 351

#7 33313 f333R

alloy

#1 i fTTHT##35 »pi#T 3T31 ^lf 3313 I 31 31 31 #335 3#T 351
31^ #31 11 3PJ 3 3P3 3F3f #1 f#H3 351 353^3 f#I^ 3

331
^17 fl ^53 rRi
35#T31. *H3#I, 3H('1dl Sllfd f3#T 'ljulv-*3 drMr3 3573111 'lldrd, 35131. 1^313 
#3 17135 g793 tl

#[3335 fa9H3; (eutectic alloy)— #3 frl?lT^ [371351 71333 71F3-
t

357-31 t #1 AL-Si. Sl-Sn: Cu-Al

9

#^3133 [#t^ (eutectoid alloy)—#! f3s53^ fSfTT^T #33 71F3 
337^ 37 #33131 [3? #171 #33 ^531 3131 t 331 3l 
##9^31 ^731 t, ## Fe—0.8%C.

1—^73 [#5# f#35173333 TTl#- 
311# 37 3f73f3335 53171 03^ f#r ^RT t 331 31 MR#333)
#3f3531 35731 ># Pb-Bi; Cu-Sn; Sb-Sn; Ag-Zn.

##3f31 f7TMr5 (peritectoid alloy)—#! #7^1 ^97 
TIT# 31# 37 #7333131 f# 53171 #33 [5531 3131 t 331 3t 
#7333133 ##3531 tl35731

317Tf#33 (solid solution)—3357T # TWR [3573#l3 313731 [## 
51 31 3
Ni. Au-Ag. Fe-C (#733113) I 3f5 3331 ^ q731<5 f5R31# Tf 12% 7f 
#355 3137 tl 31 #3731JPT:ff3 5171 [#33 (Substitutional solid 
solution) 33 71353 tl 3f3 31313 t 3f3 3137 tl 3l #T7#1 [#3 
(interstitial solute) 33 77553 tl

3 t f3335! 71333 ®15<ff31 73311 4)71 Cu-

alloying [#5117333

Wl 317| 3 7331737131 3#T 37373113F3 31^ 313313331^ #1 [#313 551

37733 3373 11 f7313 71377 dM-Hlul #5571^ t # #11 #7 55#3 55 [#513 ^ 3331 

fa'-tfFf# 3 3T3lM3*H*1-f7lf3553 [3^ 3^ t [3775513313 [#33 33lt # #31
tl

alloying element 5#5I733 7173

T#33f ^1 35513 55 35tif3 71 [#[ 317J 37331 f#517^ t [#31 3lt 
373 31 371 31^ 3331 3 33l[5^ 7373 t|

3331

alloy steel [#517| f7313
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fFTRT ^ ^ ^ ^ t cTTfa)
Ttf^RT «f|f^j, '#T iwiMpi<t ^JWf W3 ?t ^ ^ 3FT^T %^T
^ cmr ^pfa ^r to ^ ?T%i wgs ftm^ f^ra f?r ’3^'

3^: 3Wl'd (high alloy steel)—FT I^irat ^ fH^irqi
^ ^T TO 5% ^ 3lte ll# tl

gi^T IFTRT (low alloy steel)—FT FWT^f ^ f^RTT^FT ^ 
f^T TO 5% ^ ^T gt^t tl

t^*t hr^ll^ gFM (micro alloy steel)—FT F^FTT ^ h^aRFT 
TO 0.1% 3 35*T tl

Alnico

«• rr^5 q^T hr^l^ f^RT^ 20% ^5 Pi^oi, 20% cT^T 15% ^
di^Piqq m ottit to t i qg Fif^r to f

^h: ^r 3Tte TO ti gror ftfST ^
fapqi '5TRTT ^ I

‘Alnico' alloy

ftt^t golf^K^ ^FfT gqrcr Mh^r ^St t^rar^T ^T to ^i 
ft ftran^t1 *¥ g§TO: ^fhfTOr, to tot gtar t qt^
FT^1 3^ gp? ^to gr to^ ti

Alpax

ftm§, f'Jl^A' 10-13.5% MTO^T TO tl ^ 3TOT 
^ qr^ gTH ti ^#^t ^q ^ ft^t TOq^RTRTOt^f ^tr 

yiH^ATR ST^FT ^ q gldl 11
^rroq

^TOT ^Id'rlAlpha brass

11

TO TO-TOTT fTORJ f'JHH 3S% TO 5j*^ll TOT g I q TO TOT qq qJTPT 
to froro to 11 TOffro toft ^ 30.37%
TOP- W, TOT TOropf hT'TO t—fFfrpro TOT (10-15% TOTT). TOfioiTO-q 
TTTOT (22% TOTT #r 2% ii-;ijHH^H) irv^y,,^] qp^r (29% tof TO 1% 
TTO) I TO q’OT fq'TOT-qf qq TOTq TOTO qqpi (cold working) % fro; ^pq g I 
FT’^TTOrq
g TOT ti\ -jTTO'TT q q#
TOR qr fro qg TOTO

■FRT gPTT g| fq

q=Fv gl gp TTOTTO qrTOTT gRT g I TOFT TO5T FR qmq TOTT 
gRT g I TOT. TOTO, qckqi TO qf^TTOTO %

FFT
-o ri'-Hrii

FPJFT g I

Alpha bronze rtot tor

gra fq^TO to qro Twr 14% tot Sn gpr gi q

F FTTO iTFTRT q TOR TOW TOTT g I FTTO TOTOT TOrTTO
qfroiT to TOTTfror to tor q tott gi 

Alpha ferrile

qr^roq q

rtot qprgq

gfro—ferrite

Alpha iron TOTO TOg

TOTO—iron % TOR

alplate process nTTQTj?; ijqq}

FRR rrq qrfTOq fqqRiTf qr . MMilyTTO TO TORTTO TO?
TO TOT TOR TO qqv q^R q^-R | gqq ^qn-qr^f I ()()() £ xjr gyi^ppy 
qTOT TO- fTOTTOTT g TO fqq iqqq rtoifto % TO? q
^TOTT TOTT g I 5R fqTOT RTjfjqfqqjq- % ^ % jpcpr fqqTOT
TOTOTTF? TO TOR 
^TTOR g TO RRq qq

chi TOT TOT R
-•1^ 31 -I'l ,

TO iTMqh q TO" '?<il g I ■iTfqqTgg F TOR TO ’RfTqRqq-M*dl

TORT g I

A Irak process qroq

"'.'iJhI'T'Mh to TO'ijoinqH
T^tTOR TTOR To qroq I fqq; TOT qFT qq=jRf TO 5% qrfTOTq TORfTO TO I % 
qitrorq toTr to rtor ttotor rf ^tort rrt gi

12



Alumel

rjcfi f^T ^5 fasiRJ f^f ^TWT 2.5% Mfm, 2% ^f*JH ^T
1% ?mT tl f^T ftm§ ^>T WT g^T:
f^RT '^Urfl tl

IN

O^rnmi^c y^Halumilite process

l<r^r ^ Wgm W' I 4d<«r^p*>
SFR ^ y%T ^RT tl

QqjftHeTAluminal

^rssn^^f tesrf ^ i ^r
Al, Cu sak Si % aafekRrT Ti, Fe. Mn, Mg, Ni ^ Zn k ^ $m
srf^ tr# 11 k h ji^t tkr 11 <mAv\ wm-

j»<n^Hr ^ kn#r ^ ?rt ti^k *HIMM SFjyypfT % SIRrai

ycjjkfkpw '^eKH ^^ki ^i4h yr ^rkr^r
w** ^tft yr tkf ^itt tik ykr

y? rt^-O^hF'I'MH md nHi-Md^n 
0.635-0.762 kfkt tT^t 11 f^T y^T ^T ^tsR 1000°C k 'date rfiy
q?" ^qRT yr snkr tet yy^t yt teyr ti ^y k krRite 
#r te tr^t t—

^. kteT to k fPM yr km #- O.^h^mh skr teyy k#r 
Tiyr ti

2. «fry yry k Fe Al3 fkM^ wr t tek kijtem
srfkyRi lekl ti

3. srt k ?te ^yr kjikTtey tater^y yft yte yry tr# ti

aluminising

yyk y^T yyR fyyy y^rkR^y

13

a I u mini to process 'Vn/ndi^'i yyy

g<^l yr^dk y kry yyyy yy tett yf^iyiui yyy i f?rk ^r.y^iv y 
^ teyy yr te^ iryyyy y ^y k yky te ti

Aluminium bronze yyjkrtey ykn

yfey—bronze y 3?y%

Aluminium solder kiltyfyyy

yyr yyyiy yk yy eft ykr tek y?tey
u^ljHfdMH; yvry,

, y^R: mm,
. n . ._ i ?yyi ^yyy
terfyyy #t fy^'^r y kry kry^ y ^y k fyy yy 11

y?

aluminothermic process '-'"iiHdi ik^yy yyy

^Qy—metallothermic process y ^TcFfrT

alundum U"1 oM

^tety ^MdiMne yyy te yryte ryjfater (yterfy) yr
teacryyfr kkykry yr yyy yy ti 5fq^yryify.-rnyy (senling)qyyr 
yyy yr Ry yy t dlk 3ryR yi erkryr yy yTvrryir y yy ^kayy, 1500°c 
^ J|^,NI ^ ^1 ^yr yyy Try yyrrw kite yy yte y ry k fyyr yy
?i

Alzak process ^,"'Jiy yyy

I'l ykyik y kr^3ter fykr yyr fyy^yiayyiy 
te t dk te Tk yry yfm teyy k fte yy 11 k kfyfnyy 
ykrar^ yrrte kr# yrrr trr yrk y tkk 3^yr dktery 
ter yy ti
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HKt'l 05Ramalgamation process

f^Trf r3RT ?? ^ fafa I %
^T fRuT ^ Rpft % RPT cj|R^t RRlt 11 cRRSf^RT f^T 3RTC35 
(T^^Tqrr^RTqTTf^RTR^f^^RT^RlM^ifRnt I 'iRT^j % R# ^T RTt % 
Rm iWWTfRR ^ ^ t f3^ ^TRR ^ ^ ^ ^
11 fR R mr ^r StTRRR ^TfR 7^5 ^ f^RT f f^RR R^ R^T 
tr^- R r? oTTR 11 fR VZK % RiT^TrT qt^T Rpif ^ UTRlf f^R^T

f'I^4/^1 RFRT^? yshH 'jt'^KI ^lld! § I

American gold

rr^ f^nf-rTTR fRRIr^ fWR 10% cTfRIflRT 11 ^h(I^i RfR^T dM^lM fR^I 
^ fRRM R f1#)^! ^tldl § I

smftfTR fRRTrJAnatomical alloys

MRfe (60°C) ^FrfT fRRTr|f^fRR 19% , 17% #RT, 53.5% fa*RR 
■#: 10.5% RTR ?IRT 11 fR^T imttftR RfejTf RRTR R1 ^RT ^IRI £ I

RjR r

R3I-^»Tangle of bite

RTtpf % RwTR R, 1TST R^jf ®RR ReTRf R> RT=RR R RfRR f^RT ^TRT £, R?ef 
RR75ff RT, ReH fRRRT R^TR RvST % R^R RRR RtRH SflR^RR *lul,
RjfRTTRT 11

rr4> ^°tangle of contact

^|U||^^1 R1 MfRIT RR#) R5TR RT# RT RTRtFRT^f % R^R RRR RT7U ^TI

StfRRT? t^rilangle of nip

ReRTR. ?TRRT MRRI^t RRRTR R 4)14^)1 (I-7^ % 4tR Rt RT
URtfl-RM I RfR RRFrTR-RM R)R?TRT3^ Rt?fRlirf RRTR RRTRT 4lH RFrTt 

OT Rl stwfd (rolling angle) R>?R tl

15

angle of repose

RR ?oR ST R) RR R1 ?TRT t RI 
!RfRR R) RTR RRT RRr, fRWT-RRR

fRRTR-^TR

3R R°R Rv RR 7^5 RR (3HRR qr)
R)R<RTRT tl

anglesite 9'J>^Ri§e

^ ^(HbS04), RT fRRRTfRT^T ^ rf qp^ 11 ^
£^RT % RP-t fR^idi t £^RT % 31 
R3RRT 2.5—3 RRT fRfi)p? RRrR 6.3 I 
anisotropy

R RFR ?TRT 11 R? Rf^TFR 3RRR) £ |

fRRRtf^TRKlT

r ftpR fqvq rtr mn t|

annealing 3i4lfrM

3IR RRIRf, f^9lRR: RRR 3^ RTpt % %R R^RR ^ ^TT-RRRR rj^ \ 
fRR RT^^T ^ 3T%rR-RTR Rf RRTR R) RTR Rtt 3RT foRT 
RTRT £ I 3t%R RN steH-qr q^RR RRPf fR^TR ^ ^tr ^ flRtRR RT 
fRRT RRrTT t fjfRR^ fepr 5^7 RRIR fRRT RRT || gqflR f^FR IT R^R

(2) RRR7R 3mr 7^ ^rt-^rrr: R

f^cT RT TRR^R itrfR RtfR^ Tjq^T ^ ^ (5) ^ ^ ^ ^
(6) fRfifRrT R^R RTRRT RrR-f R5TRT|

mh-h d=h

. RRWtT,

=1) qiidl

f^r 3rtl.rH (block annealing) (1) rirr rt R^t 3RT R)
^["H ^ ^ RfRRTR^R fRRtrfq R> RTR RPT RR^t fRRjRT 3tRlT tl 
7# R^3Tf ^T RRRTR R5RRT RR tTRr t WR fRR^T 'Jt RRtt R5T TRRkRRT
^rfRR^ r £r 1 (2) Rim fops fRRTT^ qft rirtt rj r^t 3t%m Rft fa-fa tr
RR7TR, RfaR -Rfr 3FRTTRRF R5 RTR R^T RfaT t, Rfa fR faqy ^rf ^ fgpyy

RT RRrJ R5ToiT Rtf RlfaT ||

R^T RfatoR (box annealing) (1) sfafaR R)TRR)fafaf3iRRigr%^RTR 
t1. RRTR ^ ^TTR RT 3RR) faRT, #RR faRT RTRT t Rlfa> ^rRm RR 
R RTI 7RR1 RR fa ^^RTRRR RTR-RRR R) 3IRT RT Rfa| Rfat
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35 sfT? ?T§T TflcTT W I (2) 3C?t 35T '+,1 jfH uf^3It5ff^r35 '"TFT 335 Jl^ 3

?Tf3 -jH'lnR 3T3 ^4k'H ^ 35^3 11

3F53 tSf%T3 (bright annealing) ^ f^53T f^RT '91^ 35
H4f33 31^3 n «33^3 T353T 3T3T I 3Tf35 5373T3 % ^ 35T ^ 35TT
'iPF^T35r3 III 3mTf3 ?^3T tl pT 5f33 3T%33 '4t

35?3 tl

i—335R fTOR33133 k

tl

'jyf sl4l''H (full annealing)—335 H^fui I ^i^hH 13/41 331 ^3T35
fav?T3 W33T3 33T-WT 4 5#335 313 335 3^1 f353T 3T3T tl 313 3T

fa^ffcrT 3^ 4 TST f353T 3T3T11 3^33 aRl ^lt-4R ^33 'R3^T if 3331 nr? 3333 
t f353T 3T3T
f3553^ 3ot 355R3T 31 ?3tT tl 353 tltll

t fWT 3 33 3f3 3 5$tT tl I ^31 tit ^1 3T f334T 353 ttfl

3Twj[33 33%33 (intermediate annealing) ^ff33 332^3 4 3f53
'iH35 W3-#3't ,-l|J| (cold forming) 3TR 31twjt t353T'^f 35 3T3 33T-33K, 
5l3T3-f333T-3T^ % 33F3f 351 35T3T I 33 313131-35313 % 3313T 351 ^323

firnr f353T 3131 1135*"3 ^ M

333lf3 31%T3 (isothermal annealing) f354l 33RT f3'/5flrl 351 
31R331133 35T3 35 313 3^ 34313335^?13R^13133f 3313 ^331
fm 3T 31R331f3 imilf3 ^^3-3513^1 (3^3ff3) R^33 3 3fT3ft3 tl 
3131 tl

3353 ^1313 (process annealing) 335 3353 \ Jl3H 313: 3FR 313R ^3
^5 353 3T3

3 35 313 $5?l f3531 313111 fR 33W 351 33313 '3331 3533 t ^35T3dqi

3523 35 felR 1131 tl

17

3T33 3Ttl(33 (relief annealing) 335 3^3 3m 3ltT3H 3353 31 3T? 
^1 331 2'3131 4 5Hidk3) f3^f33f ^1 35T3 % ff33 33^33 11311 3
f3ff33i 531 3533. 3lf335 353^1 31331 3F3 [3531311 3 3^33 1131 11 1331 
31^ 33 3,1 [dd) 313 3TTO ^1 [333^1 4131 335 3T3 35^3 35 313 4R-3R 7&\ 
[3531 3131 tl 3k 3% 354 [3333R 11 sk 31^ 3 3^31 313ftST3 H
31 3^ 5R1 kRtl 35ff335 [3^ 4 3t335 313 335 mV 35T31 3l[l3 31 
4^331 35 3[n35TTif % [77117 uaf'-d til

353-

^3-3%H (sell ennealing) 33 3% 434l 32 33 413313 [3531 3131 
•t 31 33 3335 34 3^31 31 ST ^3 4 135351 [331 3131 t 31 3335 34335 

Tlu134f 4 ITFf H 3131 tl 13 3353 4l T3-'3[3<33 ^13 tl

3R133 33F33 (spheroitli/e annealing) 13113 4 3F3313 3)Nl^s 
3133 331 33TSf313 4lrF3 3573113573 35 kpr331*3 371351

^433—spheroidi/ing 4ll

ufdd'-t 3133 31%H (stress relief annealing)—U35 3t%7t3 1^353 
[^TIM 31^34 ^1 3[33 313 335 34 357 qqfcFf 77773 75^ 341 Ffm qr 
7^1 3131 t 31[3 3335 y[dd"il 4 3531 tl 313 | 333!f313 3^4 4l7
417 ill [3531 3131 | [iFFRT 33 33[y?3 3t333 353 4 353
3^-1 H tfl

anode corrosion efllciency 3313 RfdlTTR 35131

^1 3133131 433'lf335 
35373 351 3433T3 ^7^7 37113[335 #3^23 4 3333 I33q3 3131 3 
[3531 3131 tl

rid

anode effect 3313 3313

43433 f334l % [33^3 513333 4 33T? % 33133 u| 3 5^1 H 3313 I ?7l4
33F? 35 471 [3531 33171 [3333 33333 3 333 ?1 3H 3 317q 
4351335 f3kl tl 3131 t #7 333737 nqwt 3 3541 31 1131 tl

3qi'-eidi

IS



anode efTieiency

'His % 3pT ^ dWI^ '
WMI f^T W\: if^^RT n ^T^T fa^TT ^FTT tl

anode mud

?fQTi—anode slime

anode slime

mRhW'jI Uq-,MI uals ^ fnT^jT 3|MI ^R
^FTT ilfq'-R '^f'^TR I ^ ^§q ^fnRT ^ % T^i 'Tr

citttt sjTrJ illf'T^T ^1 frrssniT ?M tl ^T ^ ^ ^T tl

UHISI (J|

^tt W, nHT^T qr H^JlId ^R#3R qqTTT tit 
'/dtl+oil I f^RT smi ?e% fasnfaf ^ ^ qr # 
tyK,JRM qt 3Rit ^i Tifn i 'irq^tr *m t '^-rt

tiRq ?idT t nwt ^qR qdr? q^Ni ^idi 11 stiidd) ^*-"1 ^hmi< *yTf

anodic oxidation

qt q>3R

tik qrrqkt ^TT tdl tl

ttitr tzw

5rt 3rt qt qR
qvrqr qn^ q?r Tdt^R *T ‘jIF I fTWRld: farr Fdtfqd fqq^d
q^pqd Iqvdl TTTdT 11

anodic protection

tdTtTanodic treatment

rRv irri fwr q^q qq. ktr dM'^q^ fqqqd w-t^t ^i ^qf^qfd t1, 
•rdr? w n^ '-sTta qiq qq k-k qdrqi didi t ?k tq^q yqqd fqqn qrdT 11 
i^t qtar qq qqrq uqqd q*H qr kdr qiTrTT 11 ’Tdjfqtdqq tTv faWddlf

f*t qfqRT 3qqyq ;RTrf; qqqr qqqr qqqqqr tidi ?i

qj^u—anodic oxidation '4t

1')

anodising qdrtrqqqq

qtrfr qqFT qq cqqfqfqqrT qr 3Rq> ftMdtf qq- kffqfdqq
qr^w4r qrq qntr t tr q? qqqr 'Hi jiq-d 'q ^tmi ti 

qfaqftd ^T qqm qq% ^5 ^ fqfdH td 3rqR ^ dl tlH^d

anthracite coal qqqrqT 

qfq"il5 ^qqq=qantiferromagnetism

qfw—magnetism q> dtdtd

qw qq q^5R, tRd, qqqi rq qq d^MI qqqvn fqqrt qqqq 
TTRI 85 qfd^Td t 95 qfd^Td dq^ trtl tl PTt dTRykr qqpq c£t qyqr qqr 
trtr t sk qw qq qfd t 
ddtT tl

tl iRdd qj qiTdld qqd ^q rpq
'O

q"|qi

antifriction alloys qldqq,,i Tq'qid

qqfk ddld q qqq ik dM qfe fq^Td 3k ^5 3RT fq^Td q qrq: 
dM, #qr, qq, qf^kr, kjfqfdqq sk iRd q; fq^nd tld tl fdqq 
fq^Tqdi qq t k tqfrq q fd% fkqrqr q dkr ^ifqq q^r qrfd 
qq? tnfr ti

antifriction metals qfdqqq sqjd

df^q—bearing metals

Antimonial lead qfRqkq kqr

qyp uid'4l diqi fq^T^ fdqq 30% fkdqdl dk y?7 qM trdT 11 fqqq 
dqqid ktt qkf 3k qqrqfqqv qqdf q tiirFdT % ^q q: fqRT 
dldf tl

Antimony bronze

qq> diq fq'^lld fwq 1.5-2.5% Ni ^k 7-8% Sb tldl tl q^ 'tfdfd 
q^dd tidi t k ?qqq ddkT fqqq qk q kqi didr ti

qfdqdi qnk

20



tat WF?anvil effect

'^'1* ul rf ^ttalrf ff I ^fo "JW ^ Wt
W> ftar ^T ta |ta rTT^F/ ^TrTT t fta FT Tfifa tafT :3irai 11 CFg •J’RR i\ 

hr yiki tr% t ■s^nr cr tr^r t ^ ^frT
'-frl'MI til

apatite

^vl »jgj fw^l |3 Ca3 (PO4)2 Cap2| tl ^
r-O^f ^fq'iq'Ji 11 f^TR1 R^^TTTl^ % R 

^'il<l§s 'RT tt R^RT t ta tar-ta^TfR tat 11 'itRRR- RntatfR #■ 
taw? RTR RTR ta 11 RR tatR ta R RTRfRRt WRt % ^Xf R RRT 
ta ^T 3taRf RR ta R RtRT RTRT tl RRRRT 5, tata RRRt 3-2 I

'jC n

RRtafRRI

RTfiRRt 3RRT RT^tTRRtfW 3tRT RtT itTRRR -ffe R 1 : 3 % -JRRTR 
r TR'Rxr 1 irntar ^rirt % fatR * (etchant) rr rrttt r i ?RRti
RRTR RTWRT '{^t. RRRT Rita RRl1% RR rtatt % RTR tat! RRRT 11 RRIRTR

WtTtarta 3R<R 60 fRfRT taRfR tlRI I) Rit :3RRTR ta-taRRR
% WttaRR R5 TRIR tfRI 11

aqua regia

tata r^rarheiter process

^ORRORO 3^T iFtlta?! Rita RRTR fRRifRrf RRi RRiR HtRR RRTRTRRi 
Rta TR7RT tat 11 fRR ^JR RTR RT RltafRiRR ^tafRRTRR fRRFTH 
RRR Ri RTR ftaR fRRTRRi RRTR fRWM ^|T TRR RRRR ftat RTRT 11

ta RRR

RT^ Rtal Ri taR tlR RT# RRi RtfRRRT fRRRiT RRR tai Ri 'RRR ^T 
RffrR R 11 RRjrfR Rq R tta RiT PH"H. RRR: RfRt ^Rtaf '&i % RRR RIRTT 
11 Rfe ta ^Rta RRTRf % RTR R^RiR RTR TRRFT TRiRT RTR RT Ro RRIR
srta yttatar rtrt ti

arc—blow

taR—welding % tata

T—231 M of Hki-) d(> 21

strtafR rt^Argentine metal

RRRi JlIJIRHf RTRTt RRi RRR RTf fRS^ taR1 1 5% Rtata #T 
^RRTR feRttaf 'S.I'-H ^ ftiRT RTRT tl

<JrrlR
85% ta tlRT tl fRRR

5T^tal^argentite

tar RR RR) Ri^R RRRW? RRW 
Rr^RTR R ftatatrt tlRT 11 !fR taFR RR fRRRT RrtRR 
2-2.5 RRT tata RRFR 7.2—7.361

tarn1 87% ta ta 11 r^ Rta 
tl tatTRT

argillaceous ore TFRR 3IRW

tita—ore % srtat

5TTta tai tataargon arc welding

RRi RW RR ta tatR RRR fRRR ta ^T taR tR R RRRR fRiRT 
RfTrTT 11 3TTta ta RR RRRRR Rta t tlR RTR
r tait tl

Rita—welding ^

RTtat tarArmco iron

Rita—iron % tatta

tatafR RRRArmstrong process

rjRta RT tar RRTR R^ fRRR-taRf RR RRH Rot fafa ftal RRR 
RFtt % RFfRf RR RTRR RRR fRRRd-WRta FTtt RRTR fRiRT RTRt t RI 
RRRR fRRi tat RTRt RT tatat WRT tl RR RiTR R fRR^R WRta 
ta ta 0RTtaT RT^ RT #R fRRRR tt RtTRT t ta Rta RT tatR R
tatRl^f RRR ta RFR ttrtt 11 RiR taR RRTR ta % RTR dTf ^ RTRTT
RTR RiR R^RRT R RRta ^IRT rt RT RiR W^T RTR Ri RTR1 #" 3Tta ta
RTR Ri RRT? RTT RRiR % ta fRyTR tatf ta RTf?f RiT RRRFT

RRRT RTtal



Mh^i ^ FeAs.S 11 f^f 46.2% ?rai t
ifK- 4? % W4 TFU ^jTRTT 11

nrsenopynte

■4-1^4 cRM TRT^Tartificial ageing

rfFt cf(|..|yqi^T—yf^-Ml ^FTTI

^fexr—hardening % StcFfcT age hardening 4r

A.S.T.M., number
(American Society tor Testing Materials)

q'.^T.^t.'TTT. ^4 it^) 5WT TTT^T t—

n = 2N-I

trocRo^torRo ftw

fiTRT N. t2.^T.^T.,:R. R34T ^ n, KM) (magnification) tt

tTH ^ ff 4v,J|l R54I t! tJ. tR. ^T. ’R. ITT^T o
,4^tt :3n?n' it

Aston-Byers Process

I'-ieqi <Mlf?l ^TH ^>T fSTFT ^FT?^ TT y^T KHT ITT 'H+/m ? I

yyr flo'-t H d^'t yr^TT '4T?T (pig iron) I4"TI4I
yirfl tl ^ % ^T 4? IT WK t rTT <^T K ^4 yTT fa:*7FR
(selling) RH R4T ^TFTT11 KI^K"! RTo RT ttfi ITRTT t 3^T IH^K-I f?yT ^TTrTT 
f i yn ^r^t yRR ^ ^RTTf^r fit? ^rtt yyr4 yiR rtttt i i
yFR yyiR RT 45ort RI

KRy-yRR yy^r

FTM ^jTFTT 11 fRR"TR

I,.'1"IK TK'-yPT

yy> Rr-yR nRnr 9% Al 4r l % Fe rff 41 ^yyr iv^ii ttw fryi
R y^rf H Jt^ri RFTT11 fRy>T i't-MlU W{ f^RT R

Atlas alloy

■jTT RyRTT 
feyr itptt ri

0/1
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RRRrlyyyT 4f'4M

4fc'\su yyyt fjRRf 4r bi^'i fFTy^f % #y yy ^4) y HTftiyR 
yyy yyiffy fyyr ypn 
yra 11 mim % ffT: R^yrT ?R R 3&m W3\ R OTT
TrCFR IT# t ^T ^PRT R yF4T 44 RTTH % 4TRT iTT^T i iy? fafa 
18/8 yw % ^ypr % yf^tri % f^y fattfy ^y R Rmyryy) l#r^r sryRT R 
fyvry tk R swft 6idt t yy yHyr^i % yp? rrt % ypy ty %
iRT 4^r STTy!RT4KTT RT^T tl

atomic arc welding

tl fRy Ftl^'SN'l 'R 4l'JJ

atomic hydrogen arc welding yryif^yj HTftrsR sn^r (yfety)

yfey—atomic arc welding

atomization

fyyyfr yF| ^t 44tf y fyyfyrf
yfr 11 *tl4M 4-,'J||4-,Kct> R y^- gJrT t fjRFT fyypft ^ tl
^ 9r-jfl^"l % ty y R4T fvf? 1PTT t f3RRT tl^T y^Ttl yRT % R 
4161 f'l^'.'idl 11 yFi c^T yRT 44 4)'4|451^1 qr ^44 ?4RH 4FtT R4T,
yry yr ypft 44rt fryr jimi ti ftr yy fyyyy '41 4>?y ti

Atrament process

4)414^ ,JI

yr ?h yr ^rt R yyyr4)1'll

y^yfy yyry

yfeR—phosphatizing

Auer metal

yy> *-4 jR'i'ii yRR ly'ypj fw? 35% fttit ^Ir 25% f% yr^ tRTT 11 ^n44 
TWI ?F4) tRFltf R tRT tl

3TFR yF|

ausforming yfK^4iJi

TR fRURT
r yyffy yyr^R rfr 4> #4 yr^r srrm irtt 11

yTTffR R RR, ^RTR 44 TyffR RRI RRT^R RIRT % STRTM 
11 TRR RR 4f”'1d 4R RTRRRIR i? Mirll,Jl-RTy R 45R RTR R4) RRT f4RT RTRT 11 
yfR^Rf f?RTR RRsJrT yR RiR tTRT 11 ?RR FTTf % 3TFTTRT 0.4% 44RR, 5.00% 
yrfRyR. 1.3% rtTprIrr, 1% fRfRyR 0.5% ^RfyyR itrt ti

fR RTR 44 *yTR 1UR ^7
R=F 5RT f47yr 4TTRT
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Aiisicnipering

i'-NIV % OTlfe SFR fwr

?T?; ^FTT fW UFTT ? ^ -jP^TTf^t ^T W IT^F? F TFTFT 
Iff feFTT '/Hl"H fcfy F ffM^T ^ 7Pz\ % FUR f^TR FT ^FF
yffR cr -?T7TT tFTT FRT ^ I fF FR FT '#T*F f^F FR FR ^FFT t FT 
FTtrTF FFT F FF TFF FTRFTfFT Ft’RFRF (change point) F ‘STt’FF ^Hl 
% I FF FR: 260'C F 370 C F FTF F RFT 11 f^TR FT fF FR TF F^J 
FFF FF ^FT FRT W FTfF FFFFRR FT FFT^F F FRFFT ^RfF™T R FR | 
fFF FT? F7R FT TFFT FTFFTFFF fFTF F FTFTR FR FF ^FT FF 

■ f?FT FRT tl

RFRFTfF (y-FTlfF)austenite (y-ferrite)

ti^'1 — Territe F ^FfF

'FRFFTfFT JRFRF F^FRaustenitic stainless steel

'ifetu—stainless steel F RF^fF

austenitizing

fFFF FT ^RTT FftFF FTFT F SffaF FR RF F^FT I fF FR FT 
fFTR FT ’JFfft FRTF FT?F FF F^FFT (face centered cubic structure) 
?MT 11 fTFR ^ FFT FFF 'iRFT 1FFT-RFF F fR^r STTF^FTf^F TFFT FTFT 
11 FTTFFTfFF F FT? FR fTFR FT FRTR FTFT R FT ?F t>TFF FFTFTRTFTR 
(normalise) FTFT R FT FR-VTRFR FTt TR-FFRR Ftft 
5FT TFFT FTFT ?l FTTFFRFF FFR RTF FRFT FT TFFT FTFT ? I

FTTFFRFF

R FT FF FTT-FTT

?f^T—hot working OTl

' FTTFFTfFFaustenitizing

<F?Ff fFFR FT FTR FT RTTFFTf? FFR FT FFF I Ft? FFTT TF'FR FT 
rTfF-q?Tft F FTF fFFT FR FT fF FFF FT FffVTF FfFTFTfFF FFFRRnTT

FT? FFF fF'FR FT ^RTFTR FR FFR F ^HRT ip-F fFFT FTF FT ?F FFF FT
rpf FTFFFRFF FFF R |

25

autoclave FRRRF 

IFRT F
fRF F^FF F? FR I FTFTRFFT FR FR fTFR FT FFT HFT t S^T 3FFR F F^FTT 
FFH cJF^FF FTFTT Rttift FTFT tl

autogeneous

1. WFFT ^TTf®?F FR t "FTFFF FFdH" FTRTI Fffr?F F ^FFT 3Pf 
o—dfcrs u FT FR: F^T TTFFF t FT IJR FT^ FT I

TFF: FTtFFR

2. FFfF F F?vf F1 ^TFT t—FR FT FRFT ^FT 3RTR cRRT I

ptf |ft# FTRfr Iff ft strrfft f^T rMT ti

3. F?F: FFIJI F F?^f F ^FFT FTf R—FFRT F dF,3l FT TFF FFFFT FT
FFF ?FTR ^#R RRTI ?FF feR fF# FTRF FFR FRFF ^T FRSRFFT 
Ftf RTrfT tl

autogenous roasting TFF: FFF

?fenj—roasting F wfF

autogenous welding TRF: FffrTF

?fT3F—welding

t^TT^Razunte

FTF FT 3TRT FT#R 12CuC03Cu(0H)2] fFFF rRRFT<(T f^TFR

FTF 3RTFF F 
Ff#? tl FR

11 FR FTF RTF (lode) F FF^fTR 3TFR (weathered zone) F 
FR FTFT FTFT 11

FTF. FTRFfrFT. ^.F^T.rr. if mFT FTFT tl RF FfFRTR? ^T FRF tl

Babbitt metal

FF ^ F FF hf'rlH'fl-FTF iFFTrJ fFFFT d'-lFlF FFfniT F RFT 11 
3TTFF F1 RF iTR? FT ST^f FT—fF# F^T ^TR FT" ^ FFT FT RF FSRTI fF^
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r^T: 3.5-15 gfagM Oj.y.q:ft, 2-6 vfam ^TRT ^ ^T irai 11 M
^ 1 sfaiflrr ^S^RW ^T #ciT tl

back draft
^ ^T 7TH ■Ft ^d1-! ^T ^T?T SlFf TT^xTI 11

backing roll (back up roll)

^fetr—roll % 3RTT%

qrfijT^t Ffrar fasn^ 0.7% ^wr. 0.6% #f^Fr ^ 
3ifri^w if f^TT mm ti fTTmr hwt ^rtf ^ mm ti

Bahn metal

«Mi3ebainite

rnm^r m ^rt m m^ m^r mn
3*r mtr ft mte mm t ^ im mrt qr ni^isd mrm m mm 11 qk

rf rra (feathery) ^tl tim 11 TTtx[mtrrn^, ciin m ifi t1 mr m 'to
^ m7 % fmmjr ntt^ rf sr m ^ ^rnirnir mm ^oh m rntmt (tempered) 
Hi-iHHi$e ‘tm mm ti

ijc^ofv m^jbaking sand

tfetr—sand % mmfcT

FT^rTcT 'TmcTbalanced draught
^fgrr—draught m

ff^rfct ^WfcTbalanced steel
—semikilled steel

^fmrnFRballing
kvi^u—agglomeration m stmtct

27

ball mill TFimr nw

Hm mm wm m rf w^rw mmm m-immi'j yfm mm mm 11 
pmn m rntm ^ mm mm yimr m ^ih ^i' mi nttr m ^rt § i ^ fjqm % 
mrm w-^m r ?^tr mmm 
mm r i

mR mi mfmmf mi rnmn tmmmmm

handed structure mTfem fpmm
I. nmi rmhi fwr: f^mm mmm 'mmm yR^iu, rrhv crI qj cr?m 

(bands) r N'-'Tm m mm t. ‘tR tRfeci oRmim fm^Rm
Ri fR RmR mi mriffm Nmim 'rt rnmr ti

rnimm

2. mm mRm fmrr rtt mR-m mnr fRmmm m rtr r ir mi m4 
?—TR^mm m wr rrr rnimr. r m?- if^im mi gmm mm sfR 
mmumR TRmi RRim- rRm mm r RnrnR m mmi

banking

rnmi 'Rm^T ^rtr mR-^mimi mr rr m^m turr mmimT Rmi rsit m 
fmR rri r trr; mrm rr m i fR trtr r rtr ^RRmmr mmm Rmgm trr; 
mrm #- ^r mi rr-r mmm uim rmm mm 11 mq m ^fm mr rr Rm rriIrr
RRR »mR R RR RRv TRIWim Rv Fmr ijq^pr 5Rm RR Rmm RR RR1NJ RR RRR
rri rrt Rm? mmi mmvmR rrtr rr tr mR r rr RRm rirr-i rr 
rrrt r fRRRm f^m mm 11 ^Rm rtr rrrt rr rr mm rr mr km
Rlfm RRT RR RRRT R RRyj R m iftT RRR> R mR RR> I m? RR miRF 'RTm RR 
tRm R rtri rrr m km rn'-i^r ^mrn ti fR fjnf hI^rui rt 
RTRR ^ I

mm ?■

Barbas law mm trrr

RRTRf RT RRR RR^Tm r PTRR rR RTRUTR m-mRRTR TRTRT nm RRT'R RT RR 
k-R- mm 11 iTR ^R rR RTRRuf RT TRRRR RR RRf RRTR Rk RTRI t. #?

RR '"Rmf
fRRRRT

mfTRR RfrmikcT mR

2S



WTR 'A'X’H

qr q|(^| uq-, f^’MI I W7j T7”

nTtt cfi T^c^fq ipwri^ (Fe^Oq) ^t ^ ^ I ^t ^

11 f3R 5)T mR's*** ,ji ^1*+. ^ Riqi jimi

qi^.-.^'tT WW F * tit,i
4216—7027 Kg/m2 ^ ^ tifctrT Wl 11 ^
5RI5 % fcJTTT 3?T^T r3R qoT SPT^T RW % W4 Iw l^T ^1

barffing process

tl frFT
J^T? rrTM ?H rT^ Wf f^4T ^ tl

(^TTftnr)baryte (barytes)

rr^ yi^>d r?h*<f'fl4 4R4H ♦Hr,'6c ^ 4T ^n4T-^)T ^Jdq>^rf 
fqqqqfstr?? IVjeqii t1 Rtrrwi 11 inqfsr^ Nd^ 4.5, ^6Wdi 2.5-3.5 i 
try^ rn#r qr tmr t 'qs^fqqf % nf) qr ^mr str
HI# 11 f^rqvt ^qqm qfrqq 4lkl^T % q^, RiqlMH ^fr qijqq-'q?^ %
^q q1 ttcrr ti ^ tqftnt qr tq^qp- A\ ^ ti

1. 3tqqRj 2. gptK qr^ 

f qr^t t. #fi qfqr. #qr,

base metal

1. q? qrg qr ^qy F qrq q>rq rjr 
q*q. ^trf^ i fqqqq fq1^. qrf^ qfqqq qiqy 
tr# ti

3^5 qir( tr qqqy trar ti'fq qqjiflf q^r ^qqtrq Wrq qqr tirn ti

3. qqR #■ qqq % fqq qqqq qp( l

4. qqfqq qiqqf q, qt qRjqf q^T q^T %?n q qfe tltT qij l

5. qqfeq qr ^rfqrr trt qr# qr^ i

6.

qjqi 11 ^fq tqnfqfqqq '^nqq qr^ i

7. fqqqq %r q fqq qr^ qq ?qq q^nr tr qr q qr^ qr qq 
q-xHl tl i

20

gq^tq tqq^ qqyqBasic Bessemer process

—Bissemer process % SRFfa

^qq^qibasicity ratio

fqqft qq^ qq ^ ffe ^ ^qq^q qeahi syqftq q^f qq st^orq i 
q*(*q 5fqqotq q^qy Ca° Mg° trq t, qqfq^ gjqfar q^q> SiS ^ 
Ai2°3 trt 11 fq s?q? qq qqrq 3qqtn q ^rqqj qf^f qRjqqf t 
fqqqqjq ^iKq^i ^It sFctf % sn^f^Tqj struct qqqq qqq f^qr 
qidi 11

:dk4)1 q yq<Hbasic process

«hh qq> diyq^i4 fqfq fqqq y^qn qyqj % qq nqi$^,
11 qqiq qq ui

qqid 
^i"iiHi$d.
gqq^Tq qi^H'l dyR^fd ^ [4)41 •qidl 11 qt VistiM ^T fq^lddl q? t qpT 

dldH''! q qft 0141 dlRtd) t d’51?! dH 4) qrq feqT % *hh4 ydd) 
tlR qqrqq. qFjqq % ^q ^ qqq) ti did ti

dKy)i4 d^qdiqq?basic refractory

qfeq—refractory % std^ld

batch operation qq qqMd

q? qqMd fqqf ?qnfqd fqq[%d tfd dq> ,h<i,i dd^dd d ddiFdd 
^ddT 11 ddd ydK'H d dd fd t1 Rdd t fd) fdd qq dW d ydK'H

, RditT d qnj-'qdqqd
qltqfrrq d qdid ddidi ^yrfqi

1. continuous operation

2. semicontinuous operation

dyTdi

qiq dr^bath metal

% qqtf?- d) ’frqq fddd 17% 'dddl 43% Zn tldT 11 ?dqq dddld ^fd
drrqrp r ddld d tldl ti'o
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Bauscbinger e fleet

^TWI ^ Mkv_jrH| I ^ rj^pt if hi)TT if
ufd^"1 ^FfH H
f^i-l/td fell H ^^FTFT qr. ^T 11 ^t f^T

ott R^T #■ % ^H'-ll^i^l^ yrri^'-l-fd^f-i ft^fT

qKdRdl' % foTtr 'Rf f?ffiT 11 ^ M^ ddd |q<$[d-=t>6l<dl ?T M^Rddl H
qv^r ^ f ^ «n^f R1 fqdfrR ^tFRSff qfR^TT R1 RTR qH qfrqqqf %

d)R u] 3?^pR fT |

d^-M ^TRT 11 q^ Rd'ld h^RtJi qff^rT ^T

bauxite

yfrdqilRq tafdd iMRR' R^d: ^tT 
^TR1 fRffRqq. 3MTR3nWl^ ^ W tiRT diMdcR # f I ^R ^T 
Rqqni yq'qq* % ^q if, U'lifRfRqR qlfiW % ff rTRI Refdqi' % 3RT 
RTRH % f^TR dl'J'RR qq^T % R" ^TT tl

qr^RT^q

Rlfjld ug^Rdi (AL2O3, 2H2O) ^Idl ? I

Bayer process

sriw^q ^ riTTffRRT % fd'4-q'JT qq^R 1 ^’tr1 qiqqq^q qq 
dR^i RifqqR oT^fq^rr^q fq^iqq q> Riq T^q qiq qq rtr rt ^ "q^ 
W f jI'HR ".'.'lib'll. RTfqqR ""iJh'Ic q> if 'jqq) RT didl ? dTR drrqqvT'JT 
■yq^oq t7Tf?TT dTqqq^ % ^q if fd^v"! UR ^ I RR qq q>T RRTTRfqqR 

sfriR (Seeding) feqr RIRT t fqR^R drfqqRRRT^fqqtT^q q^ rtr 
R'djRfqqR. n/iiJbfddR RTf^fq^fTiq q^ ^q R1 drqsrfqq rt rtri § hrRqq 
fdRdiqd q^T% U'lljRRT RFR f^RT RIRT ? I RW RT^ b'^RRI qq R^ 
%qb fd'xtJRTj qqRT rr^tRfRzpR rtttt q^R if ^TRI tl

qi Jin qrqbazar metal

rrq> rj^ fR^fRf fiTRif 30% Zn 'RR 8-10% Ni ilRT tl RR R^R ITRI t 
dqqm qfr^ qbdf dk RT^RR ^T RRH if fq^RT RTRI tlqRT dbq>i

Mj"1d dl")beach sand

qf^R—black saml

>1

bear q^F

qf?3R—salamander

qqffR qqRRbearing bronze

Rqi RTR-qR fRMff fiwH 5-20% qR dltT 0.2% tlbl 11 fRR- dFRt 
rtrt if qRRtpqr ttqi 11 rr q^Ftr Rirqq 'RF q^rtr^t trqi 11 fRqtf- frrtr 
qf^qf, tiRb' qRffRf qq qqrq if trqr ti

qRffq qpi

fb^T b^dd RT# qq'JlbqT qpfR I fqqq qFR-qwqv q>R tlbl t faF qRTTTT 
?qqq 3RRTR qRT-Hgd q? RTR RRHu if ttcTf tl ^ ’fTcFT. qRRT. Al-Zn 
fR^sfpf. Ai-Si frraiRf, ^jrt ^qqr 'tnii ^fr RfqqqiR RFf br q>wq ti

•bearing metal

tq> RRFtBack process

qiqtTRq> b'-ijRf'idH q> RfF^nir qq rstr i spRF l,.';l,ib[dRR if

[R"IIRI qrqi t Rlfqv 25% Mg ritF 75% Al fR'-OT RTRT tr RTRI fR^TR qq 
500 C qqr rprR fqiRf qTRT p RTRT Rq qt qFTRR fRR if ^5Tq tRRT RIRT 11

fd+bd qq 000-950'C RT fRqH-tRRRRR fqRTT RFR t Rqfqr t^ftfi/IRR ’BRq*

-qfqr Ir'-rfi rfr trqr 11 fF rr^r bTRqr tr 1THT tl qRfx^d Rpjfqf

dnqq: s^r ffttr tr rtrt trar ti

beehive coke process

bldddHRil 5RTaR RT fdoRl qq Rq^ y^pTR fj|*HH qqRfRT RTR q^T iHi^-iin if RR

qqRRT qq
qFRy'itRT dr^Kl qq RfFT tl ^TTR fTT dT? d^FR dFRT RqRT dTFT diltTdd tTRT 
^t I ^R RRTR qqTTT qqRRT q> dMHTId RTRT Rtf tTR 1

TFRT ^Tqv RSTR

fqjRT didi 11 qqqr-qqq if qpj fRRfRR rtrt Rfqqr RitT t Rrfqr

RtT qjflbell metal

dfbiq—bronze RT "RcFTR

bench moulding RR RRR

qfajR—moulding % wfd
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bending test

mechanical test %

beneficiation

cf (value)
SRT^f % effect BJTPTR rf qR^ld I

T^Ch<U|

♦Hit'll «t<oidi y^iHI % Rhu

tferr—Ore preparation ^

bentonite

h/'nidl % PRR rjwfl qi# r^RT;
smr imr 11 ^ qp^r srevim t ^pt:

3OTT yfrtid)i qraf m ^H-^T-^T % fW sf^-
^frdchi % rf IRTT f I

beryl

f^,«(>ll’ % if qRf URTT11 
fRT t rPTI f^tqq ^T Httfid (emerald green) q^PFT ?TT, r^qq %TT, t^pTyr 
qi IRT tl +;6bdi 7.5-8 gtiqf^ TOq 2.7—1 qfrrrf. gFR-gF^T

uqqiHkd (q^qq %?TT) f^T Sf^RT f^ir t #: qrrqsfa
1P?I tl

11 q? srqirq#

qfrfprqq qRR

qqj qra fq^ fmn 2% Sn #r 2.5% Be tTmti q? qw^t hrt t rrqr 
^qqq ^qwr qqnfqqf % f^q wri 11

beryllium bronze

beryllium copper

qqi rtiq ^qr fqqqrr qifTR^T 3rqq eMr 11 q?
sNit srrfrr qqr 3RRf q^TRir qfrprq qs^Ri 11 ^ft 2-2.5% ^ q/h-iqq ?qqT

qqfRqq dFt

33

i 1 fqqq qqm feiqf, ruff qqr grqqq^q q^f m qqrq qtRri 1 ^R#q ^rr
IPTV

tqqr MkdlddBessemer converter

qfeq—converters % SPRfq

tqqr 5RFfBessemer process

^PTR % ^RJiqq qq? fqlqf I fW qi^ fRqqr qf^% Rtt B1 Udlfgd tor 
didi 11 qpRi tor, qqr i^diu^f? qqpf qr 3trrt qiR qT^TqMT q> stiqiir % 
q«Hiq)K qrq q ?iqr itht 11 qnt qq qqq< qRqf^q qr^q 11 q^qrq^qqr^ 
^,"11 < 6di t fqqq tq fdd>”i qqr 1 fqfqwq, tq%q qq^q ;3Trfq ^qq?^ qq 
?qr % srfqr q fqqqqR tirtof^R % ^nq- gitotoq q ^qr tr^T 11 
d'illsd W{, qf<qfciq % WRR rR tor ^#qq qqjq q%5#T qqRT 11 qryR qfqq

fqqq ^tqrf q qfqqr [q^qi wrrr 11

TrRq t?RR qqrq q tfqqR- qq snqrqq PRirqr qnqr t Rqr q,^q ofrt q"
^qfqR qqq^Rq srqfrqto qRi ti ^K-^lq qqqr q^q (qfqq q^q) q

'qq> q>r fqqi ^IRT 11 ^qq sikd rtfqqrr % qriH qr 
f tilR qqq qRq qqq q qgR ^IH

q ^RT fqprRTT IIRT11 
phri t Pitt q^t dioidi qq«tdiu qr RHu qrqyqqj 3irfqqq!?T. qRqRq%
rir q qiqr tot 11

fq q^q q qqq Rtot q tor ti ^qq toq-qqq (lire blow)
11 fqq qqqd-,6"iidi t fqqq qq ip

qsfR-qqq (alter blow) t^^friidi t
qm tor tortqqq toto qqRT 11 to qpjqpr qr ^q q «jqqj qR tor qrai t 

fqpq Rqqrq % ^q q1 fRrqr rirt 11

beta iron 4i<ii <tor 
didi 11 fq qrq qq

qto srq qqr tor 11

tofR—iron qr ^pto
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hethani/ing

^PTFT % cTF 'R ^FT I ^
hl^PRT t fe fm 3lf^fa RTRf ^1 'RFT f^RT '51HT 11 ^K-tiFF^

I 3k3JW ITTT RRqjfr^v 'tiFR ^f -al'M^W Nt-MH :RF ^TFfT
!3TR h»RH ^>1 S^TFR ^ fRqi URT 11

^FR-9TRBetlerton-K ro11 process

^ferr—Kroll-Bctlerton process

Betterton process

RFH ^["I^H fT iT^TR % ^7 H1 TTTRFT ^'JP? ^T ^FrFT H ^ FTF7 I 3*HH 
irfoR ?rrPT ^fftrr y^ifsd ^r itrt ? rfft 'r^w. ^
^7 rr WFT ?RT t ^T 77FT R ?l

^77 0^77Betts process

7^77 5RT ^TWRT 1-lf7'4><')l I fTR FT? T7F|37TfiRff7T=FPI ^fT- H'-H
3tRT. tiFFPR % ^7 if 7P7T 77P7T-^TiH 'H'|^

m^FT-'^WRT 77P7T #4R 5F7 ^TTTf 11 f77 '7WT 37 iW7 #7ypF7 
#77 % 3RPR *7 ?TrfT t ^ ^’n^-TFTFT ^7 SRI r-1

Bidery metal (Bidri metal) 
Bidri metal

3f73TT—Bidery metal

Rfi 3173 FT'TtFT nPF7 88.5% 3i)T3, 5-6% 77P7T #T 5.9% 3M 3RT 11

'•7T7R H1 ?T737 TFTFT 37FJ 3337 % 33H ^7 f3RT 3137 11

faR3billet

R 3RR 373-mR«|53 33713 I h'rtel 
37 3373 TTT^R 3fwf3 377^37 % fRRM 31 7373T 3137 11 ^7737 'ST^TTR 373 
337377- 3337 33*73 33f^K 1737 11 ^373 % 333 3 1337 3^77=3 373

o7J37 3> 7733 7T33R 3

l 35

130 f3370 X 130 fJ737o ?T3711 3737? 377^77 % f^T1 % iF^TTR ^33737 if 
3|3 73R37 ?7^7 tl

3" HI—bloom

bimetal 3f^7Trf

7373 H 37373 -3377- rprjf^ ^73 3^ q^f % T^q if ^73^33 37 ftTR 3T7|3 I 3 
37^3 ITT 3W 533fF33 3?37 t fcv *7337. 373-3^333 % 7773 f3#73 ?7 3737 
? I 3f33T^ ^7 3M3H f3333-3iT337 337 733: 373-f3333 % i^q t f3FT 
^77*3 ITT 3T3T3T37 37^ ^ 3^3 tl

binder 3335

(1) TT33F7 97737 % 7733 if 3R 35 #3^ 33 3? 31WT 37 377^357-7733 if 
3T^-35qf 357 3733 35 fFTTr 3^733 #3 ||

(2) ^7-'
331 3771 3373 1737 1 f^TTT "^3 ^ 73313 37 
fTTRTR % 7733 fe3TT 3737 tl

tl 3?
37T3^T 7713-77777^ 3? 37rff t 377 37

177 97®3 357 3373 353 3^3735 3F3 3^ qq[3 % fr^q ^ 1737 1 f^TT ^rjf-fq^ 
31 f3"IM 37 ^of-353 ^1 3773 11rjTTxj?-

binding metal 3335 373

3r33 7T3353 337 37R7 3973 73373 f333' 93.5% 3973 2.8% 3,11333 3f7 
3.1% 7f737 1737 tl 177357 33373 377 qq 3P3357 ^afq qqyt if
1737 tl

biotite 37373713

77737R337 f3R3 3TR7 'SXW, 37 3^9733. 7r':il3f393 3l7 373f9733 357 
f3f<3353. |K2 HAI2 (Si04)3 (Mg Fe)e (SiC>4)3|. 1737 1, 133 37? 35 333 
'37 f3R-f3R 373737 31 33^733 7?3 tl
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^KHlferrlbirmasil

f3T^r 0.1 % Cu, 10— 13% Si, 2.5—3.5% Ni. 0.2% Ti, 0.6% 
Fe, 0.5% Mn sftr 0.6% Mg f?FTT 5= I ^ fnr^T STrn 11

% '#=ltr^rT 
1FTT tl

HiHi-q

A'i'7)

.Si. Mn.Cr^ i(FTM Mg^T /.n 
# WFT tl f^T^T WT^T yfcKl^, 'iP-T^T ^60^1 T^r '^\r

tit 11 IFrsfvT 3TPIFT 'jidddl W~ ^FFfHT 3fiT
^Rlt t tFIT tl

hirmetal

Birmingham platina

^5Ff 9tcl. ^ fasiRJ fwt 25% dM #■ m tFTT 11 
f^>T dn-MHI "arqw1 id7? t tlrfl tl ^-ifedl tt tl

bismuthinite

faW? tl t f^-^f'-lrl ttdT 11 '*)6kdl 2,
^[-1 Jll % ^TPT fifTTltf t Midi dldl 11 ftsirtte 6.4 i tmr '4 i dldl

f«<FM4-FW tl tl

f^brtT ^id"Tibituminous coal

♦Hmi'-d MlFud Chld"1l tl ’tdl Jdltjll 45 ?TT4 JV-ini 11
Cftldt 4)1 [4vM iF4 il4)114.M cnld'H tit 11 4)lf4)M 4)ld'rl t ^14) 4ldl
11 fd'ljH'll 4^1 d"II, tlFT-45FT-t ^TT 45ld 
Hldl^dl 45T •4H’4l<'1l d-.ld'dl, ^d/dold 4>!d"1l 4K4)I''1 T?Tt ^1 M<iF4t
44 44T tBT 11 fatr i^Ff fWH t f4f4, f|

tldltl 4f F4) % ®fT4 F45 tR^44

iPTFT4^4 ^FT4T dlUblack heart malleable cast iron

tfQF—malleable cast iron % SFFFT

fv^T 44f 445JTblack heart process

4 feu1—melleabilising

374—231 M ol' HKD %

black sand 45ldr. 4TFJ

(1) F444T SHTFIT t. »qr4T 44R % 4)R 34% 41# tl fWT 4445 45 Fq 
t ^IT-^gT frlFTf 41# 11 f^T tl # 3FFT 3'^dlMHd rpi ^
tl

(2) 34# 43 qr 45 Fq t qff 4H q|# rq HF# rp^J
4345 #43113 44T fFTRT^q #q f | qjpq rq #r #q # cffiruT 451# 41^ 
4514 11

blanking die #454 4441

4faq—die 45 #443

blast furnace 444 43#

4441454 #4 qj?5-3(515 #4^1454 43# | 1441 
44^45 (31441 q4: 44144 45 #4 #5q), #4 144 #T 41^44 4414 q# 
447# 451 43# 45 3544 f4T 4 1141 4T4T t 44T 4#f?4 liq 451 34144 4414
qiqqr Id-.di mi 11 4Fj 3# 4i^H"i 451 "imiip 31441 445-4^ fqq# 4T4 
4 f445RT IRTlt I #1444 43# 30-40 #3T ## IT# 1 #T ##14 41^ 
45T 43# 4 qfqFT 45# 4 qt 4F4 44 #41 4T4T 11 4T4. 44. #4T ik q^p? 
# f4T4#7T # #q 4T 3114414514 444 41 fid I 451 q#4 #41 4T4T tl

35#4T 3R,t qr# qqi

blast furnace matte smelting process 444 43# 43 4444 qqrq

41 t3 4444 45T ^tri 44R 11 4T4IT444I 444 '43# 4 414 ^ ^q 4 
4345111 3# #44TH 3T4^45f 45 f444 45 4T4 41445 3# fqq 
f454T UU 11 '43# 451 314444 4513 3114414513 1141 11 3PP4 qr,-q,r^ ^ ^ 
3#^ 3ltq#45T4 4 3P44 31TWfl 4F4 1141 1 # 41445 4 #541 44 45^ 
f4fFT453 44141 1 3# f4 4454 WFl 4F4 #41 1| Uiq 311434 
('ll? S t fa"f4K tl 44T4T tl

45T 34414

fFTTlfl.

blast furnace smelting 444 43# 4444

ifaq—smelting 45 3T4Tfq
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hlasl roasting

cf JT1R % ffT'q-^RT'q qi SFTT o I WJ % STT^ qq

HfR ^T fT WFJ q-ty#3fv T^qi ^ 11 JT »WT 
3Tr qq nFfi Ft i 'qn iRpt f? qn q^r 'R ^ qrq

rpFR ? I ^itR IRWR(7R %

FtRT tl

il/.IJ-cl+i q RRRR ST-'-RT ■H'JRq

bleeding

qH rr R . ^T-'-RT ^R % TTR: RR ^R R "RR R'-TI RR;
fhqq ^T ^ RqqR RR % RRR RRRT RR R RitR: RS 
RT?R RT RRTI

•RRRRv RRRtlblind riser

^l^iT—shrink bob

RRRTR RRTblister copper

q-R I-Tcfi RURR RRR IRR FTRR RR-fR R RR RR'v»T RR" iRH R'R 
ijvfR R RR R "R7RRR RRRv. RUT R1K RR7R 'TTRRTRR

ST RR tl RPR^TTR RR7R TRRRT RR t RR RFRR ''.TTRRTRR TRTvRn % 
RTR RRRR tlRR RRRR RRT ^RT 11 RR RRRT Sf RR. (TRRR <)§% RRT 
#• I",, R ^R RRI RRT t) 5RT tpTT S RT RR R TRRT RRTT RR't-TTRRTfR 
RR^v ST RRT t TRRR RRT RRTTRRR

RRT S I ^ qfrp q

RTUt SRT R

^IRbloom

R RRRT RR RRR R RRR RRTFRR iRTr? I 
SRRT RRR RRRf RT RRH R TRRT RRT Ft I fRRq RRR^T-RR RRfRR RRRT 
RRRR RRTRR tRT SI S’RR ^ RR’R R fR^
TRRTO X 200 TRRTO R RRR" .>00 TRRTO X 300 TRRTO RRT SRT S | FTR-Sjlt

^JRT qR RRR RT ^SR tl

TVTTRRRRf % RRR-R

RRRRT RR 200

R7RRT—billet

30

blooming mill =RPR fRRT

RRT RRTTT TR fRR fRRR fRRf RR RRTTR RRRT ^HfR RRTR RRRT. fRRRf. 
TRf^RRT #T RTRT" RRTR RT iRTR RRRR ^rtf R RfTRftR TRTRT RRT S I ^Wi 
W, RRRF SR fRRtT-fRR, RTTRR-fRR Rifs RT RTSR tl

blow hole RR fFJR

RfeR—easting delect RT RRTfR

blue brittleness tTR RRtrt

RR S^TR RTT 200 —400 RT #R Rrq utrt RT tTRT-RRTRT 3RRR 
tT^T 11 SR RR-RRR R S^RR RT R^T R*' tRt RTRRTSS TRRR RR^T t ajft 
RTR-RTR RTRfsS RR^TRR R RRTRT 3^RR ST RltT S fRRRT RS-RR^'T RTRPR 
RR R^ ^=5 fR^RRR ST RRT SI SR RRR R 3RTT 'RRTRT ^ R^ RRT S 
ITRfRT RTTRR #T RRR-RTR^' RSR RR f #r 3RcT: ^TfrRT RTR- 
RRR R^ ^JHOR ST RR 11 SR 3TTOT R RRR-RTR'-R R: fRTfRR ff^q STrfT S 
#T SRR> RS R^T RTrfT t #" R^ ST RRtT SIr77RTRT

blue dust

R^rfrT R RTR RR RFR SRRTSR RTS 'WFZf, RTT iflRR qTTRRT RR | rTtttt TR 
tR ^T iPR RTTTT RRT RRRRRPRT SRRR tRyPRTR Si RS RRRT RTS RR?RT 
fRTRRT H F5lt-?5R RRT RT RR R Irttpr SI

Hl"1 ^fR

blueing (bluing) RTRR

I. RTRT 3RRT RSRT RT ^R R RTS ^RRT fRMRW % RR5 RT ^T RR RTRT 
fRRT I RR^RR R1R RT SRT RT RTR RT TRTRT R yFRT-RRTT RR; qr RRT RTfRT 
Hb'tl STTRRTSS RRT RR rMT SI S^TRT RRTTRSR RT^ R^TT TRRTS tRT f Rfr

R^T T^T ST RRT tl

2. RfRTRR RT RTR fcw RT TfR fRTRT RR RTRTT MaTR ^SRT-HRRTT 
fRFTTTT Rbr^RTT RT
ST RR t|

3TRR RRfrRT RfRRR RRRTonR^q
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^ % qi^l^.'JI ®r OT^ % ^7 TT

yim s|rii § i

blue metal

blue powder

^gtr—Zinc dust

^oq^To^o ^ qfWBNF jet test

?CTrT HM 3vT Fl^If HFR ^T

bobierre metal

^irTTTf hm 34—42% Zn ?mT 11 ^ srat t W4\ :3WT 
^fe^TrT -qmf °iR ^T 5RFt ^ f^4T ^ tl

yxH

'4 rt 'Rmr ?f<TT 3^T% 5ii+-i^,Jl ^T [^41 yj^ f^T-^TP 44 
^ ipT if 'qr^f % 4d"l4 IW4 PT ^ 1^41 JtFTT ?l

Bondactor process

M>l

^fuS^l4/<aThoi nderi zing

rp^. i^'\ °X44T <ft4^ ^T 1AW yTf44 ^T % fepT f^TPT 44 AmHI 4 
% fafal fPT 4^47 B1 100 C 4F7 ^ $^-nci 4^ 

4 ojlf % faTrppt ft I4RT ‘4FtT tl 4? PR iPP4T

bTfO'fc'I'P (coldforming) H # hsn+- Rtt 11

'-hl'H+.C 'T/I fJlM T/»

R^r-fy^ im*.

44 ^4; WXM f^FFf 44 J44R FTW4 4v ^4

Borchers Schmidt process

U'.iJhF-IMM M^f4/

,J4TIT f4v4T ^ITrfT W. |

* 'j|

bornite 4MI5C

#4 I fRf "R iTR 4T4 4) 14% % I SHH ^T4 44

q^ fq^-fiqrq | #44 R444 444. 5Cll?S, FezSs 44RT ^P44 T44tT

41 R444T tl 4#4T 3. #Tff44> W4 4.0—5.4 I

fllsl Tl HSrqy

41

bossing 4RR

44-4T44 44RT 3tNld4«f Rl^af 44 (%% #4 4T4r 44) ^4 # 4oT 
tar fR yR4 44 9#T W< Rtfm ^ f# %r #4 t 41# 4PH %

RR4 ^ tp- 4yi n ww R4T off q%|

bottom gating 3RR4PT ^qif'Ji

Rarr—gating 45 ##

Bower—Barff process 414T—®fR 4444

PRRt 35=4Rf 44 TFTTP^ ^WT I fR4T4 4^%f 44 44 fr# % 
r7Trrt4r[ 870 C 4^ 4rq ifiRT tl 4445T4T4 #T44T ^ 44 S14: f#T 
f454T 4T4T t flTFRT '4FR4 'dST444T^§, Fe304 + FegOs. 4tT 4P4 44 44% 11 
^IT^ISSI ^J4 4# 45 f# 44# HHlTHISS 4T4 % #: f#T 41%) 
tl f*4 Rqi R 44 445 #TT4 ?R4 t r44 4^ ## ## 4% #4# 
3444414 qT4 4P4 4 tf 4141

box annealing 4%) # I"TH

#54—annealing 45 ##

Bragg's reflection # 444444

T45%T [5R#m % fqqfrtrl 3mt 44T4f44 tt4 4R4 #7J4-#4#
Om#, 4T #-f44R 44 4F44 4R4 tl # f444 ^4 4^R t—

nA.= 2d SinQ

44f45 d' 4F445-4PTf % 4^4 #TF4. Q 4# 441 3441%) ^ 45 #4 441 
4#. n UW, >^45 44T \ 4#-#% t•

brale indentor 5^4 5RR5

445 yf'+qiTP iy T/ #444 iM^MI 44/4''I 45#4T—RT^FT-rry#
44 4144 45 f# Rff f|R 3F44 45#- 4T4%f 4^T 45%K4I
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brass

ER^T: HFPT 50% fT ^IM #T ^ ?TrTT
11 f*Tif H 3^ 4mT- ilrf^ fcRlt
Jll^l ^ I

qpR (alpha brass) : f^T fasd^ ^ 30%
11 o^mibch q- ^ Hrirtjijuf frT<>Jig ^ | ^ iRTcf ^ll-IJi04l. ib*?
TTfnPFi ^RT #■ TfMH^'Tf ?Tr(T 11 RRT^R (^TiR l 5%) iR
cfrp$*4 ilrR (^R 30%) fam tl

nrrrfj-^pff tprt (alpha-beta brass): f^T frT'-ORT it ‘^TR ^T Ol^l 
RTRI 38—48% KFTT tl ^ fatR RTWR ^4TrT

iT^RT (Munt/ metal) fRt 60% =^1 40% jiRI tlrTT tl
fTT^T ?FR iTRlt it »RiT tRT 11 f*R>T iM-MlO i^Kul
?fR iRfet SIW ^T RRt (^ ^R^t % f^RT) ^T RFT fRT tlrTT 11 
4% ?W fiRH ir tar gr^t rtr? trtr t rf'4i #■ tT^

wthrit r nr?^ ti

o^bb"4l 'ifrfR (Admiralty brass): fRT RTO7! 70% :=tM, 20% 
1TRI '^F 1% Fq tlFT tl MUTR ART ^R W. fRT fRt iTR

^ pTRirr 1RT 11 ZTK RRTR % IjfrT iRFW^T tpfT 11 0.02—0.05% 
3tifffcre> bRFT ir muKi+,viTi % fRr gbrtFT itht ti

^Tt-TFR (naval brass): W- tl WFRIR (RRT-tRT) R TFR tl 4? 
tpR RF R 4R tFIT 11 4T4: fRt 60% 4TM 39°/<. 1TRT '4F 1% RT tlR 
11 3RH 4fbR W4R tl% t ,l-Jh-"^! TTR ^T FRTt if 4? RR 
4^ FRT 4^ 4f4 4R RJT1TW4T tlR tl

: fRt 1 5 4frTyH TRT tlrfl 11 4n ?R44 
R4 ?T4T t 441 fF44 R R4 W, RTR tpTI 4 I fTRT RPRI FR tRfRTT 

RTRt. ^FT 4f4> 4TfR4t 4) 4T4RT. 44 44H W,

Fs

44T
RF tr=n ti

43

bran nite 4TvTR4
ttpfrlT 44 64^ FR=4F°f 3T4R) f?Fjif 7. ■% ^-FtRT tl4T 11 4? FS44: 

3PRT^? (3 Mn2 Os Mn SiCb) t #■ fFf7T44 (
Wlf-l^TTf F 4T4T RFT11 453TRT 6—6.5 4T4f^4) 44R 4.75—4.62 I

10%)% R4

Brassert acid hardening process 456b Ul4km WfM

64) 4RT WfK fjRFt 4H it ^4T FRT %) FT4T fttFR %ntT% t 4lf%
14 TR FT4T 4RT 4RT RoT 4TR tf ?T% | 

4T^ 44 Rf?4F 444T44 ^4 %R4t it f444R 4T4T 11 4T4 it 1444414 %RT 
mmm-R.s • RfS4F 44%44 % FT4 , ftlfs^H RtRR4 4F4T RFRf?
4414111 4 %R rffcrR of|t % 4R 4T4413^T S1FTT% F Tp^Wl l%6 in’ ^4>d 11 
414 R fW it 4RT 41 *14541 t fRj 144644: r%44 314*41 it fR14 444 if

d'/M*

tl

brazing 444

4Tf3lf %1 4R4 451 44R I ^Ffit flR % f^f %T %T441 tl 44% #4 it f45*TT 
4R 4R4l%T f4414 %1 f4#R f4Rl 414111 414F444141% it 4^44 R45 41^ 451 
FRllR 500' C *1354* tl4111 f%r|

4414 f%41 4141 tl

463:317 % 4R4T45 % 454 tl411 fRF4b 44
R6

^441—soldering

brazing solder 444 4144*

414T4J1 4t%t 4R1 4R?* f4Rg ^14# 50% 4M dk 50% TOl tl41 11 
144514414145 870 —900"C% #4 tldlt I 4? tltf 4* 41451 R414 % 4514 31141 
tlRr4%444T4^Tit 164 50%4141, 4438%4R131% 10480%
14451 4414145 675°—820°C % %4 tl41 tl 
14'41^3it 451 'Jtl sH % ff.MU f%41 4141 11

tlv44b141
?445f 44414 R4 3T441 414

breaking down 314 *4?4

f%St, f4%4T 311%%T'F^T14-44141 it4f4^445*4445 3144R"4514if 45tf 45R 
%I 6147445 47^41 W47f46 %t Rift t 4l7% 7%% 3Hfe 451

i44



I '4t t m
tlH fi^Tt n ^ qf^TT ^T ^T ^ W 'jTW?^ W^T PFI
:^T K FFFT (^m) TT^W WT feF FFT 11

'1,1 sH F ^FT F>F "F ^piTT

break out

•R^t $\ ^mrn gmr Ifftt ^ ^ ^ft f rn r ff^t fr
^TTF FR % ^ M ^T fR^FT FRII RfeFF ^^TF R RR FFF

^R sFRT ^JRRT fFTRI FRf % RFF ^ 1RT tl

MFFFR

FRRR.

Rfagrr—run out Rt

^R| fFTRBrearley steel

rr^ ^ft|^R-f^qR fjjRR 1 2—14% "FTRRR 0.38% FRR 'iF ^TR FFT 
FRT 11 RW d'-RR. F^TFW4t ? ifF fFRR 3RRR ^RRF RRR R FRT ¥. I fF 
RRRff ^RRFF fRTR (cutlery stainless steel) ^ ^f=t Ri

tFr ?n4i"Hbright annealing

FFrr—annealing R> dRRR

TR^IfR 3TRR

R1 n^ RfRR F FkyTT (vectors) RRFT fR^TRR TRRI FRT 
R I fF ^TR F FF fRFRTR. FRF FFF F RFFPR F FR F FF 
RIFF FT FW FRF R; RFyT Rot FT RHI

Brillouin /one

TF^T FRF
FRF FT

fRRR F5FF RFRFBrinell hardness test

farfr FR RoT FRFF FT TRFff^R RFR FT RFRR I fFR" RRR F RRF FR
TRRR RF FRT FF R FFTTtRTFR FRTR (Si/e) FT f’FR FT RR Ry'-6 m* * *31

RFR RSTF (impression) FT RTF RTF FF Rl

RF FR; R- RFFF FRTT RT FR FRT FF ’IFF RRR FRT FR11; I FRF 
FR7 RF FFF FF RTRT FIR77 TFRF 
rrFFR F TR17 FTR F RTF 10 TRRTO ± 0.0025 TRRTO FF R dTF 3.000

RF RFRR FRi F RFTR RR | R^RTR F

45

FF R I RRR Ff? R^ RT^F F fRR 
500 fFRRTR RF 60 FFR RF RRFR fFF FF f I RFF FT ^TTF F fR^TTF R 
RTF FF R F ^F-|FT F FRFM F- RTrfT f I F F^FFf FT dflFR RFT fRR 
RR F F5FF FT Rl^FRR fFF FF tl

P
H =

nD (D—v/D2-d2)

2

TRFR H= fKRR F5FF FFF, P 
(fR^fTo) d = FR RFF <

!7RFR RF, I) = FR FT ^FF 
Fr f rff ft ^ttf ti

hardness test F

Brinell hardness tester TRRR F3FF FbfFR

RfeR—hardness tester F FRRR

briquetting ^fcFTRR

Rf^F—agglomeration F FRRR

Britannia metal tffrf rpj

FR RRRTF FRT FT-'O'tLH'II fRM^ fRFFT RRRfR RFFT: RFRf F RRTR 
F7T fRR^TR RfRR FF F fRF FRF-F^ F R RTF 11 ^R fRFR R1 80% 
FT. 7.5% FfFRF #“ 3.5% RTF FF 11 RFR RRfFFT fif^qHI, frTFR FT 
F5F FRTF t #r RfF FFf-fJTRF FT RFF 11 RF fRRTR F fRfRH 
HTRR FFTT, fRFR, fFFFR, RTRT FlR ffTFt fRRT FF tl

t^RTRR

RfeR—White metal

brittle fracture Wjr fcTtfir

RfeR—fracture F 'dTRTfR
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brittleness

qq q? |tr fqqr smr si^q ^
if fq^ft^r q? ^f^dtrt (rupture) it W^i\ ti ^FITcn', #

JTH qqi it #r ^ff^rf SJFitT^t uRl^ld-qft?^
(notched bar impact test) qRf ^ -^dd! q^RT MR"lf^rT IT^t tl

brochantite

dri% qjt 'jt^RTtl^RT CuSOa 3Cu (OH)2 qi ctRt q>T 3PF^t^R 
t 56.2% ctTR ITRT tl

wqRcTfc

, qiRfT

qra % qtqi-qq firat^ssf % f^tq q^r RRfRq sn®? i ^Rtr qq> 3tr^ 
qr^tq ftm§ 11 3M # iw qqm o^t st# ft ftof % RwM 
# 1RTT t wit *trr4
irq>4 ^ qqm ^t 3PT rtra Rfqq Rt?tif^r % hht 11 

qf^ q>RT qw t—

bronze

ifa ^T Sttq^q^TT 6ldl tl 3tRjRr^*H«1l<'Jl

I. Of^Rtf^qb WTOT (aluminium bronze): Wiq fa^lTf IwdR
t^RtRRFt ^ blfdRqn qi'RT-qqfT attlT ^3R Rt^T IfrfT 11 qi ^T^TRnRT^t, 
3^R qjRra fq^r WRIT, ^RT ^ 3T^i ^tRt ftf WMI IRTT 11
gn^qj ^di? i tq itt qt q^Rq irw)! ^rttr gn^qqf Rwrqq q^t q^^if 
q^T ddH R IRtT 11

2. qd (bell metal) fRR 20—25% Rh, qr?T WRq 3tR
qfqr irtt ti qfeqf qq irh % gtqrqT ^qqRt qqRqf, 

qRqf, qoMmidi Rn iwtr r qqr ^qiRr R irtt t wif qr^RRi 
R^TR^RIR q^T gnqvqqRTT it^T ti

3. HR RRRT (gun metal): RTR qR-q^F? RTRTf^f ^T RW) R# fWRR 
5—10% qq qq 2—5% w irtt 11 q fRRrq rrtr qqq RiR^q qqr sr# 
R^qwRt iTt ti fw d'Tqpi qqftqf. Riq-Rtr gq^qRf qqr ^t-RqqRT R 
IRTT tl fR RtRIf^T R ^fRTT R^ fR^R $1 RRfRRT »RRT tl
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oR TRRRrqr q: qy q^q rri^r i f 
q twr SS"i. RTRI, 10% 4r RRT 2% quiq IRTT 11 qRR r? qRT r[7f rfT^TTf ? 
RRTR X5"(. Rtqr. 5".. qq. 5% q^TR ^R 5% RTRI IRTT 11 fR TRRTR ^T RRTT 
RRH qv RRrr ^q % qv ^ ^ f^y ^ |(

-1dH Mo'RT rTRR77^! RR RRR q^lRORT

4. q^RR qrfRT (phosphor bronze): RRRRR qqiR fqgrfq^Tfd 
qqRT i qq trrtr r ri^r rtrrrr ^ q.-f^+w -qrq qr ^q r fq^nqi wtrt t Rifq: 
Rrqr rqgrfq^TfRit wtr, gRqqr SnO? rr wtrt t fwR^r grtRiti r qqqqR Rtf
IT RqRTTI fq^qf
fR% fRTR RRIR in ?rq5% ^ ^R RTWR qtqRT RTT fR qRf WTR Rif RfRT 11 
RiRRR-qifRT, RR5R R^TTRWtT IRTT t RRT fRqTT WT qirjf^ qTR IRTT 11 
fRqrr Rqqrq qqf ^Ir fR^fiR1 qq rrtr qr f^rq irtt ti fR fqgqf ^Rq 
■dr qnq ti

qTTR qr R^RR qffqqr W4R 1TR 11 iRRR RiM qqRTRiRRR

bronzing qq^RR

f*qRT % rrr qqR q: rq 'RTi-qfqRTfq qq diM qqrq i f^RTR ^t 
q^ RiT 5 TRRR RRv ITffTqqTRRT gTRR STR RTftfRv gqq % f%W\ RT qRR R rff[ 
WIRT 1 RR rRRSfqRT RR 300 C—350 C RTR R7 Rq RRv 'WR TRvqT WTRT1 WR 
RRv jRRvI RvfR WRI ^R R IT WTR I TRR 1*-R RR i^| RR qfTFRqR IFtT Rv RTR * USI 
WTRT 1 'RR TfrfqqR qqr RR IRTR Rv fqq qir ^jr\ rp-q mRT 11 3TR R 
RR^T qfFR IRTT STqqT Rq Rv RTR TR: fq^T RvT WTRT t HTRR RRRvT R^TRRRRRT 

qquiqqqj ^ WTRT t.

brown coal ■rr Rvtqqr

tfeq—lignite browning RTiT^R. qRR,vu| 

fRTTR ■RRTRf Rv fqq qqqq qqj-qfrqurf RRRR T ifRRvT RRRDq
qrqRfqrq r^trr rr RRqT #r q^qq rr rrtrt i i fR qqRf rt ^t «q o;
WT Rvi-TR: qTRf^rq fRRq % RRRR qr TRiR RRR tl

brown metal RR RTR

RTRq TRRR X^"i> RTRT qR I 5"'o 1FRT RRT11 qi gpqR R^R 1TRT11 IRRvT
Rqqrq rfr-. m. rr sfrfa rrtr r" iftt ti

4<X



brueite

sl'-l'Mlfsl-i STT^FfTf^ (MgO. H2O) I ^61^1 2.5. 
3prf^ 2.39 I $«H^| 3Wq 'q^j 5F> ''iMM R oMI f? I ^T?

^Tqrfyqrq ^T TFPTFT^ t fwt 69.0% MgO ^TrfT tl

buckle

'iWi"—casting dcMcct %

buckling Uf^vT

1. 'MMl'S'4 '‘TF % W7! tiTW '-''I'll ofJT C)cf,q |

2. O^iTT ^ +,l«l,i| 37TF^ qf"4u ^TT I l jIH'H R I'-t^M11! ^1
IfHT o | $qcf,i cfc|V 'J| lRR7TT ^RT^JT ^vT yiH"H ilK TR
RT ^ M STT^T T? ^TTf % h^ U'Jl 'JfR n I

3. IR Ri/TT IT ^b-'H yi"tl^l iR '*TR. RF OR ^ ^FT'jTT ^TRR
^RI ?T R RRR 5TRRI

TOR 'RTtRiJbulge test 

RRT ^
35 ROTO RTO R IR OFO RRT RT TO^T ORfO R OFT TR TR 0"R O RR ROT 
ROT t TR RT'R ^RRTRTRTROORrR TORT ROT § OR OR OPR RT 0 
OF I RTO 0v OR TOR R TPRT 'OR O OOO RT ORT ^T TR OOR RR R?fO OTO 
RT ROT o I RTT OTOT RR ? tR TOR. RTOR ORO O OHR. OOOfOR RT TRt^R 
R^R tl

I ROOT

ROOT mechanical test R OTOOO cupping test

OOFO ORTOObulk distillation

ORR7—distillation R OOOO
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bullion ^fOTOTO

l. oroffRo otot or oMt root tort frrero i

2. RTT fORT^ f3RRT RTOT, Oftf Rife ^TO# OT^7 RjflRT OTR if
tfl

3. oftRO TTTO RlT oftl f? fofOO ^foTRO I

Burger's vector Rfr RfO^T

TR #?iTT R fRRT 
fORfRO ORtT tl

if RO^T % TRpfrO RT RfTRFO RORRR ROTO

burning OOOTO

RfOOTOO R4RT foot RPJ R fORT^ ^T TRP4T ^ ITOTI 0? RfO R^OFft 
OTO-TROR OORT fT otf O^T OT RR# RTr ROOT: fRRT RRR RfOR iR0#0 
RORRf RT PTOOTOT ORT fof^RO OrtT RT fRR tTOT, ROOT 0# ^Rf #T 
RTO OT# RfRfROTRf RT tTOT tl

TORO

burning on TOOROO, ofOO RTO

R fOTR ROOT ROROT if 00 ORff RT R fOTR STOTf SflFOTRT 
if R^RO ORR I ?Rif RfO-WO R ORf RR RRT OOTOR RPR if fto#

OT# tl

0*1-00

burnishing TORTOO

fR# OT^ R rJ^5 RT fOROT, OR#POT OOTO R f#T TR OT OjfpTS/T RTOTI
?rr or or oiro root irtto r oto orfo^r ^ro #ORf rt wt fRor
OTOT t ROOT 0^5 RT R#T fRTTO RT OF0 if Of^<Od fROT OTOT 11 ofo 
0R| RT TOO: TRJTOO RRO IT OT fRTTO RT# # # RPROTROT otf tT# 11 
fO tOfOOf if ROO^R RT 'RTTO Otf tfOTI OT^ RT OT^ R ROR R1 RTO R RRO 
R fcrTR RT| TOfR fRPTTOT OTOT tl fRR fR#0 ofroto Otf tlO
tl
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burnt steel

fWRT S^fareif ^ sil^
11 ^ oZ^rT
m togpft % ^iFiUW ?T i I ^T-^t4T ^ ^ ^T^t t «lF<'^ rw7!.
^1 y^f^RT ^RTTT 11

t fafTCJ-^F7 rf^ rR*T f^RTT WIR

—burning i^T

bu rr

3tfriTS^Tf^ 5RT^T feted d'l^/l’ % ^5t TT StteRdri Wr$ ^>T 'RRI 
UR: •jchk'ii *if <*I W^> (fin) I

Bush metal

rfl¥ fe55IR fWT 5% 1HRT 14% SRT 11 fH %
f^f^T du4IM ^<tR 4-MRJI R" 1RT i I

W

busy metal

^ ^RR Wj :?TTR dlfel* i/fR ^R^t-^R 3PRT feR

RRT11 RT RRR R ?RT SRSjTI VW- R4R ^R R
^RtTfTrT ?RT E I 1R !74vlT Rrf RnT ^T "II^HI RT R3TTRT R5f^ HMlf ^1

3RT ^RT tl

o^Rrf

ddHlddbuttering

RR RTR-dte'^I RT ^RR ;R^R ^T WR fRRR RRRRR) 4tei*i % TRR 
RfoRR feu RR RRT HHlI R” 4"^ RT^[ ^1 RR 4^1$ RRT ? I

RR RfeRR #Rbutt welded joint

cSfetu—welded joint

by product coke process

RlfetR, 3RR) TRR cfFR ^T RPR RR RT^R Mr ?R fefR R ^TRi^RT 
diR'-l ^T fRT ^T ^d'd^RR R, P etef R, RR feiRT RRI Ft I fRR RRRR R) fetR

RRFRR RHR5 RRR
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RRtRRv j'i,jHI R5lfejR-yRR R RPR ^Rf % RT?R R yPR feRT RfRT f | 
RT^hRi RRRtP? RRfeRf R ^ffeR % RRR R^RR RR RPR^RT RrRRf 5RT. ^R ^R 
^tRRTRRWdj'%^RRRPRfeRTRTRff #TRPR^R?f^T40%RTR RPRT^fepT 
RfeRf R RTRR RR feRT RTRT tl

Byer s process RTR7" RjFR

-ifetr Aston Byers process

Rv=fRRR rirt

RTRfRRR RR RTR RTT fe^t|r| fefHH 0.5-1 % RR> RTrIrRR tlRT 11 ^RhTRR
fRRTR R RRR-RTR'-fR'R 5()% ^ ffeR fT RT^t t RRfe fRR^ RTRRRT R ^Tt RRfT
Rtf RFft t fRRvT RRRRT fe-jfeh RTfe % RRf. fRRRR RTRRTf #T ^ #?RThTRT 
fRRtTRf 3TT RRTR R tlRT 11

cadmium copper

cadweld ^>s4f"S'i

Rfe ^ RM % RTR RW RTR ^T fRTTR % RTR Rfe^R ^R ^T RRi fefR | ^RR 
RFRT % fe# RTR^T RTR R^f RTR^RRTRT Rtf tltt 11 Ri? fefe RfRR R^RR % RRTR 
t, RTRTR 3TRT RR t 
RTRT11 RRRRPlfRfR
RfoTR RTRT RTf^RR % R TTajfRjRRR RfRRTf^ UPR tfR 11 

Calamine

RPFRT^R RT RRRRR R PTRRR 2185 C R7"

RrRfRR

%R. H2 (Zn20) Si04 feRR 54.2% RiflR RT 67.5% 
ZnOtrartl R? STRR7" ffRRRTRT^R (Zn CO3) RT RTR RTRT RTRT11 RW RRTR 

frpRRf R RTRT RTRT11 fRR^T RTtf t# RR^ tltf 11 R5T5TTRT 5, RTRfRR; RRR 
4-4.5 I

^ffertRtlCalcareous ore iTRTRT

RfRR—Ore RT RTR^R

Calcination fRRTTRR

RRT RTtTR RRRRR RRRT fRRR fe# 3TRW, RfRR, ^T, RRT 
RRTRf RTfeRRRRM 
RRRTf ^T feRT RTRT11 fR y^R ^f fR9TRRT R? t fe fRR RR RRRT RRTR 3RT
RRfRR Rtf tR feRT RRT. RRfe Rife ^f 5TR gfe % R^T gitRfeRT tfef 11

d^RdPTR?
R? jTTRRTI^ Rift RFR^TRTqjiq'l 5l55tlcr<HI5S dRI RURl
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S, = S2 + G 

S, + G = S2 + G2 
S ^Tt #■ G ^Tt %T ? I

(['I'KII'H)

(■RiR)

JhMI'7calcine
'RfFT^ W> yr^T

^ ^*7T 'tff^T 'RT f^^RTR t Tr^rT OTT =T?t 11■i^r, |

cfccr^n^ccalcite
"WT Md+zl'JII-M ol^l ^ I
r I11 oFT ^ ^W,

■jyqm yyt f y^ryi-^T % fcrr im k i ^,61* di 3. 'wtfffi 2.7 i
^ % VrVK % ^7H iTF7g> % t? t^T FFTT 11

bl'1*-

TFarycalloy

rnyfqfyyy sRtF
tl

calm alloy
nyo fy%7TT-m'>7P7 fWT 69% H^T. 29% #r 2% #1111 f^T 

(() j (Mix' % #1) ^ i 13wr ^yr tt'tft
% fay foyrimii

^"'R'lcal met

yr'WI+-'OTPTqt ^'H^d \ '1HH l 2% fa#7!, 25% ^IF7! 5% n'-jfafa^
[yy^fam 1050 CFl

yoR yyyy ifa yfar % farfar h1 #n li

dv'-flO'7!

i yi Affair sfa fayy> fa777^' y> ^y ir yryi iftt i '#
fayy?7tim faw ^ faF7#7!! 1T1T11 f^ryy # yr ?FTT 1 #■ J3T7T1
ffHMH ^ yry wpm tut i i ^-iHdi I -2. #7#^ 6.4S i

calomel

53
5—231 M of HR D/96

calorizing

950 G uy lyj ^ #r ^r-fas^ s^mi % #y#cHU| yi 
# fafar i f^fa yj- fafayfayy ^ yyyyy^T 3#r 10()()°C 
iftt i fayy yyi % :3iF" m-ifa 
yr-myfafayy fyyry # y?y yyry ^ ?yyi 11

^rlWl$3ld

^T HR 
Ry fayr

it iff 11 yi fay lyyy y> irtMl ^>1 fflH JHI

Campbell process fafaHT y^FR

^TT-fam 'fayyifa yyy far yyirfay fafy i fyy yy yrR y yrfa fam yy

iRtf7! ttr 11 yry fa w yyynr fay yyyr fa wt fa ifa t fafa csfay fa yryi 
7R yfa ^ff 11 ?y7FT fa y^ faiFT y iM^i'My< yy yRM"i y ’jyyr yy foryi 
iff 11 fay y yy yyfay faTyyifa 'yyfa y nyyiT sryF-yrfayR fa yry su 
faRT iff ti

faycan

^jyfary fmyyr y fyyy^ ^ ypr far y^fr yrfa yjyr^ frxryyr fa 
yw yr yyyir fy
bFRT BilfcMi^fa fayfay lyyy yy yym fyyy ypy f i

. fafaf’Jiyy. Fi:

cannel coal faFF faRFF
yRFF hcRdl ^FTfa fa yw fa yyy yyyr yyy y?yr far y^fa fa ^y y 

yryr HR yiTTTi faryTry i yy ^jry fa yyn FFirt faF I ffay ^yfa ^Ffay ^y 
faw yfafa yryyi fafa i fav yy ryfai fa yry |yyr 11 yyfar fy^iyyi yi t ffa 
yi bnyrfa y iffr t fa^ fayyyr yr yyR fay iffft fay ti

capacitative heating yyifryFyyr yiyy

bRFFFT yiFTf fa yyfa^F yrfyfa yyTTT yry ^ryr | y y|f^qj
yyryf fa ffaifay yRiyfa fay y T^far y trr t# ti

capped steel ^iImm iyTR

yfafyy lyyi y fay yifa yyyyR fa ?rfaT fa fary, yffa fa fyyfa yrg y 
•rr fa in yy^r yyy ym h ^yyi-fai fa yyr fafa hi fa ypfa 11 yf^iy y
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Tfcf 1^1 t ^ :WrTTT ^f ^
11 ^4ifer 5R irar i fw)1 ^tj^r

i'H-)"l
‘sTTcfT

^rT ^Pf ?raT 11 f^T WR Pf ^Trf %? felf"l*l PT 0.65 PTOTO 
TT^lt ^T +MPfrT t ifR^ ?NT pfer pff^ Pf ^ Pf ,
JJC5 ^ qnfn?f TTfRTf rTSf, TFT ^ tl

%fyT^T fPTPTxjT SFT-.P^fRTcapillary clip infiltration

—infiltration To ^dTd

ah'^'icapsule metal

cRT PTRT fPt^IFJ fTRRf 8% TT 02% #PF 11 PIT5T d'-HHl WRR 
df'MTolHT Midi R gldl 11d'dHU'Jl ?dRT

TR?carat

(1) fPT UT5? ^T WT P^rf ^T SjipW 4> fTFT fTRF RTdT 11 Wtt

*spif 24 STW "1000 Tfp^d 
H'dlRd TRR % W- WR fToTT dl'H

'RFT11 pT T^R 18 ^T?: FFif PT 4F RIRPt I fPTMrJ % 24 'RFF R 18 
PRTrf t faPT 75% P^f ^pR 3FTTT 750 MfT'^d °Sm RRTT t4t ^

' ’ TToTT IRn 11 PRR-fPTRTR;^ ^T URRRT 
t -3R fPTRrR/ir % 24 RFF R P^f To

RRf
RTFRT tl

(2) RTo ^TR 200 fRFMR % RTW RT STRT 11 ?R RFT RT TRTR R^FR 
TrRTT R>T RR ^TRR RRR Pf RT ITRT 11

ToTRR-rTy'RTT (R-ld-iHl'F)carhonalyzer (Carhometer)

R RiTRR PFRI Ro TRRRR To {'’I11 TRRR TrTRRTrT IfPRTR

RTRT^RR TTRRcarbidizing treatment

RTR>4T ^PRTRT To RT^RTjj fRTR flRTR ^TRR 'RR RlfcRR)
fR^TTR—dTRRRf RoT RTo PTRT dri^TtRR ITRT 11 fRRRTR ^T R tw4T fPRTR % 
rjr^ ^^p ui TTTRFR fdPTRT ^T dTO f^T dTR^T t rR|TR- RTf^TfR sTRRT 
RoTRPR PFRRR fRfRRT R RTf^TRR dTRRT RoT^R Rv RTR RRfPRTR RRRT RR fRRT 
t #P PnRRTTPT# ^FT TRTR RRR Ro ftRR ^rtr^r ^ T?RT I
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ca rbo meter Rol4'iHi4l

carbanalzer

carbonaceous ore ^NRTPRT 3TRPRo

Rfetr—ore

Carbon a I process RoPTfaoT R^jR

R^ (RTT^ RRTRS^) ^ ^ ^
R TRR HRF 11 RRTSfRTR HRPf ^rT5FRTRTRTt|?RRaT^TMR 

^RR fR T^ RoT RRR R^t TRR ^TRRf m RRRT% fRRT RTRT 11 f«q q^R
RRT^ Rf^RT RFfTR—%T R RRFT RTRT 11 dRRT RRT ^RT RoT RTRT RR ^TR)-^ 
frRTfRR RRRo URo RRR mRuHR RpR RRR f .l

Carbon boil RoTRR RRRR

—Ore boil

carbon dioxide moulding 3>tSR ?T?3TfRR?R RRR

fPTPt RF^ RT RR PPTTRR fPRRFT ^RTR t ^ R5|^R
—^R yqifeR TR RTRT RR RodMl tRTRT RTRT11 RR^R ^ dfRRI^d 

^R PRIRRf % RR faRI cR% ^TRF RRR RrCpR R^ tl

carbonisation RTTRRR

RT^ dTR'-lfp^h R Rot Met RTR RR ^TRo dTRRT dR^TRT RRTR R5T RRR 
RR RT^R RTRFR TTT 400-500°C RRJ trr fRoRT RTRI t Rt RW R^fa Pf 
Tf^TR tf TFRI 11 RR 3TTR 550°C RRT TRR RRR TR dRRoT ^RRRT RRFR tf 
RT^f ^ RR 5TR RTTfiFR^TR RR% t RReT ^RTT t 3IFT 600—700° C RR> 
TRR RRR Rp RR RT3R ^Hsfd if RTeT dldl t fRR SRfRTTRT (semicoke) ^RR 11 
dRfRTRo ^T 9(H) — 1 lOO’C RRjTRRQFRRqrR^^^sRtR^rl^
PFR^R,
RRRRTRlt
fRPTR NI^Rj4Ir RoTRT TFR tlRT f, RTTR5R RTRRT RoReTIdl 11 RTT^RR Ro RtRfR fRR 
RTTRFT R ^RRR (coherent) R^T RFR Rtf RTRT RR 3TRTTRTR tlR5RFTTRT
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1

(high temperature carbonisation)

^ 9(X)°C ^ 3tte itrai I # ^ raR cJ^dlM
*^c.|irTT t OTR :T5^ 3^ (high temperature coke)
11 R^RR ^R ^R: cRT dMlrMIcJ ^TTT ^RR feRT

^RT tl cTR 4>l4-R ^RR q^T tl

fRR cTR ^#R (low temperature carbonisation) cm4hh , 
OTJR vxvmm 400°—700°C ap^H^RiRRitR^r’^R^ 
hrR qR ^R t WR 3RR fRR qm 5RR5 (low temperature
coke) cfr^rfRT 11 ?R f^SRcTT qi t ^5 f^tT
f^RTT tRR ^Rf rf 1RT t fR '^h^H 3>fR ^ I fR^5T ^

^ll iu.4hi ^ I

chRR 5RRRI, ^R ^RRIcoking coal

^5T€t o^rRI ^TRT SRRRI f3fRR 85%—89% 4.5-5.5% F?l4sl^H ^
I 20—30% ^IR^tR SRI tl4—7.5% m

^RT—non-coking coal

ct)idT'ii§<;i§44carbonitriding

irfeu;—case hardening % Sfrhfa

^I«(h fRTR

^RTR fURR RRRR: tffa'-JR ^ ^5I^T ^RT 4ldl tl fR^
* ‘ (1.65%) %

3JRRT ^ gRT ^t 3RTRT WM. # 11 RR^ WRlRf ^ ^4

tRT t # FesC (qiMdl^ci) «Hldl 11 3R ^ o-rRI dMdK

carbon steel

4 Mid

•C

dT^t tl 3iTsR fRtR Rff^RT fR 9^1T f4)4l dRT t:

(^5) 3TtR ^hr fRtR (low carbon steel)—fRR -t-i4d HMl 0.25%

R ^R 6ldl 11
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(’f) R^Jqdf ^RfR (intermediate carbon steel) fRR 
*TRT 0.3—0.6% dejt t|

(q) WT ?R3R (high carbon steel) fRR RRT 0.6% R
tftr ti

carbonyl

^T®R RRRRIff rRT Rt^R. efoHkre, RTfl, RF-ls^Hq -gnft RRjRf R 
RRRR^RztfnRI
R5RT rt 4)hid) fd^R cbiqTPtcn (Ni(CO)4) srr ti I80°C qr
h3#R RR RltfRtR R iRR^T R SJ£?R h#R ^ RHldqiff 
tr RR tl

RltflRR

ddi6i'jir RR

Ul'M

carbonyl q^R

hhld^if s % RR 3rfRf9fRT R RTfcTR #fTR ^RT | fRR RRfftR Rft 11 RT^ 
T'TR R?R R %t d)MTfd''l RT ^fRIRTR RRT dRT t RfRR RlfRR 

3?RRT RTt-RR RRRnTTRRqRgrRtTdRTtl^R 
JTCfR Rl Rft tl

qRf

tfeq—carbonyl Rt

carbothermic process d/iRd vRl'M q^R

^-3fRRTff R 3RR2R RT 5^R fSfRR RfRq. '^RRR ^ ^R R WJ^ 
Rdi ti gift hid q^R rMifaizm i

d^HI—metallothermic process

carbothermic reduction 3TRhT SlMd-Md

4vRd RT WMRR 4) ^R R RRT dR 3tRRTftf I

ca rburizi ng (ca rbu risation) d-i^ IJI

qf’fR case hardening % RRrfd
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carnotite

qRTfim K20. 21103, V2O5, 3H2O fwr ^WT 40%
imr 11 ^ ^loiKi^i % if ^ f i ^ rfaw. ^Iwr

#=t ti ^ rfe*ira%*T ^rsr ii

cRTf^t 'llrl'^cartridge brass
tjfaoT fswif 70% fTM 30% iRfTT 1BT11 fff^f ^ H^d) ^T 

?RT 11 fff^r TT^FT StTTO #f FRF" tA'n l^FPjf #)

frTF ?IFT tl

FFTlfcase depth

^PflF % ^5F" TZ FT^rf SFtf^T ^ Flflf ^tlT l^!(l F^FT if 
^ ij^yi 5f)TrtT || ^ FFFTsT f^FT Flit ^ fT^t tl

’JT<5 '^6h ulcase hardening

FFTTfastn^ (fFqirT) ^T^F11!, flFFf fF^IFJ ^T FIFft FFT iFIFT <3l"1 4v6F 
Ft ^TFT t F^T illdR* 'RFT ^ FFT fFFT 11 
^T FFFT feFF FTFT t—

(1) FjT#TTFFTlFF (carbonitriding) : F>I^F FTFTFFTFF ^F 5% 
mfcm % ftwf n 800-875°C ftf ff> ^ff sff wt- 
F^FIrf TJ1Z F^F11! I 
FTFFTT t
FT FFT FTF hFFF FFFT ffstT FTFT 11 ?F F37F ^T ^ FFTFTFFF 3FFTT 

ul '3FTFT ^Ff FFFTTFFF Ft FvFF F |

(2) FJFfFF (carburizing)—^fti?tF 
g^TF I MF if IFfTF % ^ tt 'itRrftFF

^F^T I^FFT FT ^T ^-^>61* dl 3FFF ^T FT FFi^T ? I

d>FpT ^T FF^F fFfFFT fff FFFf I:—

^TdT 11 FR F^Rf FT ^6WIJI F FFFT

% ITFTFf % fcFF F^FF F^TFFTF
FTF FFFT-

(FT) F^FT d>l^ 'JT (pack carburizing)—fFF FF^f F^ dFFT 
t ^T FFFFF FlFvf ^FFT 11 FFFF. ^f^FfFFFfcFFT^ FFF F" T?3T jimi 

FlflFF % cbldfdTf ^T fFRIFF FTT^IFT Fl^-fFd fFFTT did! ol FFF
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FfFFTFT % ST^FFt FT ^F# tl

(??) ^F FT^tut (gas carburizing)—fF^ ’FRF^T % F^ITF FT ^ 
FRTFFTH. ?niTF5T^T 3B^ F*£F % FT ^FFtF f^FT « tl f^T 
F’Rf'itr FT ^)|®jv ui FTFT tt -cJTt 'ilcrF FTF FT friTRf FFFT FT^FFF FT^f Tt iRf %
FTFF 3FFTfFd fFFT FRT tl

(F) IF FTT^FT (liquid carburizing)—fF# FF^piT Ft fair IF 
^l-4si^iddl' ^T 3FF)F to FTrTT t Ft 3RTF: FRT ^ FIF ^ tl

(3) Fl^i^sd (cyaniding)—3F^FF TPFIF FTtt Fto FTFFTH ^ FF^ 
if Ac 1 FTF F 3TFT T^FF tot to %TF ftol^ ^ FTpfd 3^T dl^^dd ^t FtFR 
FFFTI FT FTFFTIF fFFI^, FTF1TFFFT SftFF F)6lRd ttrTT 11

(4) toT-F)6K«i (flame hardening) TFTtoFTtoFFftFFiFto to I
F-^% FFTF Ac3 FTF ^ 

^^FFT F^F to FRTT t Ft ^ toftF FT F FTto F)t to FTott FT^ Ft #F ^
Fto Fto 11 fF% to FTF FPtt, TFT 3TFFT Fl^Ildd ^ FFTT FFTF 91FF to 
W 11 F)6)Rd FTF 3TH|'r| Ftot ^ tor 0.25 fFFFT tot tot I Ft SH=FTF to 
d9dlRd FFP-f FT Rto F5TFT tl

(5) to-F,toT (induction hardening)—^FT HFFR FFTF FR^t 
F/iK FFTF F5T FFTF fFto FFF-FTFF FJT FFTF tor FTFT t

^tor to to-toirw to % to f^ftt to ftft ti
totr—induction heating lit

(6) FTHTHF (nitriding)—qF5 ^-Ftot FFTF fTto FVttfFF to 
FT^FT-FFtotF IfFTF FfFto FT) 480o-520°C FTF FT to FTfto^FF 
FTWT, FTFRFdFT FTFtPlFT t '
RhFT^-fTFTFt if 0.85—1.1.
4FflFF FTFT tt to TTFF Ftt ^ ITT FF5TT T^T FTFT t tF) totfFFT ^TT FFFT
tor to fftot Fto Tt i Ffto Frunto fttfpf fT) tort ft st^rTTr
FTt qF5 to FT ^ 3fto TTFF FF> 500°C FTF TTJT FTFT tl /

totF to % FTtoui F^t SFF ttofFf ^t SttotT FTfFTIFF % ift§F RTF ITT 
t—(I) FI toTT FTF FTF FT TPRF tot t fFTTTt ttoFF Fit 'FTVfFTT tot

TtotI (2) FI tor FtoF 3nm ttt# ti (3) ito stiff ^t ftf^fftfi Ftf

I FI FFTF 7^5-

i diinisd % fto y^Ftr 
TtotoFF, FtolFF fft
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f ^ f I (4) ^ ^ ^ ^

MRqrl'i *i4l Sldl ^ I

cassilcrite

qrqi iflcTT 11 ^fl Sf^"k^FrIT ^ ^ ^ t 
^BT f I <t6Hdl 6-7, dlMf^ ^Tc? 6.4-7.1 I f^T f^T 4^ tl

SFp^FT, ^"ill 

r gmi yv-
casting

(1) Mt w% ^ ^ TO fWTfera
^<Hlf£RT q^l

(2) Mt qr W ^ ^
«fT ^ to ^ it 'rfro i 4? fro km fed yrt
dl4l ^ I

(centrifugal casting)—^ <£t fe^tt( 1 ) 'HTldid
%t?TTO^ TO % ^ M ^ ^ 1 ^ ^ ^
x.-wrffo j^it ^t -%mx % tot ^
^1 ^fH ^TT ^ cTOt1^ t fedd aRP? ^t

-$\t

^TTd'J^KTT d^f WFtT I

(3) #dit^r FfWT (investment casting)—TO^T ^t ^
Uv^] TO* ^5 ^TO^cT ^ TO^f 3TT qdH % T7TR ^ 
^ 11 ^Ft ^ TO (lost wax process) ^51% 11
fTO ± 0.002 TO fTO3> TO«f TO % TO^ TO St TOt 11 
fTO TOpT SttoFR % TO^f ^t SHMI “^t TO4 tl

(sand casting)—TOJ % ^TN R tTOT :TO TOTT 
^%TO^T^^TOt-(l)^(2)3T^I ^ 

% tTO r ^t t^rTO, ^TOrts TO^t, TOt dtiR^r
fTOl^r ^TOT TOT tl TO|^t R TOT tTO tt

t fRt TO^t <RS fror TOT Si

(6) TO|-R^TO 
RTOPT I :

TO I

3^ TO[ % TO r # TOI. fro^t TO TO ^T TO^r % TO fro 
^TOtTOTOrtfTO4^,^TOR^^TO^tTOTOtlfTO
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1SffSFT ^ fTOT TO ^T TOt t TO TOT SRH % ^trT ftrTOt ^ STkT 
^ TOt 11 f?# TO TOF lit fl TOd 1^? tt dlTO t R 
TO ti

4. STFJ TTOTTO^R (metal mould casting)

sr !^r % wfd toth % fTO mm ^rorm stort fR^^f 
TOTOt p-TOt-i^H fTOr^ % toRt TO tot TOt TO t i to TOf % >to: st 
TO RFT TO t TO TOS1 TORR TOR fTOTT HI RTOTT tl TO TOf ^t "RiRT"

3RT: TO

TOT

Rt ^TO t. TO% 3TTO TORt ?TTg fIRTO sTRT TO^T TOT| TOt tl
^t TOt-TOT IJRTO RRRT RTOH Rt ^TO 11 TO ftTOt RT^ ^t TO R

’TO % RRT TO^T TOPTT dnrr Rt TO yror TO RTRT TOhd 
RTOH dd TOFT TO TOT 3tTO TOf TOR % RTOf =RT TOH % TOf TOf
TOT t ^ STro 
Rtoh TO totRt TOt

11 RTfrTO)wTOT

% TOf TOtot 
Rt TOR 11

TORTO WR RTOTRTOH

RTOH

2. RTOT TO TO (die casting)

sTOf—metal mould casting

5. totrr TOto (plaster casting)—?r toft R RTOt totrr % RfR 
toR TOTO to t TOt ti TOt toft rrf tTOt tofr R 
^ tR, TOTO ^ sTO TOt R ^t R TOttf TO 11 ortott R

sMiqX 
dTO) PTO

TO Rd >TO fTOT RIRT t TO TO R ^ ^fTOf % TOtTT TOT 
11 tothp 4Tt TO TO TOrr tot t rrt TOTOf % TO R TOtTO to rTOTO
RF yfd^Ml ^t httrr Rf% R TOt tot ti toto rtt TO hTO R51'MU W
St ^tto TOt R St TOt TOt tot ti

7. TOp TOth (slush casting) rtR FRTO ^ 
to ^t Rps ST TOt t toh tot rf t TO FFrTRj ft t^ht TO, 
(runner) FTT TO 4FRT 11 RR TO FTT HTf TOT t Rt TO RTO RRT TO 
StR TO RTRT t TO TO RHR TO RTRT t RT^ TTRRv % TO ^t TOr TOf 
RF TO I STT TOHT RRFT FRT TOR RR TOT 11 RR TO aR TO fTOT RTRT t 
RT RRR) FRRj St RTRT tl

TORT
TOR

62



f Casting defect

^ ^ ^ ^ ^ :—

(1) «?Tcf (blow holes)—htoT, 3PM ’3^5 ^
f?^Tt tl ^ <HfMsH % ^ cf)i<U|PM

5Rd

(2) (buckle)—%
(indentation) i ^ PT% vm

V-3tMK ^tdldcM-ri

tl
(3) P9T (central line shrinkage)—P^ % 3RT ^

3Plfe?T qM ^ ^TTT ^f-^I fe? 3PM P3^ ^71

(cold crack)—f^t P^ % MPR rTPT—ten(4) 3McT ^rw.
^PTI

(5) SPPcT P^ (cold shut)—3M<T TPT P^> t fTPP ^FhH ^T^- 
% 3I^f #Tc7R % 47M MlHP 3PM3T 3^PP IT ‘3'^T 11 fP 

^PT % THM fq^FT rfTcrT feRTP dl^H 3PM 7PP 3^^

m tl

qiP

f^tpir (distortion)—Mt P^ % fer ^ PP4 41 ^P% 4F?

?H 4MT 31 qifed fa^M4l

qp^T (drop)—^T4 qj fT 3P4 PFT ^ 41^, % ^
thM P PW 1 4? 4T4 P44R M 4T HPP 3PM Pf'ii,<il (sticker) 

:^PT F^^slll tdl S I

3tM^P (erosion scab)—P445 % qr mn ifH 4T4T rM 447T
q Pf% ToT ^MP ^44jPI4p4T<ji%41^HP% W7^ IPP" I 

3r^r^ f?ld 11

qpiT (expansion scab)—)4)dl P4-4^445 % PIP ^ 3rffsfl4>
'3PM ^ PP^P (spalling) 3k 44 4T^ % 4T^^Pi^t4 ’k % it# 4*4*3 
^74 P ^PP 34T-P4I qr^pitPIPWiTqPTP^^P 4PF P4# 4PM % 

ttPT tl44M i^-lH
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IT^M (fin) 4Tp 47 4447 ‘SPR-. 4T PP4> ^ ■qfTf |
4MPTPT tl 4? P4—PFTT 4; '^4447# ^5 M 4T4T MPT t|

PP (gas hole)—P44T 45 ^ 47 PiMp 
P ^T3P P 
MP tl

p 45M P 3PM P445 47 ^tf 
fe5 M PfiPP # #1P HP ^P4T.Tf 45 4jp^p^47M4P

45kr (hard spot)-f45#t PP4> P 3^4*445 4^RPT 4T# PM I 4 
PP «TRf t 4T4 MP t 1M P445 ^t 4##$4 PTPlt (section thickness) t 
447445 pfrpkr tr MPT tl

P^T fq^T (hot tear)—P445 M 4^ 4lt MP 4T#T ^P# 3PM Mkt

PM4P 45 47?M PM^P^T,
^TiT tl PfPP T4P7- (shrinkage tear) 'it 45WP tl

f3>9T (kish)—pfrpp Mt P 4445 f3TT ipp 447^31

gig (metal penetration)—pp 4T4 f45#T P445 45 3TPPR sk 
Mkr g*p 45 ^4 tf hMTt PPT tl fM47 45PM M4J 4^T 4?P 3Tfa45 

'TPP^TPT, 4P 3TTPT4 75 454 #?■ M4 t.5MPPT

fkp (mis-match)-lM 4T4 47 P44 PPM 4^) ppfpfp P11 4¥ PP45 45 
f4Pr3TP--i^ Pf PTP 45 445 PIP 47 ^PT 'RFT 45 PT4 <5)45 P kt P tTP M MPM
3Pk 4M PTP 47 |Pt PTP 45 P54T qr MM-PT fMPM MP # 47M ttPT 11
3TP: IP M4 47 kd k 45FP tl

f^Trap (misrun) ^pp PP45 P 4^ ppq p 3PTfp PTPT 4kr %
kTP^PMPqMPtTlTPMiTt fMPP PP45 
fP MPT tl

77 PTP PTP #

,yTFl f#p (pin hole)— 45 g*5 qr fpPTI pp 4M 2 fpffto MTP # 
75P MTP 45 #TP-#TP fe? I 4 MIPTTP 3PM 47#P PTPMPTfP 45 3T4!tM7 # 
3PM PF'J P ptf T^t PTM 3Tf475 ttP P 3PM IMP 75 qqfrp IIP P

ttP tl
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f (Pipe)—^ tT* W’Sft I
if? ^FRT WW ^ ^TT tl

^ Tg%t (rat tail)—W^T ^ ^ «^5 ft ^ ^ ft ;?^T
3^FT tr tl ^ ^ % TOK WT^ % W7! tl^r tl

(scab)—^^5-^5 qrqr^^H^ 3m ^r (^3) i ^ ym %

tKt f (l)

^5 %>$MI (surface roughness)—y? 31^^it %
f<r|IJ 3lTy^ilct) HNI 'itl 6)^1 ^ I

^1^ (2) vraivn3mvT

^ryf #?rcast iron

f^re^ mu m 2.o%—4.5% crar mn
i o%—2.5% tr^t ti ?3% gjotiqi ^mf ^

mny yit ^ 11 yw yrf 13^1 snrnfr soft aft
^t 'jfT 11 ^ryr #t % r^Rnr^d ym tit t :—

(1) cttKT (grey iron)—
^ mrft 3yft^ stp ^ Hrai ^ ft

cRift^ (yy^5) % ^y ft itdftd tl ^ntl 11 fftf^r ayyr
Coidl oil^l ftt died 11

i—yf <trsT f3raft 3yf^3(2)
yr^ sty ftyyi ft aNidyftf 3mi-3yyiT y^yyi ayyr 

gn^nyyftyr 3my dt yitl 11 aiyiyyftt #t ft d>
% ^y ft yryi mn ti

(3) yftST (meahanite iron)—y? ^’idt ^\E\ fmrdol

y^yi t yyry yftyftt rnyyi ymy mdi t fawd) ’^my^y
yiftdi ^tyft yry tit ti

^ftiy (mottled iron)—myytf ftmy yii 'tnr tr yyftyy 
stdoH amyraf ^ a^m asra: sty ^ a^ry: ctTt ft
tlyr ti
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IyflFT ayyr ftftrnfftl yft??T (nodular or spheroidal 
iron) fyfty ft tyy fy^r yyi ftmr fmrat yftry 
^ yr sRT yyrt dt ^y yftsry yraraf ^ mr tor ^1 uifti t 
fymr dirty dt yfy aftdi yrar yyiify d> yidrrftf ^ ^y ft yryr tit! t 
yyiir ym trt tr y^r scyyf rtmt ftt d>st ti

ft ftdftifsryy

I

st^r <»ilci (white iron)—y? #?r fy^Tdir ftyyy f^r y^rr d>r tlyr t 
fdi fft^y t yry 3mr dirty, ftlftyr^y dt yffy ?myyy: ft^r ^r 
yryi 11

cast steel y^ryf fmy, ftyfd>d f^yry

ftytl t ^y ft yyr i f^ny tr ^rft ft fay# sry^n ft ftrt 
fatty ftyr yryi 11 ay: ystyy, ypf-ay11! yr a^y yfftyiry yyfti % adnyr 
yydi aidiK ft ddf fafty yftyty ytl fayr yryr ti

dfeu—carbon steel ft!

casual metal sfryadr ary
^ aytyiftl yryyf fanr tr ayt y^y % ftayw ^r yfyfty 

*<di ti imt ftwmrtl ami faty fajyftr titr t i

cathodic protection ttrtt fay
ft# aif tl diftls yyim yft affsidi ^y ft yi qfr yri ftgryy ft 

i f’yt fayr Aottl yi aiftfay am da ytiy fdiyr aryr 11 ffidii yyypr
ft# fadfy—ayyyy ft fftyfayy ayyyr aayi yftry ti adf dtr yr^yr aft 

t ffay tlyr ti

caustic cracking diiftydi fayr^i

yyr^y tit yidii aynftyy#y ftyry # 
yifartf ft ay-fan % ttt yiat aryi ti y? yiy: ftyy yft trtl yi #yyr ft 
tlyr t an aifty yyftt dii #5y tl aryi ti ?ft diiftddi ftyfy # 
n?y ti

yfayy-ftaify % yyry ft
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f
I WIT . 3TRT #5f, 'R?

rRT-of ^ % fRTi f^TT ^fTrlT tl

cfiu^licr flip

^ <TFR F^FR
•iilR -+.MH'4-.

'M'P ’'Icaustic embrittlement

caustic cracking

^To^o;tTo^C-C-T curve

continuous cooling transformation curve, 
cementation

(i) wr tf site tef gte’ i ^ ten
UT telTR 'FIKT a^T m^T 11 % te fPTTrf % fRF mfj t^t
tef if te^T Rlt Rlten if ite* fiteT ft ^ te RTcTT t #T

# tero U-mM RRtef rRj 750—900 C rfFI FTF ten RRT 
if f^TRlfR KT ^Idl ^ I

(2) RR qr^Rtet 5R fte if ITR te-TFR siT^ten fwf tem kRRl if 
site rfj sRsnifR rr rr =rtft teoite tete
ST !ildl SI S^l
tern i

, CuS04 teFR R Zn WT Cu RT Zn qr

cementite

RTS te Rte RT Rte RT RRFTte fte R SfFPR RRte S I SRRT 
RRRq RRFtIrR ^T FesC SI S’te teRRRTtJT teRR iFRRT teT SI RRR 
RR if 1 2 te R 'FRIR STtF STrTTTRf if 4 Rite % '-URI^ te S' I RR ;CPFT RR 
nrrr r?r qr j^TifRSR ^T Rte-uRi^d if teRR ST RRT Si

HlH"l RR flRRcement sand moulding

arter sand moulding R tete

qfT^TRcentilever beam test

impact test R Site Izod test
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%

central line shrinkage tQT

casting (defect % SfcPfa

centrifugal casting 'Snte^T fiRRq

—casting R SlteT

ceralumin #fRter
R ORfoTiMH rt sqrqte rr ter^ rr rr—50 teR ^
RR—53 ter^ % ^RT ter 11 ^ff # Cu, Si, Mg. Ce. FE. gfc Ni 

SIR 11 fRT if Mn, Ti, te/SIRR Nb iff St^ ^ | ^T RTRvnf VfR RT 
sFjqM ter i i teir srrt ^qter r^h % fste rt rrr ^ ter t i 
pit ^ ™ ten t teR qs fate, tetter te; fte
qq^r rt shh r rtr ift stir i i

ceramal ffTtRR

tete—cermet

ceramic mould process tefifR RR qRR

tete—shaw process

tecermet

R^ ffter rt Rfte teur ter. terRr, rrrf ternn ^qpr
RRTR RRTT 11 SRlf STRTR RRFfte STRR Rite STTRRf SRTT 11
^RTSTRFf terTRR, fteTRR RTRffR, O^flHI, tevT-te^R RIRffS I

teTFT RT 3tes?R RTRffS 3ITRR SHRRTSS ^ ^R-Rq-RRcRR sfa R^ldT

rri ter ffter ^ rsr ti

cerro alloys tet ten^
qtetR ter^^r rt r^s ftete ^q R tew, ten rt te: stfr rtrt 

if RtefRif ste qiTR ter ^ i srrt ^qtei <ivii4 Rtteff, rrr ^Tc sr^ter 
rtrT r ten rr ii srrt frrr 45°c—125°C rr ten ti

68



f
(PbCCb) 77.5% srai ti ^

TWT^^T f<*^T it TFTT ^RTT11
flrTT t dfc ^#TT % ’em TM t ^6knl 3—3.5, 3Pfte 
6.47 I

cerrusite

t^t

chal cocite
» C112S, kW SPTW fSrent 79.8% ?rmT ?BT 11 WT U1

■4t^% tlfRTT t
^frT ?HT tl 3P75pTTf 2.5—3 ?t^T SPfftjra 5.5—5.8 l

I rfT9 '"ii-kl

chalcopyrite

IFF 11 fmm Ol-Slkl g^5 ^TrF 11
^ ^51% tl *6HFF 3.5—4 k'FT 4.1—4.3 I

(CuleSa) f3r?rir 34.6% ?ff ? fttw

tl *Ftfm fpn '$%*<?■ 11 41 »M ^Tlfcf % ^4 it 4T4T
Firqrar^Fnti fit

Fra mfofd

?jfS4Tchalk test

L^l4Hl: iT44F ^T 4iT<F 44 #441'^ 4%^ 'KT'kt ‘RFft 3=T rk4
t ^F^tra 444 4? 4F? W ^f?4I 4^ ^T it ^ f44T'k lfkH it ^4t4T 

11 144 44T 41 3F4 IFt^f 44H 44 4 I

lITnTHldl

4M"14chaplet

4T4t % 4414 1T4 tl 14444F|-3t4T45 (spacer)—4T '4144' it 
-^rm 4^4 45 444 9Ftlt #■ itw 4ft rfcmt % 4K4 44 '44 444) 4
gftl 4ft fcqf4 it 4414 T414 4> fftl4 1141 11 ^4414 4# 4T4 4) 44 114 t 41 

% ^T4 13^ ^Tftl t 44114) 4 3144: fhWl 414 t 'Jtl 47q<4 3TR4 4 3Pt(T

T-l'rH -

444)4
44 tl

•ftMHdln)'lTTlchapmani/’ing

itlftffcn 4H4114 I^Fkl flTFPT -Hhk'14 4T441H ^4 4 4TW t44lfT4 
\mh 3144441 41 4H41ftTW414)^4 4 4414 T441414111 f!4 ^44 4 4141

696—231 M of HRD/96

44J ^1 4F4 f4)4T 41411, 3k f44 4f4ft44 3141 fd 41 4414 4ftf44o 414 it fttft 41 
*4F 344)1 41f^H44 f4141 41 44)41 tl

charge

( I ) T4)4l WZ 41 44F44 % ^4 344 1F4 414 4141

414

44 41 314 44141

(2) ik4^ ^ 41 ^ 4414f 44 4^f 44 kit 44)'4^ ^41 ^ W4 it 4F41
4141 tl

«

charpy test i»T14f 44314

4^44 impat test % wfc

chemical degassing 4414144) [4kt4

4%4 degassing ft) 'iFlftk

chemical etching 4414144) 3^144

etching % wk

chemical metallurgy 4414144) 4F(4)f44ft

4fe4 metallurgy ft) 314*14

chill |4t^T44)

(1) f4 ^ 4)1 4414 41F|-4rft it 3Frft 4f 4tfk4) 444 ftl k4 14141 4141 t, 
k44H 344V4 ^1l3J 441 kyiF441 k?4 4F4 4441 tl

(2) yft4. 3
^rftl 341 tl 414 % 4144 444

r fi '414-44411 41

chilled iron f4sM44 fftm

4414 411 4441 41?! 14441 f!5 3141 4 4H44 4*p4 rf 441 41411

I 4o skrf 44441 34 ripk-qM^i

441
'1

41 ^44 11444 #444 f441 4^ l|T4f t k 34 3H
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t^TErr nrr ^frqrarii ^wr fm %
^JH ff IRn t ^Tlt '^'^WTT M 11 TO- ^ ^Tj? ^5

355K ^ ^inR* ■rft ?rar tirM

#% ^1

^ ^ ^ ^ ^ 10% ^TT, 1% ^ ^ 15
20% ?rai 11 ^51 3WT ^qicwR* ^1 ^ ^ 11

#3t ot

’J0! ?T% 11

Chinese art metal

Chinese bronze

^ ^ir 78% rtmr #: 22% ^r^rti ^ 
?^im writ % f^r w f i

3rnH

^T^T 3WT

Chipping

(I) ^ ^RT ^ ^T MTRRtf % ^

grfrW 3RIF? R % ^T CRlt^cf ^ STl

(2) ftq 5>T dM^IM H^+/f rfipfar Si^lRid ^T 'R-T^ % Rd't.

4T Wl

^4l
chisel steel

^qiR fRffit 1 —2% ^rhrw #■ 0.9^> R/ldd ?ldT 11 do d-^d ^ir
-jR dRdT IldT tl fOT iMdhl dr=Rd-%^ Mf?dT ddR R

TdidT dldT t'

RRRTf^T 'M ddchloridizing roasting

dftatT — roasting

ehromaclizing
W- dRRT TRWTI RI ddH R ^-pH "':IIHM'-IR dt TRIHM'-IH

TTT'^tTd'df ^1 dJnTR R RT'd TRR1 ddRT dddd 
^ntdi l7^ R7 R^d iT#T 7TfT- TRRRv RRI gR R^fRt Rl d.IRRFg Id ddRT 

RT d^d tl

CRoRoi:
d^'dld dR RdR diT RRRt

!ld
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1chromating 9fiWdd

dT^r—chromadizing

chrome carburizing

^dTt dl ^Jd dddd gRdd RT #ddt t Rdi didR dt ddRd dRd ^T RdR 
IRt RR=f dd dIR ddJ RdR gdd^ ddd: R ddRR

I
dT 9t,lfdd)

dd Rdlfed fdjdl dtdt f I

chromel OTdt
dlMRRT frr^dr d^t RntT d fRRTd fdd^ dTRd RfR^ w.^in g^TRIRT ?Td 

*• I d RdW Rfrffm, ^^ddTR mat ddT ^d %d-RRmfddI dVTfd
o I gtdRdr-A rf 80% fd^<n 3^: 20% ddfddR gTdT 11 1.090°C

R^dT 11 gR ^fT di 3Pd RdRdf t [ddx-l ddfddd ddd ?tdT t 
VTd "11RI tdT 11 d ddT dTRTT^T ?Td f I ^ddd THddd gR Rd)lT t ;__

dIR dd) ddR R
"TTdT ^fT

fdRrg fd^dT ddfddR dflU ■

9hld"1 A 

^Id'/t B 
3d HR C 

ddRRT D

80% 20%
85% 15%
64% 11% 25%
90% 10% —(dld^Rf % 

t"TR U^dd)

chromel alumel couple ddRR-RdpcrT ^irr

^ dlddtRdd R RdR STfe R^dd Him^h I gRR R^Rdr (98% ^rfRdR. 2% 
^'IJHFh-mh) ddT 9lvl35R (90% fd#cd. I()% TFlfRdR) % dR td f I gR zp? rr 
'dinfddT d* "TRRR ^5 T^T (M I ddT gRR W 3Tfd#d5|U|R^ ipri ^ ^ , 
gRdd l 100 C ddT "TRTdTT ddT 1300°C ddT RdT-RdT dTT 9dTR fd^dT dT 
RdTdT tl
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TfTft ^Hlld fT mWW % ^ imfWl ^ WTf I
1100°C—1200JCl^T 11 75 irr^m ^r ^r ^ ^ ^ ^t, _______

iooo°cqro.15MriM^^ t^7^^35%^w
o J fMt ^ TTirit ^ 8% itm 11 f^r ^ ^ ^ ^

wx\ ^r mit ^rf?Ri

TJW> f3m 63.5% f^TT, 13.5% 1%
i% t^. 0.4% ^- m m\ ^ ^ #r

^ 11 ^ ^ % ^ ^
TTRTT tl

chronite

q^iwi^Roichrysoberyl

urai ti <^6Kdl 8.5, 3.5 3.81

ie1

9hl^l^l'Tll
Chrysocolla

CuO S1O2.2H2O to aroi 36.2% awi srai i 1 ^
fro * 1 ^ ^^ ^ ^,WT ^ *1

2—4 =Tqi STTO «TO 2.1 I

ftrercinder

(^) «RR 'R^T % R1 ^I^R'd S’ ^ 1

(75) q^oTR-Rc^T (Puddling furnace) R1 OTRR ^R R1 W<T #?-

l qfsrr—Slag '4T
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cinder notch fer^T 73T3

^feaq—slag hole

cinder patch fefn
3f75R—rolling defect % 3trPH

cin nabnr ferfe^rr
HgS.qRR^R^W^intfe86.2%qRq^tl^^TqT^TTTT

35 fTIRT W, 1 rr#7T SRT OTfeqfeT fe n % Rlfq fe rf^ ^

feqfRR fe^tl ^TTrU tl 3)6lfdl 2—2.5 RRT 3ITO RO 8.1 | 

cladding tSTfcrqnR

^ 35 ^fer R TTOTferrnRTI n33 ^RiRT W3T^ 3^1 Rl^ff ^
'ilfTCfcr RTf % Wfel #- R^tjtwT % RP? ^TT tl 

-nnnq qmr #- ^ 35 RHT, RT?? 3jfe 5?fet 3tTR^ W^f R
itfenter feRT RRT nr RW ffm 35 RR R, 35 fef^T R ^

rr r gifemfer fntmtr 11 ir % ferq 
3 3T Rt iRfR^R fqmr 35 g#n ^RTITTRT tl (1) RWT (2) 31?^ 
ntermelting) (3) rtrrr ^r (fusion welding (4) 35^ qfeni (5)

3HRR RffetR (6) flTRR 515 ‘Sfe 3R 35 RRFI TRRt ifPTT t \ 35535^: ^Rf 
jqfq 55 niRFI f353T W f|

rJ

1

classillcation 34if+<RTf

fe 35 5R5 RRrqf rf 5^ % {r; Rpj?r(1)
55 R 3PTffecf tl 5;-HI—sizing

Cleaning fRRRR

5f^u—Concentration circuit

^ linker fef'Tm
355''Ff jfRRT 5532 IRTfelR 'RTRf 35 RRTRR 3T57yTR Rr |
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(Stamping) R ^ ^ ^ ^'HHT m
clipping

4)tHl I

cf-oliCD ^H''1

iRf^rt rfig f^r^, f5TEW 57% 'HWI 2% 4l^l itclT t I^T 
•^CRFT ^ ^ ^ ^ ^r tr^T t|

clock bras*

^T 3T%rRclose annealing
J?f^7—box annealing

^ilR ?T^T ^TT-^ilR RT ^>1 5T?T. <3Pi'3! rRT',if I ^ q^i^-iPl rr^T ^
^ WfBT11 ^11^311^1^ ^ '1^' ^ 11 ^

^7 it ?raT 11 ^r, ^n^T^r. ^ ^r

^ g=, ^iT—anthracite coal bituminous coal, coke m hgmte 
^PtT—Peat

. , ftf-ipH riitScoalesced copper

^ Zfo RWl 155 m N nr2 ^ ^ fTR^FR t^T ^ ^
^T 870°—910°C rlR qr 'iPT^PSt # qriT q>T mm

qiii*Hs<'i ir ir^i< ui t^tt ^irai ^ i

coal weathering 

qzrfqrTTT

Coal

Siq^PR

% ?rr4 mn m tt rmr it m p m i
RJgHcoarsening

mrt % ^r> awm ^r ^ it ^

Mti

THM

qm—grain growth
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CoAsS. WTK 35.5% gfg, |, ^g, , 5
" '' ’'1 «Tt ^r t, ^ if #gT Vft

^ gg JTOPrfg® ^1 [(CoFe).S. As| BW 11

cobble
'-r-M")

^ ^••^T R7 fT<W, m^rT IT mquf ^ ^..
^ ^ ^ qirq ^T ^HT, ^ f^I *f ^ q* ^tT f ^

q- ^qrqirqrgT^TT^, ^ to qr ypro ta ^ ^ ^
^ *1 ^ ^ ^ ^ ^ ^ ^ ^ * 

IT qw qr q^t ^ SWUH mtTT ^ ^ ?TOT t|

I

cobble sheathing alloy qmr frf^

f^r mmngj ^ mn mm i-3%m3kmm7rmrf 
mm m q^r q1 mi t|

col'lln axle process qqqr

^%q—coffin process

coffin process mqn

^ ^ t^5t S#W
^ £| !*T mtR grr ^ ^ f |

cogging mq
or ^ ^ gi# ^ to, g4w ^ ^

w^r w ^ ?Rireraf gj sunnir % f^r ^ g. f| 
cogging mill

3>mm fm
Tim—blooming mill
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coherency

'#■ tfTTf yr^u tipytrf w, jin* y-i H-i’i'ii itt yir^Tf^
yf?r^ % r^T t =afc yFTwiT-?^mT gw irfl i

wry wstycoherent precepitate

W f #> ^PT ?t^t f I W- St^TFTg^ 5W
yr<t girff t fwrw o^t f^di t wrfq ^

il iP-tJ'Tq Wa ^rt yTTOT-^RT -I
JlKMcfc fd^id ft

eomage bron/e

wrms^ fom 95% dM. i% #r 4% ^r?idT it fwr 
\2MdH1 m W1 % fddl'JI i? ?Vdl ^ I

H?I Wf

^imW4T rdd—dm fd'yid fwr 10% did! 3d! 11 'ddfpR d Iddit 
fdwr % fddM d fwi did! tl

coin silver

ddtFf

coke

w wd. ^d ^ifwid. d>l4dMJ-l. dofd 11 fd d,!dd
cffl dig ^1 'dddtdrid d d^ dW ddl dimyfldT W1 dd fddvlfdd dd ddPTT dldf
f i did cst^r 500°—600° £o m m df ymr 4W sidddm dw wm d^rdi
^Td5 d)«crtldl t dk did % Wd 1000

dddT dTddmfd ddd> d;o"tMI d|

df’dd—carbonisation '4t

dWd diTddTcoking coal

df^tr—carbonisation 

dddt—noncoking coal

"d^wHd'’

dd fdTfd ddddf d>T ddfdd-dTd IdW W ^ ^Tdt ^ ddvH ddTTT 
fdddi didd di tdd,4i ^^-did m dd ddi mdi 11 fdd dd d? donoJiddi gnir

cold ad

[ 77

d^T ^dld 3d H 5i^4l t^T ddTTdd ^ ddf d dd di dldT S | 
q^Tddidfw; 'dddm #r ^idd-ddm dddFir d dmi li

cold bend test

?WT dddTd

WdT dd> dfT^Td

did ?dddT #- ddlddl dd fddffdT d5?d d5T nft^ I fdd. ddd cfiT TdodT 
W d? ddT dd WTT Idfe fd^dF % dldd d dFT dd ^ qr
dldl did! ? I 
did qr rdmr nidi ti

cold blast iron

ddd dTddd dtd-dddld did d-T 'dddl did

'dddT dfdd did!

^TdT d I ^d ddd 'dd?T d ddldT did! 
-I fdd dig dd d?FT md d# fdldT did! I cdTd dd TdFd Wdfd did ddlf 
dTdt ||

did

cold chamber process

dld-dddld cRT W fdfd f 
dld^d fdidl did! it

W<T did ddld 

IdWT did dll dfd d" did mJIMH fHIHI'-d dN 7*

cold crack ildm w
df^d—casting delect d! ^ddd

cold drawing ddm-dldd

dld'df dll TdldT * q-il % #d d ^dfd dd ilFdTdlT. dPT dddl dF dlfd ddddd 
^ d qfrdfTdd dddl I •FIT ddH dl Md dTRI-dTRI 'dldd dTd dd dWT TdldT 
dTdT ^ I

cold llnishing

W qf’mTjTd midT nidd dH dir wf ^dd Ididr urdr i i
dm dldd dFT dFd dF FddT dTdT 11 dTd d ddm-dldd 

qFmid. ddddT dT dffddl ddddf d ddF

cold galvanizing

f*dTd m dOTd dlT Tddqddqd dd fdfd dm TddTdd d fdm i f 
m dfdd iFd d TdTdT did! d | fd ^Fd dT qdFT nd qm dim dl R17 *T1 Tdldl

ddm qFdTTfq

v'tH d-l-M

dlT dddudqmr
dimr o i

'^Tdm dUTdd

X



....
yz qr T^TT 11 W^ ^ qT ^ ^T fTOFT % feq 
Unmi if ch.Mlf^T rqr ^T OTm ^T fqjqi ^TT tl f^T qqiTT 

qq frenroi H q^FJ! ^RIT t|

^irar

^ q^r

tTcS f?qB-fqqM-qqq7 t^1 ^ f°^ 5m ^

cold metal Process

sram '^prqcold reduction

^f?3TT—cold working

qiq: f?r ym? wr ^
% f^r twn nFtr t m qm m qr stmqm tar 3nqr t 
rtif^ qirj ^ prat qm qqr m^ra 
q7? I

cold rolling

inSHNI

stctm mirarcold shortness

m qr^f if ^ferar-rnq ft ^ qrt mp ^ 'dgrar ^T 5twr 1 ra?
% wn tF^T I ^ FesP % ^q p1 ^rlt tqFjt^f p1 qpm 'Pprar. qm 

qg tq^gjf if q? qMPTP t q.H-'-hW P PHT itr^T SPtf? 0.05%

^T r?.\

itpm

ii q?
cold shot 

fqmt fr-pn
v^qq qrq w> ^tTpqra qi qnpq gra 11

yqm fmcold shut

fq^tr qjqq % qq qqv 'ptp faft ^pmi?q qr^r, ^ ^ m^r m p 
qaiq: qqq> qqtt 11

(i)

(2) qFF1;—casting defect PT

70

cold treatment ^ftrT ^Mqq;

3mr ppqqrm^ PTtfq^ gwtf m qy mfm qt
P^3qg9q^gT^^T^3mq%qR^pqtqqqi. qrq: —73°Cq5 ^TFtqm, 

3qqir % gqm ■BJiftpig? qq Pitratf^r if qfrqqq it
wiki «n<.
5^t qmtt i fft 
4ld! f |

cold welding sld'-ci qft^p

^mrnr dtq qf sm qtqpqt ^ qfq^q q*qn fqq qj^f ^
qtwf^ to Ptf It# (#ft PtPt #f tom) qqt fqq qt^^f qf ^q 
^MU| ^ 5tmmt ft ftfq^iRd to nr ftqra t (3ttof9t

wt) ^ fPT % Ptq qp to qqtfl 3tqqt tot qqtft 
top to Pt ftqra f I pqtlfTiTTsf tot Wtl qq tot ffqtP to % 
nqtoP^p -^pqjqqr totqqtft to^Pwll fft qqttf qj tot
^r *q"1 ^ ^ myff ftpif % qfPRi qm-qm 3tr to f to
toto toq it qra ti

cold working wm top

^ to tot qtg ^ toto fqpqq toft fto fqto--^Ku| ^ ^ ^ ^rttorar ptq ft tot to qjg qq
tom, tot, ftot qpprfp 3tqqt to tot qmt t| fft 3tptq tor 
qto ti

^to^-toqq ^ qqtn-qPrq q^T qp mpt | to fP qito q^t qffqf 
fqptl ft pqt qPI-qfrptpt to Stqftqf P qpiqqj-PTP^zf ppp-q|q?q qf%_
Pm^, tofPt, MM, ^,MH isr,HI cfj Noiqp-qf qpittq
i to mqpt pqt fjppp-fttpszf qp PtP tl to fitqt^gf if qrqjfq Ptqfq? 
3tqptfqp flPt I qf^ 3fto ftot^^f if Pf 20% dW qp PTPT 11

5ipfp qto q> qptq qq topp ft ppm tot m pqmt 11 srpm q^q 
to t tom yfqq qtp^f to stto tor to to qsdo qtq 3ttom ^t qqmiP 

qvp—strntq ^p tot m ppra 11
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'3IT^t tl

collaring

tr\ -fTflr^lURcolour etching

M ^ % Mif^T ^T ^ ^T ^
t^Tafi fawrer, ^ ^ ^r ^r ti
^ dk ^ qr f^fi vmv
% orfifr&W IT^T t fam nr 5R% tl S*T ^r ^ W ^
fc<HHIJI^T ^T trar f,1JldI t|

^“jR
colouring

(1) rWRR^ qi %^-U^FTte StW^tT^ ^RT ^ ^ ^fecT P] 

-jr'-l'-'T =MHI I

(2) 3^ 3RR % ^9^ ^ m qqR ^fT I

tq qr^-faptcolour metallography

^ yif-qoi'jfq ^tr i jh qqr ^iici^iu^l
^r I fqq ^

qr^ fqpl q^qf q5

c#t: foHRqq-gpmf ^ qrt q qqr wm ti

■qqqtw^

oqpgqi

qqqqr

^FtT-colouring—(1)

oRRM??columbite

(Fe Mn) (Cb, Ta)2 06, cbMfaqq ^lT ^crtH ^51 SPT^ f^RT 3tRq- 
t'l 3.3-31.5% Ta20s ?R1I tl 55 ^ 51 ^R-

^ <71 * 35175# 5?*-^ -Kfe
11 q? ^hiT ?raT ti<^ldl il I

ctiKqT 6, 5.3—5.7 I

81

combination quenching

qjq qi^T ^ 11 ^ ^ H ^ qqq siif^ ^ ^ ^ ^
?k qr?fT g^qrqaT^qTrT^qr^T^i 
yRR fer ^7 ti

t
qqq

combustion

. J n Fsnqisr^i fqq^^qq'u^cro =bi4i,^isslvjHstrf^^ttq^ 
^q#5R q WT qjRfl | sfa 3tfqf^qr #J g^TVT 3k 3^^

mqri fHq^RqfqqqjT mqrqtt^^qfq^n^^
3^dm qr qqqq mrit ^1

'Ff qiq (complete combustion)—fe# fqq cfinjuf '^#^RT fe^q' 
stfeqif^ i^irq fer ti

qq^Rife. c + 02 —C o2

'^Ff qqq (incomplete combustion)—?qq l^-R qiT tjof
q# #c fqrq qqq f,

SqrgTWsf, 2C + O:-----2C0

qqr

comminution Sfq^rfq

^ 3trfq qRfq fefq# ^ ^ ^ ^ ^ ^ ^^"H. sfqq
^ #q #q q^rf ^rqn

compact ^rgq, qqfq

qw qr^frfer q awr feq^r sfe | gfe^ «n^, qr qr ifera qra#
0jTW ^ ^ q q# f^Ttr qw % ^q q ^#-^T

# fq-liqi ^TT f|

compactability

(1) qq ^ fq^fe qfq ^ qm q#q %
density) =RT 'it^rq #. 3^7 qmqi)feT ^ ^Tiqi 11 fq q<?q %

qqfe^feRF

tHqqq-qqi=q (green
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HR % -iRRiRoF 'tR % f^TF. f^RT ^ ^RRT t fTO^T
mRTR a^T ^R Pf RTR^t ?T^ 11

(2) aif^2—compression ratio

yfd^l faW[

R^R fRT 11 'Tft%t?T RR % RR 
^3tpR [q^^d RR R iRRT

compensator alloy

ORv fR^R-dRI TR'-^R fWR 60% dR 
■^qq/^flRclT R M^qrH ?R % ^RR 
RRT tl

qufcomplete combustion

^fStr—combustion

RRRd rRT'4

RRRT R ^RR RR % fRR 4t TRP-lf ^ fRRR R ^Rt R?R I fRR^T R^5R 
q^pjj % ctiferT rjyif % ^'4 fftRRI 11 RRTIRRR f^T-RT^ tR?t, ^TR-

RcJ <?R]?T yqf!1ld RllfRR) tint? I

composite material

r4rr srrrcompression ratio

5RgR ^4 % 3P5RR W. RTR 3RRR % '-itRPR RiT ^FiRR I

RtRRcompression test

aff^R—mechanical test % RrRfrT

tiRRRi RRRTconcentration ol ore

R OR ^R sft f9FRT dlfR RFRRR 1RIR R, flR RR
f tfiR RRT ^ RTR I 3R% fRR 3Rafi Rtf^ 3RRT rftfaRi-RRRfR^ 

TytRRf 35T 'RR RRTT atRT tl

frqr %grf RK^T (electrostatic concentration) tRRRF rt^it R^
Mr 4r ir fRRRR r- rirtMt t M

RlMM ^RR 11 fRR RRTR rRI'df RRR |R IR % RRR R
RRR

RlRtit Trcnr
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^ RRT t 4) ^iR |, ^ ^ ^ ^ ^ ^ ^
dtnfl R RRRI t RT RR ^c-|cr^|S ^TR ^RRT 11 fR gaplT btRr 

W RR RR RMT t l WTR RRt4 % RRT R^RT % st^RR
%^T RFT tRT^f % RTR RRR ofjRt 11 ST-yfR^R RRl4 ^ #

^ yfrfMM rrt4 rtMrt % ^ stir 4r arm tr rtr ti

RvRRTRRRTRR (froth floatation concentration)—RfSR^T^RMR
RMrfTSW^^^T^^T^yM^RR^Rf^nRT^tfMRTRtRTRf
R^T llM I faRir RTRT. RFT 3FR RRT4 ttR t RT ^Tf RT fom ^tRRRTR 
^FR^TRtl MRR ^ RFF RtR R ifttR tlRR RRT MM ^R TfRI % R
d^r,|fqd tl^- RR^ RT %R oTRR f

^ Riyw (gravity concentration)-^ MR RRTR Rf5R fR
fR^ RT SnRTfTR t M MR^ MR4T ^ RR^ fRR ^ f ^ RR
bWRRT iftm tlRT RfyriT ^ tf 3T^ R^TRT R Mrt an RR5RTI MTr mRf R1
iTRT^ ^RM ^ RT4 ftFnRT anRT | RT RTft R5R, Rlt 3RRR 31TRTR 4) tl. RTR 
^TRFbrr^anRtRRT^Mcniii^qT^R^RRti^f^^^, 
RiR-RRRR Mr % Rrn '*% Mrt RIRT tl

^U| (magnetic concentration)—rrcr rrrt RRl4
R ^\M R?t4 m 'JRR? ^TRTI f3R RRIR 5R RW RRRT tlRT t HR RTWRT R^f RT
HTRT ^ anRT anRT tl

R

concentration circuit RTRTJT RbTRR

mineral benefication) % rMr RH iPR R^R STRR
(flow sheet) R R^dn Mr^R RISR fRTTfRf ^ Mr^ MrTR RR or^
11 Mrr RtRR-qfRTR fR yRRT t :—

(1) Wm (roughing) tf^—breaking down

RRRT

: HRRR ^trt
RtM hrr Mtrrtr ^ rfr Mn an rrti

(3) MMr (cleaning) STR^TfR Rp rp? rrijr: ^
HR^t Mr rtt r^tri an rrti
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(4) ^T: (re-c!eaning) ^ ^f: ^m-4R ^TfT
^1% ^ ^1 ^ I

conductometri analysis

% ST^Tf m WT ^TT i I fRM % ^
^ ^T SRprr ^T^T 3^ ^T F-l^fRd 5RT^ % %*? ftf^Tf

^rar ti ^T-^r^ii^ % awntair % Rrjfr
^ ^ mR'^^'I 35t HNI 41 dl 11^iQl'^dl

irff fm

fm <m*t 60 °c tt f^-
cone mill

^Wid-'iRi^l %
<*5T t^n 4RTI f I

. * '
conform efJI'Vil'i

*T ^(R % irMH 0(01 w4 T'W>T 351
d>rorc^ % 3ira^T^ 3^ dcMH % feR f^i 4rai 

t ^TfO !J^)K 3FFT ft 4T^t f I fO# ^ ^ rf^ ^
^ % f^rr 5^ (f^ ^ t) ^ ^ Ieot 4!et f fam ^rot^

ft^T-t 1 HrOTon ^ 5ft ftrer ^rat 11 tffeq % ^50 o 
^for-a^f ^ ^TOf ?Eft> 31W «T«p 4RTI t dflT cfR # ^ 4ld! ^ I
3R ft ^ 3PtR fftt i f^io ^ R^f t BOO* ^t 03ftj m 55^^ 

f^jTJT ^Trfl t, %ft ftj OTHM ^ fftft 11 ^ OfRT OOift

OEcf drOKul tl

^ 'im d^Kui ysn

oRFFtRr^conpernik

q^ Rnat^ RioO150% ftift 50% Rt^ft ftEi 11 stfoqif % 
f^r rwm i^t ft*7T Tftft It %^r

^ ^>01 4ldl ^ I

constantan
Rt^R-ctra ftm 40% Rr&jr sk 60% Eftt ftEt 11 fa^rt ^t 

fo % 3nkr4 ^t 2^ f 1 ^Rt Ri^-eto ^T

7—231 M of HR D/% 85

^ ^ w ak arih ftomo^o f, 49 ,
aw/kfto s.88, akw arn-^ ^0.00002 1

900°c aw a* ^aara
4( ^Kff tl

constitution diagram ^TEO 3fR^
-?%r—phase diagram

consumable lance dOOt'jq RRT

lance % -Sjtfrfcf

contact arc welding dllcfi 4fo^SM
Rrem ^7 o 3Rrte ftftRT sort 1 4f

^t 4k qrftt % om tr^ #CT Rk |P ^ ^ ^ ^
^ t ^ 4B grftt 4*^ $ Rrf^ gtf-gft

contact infiltration *Hft> 3tct:Ffto
infiltration % 3FFfa

continuous casting
Odd 04^50

fkn\ Mar. afeif -arf? aTr aaia ^ waa-aMa;i sa aasM if

ra*aat wktifaawaaaa^5iaitaf%a5r5Mt'a:faikaaim^

continuous cooling transformation 
curve

Odd alWld RtraR

044 teR RMRi 4t foR-foR tarc-kf qr f^t Rnstr^
JftOidKjft^O^t^^qH yiWT-R7ftRf^gEfc^Rrt|^3TO
^r 3t4R ^o^to^to 44? Vft ^r 11
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f^rf ^T t ^
^ttt^ ^ ?r^ ^ ^ ^ TO# ?T% ^ ^ ^
■qT srror ^tot 11

continuous mill

^ITOT

TOv fTO^T-rfM fa'Wl 55% fa^rT 45% rTOl !TOT f I f^T 
Ufrrfm TOt-TOTO ^T fTcTI 11 5TOT TOTOT fTO^T TOT X U%Tm fl# % ^T 
RTO 'TOT £1 ^TOTO '4T 5vTO s|

copcl

??TOcontinuous operation (process)

TO TOFTO
TOT f #r 3TO? rat % fTOTO TTO 11 TOWTTOt f7ltTO f^rar 
iTim. ;4TO TOTO, 'RTOT *1

frora otto TOFt totfi ^jfro % to itrt tt (TOkiK

^FH—batch operation

ft ijral^R
q?TO: 3tFrfTO ^erotr ^ TO TOISRI: nft^fTO TOT f^'TOt TO tttT 11

contorograph

frarrTOcontrolled atmosphere

TTrotfro froiT to tirotr 4i to toto 11

tfstr—protective atmosphere #

nkq[ct^converter

TO spto TOtt frora ^ukro^ ^ to TrkTOTO tor tott 11 f^ro: 
fTO^ krRftrf^TO TOH t^T 11
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^rar (Bessemer converter)

?rara to tot ^i9tot $ ai totro kTrorr sitot tr 
TO^rti 3TOTrTftrto*<&t$toansTrTOtf^srrTOm 
qR^Ri^ ir TOfTOT ttdlHijje to ^trarr tob nrar $ i qfotfcR ^ ^
a^rTOTt^360oTO^TO^tl^TO^4H^c>1ltotcTTf»TO^ 

akTOW-^rott^^i totot-^TOt tortr 
^fTOr^ftt toti gror tokTgytM-toq^ toTTOff^i qg^fr to

^ tor irrar ti qif or ^ fe^^o^rtto^to^TOiTO 
W to^ tr fto 2trf to giro (rcto tor ^ror ^ 6iM1to»i to tor rtt
TOTTO tl

Vfe tFRF^T xrffclto (Great Falls converter)
^ TO to toR MRqft^ i toro tohr gw ^ ^ to R

MkqfcFT TOR % to ton TOTT 11 3irRTOT TO i^RM to tot t|

nR^fn-sr (Kaldo converter)

to too Ito trtotor to toto ^r t i to too ^to qk^to R tot R 
to t to toRto ^T:tor tor rrr toto to tort t Rrfe 
RI1TO ^ Rif TO q^RTO ^ to 3iR 3imtolR tjtt tt I TO to TO 
toR ?ro tt qRqRtq ^ TO#to stotor tor afro ton rtrt ^i 
qfttor r tortot ttoro? to grraro rfuto rr ^ 17° to ^ro to 
RTRT11 foff tor to dfqRqrl TO to TOTTOT 180° to TO 3IRR ton RT TORI t 
tora RR ^loit, RITOo Rioiit 3k froraR ^ fto to ti, mRMR

^^0^0 RftofrT3r (L.D. converter)

?totr fton r tom srfRtoR to tor srfto toqt gRutlu totoiR 
qtoto ^ ton tot 11 ?r toto nt too^To tor tot 11 to rtr arrton ^ 
tora dk tofto rir to tt rtoT to rtr to rsr ran t tot ?r tor tor 
toTOTR fTOR RRTRT TOT RTI TO RFRR ^ toRT qtof^R TO RTO ^R t i fto
RTf to RmR TO 3TO#3TR TO RWT tot TOT t RRT RTTO TOT TO % RTTO 
totR tor TOT tl
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% s?i^rr ^ qra t ^ Tm h
^ ^ ^ 3T^T ^ f^RT ^ to ^ ^ ^n% f i 

415^ 515 'll^5)1 ^ 5RTVllfdd 5# SRT^T "TRT ^RT

5T5T tl

ftnnrf Jf^T«T qftllf^r (Pierce Smith converter)
5? 555 ^cr|HI5)K 5T5 imi t fTOt 100-200 515 *T5T ^5)dl 11 

^ TO rrt^T ^^T^H^5n^rart3k5Ri;5) ms^Wd 53KT (1)
J-T^T ft<'5)l3£ '^T

yi'dd
519-^ 5T9 ^ (2) Pl^oi ^ 5)FTr
C^u—Ni—Co n gRdf^ f^n tot |i

<d¥

Tt^T liftedfrl^ (rotor converter)

m? 55) I
5ff8T #r gri^#5R 55T5 t 55T f^TT ^ '55fTO ^ ^

f| RR 5T 55) Rt5)W # ?R1T tl ^Rt 5Rt 0.1 3flT 
0.5 ’fjfa 9% RR5 % #5 TOtT-^I5T 51 ^t5)5T 11 ^iV^Md 5t ^rP? ^9 
?t RnTf5cr 5t 5<5-#Rrt ^rrar 55RT 9te' f^rr 5Rn t i d ft R R5> oRrt 
^ ^5 5) %5 ^T ^TTT 575H % 5^ % ^5T tRTT 11 5? 5ft5frf5 ^Rt55:

t RRt VT^O'5 RT55RH % 1RI5 Slldd f5)dl 51 *955dT 11 RtRt 
5^) 5^fe 551 TORI TO tRR t R5TOn 0^55 ^T TO 5^5 555 

ttctt tl

blteria 1 Sdl

qfq^.RTnrf^vFj nR^frTjr (Thomas Gilchrist converter)

55 5^ 5trr^T5 5515?: MR dfcT5 t RrtR STK^RT ^55155? 55Rf ^1 
gn^cTT TO tRfi tl f55)T dMOlM R5 55^5 TO T fTO fTO 5RTT t ^55 
9^^155 ^T TO 1.5 Vfam $ 3tfTO tl^t tl 15^ TOTO 55t 3R55 

Zk dlfcHilTO^ TOT TO5TO t TO TOTO5 5T^5RT ^ tl

Ctl

#tWcope

Ml TOTt-5f% ^T TOl fTOTI

^RT—drag

89

core
^)T^

(1) ^ mifa (case hardened) SW5 95T ^dfT 3T95ftcT 515 5T 
-9^ 5 TO55 5T5T 5RTT f |

(2) 51555 ^TTt t 5^5, 5RjJ ^T 551 51%5 3TT5)R ^T ?5)5T TO t 5t 
5r55?5959?:^?TOt^)3555 5T^^:TOtl 55 TOTT 5RTT t 
dT 555 dloii 5151 ?dlf3«ll ?5 5RTT f|

(3) 3Jr^5-55TP? 551 3R5RT 5151

core print ftfe

tl i+3\ did I

tl

corhart d^lfvfi
91^55^ TO5T?5 5 5^T 55155-?T551 5^TO555^IR51 I

coring ^TTO
fro 5TO 9) &,*<'•]< 99 55Cd % 3RJ5R' f95T55 f^TO" 555 TO9)

^TCRFf^rntTOt^^ Rrar^f 5 to t fTOT TOto5 .#■
TO?5 31TOT^r 5 Rm TO TO f, ^5 ^T 5551 TOl5 % 5R- 
TO 9515 55RT TO 51 5TO tl W555 55515 TOd-qfTO55 59TO t 
TORT ^5 W^f 51 995 TO % f55 TO t I

corromzmg process 59555 5515

^ ^ ^ T5> RtfTO 55511 TOr stTOt to (^T5 ak 
snTO frrarg) qr RTOr ^ q5) 55T5 55i 59it TO t ak fTO 5r 55 

'^99T 155 55 55 TO TOT 11 TOl TO 55 170°C—400°C (55 51 TO 
T 5TO5) % ^5 5T5) ^ ^ TTO 55555)5?5TOTOt5lf5)^55T 

015, RTO-55 5^1 TO 5151 5 f5555 tl 515 1

55<TT 55
55
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^Trf ’TT t ^ ^
f^'^ira snft t ^^4 4 vm^ ^m4i l^r^t 4 ?i^t 
ti orkh^ ^wr «n^f 4 krm k
^IrfT tl

^T$TT*TMcorrosion

crp^ ^ ^ Pirate tor «n^t
toRj^f ^T I "RToRTFI "IT? ’R "1JMII 3ll«dl 3RR '^i/ft'rl 4RT

,J?P' 4<Rf 4 TTORto 5R) 5R ^ ^ ^ ^ 1
awfrjR ^T OTT-STrR 4 WT-WT it^T 11 qT^ % #4

4 rtIt «t f^ro ^ ?rt i ^t kfcfa
rRT 4 ^FTTmRfe tal RKI 
f^f ^ ^ ^ ^ % t^n 4 ^T TTRTT t R 'Rfe

ST# tl

HH^v

# 11 'SR # tHH RT^T 5RT<ri<^nui ^ ai'o

^ qRT fa#”T. 'tint? ### 3TT f^RT # ?#R 4 7WT f^RT 
rjfi^ F, # TTrt # <R 4yiRT tRT 11 Rr><RT # RR ^TRT ^T ^RT. 

^ Rf#1 ^T ^ ^RT ^RT tl

(stress corrosionT—^iT'-l+--t^ri5i<'l 
rtmm #T ^TT tTtai 4 MT >Rt4 # rjorf 35T #jf 3TCT StR I
rni^\ ## tor^f % T^ ^ ^ 1

tTsaiR)’JPo^crT •ra l- ,Ji
m ^rt

RiTTRI-'^tttcorrosion fatigue

gRT^f gf^WT #■ RiwaT % WR 4 # ^rnri 4f^f^T
fe^TT ^T ^vW ^ ^THTI TTRR# y[riq«'1-WT # RR fraRFRv feRT ?T#

11 gft^PT #T RRR frRfrRt 4 'RRf #t '-#14

rr^ Rg

t ^
#r 4 gm#f ^ SIR RWR ##11^^ # giTRT ^

# JlH 'TR IR Rfcf 
t 4 tr# 11 TWfRfrRf 4 WT RRR

SFT ^T g# 4t M»RTtRjIK

grrrf 4 4<;TRR w4 # ‘RT ‘sTTn 
#- j^ftr 4RT # #R RRR 44R gtf ?RRI R'4 #. #lt

-fTRT gtf 'tr# t #■ RR_ ^T '-iRTRFT HWT: RRI #T RsTFRTTfRR R»TRggT 
P'qr WTT tl
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corundum #K^rf

AI,Ov C^f'RR ^f#5| f^T ^RtT 3R^ ZfT 4

tR#TrTr. rryf^rq^ (ruby) qn r1!TrTM, ^T^tn^rq14f4^? qil^ t## 
SjRSnKq^BTR^R^qjTtgSTTtrTTt! cT)#TrTT9, 3n4f#qjq^r 3 9--4.] cjjf^f 
#it§*T mk # f#rr qmrs? ^t 4 rrrt I^rt ^rtt f# wm 4

# rtt 4 ,

countiy rock
^TT#q !?1qT

Wr ^ ^ ttR SRT fTR qr 3Ttt4?RT |3TT fT|

coveil ite
4; it

CUS' ^^Igg^SR^? frw4 66.5% cTRlttR 11 qwgR; 4#4 # 4 

#R#^RRtTTtRTtl 3Trqfe^TR4.6 I f4 #14^ 4t q>?4 t!

covering power
'STT^T^T-^Prai

if S!!^ ^ ^ ^ ^ 
^ RirFf qq STT^rqq qR qj4t 11

, $4te-

^RT—throwing power

Cowper stove
^TcRT ^#q

t%T—stove

crack (longitudinal)
‘^R (3f^t«f)

t%q—weld defect % 3R*fa

crater crack an4 ^rr
tfeq—weld defect # ^fp4r
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crazing
5^n ^Tq-3iraraf % ^<.iO ^ 5ftt %
^ «R ^ tl

creep
gfcf^T% wro# wmm. 3nteit^T11 m$& 

^1 glldt tl

wvjf^ ftret^JT (primary creep) 9TCWR ?T 95 91#
faf%l

^tSFtRT^ f^nSm (secondary creep)—^5 f-T^ ^ ^ ^

'jp*fan9J> f’W^r (tertiary creep) r^f^T 35 95 91# fq^n
959 ’jfcW# 9: 99 3T959I 9T # ST^rf^RT 59# f 3W9T M0^uI # 9kF 

m 9# 91# i

fay#1! #9icreep limit
#09—creep strength

fay#9 919^'creep strength

fa99 9T9 95 #5 fa9 99 5T99 ^ ^9) fa^9^ #t faf^ 9T9T ^Ft
95# 9MT 99)Tt 9fa9QT I 99 99 yfa«1<r11 # fa9 99 9!9 95 i 0.000 ^ ^ 0.10 
rxttm ^59T il fa^^T #9! (creep limit) # 95# f:

fay#9 90^9

farr qrr 919 95 #5 fa^99 9T5 95 9505 9T^T 95# # fa# I
95^ t#99 915 95 5T99-t#J3# 9?Ff # 3l##9 fa59T ^T9T11 99 9#ST,JT 5T# 
3fSffal 995 9<r!9T t|

creep test

mechanical test sfc

93

critical air-blast ##fi 9F9T

#5-#9r rr 399 #199FT r# % fhrrT ^999 9P9T-35 |

9#T95 #d'-H 3T

5T99 #9799 # ^59 35 # mfm ^9T95^iT #T 9959 # #9 ^ ,
P9T9 # 5P# # 3# I. Ms 5T ^95 f## ^19 wHljd ^
mfa 95 #9 ^9fT #9^ 919 5T # 3f#95 9T9 ft 591 9# # 9399-351

critical diameter

95##r9rTT % 91 9^99 SP3 I f95# ^9Ff # 9^9 #995
#9951 i)T99 3919 #9: #KUi fg^qy lyj

#99—hardenability #

critical cooling rate

9-<if'19> ;59T9

95 59R

critical nucleus size 9#t95 9lt995 ^T9T9

3Tr9T9 k #9i9T' 599)! 59T# #39 3T99 ## | | 

critical point

1. 99 919 3T99T 3T9 #9 9r #939 #99T. 9T959T 999! '*#=195 ijupq# 
9 9ft9#T #9! tl

2. 5!rRI959!-3n5^ 9 9939, 919 #5 3T9 3T99! f995 ?#99 ^9 95! 
!9fy93 9!9 !9995 9999 #? #f 9!959I9 999T959T 9T 9^% fi

critical resolved shear stress

9)if995 !931

9<!f995 !99!#9 M'jI 91999

99 #999 #9 9T 1991 Ist-K"! 95 W #9 fai^jq 99 qr fyquj 
3059 m9! tl

critical temperature

( I ) 9f3 3!9 t999 31 # 9,17-19) -fa^ 95! 3J-tN9Ml 919 |

(2) 99 9!9 R5T95 599, 319 9 #39 95^ 9 9TR-9T9^!! 35! 39 9 #999 
9# T959I 91 9959! 11 59 *-- MM*'J| 9T9 '9! 9539 11

9j!995 9!9
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PbCr04, 64.1% ^T ^ 16.1%
gBi ti % ^pi ’w :3tmt ti

crocoite

dk mF.wv% tor krar^r aft M ki^T.
•4r c^ % grf^T 0.2-0.75% ?rai f i ^ ^rm
hw^ Mdfekr fan % ^ kwm k jft^r li

cronile alloy

STO^Rcropping

^tt ^ 1%# fk? 4i kkr ft ftkqra s^t

ft yqffecT 3T9I eft q5T^r WT afiTHT I

gifft ^nftr

q^; ft 3FT qkr^ft arqr ft feftt qftsji ntft i Ift^r-
Wift (extended dislocations) ^T 1+-4T arRlT 11 OT: ^aT^T t

(stacking fault energy) % ?tFl Sflft-^ftm qfftf 
^ tl sqffrt ft ^TT qq fam tl

cross slip

crucible furnace

qfftFT—furnace W, 'irapfat

^Te|crude metal
fqr^nT ^ qr<T ftwft ^ HM ft ftft t fq5 qft^T

qftf fqrqr an iqqRT tlf^TT rft^i ^ft ^7 ^ krq HI"!

9t)l4l'1l^eicryolite

11 f^T dMft^T ftqjfftftpw q5 bTRift^I ft HM tJ9W ft u.'i^uHl 
fftr-lm ft ftetr 11 4? ftrf^m ^k qmf ^ ^ik ar^i *qft?
qTfftriR Wfa % kwM ft ftt qftm grar ?l (4^r 2.5, 3tT. ai, 2.97) I
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crystallization

crystallography

^ faraft F%f<f»ii' ift ftrqqf -^b- r^i^rif
41^1 ti

cun ico

t5 kfs^ftf ft qt ftfriRi rf 21% fft^q sk
29% rRTf^kft 41% ftfftq ftk 24% ft^TcR tRIT 11 ft fqjft ^
kT557T^ t fftqft ftter qftf ft^TI

cupellation
e+^ftrrH

% qfb^tui q^iT I ^rft fkft fq Ffft qft r3R ft 
^ ftkn ^1 ^ fft^ ^ ^ ^ ^ ^ t|

cupola

^ ^ ^ * i W^f'll, A ntSw # % 3^-f,
srh qrar t ^i ^ srarte rru ^ if ^ ti

cupping test
qftt^

^3q mechanical text % wbr i

cuprite
9"^Ui$e

CU20,
Rf^ert ttft 11 chiltdi 3.5—4. snftfftcf) 5.8—6.151

cuproMlickel rro-kf^qr
ft 15%—75% ^ fft^T ttat 11 ft gtaft^

^ ^ ^1 fft^ ft 20-30% fft^T



^ grr ^ cTtlT. , ft^K-T 3^T % f^PT ^
^ Sf, t5^ ^ ^ ^ ^ ^ % ^ ^ ^ ^ ^ ^ ^ 1

^ ^ 51 5^t-f^ 768°C tl

curie point

M f^t mwfr* 5^ ^ f^ct ski tmfci tRr-f j^rar 5i 
^ U»Vl§ f^SK S5KI MR^R-ld HHI 51 3t^Mld I ’TfcIVlcf K foKU :3n^T 
tl SSKTT 5f% tl

current el'ficiency

S^rlfT fWrlcutlery steel

rr^ Tj^p- WHcVKT fKIRT fSRT5T

S^&K—stainless steel

ft 5 f^#i ^ ^rar tictjeo-i

KFKTIsicyanidation

tferr—cyanide process

^ravR

05R K ^f #C r^t gPK5i 51 RTft5 iKT5^: :3R5T RlftRR '3ISTRT 
qt%RR RTRRTf^ $ ^ f^TRRT % faSIKTR ^5 ^TRI11 ^ 3I9T ^K

cyanide process

KT

^ 51 ^7: 3tK5m 5T f^TRI ^ 11 ^ ^1 R?
^ 5?rT t11fafa ^T?fr W^m 51^1 tl RTiHTfsR

RT^RTf^Tcyaniding

iffeK—case harderning 5 ^td4d

R9hlR 3t'il(IHcyclic annealing

grcKlf^T SflKR St! R5 f^fd I fKK K?<R pRM 5T 3tl^'ii5cH 5R (cRWT 
815°C) R5 RTR ^KIT t 3k IKK f^K ^KR5 H 595°C—705 C RTK 5
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^TK OT5T U7RR f5KT URT 11
S-^SKKTfRf^^^^^t^kfesKKrSIKSRIf? 5T 5?TfR 

^ 91 9TKRT K 9K557 ^r HIRT tl RKTSfSTR -?R5T qiRT KI
^1 ^ ^KTR f55 HIRT11 kywr R'RT fPTIrT 5 S^WR 5 '^|RK R^if
Kf5KT K 30 TRRR tf rT5T 5v? Ktf R5 51 RRR

S%r—annealing 5 SRKk isothermal annealing rt

tl'7FTRT

dahher

(I) RiK 51 5R 'ik rj^Rfr 5TR5lRK-TTIR'7^5'i^qT 3trf?RR 
KS5| uTR W. 5R 3mr Rf% 5 f^T 3PTK ^ 5T 5TR 5^ t ^T 

tKR5 5R 5 fRK ?IRtRT5RPKTK ^ K WT R R5f5R ^luMt 11 
5 fcRK 555 St Reft# yT5T5T ^ KK5 SR f #5 17#

RI5 5TR 
ST r^^nry 5^

RTKI

(7) TTfS #r 5 #S RFR 5T 5# 5 #5 5^5R fSS5 f3KT5T 
5#, S5Tts?H5T K 5# f|

5SFT

dairy bronze %ft 5KTT
^ ^ ^ ^ 8% 4% kT. 20% fR55 #T 24% 5TTO tlRI

r-1 fR5T KSR Sf5T # firH f | fTf5I iHTTltr ft fRlf#5?TTf TT5TTT t SIR: SK 5
KTST tk RR% # RRIR R fTT5I RTRR TTSHT tlRT tl

D.A.L.
(Diffusion Alloys Ltd.)

process tto 50 57TTO 5541

* 4^1 fRTT 54R Rr trjq 5TRI iRlfRRR ^,,(1^1^ ^ 15# ^ongg

5TTrRRTRf55RTRlf| 3TRTfRRR 5#TT?^ R 5tl 5lfRRR krf5# 555 RIR

^ ^ # fR5T tmi 11 R? f55T TRRT^t ^T5R 5 5R R # R# tl ^RTR %
KIR # fT#i5e 5 Rlft^f(.i5S TO 5? 54 fsRT RIRT t RT 5^RS5TR rjtj qr 

'T?RT t f5R 5lfRf5RT 5 SIR RV fRR5 RTRT t 5 ^5TRR SISK RRR 5RRT11 
51 750 5TT qr ?j: ^ ^51 (r

RT# tl
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Darby process
^ ^ ^ i ^ ^ ^ ^ ^ ^

tar it ^ 11 ^T ^T OTH. tlte 5TT ^ ^ ^

feTT ^T tl

^T 3Ffe
25% ^mi #r 25% irar 11

D'Atget's alloy

qcfi TTfTHR fq55lTrt Iwt 50% f^s4, 
93°C ^rai tl

tf^T ^TOTDavis bronze
qofv -m fom fwr 30% f^r, 4% oitm, dk i% trai i i 4i 
^cb<»)lM ttcTT 11 dM4in ^ i’^trll'-l qi'^l ^ ^TT11

ffa*T ^ tl

qrro ^ 'iftW* rfN ^ f^TrT ^T ^ 3^t ^
t ^tt ^ 3^1 gift) 'tSTfacfi ^ ^1511 qi rl^dl

’ ^T ^T ^1

dead annealing

Srd Icin'

^5HI

drM^n

gyf Mf’-^i^0!dead banking

?f?3T7—banking

rjuf ^dead burnt
jT^di't^i TRr4f % ^ ^ ,3T^ ^ ^ ^ ^
i fa % 3tfafat^t tr t ^T^T

ti
4ldl

tjtrf fFTRdead soft steel

trcfi fa*fa 0.15% rRP WT trdl 11 'ifafa^T tH W
ti ptmRqitiwtT ?? yfar-qq feqr m 

rr faqr mrn ti

99

dead roasting gvf vfaq
wm&z (*4^<i3<d) % vfa^ % ^vf if ^ ’'^te" vfa^ 4

qfat 11

'•fen—roasting

dead steel

qfe^—killed steel

• deaiuminising fa^ftp^T

N ^ ^ fa^qT yg<ad^i
^fafaw^T^^fRTtll q? fa7T[ tfafaf dfa ^pfaf t tit qfa 
"faq!?Rq" #3t tl

fa^at t1 trt civ'll Cf5| ttqlK'Jl

Debye-Scherrer method fafa
qq^-farq fa^ fasfatM ^ fafa ^

yam faqitsirar ti fast, q^r: kr to afakfat wv *t
sriMkro tfa ti fatmfat farnr kt t git ^fr t faw m, 

qgt r- qq^r fa^ ^r ?> m\ ti

decarburization faqil^TTf

fa# TO faanj q^t TO ^ q5far qq g?r^ TOT I ^fa faq r^T frp^ 
# far vwzw if to faqi ^rtt | # qr ^far % ?rm faqr tot ti

decopperisation facfTEFJT

^ ^ q^^T % faq q^xT fa TO ai^far % ^q t1 faroq 
tn q? fro (i) qqrte gqqror qqr (2) qffar #?r t qro fro ^ qqfa 

qq gqqror qr fa# q*# ti

decrepitation

q^ TOT qr ^ifH qi ^T ^TOR ^Rfa 
^rfa%Rq?^:TOTOti fqqqtf^ frofa # #t fa^faq fa^rraf t

■qdcfi qqfq

onch «iic ^Tc

100



WRTT11 ^ ^5 ^T#T^ ^1 % f^T^R %
WW '4T ?T mft\ tl

Jt^R :5>tFT

iTrTR ^Wn fw^f 35T M-Ml'-d Tq^'-I"l ^t JlHI 11
sn^rr ^

deep drawing

rRj 3

^PT ^I'id ^
f^qj ifRI 11

degassing

5Wf («n^?Sf) ^ ^ RRH ^Tf T"-^ >
Rmf ^TTT WF* ^T tl

IW

SRR % fRrr ^T ^ 3f^RTUryi 11 5m ^ ir H mtf gw 
R^m if rqrf f5RT URT tl

2. iR^y (purging)—'Hfee^l rTFR-Tfe^F- ir ?^T 3TWT tJR 'i^il
tw ^T gw WRTI W RRT ^rf-3I%R STffe ?T Pltf ^ 11 HPR

1^-1?fr

ir 3wi wt ^rt siR5?w trai ti ftf ij^tr Mr ^ ^i

3.
if ^TTg^f ^>T RTFR1 fwfrT H H'JR^I irfsFR R R ^IMI t #T f^FTt 
W^TTlR ttf fWR Ml tl

a n-MT

1RRHdegolding
qiRT RR RKI ^Rl fl =FT gW RRTI $R Ml 5ft Ml-H Mr t 

[•iy„||fgq RRf ^RT 11 f :-fW RRRXJ Ruf % Ml % WQ, MflMw MW
^qq f i q jfifw, R-#t t Mr trt t M gwrrpw tr Mw M 

RrSf Ml tl ap*f tlrfl 11 3R: t gW RRf RR t M M R^l ^ 
gw w Mr rf ti

tMtr 

f5fM R
q qyTIR TRTT % R WJ'tf R 1RPR PR pt RHTI WT'tf P>

degreasing

101
S—231 M of HR D/%

M^T-cflRjmcR, qqq M M W Mf 3IR9W Mr tl
cfi fM pgR PM pt pi MIP fRTR smr Mr t?rRiKi ,̂ 

^ fRTTW M tlm

delayed quenching fRfM ^TR

W RR PTP RFP Rp c£ PF? cfiTfe# «ng Pt gft ptM if
•RP RPTI

Mft—martempcring tfl

deleading

RIPl'tf if RR PM % RTP fRyp qr Ml Ml Pt PR ^T RRT | f^T 
M P Mir, RW %^pif RR Mr tl PTP: fRIP Pt PR w t 
gpiR Mrr gw Ippu rtt ti

Mttsrp

delta ferrite
^R1 RTfP

pf^P—ferrite

delta iron tRl #?
tfeg—iron % MR

delta metal
Mp Pig

_ , ^T1 I PMlfRP if 55% PTPT, 41%
m 4% Mr Mi t sk fMt if 60% phi, 36% pri. 2%r, i % ^ 

M 1% Mir Mr t i Mf fRif rp rtMMt M: MtirMI Ml ti
PMl fRP ^I MlP qy^f Mftf M P#T Rffryf t M fMl fp^R P5y 
^iwf, Rffpr M RTPR Piwf if tlPT tl

gc-i % qy qpjff %

dendrite 1*11 fit
^Nipr Ml |t «ng^f 5Ri M-M pir g^fr pi PTtf % sro % 
mv^PPRqy, ^TrfWilfpMfPiFl^f^RTtRttl PRif

^ ^ ^IP Rtf t M f^T PPFT pp TOT-faRPy py
R Ml ti fjmpf t Mm RRT if TOP M Mr % ^rp 

faR-faR M tl fPT PPPP Pt RRy MM'fTRqy p^My I,
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densener

n yf^ tor«t ^rfa ft
?T% ^ #^T, ^«r ^T 3K ?t ^IT tl

deoxidation

1.
fl f^qM-f^#T if W3 ^ ^ lJ^Jl ^ 
^Mpt, ffimn str^ fmm

^irii i
% ffrT^ irai t _ ____

oRl ’T^FFR^T ^RTRR f^T ^lidl tl

2. ^-MR^-riR R ?F ifl®? 35T WT FFR^ aRRI ’IFPTt^ 
gtRrf^IT^f qRRT ^ig-,^5l: ^T snwi^ ^cTT tl

Rt^r att^RR 

3RRR RrR ^ ^ ^
deposit attack

1^5 Ml
^Rf 3R tR ^RTT R^RTI

Rl^M°T ^RTT

^|TT H, O Rfte ^ % RR ^1 % f*T

RTT RRT 3FIR1RI

deposition efficiency

iffto WtT IRTFTRT^ TRRrTT ?RRT RT^-^ R M'-lIl g^i
^T ?RHT I fafR-Mi % SIR^fR RN, 91^5-RRRi 3tl ^

Rt 3JRT f^jRRt ^RRT 3RRR 3nf?

descaling

3RR
illd tl

^fenr—pickling

deseaming

mt smi 3Rf tRR HcqRf % ^ ^ ^RRR ^ ^ ^
graRff^RRt

103

5t ^RR gn^ft^fe^T-gr^ £
,1",|cM ff ^'q| ^ l RRT-fqiih'i R rtr ^irtr ^1 rrj

RTRT 11 fWR RR IRTO, fRTFT ^t ^RTR ^T RTR 3TR R
T^ 3R ^R tl

RR^pTRTRm^RH

de-silverising fRRRRR
^RRRT^TTO^TR^fRfRl fR^rfR^RT atl torfRfRfaRprfo%

RRR tl

R%R—degolding 4

• desulphurization fR7TRRFT

^rr RtRi-^fm (rt^rr ^f^) ^r
RMR ott ^ %RT eft ^ f3TR% Rrf?RR

^TfSnRRTf^ fReftcridl tl

IRM fTRfaT % R?vf R fR gpif ^rfarf ^R Rl StRRFfr RftR^T R
RR^ ^T gw WRT f|

Rr'R>IS? S RRRT t 3tf

dew point

^RIR^Rl^RHRf^RRtHRR^^^f^^^i,
^ ^ Wt % ftRR ,^mr^ rr^tt f^Rt tl

3l,^,cft ^ Bn^TRTferRf wr wr feRi rtrt ti

dezincing

^ R^R ?RTR fRlR^RR R5 RT? RtR % rR^RR R ^ 
gw RRRII

itlRlR)

f^RWRR

dezincification f^R^IRR
35Rt-R5RT RT 3FR RTR-R9TR fR^^f R RIRT RTeTT W WR R5F 

^Ruif^RRgTR^TgTRtT^TTt^TRTRT.R^t^R^^^tlRWR 
RT^ RfR ^ Rl^ griR^R fRf^ R^tR^ ^ ?T9R jtRf^r
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fwm irai 11 fsr^Fr-'^W7 if rn^i #c ^ff ^ i
TT^TTTTT 3^qF?f 'rtfK TRIR % Srf^rf^T i? rlf% ^T T^TR^T ^ ^FIT 11
to if 0.01% % site gn#^ irar I ^ iran M n 4^
Fe f^RaR^ 4l ^TcT t Sn, Ni. A1 4r Ph 4t fT^ ^

dialogue

^fsxT—rhodoch rosite

diamagnetism

—magnetism ^5 gr^ufa

diamond
gtRR 4 f9F^I % ^7 F URT 1FTT 11

ir I40iprtlti TOT gfte ^>3P: ^Rt t (t*>6kdT 10) I 
11 chgirR if f^T TOtfr ^TT tl if ^f Uc^
fcfT^T RT 4 tl fHRf gRR^riR 2.42 CRT giRfeTR RRR

Ro RRSH

3-3.55 tl

R yRTT R t—(1) giRR^I* (2) UTRTR I gil't'MM'i^ ^ffl RT ^l'4 
^1T 4 Riff t 4^ 4 gRRRRt/if ITff 11 f^TRT oMRM ^^'’4 ^'44 R ^R if 
i^f gfrTf, gR: if %4R gRRffR 4^ ^IR-R^RT % ^R if 4JR 93IH § I 
RfRR 44 RT 4^7 >7c4ff 4 ^7 if gpfRn gnfo SRFT if RR 11 if 
gfR4 UPRilff 4% t 4t fRf U?iFR14 ^fct 44 tl

4tR f'uTd^ =h6W.dl M(1^°Tdiamond pyramid hardness test 

^ferr—hardness test diamond hardness 4 444 pyramid test

44-4tt4 'trrdianodic process
rt^4' 4t n4r 4 4RH 4t t4r i ?Rif wtrr; PH urref 4 gnf^RR: 

hRfer r444 4f 4144 4f 4rt 4 rt4 11 rrr4 ut 
^R44Rm44t4f44TqRf^RT43^ rrr4 ut

h4 4 *RkT i

105

diaspora SNUrMH

Af '.-'—S ^Sj,,^^|-|,ri ruzvj) n<^, 5D7o AI2U3 4dT 11
^ Rft^r gfc uif4 4 ^wti^4' 4 rr to ti fror otTr
3^diM«6 qR4 4 ^R 4 TO t, URTO 2,050°C r4tr 7, aRf^

3.5 I

die ^RR
1. 4 fRU q^rf Rl^ R fe'-eRd RRff^ RT «44l f4 TO4 RF=[ RT

^Rf TO t 4rcr4 TR qf 7RR 4r gfl^fcf 4 r4 ti
^ ^ ^Ri'f 4fR4 w 4 ^ftR 4411 Rfq r ^ 4f ^r4

qr imi ^tr 4 4r ir4 r4r tot ^4 44 ti

gRR

2. 4ft

3. qr4 4to 4 SR7R 4 R7T4 4 4t (^If) 4411 to5 (impression,
4 4r^fRt444tl 44RT^RRtot (anvil)4^'^Rtv»CT5 «oi|cf;

RT ?Rzr HR (hammer) 4 TO f 4 ^R7--44 TO tl
4. m r4r 4 4rt to to4
5. qfto 4to 4 q4 4ft 4 3ff4it 4f faro toq 4to to to 

tor toif 4r qRf4 4 to 4r ti
6. to-toq 4 q^r ur gto to4 to qtq

g?R?qR Rsf TOR TO tl

to 44 tiSlcfcK

4 to sidi t gfttgfRRT

7. to 4 Rt to to to4 to ^ ^tor to to ti
8. r? gto to4 ur to 4r t to4 4 gro to 4 tot 4r 

to to ti
9. tow R 4to 4 qw Rto gto to4 uto 4rto to to t, to4

rr 14 q? qfRR «7iRq tor4T t to q? ^rr, «44d-4RR f ^
qfq to 4 w toRR to 4r grurq rt to to 4 fq 4to 4r tor
^ ^ ^RR, toq tRR r 44rr
4TOT4f tl

iRF

^RR

HR^rof, to 4 rto gnfq rto 4 tor rt fro. toq-TOR tor rtr 
to t totr to ggn groro to tot tor to 11 rto tot4 4 3tr4t

to to t wf4 ^r tor 4 TOt rt tot, qftoqfto, 4trV| i^qi^i
TOT to 11
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die casting

% fetr fq^r ^T ?TT% ^ ^I^T I 
qqRT qfa^ ^ tl

qr qrq

r^ ^qqi ^WT-f^T ^ fa^Slf %

^ fqf^ ^ ^ ^qqt fRqH ^T ^ t ^ ^5t ^5 ?^T. ^ ^11 ^
q5T?q%qqiTT^tl^Tf^^T »K ^ ’Tf^ ^ ^W

qicq W3W> qr^T ?B tl^T*31

^ ^U<f ^Hcfrq (pressure die casting)—^ <5C,,<-1
qi^^f qf ^ qqit % f^r faq^t ft ^ ^ ___
(10.000 qrj^ qfq qt fq) % ^p-t ^ ^ ^ ^ ^qrqq
stto tqr ti q *rqq> gqq trt t qqr fqt 3iffqq ^4t q^T ?wti

^qqi qfc*

3^q qiq

die cavity
f^T ^ rr "jqtpqq frqq *qH OTt qp( ^ ^TWT, ’+-1 ^°Sm\ 

q^pq jqqfT ^PTI tl

^tqT qqqtdiehl process
'itfqq^ %^qt WT ^ ^ ^T ^T: TO

^rsnrfqq ^q tiqq-q qq qq^ i q? *qqqr^q v&n ^

[qqqqdiffraction
iqfq-,4 m fenq-'jq t oqfrtqq^-qfq^qf ^ qf^q^qil

fHq^M fqq^R (electron diffraction)—$tt^ q^TO 
^T qjqq dk W# ^ ^ ^ TO ^ ^ ^^
ij^j-pjf ■^nqqq (grazing incidence) qr f=bqi TOf t tl qqf

q^T Jiiq ^T ^ ftqitT ^ I

qqp%q5 tr-^^fk fqqq^ (neutron diffraction)—^ qqqtiT ^
^qqny rpif % TOP f?k ITO ^Tfwt ^fqf q^l 3ffaq> TO arf^q ^ ki"i ^'-'
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qpr qr ip •q^qr tl qqr^qfl«f--t^ kdHk* k jrfqqi krt qqiq qr qkq 
qqrq q# qp ^Tqtr f|

Ucfti^fm fq^qtq (optical diffraction)—fqq^r % fqjqrt k q^rrq 
^qqq tot % q^qq q^r qfTOqn q? qqqip ^ ^ ^

%qr ti

Oci^-fq-^m f^oP^T (X-ray diffraction)—fyq qqq^r qffq q^q 
iq^nq fqqqq kt T^qj qr ^TT tl qq^T-fqqiq qrq

,.- ..., ^iq1'JiKriqv-siq<iQi
Jt to qp tfqr t siq; qqro wqrkf k qr^af % qqr. fqro q^q qqq 
- fqqqk qqfqiq q^ ^ ^ ^rq qpqq) qp fq^q fqqfrq fpjqf
q^qi ?i

diffusion fq^rrq

^ ^ ^ fmm to a ^ i ^ W W if s^f if fwri ^
'f srqr ti 3PRf k fq
qi^qr^qq. grq qpk^T qq qirpqq k fq^rui qp f^qj tm % qtq q qqi 
fqq,Tkrq q 5FT q; qr^ q ^qr i,

qt fqrqr qqkrq qfq^r qqm qp qrkT ti qw^pqh* 'p

diffusion coeflicient fq^qip Jjrpfq-

^ ^PTqrfqqFP qp Hhi* \ q^ fqpf qfqq-qquHi qqpy qq kj|4k<
m ^ qq q^ qqr? q fqqqq tR qpq qqik qt qTRf k qiqi qp cqqq 
tot qi

digestion Tiqq

rJ^n—leaching

dilalometer [q^qqrpqr

qq kk krqqr q qkqqq qqq k Tqqq qrq k iTOP SR qpq qw iRPT
qror qrqq q krq q^f stori ^qqp toiji rtto fqpqf %
TOTOP-PR qp 5Pq qq-p k SRJ t. ^qq, kin pjqp kq yiR"H k iPqqq k SR
to qfrqqqr qj rpt pri 11 qqrsnjnq prp qprp ij^ rrrrrfj r7p=: qp ppr
Rqnrq

ios



TOK rm t ^ To "Tm ^ ^ It I ".^lU*
?f^T ?raT i i g?te nn ™ #? ttm ^r h w t 

rf'-qi 5^1 ^T ^ ftr=p^T tl

f^yjf #3R

qr^sHf ^t y^R i ^ ^ rt^
% wit? R ^rmr ti R? wim. wp^ TrffRR nr^ to r
^T ?FTT RlfeR I

dip-brazing

^'jh sqm

fRRWT

R q>HI 6ldl 11
i. feRi wrp Mr froit |t rt^ (rr rt R^) r %mx Rrf?w ^r 

^TR ^t fyfR!
w WR fURR RTR ^T RT% RRR % fafR R WRT RTRT 11 

3. fa?$T TOIT? ^T RR, RtRR 3P-7RT W ^ RRP4 R I

dipping

2.

fR^IrRcfi Ryp^Rdirectional properties

fRbro f?yir^f r rmhi^w wf % ^rr ^ R> w^ ^
nif WR RT^-3f %

fR'^TRRRT ^rpqtf WR UTR ^ fTO>T % '^fc 'M Rff^ RRRR RT WTR

TOT 11 3RTTOTr4 TORI 
ROTRRf R "W" ?TcIT ? I

TORR. RT^R RRT 'TO RTOT % R^RRTOT TOFR

hyn^R^ Irrrdirectional solidification

3^rW RWR % fcRR R? waw t RTR R fTOTT RT^ ^ ^
ifflRf R RRR RfW |r fRTR RTTRT R WR ?T RRT R^RRR ^T RRH % TO 

#Rl^TTO?TRTTO^:TO#RtcR RRR '^T R IiRRIRR 'RRR

TO55T WRdirect process

RTTO—direct reduction process

109.

direct quenching

RRsffrR fTOT RR +,(^ u| gf^RT % rtr ^ ^TRR RJTRTI 

direct reduction

RTOT TOT

process RTOT 3TRRRR WR
Rtt? % 

TOr TOf fRbr i
y# WRT R ^pft fRRT TtlR RRcRR RRTR WR5 ^ Rr4T

^RR^ttIi fRyrRgy^R^T
^ i

discaloy

^ toig 55% 5te. 25% 13%
0.7% ftTfe^T, 0.7% Srrto 0.5% A 0.05%

aw tl fro OTqto ^ ^ |t

dislocation

%tot-rrrrt r1 yry to yjcR to i frofnfed 4r yw %
ywr TO tl

(^) TO-yRiR (edge dislocation)—??^ ?M to R; RTR-RPI 
yrropf rt) to yfro ?rtT t % w: r^W-tot % to: yRRFn;4f
TO 'SrftftTO 3JRTO SRTtT tl

fe) yR?r (screw dislocation)—?R tor % TO R TOT^ TO, yRiR
* ST^ftiR RTO Rfe tro % To t TOT fafR TTO tl

yRiR-T^T R^R^T^TOf TOR % TOIR ?t RTO tl ^T-RT^T TO TOiR
?T yr srfTO srffTO yR^rr r irorfro tr to ti yRiR rtT ybr to rRir tor
°yRR Rt) RTTtr t fTrR ytr RfetR R5TO tl

?feR—Burger vector 'dt

ftR^TO

3%

5m

dislocation climb 5TRSR 3TRT?
TO ^ f3RTR TO yR^T, TO R4^T-TO R fRT RTO-TO R RRR RTOT11 

fRy^tf^RTO%^yTO^4r#-Rf4TOfyRfRRTOtRTtl 5m3TRp
RR TOTO RRRRR .^b: fgTOTTT R TOT tl
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dislocation mill

Frank Rhead source

grate te % ten^ ^ w % Ri^te ^i
sif^ 5Ri 33T li

dispersant

5rt rtraw rr i ^
feTTTTT ^IHRT gtel % fWT-

gfr^M F" ^Idl 11

dispersion

d<<rl ^

dispersion hardening

^017—hardening % 3Rte

mR^mtiidispersion strengthening

^rr—hardening % wfd dispersion hardening

distillation

itragr tw* ster tef ^ p
^ R 3P£raT ^ ^ 3tW#7T smg R ’te ^ ^ 5 
terfate g=RK ^5 i1:

mFR (bulk distillation)—Wt ^ ^ ^ ^
frra am*? ^

gtet (fractional distillation)—ytet ^Tflf ^t ^TlRdT R
te te ^ 3tRT^T ^dTTT. te te ^f ^T ^TTTTI

I 3H*FR

HI I

fg^qtiTdistortion

clfyq—casting defect % ^hHH
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disturbed metal

vm #r wtr ^ ^ qr ^ .3^
divorced cementite qRrqctrl

RT^ftem frT f?qTRr R ^ 31^1-,WT #: wwi tete w 
^ R to gr?TTr

divorced pearlite

cf77Tfrrte^F 4RteT.
^rate ^ ti
dolomite

qRr^C^-l qtrjf^^

tetarf?'
Ca Mg(C03)2i ^ t Rte

^ ^ ^ ^^Hr1c1l5T ^,t<"11 (rh°) ^ ^ R1 TO ^trai 11
fd^fTTO TTTO Jjttera dTTOW qTO % if ^fqrf ^
•dR^ra ^TrjTOr ?t fro d?ft i toto 3.50-4 to=? 2 85 
^ WR tl

domestic coke

l fft

df'Tj

Hferr—low temperature coke

Doppel Duro process TOT ffr TOT

5*w >TW>1H wra St* tl JW ^ 5^ ^ ^ TOITW tl
dore bullion

^^tefte^TORTO3te4RrTO^ITO'^TOfR^ 
^t^3mTOgfTO^gfTOTOT3Tte ^tedR^TOTO^Ilft 

^ t.

TOfro ^TT3R
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dore metal

—dore bullion

double annealing

$fMld AC3 ^ 3Tf^T^j diM dd) M'tH 35T Aci ^
^TrT ^T? Ac? ^ Site ^Tm d^) te WT ^

% fatr ?TdT 11 yitte) dFT tell 
ITrfr t Halted sf dT ddd)T ?n?md

3^1 ^Wdl I ftTdn SMhFT qs $<rMld «H-d

^HNdl dd-IH
(coalescence) ITdT 11 d?# dR #d jdl d*d ^T ^rT W d5T dddl

didlTdldltl f^lft dR dTH diT df ddlddRfdid 5dT dRd R dftdi di^T ddd %
?T did! tlHr'lNd

fdd^ddddoubling

dd-t^d % dRUdd R d^dd ter f^Rf sntte m dT dte te ^ 
dvt dR dRT d^n-ld dRd d did dld^ dt dl^TT dR te ddd fddT did! t 
dtet d^T dt ddT dT te dRI dfwTd ten dldl 11 tfRId dR dFR dT tedT dR 
dteld dRd d^T ten dd dd di^T t dd dd dRT d^T telt difed RR dd
dd d IT dRI

dT dT^Dow metal

dt ddR d d|d i^d tested Ij^d fsteT 3-12% qc^fated 
tldT 11 fdd AjmN ,
WTdT dddd

Dow process

Ajtendd d srMKH di qd ydd fddd tdd^ ^q A^ifeidd dter^ dd 
fdd3{d Sldddd ten dldT ti

draft

I fddd dddRT

if tldT tl

tT ddd

oRdd, Sidn

1. WF3 d ddte d fd^dRR dT SUdH ddH % ter ^Mdl % gdfdt ^T 
di^ fdfrddf d te d^T did I

2. teft fcte dsjdf d fcq ^rq te: difti dd did d ^dddiqtd qdd 
ten d dd i

113

3. d ^ d sT^dd sk te dRd d d ds rpp^ |
ddd ST^Rd #ddoT d STrR, tl dte? tld dte WZ d d
^Tdd ten nirn tl

4. dR-^tel d dR ^TRI if fT fddRTd ddd ddd ^TddRT d 
ter dte ddr i

5. SRTRT ted d ddd teT do! tTdRf dT dRlf d te dte teT
dter—draught 'AT

I

drag Sid: dd

fddT Sdlt dfd dT fdddT did l

diddl—cope

draught ddld

dte d ?dl dT dter w 3ddl d^d sk did d te dte d tdf dd 
Udltel tldli ddfd d dPf dd tedtete teddf ddRT ten di 
dddd tI

dMT

—fdd ddl dd te ddRT ddte^ 
T ^dldf dd fdt te ddRT SP-TdT rdddl ddRT fddMdfdRT ten did! t at 

ten dldl t dlfd ted-ddR % -JdR ddd-^dld 'R dd’dd dldFd ddfAted
did Til

^jfrfte ddRT (forced draught)—fdd id! sft te d^I dlTdrTT d 
ddqte ^ter ten dldl 11 te di dq5 d) tevi-ddR fR mi HTdT 11 did d 
dRd te tdd-dRR d te ^q ddite ter tl <ddid ddRi ter dd fate d 
dTIT fadFd ten did! tl

dter ddTR (induced draught)—fdd fate d dd 'R te te dt 
dirddi d idi dd ten nm ti

I—drte dll % fddl ddTdlfdd RR d
dfdR te dim ddld I
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^MIJIcl rawing

(^)
^ ^ ^RT'^r ^ ^ iF^t hfti i fiR^i ^rm

^FTT HFTT tl9CTyT:

(?J) f|Tj^t Wj FTFT ^ y^'V-I^H t^TTfH. WTM ^T, -H^W-^TFT

gif^ % ^°T

(ri) TTO RyiT IT RWf ^STUTI

(^) ?3T^ TU1R ^ ^ IJIIR ;?WT uu yUFT ^RRfu

ru^rt m si^T FTf^rt ^T UiFUl TO STO ^T

FT^I

TORRdressing

(^) 'TOR TT TO TO IT 'TOW 3U

R^U I

R^T ^TS R TO TTOT TO fTOR 3TTO ^ 'UT ^TOTO TT(?l) TO R
f^UT RT UTO #T ’TOf TOfaTOT #T TO ^ 3^TO TO Uf

RS ^vTO S I

(U) TOUR ^T TOU fyifTO-?TTO % TJr^j ^T RF TOUI 

(c4) faTT RR % ^ 44 RWUR 4TOTI

TTRdrop

sfoiT—casting deled % TOR

qpu TORdrop forging

R ^T TOT TO % TOU TOR fRT 
44 TOU TOT frort

qRT RR 4TOT RTOR TOfR I pTR 
-3^ | ^R4TRf R iFR RTR 4TT 3TTff4 RR RT^T S I ^RST
(anviliqr^RTRit'^-fTOTOURif SRTtl RS'TORR^T: #*TTOT

TORUT R US^T tlTOR t TRRR RR TOR RR-TOT RT TTRRR

115

drop test RR R^UU

IRTO % TORf ^ RTORT ^ TOR % iRtr iTO ^RT qfr^jy, ^ 
RT RT TOTT TO RR% % TOJTO TO Wy^R RRlt R W 4T RiRT fRTOU 4JRT 
t TORT TOT 44 fTRfR ^ rm*

dross

^ ^TOSRTRRRRTTO^RRI Rf vpm: '^fR^Tf %
#T TO4T-TO^r 3TS$f?TOf ^T RRS RT 3tR % TORT TORT tl

3TTTO TOT RR fRTOT RRT tl

^TTT

R4UTRTO

• dressing
j- ?TRR

?TTTR IJTR: R4> ifeR TTOU t fTOT fTOTT %R# TORT #T^T RTTRM RTOft 
R TTRR fTOU TORT 11 TOTO 3TRTOT, RRRR RR^T TORT TPRfR? H RUR STfrTRCR 
^ R fRTO ?TR f 5TO TOR RT TO^t fRTORT RRTO^T tl 3TR: ^TT-#TT 
RT^ 5tt tT^t TO^T t lTT-tR TORTO RfRR RT^ 4^ TRS RT RTOfTO STTO TOR
TOU^ t fRTOTT %qi TORT 11 TORR 45t RfR RTO TO f^R TOt-TO% RT^ Ff TOT
TORT RTR TOT RfTOT TORT 11 TORW ^T srfRRtRRT TOT RTOR TO fUTR |RT RTRf 4t ^ 
tReURT TORT 11 RRTSRUT?f, RTR ^RR RfeR #R R RRTO forU% R^RTRT, Cu2S TO 
^R R 'JRTO tT TORT 11 TORR TOT RRRTR RTR: T^TRT 
RTuft RTrjgjf % RfRTORU TO fRTR TORT tl

RR, RyTR <Mk TOR RUTRfTO

dry copper

RRfRT TOR^fTRR ^RR RTRT fRRTO TOTTTO R? RqTRT RRf^TR 

dry cyaniding

ypro RTR

tlTOTRT

iflTTO RTRRTTOR

R^R case hardening to STRifR carbonitriding

dry galvanizing i5cTO RyiTOURR

RyiR TOT RR RRTR TOT RTO RTO RTOR fRRR RTTTTO-fRRRR TOT RR RTR^ TO RW 
WU TORTtfRRRT-RyRTOTRRTOTRTTOl RtUR-^f R RfR^ TOTR R RTOU RR 
RT^ TOT ^^T ftTRT TORT tl

dry puddling
!$*TO RTORR

^RR TO^R TOTt TOT RR%T fTORT TORT 11 RS RTOR RT^-RTO RT R^T TO# t #• SRT

1 16



^TTT tei^r ^rar ii ^ ^ i 'dk f^r

^ mciri

^ i^CR

^ w& # ^ to ^ yro i
-swi ^5-gm *T yr^r ^r ^fr *<a % feR ?rai 11 i^t t^fri 

TJU 3FR % f^R RM CIRT 35R> F 31^1 ^TR ^T RRT 11 3rf$R ^fTT
?t % ^R cfcRi ^T 31RT TO ^511RT F ^RT fTO "TO t ^TRl 

?TI-TOTO? 2^ HHTOT ^T 3Tto TOT TO 11 f^T 3TfTO fF'^T ^T 
TO" ^fm tot ^R) f to^t t atr: ftR ^tItot ^htt to-tof? f '‘Rt
^ 11 yro ^-fF^rn ^T TOT ^RTT’RT TOR F TO'TO t #r 5^T ^it ^T
HR: TOfRT 5R RRT RRT TO ^T a^-i!TRR TO TO 11 

dry sand

dry quenching

T;i yi'-a

^ TO .
—sand % STRRR

TO.dry sand moulding

?ferr—sand moulding % RRRR

TOductile

^TO—thu-'U''1)'

TO ?RRt TOTductile cast iron

^TO—cast iron % wfR docular east iron

to fTOrductile fracture

rjlHcfR—fracture % 3RRR

RTOTTductility
TO RTO. fy^R TO R SRpf. ^T R? ^TT1TT ^ ^

-TOqui R TO 11 RT RTO ^ TO RR^f ^T TOl TO R TOTF 
3T^FR TO FiTR TO R TO 11 TO RTOf R R? rpTO 

| TO TO RTO TOR tl

RTRKUIRRT rTORTRTI fRTOT RRTO RTTO (cupping tests) RRTR TO TO 
11 TO R^rTOf RRT RRR-’TOW R TOfTO TOR dTO RTOTT RTT TO TORT 11

9—231 M of HR D/96

R TOT t RRT TOTTOTO 
RTRT TOTT

I 17

ductilometer test RTRFft R^TRn-H

RT^^RI^RVff R^f^r^TOSTTO^TO^f^TI fRf^T^RT^^
TOf^^TRTOTO^RRTRR^TO-TOTORf^TTtrtT^^fHR^jr^q^ 
TO tl TOfRR TOf 1.5 X sto % TOTO ttft t RRT TO-TOf (bends top 
fracture) R^qr, R

TO-TOT, TO RT RF Rtf ^RT, RTT % RffTO % TORT ttt tl
IT RRT

dumet

TO % TO R TTffR R^<tR RRltf I fTO TO 3k TOr (RRRR 42%) $ TOrj 
^R^T TO TOT-RRR 9FTR tT# t # Rf% ^ 3Tr^?[Rd TOf 11 fR^RT%R)tTO,
TOl^ % TO 20-25% t^t 11 ^RR: fTOT RR%T #T ^ TOR R^f ^

(^R'fR) RR^k^fe^iH ^TORR^ttRlt^Rf^RTRl ^dRTt 
RRTR R1 R5TR 3TTRT11

duplexing f^TOR9FRR

^TO—duplex process

duplex process fero RTOT
RTOTO ^ TOr ^ ^ TOlif t-R«FR tl^t 13^-TOfT ^ TOt^t

RRR-RfeRRf RRTR tfRT 11 RTORRRf RT^ R5T TOR)lR TOR rR<T[cI-)| ^ RRR 
TO <STTTOT STTRRTOf RR^t if RT TO^R RR^t ^ Rft^TOR TOl TO t TORT TO

tft TOR tl

duralumin

RTRT, 0-0.8% tR%5T, 0.6-2.25% tTOTOR, 0-1% fRfirTTOT dk 
11 3TfRR) RR^ft R) TOTf k RRTR % feTF 

WRR 5.5-7.6% TORT ^fT TOTTRT TO t 3k 3TTO RTR RT RRTR $ ftTR l%fTOeT 
kTTTOTT RTRT 11

0-1.

Durana metal ^JRRT RRJ
RTO RTR^ ^ ^TOT RTOTOfR RI<RT rto TOR1 65% RTRT,

30% TORT. 2% TO, 1.. ' “‘
fTRrfRTO RRRTOf 3Tk RRTRfRR) RTOf k tTRT 11
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qgj ^]aT 93.7% f^%eT, 0.0^> cPfT,
0.35% frFTlT, 4.4% O'^FhF'I^O. 0.5% 0.4% i^Tftl^RPT ^ 0.3/a

?TrfT tl fTO dM'4m rf f^T ^1

durionizing

f^FT-gw^ mn OTT f^T ^ ^ m
sH^fm^rarti f^^qTqi-^^RT^raTt^q#T%^TTTJT

fm* ^ ^ ti
durex

du ranickel

cqM i

qr^ ftTS^UFj fjTFrff 10% 4-5% f^MI i? I 4? 1^1 if* d ^
irai ti f^r^i t^r -hFo^ti 44fnrr ¥. F"iu. oFtt ti

Durville process si4h ytfiH

^ ^ tellT ^

^ f ^ # ?TWToHiq ^
^ itcHI

Dutch gold
q^ ^ 20% 4SfK imT 11 4? Slr4rt ^F4 ?mT t #T ^51

t4 ^ 11 3WT ^ ^ ^f 4 fe4T 414111

Dutch metal
qq fam, 20—24% 4914 irar i 1 4? 3^44 4^4 #■

fqfs^ tn 451 ?T4T 11 3445T 444T4 45R44 %'f4q 4414^ #: ^f-44 45 ^4 4 

f4)4T 4141 ^ I

44 414

earing
34q4 fT4444T4, 4^144 3T44T 4^5 45^4 44T4 4lf445 Sli’H^MWf d^KI 4 

q^TT 414 I f^lt 414^ t tf?f454T ^ 454^1 4Tf445 STf^tpiT 344% % *T4% 3T4% 
^541% % 4lff #t diRlirldl 34F4 % 4T% 11

W ^RT 4fRT4eddy current test
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4feq—nondestructive tests % 31444

edge dislocation 45K TOUT

4f%q—dislocation % 31444
edger

45445

%nf4 4 gqcfR ^!^?qr4:^44t%3^'R14%f4Tq 4^4 ^411 41 ^

4144-44T45 ?3T% 451 31445 ilkwi-^mf 451 3H45R 441 i 44f45 444-45445 
44141 tl

. 444

edging mill

445 twT4 f44T f^RTt f45^t 4^ % f4RRr %1 4^44 454 45 fetq 44T4
35^f44 f?4f4 R %4 TH4 11 ^1 3WJ C%3f 41 qfeqf 451 4fc444 
4><H % f%q tl

edging rolls

sfiK 4544 fa<4

45R ^44 5444
%4R fJ44 t fqqqRH 445 q^lT % %c7H, %T 3144 q45R % i^f 41 

^Nt 3mi MiP? ^ cr)MU| 3J445 4%T-qfnE4541%l: 451 3^44 457% f 441
%f%44-3RTR %1 %ft 451 f44f44 4574 tl

effervescing steel ^4^44 f74l4

445 44517 451 17414 f317T% f434 %1 347^745 3147*4134 t ^71 4% % 744 
11 f7T% fqtf 4^ 411% 47% 314^ 11 171% ^r.

fe^r%l 445 T^TTPST 44^4 tftl 11 f4%f ^1 %l4fl 4FT 347^31^4 375^ 1141 t 
f3|77% 47- 414-fen 11% 1=1 177% 4Hq-%l37 31441 71^44-45147 4^4

IIV

% 3137717 34344 174741 451 3441% 17414. %%l44 17414. 15lf44 17414 
%4fvT4 44fe4 17414 451% tl

Eggertz test

31441

q4%4 4%^m
^ 45^^-l^li^: ^ ^51%4 3% 4141 4515^%7 %qiff74 4574 %1 f4f% I 177% 43%i % 

'{%M«d 417 %1 4Hf345 3qqf % %141457 1% %Vllf454 4%T % Hvl f441 414111 
feTtO 377% 74 451 %RT!4 %45 3%t 44 % 344lf74 451%4 %1414 41414R14f44% 
% fe541 4141 tl 41 31SnTf454 4%T q4%3i 4^ 451H|3) tl
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Fggertz tube

^QTT—Eggertz test

w?M' Erhardt process

}r 11 3? srccpf ^ '^f ^nmf^r ^ i fwiT <r^ rm, ^t^T
:aTJR ^T n^T ^CRT'dr ^ ^It ^ ’Tfw Wrn t ^TcffT ^qm ^T!#l: 

^1% t T^ V?m VW % %^r #T qj W ^T'^f ^T ’JWT ?BT ? I

vmm wraelastic alter effect

irm w* ^f^I «TIrf W la^Frt 'RR ^T qW 
qFm TJ^UIIRT !RqrP-I I

yc-qi'Pt [q'+.'-idielastic failure

faRft RFT ^T ^4Tqi H WX1 R fd<?Tud ?T itRT
5T^ ^T R R I ^ SRM fe*ft RTR- =RR % ^FRT mIf.'1. ^ ^

11 ’^=qTP4 [d'^'-tdl ^vt dvb'JI 'R^R^T^1 ^THT d^lP^I
wfa M ii

'-Rifdelastic fatigue

qqrqf :?^RT q^fyRT frqv r]yT fTRRT <Jtf Urqi^-RTf sR5^ ?TFt i\ ~3\$\ 11 
q^pqf qr tt^ r^ [^•^MIJl-MHd,'l "tJIH % , Vtidd"! oeH % RR *^T ^

^ t, ^T ^Tt-^R SR: WR
qRR tl

qferr^-elastic failure ^T

uo^i^lcR

^rjR^rq RRf RT?rf ^r rftr ^t ^trt Sr i .s^b ?rtSt 
St ^f IT% t f3R% #R R RTF RvT ^RrtT ^ I ^ ^

ftp^f qrjqf RT WT RTRI t RT ST^R^TR RR RS Hldl| % 3^3R RT? RS
RI^TllRT%RT?RjtRS?RRt f^T R5T RRT RR5 ^TlfRTR RTRRT RT RR T^T 

R fRR RTRT f I

elcometer

fFTTR R^

RRR
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electric furnace fRR^T RRST

Sfeu—furnace R> .wfcT

electric furnace matte 
smelting process

HR€T ^-RR^tr rj^q

^ ^'4I ^ ^FRT RR? ^?-RRRH RRRt I f^rf ^PT

RT^ R fafa R|Rttt f^ ^ ^ ^ ^ ^
ST?-3TTWf^ RS RTRT ^ 3TfaR> RT fTR^St t ^ ^T qrf^

RTTHRST^t ffl

electrician's solder ^cRf^fWRR riTfr^

^ RRTRTRT RToTI fS^RT 94.5% RR 5.5% tff^EfT llRT 11 f^TR)T 
%^T SSf 3k Rfmf t *> wi if fcm §1

electric ingot process

3RRFT

fSRSR k? RRRT

^^F^T *? ret RTIRT tl ^Tif ^TRR ^t | ^

3TT^ R5T l^SWTRT R fk R: ^ ^ ^ ^
^RT^rfeRRRT^^fT^qnR^t,^^^- ^ ^
RR>IT % fRI? RRTR RJ ffRR f|

electric smelting

R feu—smelt ring % 3RFfR electric furnace smelting

tSR^pT RRRFf

electric steel
f^lTrT

fR^1 ^ 'J^ kf% fFTRT fS^f fWR ^T RRR RJ fcRR
STTRy-RRT ^T37T, fRRRR-3TT^ *T RPR SlST 11 RW 3TT%' %

feRT 1HRT11 ^ STTff^ Rm RRTU RftR W-^tti ^ ^ ^
rS rt ?trrt tl
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trz qr fa'^-fagr^T f^n w^\ 11 Pi^h^i % ?t ~wi ^ 
q1 l[f f^T H f^T ^RTT tl

elect roanalysis

qjTTJ qn f77 
$"1^1 ? ^ HIT

%^rT ft’l'tH 'A^elect rocasl process

,dT^dN^ q^psf rfi\ qiferT W1 # WT $r ttv I SF^Irt It
rpTI^t aRT ^ tt ttnF^d ^4 fa^TT ^ t

■yq IT F*dl Jlldi ^ I

%qrT fWNtd^ Pn^He I eel roc h e m i c a I el ea n i ng

lfw4T f^FT ^ ^ 'itWffdT ^T OTt f^n ^ ^ tt

Pt^F? 3W1TI ^ fTMT^T laW ^ ^ tsFFTI ^T 
3f^t ^ Jta* 3^ fer qT % ^13 #3 FFTT fqtT ^1% f,
dM 3W4r ^IFT dd q qfrWT d It I d^d *r dt^t dRT tt 5()"<.
\uvu\r?, W ^FdT did! i ^T did ^T ^3 WVT qdd Smfad ^ ^T 

% ffTTn q#7T IldT 11 iddl eft *d3dt fdd^T #qd> IFlt. ^dtd 3ddT It

dl tid)

dFdl dvTd
dtddt M^ '4td IFUI

%^d TWTdfddt IJ1electrochemical corrosion

dd dl f^d dm dl fd'^ITdd Tddd fad^d-ddddd ^T ddf’dtfd it tTdv fdt 
W, Tdddd-ttqdt if ’ddt I dT d ^ddt fFd % IFTd^Td ddF% 11 qdTdt 
^' IddTI dFdl did 4T 3d ddd-F ^T dddt dfddt ddFdt ltd! I dd dlddf d> 
dTd4TtdddtdITIfdddtF-4T fFJTTTd %dFT dd ITdT t dd dl^df dtT fd^ddd

— gp Tdddd dkdd IT did I ddRd ^T dF, fFd it 3^Fd
^71 qr td’4^ dddT I m 3d fdqfd it itfddFTd M t dd ^d 

5$pjft if ndt |df d ff IT dt^-dldd fdFTdd if yttd ddyt dtTI fd
q-iqd dMdddT ddldd df dtld II

d IH

dddt—galvani corrosion

3"tcKI 3 fddd

-T^ ^ ^ rr^ ^ ^ 577^ ^ f<at iMt ?T WiiTO W

k-eirmle tlepositi<m

r I dlf ?F7T 11
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electrode efficiency ffdddT? d^FTT

dfexj—current efficiency

electrodeposition #?dd fdgm

^ tdddd-ddddd if fdd^d-dTd ddrfld m. ^Tdltd qr ddld 41 
td#FT 4dFI fd fdtd ddTd f4dT dtPd4 dddl Wftd4 dFd4f 4 q^f qr

41 ddd rd-jFHH IT I fdddd ddd^ft fmr rr ^ ™ . . :L ^^___ « ■ . ' aiMHcqi ^01 ^ qf<iu 4dT3 41 4Td 4dtt 11
^n-ddd, dqqd-dfdidd ^qd-qffWTjy ^ ^ ^-^1^
mm 4 wfd it did 11

electrode potential IRddTd fddd

iy 5d4 d'-i4 if fed dFd fdddd-dqddd 4 #q 
dFTT fdddld^ df drd4 fFi^td 4 dld^T dM did! tl dl

>1 o qrdi dR 
dfd4 fRddTT . 

11 qtfld djrfq di^r' dt sjK’ii it miidd 
, _ . . fq 3^d dl^f d 4d IldT 11 if^TTd
^ qqqd tdwr^ d fdd^-^d 4T fd^m dm 11 fdd q4ir 4rt 
dd d4 dRT ^ ddFTdT dtdf t. dd d4 dFd-4d dqif ?itdTd dR d4 d did dFT 
3dt q4ir f^ft if dtdf-fddd 3mr iftt # dr dd 5d qr fd^rWri t 
ntdd di dt^ f^t ?n

electro extraction %dd fdRm
faiqd-Pmdd ddld fd*ft dTJ 4t 3d% Rdnyf % f^rpR £ ^

4fRT I fdif 73Hd5R4 ddd-fdFFR 41 3Fd4f dddl ddf^IRf % fddFdd if 
f4dt dldT II-fd %qd qm ^ft 4Id tl

electrofacing
a.

ft^-Pf^qq ddRT f4# dTFd4' T*5 FT 3lid4 45R dFJ 4TRq 4^dT |
fdd dtPd4 w; dfd4 fe4f^ m dfdf t 

electroforging

qrd
qtR

%dd dFIdd

I

tddd 4Tdd

^ ddFR fddd1 dFf 4 dFTf if 3ddT 3mt ddd 4 fm f4dt qfdild 
dffF?ddqR 4 Tdddd TRfq qq TjqjTj T4dT dldT t #T 4flR dddl 
5ttdSR4dRdTT dR 41 fd^-JTfqd 4Td 4 fm gddrfRd dld-qqdfd
4Td d1 dlf dFft I|
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#H*-- M 'JIclccirotbrming

W> FFT ’F % t^TT^rf f^'jTFT
^vT FfHf I iM'MlM HWT: FTFFH. ^i^'-l TF?f '^lli*-^* ^T ^FJtST ^
RIFT ^T ^TR % fRF SFfT 11 RR. FFJ ^T tFTR FT ^>1 IT F5RT ?■ I 
^ 4?^ sFTFJ ^T IT*FT h't'HH ^l"H W> 3FT F FF?T ^T H-l'-ll FF oRT 
^TFy'?TFvFT fFrfr 11 ^FFT TIFT iTF-FFR FFf, FFFFTF FFTF FFf (fFS- FF 
TIFT F fFFFTFF yiTF TFFT TFFT FT FFFT F) ^T FFTF R F IFF TF^FT 
RF^FT S|

FFF FFF?elect rography

FTF^f F feiR F FlfrFv ^IR FTT R TFFFTTF ^JFT ^ FUTR ^T
^TfFF I fFT TFRTT '3FTFF fFF[F WFF R RTF FTRHT ^T FT Fv RTF FFRTT FTFT
t #r
FF-^TFT? FT #F TFF[F FTS^ FT UFFT tFRTT FTFT S FT FRF F FFF 
fFSF r^FT FFF FRF W I

FTTFT FRF RRF?

TFRFSTF FTFelectroless plating

fFFRF-FRT FT TFFT FTR-RW F TFFRT RR FTTFRF F FT FSTF F IfIf I
fFFF 3TFFT FFRF RFI FT RRIFfHFT 

r- FFT TFFftF RIFT FRFRFTF FFRT RFF FF 11 
pH F FTF FRTF. fFFF FTK RTF FT F FFTTS R1 'aU'< F TFTFT FIR FT FTF 
F^f FFT S I fR fafa FFRT FF fZTZt FR FTRFT F R^ ?trtf FT FFTT F
RFTFT ? I

tffff-fftfft RF

RFT TRFTF-FiFTFT FF TRFRF-RRTFfFFT TFTFT FFF FF FT FFFUF R l, H| f 
FR FTFT? FTFf fFFRFF: FTTHTF ^SF S FR TRTRF-FFTFF R |F ^SF S I 
FRTfRF TFFTF RRT % FTRR FTF RFT? R RRTFR TFFRF FFTFF R STF RR 
FFTF F FRT ST FF S I fF FFT F FTTF TFFRF-fFFTFT. TFFRF-FR FR 
fFRRF-RfRFRaT % iFR #TFT S fFFRF-FFTFFT R'FRR RT RF W, FTRF

elect roly tie

SIFT SI

FFRF FFTFFT TFRFF 

TFRFF-TTFR fFTR RTF FT RF R RTF. yRFT Fll'i F SFRTT FTFT S |
* "O -

TFR FF F FRF FRFT ST FRF fFTRT FFRTF TFFRF-FRRFF R FRT? RFTFT

e I e c t r o I y t i e e I e a n i n g
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FTFT SI fRFIF-FRRFFT fRRFF (eleetrolylic clerusting) f^RTF-F5T R 
RFRF-FFTTFf FTT SFTF RFT RRTRFTRT TR 
FRRT RFT? FT ^R R1 FFTF ^T FTRSRT 
FFRF I 2 RRF fRRFF FRT fRRFF-FFTFF FT ^F R; RRF F RIFT FRRT FF 
Ff^FFT RTRT Rn RFTR SPR S|

RTF FR RR-fFFR % #R STfRTRF FRIT F FFF STFT SI RR FTT FT RT gTR 
R SFT fRFT RTFT t FRRT gFFT 'SIFT FR TRFT RTFT S fFT FT STR FT F^T FRRT 
FTRTFT R SFTFT F RRTI

F^F RFT % fRRFF-FRRTFT fFRFF. fRRRF-fTTRF Rf RS7R RFT^T 
TFTFT RIFT S FTfe fRRRF fFFR’F FTF RFF ST 5RFT |

electrolytic corrosion RFpT FRRFFT R^TRF

Rf^R—electrochemical corrosion

^TFF FRRFfT RRRFFTF

fRFRT-TFWT ?T ^ RPJFf FT FRRR FT f^FR RRRF RF fRfR I f^f fFTRT 
fRFp-FRRFF F RPJFf F RFTT RFTFT RTFT S FR FRRRF RRT-RFF F RFTR 
fFFT RTFT 11 fFF 3RFTR RTR-fRFT RTTiFT F FFFT FT fRT^T'JH % foTR FT 
STFT S|

electrolytic etching

electrolytic grinding 

RTF FT «
FTFTR RFTF FRF Fft fRfR I ?FF RT^ f?FR> % RF ^RTR F FTTF-RTR FT fRTT^R 
RFTR RFTFT RTFT S I FF-RTR RFTR FFTTF FRFT S I RFTR ^T^RfTRFSfRTFTFRT 
RpfT t TRFF TRT fFFTFT RT RTFT S I fRRFT FfR FTRf-RR^ % RRR fRRRF- 
RRTfRF fFFT RTFT S I RRFT fciR 16-1S F^F o^T FRfTRFf R=FF RRT 
fRRFF-FRRFF RFTR RT R^R RRT RFF eft FTRSRTFTFT ?TFT 11

electrolytic polishing

RRFF FRRFFT RR’F

RW F fFFTFT RFTF FT

FRRFFF
. TF FFFFT

RRFF FRRFFT RffcpDTF

RPJ-RW F Rfrr^F FTTF F RFT fRfR ITRF RTR qr RffrrfyT rfft ST FR fFFT 
TRFP-FRRFFT RT7TF nFTR RFTFT RTFT S I RRFFR’FT RF RTF R TRyTR FRTRTFf 

F FRFTR TFFT FRFT (m i e rog ra p h i e 
specimens) RTTRFFT RFT FTTF F RFTF F STFT SI RF- #RJF RTfFt'TF FT 
FTSF Rl
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electrolytic refining

^tt—refining %

TO gk iTVfm ^ W* 3R^ ^T (^T

..imirait)
^ 11 ^ ^ Mt ^3^T ^ ^ ^ ^
^Ttl TO^^if TOT^T^T tl *1 ^ 3P^ 3RK 3* ("on- 
conduction spacer) ^ gPT TO t fa^T-3TO*TO ^TTT ^ 

rf#^R # ItrTT < Sdl tl

electromachining

1.
1F7:

2. —electrolytic grinding #

electromagnetic separation

TOT I f^T ^T ^WT 3TT^ ^T % ^
'6m\ <'k^T ^T#3T 3FT^j ^1 tf.lHlsTd 3TTf^ ^ ^

ff qf^RT ^ ^ ^TT » tl ^T^T to5t,
Jft wfa) TOT :i^T to^f ^ tofcTcT to ^ tl ^r to ^ ^ 

'-tot ^ ^r JT#rf ^r tom to ^mr ti^I6=t)

electrometallurgy %^ft qr^fh^T

gto[—metallurgy % sto^T
^'n^H

electron
■ . ^o^HR 9.107 X10—31 RtKrllvIlH

to^T 1 6X10—19fto to tl *T? to ^ ^ T*m‘ ^ ^ 3kTOTto^to^sTO^to^to^TOrtotii^to^
^ too tom t to 1895 t1 to tort % to m to «tti

to

toto ftoto (primary electron):—^ toto # toTO ^ 
g to to to TOT to stom to toT tl3Tton

ftoTO ftoH (secondary electron) :-(D toT^T ftoH ^TtT 
fg^ft ggr4 ^T toto ?T toto ftotol
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to) t|

electron beam welding fto?R kto^t toto
welding % tokr

electron compound f'toT'i tor^
2 <ir V r ____ - - ^ ^ ^ 3TTO1 tmr

^ ti ftom toftrf^r 3m to *f to ^tt ti

t toptf tor torott-fcTORf

(i) fto^H 3;2- tor 3tto (^?TKTto—(CuZn :CuBe)
(2) toto tom 21 : 13, TO Mm (HTOnpf (CusZns : Cu3
(3) ftom tom 7:4. toto Mm (HTOto (CuZn3, CusSn) 
electron diffraction

Sns)

fto^m tod4
diffraction gr tofd

electroplating tro to

^ I nro to; qr 5TO ^HI gt ^ ^ ^ ^ ^ # ( ^ ^ ^
WirT W TO ?IR*I f5 # ^ ^ ff #1. S5, 3lf? TO# 
^T W^T ^T tl - -4

to ^T tom frw g* mm to. toto. gtoto #r 
m^if^Ttoto^totmTti
electropolishing

to^ 9kTtFT
tto—electrolytic polishing

electrorefining
ui

to-refining ^ tor electrolytic refining
electroslag refining ^fid Mb tcftf ui

to-refining % tofT
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electroslag welding

^fQtJ—welding % 3RFfd

frsTC %?|delectrostatic concentration

concentration % Std^fd

electrostatic separation

rtf^T 35T UcR g^TT 0] f^T Rifl’d 3llWftd t fe> tnHR

311%^ n^i-^TT 35T yfcl^l^d d^fl 3tttHld 
ijrrrq-rRT'4 T^fTTI r3TTdT =t*dl 11

^rp^r fft nr f^r ^ vm ^ ^ smn fq^Cid fe?u ^ ^ndi f, «h-
f?T Jlldl 11 5nH<>J| rRT4%

gff%S?T StT^d ^d 11 +HIHI^

tl^Ty^TTf^T%^d^
!Jffd ^1 fd^T-f^Fd FldT^f % 3?^tK dFT %

11 3
C& 4R fnrdT t f3ra% ddT 1H ^TFT dldT dT

cb'Jl
tldldMHd

^dT tl

%^delectrothermic

^ fern fdd^d didf % dddtd 
% 4 y^c^r I yfdftd, 9Td iFTdl StT^-dFR ddRT Wl'-tf d^d did dJI U4HI

dl % Rrld fdFIT did! 11

Kd

^T dFtld 3tddT dd% UM'-H

%^d drttd ddF?

n^ fFTTd-fddK ddJd f3rarr d5T^d 3^T dT^d 5Ttt d> ddfCTd 3Fd drdt
ddld tdm-3FI^dj dd StMddd fdFTI did! 11 ftt dtW ddRT rpr? fdFtT did! t fddd^
feTd^dI 3Tfdd5OT-'Rdfedf ^d^Ml^dJTddtdtrdlt I dr^oTlt^Td^Mlcdl

electrothermic process

did! 11 td^dd fdfd d 3% di^d dl? dtTJT-'ddfddT d fdddTTdd? d^Td 60 /» 
^PTJd SPTf^Fd fdcrtldl did! 11 TWid d5T % tddfd d 4t ddFT fdFTT

did! 11

4d^d dT^

f 2.5—4%dd, 2.5—3% iifdiddt ^TgmdmitTdT 
11 fd^T dddTd d^di t^d dTfd d ddKT td d fedT did! 11

electrotype metal
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electrowi nning ^[d dm

;?fed—electroextraction

elinvar nJoi'idK

qdi ot? ftm§ fddd 53—61% <dmr, 33—35% fd^r, 4—5% ddfddd.
I —3% ^WT, 0.5—2% fdf^hH, 0.5—2% tddtd 3k 0.5—2% dikd tldT
II fddd dld-ddd dFT ?tdT t fd^T dddTd df|4f dd ddTfddf ddT 
3Fd dfr^d ddf d) fddfd d1 tidT tl

Elkem furnace qdd5d dF?

dk fddi^3ii ^fkrdd dJidffd % ddddd % drq fadrfdd dt qd) 
fd^d-dt^ f5fdd ?t4 tldT 11

Elmore process qddk !7dd

qd) qd5d i>\ dd kid d? sm^-ddidd ddd t kdd dFT^mdt 
d5 fdy<J| d, 3Fdd) ftdUdd dddJT^df d5t kl d qdd) faidT did! 11 dd d ddT 
d^t dTd dki d3 ^dT -3IT dkr t sk ddd dddJTfd d^ rn 4t fddkd 
Tkt ti

elongation test tWg'jfd

tfaq—mechanical test ^ 3td4d

elutriation dTdqddFT

ddl4 d fdrffdd dd ^ ddlf dtfddd 3Tdfd 3Pdd ^ 
ST^dd qddi dddll dt d)4i d5i dffr?r d5t tkt tl

Ely furnace qkr dFd

5ilt d^r q^ ?r41 dkrr drdt tak dm d kn fd^r d5 ^ ^ km dikt 
tl ddTSTdld d^t dd 60° dT dd ddJ dTFTd ddd ^dd t dd dd) ddd dT td %

ddid d tr diq i ?d% did dt^ddf 3k dig fdFnd % krq dd^T dd d^m 
3RT % ddfm ^dldT did! 11 3ld t kddT #t dd q^ dt^T dd did! 11 ddfdfd 
d|d ^IIqiI’S'I dd^t (hand puddling furnace) dTd tl
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embossing

^ ^ ^ ^ sHlHI

embrittlement

■qTfrtch -J4^T Ml^ % ^iF^T T^FH Tn^fFf F
rRM ^T SWT? SHI I

eaustie embrittlement

l

'rrrjrq

FHH7

‘‘Fpi

eaustie eraeking

TTf^r %fjl^l.jH ■qrir'Ti (hydrogen embrittlement):
^yraj fo^fl ^fH F rHHT iFHI 3TRH SHTI ST^T^H ^51 .
nnH. '^hiwt. ?^fh 3mr st 110.002 uf^r^H

^rU i I JI'T-'H,KUI ^ ^IM-FHI'H 'T^FT 
3^H THt F tflFHF fT f5FHT HI

Fnl
Smi 'iHFT epFTT F ^FITF ^1

ftF^nT

tfr^JT (temper embrittlement) ^ F^HF -iFHT ^H-fF^T^ 
^ 3500—600°C % THF f^HT ^THI t WIT TPH-FTF F

sftt 33T HHT t Ft yFOT yfndld ^frFTF F ^FT 'tiH ^ ^ >

^ffrT^ CTN qFF F FTF HF ^FF ^ #3 ^T ^FF F Ml^H

FFFF f5HT 31T F^HT S!

enargite

TIHF

3CU2 S AS2 S5 rITF-yi4iH^ FWTf^ ^ rltF ^T FS^FF § I FS
3. 'FTFta WFfWFHT^T F^IF ^ fstvKfcld SHI S| ^5FFT

4.43—4.451

W yjFF qftOTend quench test

^Srr—Jominy end quench test

FSF I^tFTendurance limit

^ferr—fatigue limit
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endurance ratio FSF 31^411
f^I FSPtf ^1 ^1 #31 #■ ^TF frHF FTF«fF> FIT ^FTFI fF-lldT ^ flrTF 

^F^T FH 0.5 % iTIFFTF #IT f I ’

endurance test

Ff#—under mechanical test 3H#—fatique test 

enduro alloys

FIS iFFPJsif ^T^TFI #tr fllFF fd^"l, FFfFFF #: ^T# #r?f ^ I f^TF 
FifF5?FF, FF^I sk fFfFFH ^ ST F^H f) q 37FF #HFJTF^T #
d,fcHK^ ^ ;3Wt FFiqfd* Fzpjf -ak f #n ti

&i dl 'dFFT
f^T MWZ fF^T-FFiqfH* WR =FT FTF-WI #HFT-^FFT

^T JJ'JM'+.f'l I

engraver's brass

FSF kl^TF

FfFF fFFRI

energy efficiency

^ ^ ^ ^ 37.75% FiffS 3k 17.75 #TT SIFT 11 FS ^5F 3k 
F##F #TT tl SFFH FWT SI^FFT 3k Ffr % >JFf ^1 FFH % klF k>FT 
^riFT ti

Enlund method HifS falF
fFUF-HFfa F SFITF F fa^FFTF FIRF FHT FIT 3TTF5<FF FFF % 

faR CHI fafal fF% fm. fFITF ^T fafaTH fa^F -rffafa FH 
falFT FHT Si

epsom salt HFF HFF
FHFTfaH FHTfaHF MgS04. 7 H2O FIT FIFTH FTF faFF 9.9%

faFfaiFF SHT tl FI FH F1, FIT IF FI F3FI % ^
3T5FHFakT FFH F FS FFH fa# ”3'HIMl 11 FS FFST FIFTF FFT faTF % FITF 
F ^ HTFT 3THT tl

equiaxed grain structure

FFT Ffaf fa

FFTfa ^JT FTFFT 

FS FTFFT faFF Flfa FIT FF faimfa F HFFF FFH faFTF SHT 11
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equilibrium diagram (isothermal transformation diagram)

phase diagram

Erichsen's test

rjfQTT—mechanical test 95 cupping test

erosion scab

casting defect % 'WR

etchant

rr^TOJI-WF? ^ StW 97T ^TT^TT ^ 957R 95T

I 95W 95 hTR
5TR: f95# #r{95^ 951 9^rM f9"T99, ^ o I ^
,^rm rf r?^95FR -5WT-WR95r?f (heat tinting) 99RT feu To; tRR HRt

rf '^W-il9-r^T 99rrt ^ f959T 91 ?T95dl
(site) 99 PTR fsFRT 959 '^99! 3FRT 99 959.

5999 95^91 ?|

-f%99tf Up9991 91 9959111 9999^95.9995

11 9ST9=£pjf95. bTR 9T9tT9f995 9T499 9FH
9t999T

?9tTr^M9etching

97^^95 tor 99m. urfRyi nt smr *9^991 tfR
9599TI

rmT9f995 r#9^f9 (chemical etching) f9I% ^ ^ ^
Tirr guj qr f959^ U9T 3^95^ tel te I f99T95 te te 99^ 
g^9T qr te te ter li 191951 951^ 9? | [95 9te5tf95 q
fqmq: te fumm tete1 t99T99-99 turn-turn ? 1

199^9 99tttef9 (electrolytic etching) f9PT te 9919 951
11 URT? ^9 951 f99^9-

if |9T959 991 9FRcU 99 399^9 teR WT 99l{?d 959

^ircftNfg f959T 9T9T ^ I

9TrH

13310—231 M of HRIV%

^t9 99ntef9 (thermal atching)-9r^T9r 95f 9t ^ 59T 3IW
^ ^ ^9 te5 999f 95T ^Tftem 31991 99^11^9, 3tf9tel9)^| 

^99T 9Tf95 39t95t 9T999I tTR 9^T 9T

eu reka ^9951

ttef 1.25% ^ ^ 4.5% gyre sfa 0.6%
9f95fbm te 11 9W 100 C 995 99frn irg^rT gTrrr 11 3t9: ^T95T 999T9 f9R dl 
3T999f 99F if ter 91911

eutectic alloy g?f9995

alloy 95 3f9iT9

eutectic point ^5! fere 9)

W99T 3T99I ^RW9T 3tr9^ ^ tet 9T9 .^9 f999 91^99 951 9RT9 ^9, 
te 99 ^9te95 srfRter ti

9%9—eutectic reaction vfl

eutectic reaction ^f^95 3tfqf9t)UI 

99 999irfr StbTtet flRm f999 9T9 99 f999 9RT99 9R9 ?9-

^ f I 9? Stfatet 9I999T-3?T9W 95? f9ff9999T 9^T 95 f9H9H ^ qr ?fq^ 
f I f9T '3tf9TteT 95 ^9H, 99 919991 3k 5I9T 9T999t3if %

'term 9# te tl
9R799 if 95T|

eutectic solder 5J?te95 ^IcrS <.
^-99 br^l tef 28% te #9 yrq 99 te tl ^

995919 183°C t ?9^T 999)9 ^9 99 9#T #^99 #9 99f %
^9 teggg if ter ^ygr 11

eutectoid alloy ^ccref^^ f99T9

9^99—alloy 95 sidhd
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eutectoid point

err 11
sffetT—eutectoid reaction

eutectoid reaction

3t?T t^TCR 5Rt tp: ilte ^ET tT^f H
st sirar ii f*r w apm ^T sraf ^ n %

STft ti

everest metal

ij<rp?3 5r7% wi,
0.7—1.5% ft3>QT, 0.3—0.8% 0.7—1.5% SRTI ti
gr^dl ^T[ fHT t ^ ^TS srai f 1 3RT: S^T f^TI 11
s% «rf^ ^ ti

ergr?? tng

exfoliation

t^T ^ ^T ®nsfr *m qerit F'I^hi i ^ ^rfrer
^ ^ epr ^T ^TTI 'T^T 3^1 f^5?T^T %'

fair # SBT tl

'TOTT ^expansion sea

^t^xr—casting defect % srrrfeT

f^RT^T gri^Pf^T

tqifr^ aRT -snw ^r^T^ Wen sWf Wr qr ^ ^ ^ 
w ^tt fft w ^ ^ ^ 1 ^

m % Rrfcjl ^^ # ^T ^eTT t XTS S
^ Wr^T TORT % fTTR 3W4l Wn-11 ^TR ^|t 3IW

% W ST% f I

explosive forming

'-cril^f
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Explosive welding’ WrXRT'fT

—welding^ srWrr
extractive metallurgy'

—metallurgy 

extrusion

5m ^ % WW smr € wit, WWf #: g^rr % sm
hftt ^ g>T ggmi ^rnmiy ggm #r g^rr % f_

W^-^mTTUT (diret extrusion)—^ WW ^T q3> R
^T3R n q35 W? 3t m^T ii wg^TT SR m m 
to Wn ?R5rfT 11 mgiRR sti^iEh* to ggRf ggfm 3R smturt t

3T#s ^af cmr
^TT, TO, 3M, ^ TOMvtto fasnf^Tf % feR srai tl

(indiret extrusion)—STO TOm*! H
^ m ^TTO35 nW TO R Rlt ^ 11 35T

#T 7T Wr t rirfcfc jmiRd VfR ^cri-3Pr- ^ gf^R ^
Wr fro Wf gmfT, 3R: g-^-^rnmar ^T Wr tor fafaw
% eRj-fq^ % sfrg Wq Wf iRr ti

fTOTTguj EfRJoFjffraft 

% TOTO

cictHK«l

TOT

SroTOTJT TTOTTUT

qi<

Uf'-lfellrl (impact extrusion) TO gTO ff eTR % a^M^lRd 
^TO gg TOR ^TRT ff r^T TO TORT STIRR fTOTT TOTT11 RT^ ^T TORT35R 
RSTdfgTORTORTO^fTOTTOTril TO WR 33 TOTOT mTO R STI35R R 
W35T, WtR Wror Wg RT tor 35 fRR f353T ^Rt tl

TTORR

^ faro *Rrr arfror tottto si rtott 11 tor gR: 
gg-fR^TR siR v|to to^rRtto 33 ggm Wtt rrt 11 to Wr tort ur ^t
RfTOTT R TOT 3335R 35 TOTT3 TOR RT R35R f RW TOT WW R TOR R Rf
RteR toRt gWt ti 

facing sand 33335 RRJ

sand % Wr
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fahralioy

Fe-Cr-Ni-Al ^ ^ ^ ^

tRTftn ^

90%w\<sk 10%^^1 ti a5TT^i^fm%^ 
^ f^r ^ ti ^ ^ ^ ^

Falconbridge process

f^eT tM 3PTC<rf ^ f-^T yM ^T 'AIM ^ ^ ^ 
^ 3nr^ yyf^T «t ^ ^ ^ ^ ^

faTTZR % fTm y^m
fay f^T 3Twy % M ^ #5T ^ 11 f^^tT
<icr|ict)T ihi^t ^ ^y ^f ?ny feryi ^i^i ^ ^ ^ 
yfa^ytry fc^yi ^mi § i

falling weight test

mw-n m y^Tr m t w^ ytt^ y^ ^
^yrt % fyfs/yy w ^r y^ ^t f^wyr yrar 11 y? y^m yry; Fyf, ^tyr, 
^^yrf^^tfy^^yit^T^ sfc&m f^y ^ wswm
M ti
fanning

fahring's metal

yn^yFfl^y 'a^m

f^y^rt siyyyy yym

yt^r •rtt yfm

yy yyy

ypj y qyy yy^i y5t ytoj yy^ fyfy i ^ 3iyfa ^ ^
sryryy ^Tyjy?mTtiWHy€t^^ y y^ ^ 

t stK 'yry^qy^yr yry yr ytr^ ^ Mp - ^yyyy 3^yRy ^ byy
^yy
tot yji yy^yr ^ ^
^ ly^i in yy^ t i fy yiy^r ^ ^ ^ ^ ^ ^ ^^ ^ H ^ ^ 

yi^yry fayiFm yryr ti
^y fyyiy yyyrfan steel process

yyryy yryryy ^r yy^ yy^ i f 
* ati 7. CT-i •-<-.1 i-*.i; wr <. *• ^'•'•■: *•' =mriH T-J-w-i
^T -fSH frlrl ^ I ^

mn

< • »-
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yy siy^y wm myr i i ^y 
yry myr f i

ym yyirr^ ^ ryfyiyj sn^r 
1yiff?^

w smify ^T yyffyy> to yry wryr ti Mwz to ^r 
oflyyi^s $ yfryfciy y?r yy t ^fkyir

-rj

y^yyiy
it yry y^fa y yr^ yry ti
fatigue syffy

yy-yir yy yfry# yfysfar % yyyy y fy^r yrj grrar % yffyyy 
Twif y Sty TOT ^y I fy yfrroi y «tt^ y fror syro it to t fyror 
-iTTTOyy yry yyyr -i-M-yiH^f ^ iryr i i yffy-fTOr, ^T yyff y tor 
?t^ t1 ■yr yfyro yror y«fy yr% t1)
fatigue limit '•yffy ffan

yi srfroyy yfyro fay% ^ yyrf yy my y^f to TO yy yr 
froft t\ yrr yfyyty yyyy fro to i syffa rfarof y to f STT t fa fa^T ^ 

yiro TOfy ^ry y yro yiy yfyror $\ to. TOttot yfro-y yr TO
yw yfaro % yw yr fTOr yTOr li TO to TOtt ^ TOr ti

fatigue range

yfaro TOttor yyy fTO spTf w?\ TOiftr

TOr-ymr y TOy-yyy ^ftt to i i TOr mmstt & 
tot yfyyry TOy yrf-yyy yy toTO yro to^to ti
fatigue test

TOt yyy

hh yyy yiy to yrofT
I'n.

TOy yr fayoyryyr

yffa TO^ft
ifay-mechanical test % TOyrf

feeder yror
fa^r yfa yy yro yyyr 'jryT E|fay5T in yro % fyty yr yr-tw.y to 

to yfro ^r yTOfa tor % fari yfa y yfro yr^ y^T ^ ^ ii
feed hopper

to fa yy? tor % fay yyyy yyr yry i iy to tt \ 
tTOttto yr 'tot 'Tfayr'-iTT % fay frorr tot ti

ttot tot
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qvfrJT

IT M^lf'-d HNI ^ ^ j'-lf^T
THcTT 11 ^ % '-hd'W^T TT^ ^T ^ t ^TT ^ ^
^TcTT f I fTT^ Tr^ Rfan^i drMH ?t TTT^T tl

fernihrome

cjlt? V^ 37% oilei, 30% Pi^ioi, 8% -^IT' 25/o

*>U\<rri gmi 11 fTT^iT rTT^. TOTT t ^T1W i'^'Hl ^cehl ^

4lrrll % Rhu f^HI 11

feeding head

l+if'1^lfemico
^ hTM^ ftm n 54% ermr, 28% f^r 3k 18% irar 11 
rpr^ '^r iM%T '-h^-W TWH ?ITT tl

ferrimagnetism
diamagnetism—% itddd

ferrite

Trrt^t^r,
fa fan ?Tt t, 3TT: kn^ ^T ri'S^K ^TT ^

tfa tl
Ovrihl (a ferrite) t^T Fd ek if ^idd ^>T

3tF faffTR tmi tl 41 910°C 44) Rfat ek 768°C 445 ^
723°C ’F 4,N'd 3tf44)4iT faf.Rdl 0.025% tfaf tl 768 C Tt d'.'-H dk
910°C F 3t4 4! 'irt4^T4 tt4T t dr4T-%Ff4 (3)-ferrite)

ttutt ^TTf4 (T-ferrite) 2 
45144 4)1 3FT f44T44 1T4T tl 41 910oC-1401°C % #4 *4faT 1T4T11 ikT 
1130°C 4T 45fa4 dkT4)4lT fariddf 2.06% tfat II

Uff^T '4iV 114 (Oferrite)—41 4)14 d)fad 44 rill if d)ld4 ^1 5FT faf444 
mrntl 41 I401X—1539°c 45#4 5PTfatlT4TtlF4)T4<44f45 1539 C tl 
l?rif 1498°C IF 4R4 #44)44 fariddl 8.1% IT# ll

tl45141141

'+,<'14) 4)fid 44 "111 F
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ferrite hand kri? 444

444 4F4T JRd 44714 #T 
FTkTi1 4;# 45# f# kr^-FTfr# (ferrite streaks) #

fFT fauTT 4 4574 f454T 47 TD ST 3# faitTT 4
4474’' 
414 tl

ferrite formation 44714 4-444

rif?) 4R5T14 4747 4447 44*457 45 '444 45 444 7445 47*714 451 44471 44 
*744 45*714 457 4447 

4747*4 474 4* 44 *F45#*45 41=4 45 *774 #557744 447*7 
rif45 45414 4 41^74 4747 417 f454T 47 *74541 t|
4ff#14 417 t 441145

4# 7447-44 45 fHV

r/\ 1
WTTT^/ r*

4T4 t54 45 457*4 74444 *7 471 457 4445 F*4l 45#4 1747 tl 

ferrite ghost '-# Hd 4F*4

, ^ ^ ^44 4574 *7 4^4 4* 45-4T-45# 7F44 47#
kTf? #7 Icrdfl 44# | 41 457*457*4 tk 4)14 4 45 4*f4R 744*4 *7 3^7*4 1747 
II **7T*4#f4 # 43*4 #445 *4R f^^rf ^ tl

ferrite streak

474

45*714 *137

#44—ferrite hand

ferritic stainless steel 45#1# *444*7 1*474

47*317—stainless steel # 4444

ferritic steel #*71# 1*44

4 1*474 #4# #7714 #7 4*7*1 474*47 *1# 11 4 44#T4 174 t #7 4K 
34# 45744 #7 *7747 0.2% # #445 17 47 
*7454 ll

44*77-3447* 447*7 4555F # f454 47

ferriti/er

41 4R 47 1*414 # #7*774 4* #7713 457 T4Tf4R 4474 45* 377457 4747 # 
?## 4)7 d I 11 457#744 447 *77f#ll4*7 #7113 4#45 11

#7713 4#45
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^ ^ ^ ^ f*m i firar^y^

^q- ^ f %5fuT ^1 ^ IT

ferroalloy

^^T-qiTeH ^TTT cjHH 
sRnri 3l!r|| ti

^ftwr (feiTOchromium ailoy)--S^ 60'7^

tifcm, 1 -8% wfrzkfc ^>f t < ^ ^
t dir wm§i irar ti ^ ^cfi -k Pm ^:'?'1

ctx^K^'M^I JtK ^fl ^ i TS wT*; $ WTO^T
^ ^ ^T ti ^ qi^ofcr ^ ^ ^ -1

ArMm f^T^ (feno manganese alloy)--?^ 76-80% 
^ 0 6-7% ^ 9m mmi 1*111 ^ f^PFte^ m
i ^ ^ ^ ti
f^zRH trc it^ ^ ^ ^ ^ ^T ^1 ^ ^

qflK Hffe'sl^T fTrvyrrl (feiromolyoder.um alloy)—^ 
70_7S%mfa^ 0.1-2%0.6-3.6%^^9m^?raTol 
mfo^T ^ vfotis * ^rar I .TO-^T* ^ ^ b ^
^ir-^rairnT, ^to^t % yi6d^ ^ ^n ii

ten^ (ferrosilicon alloy)” ^-95% Rn^i.

^ ^ 40t^T>
^ (hysteresis loss) W* m b t^r

cbtcot ^ i > w vm t ?k ^ ^
| ct^t mt m ^ ^ § i ^ Mm* ^ 

t ^TT m&n ^ nm.rT ^ *t ::^I ^ i!

^ 15-45% 8% TP5 cRI^? ^ ^ mt
sm mtsi star ti f**T ^ ^ra,n

refiner) % # # ^31 ti

ii
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^ frTMg (ferrotungsten alloy)-fW 75-85%

JTrim11 ^Tgjrqrfe^IrfHTf I
^ldl ^ ^ ^ 3^ O^rqyuf I, ^T ^WT ^T
^ ifFTOf R f^T ^R ^ f^rr tl

ferro chromium alloy t^tST ^lin-qH

ferrow alloys ^ SRFfct

ferro coke process ^rm ywr
^ ^ ^ aksimm ^ n

^i itt uw w^ mw, R qiRqcft crrmi ^mr t hspr^i ^ ^ R
qp^r rf fqR[ ifRT ti

ferrolum PRltrR
^-3jf^Mcrc<i ^RR f'JlfHH % TWW43RI fRTrT ^T HIH’-4 

7*^ ^ 3U 4Id f" | fTR)T d^Rl'l RTPTfiRi d^dMl rf ^^11 11

ferromagnetism <rTT?

magnetism % wfd

ferromanganese alloy #? AO'iI ji

—ferro alloy cfi SRiffT

ferro molybdenun. alloy mm HiT<7i«^'iH ftpsn^
—ferro alloy % 'iRrfq

ferro silicon alloy mm fmfm^R mr?n^
—ferrow-alloy 55 wfrT

ferrosteel <'ll e 5 ^-i in

55R mm, ^'ini mm, -4?- fRR m mw\ ^ =ht mmr i
^01-574) fRf mr55jpqq ^ 3RT rtRip 4) fqRi| iu4t f |
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ferrotitanium alloy

—ferrow-alloys %

ferro tungsten alloy

—ferro-alloy % ^n4d

^TTl ^ferrous metal

—metal %

offgferrous metallurgy
ffr^T ^ SW '3RFfFT #11, #? ^ ^ I^T ^

fch^l ^ I

^rt—non ferrous metallurgy

#TTW

MrrT cRTCi^Rf flRFf #4^ nf^ # ^
f#71 ^ t! 1# ^ ^ ^ ^ 1 ^ 0j^

iim^ri #: ## if #1 WRit % if itiT ti

ferrox cube

*PT

#PH4ferrugenous ore

^grr—ore ^5 SRTfl

fettling
Ulfai^t MMf fn# 3R3T '-t'l ^ ^ f^T^T(1) ^R-rTfl^T

3^711

(2) #RT ir4 'Rc# % rRT # RTnR ^TTRII
fRRR ft#]

RR if ftR# % ft#T 1H R m4r, t# 1#T IT ^TTT #
^ ^ ^ ^ ^ ^ ^ ^ 1 
ft#T if 3^7 IT # ^1 RR ^T ^#TrTT 35T ftfiRR Wn

#7T ^1

fibrous fracture

#? ^RT
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Pick s law

if ftfr^r-crr ^ ^ ^ ^
dc

dx

^■4# i RRir ^ f^rt ^ g##f gft #
ftra^r-q#^ ?ren dc ^Dj-ggoR] f j

nrar, D

^lier metai
Rf^j RTf

W i R'sP'f ^ rt^ ftra#vTii^ ^5 oil'd
TOI ti ^ gqg^r nfen to; ,

^ cf tert 3TT# 11 *rft ^T qqm ft^T WJ,
# ^cRR RTq^ ^ cfit WCf |,

filler sand
#<*>

sand % STrFft backing sand

fin
R?lf^ (1ft)

#9^—casting defect % 3TRTf=r

fineness
^-Ivll

Rnr 7jRft?R fj

fine silver ’-rft^r vwi
t^f qS few 99.9% fe# A 0.1% OT afe *rai #1 

finished steel

5TF3TR rf ^ f#f 1FTRTI 1R 7R 3RT ft# ^ ^trqrT ^
^ b# iftTl ft#r, ftlftl^T, w ^ girft 3T#tffRf^d
TRM % #TrfH g# #!

MRrnt^d fFTTcT
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1. ^ f^fRr ssfi**i ^ ^ ^
MlTcnyH , 3RP<T *4wii, sra^r sR^tn ^1

2. qr^ g^St1 ^ 3irsJ^ 3PT^ 3»3)T#Rj i
o

3. ^f ?wr spf srPrR ge^r ^r I! w% ■iiw

4. ^f&q—finishing

finishing

;^oTfinishing mill

m ten to Prer^F, ‘^t, ^ 3Rf BcqRf ^ srtfo' 
^wR-t^r tl

q1v=r*3P5finishings

W? 3mi ^ JlpR S'i'W, ^ 3^R -4R R^;»j
?RT«f i fro h^sf«t ^r^r> m?y<3P1T

tl

SlhR^TS ^F%3RTfire clay

?FR Cffi g%T ^ r^r$4r % Pp HHI t faH'f'T ^PHF? 
1600°C^3ltetlcTTt#r 
tl 11 w 5R)R ^1 FFRfeqf 5n^: ^FIS t ^#c ^
^ 5T|cT f^RRT tnft 11 ak ^^Ri 11 ^1% ^T
(T^ aiiqijqcfi "RM JR t ^T ^ ^ ^ H^F ^

q? nM=R 3>T 3f)?Rr t F^PF JJqtRR: ^*4 ^ ^RT §!

WTR1!
FT T^'^cfT I'C—i -o'!chi o

iifeu, oPrqr

tire refining

^|TT—refining ST^Pf

4PTRTfish eye

if FTF ^ ^ faSTC I ^WT-^arcRi ^ ^ ^ %fFTR
SPiRT ^ tt 3^R5T
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t^^RTgRtl ^ 3PT q^=TT t # ?RTtl
r ^ 11 mm q[g

K ^RT % ^ rr :RRT IR11 ^T% !JHR ^T tPR fTR'^ ^ cRRT
’srf tr snt ti

fish tail FrF2T

iK< % fhw f^TT TT rptl '4H ^TriTT | ^Tmpf % f^PTR
^ ^ HTF tit % ^TRT ^ sfa % 'RFT *T srfq^ crRT tr ^TRT11 f^RT
W fFRT ^ M R- V % STO ^T MR ^TlfRi t, tmft ^T 

m ti

fissure fw

^ferj—rolling defect

flakes

'ifeu—forging defect =fi WR

flame annealing ^RRfT 3l4k'H

t%r—annealing % wfct

flame cleaning

^Kl ^-^5T ^T RR PRT ^TRT 11 ^ f^TT UR: % RU UtT
t cfifa arwlfvjiH 3rut uiuji^ui ^ j

UTTt ^T 3Rfs?TR ^blqf'icft ijvjqj gf ^yq |

flame cutting

RI<71I f-H^r-H

i77^ rfR-

. fr anp

^hSU—gas cutting

flame hardening RK'll UT5TRT

^9F—case hardening % gRrfrf
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jqioil f'HH(lame plating

»qT<pf, ter, mm gtrf^ m ^
ytw^§f ^T #7 ^HTI f5RT W4 m ^7 IT ^Tt

3^r 04lfdqfr-7 % fassn*! IT f'lcrlT'std f^TT 41 dl t #7: W'-OT ^T ^
%-'*7TCT ^T ^7 y^K ^T

t ^ %

^TPT^T?

^ Ff f^TI 4TdT tl dd^H
f^r difcwi^r ^i, 3f^7T mmz

ftTErn %f^d it ^ ti

H4^.d
45Tcn4>i4

^TdTsd•flapping

dH d5 3rf^T t #t ^T ^dRT d%d ^l^crt-^ ^T dlsdl I l^T 
tor % dfad l^T % ^7^ n t 
ti d? tor iredd ^ ^ q?^T ditT ti

flash

1. qdtd-TFRraf % dTt t srfcR yzim ^T «Kd % f^rq sramdi ?t 
dt^Td: «IT^, 4T 7?M31 dir % dliy^'td-T^T (parting line) dT M'i'ril Mtd 
^ if mgr fdd^T dn^r ti

2. stfrafa (cope) 'M (drag) ^T toT d ?H wmz t
iTd-TTfa ^ ddd dMI ^ m ddc?lT I

3. ft<| dftrtd d1 dnr ^T 33K fdw ^ m mm ^ % ^rT ^tt

?TdT t #: 3T ^ % ^Td t f^Td T^dT tl

4. 3Td-d^d if i^fdTTd df^d ddRT dtt d dI?T ^T fdd^H 

dl# dT^ I

dfed—burr #

flash roaster

tf73d—suspension roaster
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flasn roasiing (suspension roasting)

dt^d—roasting « S'dtd

TR3R (fd^-rr q-^r)

flash smelting fj* ddcdd

'^%v—smelting ^ g?dT% flash furnace smelting 

flintshire process iddTc^rdr
m uddH sidid mm- tcddi mm m dtid^t ddtT % ?M if T^fd 

tdlf^«T^iUi dldT W bfd difTRim ^dcdT^ir qftdPdd tt did i 
^ ^ ^TdnT dfdr t idtRi aff-^nss, wtit?? dtlr ’^r qTwr %4i 

% dfltdR tdfir dddT t 77^-fif sifdfiw^ % fdd5^dr ti

<r,M3'S T-l

flocculent

* ^ ^ t^d d^T drid^id^i d? diffe 3RT d3idf dddif^r 
^ f^Td dld^!3d dk fdTd^r t

flocculation

’ii'rd fddfbifd diTd^7 m ^RTdd ^IditttT ^dl, Rdoi^F, k^fddi dJlfd d 
yfry ^ mdT t fq'd^T ddmdd dlddl dlkdlf? dflk ddfdd^d 
^Ttftf tal ddRT T3TdTdi^d ?T 4TdT 11 f^T d^R gd[ gtrf^ ^if %
^fd dt ^ t ^T ?rrer dt% % 4rt ti
floor moulding

ddTff

?TdI tl^feNOb

HlftR

dtd fTdd

dfeT?;—moulding ^ dlddd
flotation

tdidd

^ t dd'^ dltr <kt ci’iir 4)7 dc^lN'I-ddfd 45 447^1 44f 4^
ddH rR ;55dT|

tb^d—froth flotation 4

flowers
M-VTICKH

49T3drfdd <Htt m dldTT t qfl 'did qidi |drftd 45 TRIH 4d451 4f 
dilR #7 f^RddR « dRFd tit? 11 45^-45# ^ dd45, stf dR4)T dt
45?d tl
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flow line
forging defect % 3ki*fa

yfci^Tflow stress
qr, 5RT ^ t^T0! 3^1 5^11 5f5T% ^

f^iq sitqsR^ aiq^qqj qf^qi

q^ ^

^ f^qq qr# qnj ^rf q qqf^r ^r fwf 3^t ^r ?tq 11 
tM jqm q^T wt ?r fq^ ^ ^ ^ ^ ^

^q ^ q^nr % qtftq> q^r ^iq ti

flue dust

cKdHfluidisation

^ ^ ^ M ^ q fqqr^ qqq q^r q^q i ^

qgm % ^rrq ^ qr qqqrq |q qq qq stM^t ?rqi 11

diftiq stfafqifqqfluidised bed reactor

qqi srfqfqrqi-qiq f$m W* ^ ^ ^ ^ ^
^qq qr^r 11 ^rq1 ^rq qifq q^ qrqrq ^ qqtqr t fq^ ^ 5tq
qcfj % fqq^q Wtt q1 311% t q^: 3rfqtoT-^ ^ 3ff%q5 IT qi%t t 3ftT

^i%-3tqT^T %rq qf% % sr% ti^qT-qrq qqt

^ifoid q%qfluidized bed roasting

a^T fluo solid roasting *% q^lH t 

qf^tr—roasting % 'Wid

qrqtqjfluidizer

jq^ti q qq qt^ q^i df^qi qqi %%T 11 qr^r^f q>r qqrq stq^rc q
rii^dn qjt qjqf ^Tqi %l

qq v-
mqr ti qqiiw% q^qqt ^r? % 'TJn,

149I I —2.11 M of HRD/96

fluorite q^stRTfq
qrfq^MHq^#^i qwqf^tqr^qrqrqiqrtqqn^^frti 

qq?q^3.l8,q53^qT4i f^qqqrqiFfiq^^^jtTTf^rTT^^^r^ 
HTqr tl qi ITffq^,gtf^ ^ ^ fajtfaj ^ ^ ^ I,

fluosolid roasting q^ferq q^ qqq
__roasting^feu—roasting % ^7% fluidised bed

flush dagassing f%%qqqqtqq

q%q—degassing ^ 3fqrfq purging
flux 1. qiol^t) 2. qqrq^T

J- ^ ^ ^ qqqiq srq^ q rq, gnf%

qnqq qr^-fqf ^ q^ q^q % ^q ^ ^ ?rqr f, 
q ^ ^ ^ ^ yrq: ^ 3mr ^ q^ W terar inqr t qqr

qrq ^ q #q-sfqqiss gw qq% ^ ^ ^ ti

2. #5R, rte-s^Tq, qr^rq qf^qq q^q^^r q^m qr^ qr g^ q

qm IT fe-qRI ^ gulf ^ q^fTqq ^ ^ W^f ^ fq^f ^
31% q1fq^r qqm iTqr ti

3. qi qqr% %T qjqqi qqpf rj^W q^q ^ ^ t,

fluxing ore
q^W 3TqW

qfeq—ore ^ Sfqrfq self fluxing ore
flux process qiw qq^q

qq smr q%f ^ qqrq 5% fqfq fqq^ qf^y ^ fq^ %'
g^ ^ w qrw % gtr^q f^qr irrqr 11 qi nrw f^q, qtmq^ ^ 

3tqrmq q^rqn fqqq stw fw q^iq^i m\ ti
fly ash qr/TTf

^ ^ Omn, ^Tqj 3jqqr 3RT sTq fqqr qjr w% qqq qqq qiaTT qyq fqqrfjpr 
T^qPTq qqr% %T q^qf qT qm fqq^T % fq^qi tl
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fog quenching

9m ^ qW 3mi ^7 (m,st)

qji y 4m fqj-Ti ^rar ^ i
qTiff

foil

qq M, HlRT, ^
— i fw; siof^r % PihN ^ irar t i ^
^ ^it ^ ^ o.oo25 Mr *r o.oi25 Mr ^
^ M li

folding lest
tjq^; qii q^M-qfr?m f^M 2M!R^F[^R TO 53 ^ %

^ofit ^T180° ^ ^ 5TRr f^fi mr t Mf to: sirt qr ^ i ^
rjirm ^rt-^ ^ q^n t i ^

oim 3i#? % toi! % M f#ti ^r I ^
# tfiMMr d^tl ^H'j'ilddi q9rfdT 11

fool’s gold

317*7777 qraTT?#5!, FeS2, Mt^I td ^TH % <HHH 11 d? ^71 

if qPTT ^TdT tl

forced draught

’TO' I

STOT 'TfTSf1!

Mlcr^

yJllRd yqid

draught

3RTORfore blow
j^qy^.fdHN % ^lT7#hT «lddi y^T F ^TOT-^M, ^IH F 

Mfrst 3k cj>M 3it^ toT ^t zxfatimw imr ti
^731—after blow

forge
(1) #f f^M qrq: to gr^ # m ^r 4led)<

qrrf rr SIW HN-^HT TOT # '^T# 11
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vk 3k#M wbim # # #3f
^RTI t t^M #^3 y%qr # 3# t I

forging T^r

W&r

forge welding ’+<14

WTOW^ j,^if ^gfc
^ ^c^di ^Isi '3RTT11 ^(jjfilPiqq f^bStT^# % f^fq 'TOET 400°_550°

3T9 Ml^# ^ f#r 700-950° 331 3T3F3 ?TOT % M 1000°— 1250° gT3T 
tl 33 ^f^SM ^ TOT qfed'M # ^13 f|

forging 9/1'-jfd
373 TOT 3I3F333r TO 3T^ 35T ^333 Mto <&- 3^ qjfoq 

3n^R 3)1 331371 fM- Mt-Mt ^331# 357 trk7 *ft #37 3131 f|

95M TOTf 37 3d#T3 (l)5^33 39fr3%3TOq7:(2)q^33^qqr%
3TO tTT 313711 3^ 3#3 ^-3TO 3T #37 337 #3# 3t qqqr ^11731
t (35) 33 3kf3 (3) 3R 35M 3^33 ^33T# 3) STO 375 #31 331 35133 # 
3? 31 33517: 351 #=17 t (35) #33 7F931 <#5# (^) ^3 ^331 #^f3 I

forging defect 357573 ?T3

9kf3 35 351731 ^TOT 3# I 3 #3 33517 35 WT3 f|

1. ^735 (flakes) 35#3T; # 773? 37: 333 31# 3^ # 37=3M5
9/l4d-313 33 71d6 35 31#7fr35737 % 3577nj 33# tl

2. TOfk37 (flow line)-39T 35* ?73r3^7TOTO3r 357 333131
71TOT * M331 3T3#^r # 33M3 35 3517^7 3TOT ?T# 11 31335 
^7#3 31# 3 337? 7M# 357 ##7 3?73 t 3## 791377 *7331 * 
tf9735 ^TTO #3 tl

3. 3TirT#35 (internal cracks)—?73T3 3kf3f 35 *37: 3#35
#9H * 3lt M 31# 3T*35 37# I * 3^ Ml^ 1731# % 3t 3kf37
* 97f 31# t #^ 35# 35# 35#3 IT^TR# # # 3# '31# t 1317313
* ?Tl#5r3 # 33#3# % 357737 37TO ## tl
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5RH r^Hif^ s ^ 1^ 'm

fonncd coke

St ^T^t tl

forming
I^T ^ % ^Ff ^5f ^t ^ ^ ^Tt ^ft^r ^rr ^RT, 3W 

gmr snfm ^ 3’T^1IT ^ ^ ^
^T-f^TT if^T^^TS^t^t^ ^Rf ^ U%9T

1.

2.
•ifol^l^K ^ M ^t 'A^M I

^TFRT
founding

^t fo'-AoMW W^ ^ 35T^nr ^Tl

foundary
^ w omf ^^n^ ^^^^%

^ ?rait A mw aift wf ^ » 'f w ^ f 1
<^lt ^ ^

TO ^ 54-70% #BI. 10-20% 20-28%

^HI SIfq qirj % ^ if SS4T ^ ^ 1

foundry type metal

’JR^t f^F^trRfractional crystallisation

if 3FRTI

vw$\ aira^rfractional distillation
gw ^rti ^ftRT ffq«RR) % ^t t^FT ^INl tTT 

qrfp^t RTR ^t FfSFRT ^t ^idl tl
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fractography l^rtR

, awRi fgg
R^R-^TT TR f^FTf % 3t<rR gWtf ^vT f^WT feRT ^fRT 11 ^ fatR ^RTR, 
5511%. WRr sn^ cfiH'j}| g g?^H fWR?riRf %

!7%ffrRr (replicas) ^t Wlfi^t RWT fct^R gw# 
wg gnRFR f^rr rrt ti

fafR gig#1 $ qg^Tf qr fq^qq.

tR 11 Rgrtr #'+/'r1*-q+- M

fracture Rrt

gig ^7 w? # g ggRT 3tRqRq gr^i qg^ fqvfq fg 
WR t—

irgr f^RTT (brittle fracture) SW ^gtR-gt^'ii 
35TRT ^ RRtt 11 37#-35# ^ fqg'q fqvqf
^y M'J1 ^ d7'j|f-3R#qu| qgq 3R SRT11 '^qRRf rfR t#1 q5T rrt 
* ^ ^T?RT ti Wt SRR-gTRT g W RR 3gr srtgg m qr qs 

nR tr 37RT fr w rRT rRt ti

^ (ductile fracture) qg fqggrq % q^gq gRt
tl fgg srfWRg Rtw qRr RtR qr (qTq: qR m-) qqpf if gtq^9R 
(necking) 3RRT tt W | .^ RRg,R vipt t <RR gRRT tR 37 ^IRT wR 

^ ^Ri t i ?gr srqR # R^tt t g^eq R^qui R q^t R gm-gm
J11^ ^1 '3^ ^ qqfRt to 33 ritrit 3tq#qw tRr ti qisR

MR-qif-i-1 wig Rr seR qr cft Rgq w qrqr t i FRi-fggq qq ^ q
trw t^Rt tRr ti

^cKligct) fggg (intergranular fracture) W^i, 3RT ^ q*ggf 
SRqr f^g^RR q^g to Rgq # ^g-^gisaf % gtgR^i qrqr ^rt 11 3^3

Rgr f^gg R ^st ti

qK^uj^ ^gir (transgranular fracture) R)gi#q q^gatf

Rg 3iq qr ggim 3t

3?WT

3131 tl RgRT 3Tq qr gtg# ^r fqgq qgtgq> tRr ti

fracture stress Rgq qRgR

RRt gig R Rgg grqR qqR % Rrq gr^sw qgpf ggg-qRgg 1 gg 
qRq?fr (rupture stress) R 3jst tl
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TWT
I'rncturc test

f^T ^
H#rrri f^n HI ?T% 3^ '-H'HHl^l
^ to ^ R ^ ^ ^ ^ 10 ^ "1

1TH ^n 3TT^ ^ ^T ?T^3[ ^1 
TTRim ^ I■tIMI T-l Mnl ”1

>7n^m3
Irankiliniie

|(Fc. Mn)203(Fc. Zn) 0\.m^ ^^ I ^ ^ H ^ 
i, wwu nrTTRTT 67% wn

TTFn si
qr^-TT?Frank Rliearl source

^ ^ TOST W 3^ W w tol TIItT ^ ^ ^ ^
w R^T npn s I WT: ^ ^r^n?3. ^ ^

T^TTTT rf M i ^ TOUT ^T 3^3 ^331 ? I ^ ™ ^
(dislocation mill) ‘TT ^'3 SI

#T 3T3
Irary metal

qm cpr ^T 
Tl.tlHt^ ttfTT M^r^t ^6l^ 31 STfft S ST3:

tree bentl test

fa^fam2%%fnm ik l%tomsi3TSi f^T^ 
jq qFf W^Tf if ST3T S I

v^F\ ^ 3TT^

^T -tltW 3TSTt. 3T3lt ^T 3^ T3T ^T#W 351 TTT^FT I f^nr 3IJ3
i fHTtqrHrairraTS^t^r^^^^fto-wiTrgTTiraTSiTOii-
^ ^ ^-IT^ fTPTI ^ ® ^ ^ ^ ^ ^ ^ ^ ^1

1^3 5333 

: ?=TS3
free carbon

T^qT 3T3 if 3^3 ^3 3 T3S33T3 ^133. 33 I'-HI "ITS 31 W ^3 
3333 3T3;3T 3 fTFTfS 35 333313 I

1^3 fiina^c

^^ 3M 3 T3^ 33W % ^ 3 313 3T31, 3T3R13

% ?TI3 ST33 33Tf3 3Sf 33T3 ^ I

free eemenlite

5TTS 3735
331^3
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free cutting steel ^3'll3 ?FTT3

^ t7T3 ^^T3 33Rf ^13 3T% ti f^T^pf ^f^TT rf^ ^ ^
t^T3 ^ 31=3 teirr f | (free
^313 #1 cfa?3 ft

machining steel)

free ferrite ^3t1 ^TTf3

331 ^T3 ?Tif3 3tR#3if3 H 33T ^3 f#^T% ^13^3 ^ 3^f ST3T
11 f^fif #3133 If^3 3f33«U if rS3l t ^lf fftlf-3133 % ^pi if^33 3#f SRTI |

31 g^3PT3 #3T3? (pro eutectoid ferrite) 3k smte %TT33 #t 
3^S3 t|

free machining steel fP3 3#33 ?33T3

t%3—free cutting steel.

fretting corrosion

^ ^ WOT ^1 TT^ ^ ^ ^ ^ ^ J ^
3% ^|3 33? sr#r # 1 frq^ ten tec™ te 13^m te^r ^331 it zfim

* ^ ^ ^ ^ ^T #ter sk 3T3 if 33^r ffte^r i 1
3T3 S'-'-t^l St3T t fkw <^5 35 Slf^ft^T St 3T3T 11 q# 

35T?^ t fo f^te1 31 3$m 31 tfi FeaOa 33T?3 st3T 11 3^3 ^ % 3^2?
^ ^ ^ ^T t Iff ^T 3^3 grte ^ 3t3 # if#
5133T #1

oi»-q^M

friction welding '3rf,,l 3 Rfs < 1

tte—welding 31 31333

fritting
3TT33R

333 3331 33T3f ^133 331 3fW 3T3 f^RT 33 331 f3l'f33533#f
R3T 3f33T f33te 33 31T ^ 3 3RI ^ 31T tel 3^11 33#t ^1 3IR3T
^TFt % f#RffT3 if St3T tl

1.
TZ.
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2. ^f 3RT *H6dl %
^^Lff^TfrT # ^C?T ^R ^T mz SRR ^T SIFTER ^-nidl f I f^RT rTR R" 
SIRcrR fRR fTcn t. ^RcrR-^R ^ tl 3PTqR ^T: OT-3W 
OT7 11 ^R-^K % TOR ?FR ^ ^ TOT 11 ^R ^R
^fr rTFf fTm-^TR SFpR ^R t R f^T ^RR 51R ^6d ^

f11

■^RI

fM’ddrRT

TRfroth

tf wr ^rri^ yR?iSR^j ^RFR

'■fid RRd 

gt^tt^TRRR

smr fw gite^f % ^M^ui ?rr #w ^
gftcn% hi ti fd sitoW ^ ' |̂ i^t
f^T m R7RF 3R^f ^ R^F R ^ ^RRT ^ ^Ttte «iU ^ %
^ IRI tl

Ripft Rf ^fr ^ IRf 3RT T^ ^rrRT1 Rr Rrrtjsur f RrR 
iRRi #? HR. ^RvfRRR ^rT. RRFRjR :#? I

froth floatetion

gMKul

^T R RRR 3HTR RT ^FRI
frosting

RR.
Raj gRuy ^ ^ ^ fHRT HRI 11

rfR u<iqd RRRfroth floatation concentration

—concentration R 3Ki‘fd

|RHfuel
^ q^f fTORT iRFR FHT H1 HRRR HRRI H^TR % iRR IRT 11 

Tm$\. iR, aRHRT. HR. ^Tf?giteMW^lRH^: ^RH, IRTO ^r
3tR#3R % iR f | fTR rpqrtRTrf HTfRHH. HRR HH^-^f^HRR.
tRH tl

^RR (solid fuel) spR R HHf R fHRlfHH RRT HI RHRT t (1) 
Ulcfrfc^ 5TR feR M ^RRT, RH)f, ^ SllR (2) (MHiRH) 3TR tRH, ^ 
ifa. RTT^RT 3^ | #R ^RR H5T HHHR ^ RHfHHT R tRH % RH ^ fHRT 
H1HT tl
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^tl^qui<i fue,)-^ ^ tRH R R^ t.
^ 3Imrr ^ 1 m 0j?^ =FT fRSSfUT SRf | Rr^

h'FHise STIR R !7RtR
Ht.

______ iTRRR HHTR (2) RrR % ol^^| j|4ld>y >J[ ^jtj (3)

ll

, ^^^.(gascousfuel)-RFRT|^^r^%^t(|)!?T¥f^
HR (2) RrRfTR % I MRiR tR 5RR eft 3Fra5 mf^RT 11 fR ^
^fR 3RHH, ^RH HRRRRR. ^HR mi\^ WTT ?R% fRRur 
RI fom RFT Rr^r RTR ^ yffa srfRter % ^ ^ |,

RR rRRrfull annealing

HfeR—annealing % Rrqfq

full dip infiltration Ttf fHR'4l 3R: fRRR

^u.—in nitration % RRRq

lull sand moulding HFo| RRR
^9R—sand moulding % 3trRH

fume

RHfeHfRtRJ^Tf^RTRf^TRq^^, RTRRR qr ^
R t HT 7RT ?R qr WTW TOf^T RTRFT % RRRTfR W % RR if '
Rdfdd tf 11 RfRT sifr q^jq qr^4 % fRq R^RR RPr5t RRR R qyRT ^R R 
RRHH:ZnO tRTtl irlRT ^RTR RRfR ^ f3R RRiRf if rj?^|q syfqRTrjfq qjj 
RHH^T §RT t HH^ RR R RRRR 3fIRTR ^ RffRF atRRRR gRT |
fHR^ ^vRR Rr^ ^qf fR •jp gjpfj

furnace 'HcRt. rtr

RR^-F R RRRR RR^T R? Rqq ^ fjRTR RRRJ ^y 
rRt 11

R^TRHT R RH+,qf fjFRTTT
RTR feRT RPR 11HFT tRR 5fv ;??R R 3TRRT fR^iR-RJR R 3dvRI
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fr :3^T eft TTFft * ^
^Riq^r % mm, wr ^ '^rf^ it m^i mt

qr tw q^T ti *reW MH^il^T ^nf ^ fantiu t^t m h^i ?i 

i. q'qiTWIWTw&.nr^ziwm
'H'ikqf fnl^-H^'lH n —

(^) ^W? (shaft furnace)—% ^T m^m. mm f#^ ^
'Hdkm m 3wr 'ift femt FT^fq qr^ftq mr 

HMT 11 ^^TtFRFFf IF qW Tq^tT « ^~
ilFFt^F

■q^ (blast furnace)—IFF
ftq % cET^jt ^

(i)
qfq^ t^Ftl HFTT11 T^ ^N 3FT^ _

F qTFf ft% ^ TW ^-'4l% FFq ^ ^ ^ I ^ ^
^ 5W g^i i i s^it waraf ^ ^ ^

f IfwnH % f?qu; ^T W F^fe^T ^T F^FTT
(ii) yif^r TJ^FT (natural draught furnace)-?^ F^U '‘ft m\ 

^ M ti ^mw4^ ^i smi 3F^f ^F SUF^-M^dl 
HMI'^ F F^tl

(^) FPi ^T (hearth furnace)—^ 'FTf^T F ^FIT ^ ^T 
w4 ^ mm. f?mT ti qr

■qr 3^ 4t4 ^r qqsn ^fi
ii m
r-t|»|cft qqm Fin HFfT i efrf^ ^ ftlft FH 'F

4 ftmq-fFTTM it qq^T FT^FF ^ H^T I

2 ire* (reverberatory furnace)—?n W * *t?* ^

* TO ^Tiw M i 35Fm * TOT W. Ere gi: Wra a 11 ^
'Hdfe-qf 4r vm. ^t4t F—

■q^T (low temperature operation(i) STFq'-FFI
furnace)—fF F?fe4f qn 3WT ^ ^ ^ ^ ^ ^ ^

sr i q^n fir gmr rftfr f^t urt t ir 3ff ^r ^ftt 
faqr^T qq =RR^ SI IFF qR fWrRT Fft1 I 4t STF 'iS^FTT F ^ ^ F 
qrsr to URT tl OTcn f4f to to tolfFT Sl4 SR ^ "JF

umenn
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m F |FT sm ff toFR s^f ?qTF qpM ^ t, 
to 4t ^s4 f i ^

f (||) ^,^(me,tingflirnace)—s^3WTF^^Tto%%r
toirftSisfFsr, w^to^toto^^fFtorif
—r r?l ^ ^ ^ '^^TT to i 4to, 4TRT ^trt

^ 1 ^ 3*to ^f STRiFRRT ST. ST4 ^RT ^r to to
to l?F FtoF qq to qR ^ fqtor % to to 1TRT 11 FTF qiRR % 
to 3Tto qMr qrrto Ftorf qq tor to itrt ti

3to Ftoi ftor f ft to to f ssf-fftr. ^tr ft to f to f i
fFT FR to F m FFRT ||

N FM'.rri tor (muffle furnace)—?F tor eft Fto F to to FTT 
^^STtosSFtorFtoqFRSFTFFTfSFF^F^^T^TFTt, 
Ftoto^^toFFSfto^totoTttototoFRto STRF 
^ FSF 3FFFT F TO to FTFTtl to FFRTFtoTFn FRF, 4F^
TOR 4FTF to FTFT tl F^to

(^) ^ftoF-Fto (crucible furnace)—SF FFTT FFto F to 
^FF^FFRFS^to^^FrTFTttofftoFFSTR^^^TTO
^ I FTO to eft tor fFF F^F FR TO FTFTI 3TTFR 11 FR % toRr TO 

w gi fm ggrn IRT, te,r ^ra, t, ^ ^ ^ jf ^ ^ ^ ^
Rrt ftft s ft to f4 to =fsf ti

■3 FRF

F U^Fri Vfto SFFF FFTqFF tlchffJT

(F) fto-tor (retort furnace)—SF toFf qq tom FF STFT t 
ff qsT4 gq fi to tor to torr.... .. . ^ ?t i to to to tom to

to R fFfR^ tofF FT FFR FTF 11 FF tof F5T FSFFFR ^ 
FT3RS FtoT F ^ FRT t to SF ^ F '^F to t FT to to to 
frt ^sf 11 fR ftof ^r ftor f

FRFT

r ,. __ r ^ ^ to sr^Fto frto
ffft ftsf Si fftstto to ft fFmto f !rff fto tori

4. FriFfto (converter)—Sto—STTOfF TO F

5. ftoyr tor (electrical furnace)—fTOR Ftor F fFF^T to 
FTT TOT F toTFF to FTFT 11 TO TOT eft TO, TTOF FTF FT FFR 4S 
FTFFF qr to# Fto tl 3^4F: Sr ffr ft tffr FFto sRt t—
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(35) Ufritter (resistance type furnace)—fR ^

RT5U n wm\ M mi ^ 35 ^Fr!^ *5T wt mm
Hcr13> 35T 
g' dM-H^Td
tl

(i) dM35 (metallic conductor)—fR mm35t ^
^ ^ M m mt^35 mm 11 t^-^Tfwr

............. °Cd35fasn^, mr^dd...... -
mk ^ mdf mi ymn 1100°C mte md % kR fmm mm ti

% m^rgm 3t fdmmF r^rm sir35/335 ti
(ii) srarfr^m dfT3T35 (non-metallic conductor)—fdk

fkkrmd35i5te 3irf3 35T5Rm^5mmmii ?d ddem k ott, mi^
dr^H mki ^1

(:Q) 3IT^ *T^t (arc furnace)—d #T y3>K m md t—

(i) mT^5 •Rda k md m m ^
gn^5 dr^d f35m mm t md f3f35rm 33KT n^d mm 11

(ii) nrw mr^5 TR^t—fdk #: md m #3 m#5 d^-d fmm
mmii mm, md d ^ 35^ fdt gir*dmd d gdsji 11

(d) 'H^t (induction furnace)—fd U3)K ddfddi d 31^ mk 
^ ^mr ddd dir mm fmi fdd^r-ikm 33m 3ddd

mit ii 3 ii dmir mit ti

33m

(i) $hlPgd ^t3T 'H^ (cored induction furnace)—-fdd km d-wm 
mm i mk rnmdnkr k dmm t33it3m 3*dd 3tTd qmk mm t 33 ^ _

mfd 35m 35tm ii id35i ^ mm 3k33 mm i kmk dd m: W3td35. 
Wd f353T mm tl ktdd-3m3Id (Ajax-Wyatt furnace) ddit fdmi

ii fd ddf^ d 35d 3r3T3if dm mi d33id md 35 mmiT
fkR drffd 3diT3if ddkdi 353k f 1
d^l3<m

(ii) ^^itd (corstless induction furnace)—fdd
^ ^kidm k tw dk md sfc dFk 33m dt: f33i mm i 13? dm*id do^t
# mmm 35T 351k m?kT i 1 ^kidm k k k3?: dm 3ddd ilkT i, kmk md

did
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rnt kdoiH 35 kid 33fm 35mr m mk ii dkfq dmft (Ajax 
Orthrup furnace) 3d3513313^311 fdk d^3 3F^fk 3r3Tdkf dm 35T 333)3 
3Td 35 35m3 d^3 dTffd 3r3T3kf ddkT kt 3mk kl

furnace lining
ddi) dllKK

dd^dd 33Tk 351 didd kT dkid dR 3k ddidfdm 3?k smdkf
t353Tdir mr d3d^d%i mmdm335d 351 mm t-mdrmmd mkdd3k3

1 ^ ^ 3II^‘ klkT35I dkdd3 gkT35f dlf3 351 mm t ddfa
dd3k3 mrdd k mmd 3m ikkdif?, kkdi33 mf3 35? km ti

fusion welding kkdddddd

3k3d 3k 335 fdfd kfdd ^ ^ 3rm <2*5f mr dm5 3k 
^dkdfd 31331 3igqk3% d 3^131 did! f I fd !J35d k 3kdd 353m ddmd 
f3m f353i mm t 313 mi 33m dir f353i 
^ktd. ^d 3ktd rniki

33T3d3lk f3 3 3d-311^5mm 1

galena kkdi
m3 dm35if^, PbS 33 km mi dmm^k 33^35 ti 33 313:

^3itTw, ^Ifer, ^rn atf? % swcti if
w ^ * 1 ^ ^ ak fteto ^Hf # ^ w ^ |,
iw ster ^ | ^ ^ ^ ^ ^ ^ JTs_^jf
snw; ti ttRi, qiw H fa^fera aa, f, aijRa 2.5 
ddm 7.2—1.7 \

Gallimore metal 5>r :MMdR 31^
qm kdmTOkr fk^r fdm^ kmk 45% 28% mm. 2% kim, 25%

2% 2% kmkd kmf I 3d35i ^3313 531353, 313313 m
13^31 icHik k mm ti

galling
md 3FR

3^05—seizing

galvanic corrosion kvkkf kddd

dm k 3313 k mk 3TmT
dmddl fk %qd ddT3fd35 kr 353d tidddm
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Tmgalvanic protection
TOT ^ 91®? I fTT^1 ^ ^ ^ 3PTgT ^ ^

cfot rgr ^r ^ wf>3\ t ifim % ^ ^
qr sn^t t, tot ^

if %qoT q9R q5T q^FT f^U tl
qf FI qqf # ^ ^T *

f^TF y^FF FT TTF^t t
rMH

sq^lTT

q9Rgalvanizing

^QtJ—hot dipping % 'WfF

q91F FFrTF)

STFTfFqq F^TTTfF F5T f^FR fOTF q^R-T^R ^ ^ fTFR ^T 
^ W t. FTFR % ^ FT ITT fqRqF ^ FTF q9R-#7 % STTTRR F

FT^T tl

galvanizing flux

TTFiqqr

FRT RTFgamma iron

qfeiT—iron % SFFfcr

5R9M9T (tF)

qrFqqr srqr^ % tttf fr fr ftr ^tot f3RF7t ^rt fam fftf
FtrFRTtll^qi^TTTOT^^TR FFRF H FlR ^ RT frRT
FRT tl

gangue

FTtFgarnet
^ % W, FMRfF, ^ FFqRftqr ^ F FTqT FR W ^-

^[Fi q ^fcHrqq, ^Mrfsrqq, rift, RjjWqqq ott a^F-q^ Mi sk
^qqq % gpfffetgkF kf 11 ^FT-klkFT FTk aPT qi^rTT F)FF f 
^tCa3Al2(Si04)3tl RTFT-F^RT-FFfe. OTR^ FTFRRT t 
(FeMg)3 Al2(Si04)3ti 3^F5 R^r m trr ?|q frt t i fttfs^ f^w-n 
RTtFRTF^lFRT% 3T^nTF^%^^TqqvTFFTTRTRFqTFRTtl ^FT-RTFT 
FT^F. ktgTfg FTFRRT t fOTRT ^ Ca3 Fe2 (Si04)3 11 Tn% FRF ^q

qil 5TRF 3P|OTf F F^rF F?kf qT ^F F
sFTT^FR. FR: 

fqfiPF qq^q 3.5—4.21 iqq tt ^ 
frt 11
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gametiferous ore FT^qq oRTq>

tf&q—ore
gamierite FTTfqFTTFF

f^R FR ^T Herqyuf ^R l qF Pi'iqi qq ^Rqtfkt fTdRqR'11 FTT^T TR 
2(Ni Mg)5 Si4 0.3 3H2O 11 fkf RWT 24% R%i fIft 11
^Rq Ffrq# ti fqfvrR qq?R 2.3—2.81

gas carburizing

FTtqq

kr qq^RT
FftFF case hardeing ^ 3RrR carburising

gas cutting trr q>rH
FT^ q? fFTTT-^qf cRT qqq^T 3nq5TT ^q qq FFRI FTR 3^RT^T-k^TfkfR 

FRF fFRT FRT t fFTTR #q H 3TR#5R FRT gRy 11 ^ snR^.
R^TfefR rR qqrrr 

3TMl^d FT FTFr 11
F^TTF^F RF qRr || q? FFR fqik ?T fTFTq % fRF 

3I^R FI fTT 'RTRT RFF fi

tfkmTTH W‘

%qT ̂ f r

gas cyaniding kr TTRqrfFq
casehardening R grqkr carbonitriding

gaseous fuel kftq fqq
—fuel % STqhq

gas hole kr feq
F%7—casting defect ^ 3RrR

gas pickling

fFiRRR qq qq, F^RI FTR fTFR RT RiRF 750°C FR FT ktR 
^tqRTfTR 3TRT FT T^TT FTFT 11 FR-qW qq fTT FRIT gFRRdK RTF ^ 
q^TF-RFF F1 gilTRR ^Tr FRIT TT FTFT tl
gassing

trr SFRlFFIT

tTR
1- fed) FT^ qqiTT trr qq 3R9TTOTI

2. f4)d! qr^ d tn rt qrrrafq i
3. kq^T-WRq R PRq fl^RTF d tTTf RT ^TRfq I
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gas welding
welding % ara’fa

gate
. t^T if qi^t t^T 3^ ^ HPT ^ ^ ^ ^ ^

fSFRTT #5 tl
1

2.
^i^cfiTOTT ^Tf % % f$TR ^i1 ^im ^ ^ ^

^ ^ HT^ ^ % fetr 5^'^t  ̂^ ^ ^ ^

gtrfl tl ^TC ^T U^K % ttt t—

(^)) Q'f^oT ^TT (pencil gate)—y^9I SRt ^
qi^t %ftR % ^ % SjW^ t rPfe nieid ^
^T^| ^T TOT %T SIRToT (sprue) HKT % f^HTf^T It

rf y^TIH SH^t^TiT Htf tl Prai I ^toT S^Kt ^'3TH % ^ ^
rrf$^f HT^ ^T f^T HR ^trei^f ^ ^Ft ^T ^ fddRd tt ^TdT
11IH SFf5R Hl^ HR (head metal weight) wfa HR! ^

urat tl ^ (s,it gate) ^ ^ ^l

diMKI

(^) ^TT (wedge gate)—^ '^R % 3n^5R ^ tfaT t sk
Hf% % HT R«RT ^U 11 %5f ?^R WH: SF% H^f R I^HM 
1HT | cwft^ 3RH ^T HR 3?f^ Htt ItRI I

^rfcTHW1!gathering
^t-^t H^T ^RTIRTRT ^ teH ^RTT I fHH ^tf-^

Mt ^ IT HW t # St ^t t 3FTRT R^FT ^ t^T^

^t tl

gating ^fRH

'^Tte ^oqf ^T RW RWRR^T^tlW^i^ ^ ^
H1R ^t ^Ft t ^T f^R R ^ RlFt ^ ^ ^ ^ ^ ^ ^1

% y^- yw R t:—

12—231 M of HR D/%

yyRR
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ST^PR^ ^imr (bottom gating) -yr^ R ^ ^ ^ |
fe^RRRRf^THTgHf%^yc7ftHyy^yR#t|

% 3T^T Rtf tl

fR TRRTR (horn gating)-!^!^ ^ % STTW ^T ^ yt yi^ ^
R^t R 3trh tryr 11 swt qyj tr RR-yyn ^ ^ y^f Hfyf ^ yf^y htr

RR r> fFTR tmt ti

inRRyRT rm ^TTTJr (parting line gating)—^ yy^ir ^ y^nr ^ 
RFfr % TR^R yr ffyy tryr ti spthfft ht^ (skim boh) ^

%tr jjfyrTyr yy y^m y*y> w^m. ^TRyryiajwafyyRHw 
RT RyFTT tl

RTHTR ^TTUT (step gating) (side gating)—^ri-%
RFTy5 «^RT yyRT H Hfyf yy nTFFT HFJ H H^H c^T oyy^, y^yy rr y?
^yr 3mm y^y t. wt^hr yfafryy yiyyyyF gry t
yif^yRyyyWT^Hy^T^frTTiTgT^, yfe yfcy yyyr % yy^ ^T
yym yRH yy ^yy^

^-yyrrtTT (top gating)—yiry yyRR r fyyafr ft ypft r ?M 
^^t^HtyR^Ryy^yR%#%^T3i1TI^T^'||^^ 

RTf Hfy y? ^yfr HFT r yy-^j ^r# f 3FT: yy^yy y^r fysyr r. tte Rf^yy % 
f^R 3T^rT % feTR 3^fFT yTR-yyRyT yPR tl yiRT 11

RRRh TdH'Ji (whirl gating)—fRR yyp- spyyr RJ gR yyyr oyyf^

, , _ , y^Ry tr
:^FTT tl ilWtT yR Wj yyRy RTrRM snR^n^ ^ ^ Ryyj

yryjnqi

oyyfRyrjOVHt

TeRTT t fe RTy

t|

gating ratio !?RRr 3F}yry
^Hk’1 ^ ^|cr5< ^ ^ ^ ^ftm ymyy yyr yy[R %

>jTwyr yy yyyy trar 11siftm yy mm rrr zfim gRy t sty: gRyy 
yyn y^r yr yr- RyR stfRyr RHiy mu f, ^ nwr-yr Rf^rt; 
HHh^ri oRy=p yytR oyyy y^ IfT RyRt tl
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W = K A v/H
Heffo; K STRM ^TT^j, A 3JHM H 3THM 3^Tf 11

TJ^TT HrW 3F]W, 3IMM ^P^T, ^Tl^j 
cf>T irar 11 ^ ^pft^r a^rr t ^ 'J^rr m

a^R ^ ^ t%i31HM,
ar^R^Tgating system

S^rtlt-f^fH R ?T®? ^T RIRRf cR ^5 dfr 31T^R R t 
f3RfR SRT |tr iT^RT ^Wt RR-*jfe*>T ^ ^ ^ f I
^ROT-R? % ?R 'MR t—(1) fRiRT# ^r^l, (2)3tHRT, (3) 3IHRT

(4) (5) R^R

RTR ^ R9K ^ fa^T % RFt f^FT-f^FR R1 fR^n^r, ^ Cu 
65%, Zn 17%, Ni 18% 3RTRT Cu 55%, Zn 27%, Ni 18% 3trfe I ^ StTRIRR^f 

RR SRT tl RT RT RRJ, 5% R| STRR, §TRt RR RRR ReT R5I RRTR R# 
RgRT ll RRi^t RT^t, R^t R?M, RRRT^t RRT RR RR^TRl R
R^ RR5R ^ faftRf ^ RRT f^R^T t^TR % %R 3PtR RT^ R) ^R ^ fRRR ^RR^T 
feRT tHRI 11 fR fR^RT fRRRR R>?R 11

German silver

frF-TTfR

^TRRtfSfR R^tfRRR RITRRTf? AI2O3, 3HO R1 f^FRR^R IHT t 
3tfRRR#R RRFRTfR <$ RTR RTRT RTRT 11 R)6KRi 3. RRkR 2.35 I 
flf^lf^RtTlR # tft6d tl

gibbsite

fRR^Rgliding

^ ^5 RT fRRRRRT-RR RR f^St 3ITRWR), ^RT RTRRT RR ^ RITRRT 
RTRT ^ I

i I fRvT ^R RTR m RfttRlft ^RT RTRT11 RfR ^if-3?R^TRR R5T RRIR RRRT It RT 
gTl^TRR RRRR RRR R RIFt RTR-R^ R5T, RR RR^tRT-RRTtRfR % RTR 3RRTC 
fRjRT RTRT11 RRTJfRIR Rtt R5I RFRR RR ^ RR d^yif^d (burnished) fRiRT 
'RIRT ^ II 167

#^1 faR# % RRRf R5T fRR^R RvCR % f^tr ^ % RTR R1 RRuf-^t) 
feTR 3tPRRT?S #T % fR^TJT ^T RRTR f^RT RTRT t|

PiR'wm RRTR fR^R ^ R> %rr 
Rt^m RTfRjTRfRR R5 fam R -piRT RTRI ||

fR fRfRRT R5T fRIR SIR fRR^T-fRgquT R fR foTRI tl 

gilding metal

RRi RTR fR^ fRRR1 5—10% R^R RTRT f I R? 3FRR StTRIRR^f glRT t
^ RfiRRR RR-rrTtf ^ RRRTR fRRTRR ffRlJ ?TRr qrjff

RT ^R R1 fRiRT UTRI tl

ti§s,

RRTTTTf^ a^T

fdcnS'i RT^

RfeR—brass ,4t

glazing RR3TR, RjpRR
1. oM^^RRTR^RifeTgT^RTi ^tR qRft R^ ^ ^ ^

t fSTRR; STRR^ TJWRt ^RdR RR- fen W tl

2. Rfewni ^ q^fe Rj^ ^ fe^pfii

3. SIRfcJ'fa Rfetr ^ ^tR5-R5nif RR RjTRT I
4. R^RRRFf RRRf % ^5 RT 

RR Rldl 11
Rf RR TTRTR ferTTR 5TRqRRTR

gold bronze TR^f 5BTTR

fTRT tl fOT ^RRtR ^Rlq-fl RT^f #T RTTR(feTo^R tr^ ^1 5RT% ^ 
StRI tl

Goldschmidt process 

Rfeu—metallothermic process % 3RPfe aluminotherm'ic 

grade of coal

flknshRR R^R

process

rTr^it >*ife
^TR^T Rit ^JRRRT RR °RRR R5Tt RITTT I ^TtTI TM 3?lT R^ R> T^R ^

I RRfe % Rfcfet rf rra sk R*ft Rft RIRT
fldl 11
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Hgrain

(allotriomorphic crystal) % iff®?

ruj mr^tr twrboundary fracture 

^jtj—fracture % intragranular fracture.

grain

grain growth

yf^qraf ^ t—
stwry

^ ^ ^ ^Ml<4 ^1. ■j'cqdIM ^ '1^

3, * ^faf f^t t^f ^T 3ta Wt2. 5^-^

^ topif * 5im3. ^
v^t 3Ptm ^rar ti

^ qf« ccnr11!
grain refining

Wt ^ aw % ^-aiw wt q*r w w w>?i 
•3^, gwi-OTW. q(te-3W ^ f*raiwi ^ aw uraar m 

^ « i i fwra w ^*ni
(gRRI UTTO ^ oFTRn 50 °C ^ w' ^

WSP^ to H OTI 9W ten 9MI ll ^ 9ft^l ^
^ T1^ ^ ^ ^ ^ S|

tre> Wtt

qr<3 % aiicift^ yk■ici

VJ[ 3PTN
grain size

f^T y^t ?raT ti ^ f^tt ^ yj ^Tt stT^R * f^RR ^
^ ^-sptn ^rem tor urt ^ i

^ ym: ^ ^ ^ ^ 1 ^ ^ ^ T
!$ cr R^n ^ ti

Rtr,
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grain size tuiYnber 'dlRlMlV/

^^t<crilq sn^ $mit<n 3Ptry fkr % o^
f^RT ^RI 11 fFTR ^ ^ ^ ^ qoi^To€toyHO ^TT ^ oqy^ ^ f,

granulation

f^jyy)^q^^sRRn

^r yy ^ yy>TRi ti 

graphidox

VJjqy^R

yT'+isf'w

ftrcns ^ 48-52% f^RR, 9-11% er^pH^ ^
5-7% ^ f i fw ^kr #gr dh: iftr % k#jr, ^ryf^r Rf% %

yyr ^ gfar §,=r><.ul

graphite

y?^^#5r%^R^rraTt, wyqrk^TR^RT 
tjk H6<+) yj[ y5R 4)idi 11 y? yr^y Ry^rr y yiyr yrar t ah: q%?R fyfy 
yyiTT yRR ${ 3fRT 11

^ I~2 a* ^ 2.1—2.6 yy? ti ys w atr
^tR) 11 y? qRR Ry yr ittrt t fkr f^r ^wr 

ar^-y^y^ ^RT. fyy^r-ayy^t kyf % qyrgf y myr |
^htyn % Ry fooi ict* ^fOdfi yyrt yRfr f i ^y •^R yy^r a^y^y-^ry 

m yy^ yjprf ^ ^yui ^ ^
^yy % ^ ?rt ti

1 w^t yi^j.

graphite bronze y^i^e yror
^ y^r ytRi yry hnar^ ^ yj # 50% yiy 2k 50% hrt t 

3Ryr 79% ym, 10% yyjy ^ 11% myr Ii strr if 
fiyi ti

graphite metal ytfiTfy yj^

ti fyyy ^yyry yqRdr ^ irt ti
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jiraphitizalion
^ yTli ^ r^WTH ^ ^ ^T^T,

i^t ^Vii^d ^irai tl
^ wm ^>t

tich6QlWI

graphitizing

^tt—graphitization

gravity concentration

—concentration % SRPfrt

r^r^ ^RTgravity die casting

^farr— 1. casting % STcFfa metal mould casting.
2. die casting.

‘IVirMgravity segregation

—segregation ^5

ijGray mill

—universal mill

viz ufr^fcraGreat Falls converter

—converter %

Green Walt process

Tju[^q 3P^F^f % feet«i I

greenockite

trap, <|#T fzm tHQ'V.i^.
tri ^ tt% 11 4.86 3fc =t)6ltdl 3-3.5 tl^t 11
Iff ^fyR % % i'-Mt F '-I141 ^<41 11

green sand

CdS, trar 11 itpr

PP dl' 4

—sand % wfa
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green sand moulding H*T

tf^7—sand moulding % g^ifa

grey cast iron

^fe’’ cast iron dd'fd grey iron

grey iron

tferr—cast iron ^ vWfcf

grey slay

% 3R^r OFT eftMd6l^ ^ SFTfcPT TO ^ 3TOT WT^T I dfe ^ 
PTCT tl-ft t 3k <jrc: 3TPTT f|

grit faz
mmm mm ^ ^

(grit blasting) i* mwfa mm PF5f^ ^ ^ ^ ^ f,

grog rjfrr

^ ^ TOR pro ^ tor % tot ttP TO
^ ^ TO 3T^ TOP ^ gTTTOT3Tf^ rpif ^ ^
^^idmtHf? fPTO P1 fTOlPT TO tl

Gruner’s theorem 3PT TOT

^ ^ ^ TOP PtT 5^ I ^P TOT m SRPTT P1 TO
* 5 ^ 4)l<I|dMldl'Wl$5 p1 3TTP#TO tT ^STTPT

P^ TOPdtPT PP TOR Top ?tpr ^171 oitot ^
iTRVf iflpT P P^P fpp grfpTOTP TOT Ptf tTPT 11 RlTOlft ^TTPlRch pfTOTT 
m fm, ppfR pr (ptpp) .ftp top pk ^jppp kHp^^pr mtev, 
ppvf ir TOT oFT fP TOT TOT PPT tl

Pt 5?Rf ^ 3TfeTOTP fro ^ TOT TO M PP fa 3TPTOP ^ fan 
^tror ^ 3RFP cftPp PRRPT^ arfarop toto fanr pft" i

3TP: fP
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rpfgun ‘metal

—bronze %

^4irsM CaS042H20. #
Htgr 11^ ^ ? l ,:^R ^S^^I, ^ ^ ^ ^ '
^iiwt , ^ ^ ^ 232 ^ *1 ^ ^

gypsum

^ firt^^tT tl W ^ ^ 120o-130°C ^
(2CaS04H20) imr t W tl

11 ^ ^T#nrTT ^ ^TTJI i ^ ^ ^ ^
gn^f ^ wwr. 11 ^ w.* % ^ irar 11

i^qr^rHadfield's manganese steel
sn^I^T rr 1-1.4% qpft 10-14% tq^r tl

g^tg-^Tfoi sm ^ ^-f^rt * ^ ^ W^T-yfavm ^
ingrtlfq q)T ^qqt (dredge buckets) t^m qqr
^ firn qm^T qRqqf q q^q^f wm tfar 11 0m4b ^qra ^r 
3OTT ^Fwq 1050°C ?nq ^ 3FT H1 ^qq qqq £ qqq 

^ ttqr ti
fp^qrqHadfield’s steel

^fgq—Hadfield's manganese steel
fjAci^-

haematite
rr^ isfcn fmt ig&K- 'iirq^q . Fe203, trar 11 f^r

7 0% ?tqi 11 q? 3t^ ^ 11 q^r qnm
11 qw qqwtq q^iq ^ fo-wfaq trar 11 5.5-6.5,qq^q

4.S-5.3 l

hairline crack %#q qm

qrqf qr qqfqt ^qqrq^Tf^qqq Iq^q ^q ^ '^F- 
m^-fFtiqf q1 urq qm qi^t ^ ^ ^
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^f^rqq^r^qffqfq^TOqqrlTtl pqrq rf qj^fqqq fr^T 
mr qr q^qr 11

Hall Heroult process

qq" ^ qqr

q^q
jpq "'.'ijn-ii q> qqfqrq fqqiq fqq^-3fqq?q qqm % g?qRq

%qTfq^ qq^r i 950°C- iooo°C qr q^qiaii^, smr vfc.
f ^ ^ ^q q1 qqqm ta qiqr f

iqqq 5—8% Q^1h-ii fq^iNi qiqr 11 ^rqq gtqqr qm qrq ^ %
^q q qqr qnwf smt ’j^rfqq qq^q f^rq^f qq dq?^ % ^q ir 
3WT ^qr UM 11 4.5 qTqq q^: 7000-8500 qtqqr qfrf qrffe ^ ^

■ qqiferi m qigg sk srqqqq fq>qT ^rtt 11 kjfaqr qq gr^rgq m qrqi t gk
, . 11 qif q ??qq qqq qr fqqqqr

M ^ ? | ^ q qq^ iTHr^n^ ^ ^ ^
qrq ^i

"■

Hall process ?Fq q^q?
qf^q—Hal I-Heroult process

ha mmering qq qr^q
,N ^^^Stqqr^T^tteTqftogtT^qq^TqTi ^toqfkfr 

qfq q^ qrto w«k ^h-tof (an vil) qq ^q^rq f^nu^f 
p qil* qifeq gqqqr qrcq fq^q ^ ?k I
hammer scale

<£N qqqr q^q

qq qr?q
qrt smr fwq ^r tofq % kq iftt tot qr ^ ^ ^ ^ 

3ttqrq qtoi^^ ^r q^rn

d^’Hi—mill scale
hammer welding qq totq

tto—forge welding
hand moulding ^q tot

qftqq—moulding

hanover metal toqr ^Ft
qqtqqq gk q^tq qtoqr qi^t kwr kto 87% qq. 8% toto gk 

.^"o qfqr tor ti ^tqq qqto toto1 q tor inqi ti
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Hansgirg process

% HF7 3TtT^T ^TFf IH>l

hardenability

^KT d^H *-6H rfT M6<l| t^TRT ^T f^fRcl ^5T I 
^FT: RF5T H feRT t #: FI ^iTrl* S^RFR-FT FT ^Rf«R

?RT ? I 9hl Td4> #FFR FF F? FF t

i^FR

': FFRF FF FieR
ft^T t, FFFfF FFTR FFRF % ^FFRf ^T bRT ^TF^lFRT #F FF) ^T FTfF ^ 

A1 FFfFT bRRT ?T FT^At 11 9FR % FFTFF^F F^rfAF Fft^F 3PTR 
(section size) ^T it ^fdFI =fc6k f^FT FT FRRT tl FTT^ fRf fFFRT F5T 
FT5TFTJT FR FlFlf FF5 ?RT I #F ARTR?^ 3FT FhoIIA A 3TfaF> FlFlt Fi^TRI 
fFFTT FT FFTRT tl

FT3TFFhardening

RTT? 3FIFT gFTf? dltF 3FT% ^T ^TFFT FSRT I ^6)1 IJT-
fq^TFI f'lMff'ifed t:

F5RT dh^lFR (age hardening)—f^AT FTF( ^T FAT FF^ fA FTFFFT A1 
yh qriH FFR FF FFR Ft FT^R^Ff FFT FF AtF-AtF ^tF RF FTF FF AtF F% ^ 
IRT tl ?FT% FFFF FFTFFT ufdFd (proof stress), 3TFTFRF FfcTF^T -^F 

R FR t" FFT d'-FdT A" FFtT STT FTAT11 A FRF STtAARR 5TFT fFRR A
f fFFTFT FTRT-FRFF Ft FRT FR: RF FTF FF 

fFcRR-^FFTF fFRT FRT 11 FF STF^F grfcf^T 1RT 11 FR: fFFRf Ft f^F 
FFR-FRFF ^F 3T#f ARTT^^Af % F5RT-=n6ltul ^TRT ^T FFTF fFRT FRT11 
1ft afiRT Ft3RF RF FF TFRT FR FT ^fRT FtRT-FRFF F51F t 3Af FfA 

fFtFT FR FT fA FT^lFFt RRT-FRFF F5RT 11 FRifFFt RRT 
FRFF Ft FtTFF FFRT FtRFF RT FT^fFR FTRFR RIF t. F? FFR 3RFt 
fFR^Af Ft FTR fFtFT FT FTFtFT I fFFFT ^5 fF^TF 

. FRT. FTfFfFFF, A^AlfiRR FF faAtR fF'^IR FtWRF 11 FtToT FtRFF AFR
^ ^ fHR fFs^ A ^ 0^ FtW Ft! FFRT dTR^FFt t FT fA55TR Ft AfeFFT A

» twr Ft ^f A fff ftr, sr: fA srAff-rAf^ A R?A tl

FTRRT FIF FF

Ft fFFR, FRfAfFFF,FFtTF
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FfF AFTFr-Ft^rFR (Dispersion hardening)—faAt AA FFlA %
W R fAAf fA FFfArfF R FRFRFq FR RT FtAF FFTFT FT FR R FTRRf A 
fAAF F A I ^FTA IRRF FFTF FTRR A SlfFR FtAF 
FTRF ^F A FfF%R RFT FT%F | ^ FftAFF FFRF At Rg# t|

FRFTfRR STTRF RT AtF

STfAfr RtAfft (precipitation hardening) 

FfFR—age hardening

R*TF R3t7FT (quench hardening)—^tA Am FR Rt RtATR-FFTFT 
smfF Ac3 fr A ru srfA FR FFF RFA Ft FT? tjA fFFTFF RF FR FAT 
FR FF FFR F^FRrisTtFfFF-FR, FmFTfRrAqAt fFFF FF A 9RF fFtFT 
FRT t FT SnFFFTfF/CRTtfF ^RTFF’F RT ARF STFFT FF RFF aA FTAfTRA 
FTFFFT FFTF R fRF FFfR A I R3TFR FRT R?A R Ar ^FFF ^tRRF-FF, 
RtfFR #=RF-FF RFcrTTAt 11

niM

AaFAt ^TTFT (secondary hardening)—FR: T^T Af #FtA 
fFFRf R FTFF A RR^F R3RFTI fFRT 400°C—6()()°C FR FF FTFF RFF A 
UTFF RRR FRT STTARTfF SRF A RRF RRffFf A FRF FRT 11

FR

fFRFF-RAr (solution hardening)—^ fF^F FRR R fA^TT^Af 
RT FFRT TRF FR 3FFRF FR FT FTF RTF A FTMF STFFF AFT fFRFF A 
FfF^ RT jTRT 11 fFtF |F-At
STFFFT A FRF FfFTRR STFFPft STFFFT A FRFT t A rAtFT FFfAF 
RTFT tl

TTJT

A Ff STFFF. RRFF A FFT FRTT 11 fTfimd

uf'd^R-R3TFtjt (stress hardening)

work hardening 

RTF-rAftjt (work hardening)

FR A TTFFF TFRRttt R RTTttt At FfA R6WFI I FfT STFFtAf. FF FAA RT

AA t mrA Atf fAtr faFFRF rfr Af t i if AA
F rTT % fRP'TRA Rt FTW fgrFT A FRF RT FFm-FTFRF FFFT 11 Ff FFR 
FTFRF RR-rAT fFRfd RFF FRTFF R RTTF FtF FF FRT 11 FFF FfFRF- 
fFfTF FR R 
FTRFT t|

Si FTFF RTF A
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yf’-H"! \m
=

h

h ^5T^T 11 ^ m ^T HR 1 '^T ^R-

^ic-ic^i' % {f'lu m HR ~ ?-Idl ^ I

hard facing

^T ^Hr^T grf^j t 
^rt % srfe wmv% iti ^h smr

^cffTT RRT 1TRT11 fH Mh dM^HI, ^RT^f, ^sHH ^Idlfl H^R- 
% RlH ?RT tl 1R ^5R ’R5H Ht tl

iURHH

HW HT rnrft WrgXt HI fH^^f

^5TThard metal

(R iT^RT
fH^R % HR fHRIRT '^T fCR 3RRT rT&4T 3R H fHRTH % 5IH-
fRfHHf % H HHTf^R RRT ^RI 11 IR^T 3WT #5nff. HR-Wh 

HH 'JRt ^T HHR % fRH RRI t PR^T Hnif 11

hardness

'iM<-<H. $R"1H 3

cfRHRT

f^q^RT^r^Hf5iTr%g7[TR^5fRfTHRf HHrHR^HR ,

§ I cr,6l< d! HHR (1)fdtiH '-f^Aii%RH. . HiflRHRT =tRH ^
% fr^-HTH'^ (2) IJWT (3) IRtT-d'-Nh R

(4) ^ ^t HHFRT H ?RT tl
^THRTHq^M pm dlQl MNn

HR!

hardness tester

=t)6kdi nfT?^hardness test
HfpTR^T HPR ^1 HTPMI TH^ *)6HdTWdt ^5KnT

IPMfdftari t—

1. filRR ch^Ndl 'H^nr (Brinell hardness test)—fHH f3TH 
^ R5HRT ?TR RTHT IT 3HH fHf^R RTH ^t l^HR HI
•qp- ^tt 'HRR f^HT URT 11 5TR hR'JIIH ^T toR-^ITRI-HW H
5ZMM fR^n HRI11 f’jRR ^>6h.dl HW 5tR RHH % fRH HR RT (fRRMH 
H) dd-tH ^iR R ^R-§RRR H HR PRT dldl 11 R3TTH 
7RH 5fR HT^T tl
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zP
^HR R5RRRj --

n D( D->/r)-—d-)

fwr P HR (fRRRR H) D rp? cE! ^ (fHRTHRT H) 'Jr d rR 
^Rf ^Rf (fHfJHRT H) tl tyfHR J J ^RR ^TR ^RH ^ fRTj R 
Jr D- R ^RHR RT PRM HR PRT P. J SIRH-SIRH HTrJ j R fRR sfRH-3fRH 
?RT 11 ^TFHTpf fTHR Jr RIP R fRR HP HR 30; JdR. RfHT HR SR7 R? 
HRjJ R fRR 5. Jr 3TRRT ^ HI^ J R fRR 1 pRT 11

trfry rJtrt RRW (llle hardness test)—^rfHrT 3^?rt sjrfHcT Jr
TRRH pRRf m R-ihH SftRRH RTH ^ fRR qj 3?qjpH tf frpRT ^friff 
* Rjf?R R fHJPT R frRJ fTHR-gw J R5RPT ^ qr^RT RTH
HTHRt RRyflRT jRf^T, prrH fJ RT IJ5 RT pH RRR qq5pl ifMT | ^
RT RRs? R HT'4 rp | qfT!>R 1^5 Jr-Jr f^rj HaI®[J R HPT RW PR H fRHI
WPi^jRHHgrrRqpinJt^mrJ
H y^RH rfaHj HRR 3TTHTR. '^tTRir Jr ^ pij Rf?R I H%
PPRT HTHT PlJ qp 3HHT PT qqjq PRI | q 
TyRH (62-65 Hqjqrq C) PRT tl

?H7h q^t Rjrqr 82()-9(K)

—faHR Jr fqqj R 
THPHRT qr 3inRTPR pH qJ^TR H RR Rfrqi qr 'HTT yqRH fqRT qRT t J qTTffq

^ RRHT PI fHH1 PR qq yqR fqRT qMT P qrrT q^rq; 
HHRRRjq PRT tl

IH-WTRH ^:^'HTRRTyJqfqRTinHTtJrqpqprTqq77frqFRf

PT

RT tiTTRTr

R fRR
HH^TR HT RPH t|

„ *6l,ni (Mohs hardness test)—RT R3TTHT ^TR
RHH qqr fH yRTT ^p1 qpRRH qr fRR qz^q pq qf^TR H HR tHM J 
RT RRT tl

^ ^H tHH H RRR J R^TTR I Jr tTt ^ 10 HTJ Hf 11 ^ fH JhT% RT
Jt HTMR yj^q qqrq q^ qrp; qr ; 
qfq RH^R qqrq, RMR qr ?qjq prR q 
RRTr P—

y^RR RR PI qp qjTHTT qfT^TR qr qqq qj m | (

HPTqR

Rrfq PTR P J qp Riq ^gfqq H ^qr Jr 
RfHR H RRT p^ | HR JtMT fHR qp

1 78



#3 ^m\

10
9HlolH (^!#T?^)
8
7
6

5
4
3
2f^ra*r
iei<r=h

[14gRgtT^T tifr^nu (pyramid diamond hardness test)

% f^T q^r4 % yfrio^ ^T Wcf ^ ^3RctT hnH fafa I
frT-^m 136°faef>$ £rrw, (jqR^ t^Ccfi) grf-3tr«lR ?M t fawn

BHT11 30 f^rrildiM HTT rrr qi 
ftg^T oTTR 4? t ^ rMI'W 5)1 6ldl t ’R'ft

•4t ?t I ^KTTT-gt^ ^T ■qiT/^T5) 5) 55RT ^llyiH/M2 ^ ^

^lldl ^ I

^d1

f^Rtrf 5t) :3f9'5n od-)H <45ldl 11

1.8544 P
Hd =

d2

[ilfrtf P = ^wTRPT ^ HK, d = On^^lcf ^ ^515) ^T ^Tl

^T^nrT 5v5tTrTT (Rockwell hardness test)

^Ff 05) fat FIT ^T FSNdl TT 5^5) 55 5fTtf5 ^ 5T tifaz fe>5T 
UTrH 11 5? 5^T5) fW5 5tI 5T ^tT55 ?I5T t f^Tl ' '#rT'' 11 ^
fTT55 5415 Ti5) 51511 5t 4-5 TT5v? 5) ^57 ^T FIT 5^551 f5>5T WZl 11 44 
5^T55 55 4FF :5T5T t fF 5ft FIT ^T ^T f^T5T :5Tr5 t ^T FK ^FT TIFT 
11 5t FIT % 55^ TO 5FF 54 FSTlt ^ 355TTFT FTTJF 54 ^l^l t ^ ^ FF 
% gFTcf *4 smi 5)T 44 tl ITT 4 fafa^ FT^T % fm^PF
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WZrit 55 5%T [4)FI FTFT f I 5t FIT WEftit % 31^5 fFFffTF f57J TO 
tl TTTOPT 5)61* dl Hj) fF ?J5 F FT^F 54 FIT# t—

Hd = E—e

ftlTFf E 05) f^TTT5) t f^F^T FIF 5F^ 54 t5)TF #T ff^5d 4FTF FT f^FT 
5)TFT t #T e 4FF FFTlI 44 FTO 11 Hd 55 FTO t44 ^FTF FT F? 
f^TFT TOT f I

•WtT ^©Vm FftTOT (Shore hardness test)—FfFTO 5)6ITF1
^4tT fm$ 1/12 ^F FTT % #T 54 Ft5) 5t4 FF 55 #9TffTO 55F5 54 Fq4 F 
Fd^F ^F5 FT Rkni TOT 41 FfF#F54^5Tt, 5)'#<dl FTF ## 11 FW F^FT 

4 f^FT TOT t 3# #T 5)6lidiF# 5>?4 11 gF Ffd^M 5)6Kdlfaw dF^FF
5#y«I # f|

^fTO TOtTFT F#TOT (Vicker hardness test)—f#r4 F5l4 55 5^TF- 
^4fm TO 5)T 3F54 5)#<dl 54 FTFFT I #F (FTF55 5^T5)) 136° SRPtcf 

(included angle) TO 54-3TIFTT 55 f^TT^ TOT tl FI FTF: 30 
f4)QilFW FTT FT U^5d f5)FT TOT 11 FI %FqT F F|F TO 5^F5 55TFT t 
^T F^FF F^F q^ # 3TT55T 55 TOT tl TOtTFT FW (HD) fTOT/W2 4 
^TFtT 54 Fn# t ^T Pi^dfoifed ^T# 5FTF TO 51# tlo>lui

1.8544 P
Hn =

d2

f^FF P ftxn'luiH 4 FTT, d fFp4#FT 4 ^5T55 ^T 11 5^FF gST5) 
FFfro: TOT t f4F5) TOf #r fF##6T 4 FTFT TOT 11 5F ## ^uf 3TFFTF TO 
t # FF55 3?lFd FTF 55if 54 TOTf 5) TO 4 f#FT ^TOT tl

hard plating

FTF:

4)#<. #FF 

9T^, f5)4 FTTFF 4
IF55 FFtF g^-TOtFIT FSlk FT# f5)# # #FF-FTO 5) f#q f#FT TOT 11 TO: 
fF% 6»d*fd [441 FT^ ^ITTF d5)#5> 5FTF f4)FT TO FT# #FF # 3TTFT tl 
fF5^T-^T#FF #T f45^T#F fk#FF # 3Tf4RFd IF ^5 55 OFtF FfF TO 
f5)FT TOT tl

5)6l<-#FF 5) f#q g^FF FTFFF f4RTFT t—TOTT #F #FF, f4l^T#F 
t4#TT #FF, 5FT5TT #yF, FI^ ^ITFF #T Ff4lF |
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cfisrr hhard soldering

cT? rj^ rTMT ^rT % ^T ^WT tm
1THT 11 zn ip % fassp^f qfWT f^T ^6Kijl ^T SIW Slf^ ^
^ F^'Ml 3iini ^ I

^pTT—soft soldering

^53R W7Thard spot

casting defect

^t)6h 'pRhard surfacing

?ferr—hard facing

^3TT FRhard tin

# s^pr 3ifa35 srt 11 f^T 99.6% ^
0.4% 3faT ?RT tl 1^)1 dM^Hl 31T^ IRT tl

6I^H 'A'kMHarman process

■3PTC3) ^ #4 f4t-rfT qt fqq % ^9 if RT? OTR ^ '^ I’fl
fqfq I W<T RUT I^TIrT ^ef-i^T % RH % ^

?RT tl

Harmet process

'jof fitit SRH F^raif RT ftRR, ^Si=t)K *
faqr urar ti Frrr fet 97- ffr RT '^PTfT ^ TTW ?T?TT
11 frqq ^ «tk sTifsn^ ^9 tr 5W fq^f qr ^ ft ot: ^t m qrq ?trt 

| qrfa qfq tf qt 9 tHHl'-d IT ^T9 ^TFT =RT 99R qft 9ffR 
# fRFR IT 'STTtr |

Harris process

L|F<^)7R 951 995 9959 ^999 #9^9599 99RT 311^995, 9fR99T, 
99 3fc 99T9 RT ^995 F959T qT9T tl 199 450°C 9T Nad, NaOH 
NaNOj % qftrTcT R99 F99R 95T 399T9 f959T qrai 11 f9 995R 99 tiT99^9f 
95 95T uFcild "Id'■•I 9 STcTTR 957" F?9T 9T9T 11

tf79 9959

13—231 M of HRD/% 181

Hartmann lines ITt9T9 7?9T9

^T-^\T qrr 9R 957- 99 Rm ^ ?T9TR 551 999 f959T 9T9T t 9T 99^ ^T 
9^q9T 7355 9T9 97-. qFcHR-fqffq 3^ if 97199 fa? 9f9 9T9T11 f9 fo?
97:3Tf9fCq9 9r7-q^fq9T^99T7f^999lT9R99Ttlf9f95m97-^T9zn
lf55 9T9j55 9^ 9, 9f99R ^ % R999 45° ^TR 975, 99 ^ 99^ Rq^f f,
H959 ^5 m f9 9 19 fR73Tf if 39T7: 3^99 f559T 9T 77559T11 f^I f^r 

ttrtt ^ ^ ^ f,

Haste alloy
I?9 f99T9

F955R 9R 55 f^R f99T^3Tf 95T 995 qrf Rf '^R^fT. 9 
I99 9^?5% rf995 pm f | qpn ott-
:?99T7-99W^55r^99Wif9W%^^^tll^3RTBT7qm
^ 11 199 65% Ni, 30% Mo, 5% Fe '999T 17% Mo 14% Cr, 5% W. 5% 
Fe #7- yrq Ni IT9T tl 3TTrM f99r^ if 9% Si #T ik Ni IT9T tl

O ' i q

Hauser’s alloy IT997' F99T9

'FfPfe telJ5 t^r 50% 33.3% #: 16.7% cfeftm
R9T tl

hausmannite IT7=t9TI?

iMnr 55T 319795, Mn3 04. 9t 3T99T^ 31991 3T9fiP9 f9W R ^9 ^
99T11 55^1779 5-5.5, fqfsp?9T9T 9T9T tl 91 HIKr

4.72-4.85 I

Hazelette process I'dRe 99R

9T^ 3T99T17919 ^T RqjqiT 9R9f if RR9
55 995 I79T9-fef9f^7 95 qi^fr p9 97

9IRT 9T9T11 91 fTTfe 3T99 3R7 pi 7? 993 fTRT: 97 f995[ 7I9T | #-fr 
pTRTH f99RT 17919 ^r|fr 97. T1R7 955 R 9T9T 9T9T t 9T 955 9R9 55 3397 
WTT 11 91 5TTT I79T9 55T 99# RRf 3T99T 99f99f if qfRqq 537 59T11

3T99T 999 99T9 % ft? 
f^T I ?9 17919 51 6 tl

IV. 5*H

cr. oq[f{

head metal

;JRTI UTIRT if 9999 fTT yj®? 51 9919 7TT9 % '9795 if 9T9 55 tf?T7 93 f#!
iT9T tl
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er4hearth
1. wh n. 45 ^4 wrft iwr fT^r ^r

iwi mrn t '^r ^ ^ ^ ^
2. ^T ^ ^€r ^1 hft fwr fw-w

^lldl 11

hearth furnace w4
— furnace 4)

ht4 ^hrhearth roasting
^fgrr—roasting 4i ?R4rT multiple hearth roasting

4rheat

1. rpjT-yuc-H RRTI

2. rprpr 'iPg^T ^RT- dM^TT ^ I

heat tinting

f4^T I ^ rT«T qr SPTrftR t fa TFR-t^T ‘^T^RT . fa
qrfat facHtff^ RR if OTO 45 oqfrT^roi 45 ^K11! fafa Mifasjl fah; 
xjr^ rjTTf qr IJi fa fafa ^ i fafa^t fa1' nq fa, fa

fa 3tRSR^5rTT ?H qr 
fa^tl ‘WRI

11 far qfa fa ^rfa

Ttfa fa qfa fa iP-RT faqfar rTRyvfo: rrai fan fa?q, vne
rTrqpqrqt qq: fafafar fa, 3PRT fafa far 45 qpr qp faaq5r 
ti tq fafa far qnfa fa ?nwfa fa rrm fa3i 
qr fa? qqfa fa 3n jlR fa faf faq> fan ■nrar H I ^rM"i VI,
q5fa fa faR 'far qm qr fafa qrrqi 11 fafa^T faq qq ifaR fa ffaq 
qrqf fa faR qqR ^ ^ q^ir t—

qrq

Jlldl
«tT^ fa rqqiq qfa

iqq5I fam 
q?q fam 
farm ^rr
■‘fa-faTT
fart rnfat

220°C—230°C 
240°C 
255 °C 
265°C 
275 °C 
285°C 
295°C 
315°C

faqfa
faRT
^R5I faRT
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qrafa, qrqqq qtfate faRq5 qfa fan t cfafffa 230°C fa snrtqTTT faq

tl

heat treatable alloy ^rr ^qqrfat fq'qtg 

^ farfa ^qfa far ^-^qw ^ ^ ^ ^ |t
Wrt fa ^ fafafar m fa qqrqr smr fan qrqrqr ^qfaqT fa 

■iPrqr qrqrqr farr^n fa ^nfart-fanq ^
fafafar ^qirr Tnqr qr rrq^ t
heat treatment

I

"dM4K

fafaq srqrqrfa mm ^'JiR ^rq fa ^fatR fa ffafa far 
^^farq^qrg^qirqrq^faqrq^^Ti^gf^^g^
qr^faf fa rrfa qqqr fa OTi smr qfam ^qqrr m ti grfarq

qpR, q5RT-q5far<n, ^
ufaw 3TfaR, qrq^T qqqq 3nf4 ^n qw fa ^R^r ti mm 
qqr-qjfan fa qqq^q fa qrq q5rqr ^qj-qqqrr qfa qiqi f |

heavy burden srffa qrqqq
qqq qqfa fa ^ q1 qini^ fa mm, ^r ^rmr^ far qrer qn

61'll I

heavy metal fat qrq
fafaq—metal

hematite faqrfq
?t^q—haematite

Herculs metal qrg

q^ qra ffa^ ffarfa 37.5% w fa 1.5% q^rffaq fan ti ^ 
fanrfarfat far fa ^n ^ ^ ^ ^ f,
Heroult process

^—Hall Heroult process
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Hausler alloy
#7 ^ fW 50-72% ^T. 18-26% ^

10—25% KMT £l ^WT IF! % f7^
t f5m ^ ^^ f^n

^ ItcTT 11 6i5^^rU ftraFpflf ' ^ _______
n ^ pqMf q1 irrar i WTM stl

Jlldl

vo

high alloy steel
—alloy steel % 3RiJth

fFTMhigh carbon steel
^ban—carbon steel % STti^

high speed steel
bir br^-fFTM f3R^r 3wr ^-^-^nrr % winn^i 11

gTRT^ltrntl 1S%
sfiTfjTqrr. 4% dh^. 1%^Tf^W, 0.6% ?MT ^ I

f^85()OC^^ :̂
h^r i250°c ^ ^ ^
—SOX ^ ttit ^T4 yr. s?m ^F^rrid: srt MNfqr^f f '5TMT t

500X ^ 
ct)6li'J| d^ltl 4T3R^TT ^ I

¥TFT'-MHigh strength brass
tMT ^ ^ 55-60% ^FT. 0.4-2% m\. 0.5-1.5%

ac^mbFm. i.5%*bFfa vm ^ ?rar 11 ^ m^i ^ ^i^iX4T 
m\ i i wrm ?t«3# ^r^wif #: mm # m-n t i 

4 it
JjupFTf 3T^Tf m ^ ^T. fmn 60-68%

2-4% qTTKT, 3—7.5% Oc^roh-W ^ 2.5—5% A|l*il4 ?FTT t„
rf afi >teT SMT tl

rllM
^szf t, qiKlq

r(|M ^)T®FRhigh temperature carbonisation
>[v§T)—carbonisation
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high temperature coke cTFT

^fetr—metallurgical coke

Hilgenstock process

4hH 5)T 5T9FFTI hffrtd ^ 
3^1 ifsg?- fd-41 4Ml t A'O^4 ^5

m 3TT 4MT f I

#K iT4a[T ^P-lld rf H^tT ^ HTST 4>H

hindalium

A^T fe'^M AcTj^Tbm ^TTT bTfiRT Uajfarw % n^ ftm^ ^T
-TFr firor vm ^r ®rh A ?mt t

hiperco

I

^ AT¥T^ fmrt 30% ^MTTM S^m frTmi IMT f | W3^
*TFT ^T STfe KMT tl f^T OT4M qf^ rf tMf tl

hogging

qqr ^mtt mm y^.n otAm $*-uid q^gchi^f
^ ^T q5Tdt qr ^Ttr f^TT URTT tl

holding furnace

SFFT

^TTTqT tTd^T

qqj ■R^T flfRchl 3WT 3T TMR-RdtfT A TO froft RM % to % fyKT 
HMT11 ?W fqto RT^ % fFFFT ^T RRMt % RT4 ^T 4lfed RMR-dPT qr JMTT 
4MT tl R^ed A
AbTOR qqTTT yRqdd At faqT 4T R4MT tl

holding time *Tkiji qqtq

f^tM % ^ddlMd ^RT-iHdif A qw RR4 qf % q^qj RTR A
RRH rtrq 3MT^T <*H qT fMq Snq^TqT KTI Wq ^T q^ % sqpq ^ Rfq q^cTT
4MT tl (2)fA|-qft

%4RT qq qqm tor m q^rtrr qr ^tt q^qrf f^TT HMT 11 (3 )
Atqq. qqm qfctq A qw
RMT qr tor qr qqA qj- stttt

3Tqqr q?rq qfe^q A q? 3R RRq qq ^qqq ^tmt trsu

qFMT t, fq^A fqqqfrRRq qq ^rqq
f'hll4l qMT 11
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homogenizing

(chemical segregation) ^ ^ I ^
^ITT ^1 O’HnF'I'* ^ ^

Hoopes process

y^chi ^ Rt<5^p- 
ot^t stwi 5ft vm tor

qTTjfi^PR «rrg ^T  ̂1 WK

tl

fTff tf9Fl

I #r ^ 11
wm 3mm #■3TF
ti

rp" t 3^ % m#) it tl M'llll ^
% fam, ti spm-smm,

trar t wt 
it ^ |g^CM it [pciin HT% t 3mtf^ mrd 3^:

smm y^nm mm 20,000 ak 5-7 w fmr ^icfi t
900—noooc ^mr 11

fmr ^T wrn 11 I^t l^r m=T irnr I (Hoops three layer process) # 

11

n-ondi

mfcv m

^frT5t RdlS 'M'l^lhorizontal retort furnace

—furnaces % 3tdJfa retort tumace

6M®^*-sHornblende

I

m f^T u^K" t—C ao 10%.
Mgo 13% Feo 14% Fe203 7% AI203 12%, SiO? 40% mi Na?0 3k K2O 
fqmp: 4% m 11 % 3F^ iw ^ ^, STT. ^ 31W ^mti smrti

11 [sf-Wcrl U.cbmr^
5-6 (PT mit it) Myr^ 0^ 3-3.4 1% tm tl ^6lihl

horn gating

getting % 3RFfa
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hot bed ^FcT OWC
^rT ^ m tmH TO 3k 3?rf9ra m 0 tkm 

rm-im tot 3mr ^ tt# ti
hot blast main

^^^^^mr3ff^TO^qTSd^TO^r1n^I^Tgm5r
^g#kf TOTOiti ^m^TTOgmtortmitmrtHmf 

t^f stiwe mr esetr ti
hot cracking kror

i- okro ^ tof ter 3k 3?fte tern ^TOkOt toe it
toi mrnmr m 3toh ^tror % tojt mm tpft ti

2.
Otot m if 

SFtt tl
sr# ti q? ^ #tot 0 qromm

mm

hot dipping mr famm
^ '^Tfroi'^r mm tot % ^

T^mr t ^-mimr ^t pm ^t tori ?to-pickiing Oti
2. ^-mkrtotoTOto%rrto 3mmft|TO^^rftomf^r

mm tott fm from ^ tomr f*r f-_

TRFtt (aldip process) TOtf to to TOm qr ^
m TOT =BT qro I TOT, 3TO-PTto (Pickling) g^rm (rinsing) to
^^Hq>TO^^rr^tomTOTT-3mmtTOtoTTOtlf^kmR

^ ^ ^ ^ ^ ^ to-to mmTTOti
qq sqr toto tot to to to ti

(aluminising) torn 3TTOTfc to if I
^T^tor (galvanising)—OSTOto ^5 TOT % mtiR 0 to 

3mr TOFT % qr TO qr to. ^ro i to to| tom to if
W** t^r-to tot, tofror tot smr tom tor ^r to to 
mm fmr TOT tl tfto—sherardising.

mm
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(mollerizing)—f^JFT H % fRTr t^\ tfrff
m ^ ,^ri i^ir ^ 870 —1095°C ^tn r*

i ?rt 11 
f ■jfRT t ^T Hm["H

% RRT ^RT i| u-.jln^qH Rt^, ^RR % ^TR RRT-

ftrai^ WT ’TrfT g | fff :RTTT ^

gf^fm r urt 11

^rpT (tinning) RSTF"17! R r?3T ^ ["R W-4l R- ^T ^T Rt ^iRT I 
gS Rtf, M[<'W ^ R rftrf f'lH i.-IH 
gRFT feRT lIRT 11 fR VT®? ^vl WR RR^f R RT '^RT 7R ^

fRtr R RtTI tl

hot drawing

-t^r Rtf tjr RRT RR ^vT RRT (die) R HR ^ ^v'-(ui tTK, . ^'dl 
RT RRTI

R^T-^RtTTH R RR tRT RR H F’I'HH R^R: ®

RFT. TRR ftSTtfUf RFf ‘SPRT RR tf^fTOf

Rtf RRT

RRT—cold erawing

rr ifftr^tfRhot lorming

RTf qr ofRR, tf^fq, RRij 'Rf^ fgRTRf TRf RR 
(forming) RRT 'RRT RR itlfftT RR RRTI R RRT *HlMM ^q R rnqr

R fufTT Rqs^fR f TTRT RRI R fRtr RRiRR RRR-RRR
rpirqq RtfR Rtq R

RR'iff R RRtfR
O

rpifRq Rf SR I fR RR RRR R R? RR 
Rqqy-q R # TRR RRT hi

RR R^RRhot hardness

q M^TR RRtqq Rtf (elevatedopt m'>5fRRf RT ^H tpiR^f flRTR RRR 
temperature) tR '4f RqR gR rrtr rt RfRRTUR: RfR t?gq HI fR WR 
RT RR'JRRR RR RRtf fRRRf R RRf RR RR RTRRT, RtfR R^q RRf

R fRtr R^f H |sRtfnT

Hot meehining

-ffR RRR RTRRFTRTRRR RFR TRTRff RT RWO Rf RRtqRf Rtff qr
RR ? RR -THfR RT RTRR RRR RfT

RR qDTTRT

RR RT R^TTRR RtRT I HRR RUTTRRRTR RR 
RR R RRfT RT RRR H|

hot metal pocess tTRT gg'R
3^ amt gM »h^ J WM (huH

9TTRR 3k tk
Rtf^RR RT^RR qT ?fRf RqRR ^jR rr f, 

^Rttf Ht RTR tl
0101 <4)1

hot pressing RtR
1 • *Tm-*TTR qqfRT ftFRTR RfRT RT«fe #5fRf RT ^RFf f^f | 

f^RT tfTRRT RTR?RfR^^fRRt^ RRRfrf; qRT?R RTRRg)R^|
^ ^ fe^RT-Rtf RR rpR fRR RTR 1#^ RR f^ff ^ Rq

q^cfri fRR RfR t RT RR RRf RT fM^Hlhd RT ^Rfi fRR% RRUf gpR 
feiOT3Tf R R^RR RRFR ?TRT # I RT% RT qfR: fq^
400 TT 2500 tk RT RR q^RR fRqf rjr 11

^tl qqm RTR [Rqi RTR t #T

2. tTHT qr RR ^T ?THTRRT % RT^^f RT 3TfRfT 3RTI 

hot quenching tf-R 9TRR
!?fetT—quenching q> 3TrPfqi

hot rolling tftR RrtRR
^IT^f JT SJR T? RT RRRf % #R RT^ ^T RtR f^ffRRf,

fatrie, «^R 3TI^ RT 
ST^f fe^TT rf RTRi I,

^ RTRTI fTT^ RT^ RT qRH RRR 3k ^qRTRT RTH

qfett—hot working i^Ti
hot shortness dkl RtfTRT

—red shortness
hot tear (shrinkage tear) d'-d fqqr

—casting defect
hot torsion test rftR fqRTqR qOtHR

qf&q—hot twist test

hot twist test RTT szfrq^ qfT^Ff

Wm RT f^RR (optimum) R^ Riftl qTTR fRRfffR RTR Rf 
kT^FTf 3k RTR ^T R^RfRR RFff RT fTRfR ^ RT fRRfPT RTRT qfT3R -?TH
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f^T fm 5fuT-gn^f ^ (torque arm) ^fl ^TT11 ^ 
135 'lilym tfcf (r.p.m.)^l^ irRTT^I 

^ % fatr smsr^ ^r-sn^yf ^T #? wi fer^r ^rar tsfrc
qf^r. mu m fm$ ^ttti t q^r fam* q^m

til ti

yq^Koiq'H,i

d'-rl-^H11!hot working

T^jfq, MHdTgq 3^1 (extrusion) ^TTI
ftm§ % feR ?r<T ^ <nq ?tqr t 3k q? qrq-qrRT t^'^f «
lottr w^qi-sk^ qqiTT fkrff^r faqr ^ ^qr 11

qtq ^tji qqj qaf5R qil ^yjqq-fq^pJT t q5Tq-^6l<ul ^ ^TT ^ 
^qf^i W*ft % ^ ’i'i^^^'H H) 'SITcTT 11

^RI—cold working

?lkt fq^Hoyle's alloy

cjr qiw fam 46% qq 
^qji nqqTq 44Rm1 q1 itqr 11

Hoyt's

qiti

m mu w, mu fmt 91% ^q, 6.8% qf^q%^3k
2.2% qisq star f i ^qqm ^ ^ ^tataqn- *f
^^-kiftqf ^r qta^ ^ foiv kqr ^rt ^ i

Hughes metal
qRq^qMT ^1-^ ^ 76% ^ ,4% ^ ^ ,0% 

gtar ti fro 3M4iq krftqf ^ f^qr qr^r ti
Hume Rothery compound f^jq qqfr qTta^

^q—electron compound
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Hunter process

faqta q1 qrtaqq ^qT?T ira5ffqqq 
yiR qjrq

hydrargillite

m qqrq
Sta^taRTf? % Wqqq qiRqip

44 qgR i

STfllf%?qr^

qfeq—gihbsite
hydroforming 5itq' SrRr^qnr 

i prq wta qM
gr,l"HI Wi frta ^q^rforq qrq qqrq fen mqr ti

hydrogen arc welding Si5 si'^h srrqr qksq
^ffe—welding q? gjqrfq

hydrogen embrittlement srifeR qq^n
qfeq—embrittlement % ferfq

hydrogen loss WTf^nrq mi
^rg-Y* ^ *i?#5b if fMm ^p, ^ ^ ^

^ t #r ^ ^ ^ ^ ^

hydro metallurgy m qnfeffe
—metallurgy

hydrozincite
StainfaFqq??

q^T4 gfqiT. few 59.5% qiflq ferr 11 qs 3rt qtnq wfe % qrq fe^q -iR^n ^ ^ ^
ZnCOa. 2Zn (OH)2.

Hynical
olffqqnq

12% q^feqqq fe: fe fen^T fqsyrq fefe 32% fqfeq.
^mi ti

Hynico sfefe
10% tai^ffefqq. 6% fen.mz fer fqssn^ fnfe. 20% hfer 

13% qfeR ak fe fer fen ti
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mi it %3rf sfa^tari
^T^TT TO 5Tt ^1H ^ arato

aftfear, ^tN< ^ra^T 'jii^i ti

hyperutectic alloy

yiq^n

hypereutectoid

% ar^^q, #at yiq^iO sr ?fi 

hyperentectoid alloy

6i$Mt ^iqniqs

fasnl TO -^q-aVs-gfaSRT ^ afte ?n
hypernik

q^T fqyig fSR^ 45—50% Pi<JiQi 3^T fT^T f I
^^j^rrai 11 iw ^raT1! fqq^ t^7 TfoTrtt it ^

^ ?tar ^i
siSMtfael

^T 3—3.5% ftff^R, 3rf«T^R 0.03% ^l«H.
0.02% 0.02% immm, ak 0.1% A'o%i 3^: 11 l^r
^rqpT A ^mi ti

hypersil

mi famx wk*. an^ A. % ^it ^ ?t^T
133k ^fcKcf) ^k^hi *Trar ^rt arrc 35i ^h r, ymiAcn

^1 afAgi, ®tw ti

hypoeutectic alloy

yiq^ii
si^Ml^cra^shypoeutectoid

si^qnj^f^oFj % ai^q inf^j AlAl yiq<rqi^. 614H ?f 1 

hypoeutectoid alloy siSHi^cq-ciq^ fom
q? acq TO itZ'K.hi ^9RT A fTl

hysteresis

1. f^fRT aai 3FT qTT? fTO Fh^I^^T % A dNH ^ ^Idoi-i R
^ifa^ % 4a m tot airor 1 wot tot 4tot % ww
vflmR^^hI 4t ygRi diM-yRqciHf A 4^5 Ta ^hi ^ 1
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2. iW.iq ^fq?ra (megnetic hysteresis) 4 4rd A ^T ^j gncf f f4
1qcr'r1 ^ iMRt arfaro aa?a ^ 4 4^^

sfHl I

ideal critical diameter arasff mim oqj^f 

rt mz m q^rfra fro^ara arfa^aa ^trt F3Rt arretf ^ 
ar ?ra>aT 11

ilmenite fTfAar^a
ci^cR^h <4? (FeO TiO?) fmit a^ra: c4# ak ari^m 4 

^ ^ aa ar^qra uRqdf 4ar # 1 fw ^
ITr^Tf^ ^ ^ 1 mr^m arnaa TORf #r: f^r raf 4 ai aro ^nar 4 

4 ^q 4 to arar 11 aifthm 4) to 18—24% qr f*m♦H^iqq> arqqq

arte 4 m qro ii

immersion coating

far^r qr 4q aara aa 1 
4t ^t tot 1

Rh xjii faror 

,Jir4 f^qra qr af4a qyra ar

immersion heating ^

qf^ra 4mr. 4qfaa tot arro 4a arrfq 4 araqr? 4 to aaar arfq 
*T4a ^q 4 to 4 arai

immersion plating faaa4 4qa

^4 faror arro aa aa q4a fara fro araarg m frofr srt ^ qi 
qro 4a aroi fa^ ar^ ^ 4q roar 4 a4 tot arg 4 ro^a tot 4
frora 4 fro to ti frr fafa 4 ariro aa ar^ 4r ara aa faa^ 
^ ^ ^ ^ 11 to afa frop if ^
arg 4t arafTO to 4fr 11 ro aaro sroa faror 4 44 ar to a)T
qro 4 ro% 4t roar TOtar^TTOafa^TTO Rr^aa 4 an4 i 1

impact extrusion yfnaiq "TOTTa

afro—extrusion 4 aTa4
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impact test

MH'-TR SPRT WIT RF q^'4 ^ yfdiW ^T
rf, m-MI^WI. 'jFTJRT RW RRRRT RTk ^T 

11 3R:
IRW 3tlVlR=b i:5R;:t 3>T tTR<11II

fv»v

iTq UTTTMn o'A 
4 RRT jIMI ? I

[i - -
SPRT RR RTRRT ^T
qn^FT OR: RR ^T HI ^ TRTRRT TRR RRT RRT t :—

^TTtrf u/l^tRT (Charpy test)—10 IMMlo X 10 IhHIo X 55 IhOTo 
fqRRV7tRRRRTRFR'RKRqR RfR?RRT%RTRRPHR:

RTWTTRFfTr?5T RfR ^ I fRR ?’4r? ^T fRI^RR IRTt R WR ^
? I qqq % fth-jpq % farj 'itRlRR; "SRT. (angle of riso) ^T RRIR

Ov ^ r-. "v r ^

it# t rr Mr RT

qrq;

M'llM t -''OI -'ll -• ■ ■'■'■ "• '

-qfl^TTy (simple beam test) RT n\RR RR m RRT 11 ^ RWR-#f

smnrn q#yRT (i/.od test)—wr 10 rrto x io fa#o x x 75 
tR#o# RRq;
pendulum) RRTR tiPTR f^RT RRT ? I RRR 
fiRTo ## ^ I R^R R- RTRmRRv TJTRRTc 
RRyRR> Rv# RyillRR '^RR R RR Rldl t fRRR RRR-RRR^ TFU <6dl 11 fR 

R'RT"lN< -R?-rRT!RTrT RT R/od o I

"IK''RRIR *
-?3TR 45° #: R^Rl 2 

% faq
RT RTRr

v q

7FFRT 

. \i f-Rldvl

WRiyTT RRIR RT qfR^-TFRT RRRT^ Rt%^ RTRRT RRRT RRRFRT R RRt^R 
^RR'iid RT MR # RRR RRRR #R R I

imperfection

im pervite

RRRRO

11 ^R^TRRRR 1 100 C’R RfaRTRIRM RTWFR

tl
RRRim poverishmcnt

'jtlT+RIR^R RTRTRR1!. RRfRRv q'RRRRR iRRT 6lR URR'-TT R RR RRRRTT 
R MRT fR'RR RVRT fRRR # fRR-R'JTR R feRT R7R TRRR RRII
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impregnation R#RR

1 ^ #T RR1RT R RTR t^R | f^#TR g^RT 3l1^R

RTRR> #T RR ST-RT fRRT^ R RTRTI

2. RT^ R 3TRTfcR> # RW RT flRfR qq RRR %n ^TRj
RfRW #^TR ^ ?RT tl

3. ^RftR RRfrf RT 3RT RT^ RT RR q^TR RT RRiR fR^f Rlfa #T fR# RT^ #
R RRTRjT RTR f#RT ^IRT tl

4. feRt RT^ # ^ qr ^TfRqq, gnfR #T fqRftd RRR

5. f#Rr Rdd) R RqfRRf rw #t rtr qr f4<Rl rr qqr4 rrir rtr qii qqqr i qg 
^ RRTR RRR q^- r# #T RR RR RRI tl

R?fd # RRf #T qqr r

qqTR i

^TrTRT—infiltration

impurity srq^oq

RT^ 3TRqT fRRT R q 3TqT%R drR 3iTRqT qtfqqr # fq>Rt STfRqjq R 
R# fRqnq q# t qfq^ RR: RqfRRT ^ f I

inclusion count 3TR% RRRT

fRTM r RRrfqqr q^ #r rtrt #t wr ^ ^ rirri.^r# f^r ^ 
fqfW^qqmf^qriTraTti RRTqyTf # pq qM q RqfRTR FRR qr # Rff^ 
^PTRRf R qrtr SrfRqr ^TR tt RTRI t, 3TR: q? ^TRT STFRyqcp t RT^#f
#T fRRT^#f R ^R#T ta# RTRT Rq^RR 11 qfR ^ %qq^r R fqqqRTR 
RRIRyif #T RRqr. 7HIHIM #r RTqiR q5r 3qRqRr RRIRyj-RWRI

?R fqfRRT #T R^tq qq #cRf^#q RTR#f R fqf#q foqr ifTRT 11

qf’Sq—inclusion #

qnqTRT ^i
RTRqqRqr

inclusion #R^yr

1. RqT, RT^RRT RT 'dT^q RTR^qf # R^R # feT # RRR RT^#f Ff fRRT RTR 
t iTRqi RFT'# # W drfRfqTRT'# # q^cR^q qqq RT# MqFRTfR. Rc^, 

4) RRTqR % STRrfa 3TTR 11 fRTTR ^ qiq RTR qi# RRMR gRRR:
^T#q Rqq^R gfa fRfR%R RT^RTrf '4t #5fRRT 11 #R#f R qiq R[R qi#
RRTqyif R ?TR ('dTTRRTfq 'RRRT fRicqqiR) gjfc qp-^|(?i f.
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2. SPT
^rpir W, JRRyi ,TF ~Wi 11 fRt ^ HMR'JT ^T ^TRT ^T U^lo ^T 

^TT Pf ^fg^T m HHT t '#■ W ’TOR'JT ^ WrT 11 fRRW % TW^T.
^PTR #r JRRR ^vT wg ^ W, ^ 11

PTHRUTT % ^IWR ^T 'MM^iPf Pf R'JR Pff^R f '^F TF5i % FT17 FFR
’■^Ff-FR17! NN^f ^ IRFT ?TcfT 11 FFRT 5FTrul' fRRVTT %

FR-

'^TTW.

A
% farr RyR M"H-; 
^iT $'MHl',l ^FfT ? I

3. 'il^n—weld defect.

INCO (International Nickel Company 
of Cannada) (Hash smelting process)

^R>T -yh"H 'A'A,^)

rR: ^pt^ Ui|nR uaR ! jlfirf f^i)R MIAh ^I'-i^l :RFI T^f 
mn ^r PRRFI ^ PRW^? ^ HFRi #9 'WZ F SFT: T^iFF FFRT IFfT 
#1 im tl 'V-l^^'-M fW StFFF

StRTF F 111 ?T ^fFTf t ^ ^ R'4
fPFRF ^Hl ■FfT ^ | VFf t>
§HFT 11 ^f^T Pf SO2 $\ FfF itte SR?T t frFT RTPfWT FT ORT 
fa^T ITT PRFfT tl

PFW?^ TPFRF FT

^tthi—Outokumpu Hash smelting process

^^r-l'-IR

Mft fprargFf ^ FFt crpt FraR. otrf Ff Fri ? i 
SlfdR^Tt '^FF PfRT F apFR. FFFnt. FrfFFR. U'-iIhO-MPI r^Fprpt Ff 
Hll-,|^^P( 'Ft pFI 11 W- 1FPTT Ff F^TFWF ^HT 11 fFFvI trft IFF! 
iFIhhR^ , 'iTRT-^F FfeFf. TST^jFf TSTT'? F TFRT 1FTT Fl

incojoy

i n co m p I et e combustion

^fgtr—combusiion w, FfFf

WT HU"Hincomplete fusion

?f?3F—weld defect.

Wf FfFffincomplete penetration

weld defect.

14—?3 I W of HKD bn 147

inconel IRttFr

■^RTTTTFT fF?(Tg f3RTPT 80% fF^rT, 15% ^FFrpT ^ 5% cFTfT FlFT 
g 1 ^ ^FF F5igF, ST^FF FtdTRFTFt ^
Ftft tl 

tl

\ c.^ niH ht. •
PRTRJTF % FTFRRT F 815°C % 3RT FWT Ftf tt

indentation test

tfeF—hardness test % STrFfF knoop hardness 

indirect arc furnace

test

sryRF 3Tp£ pr^t

F%F—furnace

indirect extrusion SfyFTF FrfTFF

extrusion % SRFfF

indirect fired furnace 3TyrZTF jqif'ld prFt

FF PT^T fcFTF F?F.g^^7Ff^FTRt'4rfFFqFR^TnrPT ^TFT 
Ft Iff % FtF m$, F Ftf r?FT ti
induced draught UF'i Uqid

tfetj—draught t> FfFf

induction brazing FRT ^FF
tJ^PT fFW ^JTT, iFtF IF^FT FFT 

ntr s-rs 95t 'rent, aw: $5# n irafer it rit iqm gS .grjfer gtt 
tfioTF fTFT tl

ftFt t Ff pfpt

induction furnace Frt prFt

t%7—furnace % FttFF

induction hardening 'F IJI q>6b «!

^9F—case hardening % wfF

induction heating FRT rTFFT

srrgfF yRRrff wr qn? ^fF fFfFi i^tF m m 
^wr Ftot, FfFsq, Fff #: ^fFifw % Ftf trar ti
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Wj ffi.
f^t % W ^Tf ^PJ ^r ^Til ? I ^T ’7^1-1^ f^T ? I 

f^T % ir^,H^T qr ?T 7> 3P5^f % tTTTI RVTI ^R77^
t Iwt ^ Wf m qfmi i 1 3f^ % ?Tr4
«n^-^5 t #: ’ ’to’ ’ wr ^rt to ?rtt 11

q? "r^T" y'RF? # IT ^ I 3k ^oRT ^-^RT WRT 
gfeR IT qfRTT 11 IR RTTR TOR % f<rTR 3TRRT -HIHM ^PTT % fRR

^Tfk ^T 3TTRSfTORT IT^T 11 ^6KIJT, #RR ^ fcTR iS\«;4)R|et) k^T

^rnrr-RRR

qTT Rr-R IT-tIT^R 3TT
RfRT 
<JRRT 
3TTfk RRf
W'll

Rv5Tt 3Tl
TOT WRT R RTTOT 3TTf% 3TRTR 50 RTITO 7% ^ RRT TRFT^TO R T^T 
TOT TOR W^t R 1500—3000 Rsfi TO ?T^I ^T ^RT R7 TOR ITRT tl

• T-*i

TTOf torinduction tempering

TOT fafa R RRRR RTO TOR TOTTR TORI

TOT RktRinduction welding

TO TORR %kiR TOR faRR RTO RRRR TOR Rf# faTOT RTR TO RR 
RTRf R R TOflR TTOTT TORT t fTOTTO fTOTOT-R>^N ^TO TOR ^5R TORT IT I 
IRR RTR ^R TO% ^5 TOR TOf fTO^T R'k- Rk ITRT I

i^TOTOR Mr

JJTORf R 3TRT RTR TO fTOR qoT R 3Pf%TO Mr fRRffRT TOR

indutlux method

Mr i
^^TTOfTO TOTOtftTOindustrial metallurgy

Mtot—metallurgy

3tMr kr kTORinert gas welding

3tM rMr tor trok Mr# %Mr rfj, sitrr, MrrrTO TOR TOT
3TTfR 3TfTOT kif TO TORTRR TO1I R STF^tMt tMi tl TOT: RRRRT TO TOR

TOT MrIR 3TTTO RRRR^TO^qRTRT IRTOk? 3TR TOT^ TO 4H 3tfR 
fTORT RTRTI. IRTO?TR TO 3TFf) ^T ftR TOT fRR RTOT 3TT^ TORT TOR^R TOR RRfRR 
RT^ TO RTR ftR 3TMTO OR TOT 3TTTORTO TIRT 11 fR TOTOR krR ^T RI TOTT|.

R RTOR TMT.t I fR kT-fpTT TO TORR TOf^R 
R^RR TO5. fRTORT. fRRR '#T RTO RRTR ITRT 11 MtoTO OR rf§TR TOfeiR TOT 
TOTR k^T jrfftTO RMTOR RT^ftt ^T kTOR R tTOTOT RTRf I MM 3TMftRR TO RfR

RTO TORT TO'i'-q

-
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TO^RTirftl.kTAI I TOMTOTO^ RMTORR(TIG)TOkiRTOIRTRTi 
3TMr RR ^fRR Rk?R k TORR tl

TOfTOTTO RR TOktR ^T TO; 3TTO RTOtTTO R RTO Wg TOT RRRI rR ^
^R r tor froror rtrt ti to Mto totr stMto rr toMr (MIG welding) 
TOiroft ti IR TRRRT toMr rtoIr (shielded 
welding) rMr fi

inllhration

II IR

men gas metal arc

3TR:»TOR

^T TOTR RTOTRf TOT TORRTO TOR RTRwf TORTR TOT MTO I fRR RR TOT RMtR 
7RR TO RRTR ;TTOf R TOR RRRTTOT TOTR TOT RRq RR R 'TO f?Ry RiRT 11 RRR MTORT 
IR TOR t—

1. %f$TTOT TRRT5TR 'iPT.RRRR (capillary dip infiltration)—rrr

TORRT RTR-TOR TO Rtf R RTR TOT rM=T TOTR TO WTTI R RRTRT 
RRTT tl

2. RUT fRRRRR 3TR:?5TRR (full dip infiltration)
TOT RfRR TOTR R RTOTRT RTRT tl

3. RTTO SPTrRRRR (contact infiltration)—fRR Rfr.H TOTR TO RTOR R 
TOTTORTTOT [tort RTRT t ITT 3TFR R RTR TOTR TO '*?R R TOTOFR TO RRTO R 
^IRT tl

fR ^ ^ ^RTRRI TOTR-RRTOf TOR fTORRI'jl R MjR -ttMt fTOTOT 
RTRT I TTORR TORT, RTTO TOTR TOTOTO TOTRR ^ gr-, ^rj
fRR RTOfTO Mff R TO TORT II

—RTOR RRTO totoTTO-

TUTOR TOR

TORRT—impregnation

m gate '-.TTOTOTOR
Ri Mto ttorr tor ir rttor tor toito r torto froff-rtr to tor rtot

TOTRf 11

ingot TRTO. foTTTOTOT

RRRTORTOM^RRTOnquRTTORRRTOTOTR^.RTOTR TOnfq TORR. 
TOR TORTO TTOTOTO TO F'Im■ ^RRTOR TO I fR l)TR TOT RTOR TR TORTTO TO TTOR RT

2(10



,-^n4m ijH'hH 3W^T ^H,’ikf45<IIl % f^T W$\ 11 
3FIvR^ 35T3 SlN'li^ii 31W ?HT 11

nqoi

% fait 35TfWo

kr? :5m, Mol^l ^T^T

grfte ^tr ^ ^ i ^ ^ ^ ^h
% ^ ^ M ^ ^ ^ ^ ^ ^ ^ ^
rfm qq^t smi snw a&r q^ »t fq^

qToft f^W 3?^ M t 3RT: ^T ^ WT St^T tl

ingot bleeding

fqfer 5Tm
.gt^gifq ^q sp^T ^ ^ ^ 3tq^T ^ f^IT » t 

ZFtfq. ^T%3T 4t kd^T qM q^ Ttl ^\^W'4-^m

ingot iron

<qtqT i

Rsdl,ingotism

ktm c£t qpr stfe qrq q^: saw ^fd^q-qrrq % sradq ^ dtr-
dk $^r q^rd qr r^i’WeTf % qqd ^ 3rqH qrqi i^t qrq qq^r q^ 
^Fjq^T-qnq
q^gu^tiifqqrq^F^^^ ^ ^
(inoculants) ^ ^ 11 ^ ^T qqRT dt fq qm ^ ^ ^rtl
t q^rd stTtfqq) qr^it q ^T wqqrdt q# ^nqi

q ^Hf ^ fqq^lf % 3f#9T qnqr q^T ^ q

f^§ qq

^oiqi tmt q5 qd, qtq ^ % 3F^rr % qrq fqqqq qq-

?td ^rd t fam fas % fqqqqq q strait ^ 11 f^qq-^rq qr q^rr ^ 
iti t—(i) fsm qir krq ^qr q^T ^tr ^qi t (2) faqd1 qfi ^ ^ 
33^ ?tqT tl

*rqq5f drqfr ^Tqrt w^, ^k.q qr (corrugated) trdr t
qqq ,ii<'i oH 11

ingot mould
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i nut >1 si eel fqfqq f^qrq

"iTquqqv qM q qp^pr q.M ^ qjq qq ^qiq qq WTI?? q fq? frqq> q 
TFTqp qqq mr W ^ qr qpq T^iq qq rqfqq-ffqiq q^q t fqq; frfqq 
q^qq qqp (solidilicalion shrinkage cavity) fqqqqH r^q t^i

ingot stripping

fqq-qfqr q Ftqf qq nq-.i'.H ^r fqfen 

inoculant

fqq fqqqqq

fqquq

q qpfq. -Jfrmw, qrfq^ w-tr wNip-, qrfqq^ hf? fqqR q qra qrq
IT q 3Tkqq> iiTTvFTnfqq- 

f’qrq q
3TR qrqfqRqq q: ^TfFfqqq fqq-i-q

qqn qrqn w. qq^7 qq-'^fm (qppmq) fq; 
t'tfqq qR qqqr 13TR q^q: rr-^riM wqq

•( i
i

rrqiqfqqq. q^qf qrq q qqrfqt 
qjq qqq ? |

'IT.-H

inoeulateil cast iron HqliiR ^qqi rtst

qqqq q>.q qrqqi q qoprq fr qq rftr

•qqqqr q ST qifqq qqi 'qrfqq; Wqqf q qqq qqq % qqquq q ^rf qqrq 
rqRM qptT ? ntq miR q^Ff ? I fq .qpf %. ffqn qq^q n,qHPi-4-,H 
q.Frqqq. iqtqqqr

q^ qqqr rri

qqrqqqnt-FrRppt w rqqq-fqrqqR qy q^q qi>,if?i 
-.Tfqqqrqq qq qqqj mi qrqj ? rw RfR q ^T tr fqqi qrqr t|

qp^T—nodular east iron qt

ini iculation tqqnR

qfqq qpf q rqqjqr q^ fq tr qq qqR i

qp^n—inoculant qi

interciAstalline corrosion qqqpjpqRTq qqpR

iTPiq—intergranular earrosion

iniereiAsialline Iraeiure '-iRqfqpqRR tqqq

qp?17 Iraeiure q> 3HJH inlergranular liaelmv

qp



intergranular corrosion

^ ^ ^ ^ tor ^
3^1 ^-qir^mT w.
^FIT, ^ t ^T ^
% RTO tor ^T ^R, ^ ^tgiRT mwt % FWR tR f^Ffr 11 
Stf^q ^raTRT-3?lR ^T ^RT. ^TT % #3 iR^Fud IT Jlldl I. fR ^1
^ ^ ^ t ^ 3m ^ SR3I. ^ ^RR %
R=fi <RT I, fR tor ^T nfrT ^r ti

3iq^f q\ 3RT M^hr^i R j^J-'-tR^W
^ rtr ^rfr % fan q id* irL,r^ ^ ^ ^ ^RR1

■3RTlt^F f^^T 61^1 ? I

11 rj-mR4wi

*1:}d.)KH

dif^rj—intercrystalline corrosion t^T

5f?gTT—weld defect ^

'i\r\i\i'itf, RT»Rintergranular fracture

fracture ^ "STcF^T

^\>sl\\h'-*, ci1dl"Hintermedicale annealing

—annealing

mvzTTJT^i q--iqH ^thintermediate carbon steel

r^u—carbon steel % '^dJfd

OTWTintermediate phase

faSdRRR R m if FR ^51 ^it '-FW*

ynflRT ^TSf ^FTTI

i n term eta 11 i c co m pou n d

gfacfi qppf ^T TOT *TO f^TOT-RTOTT TO hIpTO

JRTTO '^TTOT fRTO-rRR TOTT ^ I TOTTTORT 3TO TO '‘TO SH W TO TO7
UnllHldRl

RTO'^f if C11AI2 TO Mg?Si. TOTTOT-TOT if CuBc I TO 4TTO R

TORTOTO qlTO

^ qi

RTTOT-TO R TO5 ^TOT-’JTOTOT TOTO SR S. >lo'

:oa

RRT S fTOR) qj 5TfTO> TO1TO3). TOrf^TOR^^df
R SR f I

internal crack 3TT#Rj 7TO

—forging defect

internal stress TORr yfd'sK'l

residual stress

interrupted aging TOTOT W-TOR

fro^T ^t Tsyr: <?r qr 'irfror fro » qr to tttor tott i qro ^ 
% rs ^t totrt Rq rt^ 5^1 fro im ti

interrupted quenching TObCTM yiTR

I. tRj yuR-qror fros TOf rt tot-tor ?f to tot Rtto fror
TOTT I TOfR R TOR ff Rtf R ST |

2. TOJR TOd
tirfroj TOT TO ^ TOT rTR fTOTtf T^R 3k ^T: TOR TOR 
R SR if ^R TOR, kTT RTTOTOT R TOTOR if fRR rr ||
^TR TOR ^ TOR tl

RR RR

interstitial RRTIcrfT

—lattice defect.

interstitial solid solution tficRKjfl RTR Rfr?iqd

tTRRf % tfTOPJ^f R RRIf ^ tRftR RRTR ?f^T f | TOSTOfTOfr. gTf#5R• 
ik RfRiR. Rfprf if TO qw r TO froRR rrr ti

invar WRrr
TOT-f

.•>6% k^R, ^SR- TOT if TOR. iTRTR sk RrfRTOT 3k TOT RR SIR 11 ~ 
RRTR TOR tpiTR fRR TOT STR t k RRRf Rtf-rrfrR^ff sfjf ftjrI qr

tl fRifrff-'f CTJH 6ldl

TOR'I
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^ ’TfrTT 11 t FjH^I U^W ^ll'*
—0.3 X 10‘6H 2.5 X 1 O'6 rT^ ?HT t f^c 
^T 0.9 X 1 O'6 imi 11 ^ W^, 3k OTT-3WT 9T

kk ti
ilT^jqf r^TT^k. ^l"1Hl'Fl 4k. ^Fs^l 

gMchi/l r^ifk^f *r ?ht 11 ^kr dN^inft Tf?^t 
talf^W q1 # ?TrfT t ^ 'iTraiRW tl

inverse segregation

(r1^

rP^I

yfrKMlH

—segregation

yfdviio

^ ^ ^ to ^rar 11
% to h7^ to ^r ti

2. tT^ g^r kto to to ^r toptor % to ^trar
t too ^rt -3 

5k i ^to ^vto gr ^ ht tot 11 fto tot h<* tor 
tottototo^T^ 
gji tor ^r ti^rii 
mzi to ton tor ti

investment casting

inversion casting

1. ♦H-’iq-H-gpvR

t |fr

11 fto tor-^t
t

toto'JT toR

tto—casting
3IFRion nitriding

fFrtrt % ^>r rrg^n to tt tor tor
iTTciT t to to grfto to^rtr g^t^r tor tr

tt
ggiir ^rtor ^

fg^T-gftg?T ^T
tok-toto % ggrg tto -grar t ifto toto 
jiH ^ph, gr grttot tot I11 WQ

fF^Irt Vp5 t1 to^l tt ^trtt 11

ggpri
T/i

tot, to
tot-fttot % 'tor gnto tot. ^ to sptrato toggt i mwi 

g^rra 26. MiOF^-'Rrr 55.85. >\<wi*

iron

1330°C i1 itot tontg^tt 2 to 3 £ i
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^Ttg^Tt it
^r^tg^tottttofgggFtTfi gtog tot gt^r =& togr g? stto gigr it 
iff get!

gp igg-i (T

Rrtrtt 11 g?
^Tct: tHkisse FeaOs totofF Fe304, toHtfF FeaOs, XHaO. ftot^ 
FeCOs to? to it gtgt gigr ti

ton to(01pha iron) tog^t w^ggr910oC(A3)^^gg[ggT
Fgto tlrti 11 itor grgt^ gM toto gto fgftor gpre; »t oggftgg tot t11 g?
to gtto tt to toto tott t k to g> to 768°C ti

toto to (Armco iron) WTW1 ^ ^TTlto tot ^t ftfto SPFt 
iFtt ti ftor 0.1% tt gtg stgg^ ^r ti ^gtirto ftor 0.012% gtot. 
0.017% toto. 0.005% totorr to: 0.025% ?^t ti

to?! klK(beta iron
gtgt grrtt ti f^r yt^? ^t gtot stg g^g gtg tot ti

oftK (cast iron) gf?gg—cast iron ^tgtprrfg gg t1!

to (delta iron) to gtr g^ mt ^g gt to it 1390% 
(A4) to 1535 c (gkto) % to grgt urtt 11 g? tor t to fto
g^to ^rggrto totg toggi it oggfto to ti

r,l^i "0^ (gamma iron)—to g>t ggt SiM^q tt A3 to A4
ftor % to gtgt girtt 11 ^pgtoggg 9io°c to 1390°C % to gtgr 
w i 1 tot gt i^g fg-gr^g tor gtt fgto it fg fg^ ^ ftot gggt tot 
f 1 to: grgrTj rp^ tog tog grggr g to^og to I to g? 
to ti

gg57T gtr^T (pig iron) ggg gto it to 'gg^ % ggggg g 
^g ^ggr fgggg torn ?*gtg. ^to tot gggt rgggt tot ggrg % fto 

to ti ^g ggtor g 2.5%—5% tog to fgto grtof g fgtog.
to 11 % ggp-. qn-H fgfg ^ %

gg^ gggg ?ggi gggg gggrgr

g^gg
'to

gggnt. tog: '4 
tor to gg totgrg fg^gr gr^r | 
^t\ ti

tog Tgrgr (sponge iron) gtjg [ggrtor tot gt to wg: gg gg%
ggtg tot t fgg•ggg-gtg g grg toto gg grg kgt 11 gg g^gg g tog % 

wg fg tog "iisi g^t gigy 11 tog tot gg 'gtot g fgggtgg grtog. gggg gg
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f^T HBT tl ^rm ^ 7'^ 
fa'-IF1; 1FT tl

f | (t,rr^ c?TI? ^T MSf,H ^ "ilf* ^(TTS ^ W^T WH ^TRT 
giiWf^ % *TTO WTFTT ^T t ^
(jTft % ^MctKT ol<*/< ^T^fqT ^ ^ ^ 11 fp^- ^ 3^nT ^ ^T^T if’-

%f I ^1qqfa ttp^T ^ ^TfpjT ^T f? I r^RR m^\ WR
tlcF*T, tUl^in'^'af, S<K q^vS'ii^ emi *3 0111. '-ii^ov:..-. v<..v-.

if 3Jte RR '^H % ^TRiT fW ^WRT W^t R R RRTT o 
gpr 'dk Site R5RR ^

fte dri-IKR
^qff^ IFIR te RRR fRR^T

ironing
rte ^ut tar if ^pf teRi te #■ tet tet ^ 
^1 ten

te1^
te-teif, rteR-terf mm srt ftete R

irradiation

f^l TO 
3TOte TOITI

fSRTR 5t1rirradiation damage
radiation damage

fmTOisobaric process

pKp- ^ ir f^Ri hh ^Mi yyRi I

fwspiTOisocboric process

1RZR SIFRH t;R t^RlT TO TOT RTO I 

isothermal annealing HHrliyi St4l'‘lH

gff^tr—annealing

HH-il'il 'A'XMisothermal process

fpjjr FTP? ’R' fTOT TO TOT RTO I

isothermal quenching TOTOT i»TO

%fgn;—quenching
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isothermal transformation

^TOTOT-qTRT ^ 3^ fTO TO ^ TORT R 3TRT^HI^ci ^T

UTO I TOTRTO: TOfTOT ^ITO
fro ^rter to (Aci) r ^ fror tot ti

isothermal transformation diagram TOTTO7! 3tK<sl

RTO 3R^ffTO TOT rR ^ te'dR-R % TOft f^T
TO TOT 3lTt^ I W 3TT^ ^ TORT ^T 

tftifTO? ^ RTOter: qftter TORfpr TOSTOi TO-TOTO ^T TO te 
^T ?TTOT f I

^TOT ^T
smr

-TOTOT-f
:STOT ’RTOT ^TT RRTO % f^RT TO%Tf ^TOT TOT gftft 11 fFRf ST^TT TOTO ^
^,y ^ fciR sittorr terorf g?T TO^rfT vft tot ?MT Ii

phase diagram

isotropy

^ TO TOT t|

Izett steel snTOi toirt

^rfte aft ^Tte ^tef sirfe if ter ^ fror tot tort i
^ TOT-qro-tf^l'Ji (strain age embrittlement) ^rofTOfT TOT tl 
tot tort o.09% ter, 0.06% terro stR 0.05% to^oPtto 
te ti
Izod test STTfTO rrfRM

^tT—impact test % 3RFfa

jack black (sphalerite) #3) sfT^

—sphalerite.

Jackson alloy ftryTr)

Zf TOT hTTO teR 63—64% TOT 30—35% TOT 
te tl JR gtef '^T ^T TORT 4T 3TRTT tl2—5% tT
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jack star

^FTT StSTT ^ ^T ^ I
% MI ^H ^ 6)dl § I 

Jacob alloy
^ fjRFl1 94.9% <ffaT 4% Riioi4)4 3jk 1.1% Bt^T 11

JTSt^T, ^IK'JItT^T 31^ BBT tl
fi4=W % ^9 k eldl 11

5fi% f^kr

%^r-3iw^ qikr^H vm\ ?wi ^ ton % 4fto
tow k SIW^T to^ ^5 ORT to ^ tl "to ^ ^ ^
mto tor^rar t #: ^ ^ ak to ^r toto m
to?R k tor ^rar ti

Jacquets' method

tot toJannin method

to^t'ton^f ^ toi 4? to amftdkf hr ^ tor k 
MBrrt dFt Wrf tot '3fRtT tl

jarring of ingots

^ to ^ yRt to ^ ^ to i to1 ^1 ^ ^
pt ^fto rrto gr^rr k ^Rtr t, tor ^T to-^r k^4T

'Jlldl 11

■d'-MH

to kr^t

k^Frtjetal

^qrd R gt<jl^T 3totl^ tokt 3c^FJ ^<4 I fto
5k60to^3OT?kl^T»tl 

>wtt? dir-tdl4)H 4^;w, wt <t)ik<t4) ftoR ^r ^ti tor 11 gtfktor ^ 
% tokton k to sntois ^ ^ t

k-sntokk tor ti
jet tapping

gntR toto k fatot ^ toto^ qtoT •sqKi totk 4tr
tofe to-to st^w it wm tio^r,
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jeweller's bronze ^TfR ^RTT

kk 2% k*r tor ti 4F 
'«rto, rRT #■ kwkrkt tor 11 fw tom ton stFpk #■ gttor 

k tmi ti

q^r drer tok 89% to. 9% ^mTT

J'g to
i ■ to^t 3mr kto kr to-to irtot tot k to mp^r tom i ^ 

^to. totoj (work) kr k *tm to to tto tort: kr to kto
kr krr fnfk-< ^rkr 11 mtyR, 'kk ntt ^ m kk t fkrrr dm^qn gti^K k fk? 
to 11 ^ toir, to-g^kr kr to wt tor t kr f^t tor k torrk kr ww 
tor stmt ti

2. «rto k fkfto k to: ^r 
to k gw tor kr ton

3. oftor k to tor kr wf ttn k tor ppo r tom i

'TTTO dild tot totW kl 0^0

jog to
to tR rreryi fto kr to kr urto k toto 307m tor kr dto to^r 

to-tokr to tortorw or fkto ton 1 k ?^-ykkf ntt tR pk kr tor 
tor k tow. ktotto smr to trk t oot tor 'drmr to otoif on 
^R-fto krtortork^Rkortorktotorti
Johnson s apparent elastic limit

toRoktoktoFwkroRkrftoortoTkTfton tomk sr^m: 
srro torkOT^Rtor^tortto f^kt to toRtr ^ grpm, 
o^r^ krm k to fto toRo kr gtorr 50% km to k ^?ot 11 ftom: 0? 
tow to mto ^r BrprRT or k ftor fk^ROB tow tor t 
oowr, wnwor-wR rt k-fwt tor ti
joint efficiency

or kw rt tor rtr k tor tor k orto to pn 
or^ k orwf rt srprirT tor wo k w k wr or ti

toot dtrorkr wrw tor

OBT OR kf

Rkd frlMM. d'ro OW

Jominy end quench test

fofto
kr toKdi oro oto rt ok^w 1 foto wit k korr wz kr ftoffkr oro

torkr tor snoo oksjw
305TT goorr OORT OTR Rdktodl RT OR RT ftofTO ORR fTOTO

OR OTO
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tf #r ^ ^ f¥Tt iW
hfu 11 yTT^FT rt?- ^>t yiiri"H #3 irar t F<^Vi pt7- -jr ^
^ aTRRR-^7’ ^TFTT " I yTIRR RR R TRR 5^ M\ R faR HR

^T -t,6iv NIMHI ^RTT ^ W'l rRRn 3fR% RRT
f^fe UTRT ll fR 'RR VRRf RT^RT RT tl

IRRR TFRfjournal brass

n^ RTR TRRR TWf 65°'o RM. 5—100„ RT '^R 5.3% RRfT RrfT S I fRRI 
RRT ^ WRn RTRR iTRT tl RTRT RFT RT RtfRlt R

RRT o I

sRH"! :RRT

RTR fR'RTR^f R 'RTT. fRTR RTRt RT ^TR RTRT RR o I RTRT RRT RR RR 
RTf R RR^T RTRT RTRR ^RR RRR RTRR RTH

Journal bron/c

7. RR RR RT^RT 
Ri RR tl

RRR RTT RRRJunghan's-Rossi process

RR m RRR RR RRR RT RR/R R RR? RRRR RT TRR I ?? RR. RRR 
■qT^r R RR R 5T TR^ R7 RlR R TJR'jT RTR 11 T1RRT R{T 3FRTR- RR e I

I ^R TJRR RRT FTRRT RR HFRCf'/i

RT 'RR R WR R RRfRR RRfR R RTRT ’RR 11 Rt% 'V yRRT T^TTRRT RR
fRRR WH R RRT RR yiH'-H ^RR RfR RRR RT RRyRR R^.TR o

RRR r-HI 11

Junker's mould ITR7’ RTR

RR-ylHf'-H RTR TRRRT RTRR 'RRo RR'R RR d'lR 
R RRRR R f77^ TRR RR ?I RTR R Rbl W

RR RRR RT
TRRTTR R TRRR RR TRRRR

1TRR RR I TRRR RTRR1R RR 11 RfRRTRT R RRR RRR RRR 
RT RTR RRTR RR R RTR R’" RRR

3TFRT RFRtRTKaklo eon verier
?iV/n—eon verier

RFRT RRRKaklo process
fRTRR R jcjehlRR ^RTR TRRM RT RR RTRRTRR RRR R RRR RfTRlRR 

R TRR RR ^ I fRR ^MlRR-RRR ^T M^dlRR if T^ RfRR RTR R R7^

RT RRT RTR t RffR RTTRRTTT ^RR ( 1.8%) R^R ofl% *T R^®fR #T

RTR-RTR^fTRR| ^fRrqR^RFTTtRT^RRRTRSTR^TR'iTTRRRTRRF?
RRRTTRR? I
R RfRR Rtf oMi sflr fR^fR RTfnT-rrqyRR RTR^T RT^f R 
t^T^Tf ^T

RRRT RRR R RRR 
RR ol^ SI u| ^TR tl Rltf f IRRR,

Kalling Domnartvcl process

RTR R^ R fRRRRR RT RRR fRRR ^f^TR RR TfRT fRRRRFT R^R RT RTR
RTR 11 RRR R^ ^ RTR Rig ^ if fRRM RT ter Wr if fRTR,

RRfT R RFT fRtTT RTR 11 ?R RRtT fRfR^ Rrff r ^ |
2%W^ #TR RR ’|R, 0.5% RTR RT ^TT fRRTTRT, WR RT 4r RT 

^RT RTR t Rfe RFfRRR effi rr^ r ^ | fr^ 'R^t RT ^RRT RTR 11 RJR if 
f^WTR RRR, ^R R RTR TPpR R RTR 11 fTT 3RRT if 
ffTR? RRR tl

RlfRR tRRRRR RRFT

RRRR

RRRR 30

Killing's process RlfRR RRR

RTR RRTRR R RRRRR ^T 'f itI RfR fRRif RTR RT fRRRR RRTTT RTR fRTRT 
RR RT I ^TTR- RR RRR if ^FTTRT iltT RTTRR RRTR R fRRR R RR ^T RT 
^RT fRfiTR fRRRTRf R RR RTR TRR RTR RT I 3TR fR fRfR R5T RRR Rtf 
fRR RTR I

kanthal alloy R^-TTR fRRR

^ fRRRRT R RR RT RR fwf 25% RTfRRR, 5% RaffRfH^R, 
30o RlqK’1 RfT yiR yiRR RTR RR 11 fRRT RRRR Rfe^R #T f^y fyyxR 

if fR?^4T RRRf R ^R if RR t RTRR RTfR R fTRy R Fyyr 5 ff 
TiR RT RRRR fRR R TfRR t TR 

fRR R RRR 11 R -6m RRTrrrt ^TR t fRR
RR R RTTR RlfRR RRRR ^y rtRt ^yy 3py<^ tyR t

5'icr/i ent viR R RR RR RT RRRTT fTRRFR
T^R RTR RT RRR-RyRTR

kaolinite

RRR, RR RRR RTTTR>, R-INh. RRRR CRpf % ^yt 
r if RTRT RTRT t RT fTRRFR RT?T R ^ RR RTRT11 

RTR RT RR7R RRT TRRRR RTRT t #T ^F'llf jl RRp-T PRTRR 
500 C RT R'aifRRTfR R iTRRRR R -JR7R RRpf RyrR gpR ^ | X()()

R'7!
cRRI

RTR IT RTRT II 
C RTR RT
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q^ftRT cfif WM t IBT f I 1000°C ^
w Mm\ zfc ^tt im srt^ ti M-tiAii^c
1500°C % 3TWW of^tT q?qr % fRH wf ^ it ^TcfT t ”TWT
1650°C ^ ^wm IH ^FM tl gn^R) 2.61

Rrai^karakane alloy
rrra Rr^af M RrR ^rt. tot. ^k ^kt-^kr

(3% ^tlT kl IfaT i I WT^T 5FTrTT Ilkf tl 'ilFTFR k ST^T ^
^m4ft Mfekf ^k kF^IHd f^FTT ^T ^cfcrll 11 

IRTT tl
<*)d^l STf^kT^T1!kettle oxidation

tferr—tossing

^Rt kr?^Keen's alloy
F=f) dTR kT^ RraR 75% dM, 2.3% TOTT, 2.8% 16% Rt^oT, 2%

cm^z. 0.5% uaifaR^nr #■ l .5% ftm irtt 11 tot #r k^Mikkt
IPdl 11 HFRFT ’T^Tl'Ml'id) k^dl % 3TT ddl-H k IRTT 11

TO #R O^FT

n^ fi^-^-rfcFT y9W kr^nr nKrid> ^1 'Ftr^r md k Rnf^dd k
% trokr too Rr?-k^ k ^ % ^rk vtft ^t to f^TT

^'HlMKellog hot top process

Rntad ^T
dldl 11

^rTFi y^vR

krkFPTt ^ drMl^d ^)T 'A^M I I^PT ^idd-^HlId fFT^tTIT ^T 
dR-td>id)R fRwkr % to kokid fro to t faro to: kr^t rtto ^ 

k faryi'-^R frwkr. ^idH -$<-Mid % ,ps k Tikyr ^Tdr 11
ken nal metal

Kellong process

^itTTOT

d)dl ^

gpq «TTO k fktot en^d-ei^dfd'MR TOffI ?T ®RT
k ttk>l£d

chiqicrc
kr^l ^Tftfaro ^k RklfcT ^T dM<r-rd ^'ihld

-̂ \m’,\ k TOFT 2000 C FRRTTOtoTOtlTOk Rto Rttot to
11 5IT kk FT fato ^TTt kr kdto tort Rtor irk k

RcpgkfapTT k kl'd^t kk t
TO TTTdT kl

HSNdl
^ ^T 'dldiT ST^FT
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kermet TOFT
^ TO Rr^ farro 2 % fkro ^ 3 3 o 7 % kFF to 11 fw WT TO

kFTT II fFRiT TOTFT ^Rdl to di^-MH % ftof k to- tl 

killed steel I^T f^fFT

^ toft fark fttot k tor kktor, farfarro to fa'TRkkro tok 
m77TT^" ^tokto to to to it to to ^ tof kk r ftof

far? Ul'-<i If I I? TOTFT k fT^TOT (Shrinkage cavity) iPTO 
FTfF, fa? % d--h7l FFT STTO t, tof TO tT klfRd Ilk 11 ?k ^'jfld 
to TTOT ??37Ff kt to tl

Killing

to 3TOT

TOTTd

ITOT

__ ]- ^ ^ wr-TOtor tott? ?k to fato to<t tor i
fFTTO tow? W? k to to TO? TOT? k WTO f?ffTO (stretcher 
strains) to fafto (kinks) m ?TO? IT? k k?FTT tl

2. towr—killed steel.

kiln
'RTO

TOFikr tor^r fawi, toft ton toro irkr t to ?i toro toto k 
wj?? to 11 tor kkr TOR-fw?Tk =& to t faro ?^tt kwro tof to 
11 tof ?TT TO?FT g^??: Ri
to kr to 11 to ?tof ^t fto 
to % Rft to tow fro totof to^r

wfar? to ti fro to to k ?wfi? 
to faj?r ww 11 to-to to

'Him

TOT??

?T ?? 'RT W7FT f?FTT WW 11
R?? wr to tot? wt ??t to t faro to- ?k to ?^? ?t?ri to wt whv
FFTT IT?T 11

kink faf? 

tr wkt ti ?fa
totor to fto? k it ?r to tow. to ikto M? R w ?r to 
to wi? ti

Kinzel test

torro wtof k t?wwR wfaf ^n? k TOi<-idi

fwro wto?
?ro? ?TTk wt tofw i fro ?to ^ to fw?rk ?? tow wr tor?? ^?to 

?? 2.5 kkr tor Ri?? ck k ?wt?? to?t ?t?t i i ??? wt w? fw TOR
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fkrt, 0.0254m\ t—%lt 7.5 ^T, 20 ^ ^
^T, 45°, MSill 0.127 ^ I

Kirkendall effect

^t-^i sra ^ if qrt ^th fo^-qfc^ \m
70/30 ^1% % ^T'4 5^ '1HHI to tor
^ I ^ ^TOT fro^ ^ i 3^ ^ 31TOi^5, Tter 4tT 53tT frolic ?r W 
11 TO ^TTcT |3tT I TOt ^5T clt% # fTOT^T nft ^ t ^ rtH ^1 
ter pf faror gmif^f ^ n% ^ iTm 11,w ^r tottoj; fairo gf%
oRT dl^l-^7! 41 <-iMI-uojjhH<hH 

45T ^f 4T4T 441 tl

f^5Tkish

^0X7—casting defect

fTORknockout

^TT % ^ if pr TOT 4T4f #T ttit ^ 4T^T444 ^T
^4%f^4f4?4TW4Ttl 4^ 4^ , 4^4 41 4^-45^ 311^

taigf % 4K ^44T'^f

vjq 4fWKnoop test

^04—hardness test % StcFRT

45T4TC

TTO Iwf 23-30% Ni, 17-30% ?k 0.6-08% ^4#5i 
^T4T 11 TO^I 4F5T4 TOT 4)3IT 4514 45 44H 454 HT4T 11 314: f445T

344T4 45T4-4T^ 4R 4lf,tl 4 '4/41 4T4T 11

Krolla-Betterton process

350°C 4T f44yi^T^54 ?^T4 4 4)f<r«44 AJ4lf^T44 f441T45T #41- 
^T3H 4 fTO4 45T 4445 45T4T | ^fTO44 #T #4tf^T44 41^4 fTO4 % 4T4 
^04lf^45 4f445 44# t # #4 4 3ff#t4 t 44T #4451 #4 # SlTO 

#4^ #T 31T4#45 4TO 454 #4 11 4 454T i6*i 444 4T 
4 4# 31414 4T #41 4T4T 41

Kovar

?F5F4-44^4 45P54

I4fA4<44T45
4?T
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Krol la-process S#T 3^54
^1^1444 #■ 445ff#T4 41^# 45 f4^#T # 445 ##1 ^ ^ % 

451 3fFf4 31441 t#44 % 41^4^ A= ^4# |XT A##44 % 414 
314444 #41 4141 f I 4? #41 800-950°C 414 4T # 4# t, #4^ ^4T 

?# tl4444

TiCly + 2 Mg Ti + 2 Mg Ch

314f^4 4444 4, ###144 5# ###44 4^#!^ 3I4?#f % ^4 ^ 
414 414 If #4T 4445 ^##5 #4 #514 4^4 #414 A11000°C 4 454 414
4^5 4T4 #541 414111 ###44 4#4?4 f441445T ^T ###144 4]UH ^cj|^[ 
?445 ?1 4141 tl 4T4 41^tf444-#4 99.5% ^4 f|

Krupp Rcnn process

IF44 «HH #51 445 44451 314444 ## I f4# 0.2-0.3 445 ^4

5#4#45SB#)%f#5rJ15Rl^iff44t#:4I411414Ttl#4f^4#t4T-44fI4 44T
^ 414 ##1^4 ^414145T 444 ^1 TO #541 414111 4^4 ^1414, 31#41?4

44!#451 3HTO1, 314f44 4#4 4T 441 tl 414111 44 4R##4 44114 # #4^1 
31441 ##451 ^?4 f| 444, 4 #4#! % 4R 4^ 34145T <#T #141 4141 11 

, ^ ^1 m 41^4ol 4 <2445 4* #14! 4141 11

^#9)1

414 4^ ^ #R4 5-30% #^1 441 1-2% #41 d#
#T^ ^ tl 4 4TO 451R#1#, 44^4 #1: TO t# 11 f4451 44414 4^t 
31^441# #T 4444 4#I4f ^ #41 11

kupfersilumin

454 #1 9454

5144541-

kunifer

^n#^f#i
445 9^f4#44 #551^ 0.8% 4#! 13% #T#T4R 0.3% ###

tl41 tl 3'TIM 4495#441 tl4 45 4544 ?441 44#4 4#41, 444f a# f44 
^li# ^ ^4# 4 tf41 tl

Kupper s solder ^54T 4#gT

454 444#5 4141 #41-#155ir^ #44 7.15% #T#1454, 9.5-7% ##4# #1: 
#1 #41 till tl f4951 34414 4193T 44 45 ^4 if #741 f |
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