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'l'he se lec t ion  of an a l loy  IS depend at upon 

o p r a t i n y  temperature, pressure and enviroment. 

Thus, any mater ia l  f o r  use i n  a p a r t i c u l a r  p lan t  

should r>e w l e  t o  witn stand tne  operat ing cond- 

i t i o n s ,  e.y., s t r eng th ,  ox~datkon and corrosion- 

resistance.  Tne use of high s t r eng tn  a l loys  w i l l  

reduce the  thickness of mater ia l  and this leads 

t o  an e f f i c i e n t  heat  t ransfere .  

Low a l loy  s t e e l  used i n  hafer-AL-Ljawar Alec t r i c  

Power Atation is e s s e n t i a l l y  s t r u c t u r a l  s t e e l  with 

one o r  two percent of al loyiny elements added. 

Since tne  c o s t  of these s t e e l s  usually exceeds 

t h a t  of low carbon s t r u c t u r a l  s t e e l  oy l e s s  than 

5wk, it a f t e r  economical t o  use tnem tnan pa r t i cu ld  

a r l y  when weight saving is of p r inc ipa l  concern. 

The present  work is aimed a t  cont r ibut ing  t o  

the  strengtheniny mecnanis~n of lWr-Q. 5x, 140 s t ee1  

ln order t o  acnieve the  niynest  s t r eng tn  and duct- 

i l i t y  tnrough the  application of appropriate neat  

treatment. 

The compositional f a c t o r  cont ro l l ing  the  s t r eng tn  and 

d u c t i l i t y  of lL&r-O.li'&vio s t e e l  I n  s o l i d  so lu t ion  e f f e c t  the.  
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rnicrostructural f ac to r s  a r e  gra in  s i z e ,  p rec ip i t a t ion  i r ~  r e r r -  

i t e  and p e a r l i t y  Einess and content. 

These fac to r s  w i l l  D e  discussed DeLow: 
s f  f ect of chemical contposition on proper t ies  and cnarac t e r i s  tux- 

I t 1  tne  development of cnemical coinpositions t o  obtain tne  des i red  

proper t ies  of I-gr-O.5+#vvlo s t e e l ,  it was of course, imperative 

t h a t  s t r eng tn  be given f i r s t  condition. 

Tkle most important elements In s o  f o r  a s - t h e y  r e f e r  t o  tne  

low and intermediate chromium-molybdenium heat  r e s i s t a n t  used a s  

tubular  alloys-are chromium, molybdeniurn, s i l i c o n ,  t i t a n ~ u m .  

Cnromium pr inc ipa l  element added t o  Amprove the  oxidat ion 
and corrosion res is tance  of steel. I t  IS g a r t ~ c u l a r l y  e f f e c t i v e  

111 iinproviny res i s t ance  t o  nydroyen c u l r i d e ,  s u l f e r ,  and organic 

s u l t e r  coinpounds a t  elevated temnperatures ,. as  encowtereu  I n  o i l  

ref ining.  The addi t ion  of more tnan 1% C r  may cause appreciable 

a i r  mrdening and increase  me d i f f i c u l t e s  of fabrications not- 

ably welding. Chromium is one of cheapest al loying elements. I t  

additiori increases aus ten i t e  s t a o i l i t y  and reduces ixre  c r i t i c a l  

cooliny r a t e ,  thus improving the  nardensol l i ty ,  Chromiuin impedes 

gra in  yrowtn An neatiny t o  some extent  and i r i c r e a s e ~  tne  resist- 

* ance t o  softening a t  elevated temperatures. Tne proper t ies  of 
chromium-moly~xienium s t e e l s  a re  improved by tile addi t ion  of mol- 

ybedeniurn. It increases tne  nardenabi l i ty ,  reduces tne  tendency 

f o r  overheating, excludes temp. u r i t t l e n e s s  and el inunates  the 

dauyer of g raph i t i sa t ion  a f t e r  long service a t  elevated temperat- 
ures ,  suchcase as  b o i l e r s ,  f i r e  box components ... e tc .  

So l id  so lu t ion  strenytneniny: the e f f e c t  of s o l i d  so lu t ion  
(1 strengtkieniny have Qeen studied quan t i t a t ive ly  by C o t t r e l l  , 

iJIo.tt and lvabarro ( 3  ( 2 )  arid vrowan . 
s o l i d  so lu t ion  strengthening increases agproximateiy with 

increase  i d  concentration of the  s o l u t e  and is a funct ion  of tne  

d i f ference  i n  the  atomic diameters of the solvent  and s o l u t e  atoms 



and valency, This could be account of tile pinning of d is loc-  

a t ions  by the  s o l u t e  atoms, o r  general  rise i n  r ' r icat ion s t r e s s  

r e s i s t i n y  their movement on s l i p  plance. Common elements tmt 

solut ion  strengthen f e r r i t e  can be arranyed i n  decreasing e f f -  

ec t ive  i n  order: (c,h), P, S i ,  T i ,  Cu, Mn, i40, V and C r .  

Slement i n  s o l i d  so lu t ion  can produce an i n d i r e c t  benefic- 

i a l  e f f e c t  on touykness ~y loweriny the  transformation temper- 

a tu re  and thereby decreasing t h e  yra in  s l z e  of tne s t e e l .  

Grain s i z e  is  the  most important microstructural  f a c t o r  

f o r  low alloyed s t e e l s ,  whicn iinproves both y ie ld  s t r eng tn  and 

tougnness. The quan t i t a t ive  e f f e c t  of yra in  s i z e  on y ~ e l d  str- 

enytn can be expressed by & Hall-Petch re l a t ionsh ip  (4-6) 
I 

Where: 
Cy - lower y ie ld  s t r e s s  

G r  - f r i c t i o n  stress needed t o  move a d ls locat ion  tnrouyh 
the  l a t t i c e  d - gra in  diameter, 

K 
- yrain bouridary locking term. 

Y 
Tne move re la t ionsn ip  has oeen used t o  a r r lve  an empirical 

formula f o r  composition and s t ruc ture- re la ted  t o  yieLd strenytn.  
Ultimate t e n s i k  s t r eny tn  (U'l'S) arid uotcnimpact temperatures 

(ITT) . 

Wnere: 
ITT - Impact t r a n s i t i o n  temperature ( C O )  

Nf - Free ni trogen 

d - F e r r i t e  yrain s i z e  (rnm) 

Sa, ,f and isvans (lo) s t a t e d  t h a t ,  p e a r l i t e  i n  quan t i t i e s  less than 

25'h by volume has l i t t l e  e f f e c t  on y ~ e l d  s t r eny tn  althougn, i f  the  

inter- lamellar  spacing is reduced ~y lowering A temperature r l  
(723 ce) through addi t ions  of a l loying elements such as nickel 



o r  u y  irnposiny a r a c t o r  cooling r a t e ,  the  y ie ld  s t r eny th  goes 

UP 

Ln t h i s  work, an atteinpt nas been made t o  s tuay the  e r i e c t  

ot' lieat treatment on the  rnechan~cal proper t ies  of l-Gr-O.5/~l.lo 

Stee l .  

Tile cneirrical composition ufr tne  usea s t e e l  was as  follows: 

S t e e l  was supplied from hafe r  JiL-Uawar E l e c t r i c  Power Stat iori ,  

i l l  the  form or t u e s  LWW x 373 x 25 inm. 

'l'iie ~necnanical propertzes was determined i n  an urliversal 

t e m z l e  t e s t i n g  inachirle witn a ~naxirnwn speed of tne  nead L . 5  mm/sec. 

The specinlens were hea t  t r ea ted  i n  an muffle furnace. It was 

possible t o  a t t a u 1  dn accuracy of 2 3 ~y reails of a s u l t a d e  tran-  

storrnex aud a t e~~ ipe ra tu re  indicator f i t t e d  witn a r e l a y ,  Lor aut- 

omatloll I n  co11 juc t ior~  w i t 1 1  a ca l ib ra ted  n lckel - r~lce l  choinlwn 

tl~ermocople . 

Tne room teinperature mnecnanical proper t ies  were shown i n  

1 (1). A comparison with s t r a c t u r a l  C-Ateel; oue can say 

t h a t  our low-alloy s t e e l  rs considerauly stronger and toujrler 

au.;. t o  the  presence of C r .  and ~Jlo. 

~ r inea l iny  (920 Go, LO ~ninutes)  r e s u l t s  i n  a decrease of hard- 

ness ,  ul t imate Lensile s t r eny tn ,  and y ie ld  stress and ctu rncrease 

oL elongation 5 -/o and reduction of area  percent W '/;I T a l e  (1). 

'fhe d i f ference  i n  mecnanical properties oetween trle asrec i -  

eved arld as-annealed ccln be a t t r i ~ u t e d  t o  v d l a t i ~ h  02 .,.lCro- 

s t ruc ture .  

'fhe amount of p e a r l i t e  decreases with annealing treatment 

a i d  f e r r i t e  becomes coarser .  



The e f f e c t  of normalisiny treatment on the  proper t ies  

of l70Cr-o.5;/&0 s t e e l  has Deen shown i n  Table (1). 

Increasiny cooling r a t e  due t o  a l r  cooling (norinalisiny) 

a s  compared with furnace cooling (aunealing) a f f e c t  the trans-  

formation or susterl i te  and the  r e s u l t a n t  microstructure i n  

severa l  ways. Since w e  a r e  no longer cooling under equilibrurn 

condit ion,  the iron-Caroide drayrar  car~not  be used t o  p redrc t  

the proper t ies  of e u t i c t o i d  f e r r i t e  a s  compared w i t h  annealed 

ones. Tnis explains tne  increase of nardness 'u l t i~nate ,  y ie ld  

and f r a c t u r e  s t r eny tn  and tne  decrease of d u c t i l ~ t y  a f t e r  nor- 

mailising.  side from influnciny the  dinou~~t o f  proeutectoid 
f e r r i t e  t h a t  w i l l  form, the  f a s t e r  cooling r a t e  i n  normalising 

w i l l  a l s o  a f f e c t  the  temperature of aus ten i t e  transformation 

and the  f i n e s  of pea r l i t e .  The f a s t e r  cooling r a t e ,  tne  lower 

tne  transformation of aus ten i t e  and the  f i n e  of p e a r l i t e ,  Yiy. 

(1-1). Pne e f f e c t  of temperature treatment a f t e r  normdis ing 

on s t renytn  and d u c t i l i t y  was shown i n  Pig. (1-2: 1-5). 

Fig-  (1-1) The Microstructure of l'hCr-0.5%Mo S t e e l  n f t e r  
lvormalisiny Magnlficatlon (iuu X).  

'151re :lardening e f f e c t  a t  a temperrug temperature of about- 

650PC may be explained on tue  bas i s  os a delayed preci&tat-  

ions of i ron  and a l loy  carbides-  

Tile d r o ~  i l l  nardness, ul t imate alld y ie ld  s t r eny th  repres- 
e n t s  the  coalesence of tne  ~ ron-ca rb lue  particles. Tnis w i l l  

r e s u l t  x n  a rapid increase  of touyk~ness. 





50 ~e&erincj t e r n p e ~ r e [ ~ ' 1 7 2 0  
Fig. (1-3): The relation D e t w e e n  (5% & V $ )  and tempering 

Temperature *C. 
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l i g .  (1-5): The re lat ion between (Gy P. Gull m / m 3  arid 

Te~nperiny Temperature. 



iilonyation percent ( F &) decreased and reacried a i n u u ~ n u r n  

value a t  abou t  OW OC, a t  which delayed p r e c l p r t a t l o r ~  t o m  

place,  w h i l e  reduction i n  area  percent (v "io) contuiueci t o  

decrease. 

une can say t h a t  ( 5 )  is more doi r~aule  I n  r e f l e c t l r q  tne  

s t r u c t u r a l  var ia t ions  tnan $/ . 
Gy /Gul - values may oe regarded as  a s i y r i i f ~ c a n c e  of 

tne  work hardening coeff ic ient .  Tnus tne  r a t i o  between y ~ e l d  

and ul t imate s t r eng th  could oe used as a measure of tne  s t r en -  

y trreniriy e f f e c t  of prec ip i ta t ion .  

n rapid r a t e  of cooliriy from austenising temperature 

( S L u n C )  nas oeen s a t i s f i e d  through n r ine  quencning; wnlcil res-  

u l t s  i n  inartensita transformation Fig. (1-6). 

f i g .  (1-6) : Trbe microstructure of 1ACr-0. Wo S t e e l  a f t e r  
quencnirq i n  brine. (loo X.) 

Trle strengtlr~ p roper t i e s  mere n i y ~ i l y  miproved, wnile duc- 

t i l i t y  was decreased. 

'I'ae e f f e c t  or ternperiri J treatment a f t e r  D r u e  quencuing 

on Strength and d u c t i l i t y  was snown i n  Ply. (1-7 : 1-9). 
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 FA^. (1-9): Tne re lat~on between (6 Y f G1) and Tempering 

Temperature . 
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Tempering temperature C C ~  

fig. (1-10): The relation between gneryy irqact Xoule )  
and Tern9ering \L'empera.kure. 



uver tne  range of tempering temperacure exararned , s treny t n  

ir~cg@iped and reacned a maximuin values a t  &out S!iLI°C tnen 

fiua&Cy decreased. Tnis rrardeninj e f f e c t  may oe explained on 

tile Oasis of delayed preclpilsrtion of a l l o y  carordes. decause 

~f the  r e l a t i v e l y  small n-er of aJ&oy atoms i n  coinparison for  

&fie! i ron  carbide. However, w i t h  longer times and pa r%kulas iy  

wtitli n i y ~ l e r  temperatuEe~ a+- whach the criffusion rate of &r# a l i -  

oys becomes more rapido, scriile d l loy  C A Y ' - d e s  w i l l  p r e c i p i t a t e  

a d  s ince  t h i s  occurs a f t e r  tne  soherodisatibn or' the i ron  cam- 

~ d e  rlas progressed t o  a consideraole extent6 these fine par t -  

i c l e s  w i l l  r e s u l t  Ln a reversa l  of tne  softening act ion.  

At t h i s  t e ~ n F r a t u r e  (5% OC) ,  s t e e l  nas high s t r e n g ~ h ,  hiyn 

nardness, moderate d u c t ~ l i t y  and touynness and many os tne  re$- 

idua l  s t r e s s e s  a re  relaevea. 

~ l e t a l l o j r a p h i c  examination of tne  temgersd s t e e l  a t  55u°C 

k'ig. (1-11 ) chows toe f ~ r m a t i o n  of a l l o y  carbides ~Yro~, CL , V4C3 

and Cr. C. 
3 

kcis- (A*=) ; Yhe mrcrostructu w of l'gr-0. ii%h s t e e 1  a f t e r  

querrcn i n  Qr ine  ldld Tempering a t  55u6C1 h. Clos X) 



A canparsion betweerl Pig. (1-7 ) and Pig. (1-1U) snows 

t h a t  w h i l e  tne  hardness aud s t r euy th  a t t a ined  trlelr maximum 

values a t  tne  temperature of auout 65u°C, a f t e r  normallsing 

and annealing, t h i s  maxixnum rids Deen s n ~ f t e d  t o  alower degree 

(550°C) f o r  the br ine  quencrled specimen. 

This may be explained as follows: by rapid quenching from 
92U°C, i~ is possiole t o  t r a p  l a rye  n m e r  of vacancies by 
successive jutnps of atoins than a t  e q u ~ l i ~ r i u m .  A vacancy can 

move i n  the  l a t t i c e  s t r u c t u r e  and therefore  accelera t lny  the  

d i f fus ion  of atoms tnrouyn the  l a t t l c e .  

' l ' t r l s  means t n a t  prec ip i ta t ior l ,  di~r 'ussion-control led proc- 

ess, do not require a very nlyh teinperlrry temperature t o  take 

place. 

I n  addit ion,  quenching of a body from a n ight  a t  a lower 

temperature accentrates the  develop~ieut of res idual  a s t r e s ses  

because of the g rea te r  temperature difference between the  sur- 

f ace dnd tne  center.  

L % ~ J C ~ S  f L)LJ : 

The present  work is aimed a t  a s tudy of the  e f f e c t  of neat  

treatment on s t rengtn  and d u c t i l i t y  of l-/ar-u.5-r61vIo S t e e l  i n  an 
attempt t o  iinprove tnese  propert ies .  Pour types of rreat t r e a t -  
ments were a p p l ~ e d :  annealiny, nonnalising, br ine  and 021 quencn- 
iny. 'l'nese heat  treatments were followed ~y a tempering. 

The bes t  r e s u l t s  i . e ,  higher s t r eng tn  with an appropriate 

ductility were a t t a ined  by br ine  quencnlny followed ny tempering 
a t  55°C f o r  1 nour. 

'fhe improvement i n  s t rength  and d u c t i l i t y  a r e  not  acnieved 
a t  tne  expresse of weldabil i ty because carbon, tne p r ~ n c i p a l  

cause of welding t r a b l e  is maintained a t  a very low level .  
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