BEFECT OF HEAD LReusDMaND ON STRENGTH
AND DUCTILITY Of 1liwCr-u.5% Mo STEEL

. By .
Prqf.Dr. A.A. Nasser(L) , bLr. s.M. Serag(‘)

(3) (4)

br. a.R. BL-Desouky & BNng. s. M. Knorsnia

ABSTRACT

I'ne selection of an alloy is depend.nt upon
operating temperature, pressure and enviroment.
Thus, any material for use in a particulax plant -
should be apble to witn stand tne operating cond-
itions, e.g., strength, oxidation and corrosion-
resistance. Tne use of high strengtin alloys will
reduce the thickness of material and this leads
to an efficient heat transfere.

Low alloy steel used in nafer-mL-Dawar dlectric
Power station is essentially structural steel with
one or two percent of alloyiny elements added.

Since tne cost of these steels usually exceeds
that of low carbon structural steel by less than
50%, it after economical to use tnem than particul~
arly when weight saving is of principal concezxn.

The present work is aimed at contributing to
the strengthening mecnanism of 1#r«0.5% Mo steel
in order to achieve the nhiynest strengtn and duct=
ility through the application of appropriate neat
treatment.

INTRODUCTIONS

The compositional factor controlling the strength and

ductility of 1#Cr-0.5%do steel in solid solution effect thne _
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microstructural factors are grain size, precipitation in ferr-

ite and pearlity finess and content.

fhese factors will pe discussed below:
vffect of chemical composition on properties and characteristics-
In tne development of cnemical compositions to obtain tne desired
properties of liaCr-0.5%Mo steel, it was of course, imperative
that strengtnh be given first condition.

The most important elements in so for as-they refer'to tne
low and intermediate chromium-molybdenium heat resistant used as
tubular alloys-are chromium, molybdenium, silicon, titanium.

Cnromium principal element added to improve the oxidation
and corrosion resistance of steel. It is particularly effective
in improving resistance to nydrogen culride, sulfer, and organic
sulfer compounds  at elevated temperatures,' as encountered in oil
refining.  Tne addition of more than l% Cr may cause appreciable
air nardening and increase tne difficultes of fabrications not-
ably welding. Chromium is one of cheapest alloying elements. It
addition increases austenite stability and reduces tine critical
cooling rate, tnus improving the hardenapbility, Chromiwa impedes
yrain growtn in neating to some extent and increases tue resist-
ance to softening at elevated temperatures. ‘fne properties of
chromium-molybdenium steels are lmproved by the addition of mol-
ybedenium. It increases tne hardenability, reduces tne tendency
for overheating, excludes temp. brittleness and eliminates the
danger of graphitisation after long service at elevated temperat-
ures, suchcase as boilers, fire box components ... etc.

solid solution strengthenings the effect of solid solution
strengthening have been studied quantitatively by Cottrell(l),

Mo;t and Nabarro(z) and Urowan(3).

~

$olid solution strengthening increases approximateiy with
increase in concentration of the solute and is a function of the
difference in the atomic diameters of the solvent and solute atoms
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and valency. This could be account of the pinning of disloc-
ations by the solute atoms, or general rise in frication stress
resisting their movement on slip plance. Common elements tnat
solution strengthen ferrite can be arranged in decreasing efr-
ective in order: (C,N), P, 8i, Ti, Cu, Mn, Mo, V and Cr.

Blement in solid solution can produce an indirect benefic-
ial effect on touyghness by lowering the transformation temper-
ature and thereby decreasing the grain size of the steel.

“

Grain size is the most. important microstructural factorx
for low alloyed steels, which improves both yield strengtn and
tougnness. The quantitative effect of grain size on yield stx-
engtn can be expressed by the ﬂall-Petch\relationship(4-6)

- %

G, = G, + az

Where:
ny - lower yield stress
(@4 - friction stress needed to move a dislocation tarough
the lattice d = grain diameter.

k" yrain boundary locking texm.
Yy .

Thne above relationship has been used to arrive an empirical
formula for composition and structure-related to yield strengtn.
Ultimate tensile strengtn (UT$) and notchimpact temperatures

{(ITe).

hysU) =K, + 37 (#Mn) + 83 (wSi) +'J.5.J.o1"és + 2918 (%Mf)
urs (8) = 292 + 27.5 (%dn) + B2.1 (%4Si) + 1.54 a~3 +3.9(%Pearlite)
er?) = 19 + 44 (#Si) + 700 (%up)*i - 11.5 @™ + 2.2 (%Pearlite)
Wnere:

IM - Impact transition temperature (C°)

Nf - Free nitrogen

a - Ferrite grain size (mm)
Sa _f and Evans(lo) stated that, pearlite in quantiﬁies'less than
L5% by volume has little effect on yield strengtn althougn, if the
inter-lamellar spacing is reduced by lowering ALy temperature

(723 C°) through additions of alloying elements such as nickel
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or by imposing a factor coolinyg rate, the yield strength yoes
up.

In this work, an attempt has opeen made to study the effect
of neat treatment on the mechanical properties of 1lwCr-0.54M0
Steel.

MAPEBRIALS Al uXPERIMENTAL PROCEDURES $

Tne coewical composition of tne used steel was as follows:.

C Si dn P S Cx NO
u.ls U.3 V.o V.04 Va4 U.9 V.

Steel was supplied from Kafer EL-Dawar Electric Power Station,

in tne form of tuoes 3000 x 373 x &5 m.

‘Yne mecnhnanical properties was determined in an universal
tensile testing machine with a maximum speed of tne head <.5 mm/sec.

The specimens were heat treated in an muifle furnace. It was
possible to attain an accuracy of + 3 by means of a suitaole tran-
sformer aund a tewperature indicator fitted with a relay, fLor aut=-
omation in conjuction witn a calibrated nickel-nicel chomium

thermocople.

EXPERTMENTAL RESULTS AND DISCUSSION:

‘fne room temperature mecnanical properties were shown in
Table (1). A comparison with stractural C-Steel; one can say
that our low-alloy steel is considerapnly stronger and tougnér

dus to tne presence of Cr. and Mo.

annealing (920 €°, £0 minutes) results in a decrease or hard-
ness, ultimate tensile strengtn, and yield stress and an increase
of elongation 9 % and reduction of area percent W % Tapble (1).

-

The difference in mecnanical properties between tne asreci-
eved and as-annealed can be attributed to variaticu of ..icro-

structure.

‘Phe amount of pearlite decreases with annealiny treatment

and ferrite becomes coarser.
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The effect of normalising treatment on the properties
of 1#Cr-u.5%Mo steel has been shown in Table (1).

Increasing cooling rate due to air codling (normalisihg)
as compared with furnace cooling (annealing) affeét the transe
formation of sustenite and the resultant microstructure in
several ways. Since we are no longer cooling under equilibrum
condition, the iron-Carbide diayrain cannot be used to predict
the properties of eutictoid ferrite as compared witn annealed
ones. Tnis explains the increase of nardness ultimate, yield
and tracture strenygtn and tne decrease of ductility aiter nor-
mailisingy. Aside from influncing the amount of proeutectoid

~ ferrite that will form, thg‘faster cooling rate in normalising
will also affect the temperature of austenite transformation
and the fines of pearlite. The faster cooliny rate, tne lower
the transformation of austenite and the fine of peariite, Fig.
(1-1). ¥ne effect of temperature treatment after normalising
on strengtn and ductility was shown in Fig. (1-27 1-5).

Fig.(1-1) The Microstructure of 1%Cr-0.5#Mo Steel after
Normalising Magnification {(luo X).

Phe nardening effect at a temperiny temperature of about-
650°C may be explained on tne basis of a delayed precipitat—
ions of iron and alloy carbides.

The drop in hardness, ultimate and yield strength repres-
ents the coalesence of tne iron-carbide particles. Tnis will

result in a rapid increase of touynness.



 Properties of

low alloy steel]

1Cr-0-5 Mo.

Anneating Normalising

Quenchingin Brine
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Tempering[C°1 | As “Tempering [C°] §As

Tempering [C']
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- Toughness (Joule)
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0.21

0.1810.29

0421021

‘, Energy -Impact( Joute)
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578 | 206|293] 164 {199 | 187

2581 114

144

190|274
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30 | 25| 25 |17.5{225 155

215310

14.5

7.5|17.5

7375

737970.4 |89.75469.9169.9 1 60.9

5775 43

62

56 169.79)

Redutien of area-
percent -

 Table (1)

650|720}
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Blongation percent (% %) decreased and reacned a mini.aun
value at about 050 °C, at wnich delayed precipitation took
place, while reduction in area percent (¢ %) continued to

decrease.

une can say that (%) is more awminaole in reflecting tne

structural variations tnan ¢ .

QF; /G;ul - values may ve reyarded as a siynificance of
the work hardening coefficient. Thus the ratio between yield
and ultimate strength could be used as a measure of tne stren-

gthening effect of precipitation.

A rapid rate of cooling from austenising temperature
(920°C) nas oeen satisfied through brine quencihing; wnicn res-
ults inmartensitc transformation Fig. (1-6).

Fig. (1-6): Tne microstructure of lALr~0.5Mo Steel aiter
quencuing in Brine. (JooX.)

The strengtn properties were nignly improved, wnile duc-

tility was decreased. . N

Tne effect of tempering treatment after brine quenciiing
on strength and ductility was shown in Fig. (1-7 : 1-9).
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Uver tne range of tempering temperature examined, strengtn
increased and reacned a maximua values at about 550°C tnen
finally decreased. This nhardeninyg etffect may pe explained on
the basis of delayed precipilation of alloy carbides. Because
of the relatively small nugber of alioy atoms in comparison for
giid iron carbide. However, with longer times and particularly
witn nigner temperatutes at which the diffusion xate of tne ali-
oys becomes. more rapidé, sumé alloy carhides will precipitate
and since this occurs after tne soherodisation of the iron carb-
ide nas progressed to a considerable extent; tnese fine part-
icles will result in a reversal of the softening action.

At this temperature {550 °C), steel has high strengtn, hign
hardness, moderate ductility and tougyghness and many of tne res~

idual stresses are relieved.

setallographic examination of tne tempered steel at 550°C
Fig. (1-11) shows tne furmation of alloy carbides Mo3. Cl,V4C3
and Crsu.

Fig. (l=l1): The mierostructuxze of 1l#4Lr-0.5%dc steel after

quencn in Brine and Tempering at 550°C, n.(mOK)
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A comparsion between Fig. (1-7) and Fig. (1-10) shows
that while tne nardness and strength attained tahelr maximum
values at the temperature of about 650°C, after normalising
and annealing, this maximum has been snifted to alower degree
(550°C) for the brine guenched specimen.

This may be explained as follows: by rapid quenching from
920°¢C, it is possiple to trap large numoer of vacancies by
successive jumps of atoms than at equiliwrium. A vacancy can
move in the lattice structure and tnerefore accelerating the
diffusion of atoms through the lattice. .

tnis means tnat precipitation, dirfussion-controlled proc-
ess, do not reguire a very high tempering temperature to take
place.

In addition, guenching of a body from a niynt at a lower
temperature accentrates tile development of residual astresses
because of the greater temperature differéncevbetween the sur-

face and tne center.
 CORCLUS TUNS.

Yne present work is aimed at a study of the effect of neat
treatment on strength and ductility of Ll#Cr-0.5%4Mo Steel in an
attempt to iuprove these properties. PFour types of neat treat-
ments were applied: annéaling, normalising, brine and oil quencn-
ing. These heat treatments were followed by a tempering.

The best results i.e, higher strengtn with an appropriate
ductility were attained by brine quenching followed by tempering
at 55°C for 1 nour.

‘Phe improvement in strenygth and ductility are not acnieved
at the expresse of weldability because carbon, the principal
cause of welding trable is maintained at a very low level.
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