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DEVELOPMENT OF MICROALLOYED
MEDIUM CARBON HOT ROLLED
BAR PRODUCTS

John F. Held, Barry A. Lauer
Jones & Laughiin Steel Corporation
Pittsburgh, PA

The application of microalloying technology
In the production of bar products was initially
employed by Jones & Laughlin Steel for cold
finished bars. These products are available in
a variety of grades with guaranteed strength

levels. More recently, hot rolled microalloyed
bar steels have found acceptance in a number of

applications spanning products with high
strength properties produced directly from the
bar stock, to air cooled forgings which do not
require heat treatment. As is the case for cold
finished bars, microalloyed hot rolled bars can
be produced with guaranteed strength properties.
These properties are a function of the base
composition, thé type and amount of micro-
alloying addition, the bar diameter and thermal
practice. This paper will address each of

these factors and describe several commercial
applications involving the production of

forged parts from microalloyed bar steels.

THE APPLICATION OF MICROALLOYING technology for
enhancement of strength properties in bar
steels has been practiced for a considerable
period of time. Examples of various appli-
cations are hot rolled bars having guaranteed
strength properties, »2 bar stock for product-
ion of air cooled forgings which have guarant-
eed properties without the need for costly heat
treatment,3‘ and also rough stock for the
produ%tlon of high strength cold finished
bars./™9

The specific properties that can be
obtained in microalloyed bar steéls are known
to be a function of the base chemistry plus
the added effects of the t¥§e and amount of
microalloying addition.10- It is recognized
that the properties of the microalloyed bars
are further influenced by thermal conditions,
such as the rolling or finishing temperature,!
and also to some extent by the cooling rate of
the bar.9,12
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in order to more fully define the relative
effects of composition, a number of laboratory
bar heats were produced and tested. These heats
contained carbon contents of 0.24%, 0.30% and
0.36%. For each carbon level, the manganese
content was varied from 1.35% to 0.65%. Within
each base composition vanadium contents from O
to 0.20% were examined, in some cases with a
columbium addition of 0.03%, and in some cases
with a nitrogen addition of 0.015%., The steels
were hot rolled on a labooratory bar mill to
1.7 inch x 1.7 inch squares with a finishing
temperature of 1830/1840°F. The materials were
evaluated on the basis of tensile properties,
hardness and impact strength over a range of
temperatures.

TENSILE PROPERTIES - Tensile properties for
the hot rolled steels are shown as a function of
vanadium content in Figures 1-4., The additional
effect of base carbon content on tensile pro-
perties is also shown in Figures 1-3, each of
which represents a discreet manganese level,
while the effect of varying manganese content
is shown in Figure 4 at a fixed carbon level,

"In all cases, both yield and tensile strength

increase linearly with increasing vanadium,

while both total elongation and reduction in-
area decrease linearly. Both yield strength and
tensile strength Increase at a rate of ~1300-2150
psi per 0.01% vanadium for the composition ranges
examined. With a given vanadium level the

effect of raising the carbon content from 0.24%
to 0.36% is to increase yield strength by ~900
psi per 0.01% carbon, and to Increase tensile
strength by ~1665 psi per 0.01% carbon. The
relative effect of '‘manganese variations between
0.35% and 0.65% changes with the vanadium

content as illustrated in Figure 4. For

example, at the 0.10% vanadium level, the
relative effect of manganese is to increase

yield strength by ~135 psi and tensile

strength by 365 psi per 0.01% manganese.
However, at the 0.20% vanadium level yield
strength is increased by ~300 psi and tensile
strength by 665 psi per 0.01% manganese.
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more so than yield strength bat that a similar.
addition of either carbon or vanadium will .
praduce a three-fold incresse in tsnsile® i
strength. Both mangsnese and carhon addrtions
have a greater effect ow tenslle strength
upon yield strength, but microalloying with
vanadium has approximately the same effect on .
yield and tensile strength. ' :

Additieonal heats. containing 0. 36% C and

1.50% Mn were produced to establish the comk{ned
effects of vanadium plus columbium, and vanadium
plus nitrogen. *Although either :omb!nation

influenced yleld and tensite strength above tﬁe .

levels achieved by vamadium alone,. the effects
appeared to be different at various levels of -
vanadium as shown in Table ll. For example,(
aptimum atrengtbenlng was achleved - by elther
combination at the 0.10% vanadium level, with -
the nltrogen effect Beling somewhat larger than -
that .of columbium on yield strength. At the
0.20% vanadium level; negligible additional.
strengthening was obitained by elther combined
microal loying: eamb#neticn.',

HARDNESS. - Brinell hardness readlngs were
tekenat mid-radius positions on all hot rolled
materials, and are shown in Figures 5-8. As

expected, -the effects of van&diumf carbon. and

manganese additions ‘ape
previously for tensile st

relationship between hardness and vanadium. .~¥:f\

content Is essentially Tinear, and both :
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additien of
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0.20% vanad
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\hardness, the relative.effects of a 0.01% .

. per 0.01% vanadlum. For all vanadium: conten;&,

ivarjations Is to lacrease-

_ mangenese steels and shows a
‘toughness for: vansdium egdit 7
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IMPACT PROPERTIES - Although significantly
improved strength and hardness can be achieved
through microalloying, one property that is 5,12
known to be adversely affected is toughness. °*
In-order to characterize the magnitude of this’

- effect, full size Charpy V-Notch. tests were
‘;pe\rﬁermed at varlous temperatures. Data :
‘~E§?ﬁ$trating the effect of vanadium content on-

strength of 0.30% carbon, 1.50% <
> hotrol led. steel are shown in Flgure

lgtre shows quite clearly that shelf

eniergy. décreirses significantly with increasing
adium additions, together with an Increase -

n theductile-brittle transition temperature.

AR exception to-this behavior, not quite fully
: a&#erstood, ‘Is- that room temperature toughness )

ppears to increase slightly with 0.05%
vanadium but not for larger vanadium additions.
At a fixed vanadium level, - impact strength

" Is primartly influenced by the carbon content

of the steel as 1llustrated in Figure 10. For
all temperatures above -20°F, improved tough-

" ness can.be achieved In venadium ‘microalloyed

stsels,having Jow rather than ‘higher carbon
contents,.. although the improvement witl be at .
the expense. of lower. strength and hardness,

-The effect of vanadium ‘additions.up to -
0. 203 on. the fracture appearance tra 1tlon

temperature (F.A.T.T.) Is shown In Flgures 11-

13 for steels of varlous carbon contents.
Whereas strength and ‘hardness properties varied
linearly with vanadium content, the F.A.T.T.
appears to.be relatiwe&y unaffected by vanadium

~additions up to 0.05%. - In fact, in some.

instances it appeers- that the transitlon
temperature may be somewhat lowered with a
vanadium additlion of 0.05%, .Above 0.10% . - ..
vanadium, the F.A:T.T. appears to Increase more
or less linearly with lncreastng vanadlum
contentsy o

Figure 14 depicts the effect of
manganese variations on the F.A.T.T. of 0. 302
carbon steels as a function of vanadium con-
tent. The figure shows that higher manganese
contents raise the F.A.T.T., but that the
observed effects ard .smaller than those for . -
similar varfations in carben. content; or for
vanadium additlons:larger than-0.10%. .

As was done previously: for 'strength and

additlon of vanadium, carbon- or~manganese ‘on
F.AT.T. can be compared.as follows, -For.
vanadiumicontents between 0,10% sndﬂ,.gaz‘ the..
transition temperature.is:increased by 11-15°F.

the F.A.T.T. is lnckeassd by 6-11°F per 0. ﬁtz
carbon. Finally, the effect of manganese.
WTedy 5@4‘.

by 1=2%F per- a.ﬁl&;mnngangsg
7 A rather dramatic i L
effects of ‘net only vanad| - b
‘content on.ToRN tamaeratnre tou
shown In Figure 15. This fig
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ih the: lower carbon steels, primarily because
these steels hayve higher room temperature
impact toughness in the’ non-microalloyed
condition. The drop in impact energy in higher
carbon steel is less. noticeable because its
room temperature. toughness In the non-micro-
alloyed condition 1s not as high ‘to begin with.
The effects of columbium and nitrogen
additions in combination with: vanadium on
impact properties atre shown in Jable 1V. As,
seen previously for- strength and ‘ayrdness, the
F.A.T.T. is affected to.a ‘greater :extent at
the 0.10% vanadium level than at the 0.20%
vanadium level.  In fact, at '0.20% vanadium,

the F.A.T.T. Is slightly reduced with additions

of either columbium or nitrogen, while either
addition raises F.A.T.T. at the 0.10% -
vanadium level. Room temperature toughness

is relatively unaffected by combined micro-
alloying except at lower vanadium levels
where 0.03% columbium produced a higher
toughness value In spite-of ‘its higher
transition temperature. _

EFFECT OF THERMAL PRACTICE - Laboratory
rolling ‘experiments were conducted to examine
the effects of finishing temperature:.and bar
cooling rate varlations on properties of
vanadium microalloyed steels. The steels used
for this purpose contained 0.36% carbon and
0.75% manganese, and were mrcroalloyed with
vanadium additions from'0.15% to 0.25%. Each
heat was rolled to an 1-1/8 inch diameter
round bar in 10 passes from a L-inch square
cast ingot. After the sixth rolling pass a
section was cut off and placed back into the
reheat furnace. "The ffﬂ?%htﬂg?temperature
of the direct rofled section was ~1600°F;
while the reheated section fintshed at
~1800°F,.. After rolling," :one ‘end of each bar
was cooled in stil) air while the ‘other end
was cooled In a férced alr blast to approx-
imately 1000°F. _The bars were. evaluated on
the basis of tensile properties and hardness,
as well as room temperature Charpy V-Notch
impact tests. As shown in Figure 16, both
yleld and tensile stre thsvware lncreased
approximately 10 ks s F1n
at the highar tem : '
shown in thls flgure, Forced: a_f‘cootlng of
the 1600°F steels had approximately the.
same effect as did finishing at 1800°F,
both yield strength and ‘tensile strength
increased by ~10 ksi. A simitar 10-koi

T.e.,

increase In_strength occurred from. forced ate o

cooling the steels which finished at 1800°F.
Previous Investigations have shown that
finishing temperature can Influence not only
strength but alse Iimpact transition
temperatures of hot rolled microalloyed
steels. '3 This was particularly true for Tow
carbon' grades microalloyed with columbium
versus vanadium. Our investigation supports
this behavior in medium carbon levels as. .-
indicated in the lower portion of Flgure 16.
In this instance the sse:of;$G99°F ftntshing

temperature increased room temperature tough-
ness by a factor of 4 over that of steel
finished at 1800°F. The significance of this:
observation is to point out the necessity of
insuring that laboratory rolling simulations
indeed reproduce actual mill rolling
conditions if meaningful data are to be
obtained.

The effect of cooling rate is also
evidenced by the variation of yield and
tensile strength for hot rolled bars of
various diameters-as Illustrated in Figure 17.

Although all bars were cooled:by natural

convection; the strength of the smaller size
bars which cool at a faster rate is increased
in comparison with that of larger size bars.
; FORGED PARTS - Because of the improved
strength and hardness in microalloyed bar
steels, it Is possible to utilize them for
production of many forged parts and eliminate
the need for subsequent heat treatment. This
is particularly true when air cooling is
applied to the as-forged parts. Numerous
forgings welghing as little as 3 to well over
25 pounds -have ‘been produced by this approach
with acceptable results in all cases./ The
type of parts produced from microalloyed
steel includes connecting rods and <caps,
stub yokes, weld yokes, wheel hubs, stabilizer
bars, blower shafts, sucker rods,. anchor bolts
and U-bolts.

An interesting example of |mproved

properties that can be obtalned is indicatedin. -

Figure 18, where the cross-sectlonal
hardness of an alr cooled microalloyed Grade
1541 forged part is ¢ompared with a similar
quench-and tempered Grade 1043 part. The
hardness is much more uniform in the micros
alloyed - part, and as a result-the fatigue life
at this location in the part'was five to six ~
times greater than in the Q8T part.

Another example which illustrates the
abi 11ty of alr-cooled microalloyed steel to
eliminate heat treatment of forged parts Is
shown in Figure-19.° In'this Instance, the: -
required hardness of Rc 21 near the 1.D.
surface of the hole running from top to bottom
could not be met using Grade 1541 unless a
heat treatment was used. With the porrect
microalloyed composition, the required hardness
was readily achieved in the air cooled
condition; and the time and expense of heat
treatment was eliminated.

IN SUMMARY, higher stwength and hardness
can be achieved in hot rolled bar steels by’
the technique of microa?lcylng. The préclise

. strength 15 a function of the base chemistry,
- microal toy addttlons, and thermal practice.
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This approach can be utilized to produce hot .

rolled bars with guaranteed streng hjand hard- i

ness properties. While impact Strength is

genera”y reduced in microalloyed steel, ade-
‘ h d by selecting

. the Bé&tAcémb%natian afﬁéarhnn'cdhtent aud



microalloying addition. Microalloyed hot
rolled bars can be used to produce numerous
air-cooled forgings which have acceptable
properties without the need for heat treatment.
Because of uniform cross-sectional hardness,
the air-cooled microalloyed forgings can have
superior fatigue properties.

REFERENCES

1R. A. Joseph, et al., 'New High Strength As-

Hot Rolled and Cold=Drawn Bar Products,' SAE
Paper No. 810423, February, 1981, Detroit, Ml.

2D. R. DiMicco, et al., "The Development of a
New HSLA As~Hot-Rolled Bar Product,' SAE
Paper No. 790027, Detroit, MI.

3). H. Bucher, J. F: Butler and J. F. Held,
“Microal loyed Bar Products,' SAE Paper No.
790026, Detroit, MI.

AJ. H. Bucher, .'"New Grades for Forging

Applications,” Forging Industry Association
Conference on Steel Quality, December, 1980,
Detroit, Ml.

5H. Nakamura, et al., ''Non Heat~Treated
Vanadium Alloyed Steel Crankshaft,'' SAE Paper
No. 820125, Detroit, Mi.

6M. Ya. Belkin, et al., 'Mechanical Properties
of Large Sections of Low Carbon Steel Micro-
alloyed with Vanadium, Cerium, and Niobium,"
Metal Science and Heat Treatment, Volume 24,
Numbers 11-12, November=-December, 1982.

78 A. McKenzie, ''Stronger Steels by Micro-
alloying," Machine Design, August 11, 1983,
pp. 71-73.

8J. H. Bucher, J. F. Held, and J. F. Butler,
""Microalloyed Bar Products,'' Vanadium '79
In High Strength Steel, November, 1979,
Chicago, IL.

9J. H. Bucher and J. F. Held, '"Microalioyed
Cold Finished and Hot Rolled Bars,' SAE Paper
No. 811003, Milwaukee, WI.
1OM. Korchynsky, '"Microalloyed Reinforcing Bars,'
Mechanical Working and Steel Processing XVildl,
Toronto, Ontarlo, October, 1980.
11P. H. Wright, "Alloy Additions for the
Production of Fine-Graln Strand-Cast Speclal-
Quality Steel Billets,'" Ferroalloys. ‘and Other
Additives to Liqulid lron and Steel, ASTM STP
739, J. R. Lampman and A. T. Peters, Editors
ASTM 1981, pp. 180-190.
1ZS Niwa, et al., "Research and Development of
Mucroalloyed Medium Carbon Steels,' SAE Paper
No. 810426, Detrolt, MI.

13J. M. Chilton and M. J. Roberts, 'Microalloying
Effects in Hot Rolled Low-Carbon Steels
Finished at High Temperatures,'' AIME Met.
Trans A, Volume 11A, October, 1980, pp. 1711-
1721.

TABLE |
RANKING OF HICROALLOYING ADDITIONS {0.01%)
RELATIVE TO THE EFFECT OF
MANGANESE ON YIELD STRENGTH
RELATIVE EFFECT OF 0.01% ELEMENT
PROPERTY MANGANESE \ VANADIUM
YIELD STRENGTH 10 4.1 .3
TENSILE STRENGTH 23 75 74

TABLE §
COMBINED EFFECTS OF VANADIUM PLUS COLUMBIUM, AND
VANADIUM PLUS NITROGEN ON TENSILE nonlm!s OF
C,1.50% NE
0.10% VANADIUM 0.20% VANADIUM
0.03%  0.018% 0.03%  0.015%
PROPERTY BASE Cb N, BASE Cb - N,
v.8. (K8 7 s " ® 2w a7
U.TS. (KS) " 120 120 194 1385 1308
RA. (%) 535 453 480 %0 372 20
T aTiON ). 28 18 20 188 1723 165
TABLE M

COMBINED EFFECTS OF VANADIUM PLUS COLUMBIUM, AND
VANADIUM PLUS NITROGEN ON BRINELL HARDNESS OF

0.36% C, 1.50% Mn STEEL

0.10% VANADIUM 0.20% VANADIUM
0.03%  0,018% 0.03%  0.016%
PROPERTY BASE Cb cb Ny
HARNDESS E
(BHN) 235 28 248 an 288 n
TABLE IV

COMBINED EFFECTS OF VANADIUM PLUS COLUMBIUM, AND
VANADIUM PLUS NITROGEN ON IMPACT PROPERTIES OF

0.38% CARBON, 1.50% MANAQANESE STEEL

D:10% VANADIUM 0.20% VANADIUM
0.03%  0.018% 0.03% 0.018%
PROPERTY BASE Cb Ny BASE  Cb N,
FATT,F " 182 210 238 2300 02 28
80°F,C.VN.,
FT.UBS 7 10 [} 4 4 4
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2or Total Elongation
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0 \ \ ¢ L . % VANADIUM
0 el 10 18 20 Fig. 2 - Tensile properties of hot rolled
% VANADIIM microalloyed laboratory bar steels containing
Fig. 1 - Tensile properties of hot rolled 1.50% Mn as-a functlon of carbon and vanadium
microalloyed laboratory bar steels containing content. , '
1.35% Mn as a function of carbon and vanadium
content.

193



-4

] * w":xo fi }5
xvnuﬁun z:
Fig. 3~ Tensile: prnperties of hot rolied micro-
alloyed laboratory bar steals containing 1,65%
Mn as a function of carbon and vanaglum content.

Fig. 4 - Tensile properties of hot rolled micro-

3

% VANADIUM

alloyed. laboratory bar. steels containing 0. 30%.
€ as a function of manganese and vanadium

content.
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Fig. 5 - Brinell hardness of hot rolled micro-
alloyed laboratory bar steels containing 1.35%

Mn as a function of carbon and vanadium content.
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Fig. 6 - Brinell hardness of hot rolled micro-
alloyed laboratory bar steels contalning 1.50%

Mn as a function of carbon and vanadium content.
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Fig. 7 = Brinell hardness of hot rolled micro-
alloyed bar steels containing 1.65% Mn as a
function of carbon and vanadium content.
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Fig. 8§ ~ Brinell hardness of hot rolted micro-
alloyed laboratory bar steels containing 0.30%
carbon as a function of manganese and vanadium

content,
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Fig. 9 - Effect of vanadium on toughness of hot
rolled microalloyed laboratory bar steels at- .
various temperatures. The steels contained 0.30%
carbon and 1.50% manganese.
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Fig. 10 - Effect of carbon content on toughness
of 0.10% vanadium, 1.50% manganese hot rolled
laboratory bar steels.
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Fig. 11 - Fracture appearance transition
temperature of hot rolled microalioyed labora-
tory bar steels containing 1.35% manganese as a
function of carbon and vanadium content.
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Fig. 12 - Fracture appearance transition
temperature of hot rolled microalloyed laboratory
bar steels containing 1.50% manganese as a
function of carbon and vanadium content,
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Fig. 13 - Fracture appearance transition
temperature of hot rolled microalloyed laboratory
bar steels containing 1.@52 manganese as a
function of carbon and vanadium content.
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Fig. 14 - Fracture appearance transition

temperature of hot rolled microalloyed labora-

tory bar steels containing 0.30% carbon as a

function of manganese and vanadium content.
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Fig. 15 - Effect of carbon and vanadium content
on room temperature toughness of hot rolled

laboratory bar steels containing 1.50% manganese.
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Flg. 16 - Effect of hot mill finishing
temperature on strength and toughness of

0.36% carbon, 0.75% manganese laboratory bar
steels as a function of vanadium content.
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Fig. 17 - Yield and tensile strength of hot
rolled microalloyed Grade 114k bars of various
diameters.,
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Fig. 18 - Better uniformity of hardness and
higher fatigue strength can be achieved in air
cooled microalloyed forgings compared with
quench and tempered standard grades.
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Fig. 19 - Increased hardness in air cooled
forgings produced from microalloyed steel

permits elimination of heat treatment of the
standard grade.
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