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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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INTRODUCTION

‘There has been a grpwing-interestfin recent years in low carbon steels
heat-treated'te pfoduce a_miged stfhcture of ferrite and hertensife'(l,Z);
The new‘elass ofHHSLA steels; now knowh as dual-phase (DP) steels, combines
'high strength and‘goodﬁfOfmability} which are superior‘to-thosevovaOmparable
vcommercial HSLA steels. The current interest in DP eteels has been largely
concentrated on the superlor ten51le propertles, which find 1$portant appllca—
tions for weloht reductlon and fuelrsav1nps in aueomoblle 1ndustr1es.
Consequently; the maJor empha31s on the dual phase microstructure - property
relatlons has been placed specifically on the stress-strain behavior, Whlle the
other important mechanical properties,.e.g;'impaCt_energy, have not been well
charactefized, The purpose.of.thisvpaper~is;'therefore, to identify ahdv
characterize thosehmicrostructural elements which have.a significant influence
on the impact properties of DP alloys. |

EXPERIMENTAL

The compositions_bf the elloys used in‘this inheetigation_are'listed in
Table I. The alloys were meited in a vacuuﬁ induction furnace,'homogenized, and
furhace—cooled. The heatvtreatment to pfeduce controlled DP structures cohsists
auétenitizing and quenching tdllOOZ martensite, followed by anneaiing in the
(o+y) range and‘subsequent quenching to room temheratufe. The volume fraction

of martensite was controlled by choosing appropriate temperatures in the two

phase range, and was determined by quantitative optical metallography. Experi-

mental details of heat:tfeating conditions are described elsewhere(3,4). The
specifie heat treatment and alloy compoeitidné here chosen so as to cohtrbl

the morphology of the dual phase mlcrostructural constltuents, whlch is stronvly
1nf1uenced by the substltutlonal solute, as w1ll be shown 1ater.

v The standard and 3/4 subsize Charpy V-notch Specimens(S) were used for
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‘the Charpy tests. The impact tests were conducted on a Universal Impact

Machine with a 120 ft-1b capacity. Low temperature tests were performed
following the ASTM 23-72 specifications(S). The data reported represent

]

an average of at least three teSts;

RESULTS

Marked differences are developed in the morphology of the DP structures
depending on the amount and type of alloying element X present in the Fe/X/0.1C

ternary system(6,7). These are illustrated in the optical micrographs,

'Figs. 1 and 2. Fig. 1 shows the DP structure developed in the alloy #l. .As

can be seen in'this figure, martensite particles occur in a gontinuo#s network
along the prior austenite grain boundaries with an'aciculér morphology in the
interior of the prior aﬁstenite grains. In sharp contrast,.a discontinuous,
fibrous morbhology was developed in the ZZ.Si-containing DP steel, Fig. 2.
Theiresults of iﬁpact teSt data are plotted in Figs. 3 thfough 5.
Fig. 3 shows the impact enérgy-curves of the 0.5Cr DP steels with two different
volume fraCtions of marﬁensite. ‘The curve wiﬁh 357 volume frac;ioﬁ of martensite
does not exhibit a definite DBIT, ﬁhile the oﬁe with 907 martensite volume
fractioﬁ apparéntly does. The similar variations of DBTT. with volume percent
martensite ‘in Si-containing DP steels_afe illustrated in Fig, 4, Thg apparent
DBTT was 10wered by increésing volumevpercent martensite from 307 to 607 in

the case of the 0.5% Si DP alloy;.whereaé the 2% .5i steel (alloy #3) showed no

appareﬁt DBTT and no significant difference in the impact energy as the volume

percent martensite was varied.

'Fig. 5 compares the impact energy curves of the DP alloys 1 and 3, both

having 35% martensite volume fraction.

The fracture surface of all the broken subsized CVN impact spécimens,

regardless of alloy composition and martensite volume fractions, exhibited
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mainly qua$i¥cleavage.like morph61ng, Fig. 6;‘vith avsmali-duantity of
dﬁgtile ruptﬁre‘thevproport;on of which depended ohrthe teSting temﬁerature and
the relétive amount of each cbﬁstituénﬁ phase in the DP,éteels. The mode of
fracture changed significantly with the size of the‘impéct“specimen. Isolated
experimenté showed that when étandérd-specimens were used, a 1afée bfoportion
of dimpled.rupturé features were assbciatéd‘with the fracturé apbearance.v
DISCUSSION |
From Figs. 1—5, one notes .that the,impagt'properties of the D? steéls
are st;ongiy’affected by the three major structurai factors: ﬁbrphology
(shépe, size and<iistribution ) of DFH.struCture, volumg fraction of martenéite;
and toughness (carbon cdntent) of thé-martensite particies. The.last two
 factors are'cbrreléﬁed té each other_sincevthe carbon content is-é linear
function of the volume fraction of ﬁérténsite;-
As fhe volume fraction decreases it ié_eXpected:,
h(l)'_The édnnectivity of martensitevwill decrease,'thus resulting in
bétteﬁ impact propérties. |
(2) Concurrently, tOughness of the martenéite will decreése‘due to
increased carbon enrichment, thereby decreasing impact éropérties
since the carbon level has a drastic effect on reducing notched
impact energy and DBTT(3). | |
Tﬁérefore,vfor é given morphologzy of DFM strucfure,_the bbsérved.effect of voiume
fraction on the imeCt pfoperties.will be déferﬁined by the‘balance between thé

two opposing factors. ' o v o . o 5

e

For the 0.5 Cr DP structure tested up to room temperature, the energy
curve with higher volume fraction (90% Ms, 0.07wt.%C in the martensite)
exhibited better impact energy, and showed an apparent DBTT, while no DBTT was

present in the one with the lower volume fraction (35% Ms; 0.17wt.7%C in the
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'martensite). This result'may be due to.the fact that the toughness factor has

an overwhelming'influencé oﬁ'the notched impdétitoughﬁesé compared to the
connectivity factors, since in both cases the martensite phase was intgfconnected
‘aléng the érior_austénite grain boundaries (Fig; 1). .

In contrast,vthe 2% Si DP éfructure.yielded esseﬁtiall& identicai energy
.curVes for two different volume fractions of martenéite,_as is seen from Fig. 4.
This indicates that toughness and connectivity factors counterbalanced eacn
other:ta résqit:in no variations in the curves. The iﬁdividual marteﬁsite
particlgs are still separated énd surrounded by the ferrite.métrix at.6 A
martensite, maintaiﬁihg fhe same fibrous morphology as that of 30% martensite,
thereby resulting in identical energy curves for‘the two volume fractions.
on the other hand, the martensite particles in the 0.5% Si D steel‘revealea
a high degree of cohﬁectivityvat all volume fractions of ﬁartensitev(ZZOZ)a
The impact energy curves thus shdw similar.behaviog-to those of 0.5% Cr DP E
v steels, Fig. 4.

Silicon isvknowﬁ as a very det:imental alloying.elementvin lowering
impact toughness propefties in carbon sﬁéels. Nevertheless, the impact
| propertiesnof 27 Si DP steel are as good as those of 0.5% 5i DP steel at
"35% martensite volume'fréction. Thié ihdicates that the connec#ivity of
martensiﬁevconstituehts at a given volume fraction is an important factor
in controlling imbact p;operties, as can also be seen from Fig. 5. In general,
it appears from the present. study that the toughnéss or carbon content in the
ﬁartensite is thersingle most»importaﬁp parametgf_in determining impact toughness,
as has also Been substantiated by Yéung(9).  It is thérefore essential to limit
the initiél_carbon content in the alloyé to less than 0.1 wt. % for optimum
impact tqughness and tenéileipropertiés(4);' The influepcevof the prior

austenite grain size and'interparticle spacing on the impact properties of
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DP alloys is'beiﬁg investicated, and the results will be presented in a

subsequentfﬁapers
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TABLE

I. Alloy Compositions (wt. %)

.Cr

Si

Fe

Alloy ﬁumber
1

0.06

0.07

~0.07

0.5

- 0.5

2.0

» Bal;

Bal.

Bal.
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FIGURE CAPTIONS

Optical micrograph of DP structure developed in alloy 1 (Fe/0.5Cr/0.06C).

2

Optical microzraph of'DP structure developed in alloy 3 (Fé/ZSi[0.07C).

"Three-fourth subsize CVHN impact energy as a function of testing

temperature for DP élioy 1 containing 35% and 9OZ mafteﬁsité volume
fraction. |

Thfee—fourth_subsize CVN impéét energy vs. tgmﬁering temperature

for tha DP alloys 2 and 3 containing 39% ahd'60% martensite volgmé
fractionf 

Comparison of 3/4 subsize Chéfpy iapact prdperties of the DP alloys

1 and 3, each having 35% martensite. |

Scanniné'gléctrdn fractographs of,bfoken subsized CVN‘impacﬁ specimen.
of (a) DP alloy 1 having 90% martensite3 aﬁd (B) DP ailby:B having 30%

. [ [ .
martensite. . Tested at 0°C,

Page 9



XBB 778 7550

Page 10



88901L-86/ 98X

Page 11



— e w

Impdct Energy (ft-1b)

12—

”

1

O

1 » o
S0 - 20 0 24(R
Testing Temperature ()

T

XBL798-6737

Fig. 3

Page 12




—T I

.
e

v | - O 3 (duplex 2% Si)

——30 % Mg
-==60%Mg

Impact Energy (ffélb;)-

20 A 2 (duplex 0.5% Si)

.

(J)

Testing Temperature (C)

o .

L
-20 O
OC‘

4

24 (RT)

XBL798-6738

 Page 13



- 20

‘Im p'o-.-cf Energy (f'r-lb)_

10|

~ 3(duplex 2% Si)/

Pa)

A — I (duplex 0.5% Cr)

430
-20

s [[0]

e

-r

(J)

'T'esfing' Temperature (C) =

.7 XBL7%8

Fig. 5

10
)

~6739

4
]

Page 14



s
[

XBB 778-7554A

Page 15



This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy. .,

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.




By P
S o

1y

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720

NS

£ o oy





