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The effects of heat-treatment on the mechanical properties of the Cu—bearing HSLA steels
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Abstract The effects of ageing treatment on the mechanical properties of two Cu—bearing HSLA( High
strength low alloy) steels were studied by means of scanning electron microscopy ( SEM), transmission
electron microscopy { TEM), tensile, charpy impact and hardness tests. HSLA-A and HSLA-B steels
have excellent combination in strength ( HSLA-A ! Y.S 703MPa, EL 22.6%, HSLA-B : Y.S 810MPa4,
EL 238%) and toughness (HSLA-A : 2714 J, HSLA-B: 197.5] at -50°C ) by the precipitiation of e—
Cu and low carbon alloying. The peak yield strength was achieved at an ageing of 500°C in both steels,
whereas the impact energy was very low at this. As ageing proceeds beyond this temperature, strength
decreased whereas impact energy increased. The strength of HSLA-B was higher than that of HSLA-A
steel. In the as—quenched condition, the strength difference is due to the difference in matrix microstruc-
tures produced by the different amounts of alloying elements such as Ni, Mn, Mo and Cu which enhance
the hardenability. In the state of ageing treatment, the strength difference is due to the difference in ma-
trix microstructures and precipitates resulted from Cu addition. An increase in hardness at 700°C was
associated with the formation of “M~A constituents” which forms during cooling from austenite—ferrite

two phase region. The impact transition temperatures of HSLA-A and HSLA-B steels were -125°C and
~145°C, respectively.
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Table 1. Chemical compositions of HSLA-A andHSLA-B steels. wt( % )

C|S Mo PTSTN [Cr[Cu|M I Nb SAI[B | NJFe
HSLA-A 0.055[‘0.281 0.439]0.005/0.006/1.01 0.7 | 1.2 10.18 |0.037|0.043 | 8pm | 26ym | Bal.
HSLA-B 0.053}0.308 0.880]0.005/0.008 3.62J0.629[ 15 ]0.434[0.037 0.049 | 7pm | 19pm | Bal.
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Fig. 1. Optical Micrographs of HSLA-A and HSLA-B

steels quenched from 900°C.( etched by 2% Nital)
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Fig. 2. TEM micrographs showing NbC precipitates in HSLA-B steel quenched from 900°C.
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) STEM-EDS analysis
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Table 2. Tensile test rusults of HSLA-A and HSLA-B steel.

Mechanical properties

Alloys Heat— L ! T .
Treatment | T.S ) S |YS/TS| EL | RA
(MPa) (MPa)(MPa)| (%) {(%) | (%)
AQ 19536[7386| 775 [ 182 ‘
300°C 9742 8254 | 847 | 206
400°C | 885.4(804.1| 908 | 176 \ 734 19026 (8234 | 912 | 99 | 522
HSLA-A| 500°C [828.2/869.5| 972 | 19.1 | 71.9 | 882.6 | 8523 | 966 | 195 | 68.8
600°C | 740.0|803.4| 97.0 | 242 | 716 |937.0|9157 | 97.7 | 217 | 645
650C  |7166702.8 | 95.0 | 226|772 7186|6697 932 215 | 757
675°C 16835 954 | 249 6759 | 6449 | 954 | 21.3 | 639
AQ 10852}8302] 76.5 \20.4 '
300C  |1069.4{9605 ' 89.8  19.7 ‘ “ ’
400°C |1018.4/ 9364 | 919 | 188  70.7 | 999.7| 906.7 90.7 | 158 | 58.1
HSLA-B| 500C [10769|987.3| 91.7 | 228 | 69.8 '1078.3/1041.8| 966 | 19.5 | 59.9
600°C 908.1/8805 | 97.0 | 242 743 | 825.4| 8082/ 979 | 198|617
650°C 83858103 | 96.6 8732 | 8530| 8234| 965 | 228 | 688
| 675C 8413|7476 889 23.1&3 | 8406| 706.2| 840 | 231 | 745
77 2 A& Cu H7FR beet2e A 71219 dztel ofs) Bl F43 Aol

Cu—clusters A Aol 3 o], 400 A| & A
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Fig. 4. Variations of vield strength in HSLA-A and
HSLA-B steels according to ageing temperatures.
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Fig. 5. Variations of impact energy according to ageing
temperatures in HSLA-A and HSLA-B steels.
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Fig. 6. SEM fractographs showing impact fractured surfaces

C (b) 400°C (¢} 5007 (di 650°C.

clusters ¥ eCud HEZ 7128 Ax7t F
7yetm 7w Z7bE olsle 7 QAo A3}
sl o2 Helth. & Hornbogen''el 4
g ulel o] A3tel Cu—clusters7} &%
o Al Adm w2 Hel ubeko] HHF A
9, & i "A47F A=, vacancies’t v
A Aol jogg ol FA Hi, =g Cu-
clusters7t #HA ol agt &4 Aefol A Cu
Az gt A4S o]Fx vl vacancies?}
clusterse} A H ol jogs7h =2 eol7] #sH A
= & 59 vacancies® TFAEH Z jogs
P Aok sF7] wf el olFe] oEHA
EE ZE7sh A ZA AHsbEle AR
Az AR REE Y% Fold 4 o
Kol tha] Zrbeted ol AL M HHE vt
o} ko] Aol 3 EL 7o 7)Ao <dsfe}
Aol e Cudtel =distel] o3 Hoz A
EAgala g

HSLA-B7+-& 300°C, 400°C, 500°C, 650°C

in HSLA-B steel quenched and aged for 1hr at {a} 300

ol A Ajagt Algel el F7 AlPF 7 A
i 2xe ubE wghwl-g 27 69 (a) (b) (o)
idell 2k vebdigitt. 7 alAde] A3
Gge 500C AAEY AYE Addstues BF
n] Al g JE(dimple) efo] dAd stddE
Mol glaluk, 500CA| &9 -t &
Mo 2 JdFo] #A= -2 o g3
o7t HA =9 FAE el gl
a2y 7& HY HAEE deER= 500CAA
174172 5t AlAstd S A9 eCudks v
ehl= TEM 23 o)t} (a)& eCustel o
= A] ofAk( bright field image), (b A oF
AH(dark field image), (¢} eCuidzt 7)Aol
g AgE Ao 3AEAARSE el Aol
ol A uhe} o] 20~40A 7] 9 o} F
A g e CutEEel 7|AWe wdstA &
I S-S ¥ T Ul ol#F 4Ud
¥EE 7R HEEDY] @& AW oA
2 qlsle] A HAAES T A5 oA



340 g g2 A5 35 (1995)

Fig. 7. TEM micrographs showing e-Cu precipitates in
HSLA-B steel quenched and aged for 1hr at 500°C.
(a) bright field image (b) dark field image (c) SADP
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Fig. 8. TEM micrographs showing e-Cu precipitates in
HSLA-A and HSLA-B steels quenched and aged for
1hr at 650°C.
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Fig. 11. Variations of hardness in HSLA-A and HSLA
-B steels according to ageing temperatures.
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Fig. 12. SEM micrographs showing “M-A constituents”
(a) and EDS analysis of matrix (b) and “M-A constitu-
ents” (c) in HSLA-B steel quenched and aged for lhr
at 700°C.



el - Al - S B e Cug g

Z2Eupo]l B o] kA slel| s)ojstod Abe7hx] of
AatA E2AEES) e vl2hlatolER W)
Al Hle Ao ghdbdc} 22w HSLA-A
del Afell= 675CAHERE o|F F4% Ax
o zhavh $abElAwt HSLA-B7be] #As =
S Wl T0THRE Hds] e Ax
e el gled o] Ax ke zjols=
24 139 zAezRe dem £ gl o
132] (a) (b= 27+ HSLA-A7Z= HSLA-
25Tl A A xS e TEM =
Xﬂ‘% ekl e 24 HSLA-A7Ze] z7q)
(aj= “M-A constituents”7} #2352 o3 3
chol = %% o)} HSLA- Bl 7% “M-
A constituents” 7} Abedek @abgle o £ g
ohoo] ASE A oA dug wie} zo)
Vo] E okl s 9149l Ni, Mn, Mo, Cu
o ofe] w2 HSLA-B7el 797} 2873
FHOE Fwrl o} dAF T4 o
U] EE kA3 A7) e o] Ao
7HAL F A A7) Al =le] “M-A contitutes” & A

BAALEZN £2 FE5 vebdd s

Fig. 13. TEM micrographs showing “M-A constitu-
ents’ in HSLA-A and HSLA-B steels quenched and
aged for 1hr at 725°C. (a) HSLA-A {b) HSLA-B

w3 Agte 2 A 4o 343

HSLA-A7}te]l AS$=
oleigt AL Fw
> EA HeEolE2 W
Aoz gk

R
¥E FYSA 5
spof w7} 7zl

fr 2 4

&
My
T

Cug &#3 HSLA-A7}3 HSLA B7te
ZIAAM A A daele] <dske] sy
2 AR ohgn e ABS dgr)

1) HSLA-AZr=} HSLA-B7%} 2% #Cud
&l o8 7o}l qlAdo] o ol =4
< udehded 650°Cel4 Aladg A7}
F357 % EA(HSLA-A:Y.S 703MPa,
EL. 22.6%, HSLA-B: Y.S 810MPa, EL. 23.8
%)% %4 5A(HSLA-A:271.4], HSLA-B

$197.5] at -50°C)e =%<S JJebuigdo)

2) HSLA-AZtst HSLA-B7} S =g %
AEA] BF 500Cel A Al ad o g3 7w
7F b w2 A AU by Ge A

Heblialom 500C o) w7t Z7}bst

HEE9 zdst 9 712 23219 odsz
Ee wolAa 7 QA e Zsste A
¥ Hodc).
3) Ni, Mo, Mn, Cu®] <ko] @& HSLA B7}
o} %7} HSLA-A7e]l A93c} AQ ¥ 4]
A3 AdelA FE& AEE delddn AQ
el o] Am alole Astiol odge n)
Ae &E A 49 Aol o3 7z z=x
o] ztolell 7]Qlgkch A& & Abejo Ao 7w
Aol 712 2 A 9] ajo]s} ofgy MEEe
el ogt Aolch AQAeldl wls Alxg
Aol Ao B Ar Zre M2Ee g4
st 94ql Cud @ol #48 HSLA-B7o]
15 EUﬂ byt

) &7 o] 2x & HSLA-A7s HSLA-
B J4 45 zh2t -125°C 9} -145°C 2 vhebygo}

5) T00TCelA A&EA A& Z71: “M-A
constituents” 2] Ao olg 7oz velygo
™ HSLA-B7Ze] HSLA-A7Z Xt} tjs 7
7hA e AE e eyt

5. 21825

o% ol B mlm

1. J.R.Paules, J. Met., 44(1991).
2. MMujahid, A K. Lis, A.]. DeArdo, Proc.
conf. on processing Microstructure and



344

o> oo

-]

10.

11.

12.

13.

properties of microalloyed and other high
strength low alloy steels, (edited by
DeArdo) 345 (1992).

S. Soylu and R.W.K. Honeycombe, Mater.
Sci. and Tech.,, Feb.7, 137 (1991).
Mil-5-24645A(SH) 10, Janu. (1990).

The defense program act, Title lll program
L.G.Kvidahl, Welding Journal, 64, 4248
(1985).

. B. Irving, Welding Journal, 55 (1991).
. J.J Jonas and 1. Weiss, Met. Sco., 13, 238

{1979).

. M.G. Akben, 1. Weiss and J.]. Jonas, Acta

Metall,, 29, 111 (1981).

LS Rz, Bh%R EUgE=,
=, 3 8, 75, 501 (1989).
E. Hornbogen, Trans. Am. Soc. Met., 57,
120 (1964).

E. Hornbogen,
(1962).

S.R. Goodman, S.S. Brenner and JR. Low

KR T

Acta Metall, 10 525

14.

16.

18.

19.

. Y. Kasamatsuy,

g agrs A M5 A3 (199)

Jr, Metall. Trans. A., 4 2363 (1973).
H.H. Marvin, JM.B Losz, AD-A205. 139
December 1-65 (1988).

. A.D. Wilson, E.G. Hanburg, S.W. Thomp-

son, D.J. Colvin and G.Krauss,
Microalloyed HSLA steels, proceedings of
Microalloying '88 chicago, illinois, Septem-
ber 24-29, 259-276 (1988 ).

A.P.Coldren V.Biss,  Thermo-—
mechnical processing of Microalloyed Aus-
tenite, (edited by DeArdo) AIME npitts
burgh, PA, 591 (1981).

S.Takashima and T
Hosoya, Tetsu To Hagane, 65, 92 (1979).
C. Shiga, T.Enami, R.Tarui, M. Tanaka and
Y.Kusuhara, HSLA steel Technology and
Application, ASM, Philadelphia, PA, 643
(1983).

S-C wang, R-1 Hsieh, H-Y Liou and J-R
Yang, mater. Sci. Engine., Al157 29-36
(1992).

and



