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Effects of Cr and Zr on Yield Strength of Al-killed Steel

Hiroshi KOBAYASHI, Hidenori SHIRASAWA, and Jiro JIZAIMARU

Synopsis:

A systematic study has been made of the effects of Cr and Zr on the yield strength of steels in
order to develop super mild steels. The steels studied have almost the same chemical composition as
commercial Al-killed mild steels except for the addition of Cr and Zr.

The yield strength of the hot rolled steels decreases with Cr content and becomes the lowest at about
0.35wt?,Cr. It also decreases with Zr content up to 0.12wt%.

The relation of grain size and yield strength (oy) of the steels has been investigated in order to
determine the parameters of ¢, and Ky in Hall-Petch relation expressed as oy=a, +Kyd-1/2, where
gs, Ky and d have usual meanings. ¢, and Ky have been discussed in terms of Cr and Zr contents.

Cr addition continuonsly increases Ky but decreases g, In conttast, Zr addition decreases Ky and
provides little effect on ¢o. The variations of ¢, and Ky can be attributed to the carbon and nitro-
gen contents in solution and to the area fraction of pearlite formed at the grain boundaries, respec-

tively.

It has been concluded that the proper combination of Cr and Zr decreases both ¢4 and K, and re-
sults in a super mild steel with an extremely low yield strength of about 10 kg/ mmz.
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Table 1. Chemical composition of the steels studied (wt%)

Steel ( Si Mn P S N Al Zr Cr
1 0.04 0.02 0.33 0.012 0.014 0.0065 | 0.017 — 0.29
2 0.04 tr. 0.30 0.012 0.014 0.0062 |' 0.023 — 0.55
3 0.04 tr. 0.30 0.012 0.014 0.0055 0.020 — 0.88
4 0.04 tr. 0.30 0.012 0.014 0.0066 0.028 — 1.13
5 0.03 tr. 0.30 0.008 0.006 0.0037 0.022 0.12 —
6 0.03 0.03 0.28 0.013 0.014 0.0060 0.032 0.06 —
7 0.03 0.03 0.30 0.014 0.013 0.0060 0.026 0.05 0.35
8 0.03 0.03 0.28 0.015 0.015 0.0060 0.036 0.12 0.35
A* 0.04 0.03 0.34 0.015 0.015 0.0056 0.042 — —

A* Commercial scale production
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Fig. 3. Relation between grain size and yield st-
rength of the steel A* produced in com-
mercial scale.

3.2 Cr BKY Zr [ USROS E DS RRL
EikEFY
T35 1 v oMk B EME THIE I hic SteelA*
TOWT, BB Lo TRERRIEREE 2 o b O &k
& UCRRRIBE Of5 i b R R~Te. T ofER%
Fig. 3 w3, oMk & 70 R K
TL, BREEEFBMNE KRR TRER% Hall-
Petch®? DBRFREK [(HR] RS Z &hbhb.
0y=00+Ky d—l/z( 1 )

TIZT oy WEBAIhSERBETHD, oo LD
BEEThHy, dERNETHD. Ky WHECKRE
TLERCTHY, FALBET LT OBREOHS LY
RTbDE#E Lz bR\ 5. Fig.4(@)~(d) 1k Cr D%
IE# %2 7o Steel 1 225 Steel 4 i ATD oy & d
EDOBFREFANICHERERT. WThoBaTh oy &
d-12 i3 X WEBRBEESED RS, ¥, d-12=5
EECLTEREAREWEZATIE, Cr FHNgHoEk
REREET Steel A* DFRICHAEL 72505, kA
INECEEICEL o Tw5. Fig. b 13 Zr 2EM
LIctD oy & d-12 L OBFERT. ZOBEIWE
DOECILZIEERRERSEETS. Zr OB X v
R 1L D HO 55 RRRIC LT Steel A* T h T ¥
B LRI, L, EOETHRIM SR
MHETHHBECHEE TH Y, BENLKEVHEIX
EhdDThTnsisd. Fig.61x Cr & Zr ZREFICHR
MU oWTD oy & d-2 L OBR%RT. Cr
R U8R b, Zr LS HRENT 5 o
E Xy, AN ORRBEIMETT 5. &
7o Zr HEMCIRM L7cRic 5 &, Rk kE

30

20;

Oy (kg/mn?)

—@— Steel 1

———— Steel A’

Ty (kg /on)

e =
g ~Z
g e
> // [ 1 —© — Steel 3
S //
10 ———— Steel A
///
- v
r Ve
//
L
0| L ] A L
T 11 T T 4 P
(d) g -
L) //
//
//
/. O//
7~
20 e <
’d
< =
P ‘ //
[ ~
= ; ~“w"®
ey // —@-— Steel 4
10 -
~ B
// ——==— Steel A
v
4 //
7
Ve
0 | 1 L 1 I
0 1 2 4 5 6 7 8 9 10
d% (mm¥)

Fig. 4. Relation between grain size and yield
strength of chromium bearing steels.

87 —




688 g L M

% 66 4 (1980) 456 =

d (mm)
20 1.0 0.4 0.2 0.1 0.04 0.02 0.01
T 1 I 1
//
//
. Steel /’/
—A— 5
//
—p— 6 -
~
20 o A
-~
-~
// A/

Oy (kg/mm?)
\
\
\\
B\»
\\\
)
)

0, ] ] | | |

4 5 6 9 10
% (o)

Fig. 5. Relation between grain size and yield
strength of zirconium bearing steels.

d (mm)
1.0 0.4 0.2 0.1 0.04 0.02 0.01
hed T 1 T 1 T I
-
.//
Steel ,//
—Aa— A
-
—A— 8 ~
r
20 e A = P
//
—~ /// A/
& “t &
g e AAT A
- // /f
() - A
- X
10 = /
rd
// //
Pt
Loz
I 1 ] | I
0 1 2 3 4 5 . 6 7 8 9 10.
d¥(mm¥%)

Fig. 6. Relalion between grain size and yield
strength of chromium and zirconium

bearing steels.

BARTOZHEAEHRRMMOMERBE L KT L T v
%. Fig. 7 2B fREgE s 1133 Cr B X O Zr o
% Wl 5 7% Fig. 3 7o\ U Fig. 6 HD#FA R L
72. 0.29%Cr ZEHTHERBEREAO Al £ Ml
W, fERRSRKREWEZATELS D L5 THB. Zr
BYRIM L8R b 5O % i dbRc kT Al v MR
X D RWBERIBE R L, & AR CEBEI
FOENEEL 5D, Cr b Zr RN LT
RERERAKEVWEBE TR Eh OBBEINGE L bR
BMEITET L, HABSbBRMOHENEFE L. Ll
#5 BRI T B & R RIREE 1 BRI E ESR T A b i
2 X 5%, Cr By X v ixfE2S Zr B
I dEL e oT w5,
3.3 fHgER )

Photo. 1 % Steel 1~8 # 1000°C < | h jn#f%

d (mm)
30 1.0 0.4 0.2 0.1 0.04 0.02 0,01
T I I I T I
20 !
-
(N / — =
‘B - —
£ —
£ P
& l = =7
Steel
10 = Commercial A*
- !
— | ——cr 1
7 - === 2Zr 6
—-— Cr+2Zr 7
0 I R ! !
[ 1 2 4 5 4 6 7 8 9 10
db(mm¥)

Fig. 7. Comparison of grain size dependence of
yield strength of chromium, zirconium
and chromium-zirconium bearing steels.

R LIS & OXFEMGEHBEAE cH 5. B OB
WTHDH Steel A*¥ CIIRRA LT AA—=51 P& BH
B, ZDA—F5 4 FORIT Steel 1 B XON2 CRLE L
51 Cr & & LB IHMT3 X5 CTHhs. —F, Zr %
¥shn L7z Steel 6 Tl CEA Steel A* 2FE L\
Chhnbbd, cold R EDA—5 1 MXEE
AERFE L Is ), NACHEM b » Bz shs
Xowies. Zr &k Cr A AFHE CHEM LA Steel
7 BRR B =54 bAHBETA. LhL, B Zr
EXHEMXei Steel 8 TIHRALDAA—5 1 FEHEE
T5.

4. = =

s

41 HEEEEMROBRRBECEKET Cr LU

Zr FZMOEE

Fig. 1 @R L7z & 5, BNEFEEESRN O RE IR 138
B0 Cr oM X >TET 355, Cr B2 I 5K
TEHOCLERTS. ZOBRBRIEROWRD X R
E—FHLTWA, I THEMoRRRBEH Cr BiTwt
L CHi/MEZ /R T B Y% 2 TAh 5. Fig. | 13BEEE
R RS Ry Cr BEOHINC & & Ie o T35 &
ELRLTWS. Tihbt, Cr OEEBIC L % BREE
DIET LR e X 5 ER 2 FEBCER Lisd il b
7e\u~. Fig.4(@) ~(d) R\ \T Cr ENE L5 EE
BoOZSEIIIHEMTA 2R L. coRed &0
W Fig. 8 iz Cr 0% (38840 Hall-
Petch ORIGEREBAMCR L. bbb, MFTC
1 2505 tignie o T Cr EAEINLTWAHL DT
H5. Cr BFEEICHERRARF ORI CRLA X

— 88 _



"

T FLFBMOBRBECSXET Cr 510 Zr 0% 689
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