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Effect of Pre-Aging Treatment on the Strain Aging Characteristics of
Hard Drawn Eutectoid Carbon Steel Wire ‘

Synopsis:

Yoshiro YAMADA

The effect of quench aging and intermediate strain aging on the aging characteristics of cold worked

eutectoid carbon steels containing different quantities of free nitrogen has been examined by means of tor—

sional pendulum damping, electrical resistivity, and room temperature tensile test.

It is found that the strength increase by aging in the temperature range from room temperature to about
150°C (lst stage aging) is enhanced by the introduction of an intermediate strain aging at 220°C or 350°C
put in between two sets of wire drawing practices. During strain aging at 220°C or 350°C, locking or pinning

of dislocations by carbon supplied from lamellar cementite is brought about. The following cold drawing - -
unlocks the dislocations and results in the dissolution of the carbon atoms in normal lattice sites. These .

carbon atoms in solution lock dislocations again during lst stage aging.

- By cold drawing after strain aging, nitrogen atoms also can enter in normal lattice sites as a result of dlsloca—

tion depinning. During the following aging at lst stage, nitrogen atoms relock dislocations and age st— -

rengthening occurs.

Quench aging at 100°C can, however, diminish much of the redissolution of nitrogen by cold work on

Fe-0-8%C—0-01%N specimen. This may suggest that the iron nitride formed during quench aging is
more stable to cold work than Cottrell atmosphere.
' (Received April 16, 1974)
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Table 1. Chemical composition of steels tested (wt %).
C Si Mn P S Al N Sol. N | Nas AlA O
FE-C-N 0-76 0-007 | 0-016 | 0002 | 0-007 0-008 | 0-0110 — — 0-001
77B-Al 0-77 0-24 0-69 0-011 | 0020 | 0-050 | 0-0040 | 0-0037 | 0:°0015 —
77B-Vac. 0-75 | 0-22 0-75 0-003 | 0-008 |<0:010 | 0-0020 | 0-0020 | 0-0005 | 0-0022
77A-N 0-80 0-31 0-53 0:010 | 0-015 |<0-010 | 0-0120 — — —
77A-Vac. 0-81 0-19 0-51 0-009 | 0-010 | 0-002 | 0-0016 — — 00026
77A-N' 0-75 0-19 0-51 0:008 | 0-012 | 0-00L | 0-0110 — — 00012
Where 77 refers to 0°74~0'8195C
A ” 0°30~0°'609%Mn
B 7 0°60~0'90%Mn
N,N*# Nitrogen enriched
Vac 7 Vacuum melted
Al ” Aluminium added
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Fig. 2. Internal friction-temperature curves for FE-
C-N. Temperatures and times in the figure
indicate the aging condition. Specimen was
prepared as follows; 600°C patenting(l ‘4 mm
dia)—water cool—cold draw to 1'2mm dia
(26-5% red. area) —100°GC-24 hr age—>water
cool—cold draw to 1‘Omm dia. (30°69 red.

area)
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Fig. 3. The effect of pre-aging treatment on the
ultimate tensile stress and 0°29; yield stress
of FE-C-N specimens. Aging time: 5min.
Patenting: 600°C (1-4mm dia) Total reduc-
tion by cold drawing: 49°0%
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Fig. 4. 5min isochronal aging curves of electrical
resistivity on FE-C-N specimens. The effect
of intermediate aging is shown.
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Fig. 5. Tensile test results on 77A-Vac and 77A-N'
cold drawn and aged for 10 min at each
temperature. Specimen preparation was made
as follows; patenting (930°C x4 min —530°C
-1 min—air cool) —acid pickling—>phosphate
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after 5 min final strain aging. The tempera-
tures in the figure indicate those of the inter-
mediate aging. l'4mm dia—cold draw to
1'2mm dia—intermediate aging—cold draw
to 1'Omm dia.
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Fig. 7. Effect of 10min intermediate strain aging

put in between two sets of drawing practices
on the electrical resistivity change of 77B-Al
specimens due to 20°C interval, 5 min isoch-
ronal aging. Temperatures in the figure are
those of the intermediate strain aging.
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Fig. 8. Effect of the intermediate strain aging tem-
perature on the internal friction-temperature
curves for as drawn 77B-Al specimens. Spe-
cimens were prepared as follows; 600°C paten-
ting (1'4mm dia)—water cool—cold draw to
1'2mm dia — intermediate strain aging (10
min)—water cool—cold draw to 10 mm dia.
Temperatures in the figure indicate those of
intermediate strain aging. For the reference,
220°C intermediately aged and 120°C finaly
aged specimen’s curve is also given.
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Fig. 9. The effect of intermediate strain aging at
220°C for 10min put in between two sets
of cold drawing practices on the electrical
resistivity change of 77B-Vac specimens due
to 5 min isochronal aging.
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Fig. 10. Room temperature tensile test results on an aluminum containing commercial grade ecutectoid

carbon steel wires aged for 5 min at each temperature.

A (Tke figure'.in the left): Cold drawn from 56 mm to 2°5mm dia at a speed of 0°05m/
min at each die with using a tensile testing machine.

B (The figure in the right): Cold drawn from 56 mm to 2-5mm dia with using a cumula-
tive type continuous wire drawing machine at the final speed of
300 m/ min and then from 2°5mm to 2-2l mm dia at a speed
of 0°05 m/ min.

Drawing schedule (mm dia); 5:60—4-75>4-03—-3-43-2-96—250(—221)

Chemical composition(wt 9); 0:80 C-0-26 Si-0-80 Mn-0-009 P-0°022 S-0-067 Al-0-0063 N
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Fig. 11. Effect of free nitrogen level on the relation
between aging temperature and tensile streng-
th of the specimens patented, cold drawn,
26-59%, red. of area, intermediately aged and
again cold drawn 30°69, red. of area. Aging
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Fig. 12. Internal friction-temperature curves for as-
drawn 77B-Al and 77A-N which had been
patented at 1'4mm dia., cold drawn to 1°2
mm dia., 500°C - 10 min aged, and again
cold drawn to 1'0mm dia.
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Fig. 13. Electrical resistivity.. changes due to 5 min
isochronal aging on 77A-N specimens. Effect
of the intermediate strain aging is shown.
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Fig. 14. Tensile strength vs. aging temperature relations on 77 B-Al (left) and 77 A-N (right)

specimens.

aging time; 10 min. Specimen preparation was made as under.
77 B-Al; patenting—49% cold draw—350°C- 10 min aging—water cool—1-29; elongation
77 A-N; patenting—49% cold draw—350°C- 10 min aging—water cool—1-49; elongation

EDRBHPIAEVTE, Mn LO®FFCRIZNOE
FRESRE LKLY, FRCERELION HEELS/HNE
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L, CENOXETTOXNSLDOE MR X OHEEDIER
EOWTRSEILEERACHAE T L ES DB LA
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3.6 iR, BPEROPNI EEREDD

R 1" 4mm DIKEET 600°C $5/¢5 2 5 424, Ik
&L, #FE 1'0mm F C{GEMRE FRREmER 49°'0%) L
CTHB 350°C - 10 SRS, EHL, X 5ICERRMER
Bicx b 11w L 149% vvE 5 2 738 e > wv -,
RFENIC X 5 FRIGE & RO ZE b2 HIE L 7=

Fig. 14 13 10 5O REMAEEERSES Ui 77B-Al &
X T7TA-N HEOEESRARBR DS Mtk
3 140°C DL E 200°C Torghic X558 LA ETL
V. FEfz, 100 fowvw L 120°C DIToBETo KghT b
77 A-N 13 s (LSHbh TV 5

Fig. 15 (e[ U FEHtn 20°C BRR, & 540 SRy
RSN AR %2 R 3. 77 B-Al Hic > T B+ 5% &
#9 120°C DIF I LeIRFL O ERRE D3 H 0, Fh Bl |k 220
Tl 240°C £ CcHEMIBEML T 5.

5REER R HLIPURIE S R0 ST+ 5 &, 8T
Wb 5 ERFIOE 1 ERFE, 5 1R, 551 RREHHh
AT, 350°C - 10 min EEhR U 5N T 2 &7 st %
Rk EHbNS. 79 —N2EL w5 LB EREDHIK
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Fig.15. Electrical resistivity changes due to 5min
isochronal aging on 77 B-Al and 77 A-N spe-
cimens. The method of specimen prepara-
tion was quite the same as shown in Fig. 14.
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Fig. 16. Load-extension curves showing the occurence
of stress induced strain aging during the sus-
pension of cross head movement for 20 min

or for 80 min in the course of tensile test at
25 to 26°C,
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4. #E =
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TH5NBENRETINELEDbDLHEEIND.
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3y bLAFRBASY»LEMSERLEIZED &, LT
mank C, N BEBENOGHEOREXHEHZ T
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i, WiEDO 24— E— 2R BEID EERI NIV
A5, Ny o 8T Y L FIEICETEOF AR E W EHEHETX
5.
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i ohb. Fig. 16 @ 77 B-Al 350°C meghit oF%) 36
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