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Table 1 Main chemical components of samples

C Si Mn P S Cu
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Fig. 1 Variation of tensile strength with annealing temperature (a) and annealing time (b) during

annealing of cold drawn steel wires
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Fig. 2 Transmission morphology of cold drawn steel wires before and after low temperature annealing

(a) cold drawn steel wire; (b) annealed at 200 °C for 0.5 min; (¢) annealed at 200 °C for 60 min
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Fig. 3 Transmission morphology of cold drawn steel wires after high temperature annealing

(a)annealed at 400 ‘C for 0.5 min; (b) annealed at 400°C for 15 min; (c¢) annealed at 450°C for 0. 5min; (d)

annealed at 450°C for 60min
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Fig. 4 DSC curves of samples at different heating speeds
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Fig. 5 Typical transmission morphology of cold drawn steel wires

(a) heating to 275°C; (b) heating to 420 “C; (c¢) heating to 500 C



188 L% =

ZEA RN 22 AR ik B b i R AR AR R 4]
2l s, A J DSC fh £k f1 TEM K45 BT /i i 4 217
1 2% BT B 2« R ZE AR AR SRR 19 B B ok
JE B 2t AR AL 5 R Y, A 2L bk Rokg
T AR (50 4 W five R Bl D ik 2 R IR Bk R AR P OF:
ETFLAE . 3X 55 DSC iy 2k 10 56 — e A 5F5 — e X6f 1
1717 fe i AR K 2% PF TR SRR T 0 A R A AR U 05 X T
AV, B BV K Ry IR B B MR ) R R Bk
AL IS B A UL 19 B DLTE o X R F DSC 2 =0 . A
b, A 4 5 ¥4 A9 22 X RE 0 3 R A A L A VB O R
FR T R AR B R T DA S AR 1 R
FIUR IR 2 B 1A 0 K 5 Bk Ak o B o B 5 = g, 0k i
E GV TR 22 5 P A AR o AR v o B A

3 & it

WFST T — P ¥ 45 5 e B9 22 38 ko ad A b i) o
AR AL R A U AR JE 45 DSC 5, Ui W] T ¥ 4k
A 22 AR 1) A R AR AT O X K T 2 M R 1 5

1o R VA TR 22 fin AR B v DSC i 4R R 1 =
AN A X o7 5 HEAR ki AR v i = AN 8RB B
RIS S 53 bR Bk 2R A v B 6 BRI L IR B
T AR R A 3 43 5 il 38 e A R A SR BT 1 B iR 2
e A 1) Kl 32 Bk A

BN 22 7E 200 °C iR kit 72 v i 41 21 fb 17
by 55 R B B AR 1 8 4 A A R B DR T R R
ARERZ AR P I ETFLAE AR G T 76 400 °C Rh 1Rk
TRLEE R R B B R G R AR BT R AR B kR Y
R FEE BR AL A0 98 Bk 1 B0k A UL TE . kol 3k
A 22 A A L R v R B TR ZUO AL T A T
Kbt G DSC 25 = W A HH R

5 [ 2020
S % ik :

[1] FENG Fang, HU Xianjun, CHEN Shaohui, et al.
Revealing microstructural and mechanical characteristics
of cold-drawn pearlitic steel wires undergoing simulated
galvanization treatment [ ] ]. Materials Science and
Engineering A,2012,547.:51-54.

[2] WANG Lei, MA Han, LI Ping, et al. Influence of
temperature increasing during wire drawing on the
torsionalproperty of high-carbon steel wire [J]. Heat
Treatment of Metals.2012,37(11) . 28-31.

(3] i . R A 48R H SWRSS2B #AL # & 1 41 41
5 2 /MR e (D). w9 a0« AR H K%, 2006.

[4] TU Yiyou, HUANG Linghui, WANG Xiaohui, et al.
Effect of Si and Mn interactions on the spheroidization
and coarsening behavior of cementite during annealing in
severe cold-drawn pearlitic steel[ J]. Metall Mater Trans
A-Phys Metall Mater Sci,2016,47A:254-259.

(5] RZ R X B 5 . BAHA LA T RER
Moz rERE ro R L], #8400 T 1022, 2016, 45 (18) ¢
49-52 .

[6] 5k}, GODFREY A, X4 . BROGAKR 2248 4k i #2 b
THOWL 20 20 J B 3R A IX B 1) 5 R A (T ). 4 I 24T
2010,46(2) :141-146.

L7] #6728 fmme 5 IE O [A) #Ak 31T 2 3 S O A R %
JrAERE M B ST LT . A4 R R b B2 4k, 2012, 33 (4D
44-49,

(8] ZRfEbg , 5kik 587 . MF B 20 R ) ok L 7 300 A L &8 2% 1
WL 2R e R AE [T ], AR A 40 38 2% 42, 2011, 32(7),
78-82.

(9] Whkat 2 . i3RI A8 V2 $R04M 22 1) L U g 24 M g [ D .
9 A0 7R B R %%, 2006.

[10] ZRA . GODFREY A, X . B[R AL 5 ¥ 20 5 F %)
AT B R [T ], & s 2 4, 2013, 49 (5)
583-592.

CLLD SV 5 e 25T 5 SR PSS . B 2 6 2 AL 280 v J) 3 e L
KRIFEP A7 [T ], )8 # kb 24, 2005, 30(11) : 85-87.



Bleg HE3l X Fii U« v BV AR 22 R i B v Y I D T R R o B Y R 189

Microstructure evolution of high carbon cold drawn steel wire during

annealing and its effect on strength

LIU Ruijuan
Hebi Polytechnic, Hebi 458030, China

Abstract: The strength and microstructure evolution of a cold-drawn high carbon steel wire during annealing were studied by
means of conventional mechanical properties testing equipment, transmission electron microscope and differential scanning
calorimeter. The results show that three stages of microstructure change of cold drawn steel wires occurred in the heating
process. The performance changes in the first and second stages are mainly due to the diffusion of carbon atoms near
dislocations in the flake ferrite and the partial degradation and decomposition of the flake cementite. These two stages do not
lead to a significant deterioration of the strength of cold-drawn steel wire, which is consistent with the low-temperature
annealing (200 °C) stage. The third peak is due to the large spheroidization of flake cementite or the re-precipitation of fine
cementite particles. The change of microstructure is accompanied by the severe deterioration of strength, which is consistent
with the high-temperature annealing (above 400 ‘C) stage and should be avoided as much as possible in the actual hot-dipping
process.

Key words: cold drawn steel wire;infiltration strengthening mechanism;cementite; DSC curve



