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Development of Cold —rolled Low Carbon Steel for
Antibacterial Wok
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Abstract: In order to make the nitriding wok with ordinary iron base material have antibacterial performance and improve
people’s food hygiene and safety. The steel developed in this paper achieved antibacterial performance by adding Cu on
the basis of low carbon composition design. According to the influence of hot rolling coiling temperature, cold rolling an-
nealing temperature and cold rolling annealing time on the microstructure and mechanical properties of steel plate, the hot
rolling and annealing process parameters of cold rolling low carbon steel for antibacterial wok were determined by using op-
tical microscope, scanning electron microscope, chamber electric furnace and tensile testing machine. The test results
show that the hot rolled plate with coiling temperature of 640 “C has irregular grain shape and uneven size, and the cold
rolled product has high strength and cannot meet the requirements of wok stamping. The mechanical properties of the steel
sheet can meet the requirements of the wok stamping performance under the conditions of hot rolling coiling temperature
greater than 680 °C and cold rolling annealing temperature greater than 710 ‘C and annealing time greater than 3 hours.
The formability of the steel sheet is better with the increase of coiling temperature and annealing temperature and the exten-
sion of annealing time. Considering product quality and economy, the most suitable process parameters are coiling tem-
perature 710 °C, annealing temperature 730 ‘C, annealing time 6 h; After adopting the most suitable process parameters
for trial production of the prototype and nitriding the pot, the antibacterial rate of E. coli test can reach 100%, demonstrat-
ing excellent antibacterial performance.
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Table 1 Chemical compositions of experimental steel %
C Si Mn P S Al Cu
0.045 0.17 0.22 0.013 0.008 0.039 1.39
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Fig. 2 Effect of coiling temperature on the microstructure of hot-rolled steel plate (3. 8 mm): ( a)640 °C coiling, (h)680 ‘Ccoiling,

(¢)710 ‘Ceoiling
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Fig. 3  Effect of coiling temperature on the mechanical properties of hot-rolled steel plate (3.8 mm) : ( a ) yield strength of hot

rolled sheet with different coiling temperatures , ( b ) tensile strength of hot rolled sheet with different coiling temperatures , ( ¢ )

elongation of hot rolled sheet with different coiling temperatures



514

XL  FURAD 89 TV FLIRAR BT % - 37 -

AL, e R ELE TR BB AT Z
ST AAELAS IO P i L foRr RS R, A
FLAR A A7 5 2 FRURIT I AR DR /D R At A o B
H SRR D ¥ L doRE RS A B RS 2 L A TR
J&E R 640 “CHF, AX R At IR f5c /0N i A it 3 e 5 R
392 MPa, BUE 1 B 25 TG A2 vh e s B oK . Bl
i PREL MR A O 3 5, ¥ L B R T
T, 7 b P R A AR T e R R 7 1 R
RUPE R BRI . (P A5 BORL S o 5 2 S B0 B R P
T SRR 7 3 JEE RS 1Y) Fe, 0, F Fe,0, B w34 T,
TE B AR Uk A 7= 300 R 1 [6) I 38 45 52 7= R
S I 710 CEBBURE HEGE
2.3 RATZ3ENIRLA LR FA1E gAY 320

1) 3R P45 fl L At

1710 “CH& B B ] 1 A EL B 7E 1720 1%
LAV 28 60% FE T 2R ELHI K 1.5 mm JER 5K,
T FH A 2 A B 455 0 B R kT AR 5 .

(a) (b)

20 pm

AR T ORI 1 h J5 80 i 8 B2 an el 6 s . A
Pl 6 T R0, Bt R TR 8 o, AR 170 T 8 2R3
R AR 1438 P2 L 290 680 °C.

2)iB KT 2N AR AL LRI BE A 52 )

HRAE A B R ok T2 ES 3 IRl i) 2%
AR SO G B g 77, #E B 710,730,750 “C=A
T BE A, R AE =X BE A AL 1~9 hoAS [R] AR R[]
(RIS . 7 ANTERE K T 240 A 2. 2438 k
RN 710 °CL AR h 254 T, LUk A7 A K
(BT UIAR AT , S B 58 4 F45 SRS, FLARoR R
AL RIR 3 h AR  CHA P RIE A B
SEA LS i, T IR ZE R, B IR K ]
(R E— 20 JE K, ORI T K, ks R T3
A1 FERIR T h 0N IR O BE TR 22 730 °CL 41
LUP A D i B D) AR TR, SR RS AR 5
1B IR EETEE 750 CHE HE0h AR, B8 2
g i HAEAR TR AR JORLEE 5000 T, Bl 25 3R R[]

(c)

20 pm

K4 BBOREX LR (L. 5 mm) ALEURFZI « (a)640 ‘CHEHL, (b)680 ‘CHHL, (¢)710 ‘CHHL

Fig. 4 Effect of coiling temperature on the microstructure of cold-rolled steel plate (1. 5 mm): (a)640 °C coiling, (b)680 °C coiling,

(¢)710 °C coiling
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Fig. 5 Effect of coiling temperature on mechanical properties of cold-rolled steel plate (1.5 mm) : ( a ) yield strength of cold rolled

sheet with different coiling temperatures , ( b ) tensile strength of cold rolled sheet with different coiling temperatures |,

(¢ ) elonga-

tion of cold rolled sheet with different coiling temperatures temperatures
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Fig. 6  Effect of annealing temperature on microhardness of

cold rolled sheet ( 1.5 mm )
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Table 2 Corresponding to the energy spectrum analysis

of Cu precipitation in Figure 9 %

Eodxik C (0] Si Mn Fe Cu
Spectrum 1 9.12 1.32 0.95 0.59 29.57 58.45
Spectrum 2 14.62 1.02 - 0.43 35.59 48.35
Spectrum 3 18.13 1.37 0.33 0.42 52.51 27.24
Spectrum 4 9.48 - 0.41 0.37 69.65 20.09
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