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ABSTRACT

High-strength low-relaxation prestressed steel strands are used widely in
construction of highway, railway, buildings, bridges and some venues. The quality of
SWRHB82B wire rod, a raw material for steel strands, has a direct influence on steel
strands, so studying on SWRH82B wire rod is of great significance. What is more, test
materials were produced by Shuicheng iron and steel company.

In the paper the existing form of carbon and nitrogen elements and their effect on
the microstructure and properties of SWRH82B steel were studied. According to Fe-C
phase diagram, Fe-N phase diagram and chemical composition of SWRH82B steel, the
existing form of carbon and nitrogen elements was identified. TEM analysis indicated
that the size and amount of precipitations in wire rod with different nitrogen contents
had some differences, and most of the precipitations were located at austenite grain
boundaries and dislocation lines. OM analysis indicated that secondary cementite and
slight shrinkage were exsited in the center of two kinds of castings with different
nitrogen contents, but bad microstructures were not found in wire rod.

The tensile test indicated that high nitrogen steel has higher yield strength, tensile
strength and lower elongation and reduction of area; there were more inclusions on the
tensile fracture surfaces of the high nitrogen steel, and some large inclusions rich in Al
Si were presented on the fracture of the two kinds of wire rods. The chemical analysis
and XRF results showed that the segregation of elements carbon, manganese, silicon,
vanadium and chromium was within the normal range.

Austenite was not homogeneous and the secondary cementite in the center of the
castings remained undissolved under conditions of heating temperature 800°C, holding
time for 30 minutes. When the heating temperature was 900°C, holding time was 2
hours, austenite was fully homogeneous. The cooling rate had a very important
influence on the steel microstructure, and a reasonable cooling rate can be inferred from
the thermal simulation test. The hardness results of the thermal simulation test samples
indicated that hardness values growed as the increasing of the cooling rate, and the
hardness value of the low nitrogen casting was larger that that of a high nitrogen casting
in the same cooling rate.

Keywords: SWRH82B steel, carbon, nitrogen, microstructure, properties
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Fig.1.1 Production process of the wire rod
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Fig.1.2 Flow chart of continuous casting and rolling
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Tab.1.1 Main technical table of rolling mill

FLARHE 5 R~ mm F L
P | LA | HLAAR FA
5| B 5 AL B A7 K | (DC/ | % KW
AC)
1 1H 9550 7K FH 1 #LAL 9610~520 800 DC 450
2 2V 9550 572 FELAL 9610~520 800 DC 450
3 | HHEL 3H 9550 7K A L ELAL ©610~520 800 DC 550
4 | HLA 4V @550 ST ELHL ©610~520 800 DC 550
5 5H @450 7KF-F T ELAL ©495~420 700 DC 600
6 6V 9450 7.3 T ELL ©495~420 700 DC 550
7 7H 450 7K1 A T ELAL ©495~420 700 DC 600
8 8V 450 7.3 L ELL ©495~420 700 DC 550
9 | %L 9H 9450 7K1 1 #LAL ©495~420 700 DC 600
10 | W4 | 10V 9350 S FELL ©380~320 650 DC 550
11 11H 9350 7K-F P I ELHL ©380~320 650 DC 600
12 12V 9350 323 T ELL $380~320 650 DC 550
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Fig.1.3 Four stages of control rolling and control cooling technique
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*® 2.1 WIS EHRE S R (Wit%)

Tab.2.1 Chemical composition of tested steel (wt%)

E
LD C Si Mn P S Cr \Y/
I
1 0.790 0.23 0.81 0.018 0.007 0.276 0.046
2 0.815 0.205 0.853 0.022 0.006 0.276 0.054
3 0.800 0.2 0.82 0.023 0.006 0.298 0.08
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600#. 80044 AHRPAVHEAT BE ], F5 2R i Jo B SRR, FH CroOs JGAE I EAL
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BUDUARE . HE4E L7 1 BURE PR 75 % R 55 YE )5 T, B Nova NanoSEM B4 Hy
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2.2.6 BEIE AT

A RS2 ISR T, 7 I O B B BBk e %, A
B% 15 Y INCA Energy 350X S 2R R itk G ATHT s oA, I Je 2 h B & oG 3%
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Fig.3.1 Phase diagram of Fe-N binary system
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A5 Fe-N —yoHE (3.1 mfRLEZR], =i~ N 7E Fe IR N
NP AR EER o-Fe(N). y- Fe(N). y’- FesN. & FeoN PUFE, Hirb o-Fe(N)
A1 y- Fe(N)J2 N 7E Fe FIERRIME A4, y>- FeaN Fl e- Fe,N & N 5 Fe TE N &8
AT . N B TTE Fe FIERIEAAR. 5 Fe B &R ML G4, B2 5
fI V. Cr &GS nREGHEBFIRNEWLY), HobargeafbEr N 5HEGHITE
B AIN 5 TiN ZHEE 8 I =4 .

3.2 SWRH82B N RS =N E

K 3.2 HukEn e A

Fig.3.2 Diagram of the specimens

N HCEERI E =R ASE 1) SWRHS2B #14% 1. 2. 3 Kfisk 1. 2%
REER 1. 2 RIS R E, WA IRE =AM B A KRR T, R
1 EBGARE AL B Al 3.2 . 8 1 EEA N 4mm R B VR
WEERIALE, MBI IR RARIC A 1-1. 1-2. 1-3, [AkE, 458 2 R =R
N FIREERRIC N 2-1. 2-2. 2-3. EEUHT 10mm>10mm>&mm k2N 1T M)
SHEA RO B O L 22050 . 5L 3 1) TC-436 B4 & A 4 i A o AT h s
famreE, SRNFE 3L R, #EF1LA3HSRERI, #4288 EL1E
T 138ppm, PR =AML B S R EZE A K.
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*31 SRR

Tab.3.1 Nitrogen content of the specimens

Y &1 FE% 2 #%3 1-1 1-2 1-3 2-1 2-2 2-3
=

38 176 43 41 42 43 157 160 146
Cppm)

3.3 VC #1 VN 7£ SWRH82B N i [E;x E TR
331V ERKAMERAPHNHEKEEE

WS — 70 VC A1 VN ZE40 o i [ v 78 AR A R TP47),

BGAR T GRHAM T

lg ([V][C]) =6.72-9500/T

lg ([V][N]) =3.63-8700/T

P& GROHTRD:

lg ([V][C]) =4.55-8300/T

lg ([V][N]) =2.45-7830/T

H_ERPESEERAXTTUEH, REREME, Wb S5 ES Ao
HHI A LR AR P S L E B R A — A e, Bl — B REE, wh
Y, @ MEET, W RBRBERE, WAL . SREE
BIRZ, WHERD, oV) o(C)E o(V) oN)EUEIR /N, it FEAR L2 B L 1B
VI I N e ey 1w AN 2 B 2 N I

IINIE ZE B PG ST, &M R AR HGR IR Be % 43 fh\ 21 51K
PR, SEREEELEEA T2, BEERE B, BT A E ST R AW
HORAR S AT, RS IR 25 s ) 45 R B IR R R K e R EARLIEE T,
R — M ER TR A T BRIt e R B 1 B R 45 i BT
VC [ BEARIOR, 78 B IR IR B X TA) A Y LU R R, A9 — &84 i i
B AR AR, HELEA R G A A B RSB R IR, R KRB EL
PR A ATREE R R AR TP I i, TG AR R B T 5

N T AE 2 BT R ALALLE AR T TR AR B G pA b AT Y 9 LTI ek & ik
X, JUVHT 2 2% 5k A e 2 A AN Y 5 15k G 3% B TG 2R ) 21 B IR AR R
— FBE R LR 2% 8 0 R R AL R B BTG EL ik B B AR (A A L o T SR L B fe
AR AR LER, ERE R IR T, BEVEMA R S22, HEE
SLENAHG, X2 KRR AT H = AR . R, 0244
HE N R SREEUA B E AL AR LR, AR A St R R KIIRCR, I
HEE TGS TR E.
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3.2V 1E B iR ORI AR I, wit%
Tab.3.2 Maximum solubility of V in austenite, wt%

L C 5 VC P 5 VC TV 5 VN Pl 5 VN Pl )
[VIIC] [VIIN] vVl
800 0.007350531 0.176747720 0.000033257 0.011002521
850 0.018218662 0.278261232 0.000076364 0.016672281
900 0.041793454 0.421452464 0.000163350 0.024384298
950 0.089580991 0.167024482 0.000328356 0.034571893
1000 0.180847884 0.876700351 0.000624813 0.047689824
1050 0.346218254 1.213024146 0.001132495 0.064204998
1100 0.632185987 1.639143204 0.001965670 0.084587462
1150 1.106530674 2.168583723 0.003282132 0.109302152
1200 1.864562964 2.815029768 0.005292811 0.138881412
#* 33V IEBRER AR P B KB AR, widh
Tab.3.3 Maximum solubility of V in ferrite, wt%
B 5 VC 1 5 VC TV 5 VN ) 5 VN “PA 1)
[VIIC] [VIIN] N
650 0.000036106 0.012387513 0.000000926 0.001835930
700 0.000104636 0.021087982 0.000002527 0.003032866
750 0.000273280 0.034079906 0.000006252 0.004770459
800 0.000652647 0.052666408 0.000014213 0.007192726
332 BEF 1ERERTELSR
F 3.4 1 5 V7B IR AA R A R, wt%
Tab.3.4 Maximum solubility of V in austenite of No.1 steel, wt%
L 5 VC P [CIN0.79% 5 VNP [Ny 38ppm VIR
VIIC] A I V] [VIIN] AN V]
800 0.007350531  0.009304469  0.000033257  0.008751842  0.018056311
850 0.018218662  0.023061597  0.000076364  0.020095789  0.043159487
900 0.041793454  0.052903106  0.000163350  0.042986842  0.095889948
950 0.089580991  0.113393659  0.000328356  0.086409473  0.199803132
1000 0.180847884  0.228921372  0.000624813  0.164424473  0.393345845
1050 0.346218254  0.438250954  0.001132495  0.298025000  0.736275954
1100 0.632185987  0.800235426  0.001965670  0.517281578  1.317517004
1150 1.106530674  1.400671739  0.003282132  0.863718947  2.264390686
1200 1.864562964  2.360206284  0.005292811  1.392845000  3.753051284
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%351 S V EERERAR P TS ML, wt%h
Tab.3.5 Maximum solubility of V in ferrite of No.1 steel, wt%

\ 5 VvC P [CIN079% 5 VNP [N]J9 38ppm S
HEEIC R VIR
[VIIC] I V] [V]IN] IR I [V]

650 0.000036106  0.000045703  0.000000926  0.000243684  0.000289387
700 0.000104636  0.000132450  0.000002527  0.000665000  0.000797450
750 0.000273280  0.000345924  0.000006252  0.001645263  0.001991187
800 0.000652647  0.000826135  0.000014213  0.003740263  0.004566398

BERE IR, 5 VC TARIIVIICl. 5 VN P I[VIIN] ) 2 BAE, 8RR
V E&EAIEES C BN HEALERE (o(V) o(C)=4.25. o(V) o(N)=3.64), N
V ERRAE R R R EROR, BEEIRERIFRC, R R AR X AN, ¥
il 5 2 RIS, X2 IS AL B 82—, R [N s A AT s AL
KA = R .

# 3.4 K35 887, E 1SN HI[ClAeEH R E V], WA 1200°C i £
i ] [ 2.36%I1I[V], # T 650°CHY, X EEA¥ 0.000046%HI[V]; ik 1 54
FRIIN] A58 R IEA V], WIAE 1200°C I 5 i A [V 3.75%[V], £ 17 650 CHY,
X BEE % 0.00029%FFI[V] .

% 3.6 1 SHNECAIRE T V ol [ FI[C]45[N], wt%
Tab.3.6 The number of [C] and [N] soluted by V in austenite of No.1 steel, wt%

S— 5vC P [VIN 0.046%1 5 VN P [V 0.046%0
[VI[C] P HI[C] [VIIN] N
800 0.007350531 0.1597941520 0.000033257 0.0007229783
850 0.018218662 0.3960578700 0.000076364 0.0016600870
900 0.041793454 0.9085533478 0.000163350 0.0035510869
950 0.089580991 1.9474128478 0.000328356 0.0071381739
1000 0.180847884 3.9314757391 0.000624813 0.0135828913
1050 0.346218254 7.5264837826 0.001132495 0.0246194565
1100 0.632185987 13.743173630 0.001965670 0.0427319565
1150 1.106530674 24.055014652 0.003282132 0.0713506957
1200 1.864562964 40.533977478 0.005292811 0.1150611087
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371 FWGEEMRET V A EE[C]S[N], wt%
Tab.3.7 The number of [C] and [N] soluted by V in ferrite of No.1 steel, wt%

O 5 vCFr [V 0.046%I 5 VNP [VIDY 0.046%0
[V][C] W HIC] [VIIN] I IN]
650 0.000036106 0.000784913 0.000000926 0.000020130
700 0.000104636 0.002274695 0.000002527 0.000054935
750 0.000273280 0.005940869 0.000006252 0.000135913
800 0.000652647 0.014187978 0.000014213 0.000308978

3.6 K& 37 BT 1 5WHETE MV]IA TS [CIEG#H 45 [N B a4 1

B, RAF 0.046% I [VIE 1200°C K4 EB 5 [CUE IE A, W72 [CIA
40.53%, {HIZREE IR, S5IVIERRENERET R EM[CIE =S R T, 2
650°CH}, #ZEMI[CIE N 0.00078%; # 0.046%[1[V]TE 1200°C T~ 4=#B-5 [N]JE [
AR, TFEMIIN]NY 0.115%, # 650°CH, FFEMI[N]AN 0.00002%, HI5 1 54K+
FEITV T 5 ] A7 75 T2 R [CT B [N ) T A2 R /N
333 EFX2EBERITEER

3.8 2 S V 7 B IR AA R R A L, wit%
Tab.3.8 Maximum solubility of V in austenite of No.2 steel, wt%

O 5 vC P [CIv0.815% 5 VN - F#if [Ny 176ppm et V]
[VIIC] IR V] [VIIN] R I [V]
800 0.007350531  0.009019056  0.000033257  0.001889602  0.010908658
850 0.018218662  0.022354186  0.000076364  0.004338863  0.026693049
900 0.041793454  0.051280311  0.000163350  0.009281250  0.060561561
950 0.089580991  0.109915326  0.000328356  0.018656590  0.128571916
1000 0.180847884  0.221899244  0.000624813  0.035500738  0.257399982
1050 0.346218254  0.424807673  0.001132495  0.064346306  0.489153979
1100 0.632185987  0.775688327  0.001965670  0.111685795  0.887374122
1150 1.106530674  1.357706348  0.003282132  0.186484772  1.544191120
1200 1.864562964  2.287807318  0.005292811  0.300727897  2.588535216
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*3.92 STV ER R AT ITEREL, wi%
Tab.3.9 Maximum solubility of V in ferrite of No.2 steel, wt%

— 5 vC P [CIy0.815% 15 VN-F4ft  [N]Jy 176ppm N
HEEIC R VIR
[VIIC] I V] [V]IN] IR I [V]

650 0.000036106  0.000044301  0.000000926  0.000052613  0.000096914
700 0.000104636  0.000128387  0.000002527  0.000143579  0.000271966
750 0.000273280  0.000335312  0.000006252  0.000355227  0.000690539
800 0.000652647  0.000800793  0.000014213  0.000807556  0.001608349

# 3.10 2 S RHARES T V AT [E U [CT 5[N], wt%

Tab.3.10 The number of [C] and [N] soluted by V in austenite of No.2 steel, wt%

o 5 VvC P [VIN0.054%/) 5 VNP [VION 0.054%f]
[VI[C] WHC] [VIIN] A EIIN]
800 0.007350531 0.136120944 0.000033257 0.000615870
850 0.018218662 0.337382630 0.000076364 0.001414148
900 0.041793454 0.773952852 0.000163350 0.003025000
950 0.089580991 1.658907241 0.000328356 0.006080667
1000 0.180847884 3.349034889 0.000624813 0.011570611
1050 0.346218254 6.411449148 0.001132495 0.020972130
1100 0.632185987 11.70714791 0.001965670 0.036401296
1150 1.106530674 20.49130878 0.003282132 0.060780222
1200 1.864562964 34.52894378 0.005292811 0.098015019

*® 3112 SBRERMIRE T V AT EEHI[C] 5[N], wt%

Tab.3.11 The number of [C] and [N] soluted by V in ferrite of No.2 steel, wt%

P GNC Py [V170.054%47 GNPy [V170.054% 47
[VIIC] #HHIC] [VIIN] ## H9IN]
650 0.000036106 0.000669630 0.000000926 0.000017148
700 0.000104636 0.001937704 0.000002527 0.000046796
750 0.000273280 0.005060741 0.000006252 0.000115778
800 0.000652647 0.012086056 0.000014213 0.000263204

WX 3.4 3K 3.8, 7E 1200°CHT, [CIN 0.79 BIRAH[V]N 2.36%, [C]
4 0.815 BN [V]A 2.29%, [Ny 38ppm KHNF[V] A 1.39%, [N]A 176ppm Kt
VI 0.300%, AJ L, fE 1200°C [N & 2 o 80 I VI A 1R KR .
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[FIFE, £ 650°CHY, [ClE &Mz TR IVIEZIA K, MIN]&R=SFHKER
A V]S = A B R 20

FHELT NbV. NbC. TiC S HARBE MY, VC AT VN 75 B KA e 1 [ 7 AR
BK, WHTH s 5 MR, R 2R & = AN BB B LR B AR B
A PR AT RESE AT HY, R ECALIHT IR UK, AR T B IR AR I T 45 o
WA B Rg Rui, ERRE SR, HESERERK, WK V kR
BT EREEEEF, DER V IEBENN, WREHEMESNT AR, 70%
(¥ VBT O i B AL, DRV ENA RS AR R A . BRI TE 2 1 VAN
HbT e, T SRASPERE B (0= i, I H A AR PRI A
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IS IR R B 45 G e W Tiv Nby V ERE = mikE e HoR
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PERE, i B AT N IR O 46 46 S 73 5 P R ) 2 i R b B 194 AN B 4 ) i
FE VLSRR 1y, Rl e SRR, BREE.

MR SR T A 2, R EARE SR, risail. FEEE i, AHAR SR
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A i R AL R ME— — P EA R S 50 N PE =R B2 5 X . SWRH82B
WMFPVEH Co N EETEEEREAYE A, R AR SET LR AL, BRI
PRERER AR BRI IR, ANITTAR 24040 SR 2R

2. [E 7 oAk
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EENISRE, AR SR R I ROR AR, A H DRI AR .

3T H A

A S BT R R A SN R EE R T Xz —, SWRH82B
WY R B EAGAR R o I S AR R A S BAE R, B I0Rr BELRS A5 58 75 LA
PEwEr, WAREE ZAHAT R . B35 AR AR S A A BAE H EEAA R, BP Orowan
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SR RN B . B AR R RSTEUINEE, JE R UL ML SR RN, B B A
RSP R, smA RN AR 5 45 58 AR i S RS RORIT, Sead AL i sm ik /B H
o R RSTRN, oA A SRR 25 s 2 B s R RIS, T Il A e ROST B ), B
A5 e KI5 2 . SWRH82B HHJE Bl ik BAL PLE A EhEs s B BT, AR P23 2%
IR B ELIEREOR, S 2 MBI AR ST, I HAS 205
— AR, IEEEBRE LRI PR, BN TR IR RIS, R AT
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PAKE P S AR R, AR 453 3 AN K

B RARINT HHSRAGTE DUAT =, — 2 B BOAAT W i A B AL P o i
LT FL A 5 BH ok B PR AA b AR R AR s o2 4 L o) T A vl i 2 AR 5
H PR SR ARET L SR AL SR AR (R 4G s =R IR A N R R A
I, BRI TR T, TS AR R

4 FAZ 5L :

AP REB R T AN A O AL 23, SO A 23 3 AR T AN £ 22 B 73 A S v ddk
BTZ. W V. Cr EmRENDLGIoR, B0 TNk, RAEHRLIER
S LE, A, AR R B, AR AR, TR
il B PR AR R AR AR AR 2R AN 2 T DR iR, AL T AR

5.7 AL -

PE Sl R RO, M H SRR R e, AR =
UENVZEN, IE LR RS, , TR RALERE, 8 RO MR GE R, A AR L
B HIV BB M AR, SRR NI, [FAIREXS e s B —E I

ALK 7/ a0 & SR 1N PSSt b vt o e N P D B 5 NI 0 GV IR A
AR — S8 e 2 M i S5 B 2 X AR D PG il — A€ RIS o A S 2 (R
S ATRE R BE AT PR ME— 7 3, FAR SR mi AR5 2 X 5 G2 AR AR ZE I 94K
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(C)FrmE g R
Kl 3.3 1 S B A T
Fig.3.3 Precipitation of carbonitride of No.1 steel

(CLERZEA (b3 1%

(c) FrESER
K 3.4 2 A R EALEL A BT
Fig.3.4 Precipitation of carbonitride of No.2 steel
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K1 3.3 I8 3.4 73l 2 NA 1 SAE R 2 SN st h i, BT
g A A S B RS AR R XN, AT A 2 Sk
Wt A AL 1 S BB RER, I AR BIROR . A Mg T &
A 1 35 AT R SFFE 10nm~40nm 2 J8], SRS K 2 I R T
5nm~40nm Z [8], HA N P RSTERZ) 70~100nm. & 3.3(b) MKl 3.4(b)
) R B A R T, SRR i R 2 R AT AT AR R A R B 1
i) 5 /N IR BRI

HTAESTHHMEEWH R —M AR EETER, ALER Y 54
SN VN, FINE SR L ESRAEH AR V(CN), EEIL RGO
T, B FEELL VCN)TEA I AT bR 8 145 RAREHIE 1 m ZURE A %
IR AT & V(CN)BRL. A6, B BAERE T RREALPI I HT H
KR$Em TRBRAZE. 1o, BT 8FS S 2RI, R R, Bk,
55 R RIORE 32 BT HA A B IR R SR A 4 b, IR TR A e i T D B AR R
TR RS T AR i R e SR 2% B 3.3 T th ) 3 B AnfE
PR F AL 2R b, B 3.4 T ) R B TR B GRS A b, RIS Bk SR Ak
S ERARAE S L.

3.5 KE/E

(1) %4 SWRHS2B 4 L3 DUIU B AL, — & 58 ik, — 2
SR A RIS, ZR15 V B Cr %4 4 T8 R4 &P Bk ALy, U
HEAEAE RS S R AE S B I 2

(2) ST B v R A AT A B S IR X AL P, VBB . AL
BRI S, BB R, RS/

(3) 1S40 7 R ~IZE 10nm~40nm 2 1], 2 S4RdFINT A R ST Kb
F 5nm~40nm Z [, B4k, 2 BT R B % B R AN
o B T B A SR 2 L
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Fig.4.1 Microstructure of No.1 casting
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(c) 50 2-3 I ZH 4
K 4.2 SWRH82B #5 2 HIomi 44

Fig.4.2 Microstructure of No.2 casting

5
3 -

() 3 B4 44
&l 4.3 SWRH82B 4 [fI1Wi 4141
Fig.4.3 Microstructure of SWRH82B steels
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4 N X SWRH82B X ZH LR BE [ 52w

HY. 20.00 kv ] SEM MAG: 2.00 kx

DET: SE Detector 20 pm Vega @Tescan DET: SE Detector 20 pm Vega @Tescan
Digital Microscopy Imaging Digital Microscopy Imaging
(@) 1 5421 SEM E H (b) 2 5 HL4 1) SEM K

J i SN . L o s ¥ T g
Hy: 20.00 k¥ HY: 2000 kY SEM MAG: 500 x
DET: SE Detector 20 pm Vega @Tescan DET: SE Detector 100 pm Vega @Tescan
Digital Microscopy Imaging Digital Microscopy Imaging

(c) 3 5L SEM El v (d) 1 SEKHH KB
P 4.4 SWRH82B #ft] SEM K
Fig.4.4 SEM images of SWRH82B steels

AR08 [ S0 TN T80 22 J AN B2 FH LA 2% AR i . SWRH82B £ 5% ) AR AL
G FEONR KRG, ARAT PR SRR IR SEHABR 1 5 5 1041
o BARKRINAE S EEZRA QRS W5 a2 b e b R IRIR I & B
>85%, MEMALTTHHRE, EHWRN B EREA F AR H R R &
b, SRS SRR T RE UG, IX RPN R A IR BN A 2R I SR 1 ) 5
VEREAT RO HIFENT, 5 J2 Py (I EEAL/IN, DUV F) o JSE A P AT v, 7 TN L e g th
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o, WHEERRIRA T EA R, Ktk SWRH82B 2% 4 IO AH 4 e b N R AT g%
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Fig.4.5 TEM images of SWRHB82B steels
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80~150nm A, IR MAFAE— 282 i [A] BE IS KBS /N, (B AASR UK R TR IR
Y. W& TR EOGARZE A AR, KZA0T 190~250nm Z i), A7
ERZEEE Y 300 Z2HUKIIEN. B2, WRIEEHHERE, FRNEFHA
P16 B SR

4.2 SWRH82B # &M 1514 &E

R I P )2 A 4 1 2 R A R —, AR UGAR e i
FUREAL AT R, B 7 R E . B KA, KT RN T, 8
SRR, TT LS S A R R OB . SRR R T 14T,
I FB RS BRI /124 VRS, B ARG . BUImames . B o i 56 K O T U 26
HRAE GBIT 228-20056k 4t 4 HEAT 5 IR M R IR B0, B 22 WTPERRIEAM XML, 5
SLHUDUANRRE, A VR RE B FA 1 24 LU R RE, B L=5d, T &MEEN
12.5mm, H4E FE AR L=60mm. % 4.1 £ WA b T 5 i) — L R R S,
% 4.2 PRSI0 S MEREAERT, 1 4.6 12 8 AL g RIAR [ Hh 2%

4.1 FARHET S AR
Tab.4.1 Basic data of the stretch
FisEAR  4d)E EAE JR GG bR R Wt 5 s R

]
/IME (mm) (mm) (mm) (mm)
1-1 12.52 9.97 60 69.54
- 1-2 12.53 10.03 60 69.09
TR
1-3 12.52 10.04 60 69.42
1-4 12.54 9.99 60 68.93
2-1 12.50 10.48 60 68.03
e 2-2 12.56 10.69 60 67.81
=1 284
2-3 12.52 10.52 60 68.42
2-4 12.50 10.56 60 68.40

36



4 N X} SWRH82B H42H Z3FI 14 BE 1 52 1w

4.2 R REAR bR
Tab.4.2 Mechanical performance index of wire rod

JoEt Al 5 P EAROLES WrmEx Wil

%5

(MPa) (MPa) (%) (%)

1-1 797 1181 15.9 28.7

1-2 802 1194 15.2 28.2

K& 1-3 794 1185 15.7 28.0

1-4 805 1191 14.9 28.7

F) 800 1188 15.4 28.4

2-1 791 1219 13.4 23.3

2-2 797 1199 13.0 21.7

AR 2-3 819 1220 14.0 23.1

2-4 824 1225 14.0 225

-3 808 1216 13.6 22.7
om0 ]
5 % 5 0
a 200 4 400 4
- 0
] o

T o0 005 oo 015 om0z 040
L2 nE
(a) 1-1 ] )y B AR i 2% (b) 1-2 R 7737735 il 2
00 ]
400 4 am-
(c) 1-3 J¥%7 /7 87 A% 4% (d) 1-4 [ 797 A8 h 2%
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Fig.4.6 The stress-strain curves of wire rod
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Fig.4.7 Fractographs of No.1 wire rod
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Fig.4.8 Fractographs of No.2 wire rod
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Fig.4.9 Inclusions on the fracture of No.1 wire rod

#* 4.3 & 4.9 ORI REE 7 T 4 2R (at. %)
Tab.4.3 EDS results of inclusions in Fig.4.9

K5 R C O Na ClI K Mg Si S Al Ca Fe
1 6315 17.77 2.01 17.07
@ 2 7.36 92.64
3 6012 3507 0.98 3.83
1 5032 18.07 31.61
® 2 4792 16.47 35.61
1 0.95 97.24 1.81
2 100
(©)
3 4.90 0.85 91.72 2.53
4 100
(d 1 5378 4140 257 053 052 1.20
1 720 3743 46.21 9.16
e 2 56.09 42,51 1.40
3 3531 4051 0.83 1.03 0.84 1.40 20.08
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Fig.4.10 Inclusions on the fracture of No.2 wire rod

® 44 K410 PORAIHIRETE 7 Hr £ R (at. %)
Tab.4.4 EDS results of inclusions in Fig.4.10

K5 K C 0 Na Mg Si Al Ti Ca Fe

@ 1 46.42 22.72 2949 1.37
2 100
© 1 19.23 56.73 24.04
© 1 41.09 9.62 38.20 1.59 9.50
2 4614 4405 339 0.97 5.44
3 4936 22.82 27.82
@ 1 58.97 17.46  23.57
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Fig.5.1 Phase diagram of Fe-C binary system
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Tab.5.1 Results of chemical analysis

| 12 2 SIS
BB 1ERE 15y 2 BERE 2 G
— 4 — 4t
C & (%) 0.80 0.84 0.84 0.80 0.84 0.86

WRAEAF RN A2 B 85 R TR, AR O b JF A ™ 8, XM R A%
AARHE KK B E R ULFE IR A WA 9™ E, R — € Wi )=,
X REAT R AL, BARELHINHR BB, HA2 A T R RAR S SRR, (2
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5.3 JTERLDH
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HAbTCEEEANZ P S B M AT RIREXS B 2% (M RE RSB R, A2 3 AN 22 P A 5%
T I BBy 22 (1) )5 Rl 22— o 7 b P S Db FR 2 AR 4 it RIS Lk sk O A F) 4 it J A —#°F
FEMAN KRB . KA. A KE. EHRESE TS E. N T HEIK
PAEF2) SWRH82B #4402 54716 ™ H (M u R mAfT,  Hrde UG I xR o A
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R AR KNGO AR A 2-1. HFOIAAR N 2-3, IR WK 5.2, MWRAT]
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H& R BRI NS RETH BRIFT, LIk XRF 2445 A EoR T & o = B mAT A &,
MR AT HERTAE 7 82B 411 T 2% B & L A #E I

5.2 RHIHTEs R
Tabh.5.2 Results of XRF

Fe Si Mn Cr \Y S P

PR 1-1  98.4042 0.3358 0.8608 0.3113 0.0403 0.0075 0.0218
%M 1-3  98.3381 0.3500 0.8431 0.3198 0.0465 0.0082 0.0314
PR 2-1  98.5320 0.3167 0.8354 0.3159 0.0565 0.0063 0.0283
Pk 2-3  98.5893 0.3159 0.7828 0.3120 0.0573 0.0071 0.0336
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Fig.5.3 Annealed microstructures of castings
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Fig.5.4 Annealed microstructures of wire rod
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Fig.5.5 SEM images of annealed wire rod
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Fig.5.6 Normalized microstructures of castings
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Fig.5.7 SEM images of normalized wire rod
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Fig.5.8 Annealed microstructures of castings
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Fig.5.9 Annealed microstructures of wire rod
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Fig.5.10 Annealed microstructures of wire rod (corroded by alkaline sodium picrate)
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Fig.5.11 Normalized microstructures of wire rod
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Fig.5.12 Normalized microstructures of wire rod (corroded by alkaline sodium picrate)
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Fig.5.13 Diagram of the specimens
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Fig.5.14 Diagram of thermal simulation specimen
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Fig.5.15 Diagram of thermal simulation tests
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Fig.5.16 Temperature-time curves and stress-strain curves
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Fig.5.17 Microstructures of casting(v=0.5°C/s)

(a) fREFEIREAHLH L

(o) ERSET S AHH LR
5.18 AHIHEE K 7°Cls B &5 R 114 AHZH 21

Fig.5.18 Microstructures of casting(v=7"C/s)
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Fig.5.19 Microstructures of casting(air cooling)
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