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ABSTRACT Microstructures of 15MnB steel after cold drawing and annealing are observed by
means of transmission electron microscopy in order to investigate the evolution regularity of the de-
formation microstructures. The results show that the subgrain structures of the ferrite-strip along
the drawing direction are formed in the deformation bands of steel. The {110} crystal planes are the
slip planes of ferrite subgrain—strip, and the dense dislocations exist in the subgrains. After annealing,
the denser dislocations in the strip-like subgrains are assembled into square—like cell walls which are

vertical to the original subgrain—strip boundaries.

The subgrain structure of 120° between the cell

walls is further formed by means of the diffusion migration of dislocation cell walls.
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¥ 15MnB &7 780 CRE 4 h BXOHEE, 7
1 m/s PNEERT, MESLHK 11.5 mm g 15MnB
BARARE—KBREEEE, BREHEAFN 9.66 mm,
W W4 2 29.44%. KA 15MnB B HFER IR
¥E, 7F 300—700 CEE X M#ITHE 2 h B b 4
FEARERISA LS, BT TR ET A, #l
BUEST L EERES. FURBTEBZERE S 50 um MR ET
T%HCIO, BB, 2 20 CHBNERHERE, 5
HEETHITHSUESANE.
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B 15MnB 25K EREE SR EHRER
B, WA S, HRE LY 5—10 pm (B8 /8%
%), TERTBETBEHK XIR i 2 BBk LR
B 1 R, SREGEEG BTN 7 M BRI G 5
), &ERTSNOEEARN 04 pm. B 1b HE la #
MHE. BN, FHRA (S 113]) 20K,
HATSTIXT RA B Of (<5°), RTHSE i LA kL 8] # HR
A 5°, X FH, HETHFFRESPIFERLTHRE ST
], BEA MRS &R LA TSR AHEE N
), MR AHPRIE Gokxd T — AT SRR, WL
22 ROT SR B F LA R A, B TSR
IR BB 2R 5°, W] RARENTH BT A& R SR /b
AR, At PRI S NFEEXBEN BN
gazE. Wb, B 1b F §=110 A B S5E la FHI%&
HRESRIILOHEENFELRY: BEEEHBRBEA
{110} £&E.
2.2 FEHVRIE R T B S bR &

A 2a £ 15 MnB REAMRATE EHHASES, WH

PR EARIT BT IR 77 61 RS R kL, SR R
HVE, BEREEENFEE KRS AEL B 2b 2
VAR S 4&% 400 CRE 2 h Bk AEEROHSEH,
AR R N LR B 2T BT R, WA TR
I T I TE R AL B AR, B o 35 B M A S R
HE, #9% 0.5 pm. B EHREAHE, KHSOLEEE
GRSERMREEE TRAFRILER, BNAEHIO
WS ARG RS4E 90° K fy, HRERSE, mAE
2b 1 A QFELPTUR. MIBA W IEREESFETERC
53K 120°, B M, N, P =P I& 2z ajg e mEpmit, B
HRREE . HULAT LI, (e msi e sin it s
FAPRT G R Ak iy 90° B RUL 120°, Rk
BRRMOI R BT BER RN AP &R Z AR
HELRY. HARPHESELTHARERES (RIFER
SRR SFEATREAE 90° Fm) MRES (R
BEZIE)A 120° 3 fh) #AK B FARKERMAE 3 Br
7~ (R ER T R ERALIR K5 R IR B R R B ik
%), WRR-T5E 2b PHT G RHEY.

2.3 HFERENBTCK

B 4a B 15MnB % 450 CIRIR 2 h B XG0
HAFAR, EhITRRNERRE R E B RAHdh,
/NIRRTy 0.9 pm, SNTTALHE, TIEH KX
B, FAMRERTRES, FPREEARERERELL
B WA TR /MR B R D, NIXE SR
M RENEREANEEEMEXNER. B 4b HE
gFRaEmARKYER, RT40 1.4 pm. BEUL
RLBME, LU LBERSBRERN, RRETX
EEHE, RAMEEK, MAEREETRE. Hb TR
TEOD, AR RERE, B ISR 5RO B
EEEAE, RRESHNEENAER, REMBKK
RHSEHE TR

1 15MnB fRE&KG TR FFE
Fig.1 Morphology (a) and EDP (b) of deformed 15MnB steel matrix, showing low angle subgrain structure
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BH2 FREKEGTERE 15MnB #8 TEM B

Fig.2 TEM morphologies of 15MnB steel deformed under
different conditions
(a) ferrite—strips formed in the steel after cold draw-
ing
(b) subgrains formed in the ferrite—strips the wider
dislocation cell walls shown with arrow A, three sub-

grains boundaries marked by M, N and P converged
at the point O

B3 WEHMAZER

Fig.3 Subgrains morphology in the steel heat treated at

400 C for 2 h (black particles are cementite)

B4 15MnB $BXEHALER

Fig.4 Morphologies of deformed steel after recrystallization
annealing (450 C /2 h)
(a) recrystallized nucleus formed in the deformed ma-

trix (b) furtuer growth of the new grains
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£ 120° % AMEEEH. A 2b dRIERT AR
WED], O &E T 5 Ay I B L 5 R
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B AR e R A A0 0.35—0.5 (51T, RAY K
RIS N BOE R — %, BT BANEEA
FRAGTBAN. FHOEREFE, ¥ EEEER
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Fig.5 Schematic diagram of the equiaxed grains formed by

dislocation gathering and subgran boundary migra-
tion

(a) dislocations concentrated into the cell walls nor-
mal to the original subgrain—strip boundaries, the
square-like subgrains shown with A and B, the
length of the subgrain boundary shown with L, the
direction of subgrain boundaries diffusion migration
shown with the arrows

(b) equiaxed grains formed by subgrain boundary

migration, 120° subgrains shown with A’ and B’
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PSR (B8 N ARRE 2 22 RAR S R R 5 HGE
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B 6 FrR. SRRERIAN, I A05E HERE WAy T &
RARREAHIR], AIRLCARI RS, B A =R, FARER
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MZFE K AR, BELRRFREKS (0aa, oaB)
HPERERE, LRAFETHAIES SR
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6 RAREX AN THEREE
Fig.6 Schematic diagram of tension equilibrium at grain
boundaries, the subgrains in the vertical cell wall
sides, due to having the equal strain energy, regarded
as the same kind grains shown with A, the subgrains—
strip shown with B, the boundary tension between
the grains A and A shown with 044, the boundary

tension between the grains A and B shown with ocap
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(1) &8k 15MnB WL RFEREILE, EREFF
AR SN AT TR AR &, {110} &Eh
Y ARBE, KRS FESEEALS.

(2) BAEMZEXAEEE, KR NEAIHETR
EREETRAWRLS FHI MR, ERETHTRS
), BRI S a9 BT ®, TR S REER 120°
FAWLRLEN; H—F, ERBEMEXNTRRES
R, REBSHEER.
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