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Abstract

Grain refinement of the structural steels was selected as the most effective method to meet
improvement of strength and toughness without heat treatment. So, the future research and
developing direction of ultra fine grain steels are more and more required to response to the
production of eco - materials(environmental consciousness - materials)

In this paper, the product of surface fine grain steels by CRCT and Inverse Transformation
Method by warm deformation of martensite is carried out in order to improve the production
process of Dowel Bar.

It is possible to obtain surface ultra fine grain steel, when warm deformation of martensite
formed after quenching is carried out from 730C to 800T in the finishing rolling step. The
characters of surface with ultra fine grain steel is showing the cementite particles inside the
ferrite grain and fine ferrite grain of about 1.2um in size.

Key words : grain refinement, CRCT, Inverse Transformation Method, warm deformation of
martensite
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AZAT AAYPuIASt: vAEste 1043 JHAY F Ue FLE A TEA A
S7tA B2 A7 AdHw UKD, viw A LoldtAl TPHeE ol&H: Yxe AARP9 M
Hhi o 2= Aot - Aol zt 714 (Controlled Rolling and Cooling Technology ; CRCT), W}
g o]&g g3l - ¥y, iy, JHE - AZFY Fol Atk olF WY FAA sHF Bol o
&5 = CRCTE °l 83 Fde detdalzl oF 20mA = Ad ¥d 10 ~ 15mAE e
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AMzs AP dg ZAER £y57 ok 53| A2 So] SARE Wiy A4lol Ao w
2 24P Az §FL49 AL 438 5 Ue 84388 AE (eco - materials)?] Al
Fedo g 73 W oh(,6).

H @Apolre] CRCTS HEuy s ol&d M Ze AxBAHLe FF2 ZA2E 1Y
4 22 Dowel BarAitell #3d zoz »|Eo) s H/HAQ FAYE T3 FE7xe
[SFFAL AFANE FAE ANEHA Y

CRCT# Hegi-g ol83 JWaAdyde Axried n453H, A5, stded 5 Hdn
7F FREd 2ol mARRFAFA] ol&& CRCTZI&9 3l QST(Quenching and Self
Tempering) 4 A&7 §43F Aoz AL 42T AHX" CRCTAHYE olg,
Roughing Mill (RM) Fwel] A9 WZ 6(Water Zone 6)2 ©]-§3te RMFWe] AdLEE A
Log §Fx & WZ 1(Water Zone 1, 18 Stand¥TH)-S o] &3t ¥ 3F5ES AL §F
2ol Baal FHErddo) o3t sl3dg o]8F 23t sl o nh2 Ao Ed A plAlg dHzlolE
oo dWeE o}43 XA viMYsY 3 IFBPTE FeAlA Dowel Bare) AT AL A
AAARA st T3 FAAHT B 2 2 ZPAHAM TR GG FREIHEA]
AYZ) 7o) g3 AA, oldAgFAY "AAR FA £2FgA FA AP CRCT Avls
ol &3l AR} AxrlE A I3 AA P B 948 AT B4V 248 REn
2+ sk et

2. alEYY

B Ao At8d 449 88 60E AZZE olgsigen LF % VDE 7X 370mm X
480mm 722 @Fbloome 2 FZH ¥ EARAE AA [ 155 X 155 billet2 AZ3}AT &
Aol slstgdr-e [ 13 o thgol A¥UAR AL5AAARAA ArEEEl gl vERE A
W ol @Aate] AFYAT AU Al CRCTAHYE o838 ¢40mme) B74o 7 grasigrh
¥ 26 9uitad 2 gard@ e Az A Moldd =S vekd Folck ® 260 v
| 2707 94aAE AAZ Ao diElA Fabe] W ol8dle ZA{AAUE ARSI F
Ao, FALAAAD S ol &3la wAsign, 93 AAYArS AFEr] A8 FH4H#
n73E ol&3ly mAzAL dFAI AFYAVIE BFAAY. F=FFL FrHEAE (ful
section bar)el AAS ol &3] QF A FxE BFsgon, HAXAEI]E o] &3
T g R ol @ Ao RRE Zold B BL¥EE FHIAT

w9

Table 1. Chemical composition of tested steels.

(wt. %)
C St Mn P S
. S
0.46 0.20 0.69 0.009 0.014
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Table 2. The condition of conventional and CRCT.

B Temp. (C) | #Fm’/h)
WZ6 | T» Ts T4 Ts
A W WZ 1
psae | am | i any | ep | 00|
°’H‘}‘%}°4 = - ,7”957 - - - -
| 14 wial | 551 | 896 | 843 1654~ -688/731~747| 300 | 185
27 trial - 810 | 83 | - 800 522 | 592
34} trial - [810~850/853~887|778~776/800~819[333~522| 40
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Fig. 1. Schematic illustration of small bar mill line in Kia Steel.

3. alEd % @

a9 2= X 20 UEhd gARA0R 33 2 AP LAY RWRS FeAnA 23
#RAgelt BE 2R I 69 AWRAAA, xBolqd AXNUY AAlo] sl WS oA
AdolmaNE depEE & £ A 53l L 24 £9AEA) Tuyel wAzAe F3A
N z: BEAA FRY £ Qe I} AP 240 BAAYT,

2% 38 14 2UNEAE EHezye gold mE MAZAL BIF Hold FauZ
ZABFNA Bxo] A 2R ImZoAL WeHsA TER 4 A= W oG 2L
e o & Utk 3molldE Ewls el AASCE lm ol HH tha Edisrle
A% Smzole] FetelErH Aol Ex o] HAAE WS nlAEA Uedh EMo 2y 3
m ol3te] ZololM ¥ Aokl Esl EAstA @u AetolExN o] EAstE 2AGY £AL
2t BUaAgEel 490 Buat o AW 2E 242 FEngo 2 o
g TEY 5 gol FAAARNAY FAANAURL o835l AAFAT, T AHE 2
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40 Jebloh 19 4v 122 80 dislA 339 etk 19 4(a)v FAAAGEr Ao
g3 Ao FduF BAAA FABHA WER vl EARZY v FRE & d 29
e FAAARANR AFANE Jud Ao R HHdA 12ame] 375 2E 2AH ) H o)
E7F EAE AU 5 Uk BRETNN AP E 2o 229 EAL vAdPdolEN EA s
A ar tale] AldelolEL o R MEFHQE ol AulE el @8 23 5 &
Ho g HE Zlojo wE vte]lag uiA~ AxdAE el Aoz Mg delolErt E4s)
= XU AelelErydalelEx A el 4% vE oA ¥ Fxgs vedg.
ol da} zto] BExlAzlANA #A 2 AcEFA AN ¥R YA 12me] =AVE e A
o datolE RG-S A 11 el HHO ZRE 3mn o))

BRINSBNE 7809 dHaolExAL $£&Fd 71d 8 MY E ofF A4S of
43t AR xFHo 2AYY AL e AR F HEFZAYPR(SUF ; Surface layer
with Ultra Fine grained microstructure)2 1992%34) Ml get. @8 2 AF oM A ZAY
e Az7le BRIU §9 Av¢ @ AAYQUCRCTIZIE2 AHg i o] &3 Axrigol
o &, 7199 AA7 32 2494AE water zone (WZ 6)& £33t o ogt et
Axde} HETUD A water zone WZ 1)2 S A Tl ZHE] AdAZo7lAR A+
IstzZdME 3 o8 A= nladilo]lE Ao 2 Fo FHEAAA HIF () o
& HigelER Wy, nlzZellolEdA HolERZ e WMy Hi vl=dijo]Ee] g o] gy
ERZAP FE = Aol

E 32 guAEERAE 2t 424 2 CRCTA, CRCT+R7H4Q X2 449 71418 43&
eld Ao 2 3xte] A AAld 3HuAEZAL] A 40 A E A 835
Ao FuAr 2 viEet2 4 £ Ut webd AXFAMAC wE AgaASd, Axdst Hzbel
old& 71T ¢ Aok /AR A E Agdus d8YTE A7)l = AL Hall - petch
10l AShE XS nMAEr R T ASo) resty] ol AojqtdAel A
25 a8 69M BWXo] AARY v EHsE XA %] fqFd 7P aAE $HAHE B
ZFAQ1 FA 87t ardEy.
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Fig. 5. Microhardness variation as a function depth from surface
in the first trial CRCT.
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Fig. 3 . Optical microtructures variation as a function of depth from surface in the
first trial CRCT.
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Fig. 4 . SEM and TEM microstructures of surface fine ferrite

grain in the first CRCT.
TEM microstructure showing the cementite particles inside
the ferrite grain and fine ferrite grain of about 1.2/m in size.
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Fig. 6 . Optical microstructures of specimens for various rolled conditions and heat treated.
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Table 3. The mechanical properties of the tested steels.

YS (0.5%) TS
H] 1
(kg f/mm) (kgf/mi)
Spec. > 4286 > 6327 Tensile sp.eamen ;
Full Section Bar
42.0 66.3 CRCT
45.1 64.9 CRCT + ¥
1 494 66.4
2 535 67.9 ] 1st trial
Ave. 515 67.2
1 86 | 669 |
2 450 66.7 .
3 453 i 66.2 2nd trial
Ave. 446 66.6
1 449 66.4
2 43.2 66. 3rd trial
| 3 440 66.2
Ave. 40 66.3

el Ast o] WZ 12 Fdsieix EuRgol 348 vlzdxlols 22 dugel o
EovR el AZ7 Pbee olfrE B 2o

QiEUolE G 1, FAF ATPOE + e 2Bl 24 FAdA ABAA 2
QoA olAg de Y4 NP TEAol 48 27 Azl HAole vARd AP A
me Sz dygol AW wAP Aol 4L fAstEH BE oalgel Y= ww o
2Rl E 242 71l AeolE + e anUolE 24 FAolA QHAE s A4S Wad o
Folzx AAGe) Ao} nAA HIL, A AGoler v UolE EA Astal 4
A ARSA ZaA 57] Wl e uAg deols 24 fAA 7] ok,

4. HE=

Gl
ne

wHAYGe Az3tr] Y3 CRCTS vhadixtolEe] Aiey-S ol g3l fag 2
Ko o]F FYdA gS A

D =UAF WZ 62 o83 A2Ad 3 H3UA4d WZ 1% o] 8- Hu A4 o3 sy
o] nfdirtolExA HAY nlz=dlrjolE 2 A9 27F 7FFol & FWulAP e Az} e
2 ALt 53 1xxYAHEEANE HAAA 1.2m A7) dEeleExdg 2 Rz
AP LS vebdch

2) CRCT#} mt=dAtolE9] AuigiyE o] &3 FAnAEZ Az oA A4 IA= CRCTAH
S o] 83 A2t B AAAg nst2grtolE 4, 730TC ~ 80T HHANA F
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