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Ths. UL VESROECHEOT V=9 2BkoE
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Bty 2 BERYEOETHBT AT & %2HE
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ERL TS L MEEsBEIh 3. Cokd SE
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Table | OASERDOBHEEE Y & MK (0°8mm
X90mm X200mm) DM@\, T=FNV7Iva —Vice
Wiz v = v sk (BERR200 A vy a) 2T T v
TH—CEBHU, HRLIZLO2IONERER T HES

C1I0mMmMOAF UV AFIRTET 2R IAF N MED U,

23TV =T LHRTEHOLIDE, +TK
BiERsE, B L 72/KEHF AT 700°C- X4 hr OFEsh %
Frotz (EBI).
. HBEOTZD 7 Vv =T Ak P& ER LS (E

Bl) sl OERCREBHULIHT KD (EBk

I) ErBRooffir kit o @—CL T
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BESIBORBEIIRFEAZEL T

Table 1. Change of N, Al and C contents by the aluminum powder diffusion treatment
~ of the low carbon rlrnmed steel sheet.

---Experi —~Element -Al(%).
ment Sample C (%) |P (%)|S (%) |N (%) e
No. ) : soluble solubl

As rolled (0°8 mm) 004 | 0*009| 0°020[0°0026 0°00t 0°000
1 : Annealed without Al powder 0*03 | — — |0°0023{ 0°001 | 0°+001
Tota_l 0°03 — — 10°0014] 0°480 | 0°003
Arvl?i?ﬁied Surface layer of 0°08 mm fhickness 0%11 . — loroosil 1°117 | 0°005
Al , (scraped away) w
powder - . )
I between Layer of 006 mm thickness scraped
‘ and away from the sheet of which 0°08 mm | 0°03 | — — 10°0006| 0°018 | 0*002
outside thick surface layer was removed
sheets ' o : ” th
Remaining part cut off 0*14 mm from the| .. . A . .
surface 0°03 0 OOQ3 0°017 | 0°002
Annealed Total 0°04| — | — l|oco025 0°075 | 0*001
with*¥ Y
Al . . _ —_ e . .
I powder Surface layer gf 007 mm (scraped away)| O 08 0°0120] 0°*662 | 0*009
only .. '
Remaining part cut off 0°07 mm from the| .,.. | __ e . .
bg?’g:g’} surface 003 - 10*0013] 0°*004 | 0°000

* Diffused Al:0°46 /200X 180 cm?

*%  Diffused Al: 0°24 g/200X 180 cm?
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Table 2; Electron diffraction_ result of the powder filed off from the Fe-Al alloy layer in the low _
carbon steel sheet diffusion-treated with aluminum powder.

Sampled place in the alloy layer \
. . - | Near boundary Al | AIN| Fe [FeAllFe;Al;
Near surface Centre of the base Boundary of Identified
. the base steel X
. steel | material |
In- : In- 1 In- In- ; d d d d | d
. tensity d(h) tensity d(A) tensity d(A) tensity d(A) AT AT A ] Q)
Ek!!’ S 301 — — w 475 W | 343 — — | =] —| — | 320
— — S 2°87 S - 2°89 S | 2-89 FeAl — | 2°70] — { 2°89 —
A 2°49 S 2°49 VS 2°49 VW 2°48 AIN — | 2°50, — — —
S 2°33 w 2°33 -— — — — Al 2*33] — — — | 2°11
' . . . .oz |Al, Fe, Fe| . 15 . .
VS 2°02 WS 2°04 S 2°04 VS 2°05 Al, FeAl, 2°02 2°03} 2:04] 2°05
— — — — L — — VW 1°88 AIN o= 1183 — —_ —
-— — — —_ W. 1°67 w 167 FeAl _ — — | 1°67, —
. w 155 w 156 S 1°57 — — AIN — | 1°56 —_
= . . e 1Al Fe Al-| | . . . _
- VS 1 42( VS ’ 1°43 S 1°44 N 1°45 N, FeAl 1°43| 1°42; 1°43] 1°45
=i Q — — — — VW 1-30 w 1°29 | FeAl — | — | — 130 —
b w 121 w 1°22 — — - - Al 1°22 e e
— — — - w 124 — — AIN | — 125 —| —| —
— —_ —_— —_ VW 118 S 118 FeAl — — — | 118 -
w 115 w 1°16 — — —_ ~— Al, Fe =17y — | 117 — —_

MJT

U 2o UIciER %2 Table | IWRULTZ. EE
OB SR EAFREBZREATHRZVY, BEB X
PR 7 v =Y AR EEMAT S L SINGHRR
¥ 50% WAL, Ub i EBCNEZLERZEL, AFOD
NE&HBREENEBYE 2541 5T 2ET TR
LTWwas. $i-NZHEE AlEEE—RL, NOX
- B Fe-Al &R BN s 2 0L FEI L
B. %72 Al @SRBEITHLERYOEBBBELTVSOD
T, IR HTHLEETAINE AIN L UTEEINT
WBIDEALNS.

(ii) Fe-Al aBOMKE

Photo. | RRRFE OHED Al IEHENY 1g OEE
DLSEBOKE2RUILADTHOT, AEBRIEIOD
RED IR UL
LTW3. BEEVFA V- L2310 LERAERE
DARBEEBTH 30, HEEOERICZDT, B
CEBRICHE U TEk 2 B0 2B & & 615,
(Photo. 1(2)%&H). T ORI - IHEREKERIC X
SOTR= v F SNV, HBaEBZC=yF3N5

a) Etched with 5% nital and 5 % picral

b) Etched first with 5% nital and 5 % picral and then’
with conc. HF 10c.c., conc. HCl 15c.c. and water 90
c.c. solution.

Photo. 1.

Section of Fe-Al alloy layer.
C X400 (1/2)
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(0°01~0*10mm), HRE B2 L2

(Photo.1(b)). 2D X3XA&EBR 2L ZO2TW
20, TOMRPELLETTHILD, SE&BPEEILD
¥ AY TIEZKEIY O TATZRRZ2ETFEHFS X 42
SR CTEEZDS FCERZTROI. BFAHROER?
Table 2 W/RUTz. L X b EERIT» 5 hBRIPTH
T Al, b 5 #igk & OBERMITICH Y TWE FeAl
PEETIZLEN DM S. AIN gL&Bich 2o TEE
T 5. 2% FeAly ® FeAls wx>ThzhZhd=
2:02 36k 08 2°05A OEFHERTOTH B, Al
FeAl 0oz hn B2 U TCHBCHEHETCE V. ULrLX
WEH (Co-Ka) X DT FeAl; D3I NIz, 0 F
waEBi RS2 Feigvovvwwow, Al @suveasr7Xm
— VS THRABEICTHRER UIESR, Al 44°9%, Fe
5519 (wt.) OEISTEEINS C &KL iz. FeAl
¥ Fe 67°5%, Al 32°5%(wt.) Xb72507T, BEOD
Al 3 AIN, FesAls, Al 5Eck 3 EEbN%. s¥
AH&Er AIN »5 0°48% S/ N5 T & WS
TOTHEE U, SlEX D HER - IMBEKERCE SN
B2 HISk E OBERIFEICE { BET A FeAl X b
7wy, @xneTVnED DI FeAl;, Al, AINX ¥
Xhun I ng.

({ii) BBOKEHE

RO I IRERE S ICMIAILT VI =V 2K %24
WTHESET B C LR E DT, MmO NEEHRII 0%
BT B b3, FEER TIAEN 2 5k NH i34
s ha»O. ~HFRAFOHLEZ®OIIZ7 Vv =
Y ABERBMBOT UL TS, 0°17% D NHHKRH 3
niz. cheaeErhic AIN PEHINTTEE,L LK
DO RHRBOBENEALLINS.

ITEFEMOBERIFOMCOTHEET B KR
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LT(DRO T & NHy 28RS 535, REREBCDH S
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TORBOFN ADOWENZII &AL, A£RLITZ NH;s
BZ0FIWBICES. 20 EEMNCHEBRXTLD
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N(ln Fe)+H2 — NH:;"""""""'-“ .
—FROBI 7T vi = r ke &5k, Al
TEEL A DR (660°C ) > 5, FEIFEFE I Fe-Al
SEVEHCKRETS. TEbb ,
) Fe_|_A1_._>FeAI’ F62A15 e essvesnasnasestantaan ( 2)
BAEBCRENONETFR Al 0BT HNKE VDT
AT L O CERBIE SO E X, RPBCHEEBHO
Al wHEESHhTAIN 2%, T72bb
' N(in Fe)+Al—>AlIN(in alloy layer)
O E¥RAE&EDPD AIN RFECHBEEST 2 KEY
2 & FeAl, Fe:Al; OEBVERC X > TRIGHRE S
T NHs &% ((4)R).
AlIN (in alloy layer) + Hp—>NHz -+ Al:-. .. (4)

CQNHgMﬁMﬂ®7wz:ﬁA%%a&mbf§'

O AIN :is%. _
"NH;+Al—-AIN (in Al powder outside
sheet edgeS)+Hzm-‘--w-----------~--~---(5)
(B)ROLZERHBHAMORE, T72bb (4)RDOEG
BEEONUBNEBAGNSG. THLEFA»S TS H,
X AR NHs & B S hgp D nEE» b IS
5. (5)RTHERUIZ He TRZBEFR(4)RDOFEISIT

B & @ 8550 4 (1964) F12F

BRI, MEOLHICLCEREKkONSGE S

BDU, BozN R EAEKAELERR AIN LT
EEINDIDEBALLNS.

COREEBT U, BRIk 7 v
T2 AR REZFBHEPRLUTHE. B0
#13 Table | OEBRIICRsN 3 X 5w, HHEON
SEBIBMU, BERHEONREMLL T35, HE4K
EUTONSHERIBEMATLIZEAEEDL V.

7235 Table | THREHRBOCEFERNFEHOME X
h 3EV. EHEEBRC I OTREEB L OBERWED
T =54 MRRELZZL OREPBBRDOENZ LS

L ERBPOR. o TLoCOERBEABR I T V3

=Y AMROBERCEER & U CER s IR
B BOR L CTEUILRBERBEEHhEEECEN
rrrEickBdEBEbhs.

(iv) HRrHE

Table 3 Wi LT % 10% BIEE, 100°C X
lhr BRI OEBBOEE 2R L. 7ve =9 afK
AR B IFESIAR C { B N THRMB DRI M E .
LN NEGFRBIOBEYHEHFEEOBRS IS LB
bhad. FEEEDEWVDY, TOUREBEREOE T I 3
tEbLDNS. ZOMOBEBRIIZEAEEL V. BEY
BOBER AP X BRI MR DI 5 513 B i
hE, —FEMERERE L, RENCHEREEZ A
bNG. 1T UEEBOEE X Hv (100 gr) T 160~

" Table 3. Mechanical properties of low carbon steel sheet annealed with and without
aluminum powder in tightly packed condition with hydrogen gas.

- Exposing Zime (day)

Pro- . .| Yield | Tensile | Total | Yield | Strain Erich- - .
s , perties Thick strength |strength |elonga- | point |[harden- Lank- isen Hard Agmg
ample ness . . ford | . ness | index
: (mm) (kg / (kg / tion |elonga- |ing coe- value value (Rp) (%)
‘ mm2) mm?) (%) Ition(%)| ficient (mm) B
Annealed |\pg annealed| 0°82 24°4 31°8 | 48°3 7°5 | 0°26 | 1°43| 10°9| 40°3| —
without | - . : : -
aluminum| As strain*| . . . . . - .
powder aged 336 34°3 256 4°0 - — —_ 18°2
f*“ﬁgi%?d Asannealed| 0°83 24°2 29°8 | 46°0 75 | 026 | 1°36| 10°8| 35°0| —
aiuminum As strain* . . . .
powded aged —_— 284 29°7 34°7 09 — —_ —_ — 7°3
* 100°C X1 hr aged after 10% tension.
+4
+ 3 L
+2 a0 =
‘ YUmiealed welhowd alumenum Pawder‘ .
- ) jum powder loem = Om e [
R+l - pmeated %{ﬁ%f Clsbas et - I [t N As heateg
~ _,_OL ____ I ,,/ J SO e
O == 7 ; - 7 —_— y T~ Arier pickled
D 'Annealeqd with alumimim powder Annealed with aluminum powder e '~
] _2 As heated >
S L 4 L
§ ?:: 3 ’_':J:
~/4 Afier !
. plckled
5 7 /4 2/ 8 % 0 7 z 3 4 5. s 7

Heating time (for)

Fig. I. Weight change by the outdoor exposure in summer and heating in air at 750°C.
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The Effect of Oxygen Content on the
Quality of Cold Rolled Low Carbon
Rimmed Steel Sheet.
Toru Sairto, Hiroshi NoNAKA
and Kiyoyuki 1cARASHI.
C I # =
BERFRY & FIWEAROH BRI L TR, 3T
W DBEVZINTEY, BREEIZO LRI
Bt (FFIE, Bishic X HEITESME) OHEBWT
DTS DTV EA TV S, RS OB

CoONTiE, C, NECOWTOHEVRLNE. LhL
THTHEINIHEMKOMEESEE I LT O AT VS
OREVIDTHY, LEHEERCIO>OTHERLOL X
N330TEEL, WERERCTREOENZ .
COXIRBREONTYXORERR2HET 2 HNT
THERRTEO1N, BESEREOPETHE U THK
HHFERVBBONICOTUTEZ OBME 2 #E Liw.
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R T R T ERBREFICTERUICERRY &
R TBEERMA BTN TH—IC BEUTIES NIz 0°8
mm & % O % EEESE 2 85 & UTER 23212,
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Table 1. Chemical composition (%) and manu-
facturing proceéss of low carbon rimmed
steel sheet.

C Si |- Mn P. S.

upto 0°10 | tr. | about 0°35 | about 0°020

Furnéce : L.D furnace (150t capacity)
End point temperature : 1590~ 1605°C
Ingot mould weight. : 10t

Size {527><1358(t0p)2300
622 % 1395 (bottom)

Cold rolling reduction 70%

Annealing 680°C X 5hr

Skin pass " 0°6~1°0%

nr. ® 8 & R
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