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DESCRLPTPON‘hﬂHW Cast Strip and Thin Steel Sheet of Common Car bon Stee
Cont ai ni ng Large Anpunts of Copper and 5 - . Tin and Process fop.
Produci ng the Same TECHNI CAL FI ELD The present -i nvention relq§e§”ﬁbm§ thin
cast strip and a thin steel sheet of a common carbon st ¢ﬁroduced by
using as a raw material nolten steel contmi-ning | arge unts of copper
and tin obtained by nelting and refining scrap iron or tin plate scrap

generated, for exanple, by dismantling fHE%B es or electric
appl i ances, and a process for producing %gﬂéane.bEACKGROUND ART 15

In the prior art, in order to reuse scrap iron, tin plate scrap, etc.,

these scrap netals had 4 be-fgd Sit._gi?ué{l&'b,k_rﬁjéﬁrgnggls dHi Y tepmsheel at

the time of refining of the nolten steel. ° nol T en. st eel. contai hi ng the
scrap iron and the |iké&amRon FERele FPRBALDING TR EIH | ARAEH- L FgBPeReRkitg

or continuous gasting tmPrERAMScRBsENESE Produdimd diyigamed thi ckness of
not |less than 100 mmwhich was _then rolled to prepare a thin sheet or the

like. Particularly in F@ggwgcﬁéaFEFL%omever, t he amount of 25 copper
contained in scrap iromHaprkeenteiheageionVedlates tgola ehia shab strip

containing the SCE§£5i£w€ﬁfﬂfs%%glpgﬁégé of a common carbon steel produced
by using as a raw material molten steel containing large
10 amounts of copper and tin obtained by melting and
refining scrap iron or tin plate scrap generated, for
example, by dismantling of automobiles or electric
appliances, and a process for producing the same.
BACKGROUND ART
15 In the prior art, in order to reuse scrap iron, tin
plate scrap, etc., these scrap metals had to be fed in
suitable amounts into molten steel at the time of
refining of the molten steel. The molten steel
containing the scrap iron and the like was then refined
20 and subjected to ingot making or continuocus casting to
prepare an ingot or a slab having a thickness of not less
than 100 mm which was then rolled to prepare a thin sheet
or the like.
o~ Particularly in recent years, however, the amount of
25 copper contained in scrap iron has become large. When an
ingot or a slab containing the scrap iron or tin plate
scrap is hot-rolled and, if necessary, then cold-rolled
to prepare a thin steel sheet having a thickness in the
range of from 0.1 to 15 mm, red-shortness occurs in the
30 ingot or cast strip in the course of the hot rolling and
hot tear frequently occurs, which makes it difficult to
conduct hot rolling, so that the production of the above-
described thin steel sheet becomes very difficult.
The red-shortness occurs as follows. When a cast
35 strip or the like is heated before hot rolling, since
copper (Cu) and tin (Sn) are less likely to scale, they
are enriched on the surface layer portion of the cast



scrap |s hot-rSIIed and, if necessary, then cold-rolled to prepare a thin
steél sheet having a thlckness in the range of fromO0.1 to 15 mm
red-shortness occurs in the 30 ingot or cast styip in the course of the hot
rolling and hot tear frequently occurs, which makes it difficult to conduct
hot rolling, so that the production of the above- described thin steel
sheet becones very difficult. The red-shortness occurs as follows. Wen a
cast 35 strip or tbe*ibke;imduaaia@gbebmbeeaoasra)léd:ange siTite emptted Cw)
and tin (Sn) are | ke to scale they.a n n rface

| ayer portion of t%?ac%lslt Mﬂ Ow \%eELhE;H%' gﬁ’gg Jn%m 8 atlrpgtcl'g

enriched Cu and Sntimem a’“$dmemrx-nfngu.lstqubdtédlmasﬂmalmbmmd%@rﬂ;.t M’t&ch

are unevenly distripysed alﬁcggﬁarlnbggﬁﬁéékfés f‘f‘é{r{'l%eé‘ﬁeé%éé‘er rai

boundaries fragile at a %@@ enperature, s red shortness
occurs. Furthers ChesBErSiERe ShEH | sRfSSIArEResSS OWYFScult to renmpve

fromnolten steel by refiRing-, Thergkoss, assrﬁﬁPfé Qe JihecH idemn

containing |arge anpunts of Cu and Sn_are littl e by I|ttIe i n many
10 divi ded char geSifFoiCike t TFREETER BANCER TRRE MY at$ioising

Therefore, scrap iron and the like containing large
amounts of Cu and Sn are blended little by little in many

10 divided charges for use in lowered Cu and Sn
concentrations.

The above method, however, presents the problem that
the Cu and Sn concentrations of the steel product
gradually increase during a use cycle for a long period

15 of time. Further, the control and work associated with
the blending of the scrap iron little by little in many
divided charges are very troublesome.

In order to solve the above problem, as described in
vTekko To Gokin Genso" (volume one), 1967, pp. 381 and

20 385, the addition of Ni in ‘an amount satisfying the
following formula to molten steel has been carried out in
the art. N

Ni%21.6 (Cu%+6Sn%)

. It is considered that Ni added to the above-

25 described molten steel co-exists in a Cu-enriched layer
in the grain boundary, which is an origin of the above
cracking, and serves to increase the melting point of
that portion and to increase the solubility of Cu in the
matrix, so that it prevents the occurrence of a liquid

30 film.

However, for a molten metal containing large amounts
of Cu and Sn, for example, 0.3 to 10% by weight of Cu and
0.03 to 0.5% by weight of Sn, the necessary Ni
concentration amounts to 0.8 to 21% by weight, which is a

35 large problem from the viewpoint of cost and also from
the viewpoint of properties due to occurrence of uneven
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TheiabOVE met hod, however, presents the problemthat the Cu and Sn
concentrations of the steel product gradually increase during a use cycle
for a long period 15 of time. Further, the control and work associ ated
with the blending of the scrap iron little by little in many divided
charges are very troublesone. In order to solve the above problem as
described in "Tekko To Gokin Genso" (volune one), 1967, pp. 381 and 20

385, the addition ef-Kacknpasran®Hid Sidsfadsralting Geldivetngrbar futertol
nol ten steel has been carried out in the art. [err] It is considered that
N added to the ab&%e9255°%described nolten steel co-exists in a

Cu-enriched |ayer in thehgraresédmindarahcidi tas Sean oadel wich &sheiebove

cracking, and serves.to_increase the | £ N Qi.nt. _of_ . riq a 0
i ncrease the sol ubPPH Y 3t - ﬁoxf%ep]?r%lrﬂ?% gagxdt i @bgg%eggn%ég?%‘eggeﬁt
occurrence of & |i davensQonfisnto Howexielte & whia welstestwépaingoat Glhimng
| arge amounts of Cgtﬁggogﬂgﬁéoéie' Sodlrdd nl Q¥R VehaNho Obufks aRd

0.03 to 0.5% by weig 0 N cessary NI concentration anounts to 0.8
to 21% by wei ght, wiBcking &roB a |molfeerp mayadmcOreRLSABIy FERPeRnE2HPOR oSt

and al so fromthe yiguwpoi A0 PLOPLRKHES WA QreecHheRes platBeySfap
. containing a large amount of Cu being added thereto.

10 Another object of the present invention is to
efficiently provide a thin cast strip and a thin steel
sheet having a desired thickness and no surface éracking
without conducting troublesome control and work wherein
scrap iron or tin plate scrap containing a large amount

15 of Cu is blended little by little.

A further object of the present invention is to
provide a thin cast strip and a thin steel sheet having a
desired thickness and no surface cracking from a molten
steel comprising common carbon steel ingredients not

20 containing Ni and, added thereto, scrap iron and tin
plate scfap containing a large amount of Cu being added

thereto.
A further object of the present invention is to
~ provide common carbon steel thin cast strip and thin

25 steel sheet which contain large amounts of Cu and Sn and
have excellent mechanical properties and surface quality.
DISCLOSURE OF INVENTION
In order to attain the above objects, the present
inventors have made various studies on cast strips
30 comprising common carbon steel ingredients and, added
thereto, sc¢rap iron containing Cu and Sn and, as a
result, have found that when the microstructure of the
cast strip is brought to a fine dendrite structure having
a primary dendrite spacing in the range of from S to
35 100 um, a cast strip having no significant variation in
strength and elongation and a surface cracking depth of



-3- surflace plating and poor descaling derived frominternal oxidation. The
present invention has been nade with a view to sol ving the above probl emns,
and an object of the present 5 invention is to Qrgvide a thin cast strip
and a thin steel sheet having a desired thickneSs and no surface cracking
froma nolten nmetal conprising comon carbon steel ingredients, with scrap
iron and tin plate scrap containing a | arge anount of Cu bei ng added

thereto. 10 APt HGFe AHBL130Nim, hg BN ESBAE &WER) &fcd B1d:: &fidrdent |y
provi de a thin cast str|%§and a thin steel sheet  having a desjred thickness

and no surface crRRRPPRFIFIHo 2% SR BEePAget WLBREse i e d i - and wor k
wherein scrap iron or tAncdd®itseS¢ apveaat @hbi Aofe ! dsgeridvaindentiriefe Cu is

blended little by little. A further object of the, present.invention is t
provide a thin castT-StFTH arff ™ BhiPrePrEer SKeERPHIMY P Uss s Fhi GEﬁiSjs
and no surfacescr acéutregidimmlarge tepuateebfcoapandi Sy awramroaldmigo razkeeel
e on, 2%f oD TgGCI o S, 109°R e LABCAEE o
: 5,000,000 to 15,000,000 kcal/m?2/hr) to prepare a thin
cast strip having a sheet thickness in the range of from
0.1 to 15 mm and, if necessary, conveying the cast strip

10 so as not to hold the cast strip at a temperatura of
1000°C or above for 10 sec or longer.

More specifically, iron scrap is charged and
dissolved in molten steel to homogeneously disperse the
elements as ingredients, such as Cu and Sn, and in this

15 state, the molten steel is rapidly cooled. Since the
cast strip is rapidly solidified to form a thin sheet,
there is substantially no flow time for the molten metal
in the massy zone at the center portion of the cast
strip, so that macrosegregation does not occur in the

20 center portion of the cast strip.

Further, since the diffusion rate of Cu and Sn is
inversely proportional to the second power of the primary
dendrite spacing, the formation of a structure having a

a small primary dendrite spacing by rapid solidification of

25 molten steel can increase the diffusion rate of Cu and Sn
in the primary dendrite spacing, thereby enabling the
degree of segregation between dendrites to be remarkably
lowered. Thus, a thin cast strip having a fine dendrite
structure free from segregation can be provided.

30 Further, since a thin cast strip corresponding to a
hot-rolled material is produced directly from a molten
metal, heat treatment such as that conducted for hot
rolling is not necessary, So that the segregation of Cu
and Sn on the surface layer of a cast strip does not

35 occur, which enables a cast strip having an excellent
surface appearance free from surface defects to be

produced.
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thereto. A further object of the present invention is to provide conmon
carbon steel thin cast strip and thin 25 steel sheet which contain | arge
amounts of Cu and Sn and have excel | ent mechani gal properties and surface
quality. DI SCLOSURE OF INVENTION In order to attain the above objects, the
present inventors have nmade various studies on cast strips 30 conprising
common .car bon steel ingredients and, added thereto, scrap iron containing
Cu and Sn and, as a res;ﬁtsomunﬂaéayJnd1bhabmmheacmhe of ctiostddmt woerigf the

cast strip is brou t to_a fine en rite structure. havin e,
dendrite gpam ng |% tHe Fange Bt gf’o%%""‘l%od? g’—%?%’aesﬁ fyrl p

havi ng no S|gn|f|can¢eadslkﬂ0mﬂm nnestoengtﬁmematrbmumﬁnd(ﬂI ard iz Swiflaee
cracki ng depth of é@i‘%vleha‘%rg’qﬁ[ %E ?nds@%ey excel | ent
ol

sur f ace appearance can € prepar ed A'cast strip having
the above- deschi beseghksgntian i Got @retban‘bbepn@pa@@@lmy B3 dhiscool i ng

ol ten steel 5 conjalgido JRranetTREkS el sQioBpd v Ale 3 a0l Rgskate of 1

to [err] (heat renpval rate (Q casti ng
strip, it is nrererraa to water-cool the cast strip in

the course of conveying to lower the cast Strip
temperature to 1000°C or below. '

10 The thin cast strip having a thickness of 0.1 to
15 mm thus obtained has a fine dendrite structure having
a primary dendrite spacing of 5 to 100 um, preferably S
to 70 um, at least at its surface layer portion. The
primary dendrite spacing at the center portion of a thin

15 cast strip having a sheet thickness of 15 mm is about 300
um. In this case, the formation of a primary dendrite
-spacing of 5 to 100 um on the surface portion thereof,
that is, at a depth of about 2 mm from the surface of one
side thereof, enables the rate of diffusion of Cu and Sn

20 into the matrix during solidification or immediately
after the solidification to be sufficiently accelerated,
which contributes to a reduction in microsegregation
between dendrites. Thus, since the segregation of the

N surface layer into the grain boundary can be prevented,

25 the object of the present invention can be attained.

In the present invention, the as-cast thin cast
strip or the thin cast strip, which has been pickled
after casting, is used as a product corresponding to a
hot-rolled steel sheet. In addition, the thin cast strip

30 can also be pickled, cold-rolled and then amnealed to
produce a cold-rolled steel sheet product.

In this case, since the annealing is carried out at
a heating temperature of 800 to 900°C, no problem
associdted with red-shortness occurs. Further, since

35 enrichment of Cu, Sn and the like does not occur, surface
cracking caused by conveying or cold rolling does not

occur.
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At the outset, the chemical ingredients constituting
the present invention will be described.

When the material of the present invention is used
as a material for hot-rolled steel sheet, the fundamental
chemical ingredients thereof are those of common carbon
steel sheets of steel product designation “SPHC"
specified in JIS G313l (corresponding to a hot-rolled
soft steel sheet for a gemeral structure: ASTM A621-82),
steel product designation "SS41" specified in JIS G3101
(corresponding to a hot-rolled soft steel sheet for a
general structure: ASTM AS569-72), steel product
designation "SPH3" specified in JIS G3132 (corresponding
to a hot-rolled carbon steel strip for a steel pipe: SAE
1026) and steel product desigmation "S48C" specified in
JIS G4051 (corresponding to a carbon material for machine
structural use; ASTM A446-85).

On the other hand, when the thin cast strip of the
present invention is cold-rolled, the fundamental
chemical ingredients of the cold-rolled steel sheet are
those of a common carbon steel sheet of steel product
designation "SPCC" specified in JIS (corresponding to a
cold-rolled steel sheet for a general structure: ASTM
A619-82).

Representative percentage compositions of a material
corresponding to a hot-rolled steel sheet and a cold- -
rolled steel sheet are as follows.

(Material corresponding to hot-rolled steel sheet)

S



netal , "heat treatnment such as that conducted for hot rolling is not
necéssary, so that the segregation of Cu and Sn on the surface |ayer of a
cast strip does not 35 occur, which enables a_,cast strip having an
excel | ent surface appearance free fromsurface defects to be produced.

In sone cases, the tenperature of the cast strip after emergence fromthe
casting device reaches or exceeds [err] due to recuperation, and if it is
hel d at that tenperatgre for 10 sgc or |onggp, surfacep5 segregation of Cu
or the like may occur. For this reason, in order to nore stably provide a
thin cast strip, ?t030ptefer@ed®it @ Raterecbdof the? ¥t &t4 p in the course
of conveying to | owergthe cast stgd p tenperature to [err] or below 10

The thin cast str%p Efy'qg%a thi ckness of 0.1 to 15 nmthus obtained has a
fine dendrite strc?Qre n&ving ESFFﬁary dendrite spacing of 5 to 100 pm
preferably 5 50 70 [err] at least at its surface |ayer portion. The primary

dendrite spacing ?éﬂéég%éfigéﬂéd%%&géggﬁgﬁ a thin 15 cast strip having a
Am T u r

sheet thickness o s abo ]. Inthis case, the formation of
a primary dendrite C Si Mn P
0.03-0.05 0.005-0.015 0.1-0.2 0.005-0.02
S Fe

10 0.002-0.01 Balance

0.3 to 10% of Cu and 0.03 to 0.5% of Sn are added to
the above fundamental chemical ingredients. Steels
having Cu and Sn contents below the above lower limits

15 can be produced by a conventional process, that is,
continuous casting or ingot-making — hot rolling — cold
rolling — pickling — annealing, without the use of the
process of the present invention.

In most cases, the contents of Cu and Sn contained

20 in scrap iron do not exceed the above upper limits. For
this reason, in the present invention, the amounts of Cu
and Sn added are limited to the above respective ranges.

The process for producing a steel according to the

x present invention will now be described.

25 . Molten steel with scrap iron, tin plate or the like
being charged and dissolved therein in an early stage of
refining of steel is refined and cast into a thin cast
strip, for example, by a twin roll continuous machine
shown in Fig. 2.

30 In the drawing, numeral 2 designates a tundish which
serves as a reservoir for the molten steel 1 and, at the
same time, to pour the molten steel through a nozzle (not
shown) provided at a lower part of the tundish into a
molten steel pouring basin 5 comprising cooling rolls 3a,

35 3b and side we;rs 4a, 4b. The cooling rolls 3a, 3b are
each a roll having an internal cooling portion in the
inside thereof and comprising a material having a high



spacing-of 5 to 100 [err] on the surface portion thereof, that is, at a
depth of about 2 mmfromthe surface of one side thereof, enables the rate
of diffusion of Cu and Sn 20 into the matrix_dyring solidification or

i mmedi ately after the solidification to be sufffciently accel erated, which
contributes to a reduction in mcrosegregati on between dendrites. Thus
since the segregation of the surface |ayer into the grain boundary can be

prevented, 25 thensdy Qc—tan@ffea:h@uaﬁgseﬂéntnveafl@&m@,be:o@tpte@ nggg I n the
present invention, thei%q st thin cast tééﬁ%&i Sﬁgtg strlp

whi ch has been pi F&XF TCZOPFAYL oL Ix Espondl ng to
a hot-rolled steelrsfastbly n.addetdﬂﬁacthentéiranxaﬂ*dw:Mhp 180 leaatingl 80 be

pi ckl ed, cold-rollgd and.then %gugﬁﬂeg? %Q&%Q g&qzccgl (a[esq. e%dﬁég Ingsheet

product. In this case,” since ied o
t enper at ure of 580uamid.err], no problem associ ated with red-shortness

occurs. Further, sinceq33 msmggghgeg;loi 65hr§@é%?%,%b% Fbﬁ%éﬂgeﬁag?ﬁo%cur

occur, surf ace crackl ng cause y conve |T1g or S Nno
BRI EF DESCRI PTI ON iGF cpqg epRRWFNEEhe cooling rolls 3a, 3b to form a

solidified shell S on the cooling rolls 3a, 3b. The
thickness of the solidified shells S is increased with

10 the rotation of the cooling rolls, and the solidified
shells S are integrated with each other at a kissing
point 6 to form a cast strip 7. The cast strip 7 is
drawn downward and conveyed to a coiler (not shown) by
means of conveying rolls 8a, 8b. Numerals 9a, 9b

15 represent cleaners for cleaning the surface of the
cooling rolls.

The most important feature of the present invention
resides in the primary dendrite spacing of the casting
structure. Therefore, the cooling solidification rate of

20 the molten steel which governs this spacing, that is, the
average rate of cooling (heat removal rate Q of casting
roll) from the liquidus line temperature to the solidus
line temperature. This cooling rate is the rate of
cooling of the molten metal from the time it is located

25 in the vicinity of the surface of the pouring basin 5,
where the molten steel first comes into contact with the
cooling rolls, until the molten metal reaches the kissing
point 6. In the present invention, the cooling rate
defined above is in the range of from 1 to 10%4°C/sec

30 (heat removal rate Q of casting roll: 5,000,000 to
15,000,000 kcal/m?/hr) when the sheet thickness of the
cast strip is in the range of from 0.1 to 15 mm.

That is, the average cooling rate of the center
portion of a cast strip having a sheet thickness of 15 mm

35 is specified to about 1°C/sec, and the average cooling
rate of the surface of the cast strip is specified to
about 102 to 104°C/sec. The primary dendrite spacing is



Fig. 1-is a diagram show ng the relationship between the depth (mm from
the surface of a cast strip and the primary dendrite spacing (pm; and Fig.
2 is a schematic 5 partially sectional front viewof a twin roll continuous
casting machi ne. BEST MODE FOR CARRYI NG OUT THE' I'NVENTI ON The best node for
carrying out the invention will now be described. 10 At the outset,
the chem cal ingredients constituting the present i nvention will be

descri bed. Wen the spRi-ehbal oef %@e PS50 VeRid,08ci $ndSEsmast tnaRt eri al
for hot-rolled steel sheet, un nental em cal i_n redlents t her eof

are those of connﬁr?—éalegoﬁol&*es‘ﬁ%%ﬂ—@eé%m%lé’&l Opr BRECTOHESR gFR$on
'SPHC speci fied ipadiSuERInY (egre cappnsinly m anaonesliey soffostemin

sheet for a general structure: ASTM A621-82 steel duc desi natlon
"SS41" specified FﬁqgﬁsoéaﬁoEOT%%ﬁr%%qiﬂﬂi ely cR SFF a8 ot st eel
sheet for a 205 geresashtstnuehuien, AT ﬁrz)d,ensamaeb pradimg iesimgrtd on

"SPH3" specified in JI S gsé§§52%§£%. gg%éﬁgﬁ ehg eegl{ﬁg ﬁﬁgé%;hﬁgéﬁﬂ

strip for a steel‘ﬁpﬁé SA qGt e5|gnaT|on
specified in JI' S G48%1stcopr asponme nopaldmy caticoaneatsr the #evemchi ne 25

z;rgﬁgural use, A§£¥béé%§Vé5}an§£%Fr“%é&éyai,hﬁﬁdor%@?nCBhéoﬁﬁﬁétCaSt strip

diffusion without enrichment of Cu and Sn on the surface

10 layer at its grain boundary, at least the primary
dendrite spacing in a depth of 2 mm from the surface
layer (surface layer portion) may be 5 to 100 um to
reduce the microsegregation between the dendrites during

. solidification. Alsc when the sheet thickness of the

15 cast strip is 15 mm, the above cooling rate brings the
primary dendrite spacing on the surface layer portion to
5 to 100 pm, so that the object of the present invention
can be sufficiently attained.

When the sheet thickness exceeds 15 mm, the above

20 primary dendrite spacing cannot be stably provided.

The sheet thickness of 0.1 mm is the lower limit of
the sheet thickness of a cast strip which can be produced
on a commercial scale, and a cast strip having such a

- thickness can be, of course, cooled at a high cooling
25 rate and, therefore, can have a primary dendrite spacing
of about 5 um.

The surface layer portion of the thin cast strip
having a thickness in the range of from 0.1 to 15 mm thus
obtained has a fine dendrite structure having a primary

30 dendrite spacing in the range of from 5 to 100 um, and
the center portion of the cast strip is also free from
macrosegregation and has a very homogeneous quality.

Therefore, the as-cast product corresponding to a
hot-rolled material or the cold-rolled steel sheet

33 according to the present invention has excellent
mechanical properties and, at the same time, a good



present’ invention

Is cold-rolled, the fundanental chem cal ingredients of

the-cold-roll ed steel sheet are those of a commopn carbon steel sheet of

steel product 30
cold-roll ed steel
Representative pe
hot-roll ed steel
(Material corresp

Vh P 0.0
0. 001-0.05 Bal
Vh P

Fe 10 0.002-0.01
added to the q?ov

15

desi gnation "SPCC' specifiedjign-JI S (corresponding to a
sheet for a general structure: ASTM A619-82).
rcentage conpositions of a material corresponding to a
sheet and a cold- 35 rolled steel sheet are as follows.
SHEi-RG St aPpearputbedespiond Siwdidet th@t it concaifls

3283 amouBc@laP. &, s 2 0.001-0.05 S Fe
anchS (Cbld-(gflgh %?%e sheet) C . Si .
0. 03- #Spgescribedmripovas Ni sprvey zo ragsgoshe gglsing

poinBab@nefelcd- bRr AP 1 362%¢ @3 A iG BYUBEaS) gfe
e fundanental chenical_jingredients. Sfteels |, -
To 1ncrease the solupility of Cu in the matrix. 2also in
the present invention, Ni may be added in an amount i
the range of from 0.02 to 0.7%.

EXAMPLES '

Example 1

Molten steels (labeled A to E) having compositions
specified in Table 1 (comprising ingredients constituting
a hot-rolled mild steel sheet for a general structure
(corresponding to JIS-G3131l: ASTM A621-82) and, added
thereto, Cu and Sn) were cast into thin cast strips
having a sheet thickness of 3 mm and a sheet width of
350 mm and were produced at a heat removal rate (Q) of a

casting roll of 7,700,000 kcal/m2/hr by using a twin roll

continuous casting machine (comprising an internal water

20

cooled copper alloy casting roll (diameter: 400 mm,
width: 350 mm) shown in Fig. 2. The average primary
dendrite spacing of each thin cast strip (sample Nos. 1
to 5) was 3 to 50 um. The quality (cracking) and the
mechanical properties (strength, elongation, bending and
corrosion resistance} for each thin cast strip are given
in Table 2.

- Table 1
(wt . %)
Steel C si Mn P S Cu Sn
A 0.04 <0.02 0.17 0.012 ] 0.005 0.1 0.02
B 0.04 <0.02 0.17 0.012 | 0.005 1.1 0.04
C 0.04 <0.02 0.17 0.012 { 0.005 4.0 0.04
D 0.04 <0.02 0.17 0.012 { 0.005 6.2 0.04
BE 0.04 <0.02 0.17 0.012 | 0.Q05 8.1 0.04




havi ng"Cu and Sn contents bel ow the above lower limts 15 can be produced
by .4 conventional process, that is, continuous casting or ingot-naking -
hot rolling - cold rolling - pickling - anneal ijRg- W thout the use of the
process of the present invention. In nost cases, the contents of Cu and Sn
contained 20 in scrap iron do not exceed the above upper |limts. For this
reason, in the present invention, the anobunts of Cu and Sn added are
limted to the above respective ranges. The process for producing a steel
according to the present invention will nowdelelescri bed. 25 Mol t en

steel with scrap iron. tin plate or the Iike being charged and djssolved
therein in an ear|lsamstis&gecbf] Sced¢narhng mbnst|eeperndsng ef iqq.’édoiﬁuamy;.dfnto a
thin cast strip, [3f dxanpl q,(kbs/ma2t igatidt| continu S Ofmg Rffe SSREWn i n
Fig. 2. 30 %n tihe drgwi ng, nurferal 2 desi gnat essd-fuindi sh which
serves as a reserjvoir (for the nolten %E el |1 and, at {the SF %1 a1y owemme my oo
the nolten steel jthroygh a nozzle (ngt'°shown) providgd at a fower PaLL,; of
the tundish into ja noljten stleel pourilng basin 5 conprfi si ng| egald-NPesdRkls
3a, 35 3b and sii{de wgirs 43, 4b. THe cooljing rolls {3a, 3bcase epch a rol
having an interndl codling portion 1 the Ijukeesd-herjeof aphd conpfising a
mat eri al having g high fully bent
1 A 30 37 to clese c None | None
concacet
Success-
fully bent Occurred
2 B 30 37 to close b None
contact
Success-
fully bent Occurred
3 c 30 36 to close a None
contace
Success-
fully bent Occurred
4 D 30 36 to close a None
contact
Success-
fully bent Occurred
5 E 30 38 to close a None
contacet

In the table, "Conventional Process" means a
process wherein molten steels labeled A to E are cast by
x the conventional continuous casting process into slabs
S having a thickness of 250 mm and a width of 1800 mm,
which were then hot-rolled into hot-rolled sheets having
a sheet thickness of 3 mm. "“Bending" represents the
results of a 180° close-contact bending test, and
"Corrosion resistance" is expressed in corrosion
10 resistance scores (corrosion rate (mm/Y): c: >0.05, b:
0.01 to 0.05, a: <0.0l1). “Cracking of Cast Strip: None"
means cracking having a depth of not more than 30 um on
the surface layer of the cast strip.
As is apparent from the above tables, the thin cast
15 strips (sample Nos. 2 to 5) of the present invention were
excellent in both cast strip quality and mechanical
properties, whereas the comparative thin cast strip



‘heat transfer coefficient, for exanple, copper, and provided horizontally
and parallelly and further rotatably in the direction of an arrow while

| eaving a space there between corresponding to & desired cast 5 strip. The
nmolten steel 1 poured into the pouring basin 57i's cooled with the cooling
rolls 3a, 3b to forma solidified shell S on the cooling rolls 3a, 3b. The
t hi ckness of the solidified shells Sis increased with 10 the rotation of
the cooling rolls, (smipldevsoll)dhhdegdosbebbsrSshve o egraaiosd did Rkeach ow
ot her at a ki ssing~poj o forma cagt _sirip.{. Jhe.cast strip 7 is
drawn downwar d andogo%%%/%d&’to:%"é’ Fl‘er"‘()ho%ﬁsh%%)h Y ‘r?gl;lrlegsc?%eg&ﬁveyi ng
rolls 8a, 8b. NunePEpPGuCef mb the coepeesiotal| pooeess faxcagtedomgaimipd.e

surface of the cookhng: [ d Isrelle G?%I:ki AROLAGN feahlli Olort BRcPhageNt

invention resides in the prinmary dendriteée spating of the casting structure.
Ther ef ore, theScoofhdgy XDIHHWRSc @bFervVedt e BT M e Neol tlen §heelCunaingh

governs this spacigg, céditindss werBesavebaoend At srdl GROHARY oheal samRyal
rate Q of casting roléa %%9¥11Qe |'i qui dus |ine teqyerature to the solidus
line tenperature. FHPYTELIFhG Fafeiyenthend hiRFFESS gave rise to neither

red shortness nor surface cracking.
The relationship between the depth (mm) £rom the
10 surface of a cast strip in each example and the primary
dendrite spacing (um) is shown in Fig. 1. In the figure,
data for the present examples are indicated by the

mark [J . When the depth from the surface of the cast
strip was 0.1 mm, the primary dendrite spacing was 13 um,
15 while when the depth from the cast strip was 1.5 mm
(center portion), the primary dendrite spacing was S0 um.
The thin cast strips (products corresponding to
hot-rolled materials) produced by the above passes of the
present invention were pickled, and 6 passes of cold
20 rolling (tandem) were carried out to prepare 0.8 mm-thick
cold-rolled sheets. Thereafter, the cold-rolled sheets
were subjected to box annealing in such a manner that
they were heated to 650°C at a temperature increase rate
2y of 50°C/hr, held at that temperature for 12 hr and then
25 cooled to room temperature over a period of 48 hr.
Subsequently, the as-annealed steel sheets were
subjected to temper rolling with a reduction ratio of 1%
to prepare cold-rolled steel sheets for a general
structure (JIS-steel product designation SPCC (ASTM A619-
30 82)) containing Cu and Sn.
The primary dendrite spacing for each steel sheet
(sample Nos. 6 to 10) was the same as that for the above
thin cast strips, and the surface cracking and mechanical
properties are given in Table 3.
35



cooling of the nmolten nmetal fromthe time it is located 25 in the vicinity
of the surface of the pouring basin 5, where the nolten steel first cones
into contact with the cooling rolls, until thequLten metal reaches the

ki ssing point 6. In the present invention, the cooling rate defined above
Is in the range of from1l to [err] 30 (heat renoval rate Q of casting
roll: 5,000,000 to 15,000,000 [err] when the sheet t hi ckness of the cast

stripisinthe range of fromO0.1 to 15 i's, the average cooling
rate of the center portion of a cast strlpEﬁEV|ng a sheet thickness of 15
mm 35 is specified tqg about [err] and the average coaling.rate of the
surface of the cqsemst|r§eget bsgpeeﬁleqortl@'ab@m‘-' ePereing [%’rre} ThéugEagrry
dendrite spacing [i®&® | a fuhttdiérrf| AR cddt®Sfg|rate and|S t he Fafeing
tine, related to |{fe chenichl conpogition df the|{nolten st%ﬁlls articularly
its Ccontent. In the |chem gal conpcegglon ralge of a common Caluyl_at :

: . Yo Conven-
contenplated in tihe 5 {presept invent{ion, the primary dendylte spagidg kSo
the range of from5 tg 300 pm when tihe shedt t hi ¢kness of| the cagt stHippo-
and the cooling riate gre in{the aboJe respgctivejranges. Howevel Inven-Qcded
to conduct tion

Success-

. fully

6 A 30 39 110 {benc o c None | None

close T

contact

Success-

fully Occu-
7 3 3L 38 111 |bent to b None |rred

close

concace

Success-

fully Occu-
8 c 30 37 109 |bent to a None | rred

close

contace

success-

fully Occu-
9 D 3l 37 111 {bent to a None | rred

close

contace

Success-

fully
10 E 30 37 110 |bent to a None |9¢-

close curred

contactc

As is apparent from the above table, all steel
sheets of samples Nos. 7 to 10 had excellent mechanical
properties and a surface crack of not more than 30 um in

S depth, that is, were very excellent as SPCC materials
containing Cu and Sn.

Example 2

Molten steels comprising ingredients specified in
Table 4, that is, ingredients constituting a hot-rolled

10 steel sheet for a general structure (corresponding to
steel product designation SS41 specified in JIS G310l:
corresponding to ASTM AS569-72) and, added thereto, Cu and
Sn were cast into thin cast strips having a sheet



di'ffusion without enrichment of Cu and Sn on the surface 10 layer at its
grain boundary, at least the primary dendrite spacing in a depth of 2 mMm
fromthe surface |ayer (surface |layer portion) pmy-be 5 to 100 pmto reduce
the m crosegregati on between the dendrites during solidification. Al so when
the sheet thickness of the 15 cast strip is 15 nm the above cooling rate
brings the primary dendrite spacing on the surface |ayer portion to 5 to
100 [err], so thattRiekaafe@t ¢f mrhendr eseheetnvidthont ¢330 ban siuf fihel eairey
attai ned. Wien theygheet I xceed Y o a [W Q- apf L8
dendrite spacing cannot_ggpgggb y p?Gdee%*égﬁgngﬁégttﬁﬁﬁg A§§§H§PES?I¥§%
is the lower |init(Qf ehdhh&@stingckrésswas 8,088t 090 rffrWidRTcanThe
produced on a COMMEBFihaly Cetd@itr@NdpacCaAst ot bhenh NeNifGcate sar-ithickhgss
can be, of course, cooled at a hlgh cooLlng,ZS rate and, therefore, can
have a primarySdeS t etspatilmd ¥PSabdutO5op el O THRS FHf$TREL | &Fer porti on
of the thin cast siddjcawd my ahehinakress i int Fegl amge THe fquabidyl to 15 mm
t hus obt ai ned has fine dendrite, structure having a primry 30 dendrite
spacing in the rangﬁp%ﬁ lﬂ%?dtthoﬁefﬁ??T?agnﬂrgﬂirﬁkﬁﬁeﬁ'[ﬁﬁqﬁ SHGf the
cast strip is al scdseesdmigmarecgaseygr kgaTabbheahd has a very honpbgeneous
quality. Therefore, the as-cast product corresponding to a

Table 4
(Wt . %)
Steel C Si Mn P S Cu Sn
¥ 0.13 0.25 0.8 0.012 | 0.005 0.1 0.02
G 0.13 0.25 0.8 0.012 } 0.005 1.1 0.04
H 0.13 0.25 0.8 0.012 | 0.005 4.0 0.1l6
I 0.13 0.25 0.8 0.012 { 0.005 6.1 0.20
J 0.13 0.25 0.8 0.012 | 0.005 8.0 0.40
10
Table 5
Sample] Steel | Tensile Elong-| Bending |Corro- |Cracking of
No. strength ation sion Cast Strip
(kgf /mm?) Resis-
tance
(%) Pro- Conven-
cess of| tional
x Inven- | Process
~ . tion
11 F 47 26 Acceptablel ¢ None | None
12 G 47 26 Acceptable( b None | Occurred
13 H 48 25 Accepcale a None | Occurred
14 I 48 25 Acceptabl a None Occurred
15 J 48 25 Acceocale a None Qccurred

In Table 5, the indications were identical to those
in Table 2 showing the results of Example 1 except for
the column of "“Bending." In the column of "Bending,* the

15 bending was evaluated as "Acceptable" in the case of
radius/sheet thickness < 1.5.



hot-rolted material or the cold-rolled steel sheet 35 according to the
present invention has excellent nechanical properties and, at the sane
time, a good surface appearance despite the;kact that it contains |arge
amounts of Cu and Sn. As described above, NI serves to raise the nelting
point of the Cu-enriched |ayer at the grain boundary or 5 to increase the
solubility of Cuin the matrix. Also in the present invention, Ni nay be
added in an anmount in tAseisaageanént rdrd. ik tabde/ HabEXAVRREStEXanpiec1 10

Mol ten steels (Iahglad ) = | Ng, £Q sht 1,08 chEi.ed kD el
(conprising ingre |éﬁféfg%ns Tfu_¥%g %fﬁgg-fHLled m “%?égr S eé?9$oF&a
general structure 9a6r PESpEnERAYLLY JE IGSIFNICAITHTAGRITSZF dAdpiagdene

thereto, Qu and Smydter@agashel Ntgntdd Lfasir Hrtints Jrarlngna sheet

t hi ckness of 3_mmand a sheet W dth of 350 nm and were produced at a heat
removal rate (8 of a CREFPRA§-RB!|IMREcen ARRYVCO QWP SBPSuSi ABdaStuih Fiof |
conti nuous casti NGHRC HeBPobEQUB! EShtEhEd d @i #lo1wehekteelkedpEOPPLEG

alloy casting r0|%1£%%%q%tgrén PQagggd theresto, minor amounts of Ti, Nb,
B, Cr, Mo, V, 2t¢. (molten steels comprising ingredients
constituting a high-tensile, low-alloy, hot-rolled thin
10 sheet having an improved workability (corresponding to
steel product desigmation SPFC45 specified in JIS G3135:
ASTM A715-85) and, added thereto, Cu and Sm), that is,
molten steels specified in Table 6, were caét into thin
cast strips having a sheet thickness of 3 mm and a sheet
15 width of 350 mm in the same manner as described above in
connection with the steels having compositions specified
in Table 4. The primary dendrite spacing for each thin
cast strip (sample Nos. 16 to 19) was identical to that
for sample Nos. 1l to 15, and the cast strip quality and
20 mechanical properties were also excellent as given in

Table 7.
Table 6

(wc.% except for B in wr.ppm)

|
* steell ¢ | si | Mn P s |rTi|m|8lcr|Mo| v |2r|cu| sn
K }0.13]0.25/1.3}0.012]|0.01)0.08} -~ | -} - - - - |3.0l0.05
L Jo.13l0.25/1.3]0.012)0.01] - - -] - - Jo.o03] - I3.1]o.07
M lo0.13/0.25/1.3]0.012{0.01/0.08/0.04{ 2 ]0.04] - - lo.06l3.1]0.07
N Jo.13}0.25|1.3}0.012]|0.01] - jo.04f -| - Jo.25} - - |3.0l0.07




20 width: 350 mm) shown in Fig. 2. The average primary dendrite spacing
of .each thin cast strip (sanple Nos. 1 to 5) was 3 to 50 [err]. The

qual ity (cracking) and the nechani cal properties (strength, elongation,
bendi ng and corrosion resistance) for each thiTP cast strip are given 25 in
Table 2. Table 1 Steel C Si Vh P S Cu Sn A
0.04 <0.02 0.17 0.012 0.005 0.2 0.028B 0.04 <0.02 0.17 0.012
0. 005 1.1 0.04 C 0.04 <0.02 0.17,,0;8%2 0.005 4.0 0.04 D
0.04 <0.02 0.17 0.012 0.005 6.2 0.04 E 0.04 <0.02 0.17 0.012

0.005 8.1 0.4 Tabl ] 2 Sam Stjegbn- Stirength  |kbefo- | Bending
Corro- Cracking [oP™pl 55281 | TonSE 1] | gacgat i[oR®A91A9 | sion s o@ra‘tﬁé_f;%t rip
No. ple b Resi §- tance (®sis- | “8S¢ St=%9
Process Conven- |afo. ti onal*9tff%&h- |Procesq tion tance
(%) Pro- Conven-
cess of| tional
Inven- Process
Clon
Accep- Occurred
15 X 45 25 table (1) - a None
Accep- Occurrad
17 L 45 25 table (1) a None
Accep- Occurred
18 M 55 23 table (2) a None
Accep- Occurred
19 N 58 25 table (2) a None

In the colum of "Bending" in Table 7, the bending
property was evaluated as "Acceptable (l1)" when the
bending diameter/sheet thickness value was less than 1,

5 while the bending property was evaluated as "Acceptable
(2)" when the bending diameter/sheet thickness value was
less than 1.5. The other indications in Table 7 were
identical to those in Table 2 showing the results of
Example 1.

10 Exanmple 3

Molten steels (steels D to S} having compositions

* specified in Table 8 (comprising chemical ingredients
constituting a hot-rolled carbon steel strip for a steel
pipe (corresponding to steel product No. SPHT3 specified

15 in JIS G3132: SAE1026) and, added thereto, Cu and Sn)
were cast into thin cast strips having a sheet thickness
of 3.5 mm and a sheet width of 350 mm in the same manner
as in Example 1, except that the heat removal rate (Q) of
the cast roll was 6,700,000 kcal/m?/hr. The primary

20 dendrite spacing of each thin cast strip (sample Nos. 20
to 24) was 8 to 60 um on the average, as indicated by the
mark "“O" in Fig. 2.

The quality (cracking) and the mechanical properties
of each thin cast strip are given in Table 9.



Success- fully bent 1 A 30 37 to close c None None

contact Success- fully bent Cccurred 2 B 30 37
to close b None contact Success- fully,pent Cccurred
3 C 30 36 to cl ose a None contact Success- fully
bent Cccurred 4 D 30 36 to close a

None contact Success- fully bent Cccurred 5 E 30

36 to cl ose a None contact In the table, "Conventional Process"

means a process wherein nolten steels | abghed A to E are cast by the
conventional continuous casting process into slabs 5 having a thweksaess of

250 nm and a mﬁdtgtggllBOOCnn] m@ich wep e tﬂen?hoturogled ipto hogi{olled
sheet s havi ng N
0.
o] 0.25 0.3 0.8 0.02 0.01 0.1 0.02
p 0.25 0.3 0.8 0.02 0.01 1.0 0.03
Q 0.25 0.3 0.8 0.02 0.01 4.1 Q.15
R 0.25 0.3 0.8 0.02 0.01 5.9 0.20
S 0.25 0.3 0.8 0.02 0.01 8.1 0.40
~ Table ©
. _ Tensile Elon- . Corro- .
Sam- | Stceel Strengch gation Bending sion g::ik;§310f
ple (kgf/mmz) Resis- crip
No. cance
(%) Process| Conven-~
of tional
Inven- Process
tion
Accep-
20 0 45 28 table c None |None
Accept- Occurred
21 p 45 28 able b None
Accep- Occurred
22 Q 45 27 table a None
Accep Occurred
a, 23 R 45 27 table a None
. Accep Occurred
24 S 45 27 table a None

In the column of “Bending" in Table 9, the bending
5 property wés evaluated as “Acceptable" when the bending
radius/sheet thickness value was less than 2.0. The
other indications in Table 9 are identical to those in
Table 2 showing the results of Example 1.
As is apparent from the above table, the thin cast
10 strips (sample Nos. 21 to 24) of the present invention
were excellent in both the cast strip quality and
mechanical properties despite the fact that they
contained large amounts of Cu and Sn.



a sheet thickness of 3 nm "Bending" represents the results of a [err]

cl ese-contact bending test, and "Corrosion resistance" is expressed in
corrosion 10 resi stance scores (corrosion rﬁ%ﬁ (nniY) c: >0.05, b: 0.01
to 0.05, a: <0.01). "Cracking of Cast Strip: e" means cracking having a
depth of not nore than 30 [err] on the surface |ayer of the cast strip. As
I s apparent fromthe above tables, the thin cast 15 strips (sanple Nos. 2
to 5) of the present ignxembhiom were excellent in both cast strip quality

and nmechani cal propertije mhereas t he conparatlv in cast strj
(sanpl e No. 1) had poowoig oS dFtaSdfcd &Gbxs %QVF8§/€SFQQﬁ&é;ﬂn

Further, for all tsbechﬁtenouaeﬂam@etos (Roagiided nay dhléﬂ_canvm@f@‘lwéntiig ocess
except for sanpl e 1, a.surface_crack h V|n gkness .of not less 5

than 30 [err] masCSB§EFSBHInGF$H R I erﬁgq A IFEN BBt ent s wer e
so | ow that even sheubatrabltss &hﬁ&Lsmtmﬁum@dtbysthe1cpn0@m¢¢cNuu Jursgress

D eoen” the dant h SBek 8fe8 8 LIRS R0G0 . SUERAC RaEE25K) "dhna TiRade TrABN. P

bet ween the depth a cast strip in each exanple
and the primary déndentleSBpa¢err) qasy inccsirdvim icaski gerips h&V%?Ea&|§ﬁﬂa;

thickness of 3 mm and a sheet width of 350 mm in the same

manner as in Example 1, except that the heat removal rate
10 (Q) of the casting rolls was 8,200,000 kcald/m2/hr. The

primary dendrite spacing of each thin cast strip (sample

Nos. 25 to 29) was 5 to 70 um on the average, as

indicated by the mark "A" in Fig. 2.

The cast strip quality (cast strip cracking) and the

15 mechanical properties f£or each thin cast strip are given

in Table 1l1.

Table 10

(wt . %)

Steel C - Si Mn P S Cu sSn

T 0.48 | 0.2 0.8 | 0.02 | o.or | 0.1 | 0.02

U 0.48 | 0.2 0.8 | 0.02 | o.or | 1.0 | 0.03

v 0.48 | 0.2 0.8 | 0.02 | o.or | 4.1 | 0.15

-

h W 0.48 | 0.2 o.8 | 0.02 | o.or | 6.0 | 0.21
X 0.48 | 0.2 0.8 | 0.02 | 0.o1 | 8.0 | 0.39




data for the present exanples are indicated by the mark [err] . Wen the
depth fromthe surface of the cast strip was 0.1 nm the primary dendrite
spacing was 13 [err] 15 while when the depth fromthe cast strip was 1.5
mm (center portion), the primary dendrite spaéfng was 50 [err] The thin
cast strips (products corresponding to hot-rolled materials) produced by
t he above passes of the present invention were pickled, and 6 passes of
cold 20 rolling (tandem) were carried oul,tQ | grepare 0.8 mMmthick
cold-rolled sheets. Thereafter, the col d- roFTe sheets were subjected to

box anneal i ng i f5aHE fiseedTaaaE: TN ERYa Wer=enResj ejcd-eol erdzhcidngdos
tenperature increaseirate [ckrbsyds] helogh at| that te at yr eaborsct2phr and

then 25 cool ed|to- r pom t gret 2ty €] over & peri od ofre48sthir. Subsequently,
t he as-anneal ed|steel| shegts were subjecteld to tenperifdlilingwih a '
reduction ratiojof 1% to grepare co] rol ljed steel |sheet $  FeFesSg| GRvERa
structure (JIS-sgteel |prodyct designati on SPCC (ASTM A6194 °§0 82 y“fl
containing Cu and Sn| The |primary dendrite spacing |f or e#g oé ee ~Sadt
(sanpl e Nos. 6 fo—tO—was jttre—Same tiratTfor—thejabovetimn L:lb't stTTps,
and the surface|ctacking gnd nechanj ]asazjo pricwerpdaddsare gijvep in|¥edd e 3 35
. Occurred
26 U 55 gg | PRccepranle None
. A' Occurred
27 v 55 1g | Accepcable None
) Occurred
28 | w 55 19 AcceptaDl% None
T Occurred
29 X 55 20 Accepcabl4 a Mone

In the column of "Bending" in Table 11, the bending
property was evaluated as “Acceptable" when the bending
radius/sheet thickness value was less than 2.0. The

S other indications in Table 1l are identical to those in
Table 2 showing the results of Example 1.

As is apparent from the above table, the thin cast
strips (sample Nos. 26 to 29) were excellent in both the
cast strip quality and mechanical properties despite the

L0 fact that they contained large amounts of Cu and Sn.

INDUSTRIAL APPLICABILITY

According to the present invention, common carbon
thin cast strips and thin steel sheets having a good
surface appearance and excellent mechanical properties

15 can be produced using iron scrap and tin plate scrap
containing a large amount of Cu without adding Ni.
Therefore, since the above cast strip and steel sheet can
be used at a low cost in corrosion-resisting steel sheet,
for example, steel sheets for automobiles, the prasent

20 invention is very wvaluable from an industrial viewpoint.



- 13 Table 3 SanL_nSteeI Strength s EIonga- Hard- Bending Coro-
Surface ple - hess This Sheét g&s Been Re; laced A
cracking to- HHIH IIIlLuIlI HIIl 29 -
) (Hv) ! Conven- cess tlonal ven-
cess tion Success- fulf : 30
C None None cl ose contact Success- fully Cxcu-
B 31 38 111 bent to . crabms None rred close contact
Success- fully . Qccu- _

L. A thin cast strip of a common carbon steel,

characterized by comprising 0.15 to 10% by weight of Cu
and 0.03 to 0.5% by weight of Sn, the primary dendrite
5 spacing of the cast strip~bn its surface layer portion
being in the range of from 5 to 100 um.
2. The thin cast strip according to claim 1,
wherein the surface laver portion is a layer having a
depth of 2 mm from the surface of the cast strip.

10 3. The thin cast strip according to claim 1,
whersin the chemical ingredients of said thin cast strip
other than Cu and Sn are those of at least one common
carbon steel selected from the group consisting of steel
product designation "SPHC" specified in JIS G313l

15 {(corresponding to ASTM A621-82), steel product .
designation "SS41" specified in JIS G310l (corresponding
to ASTM AS569-72), steel product designation "“SPH3"
specified in JIS G3132 (corresponding to SAE 1026) and
steel product designation "S48C" specified in JIS G4051

20 (corresponding to ASTM A446-85).

4. The thin cast strip according to claim 1, which
has a thickness in the range of from 0.1 to 15 mm.
5. A common carbon steel sheet comprising a cold-

rolled steel sheet produced by cold-rolling a thin cast
2% strip having a thickness in the range of from 0.1 to 15
mm, said thin cast strip comprising 0.15 to 10% by weight
of Cu and 0.03 to 0.5% by weight of Sn and having a
primary dendrite spacing of 5 to 100 um on a surface
laver portion in a depth of 2 mm from the surface of the
30 cast strip.

6. The common carbon steel sheet according to
claim 5, wherein the chemical ingredients of said cold-
rolled steel sheet other than Cu and Sn are those of
steel product designation "SPCC" specified in JIS

35 (corresponding to ASTM A619-82).
7. A process for producing a thin cast strip of a
common carbon steel, characterized by comprising the step



8 C 10 .._bent to None e rred cI ose

37 1
conf act Success - fu”, . Qccu- Has Been Re
111 bent to H’I ,!’IHHIH e cont act §ugcess -D\JI I Hl “I “
30 37 110 bent it None - close

curred contact As is apparent fron1fhe above table all steel sheets of

sanples Nos. 7 to 10 had excell ent nechani cal properties and a surface
crack of not nore dfharadQdler sdl i@ﬁx;ngia)&ﬂbldéﬂﬁts el wemer\temge&cesleet

as SPCC material s n Lo n r|3|ng
I ngredients speC|‘1§HE$%QTagPE %fqﬁh ‘?%%%Epére§°§%t§—c8%§§ﬁ% ? gR
hot-rolled 10  stubel belearef ornsigmimny af singrediestscornesponting ao steel

product designati 1 hfied i nnJIS G I di Qo
A569- 72) and, addg%t eré:?'ggs(luéand"rSE \/\ire cg's]flt %r%‘tt:)eet%ﬁ(l)g gggtltost@lss%é

havi ng a sheet5 to cast a chia strip.
8. The process according to claim 7, wherein the
thickness of the thin cast strip is in the range of from
0.1 to 13 mm.

9. The process according to claim 7, wherein the

10 thin cast strip in the course of conveying after casting
is cooled in such a manner that the holding time of said
thin cast strip at a surface temperature of 1000°C or
above is not longer than 10 sec.

10. The process according to claim 7, wherein said

15 cthin cast strip is cast by a casting device having a
movable mold.

11. The process according to claim 10, wherein said
casting device is a twin drum casting device.
12. A process for producing a common carbon steel

20 sheet, characterized by comprising the steps of: rapidly
solidifying a molten steel comprising 0.15 to 10% by
weight of Cu and 0.03 to 0.5% by weight of Sn with the
balance consisting of ingredients constituting a cammon
carbon steel at a cooling rate of 1L to 104°C/sec to cast

25 a thin cast strip having a thickness in the range of from
0.1 to 15 mm; and cold-rolling said thin cast strip to
prepare a cold-rolled steel sheet.



t hi ckness of 3 nmand a sheet width of 350 nmin the same manner as in
Exanpl e 1, except that the heat renoval rate (Q of the casting roll was
8,000,000 [err]. The primary dendrite spacing of each thin cast strip
(sanple 5 Nos. 11 to 15) was 17 to 55 [err] on the avera

, as indica
by the mark "t" in Fig. 2. The quality (cracking) and The nechagiseaks® sgeN
properties of each thin cast strip are given in Tabl Shekd) S 9
St eel C Si M —~ P~ ~S ~ Cu Sn \\ 5
0.8 0.012 0.005 0. EX\ . 005
4.0

0.1 002 © D.13 ¥ 0.25
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0. 005 8.0 0.40 10 Table3 Sapl e Feel éensi | e El ong- Bendi ng
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(9 s Pro- Conven- cess of tional | nven- Process 11 F

47 . 26 Acceptable ¢ None None 12 R by

Acceptable b None CQccurred 13 H 25 Accepta

None COccurred 14 I 48 25 Accept abI eThl %uq ed
15 J 48 25 Acceptabl e a None &ul he
i ndications were identical to those in Table 2 show

Exanple 1 except for the colum of "Bending." In the colunn of "Bendlng,
the 15 bending was eval uated as "Acceptable” in the case of radius/sheet
t hi ckness < 1.5. As is apparent fromthe above table, the thin cast
strips (sanple Nos. 12 to 15) were excellent in both the cast strip quality
and nmechani cal properties despite the fact that they contained | arge
amounts of Cu and Sn. 5 Thereafter, nolten steels conprising C and
Si in the sane respective contents as the nolten steels specified in Table
4 and, added thereto, m nor anounts of Ti, Nb, B, C, M, V, etc. (nolten
steels conprising ingredients constituting a high-tensile, |owalloy,
hot-rolled thin

Fig. 2

%



10

sheet havi ng an i nproved workability (corresponding to steel

desi gnati on SPFC45 specified in JI'S G3135: ASTM A715-85) and,

t her et o,

spacing for each thin cast strlp (§énp e Nos.
t hat for sanple Nos.

mechani ca

(wt. % except for

Cu and Sn),

that is,

pr oduct
added

nolten steels specified in Table 6, were cast
into thin cast strips having a sheet thickness of 3 mma

width of 350 mMmin the sane nanner as descri bed above in
the steel s having conpositiong,spacidfi I,g.dd N nb@Ehbkends Thfe

16 to 19)

tTcal to

11 to 15, and the cast strip quality and 20

0.13 0.25 1.3 0.0%2 .0=Q%aish,

0.012 0.01 0.08 0.04 2 0.04 - - 0.06 3
0.01 0.04 - - 0.325 3b...coolBn® HIY,
"Bending" in Table 7, the bending

4a, 4b...side weirx,

-
=
-

6..
7..
8a,

9a,

. .pouxing basin,
.kissing point,

.cast strip,

8b...carrying roll,
9b...cleanexr.

C Si

Vh P S Ti Nb

- 3.
0 03 -

0. 07 N Th{ Shegt Kas Béen Re
Table 7 [e

and

3/ 3

i Hiti

properties were also excellent as given in Table 7. Table 6

B inmstcprm-s&eel
Zr Cu Sn K 0.13 0.25 1.3 0.012 0.01 0.08 -

BCGO MV
00.05L

3.1 0.07 M 0.13 0 25 1.3

umm of




*

propertyxmas eval uated as "Acceptable (1)" when the bendi ng di aneter/sheet
t hi ckness value was less than 1, 5 while the bending property was
eval uated as "Acceptable (2)" when the bendi ng di aneter/ Shéét” 't hi ckness™

value was less than 1.5. The other indications in Table 7nﬁ@§@a}ﬂ@ﬂ&ﬁﬁ
those in Table 2 showing the results of Exanple 1. 10 !lﬁ[m |

Mol ten steels (steels Dto S) having conpositions specifie
(comprising chem cal ingredients constitupBggrachot-rolled
strip for a steel pipe (corresponding to steel product No. SPHT3 speC|f|ed
15 in JIS G3132: SAE1026) and, added thereto, Cu and Sn) were cast into

t hin cast erips havi ngha sheeéqthifﬁ@nﬁﬁbnﬁoﬁbﬁidﬁmhandharsEast staib ?f
350 mMmin the sane nner asin. Exa XC aL t.he ~Lenva

rate (Q of the c&st rdol Powas %‘*%%%r%’o %9‘5 grpﬁégg {2 s and
dendrite spacifg uhc@amhcahlp*oa@r 5a3|ﬁr¢manwkﬁkassteltaoanylmasQSato 60

pm on the average, as.dJ adhGated: by.4he Jmy R _nﬁﬁﬁFbg ada &he aggbity

(cracking) and the grechant ca propertles o] cast strlp are given
in Table 9. thin cast strip or thin steel sheet is characterized by

being a thin cast strip or thin steel sheet of a common
carbon steel comprising 0.15 to 10% by weight of Cu and

10 0.03 to 0.5% by weight of Sn, the primary dendrite
spacing on a surface layer portion being in the range of
f£rom S5 to 100 um.

ﬁijwm S



1

bending 5 property was eval uated as "Acceptable" when t
radi us/ sheet thickness value was | ess than 2.0. The oth

to those in Table 2 showing the r
As is apparent fromthe above table, t

ﬁe tgig cast EO
21 to 24) of the present invention were excibgiiyite spegt
gual ity and nechani cal properties despite the fact that they contai ned

Table 9 are identical

| arge anounts of Cu anfl Sn. g

* 17 Table 8 (wt.% [err] In the colum of "Bending" in Table 9, the

e berarg

- RERLAGEMENT
sultsé?f Exa

Ateps

SHEET
nple 1
19980 s
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havi ng conposi tions sggcifigd i nglabl 310 (conprising chemical ingredients

constituting a carbon 8t eel amat et al ffr
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A446-85) and, added t

having a sheet thickne8s of &3 nméhnd

Fig.1
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hanner as in Exanple 1, except that the heat renoval ratd[]
casting rolls was 8,200,000 [err]. The primary dendrite sc ‘-EMENEau@ET
thin cast strip (sanple Nos. 25 to 29) was 5 to 70 [err] hqgggabgge as
indicated by the mark [err] in Fig. 2. The cast strip qu .
cracking) and the 15 nmechanical properties for each thin cas S
given in Table 11. Table 11 [err] In thgypakivie HeetBersliAgy gtnlg'gé;)I e
11, the bending property was eval uated as *FCCEprab#e“—mheﬁ—%he—beﬁdkﬁg
radi us/ sheet thickness val ue was Ie§23than 2.0. The 5 other indications
in Table 11 are identical to those i"fhi“Table 2 showi ng the results of
Exanple 1. As is apparent fromthe above table, the thin cast strips
(sanple Nos. 26 to 29) were excellent in both the cast strip quality and
mechani cal properties despite the 10 fact that they contained | arge
amounts of Cu and Sn. | NDUSTRI AL APPLI CABI LI TY According to the present

i nvention, conmon carbon thin cast strips and thin steel sheets having a
good




surface appearance and excel |l ent mechanical properties 15 can be produced
usi'ng iron scrap and tin plate scrap containing a |arge anmount of Cu

wi t hout adding Ni. Therefore, since the above cast strip and steel sheet
can be used at a | ow cost in corrosion-resiStbstitutetsheetsha2 August 1BR6mp| e,
steel sheets for autonobiles, the present 20 1nvention I's very valuabl e
froman industrial viewpoint. 20 Cla§g§ 1. Athin cast strip of a common
carbon steel, consisting essentially of 0.15 to 10% by wei ght of Cu and
0.03 to 0.5% by wei ght of Snpeddeihddsdcst CRetssdncy thimaxadsedi ent s
constituting a common carbon steel, the primary dendrite spacing of the
cast strip on its surface layer portion being in the range[Ffeemb5_to 100
pm said surface |layer portion being a |ayer aving a depthlgﬁEEmemWEW$§ﬁEE
surface of the cast. .mpdFpgn @tedl common carbon steel sheet gonprimsing-a -.
cold-roll ed steel sheet produced by cold-rolling a thin c.ﬁﬂl%agﬁéjﬁey

t hi ckness in the2ran§&afieh 0.1 to 15 nm said thin cast s oSSt

essentially of 0.15 tg 1096b¥,mei§h{ of Cu and 0.03 to 0.5% by wei ght of
Sn, the bal ance é@msP8tingoBting roll,

4a, 4b...side weir,

5...pouring basin,
6...kissing point,

7...cast strip,

g8a, 8b...carrying roll, and

Sa, 9b...cleaner.




I ngredi ents constituting a comon carbon steel, and ha imeM%EET
dendrite spacing of 5 to 100 pmon a surface |ayer porfion lﬂf@%am?f
nmmfromthe surface of the cast strip. 3. A process fo

cast strip of a common carbon steel conpri gi t he t

solidifying a nolten steel consisting esse%t’ggﬁ'ﬁ‘{?e tl?%ﬁ‘”?%‘;‘% H{?%i ght
of Cu and 0.03 to 0.5% by weight of Sn wth the bal ance consi sti ng of

i ngredients constituting a commpn CGishRirst eel at an average cooling rate
of fromabout [err] to [err] C/seC’O'n—t‘thurface of the cast strip,

t her eby producin h hi n S egﬂ%ﬂ aci ng of
the cast strip |ﬁ’#&§“‘é¥1%@a%yermg%r on I N a range roms to 100 pm
said surface | ayGONTATNING HARGE AMOUNTS G- CORRER AND SLINcMNDh PRECESSFRR r om t he
surface of the cast strip. 4. ThepR&gSRS MecsiMi ng to claim 3. wherein the
t hi ckness of thethrmTast—stTTp TS I tNe range of 1from0.T to I mMm
Substitute sheet - 8 Decenber 1997 -21- 5. The process according to claim3
wherein the thin cZse sresgnt tivennisy ErOUdss) inFhdht 68SEaStiFA® PS cool ed

|0 such a mange f Haércééf 0L R fod® Ukl UdkigAiroplertRed! afiasul ace
enperature o err ove |s ot er th
5 meclmru.ca1 properties from a mo ten steel containing a
large amount of iron scrap containing Cu and Sn. The
thin cast strip or thin steel sheet is characterized 'by
being a thin cast strip or thin steel sheet of a common
carbon steel comprising 0.15 to 10% by weight of Cu and
10 0.03 to 0.5% by weight of Sn, the primary dendrite
spacing on a surface layer portion being in the range of

£rom 5 to 100 pum.

(Figure 1)
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10 sec. 6. The process according to claim3. wherein said thin cast strip
is cast *by a casting device having a novable nold. 7. The process according
to claim®é. j ] ing device is a twin drumcasting device. 8. A

process for pr | ng a common carbon stegl  sheet firo i n St i p,
conpri si ng themnmmi,t" u)lwﬂmm sol i di fy&ﬁﬁm&m&
essentially of "@° i A ight of Cu and 0.03 to 0.5% by wei ght of Sn
with the bal ance consisting of ingredients constitutjing a conmon car bon

steel at an average cooling rate of 4% om about [err] téF riggigfec-on- he
surface of kfﬁa’ﬁét strip to cast the thin cast stri 7gﬁ§fr mRHeds in
the range o ToM-0.1 to 15 mm thereby producing th 6{%, SEBVp .

having a primary dendrite spacing of the cast strip AR surface-i-ayer -
portion in a range of from5 to 100 [err]. said surface |ayer portion being
a layer havipg a depth of 2 mmfromthe surface of the cast strip; and

col d-rol |i ngfs i cask stripiofta qmmmenacaahomcstanl,sceus:sumg-

essentially of 0.15 to 10% by weight of Cu and 0.03 to 0.5%

by weight of Sn, the balance consisting of ingredients

constituting a common carbon steel, the primary dendrite

spacing of the cast strip on its surface layer portion being in

the range of from 5 to 100 pm, said surface layer portion

_  beingalayerhaving a depth of 2 mm from the surface of the
cast strip. -

2. A common carbon steel sheet comprising a cold-rolled
steel sheet produced by cold-rolling a thin cast strip having
a thickness in the range from 0.1 to 15 mm, said thin cast
strip consisting essentialty of 0.15 to 10% by weight of Cu
and 0.03 to 0.5% by weight of Sn, the balance consisting of
ingredients constituting a common carbon steel, and having
a primary dendrite spacing of 5 to 100 pm on a surface layer
portion in a depth of 2 mm from the surface of the cast strip.

3. A process for producing a thin cast strip of a common
carbon steel. comprising the step of: rapidly solidifying a
molten steel consisting essentially of 0.15 to 10% by weight
of Cu and 0.03 to 0.5% by weight of Sn with the balance
consisting of ingredients constituting a common carbon steel
at an average cooling rate of from about 10* to 10" C./sec
on the surface of the cast strip, thereby producing the thin
cast strip having a primary dendrite spacing of the cast strip
in its surface layer portion in a range of from 5 to 100 um,
said surface layer portion being a layer having a depth of 2

" mm from the surface of the cast strip.

4. The process according to claim 3, wherein the thickness

of the thin cast strip is in the range of from 0.1 to 15 mm.
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. 5.The process according to claim 3, wherein the thin cast
strip in the course of conveying after casting is cooled in
such a manner that the holding time of said thin cast strip at
a surface temperature of 1000° C. or above is not longer than
- 10 sec. | -
6. The process according to claim 3, wherein said thin cast
strip is cast by a casting device having a movable mold.

7. The process according to claim 6. wherein said casting
device is a twin drum casting device.

8. A process for producing a common carbon steel sheet
from a thin cast strip, comprising the steps of: rapidly
solidifying a molten steel consisting essentially of 0.15 to
10% by weight of Cu and 0.03 to 0.5% by weight of Sa with
the balance consisting of ingredients constituting a common
carbon steel at an average cooling rate of from about 10* to
10 C./sec on the surface of the cast strip to cast the thin cast
strip having a thickness in the range of from 0.1 to 15 mm;
thereby producing the thin cast strip having a.primary
dendrite spacing of the cast strip in its surface layer portion
in a range of from 5 to 100 um. said surface layer portion
being a layer having a depth of 2 mm from the surface of the
cast strip; and cold-rolling said thin cast strip to prepare a
cold-rolled steel sheet. -



