PROCESS FOR PRODUCI NG AN ULTRA- LOW CARBON STEEL SLAB, STRIP OR SHEET The
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It is an object of the invention to provide a process for producing an ultra-
low-carbon steel strip or sheet suitable for can making.
It is also an object of the invention to provide a process for producing an
25  ultra-low-carbon steel strip or sheet suitable as an electrical or transformer steel.
According to the first aspect a process is provided for producing an ultra-
low-carbon steel slab or strip, said process comprising:
- producing a vacuum-degassed steel melt in a steelmaking step comprising
a ladle treatment comprising, by weight,
30 o at most 0.008% carbon,
o at most 0.008% nitrogen,
o at most 0.20% phosphorus,
o at most 0.020% sulphur,
o and balance iron and inevitable impurities,
35 - wherein a target oxygen content of the melt at the end of the ladle
treatment of the melt is obtained by measuring the actual oxygen content
of the melt followed by adding a suitable amount of aluminium in a

suitable form to the melt to bind oxygen wherein the target oxygen
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recrystallisation to thereby control the grain size of the steel.

The carbon content of the steel melt is limited to at most 0.008% because
when a higher carbon content is used, the carbon forms carbon monoxide in the
manufacturing stage during which the steel is molten, and that CO in turn

30 remains as blow-hole defects in the solidified steel. Moreover, the boiling effect
may cause operational problems during casting. It should be noted that the
silicon in the solidified steel may be present as silicon oxide and/or as metallic
silicon.

During casting very little and preferably no Al is left in the steel, and as a

35 consequence the Si pick-up, which normally occurs according to the following
reaction Algee + SiO; 2 Al;O3 + Sigee) does not occur due to the low Al-content.

A conventional process for producing an aluminium killed ultra-low-carbon

steel strip or sheet results in an oxygen activity or dissolved oxygen content at



nol ybdenum of at nost 0.10% and bal ance iron and inevitable inpurities.
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By steering the process on the oxygen content, rather than on the

aluminium content the amount of acid soluble aluminium and the amount of
20 silicon is as low as possible. It is preferable that the strip or sheet of ultra-low-
carbon steel produced according to the invention comprises at most 0.001% of
acid soluble aluminium and/or at most 0.002% silicon. Even more preferable the
silicon content is at most 0.001%. Ideally, there is no acid soluble aluminium and
no silicon in the solidified steel.
25 In an embodiment a process is provided for producing a slab or strip
wherein the slab, strip or sheet comprises
o at most 0.006% carbon,
o between 0.05 and 0.35% manganese,
o at most 0.006% nitrogen,
30 o at most 0.025% phosphorus,
o at most 0.020% sulphur,

o at most 40 ppm B
o at most 0.005% titanium, at most 0.005% niobium, at most 0.005%

zirconium, at most 0.005% vanadium
35 o a total amount of the elements copper, nickel, chromium, tin and
molybdenum of at most 0.10%,

and balance iron and inevitable impurities.
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as possi bl e. 1y an embdrehdhNErot&sdis SREMAEd aaeeih, thanstdblt £1ab lapvetapridon
steel slab, stri gqor sheet produced according to the process of the
i nvent i ons4iededE? i bed herei nabove is 5provi ded. In an enbodi ment the
ul tra-| ow car bopotsioRRlg thiersigb &t a sdrapéranneabdiadrl heobtareathobmolhals an
average grain size of between 8 and 12 ASTM preferably between 9 and 11
ASTM and/ or an $9%al ue of at least 1.4, preferably of at least 1.6. 10In an
enbodi ment the tdilingtHedveteratibdntrit;eel strip or sheet according to the
i nvenyj on has a_pl S R b Liith] $8310 YBIHE rédckioRfor BeEWESN40 0. 2 and
0. 2. e steel %ﬁéqgﬁn@gggé{\?\A‘H%ﬁ%gﬁérg}t@ﬁe%dandlg{ poll;c/)m:?r coating system
According to a amd PB%atopeteint reintermediatg\goldarablsel sEiel sheet according to
the invention is,is6fgithe RREFAHIANG ARPHIRALI@PS Ssuch as cans for packaging

foodstuff 150r beverages or in packagi ng appljcations such as Jaatéeri es or
as el ectrical seriignally subjecting the intermediate cold-rolled strip to a second col

rolling down to a final sheet thickness;

35 - optionally cutting the strip into sheets or blanks;

The optional second cold rolling may be a conventional temper rolling step,

preferably at a reduction of between 0.5 to 10%. However, the second cold rolling



for applications such as el ectromagnets. I n an enbodi nent the
ultra-1ow carbon steel sheet according to the invention is used as

enanel | i NgjoWduA1224The presence of the finely di spersed RaEmFRR&9M0429 de
particles and the clean matrix result$-in an ability to store 20hydrogen
during the enanelling process and avoi ds surface defects like fish-scale on

the enanel | ed product. The i nvention now be il lustr nmeans
of non- | iMPY 2Al5% dNeHepR esubstastialinuBighes Cebi’stm%'r‘abse%?%" p?foaﬂ‘%@a’ yt he

steel gr aseneén StHM 50”%ttatﬁrsddce 25&3@bmh1a highappieid steemgtn TIMe’Lﬂ@B ritdy. %6
(Zaz'ca\ept C beNhgantgdBand hgtprolleg) in OMAmary way AA‘IIterna%lv’ely, t%u warm slab mayl\g)e Sn B Ti
heated or the hot slab may be hot-rolled directly. In order to save energy and,
5 hence, to achieve a greater economy, the preheating of the steel prior to the hot-
rolling is made at a relatively low temperature of 1150°C or lower, although the
invention does not exclude the use of higher preheating temperatures.

In an embodiment the intermediate cold-rolled steel strip or sheet is
subjected to a recrystallisation treatment by continuously annealing at a

10  minimum temperature of 600°C or 620°C, preferably between 620°C and 720°C,
more preferably between 630°C and 700°C, or by batch-annealing between
550°C and 680°C, preferably between 600°C and 680°C.

One of the characteristic features of the invention is that the coiling
temperature is limited neither to high temperature nor to low temperature.

15 Namely, according to the invention, the steel may be coiled up at temperatures
between 500 and 700°C. When the coiling temperature is higher than the above
mentioned temperature range, the pickling is impeded due to a too large scale
thickness. In an embodiment the coiling temperature is between 530 and 700°C,
preferably between 550 and 650°C. A suitable minimum coiling temperature is

20 570°C, and a suitable maximum is 640°C. The lower coiling temperature can be
chosen because there is no AIN-precipitation to be controlled by it. As a result the
oxide layer on the strip is thinner and easier to remove by pickling.

In an embodiment the hot-rolled sheet has a thickness of between 2.0 and
3.5 mm, the hot-rolled strip is cold rolled with a reduction ratio of between 85

25 and 96%, preferably between 85 and 95%, and wherein the second cold rolling
reduction is between 0.5 and 10%. Preferably the reduction ratio is between 87
and 93%. For double cold rolled steels the second cold rolling reduction is
preferably between 5 and 50%

In an embodiment the manganese content is between 0.10 and 0.35%.

30 Suitable maximum values for P and S in the solidified steel are 0.020 and 0.010
respectively.

In an embodiment the ultra-low-carbon steel strip or sheet according to the
invention comprises at most 0.001% titanium and at most 0.001% niobium
weight, and at most 0.001% zirconium by weight. It is important that the amount

35 of elements causing deoxidation are minimised. Hence the silicon content of the
melt is preferably minimised to 0.030 or even 0.020%. Ti, Nb, Zr, and V also

cause deoxidation, and hence their value is preferably below 0.005 and more
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preferably below 0.001%. Other deoxidising elements such as REM are also
preferably as low as possible.

According to a second aspect, an ultra-low-carbon steel slab, strip or sheet
produced according to the process of the invention as described hereinabove is
provided.

In an embodiment the ultra-low-carbon steel strip or sheet according the
invention has an average grain size of between 8 and 12 ASTM, preferably
between 9 and 11 ASTM and/or an r-value of at least 1.4, preferably of at least
1.6.

In an embodiment the ultra-low-carbon steel strip or sheet according to the
invention has a plane anisotropy coefficient value (Ar) of between -0.2 and 0.2.

The steel may be coated with a metallic and/or polymer coating system.

According to a third aspect the ultra-low carbon steel sheet according to the
invention is used in packaging applications such as cans for packaging foodstuff
or beverages or in packaging applications such as batteries or as electrical steels
for applications such as electromagnets.

In an embodiment the ultra-low carbon steel sheet according to the
invention is used as enamelling steel. The presence of the finely dispersed
manganese oxide particles and the clean matrix results in an ability to store
hydrogen during the enamelling process and avoids surface defects like fish-scale
on the enamelled product.

The invention will now be illustrated by means of non-limitative examples.

Continuously cast slabs were produced of the steel grades listed in table 1.

Table 1: composition in 1/1000 wt.% except C, N and B in ppm

ID C [Mn]P [S]|[Si|[Al[Al|N |[Cu{Cr | Nb|Ni |V Mo |Sn B |Ti

2AA [ 15]1175(12|8 |0 |1 | <1 18122 |23 |0 20|11 | 3 3 0 |1

2AC | 201811119 |0 |3 | <1 19123 |20|0 18|10 |1 3 1511

Steel 2AA is a boron free steel and steel 2AC is a boron containing steel in
accordance with the invention. The aluminium acid soluble content (Al,s) is below
0.001 wt% in both cases, and the measurement of the silicon content yielded
values close to 0. Total oxygen content in the slab was 98 ppm for both steels.
The hot rolled strip was coiled at 590°C and were subsequently cold rolled with a
90% reduction. The recrystallisation temperature of the steels were 625 and
675°C respectively for continuous annealing at a line speed of 500 m/min. These
values are significantly lower than those for conventional ultra low carbon steels

with higher aluminium and silicon contents. After cold rolling the 2AA material




19 23 20018 01 3 151 Steel 2AA is a boron free steel and steel
2AC is a boron containing steel in accordance with the invention. The

al um ni unwacobd/egai4ebl e content (Al") is bel ow 0. 001 wt YPCh/EPRRIk/06EES, and
the neasurenent of the silicon content8-yielded 30 values close to 0. Total
oxygen content in the slab was 98 ppmfor both steels. The hot rolled strip
was coiled at 590C and were subsequent%ocol d rolled witp a 90% [;:?CHJC“ on.
The recr y&asafIntisaersin anospledAtupe0 and (GF0°Grang| Rrayjded & 54IvarRengaltse

respecti wehttdrer wkAnhi someshaNNagki Paiat aftet igh@esNRLGL068GA) THe1i2ZAC These

val ues are sigpificantly | ower than fhos conventional ultra |ow carbon
steel s 35'V\Ftleﬁ'gﬂivé?ﬁarc°ﬁpﬁﬁ?‘fﬁ'¥1n’?%|eé{ Iq%cgﬁggénlpérﬁ%?"é&f?oz? N i ng the
2AA mat erperformé® 20 11/a0H2 342 PEatdEP201h6410@4 4R %65@C aixe cesultsnirouwslfyllyanneal ed
at 63}% and 68%$isaadtrprcgvri ded a fully recrystallised structure with a
somewRat FEYGEY 'SgF N at'ter annealing at 680C. The 2AC material was

cont i nuous!| y Paxncesaingcbfated PB@ aftersrectysthligsatidn resuliedgnwhe weask hardrsindat 1 and
6% Batc | & L GE als e ' egr lcb & esb

nnneR élﬁ)r%rfitm @?%gﬁe(}. This ?IH%FA?A daeﬁ@rstr’él:ésyt@t SRS Ich

structure. ocessi steel 2A recrystallisation resulted
in the wotkainad et Ag% thigkness repeskion (i-erid§dr elangatinny derieg the s§eMshst r at es
that a DRRpPrdify.be obtained with 28%thickness reduction (i.e. 38%

el ongation) during the second cold rolling. WO

2011/ 012242PCT/ EP2010/ 004429 -9- CLAIMS 1. Process for producing

ultra-low carbon steel strip or sheet, said process conprising:



5produci ng a vacuum degassed steel nelt in a steel making step conprising a
| adl e treatnent conprising, by weight, at nost 0.003% carbon, at nost

0. 004% niwoaegami224at nost 0. 20% phosphorus, 100 at nopst POTXEPROMSHM4IphUr ,
and bal ance iron and inevitable inpuri%ies, wherein a target oxygen
content of the nelt at the end of the ladle treatnent of the nelt is

obt ai ned by neasuring the actual oxygen content of the nelt followed by
addi ng a @AXMD| e anount of aluminiumin a 15suitable formto the nelt to
bi nd oxygen wherein the target oxygen activity or dissolved oxygen content
of the nelt at the end of the |ladle treatnent .is _a st. .80 castin
the steellt I‘ﬁigceﬁﬁ58'116'@&”F'H9é"?t66ﬁ?‘?"ﬁ66tl?§ ?:tggltsittﬂﬁ obls%%%ggaugoorgge%g a slab gr
strip; 20whedodiprisaaj:d process provides a slab, strip or sheet of

ul tra-l ow carbon steel conprisi " 0 i l-4bl um ni um
and af nost 'O.Uﬁﬂ%'gg Fivggﬁurgﬁ%ég{a]"g‘?% %@g&ﬁgéﬁg%ﬁ%@ﬁtﬁ ﬁ\'g?s tg?c%’igﬁ STEO ppm
2. Process accaotadiengestneritaiomptisinghdyeveighthe steel nelt conprises 0.002%
25carbon and/or at mmst<0pB883% sibbgon and/or wherein the slab, strip or
sheet conprises a total oxygen content of at nost 100 ppm 3. Process
according to cl aiomat @PStZQ-Ogﬂ%?@iFWQFHe target oxygen content of the nelt at

the end of the |adl & thbs2d.B89 pRésphBrLgElIt is at | east 10 ppm 30 4.
Process according to any one o thewprecedi ng clains, wherein the target

oxygd® content of t#eMAp) 9-02P% PPRWe of the ladle treatnent of the nelt is

at nost 60 ppm prefed BBbcatromaal iddvitapra inibitielr ocess according to any
one of the prec i

o o e o St o B Gl R BER BE gl ng g P o shee
al um ni um and/ weatatentos$ thd mE0A%obtdinabhy meAduNd tHeDaAR4PPFDLERROEML 004429
of the melt followed by adding a suitable amount of aluminium in a
15 suitable form to the melt to bind oxygen wherein the target oxygen
activity or dissolved oxygen content of the melt at the end of the ladle
treatment is at most 80 ppm;
- casting the steel thus produced in a continuous casting process to form a
slab or strip;
20 - wherein said process provides a slab, strip or sheet of ultra-low-carbon
steel comprising at most 0.002% of acid soluble aluminium and at most

0.004% silicon and a total oxygen content of at most 120 ppm.

2. Process according to claim 1, wherein the steel melt comprises 0.002%
25 carbon and/or at most 0.003% silicon and/or wherein the slab, strip or sheet

comprises a total oxygen content of at most 100 ppm.

3. Process according to claim 1 or 2, wherein the target oxygen content of the
melt at the end of the ladle treatment of the melt is at least 10 ppm.
30
4. Process according to any one of the preceding claims , wherein the target
oxygen content of the melt at the end of the ladle treatment of the melt is at

most 60 ppm, preferably at most 40 ppm.

35 5. Process according to any one of the preceding claims wherein the process
provides a strip or sheet of ultra-low-carbon steel comprising at most 0.001%

of acid soluble aluminium and/or at most 0.002% silicon.



6. Process according to any one of the preceding clains wherein the slab,
strip or sheet conprises at nost 0.003% carbon, between 0.05 and 0.35%
manganeseyo2o11At2¥est 0. 004% ni trogen, at nost 0. 025% pPRESPRO0O84429 at nost
0.020% sul phur, at nost 40 ppm B 16 at nmost 0.005%titanium at
nost I 0. 005% ni obi um at nost 0.005% 10zi rconi um at nost 0.005% vanadi um a
total anmount of the el ements copper, nickel, chromum tin gnd | ybdenum
of at nost: CreeRs acedd NaloaAteC s OntharRIereng F'QE’I‘%‘NHﬁEﬁ'IP hel %gb, STLIE'?. Process
atcc_or di ng t urapgeOdmpiiisdshe preceding claims wherein the steel slab or
strip conprises at nos p B, or wherein the steel conprises between 10
and 30 ppm B’ar?d/rB?Sté)['ngoé’tgagg.’%Z% carbon and/ or 20-between 0.0012 and

0. 0030% ni t rogedetw8en Brascarsds 0 B5eo ntinggnése, any one of the precedi ng clains

wherein the steel sl St.rl onpri ses hot-rolling the
slab 3t a te%'peaﬁa'??lsrtgopg@%o\/?eé'k?ge't%o obtain a hot-rolled 25strip; coiling the
hot-rol | ed sdrigsmesl@O2fel phegpborshot -rol led strip with a cold rolling
reduction of bfaattvmg% #0260k 6t 0 obtain an internediate cold-rolled
strip; annealing the interne iate cold-rolled strip; 30optionally

subj ecti ng the atrirestrlPRME col d-rolled strip to a second cold rolling down

E)Faﬁkfsi- nal sheeft hbitakBES% titdRIUnd R thistdibb s Rchibbiant tat infost It @osPkeet s or
10 zirconium, at most 0.005% vanadium
o a total amount of the elements copper, nickel, chromium, tin and
molybdenum of at most 0.10%,

o and balance iron and inevitable impurities.

15 7. Process according to any one of the preceding claims wherein the steel slab
or strip comprises
- at most 5 ppm B, or wherein the steel comprises between 10 and 30 ppm
B and/or
- at most 0.002% carbon and/or
20 - between 0.0012 and 0.0030% nitrogen.

8. Process according to any one of the preceding claims wherein the steel slab
or strip comprises
- hot-rolling the slab at a temperature above Ar3 to obtain a hot-rolled
25 strip;
- coiling the hot-rolled strip;
- cold-rolling the hot-rolled strip with a cold rolling reduction of between 40
and 96% to obtain an intermediate cold-rolled strip;
- annealing the intermediate cold-rolled strip;
30 - optionally subjecting the intermediate cold-rolled strip to a second cold
rolling down to a final sheet thickness;

- optionally cutting the strip into sheets or blanks;

9. Process according to any one of the preceding claims, wherein the
35 intermediate cold-rolled steel strip or sheet is subjected to a recrystallisation
treatment by continuously annealing between 600°C and 720°C, preferably
between 630°C and 700°C, or by batch-annealing between 550°C and 680°C,
preferably between 600°C and 680°C.



9. Process according to any one of the preceding clains, wherein the
35internediate cold-rolled steel strip or sheet is subjected to a

recryst alwoatiae4er eat rent by conti nuously anneal i ng beCREPR0160032and
720C, preferably between 630C and 700€tr or by batch-annealing between 550C
and 680C, preferably between 600C and 680C. WO

2011/ 012242PCT/ EP2010/ 004429 -1 1- 10. Process according to any one of the
preceding clains wherein the coiling tenperature is between 530 and 700C,

pref er abl o, b&b¥ag e e W&ﬁe éfltjhe BreOsding cl%ﬁﬁ@W@le@n tife adlingne of the
precedi ng clains, wherein the hot-rolled strip has a thickness of between

2.0 and 3.5 Wﬁfipeﬁ’fé'r%@tb‘?"WF‘-P'é(§39tar”idp7q0§CcBTe(ﬁerPBM REIWEER 729 3R X Fon ratio

of bet Ween 85 and 96% and wherein the second cold rolling reduction is

bet we nd 10% 1012, An ultr ow- car.bon steel sl ab trip,or sheet
o otudna ) Phtest mseaiic o afy S F e R SIRS Do Finereline ot rBudd
ul tra- | ow casthipmastaethickass ¢f imstwebeeto acd Gr3limmg, the rotabhed Rripavicolg an

average grai l%llgél fen° J t<:Wc:5\r$';'at§?'o ?ﬁ;get&/%iﬁ‘?gl\é 6%;051%?5) epﬁqeasfgic%ggnd 11

15ASTM and/or "an'r - VA and/ or
wher ei n t he @ldndlirnresiyictiopis ketween O = And (lﬂl’/c) is between -0.2 and 0.2. 14.
Use of the ultra-low carbon steel sheet according to any one of clains 12
to 2013 in packagi ng applications such as cans for packagi ng foodstuff or
beverlfgeslBrAn wtr@dQWa@qrEgn ainel Flekt stoirorshent ardoegd E thesprasesuef dYect ri cal
or transformngye 8@shs f &g 1use in applications such as el ectromagnets or
transforners. 2515. Use of the ultra-Iow carbon steel sheet according to
any one of clainms 12 to 13 in enanelling applications.

13. An ultra-low-carbon steel strip or sheet according to claim 12 having an

average grain size of between 8 and 12 ASTM, preferably between 9 and 11
15 ASTM,

and/or an r-value of at least 1.4, preferably at least 1.6,

and/or wherein the plane anisotropy coefficient (Ar) is between -0.2 and 0.2.

14. Use of the ultra-low carbon steel sheet according to any one of claims 12 to
20 13 in packaging applications such as cans for packaging foodstuff or
beverages or in packaging applications such as batteries, or as electrical or
transformer steels for use in applications such as electromagnets or

transformers.

25 15. Use of the ultra-low carbon steel sheet according to any one of claims 12 to

13 in enamelling applications.



