23 August 2806 - 1 DESCRIPTION STEEL W TH EXCELLENT SULFURI C ACI D

DEW PO NT CORROSI ON  RESI STANCE AND Al R PREHEATER 5 Techni cal Field The
! present invention relates to a steel material wth excellent sulfuric acid
" dew point corrosion resistance used for an installation, such as a flue, a

10 snokestack, a boiler air preheater, etc., which is expogg ,ﬁ#}ggq
exhaust gas produced by conbusting heavy- pil, coal, refuse and ﬁ ike.
Background Art 15 Wien conbusting a fuel containing a sulfur conponent,
SOx is generated in the exhaust gas, conbines wth water in the exhaust
gas and produces sulfuric acid. WienPEFERIREMSBY at ure of the exhaust gas
falls and reaches the dew point of sulfuric acid, i.e. about 160C, the 20
sul furic acid gas_condenses sulfurlc aC|d haying a_ high concentratlon of
about 80 to 90% PAEERFHETE Lo SUREHRIC 6o L #H t he
surface of a steel naterlm,Rr-: g @ B3R OPREKE ATRR when
the tenperature of the exhaust gas falls close to 80C 25 the condensatlon

of wat er occurs and sulfuric acid having relatively |ow concentration of
about 40 to 509%89hnieeds Figtdsul furic acid concentration is forned and the
corrosion accel er at @he phakehs, idse®Oivh tdlRtevhebeaastsébehatdtadl al is

corroded by condqpsed S hfu£'cuf¥h L o act ere _are L“DQCPQdié'OnS as shown
in Fig. 1, one |stkﬁe coﬁaltfon ofatre atlvePy ngﬁ tERpethture and ‘hi gh
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Background Art

15 When combusting a fuel containing a sulfur
component, SOx is generated in the exhaust gas, combines
with water in the exhaust gas and produces sulfuric acid.
When the temperature of the exhaust gas falls and reaches
the dew-point of sulfuric acid, i.e. about 160°C, the

20 sulfuric acid gas condenses, sulfuric acid having a high
concentration of about 80 to 90% in terms of sulfuric
acid concentration deposits on the surface of a steel
material, and thus corrosion is caused. Further, when
the temperature of the exhaust gas falls close to 80°C,

e@ 25 the condensation of water occurs and sulfuric acid having
relatively low concentration of about 40 to 50% in terms
of sulfuric acid concentration is formed and the
corrosion accelerates. That is, as conditions where a
steel material is corroded by condensed sulfuric acid,

30 there are two conditions as shown in Fig. 1; one is the
condition of a relatively high temperature and high
concentration and the other is the condition of low
temperature and low concentration.

To cope with the problem of the sulfuric acid dew-

35 pecint corrosion, a steel material which demonstrates
corrosion resistance in a sulfuric acid environment has

been developed. For example, as disclosed in Japznese



steel to which Sb and Cu, which are effective in sulfuric acid corrosion

resi stance, are added in conbination has been practically used. 5 However,
t he conventional steel has not been able to secure the corrosion

' fesi stance simultaneously under the above-mentioned two corrosion

~conditions (one condition being near 160C and 80 to 90% i n28eyBusPino

sul furic acid concentration, the other cogdition being near 80 and fb 10

to 50%in ternms of sulfuric acid concentration). For that reason, there

has been a problemthat the (c) conventional steel has not always

denonstrated a EﬁE&SﬁEHdet@NﬂrRquﬂtaﬂi@hSNanCS4Bﬂl%ﬁ&ﬁEﬂﬂ Mdvi @lilognder goes

starting and stapaiocpepealedy Apddis 0 EReguentiyaxiased Laieyghes

ranging froma high™ tenperatures to a’'l ow tenperat ure. osurée o
| nvention The pﬁééénFOFﬁQ%ﬁﬁﬁ(ﬁ?sﬁﬁ¥aﬂF€M/éFetﬁ@d%ﬁxﬂﬂaQHFQﬂﬁﬁkﬁﬂnohas

provi des a steebegatgfhgilégmxyﬂggém securlng excel l ent corrosion

resi stance_over the fenperature enper re tp,a |Low
tenperatur% under a 8%??%ﬁ1 Qﬁan g@ﬂﬁb8?%} %Eﬁéi; & %Fﬁﬁngﬁ%? 5Rd an
air preheater escngethﬁesﬁaﬂﬁoanﬂmemeahstaﬁcétsimuﬂd&nadusLyb@mdechahbenge,
the present '”VQBEQEdmeP£BQHﬁFQMEF%BrQBE§6haéén&%?“dﬂ%‘T%H OU L €€bn

conpositions, carried out corrosion test f our conéttions
conposed of : twBeéBadPeRbNSDHIC @RF §0 &0 POF i N dGdsc Sc S EHEREn26E240%

and a tenperatueen@éné%h&iBa a&%e(bkharSdbﬁﬂiiibduﬁdinmeﬁaﬂtEafboanﬂf45096
and a er at ?@% 80 %%ﬁﬁP% E% 5uggge£5§ reaéggH¥4?%¥§§) apgrthe ot her

t wo cond| ons aci concentra
tenperature of ih@t:%&ﬁﬁqnb taerseyhtar beencd derdnEEhtthatti dheof 90@6and a

ggperature of éénJéKEléﬁhﬂ|¥%e@&9ha§®ﬁ@€ré¢wﬁj%(HEM$d@ﬂ&%&edaBd eval uat ed
corrosion resistance, of the.test materials b m corr osi on

t
rate under the PHTFC {GO5RES RS 59535Wﬂﬁﬁ%fjéﬁb€ a@t Vﬁéﬁ t he present
i nventors foundutdeitgoes tdrariténgt eell st@p@mngtnawaataddwrdmdgLSO the prior

art, evend hough.dhe ,oQf 9plbeBar ea'ém'&@ MBSy P EQYRd sURAER either a |ow

temperatures to a low temperature.

Disclosure of the Invention
The present invention, in view of the above

20 situation, provides a steel material capable of securing
excellent corrosion resistance over the temperature range
from a high temperature to a low temperature under a
sulfuric acid dew-point corrosive environment, and an air
preheater using the steel material. _

q% / 25 To tackle the above challenge, the present inventors

produced test materials having various steel
compositions, carried out corrosion test under the tetal
four conditions composed of: two conditions of (a) a
sulfuric acid concentration of 40% and a temperature of

30 60°C and (b) a sulfuric acid concentration of 50% and a
temperature of 80°C as the low temperature conditions;
and the other two conditions of (c) a sulfuric acid
concentration of 80% and a temperature of 140°C and (d) a
sulfuric acid concentration of 90% and a temperature of

35 160°C as the high temperature conditions, and evaluated
the corrosion resistance of the test materials by the
maximum corrosion rate under the four conditions. As a



tenperature condition or a high tenperature condition, it 5 was difficult
_to obtain satisfactory corrosion resistance under all conditions, and to
fattarnlng this, it was necessary to design a new steel conposition

éxceedi ng that of the prior art. The alloying el enents which pl ay maj or
roles in the 10 present invention are the three el ements of)3y, @ﬂ;d

Sb. Fig. 2 shows the relation between the maxi num corrosion raﬁ% and each
content of Si, Cu and Sb under the above four conditions. Fromthe figure,
it is understood that, macroscopically, the corrosion rate 15 tends to

| ower as the Si ramuft kLRA6ressssnt Howendbrst ieund ettliencywitsh |dha tseeetlo t he

case where bothc%%gfgqt%s M inP i WBNRLLPCL- £, et ot

cont ai ned, even anou is a np055|ble to
obtain satisf actc@ﬁfyfoéépﬂoét?%lfﬁﬁf%%t"&?ﬁcémﬁﬁéé?da‘I“PdQJO %Jotﬁtﬁlt iod®¥ rom a | ow

tenperature to achip@hatemPesaidiiteon B&ata h&ghthénﬁéﬂ&@.[ﬁe Idatﬁrttt%a f@und
t hat, even thou h thgf5|n Ie addi ti.on nor e Si

effective oinder "&fy dof LLRRI T HHITIGHL spglﬁggch%{y %RﬁﬁﬁﬁéﬂﬂnreFdSBSPﬁﬁn the
t arget ed corrosuaderesi’tanck Zonsndendt he attatmimy ttlors, igndiasf or sol ving

the above- ”E”LEQEEQ 8?9'#@’}9%(% idl a3, BdLEP Wﬁ%ﬁr@%&e@ﬁm hr ee

el ements in conbinafion present i nvent e required anounts of
Si, Cu and Sb aFéa§p@€|Fh%x?ﬁ%?rb@rtnot l ess than 1.2% not |ess than 0.05%
and not |ess than 36h8. 1Ly iresReehenesywhitie Heag margmr mabsehenené is C

Fig. 3 sh t he corrosion raftes of .t he, steel erl en tents
are varie a!vlsn tHEeEBB l%éﬂﬁﬁﬁhdagﬁsténtcgn |?§mﬁ Q§ %ﬁ gagFrontthe

figure, it was SbundFihat? Shmm@v@hew€ﬁﬂ3350@hQEQKﬂﬁﬂ e @ﬁ#é@ﬂmof t he

a?é‘ée mentionedcLPEES: &) SFRY SndTe@Bh BEnbbhi i gLk i WRRN dnlgesE anpept was
propriate,  suffjcient corrosion resistance coul.d not he obtained. 23

August 2006 4 RE FRRVY KU COPAGEAPPEN, TR CE Ur€s dhetPfied to be
suppressed to atntieasto@s dhaw amanmbsnnpecaham CH)Y%orrpseéber abty not nore

than 0.1004 nore,paef el el e ek TRECs:t BAGA: W%eases. However, the
' tendency is limited to the case where both Sb and Cu
coexist, and when either Sb or Cu is not contained, even
though the Si amount is abundant, it is impossible to
obtain satisfactory corrosion resistance under all
20 conditions from a low temperature to a high temperature.

That is, the present inventors found that, even
though the single addition of one or more of Si, Sb or Cu
was effective under any of the conditions, it was not
successful to obtain the targeted corrosion resistance

‘B , 25 under the all conditions, and, for solving the above-
mentioned challenge, it was indispensable to add the
three elements in combination., In the present invention,
the required amounts of Si, Cu and Sb are specified to be
not less than 1.2%, not less than 0.05% and not less than

30 0.01%, respectively.

The next important element is C. Fig. 3 shows the
corrosion rates of the steel materials when C contents
are varied in the above compound system containing Si, Cu
and Sb. Ffrom the figure, it was found that, however well

35 the combined effect of the above-mentioned three elements
might be utilized, when the C amount was inappropriate,
sufficient corrosion resistance could not be obtaired.



5 As expl ai ned above, the present invention can achieve satisfactory
corrosion resistance in all tenperature conditions under a sulfuric acid
dewpoint corrosion environnent, for the first tine, by neans of
fntroducing the factor of lowering C content in addition 10 to the conbi ned
addition of Si, Cu and Sb. The gist of the present inventios Aﬁglﬁ?ZOOﬁ
follows: (r) (1) A steel with excellent sulfuric acid dew point ~ corrosion
resi stance, characterized by consisting of, in mass, 15 C. not nore than
0.20% Si: 1.2 to 3.5% Cu: 0.05to 1.0% Sh: 0.01 to 0.30% Mh: not nore
than 1.0% 20 f W pAdsenihanven0ddn, e MOtamure: tikarpec@iY%edAto et
nore than 0.10% and N th nn&gagpagg()é¥ﬂg@ JEEjAQF% Qggangezggnsisting
of Fe containin%ﬁ??ﬁﬁ%ﬁfn af 35 conponents and/ or unavoi aBIe'lnpUrities.
(2) A steel wi tprefesidlgnnosumbyei thaeid déw poingt prederediipnneesiatance,
characterized by, gpnsigsligng of, in mass, C not nore than 0.10% 30 Si:
1.2 to 3.5% Cu: 0.05to 1.0% . Shb: 0.01 to 0.30% .M. 0.2 to 1.0% P: not
more than>0.05% 33552XRéE1ABHeAPRYG G- RTERED AN VRBFECRNSAT 0. 10% and
N: not nore thaacHidd20%atandad2BoAugustrXide resSstiheebahaat® consi sting of
Fe contalning IGIASNEL. EORRPPELLS ALY WTEALIRDLE: AR LSS (3) A
steel with exce é%t‘sufFur[c aci d dew point 'corrosion resistance
characteri zed IBPIE@FSO8t PAYLEPOMERL, SFappddie first time, by means of

introducing the factor of lowering C content in addition

10 to the combined addition of Si, Cu and Sb. The gist of
the present invention is as follows:
C) (1) A steel with excellent sulfuric acid dew-point
| corrosion resistance, characterized by consisting of, in
mass,
15 C: not more than 0.20?,

Si: 1.2 to 3.5%,

Cu: 0.05 to 1.0%,

Sb: 0.01 to 0.30%

Mn: not more than 1.0%,

20 P: not more than 0.05%,

S: not more than 0.05%,

Al: not more than 0.10%, and

N: not more than 0.050%, and
the balance consisting of Fe containing incidental

‘B. 25 components and/or unavoidable impurities.

(2) A steel with excellent sulfuric acid dew-point
corrosion resistance, characterized by consisting of, in
mass,

C: not more than 0.10%,

30 Si: 1.2 to 3.5%,
Cu: 0.05 to 1.08%,
Sb: 0.01 to 0.30%
Mn: 0.2 to 1.0%,
P: not more than 0.05%,
S: not more than 0.05%,
21l: not more than 0.10%, and
Ii: not more than 0.020%, and



C. not nore than 0.010% Si: 1.2 to 3.5% Cu: 0.05to 1.0% Sh: 0.01 to

. 0.30% 10 Mh: 0.2 to 1.0% P: not nore than 0.05% S: not nore than 0.05%

: Al . hot nore than 0.10% and N not nore than 0.010% and 15 the bal ance
consi sting of Fe containing incidental conponents and/or unavoi dabl e
impurities. (4) A steel with excellent sulfuric acid dew poiyyta,&0%h66 ON
resi stance according to any one of the itegs_ (1) to (3), characterized by
further containing one or 20 nore elenments of, in mass, C: not nore than
1.0% M: not nore than 1.0% N : not nore than 0.5% Nb: not nore than
0.1% 25 V: nottherigaldrare Gch¥istIhyg o6t FaDcentdionidy Li%cid8ntal. 01 to 0. 2%

and B: 0.0005 % n.ail te racterized in that a heat
30 transfer e|e%§%$°$s‘%%éﬁé%F@éu@?&8?5§§§§rﬂﬁﬁg qﬁ'%ﬁy one of the itens
(1) to (4). Brief Dectriptsteglofithecraidens Fiifurigq acidgdgphpoint
schemati cal |y spomagi dhecsulshuhice, SRaAsd e dBMPUNEREEREhENPENAYI Or Of
steel materials__taking the tenperature and the sulfuric acid

concentration a&®Paraneters. 23 August 2006 - 6 Fig. 2 is a graph show ng
the influence of Si,CChnotamgr8btbans@l®lLe$c acid dew point corrosion. The

corrosion rate al ongit.hg vegti gakgaxis shows the maxi mum value of the
corrosion rates under the four conditions of 5 (a) a sulfuric acid

concentration of 40%%nd-8> tenpeflture of 60C, (b) a sulfuric acid
concentration of 5@%:amdoa tenpesature of 80C, (c) a sulfuric acid

10 Mn: 0.2 to 1.0%,
P: not more than 0.05%,
C) S: not more than 0.05%,
Al: not more than 0.10%, and
N: not more than 0.010%, and
15 the balance consisting of Fe containing incidental
components and/or unavoidable impurities.
(4) & steel with excellent sulfuric acid dew-point
corrosion resistance according to any one of the items
{l1) to (3), characterized by further containing one or
20 more elements of, in. mass,
Cr: not more than 1.0%,
Mo: not more than 1.0%,
Ni: not more than 0.5%,
Nb: not more than 0.1%,
@Q‘ 25 V: not more than 0.1%,
Ti: not more than 0.1%,
Sn: 0.01 to 0.2%, and
B: 0.0005 to 0.010%.
(5) An air preheater characterized in that a heat
30 transfer element is made of a steel according to any one
of the items (1) to (4).

Brief Description of the Drawings
Fig. 1 is a graph schematically showing the sulfuric
35 acid dew-pecint corrosion behavior of steel materials
taking the temperature and the sulfuric acid

concentration as parameters.




concentration of 80% and a tenperature of 140C, and (d) a sulfuric acid

. concentration of 90% and a tenperature of 10 160C. Fig. 3 is a graph

: showtng the influence of Con (r) sulfuric acid dew point corrosion. The

"Sorrosion rate along the vertical axis shows the maxi nrum val ue of the
corrosion rates under the four conditions of (a) a 15 sulfurj 3CA&€J§2006
concentration of 40% and a tenperature of 0C, (b) a sulfuric a

concentration of 50% and a tenperature of 80C, (c) a sulfuric acid
concentration of 80% and a tenperature of 140C, and (d) a sulfuric acid
concentration of 90%raRd a. lheap@fa?@mr@dﬁuﬂgfs(lﬁe 28rkEhgncéd 69n§i$t(5u of

vi ews showi ng an tI|ne of sfrueture ofn n_air rngat Best Mbode

for Carrying outaq (§q WeRtH %Hrﬁﬁe§$%asons or resfrlcflng thee st eel
conpositions 25@moeeidinngate &bengrigsentertnvcait aenswshdwet ke soa iyaun

hereunder . CSinogcCodetfbl 052LE8: SPTIAYORBS! $haNESur | dohdic RIS gzabl e

to suppress its content to as | ow as possib t he content exceeds
0.20%in particul®@r @ Sulferag ??r’pf%s“é?rlﬂeé’ttr@téﬁf‘af’ﬁ é%f"f"&‘? éht corrosion
resi stance si mﬁel:r@@@@'ﬂ&lryé gndes °dot (b )cendivllifaricokc id | @aynd e Eiuy @f and
a high tenperat There up ol m t % Here, a
preferable C co ntanl S nIC'S ?r%?éturt%é%e&ol&% r)ldaagﬁ%fr%{.lco %chréabl e C
content is not momeendsathon Of BIMarg a @emaﬁdaSbrele|%ﬂQrﬁm fghdadl e to

effect the comy BedratieChc ol ddiddira® i8heBBN B! ondos Wana0aR 128 H¥gust
2006 7 sulfurl S @Cl d corrosion resistance under both a |ow tenperature

conditiont8nd a ﬁlg “tenperature condition. The smallest contents of those
el enents required forigseduis g drephalsbveieff ebeé ameludn@odforC $in, 0. 05%

for Cu, 5 and 0.01%fo§ §9mr1a{§1 A LoFbs16h. { Do o rakBose

e@rrents desirableé Ih fhe use_ are as he upper limt of
Si: It is deS|réﬂpégtéh%oﬁﬁ%ﬁ%F%%;axﬁﬁcﬁh8W5a§h%0@§¥¥W¥?zﬁ?%ﬂ? Sferbft

effective for i @pro¥sbh@n rates under the four conditions of (a) a

15 sulfuric acid concentration of 40% and a temperature of
60°C, (b) a sulfuric acid concentration of 50% and a
temperature of 80°C, (c)-a sulfuric acid concentration of
80% and a temperature of 140°C, and (d) a sulfuric acid
concentration of 90% and a temperature of 160°C.

20 Fig. 4 consists of views showing an outline of the
structure of an air preheater.

Best Mode for Carrying out the Invention
The reasons for restricting the steel compositions
-‘b 25 according to the present invention will be described
hereunder.
C: Since C deteriorates corrosion resistance, it is
preferable to suppress its content to as low as possible.
If the content exceeds 0.20% in particular, it is
30 impossible to obtain sufficient corrosion resistance
simultaneously under both conditions of a low temperature
and a high temperature. Therefore, the upper limit is
set at 0.20%. Here, a preferable C content is not more
than 0.10%, and a more preferable C content 1is not more
35 than 0.010%.
$i, Cu and Sb: It is indispensable to effect the
combined effect of the three elements to secure good



10 corrosion resistance under both a | ow tenperature condition and a high
tenperature condition. However, if (r) Si is contained in excess of 3.5%
' the effect of inproving corrosion resistance is saturated, and therefore
~the upper limt is set at 3.5% 15 The upper limt of Cu: Cuis effective

for inmproving corrosion resistance nmainly under a |ow t enpersad bt 200
condition. However, if Cuis contained in gxcess of 1.0% the hot ilng
property deterlorates and therefore the upper limt is set at 1. 096

The upper limt. of Sh: Sbis effective for i nproving corrosion resi stance

under a |ow tenpanauvie g@miiéc'bﬂrbs,ldriowe\seetahéesmérMraima@mbundant|y,
not only corrosion resistance, under R gnper at ure condlgf%n but al so
ég I'TE conal

a hot worki ng pFSBBFF?tHEfEﬁ??ﬁﬁiﬁﬁg anﬁd 0 PRY o et he UpperMimit is
set at 0.30% MrheMama$lest ef@neantsefoffechioge ébem%lnt%rigicnmerﬁg f@r steel and

s contained i nsag,apRE 0Pk a&eomrftecttnawe 1088 erdheLE, (lastonpeneat i on
for strength deteriorafion caused t he decrease ich is the case

of the 30 preserfidi Avehtior i réaﬁlpaaerA H@%Y?eﬂfdgﬁﬁéﬁpﬁe§tﬁ09f | ess
than 0.2% but khoké é&Bemoidsideed rablexdiesshef pdadhcalargeosirenasesi st ance
deteriorates an? ﬁ%herefore the wupper limt is set at 1.0% P. Pis an

i mpurity which 8 %3 in a steel during 35 a refining process. If it
remai ns in excess ofTide O8per domidsiodnStesitt dhcdeviatalrlieotat €ontakn as

therefore the yppersiid todssitak ak QnoéiémgﬁtAH9M§h33Q9Q0r81m§ro§&h§ an
inmpurity Iike P. If it remains in exc 05% hot worKing property
and corr o] on reSFERSHE LeftSHAGEatiB Sﬁdbc’?}he‘? e]f%f é"e"ipr'?éaﬁﬂﬁgr lintis

set at 0.05% &odiitiAbn remd lze hdght aempdréoure heomplitpase olHowdeexi dafi on
during a refinigg £ acassd m@.\ﬁeﬁxcbgs'eftﬁ SEOMA Nadect gxcess of 0. 10%

t working property eteriorates, and therefore th upper limt is set
0.10% 10 I\FmH\F‘?"sl% GHFRELOP FRRESPARGR] 'S %ﬁﬁ}lratteids

therefore the upper limit is set at 3.5%.

15 The upper limit of Cu: Cu is effective for improving
corrosion resistance mainly under a low temperature
condition. However, if Cu is contained in excess of
1.0%, the hot working property deteriorates, and
therefore the upper limit is set at 1.0%.

20 The upper limit of Sb: Sb is effective for improving
corrosion resistance under a low temperature condition.
However, if Sb is contained abundantly, not only
corrosion resistance under a high temperature condition
but also a hot working property detericrates, and

" ‘ 25 therefore the upper limit is set at 0.30%.
Mn: Mn is an element effective for strengthening a

steel and is contained in an appropriate amount in the
case where the compensation for strength deterioration
caused by the decrease of C, which is the case of the
30 present invention, is required. A desired content is not
less than 0.2%, but if it is contained in excess of 1.0%,
corrosion resistance deteriorates and, therefore, the
upper limit is set at 1.0%.
P: P is an impurity which remains in a steel during
35 a refining process. If it remains in excess of 0.05%,
corrosion resistance deteriorates, and therefore the

upper limit is set at 0.05%.



desirable to suppress the content as nuch as possible. Therefore, the
upper limt is set at 0.050% preferably V not nore than 0.020% nore
preferably not nore than 0.010% 15 A steel according to.the present
tnvention contains above elenents as its fundanental conponents, and, in
addition to those elenents and Fe, may contain the follomnng;gh%ﬂﬁahﬁﬁfor
the purposes of further inproving corrosiop resistance, adjusti

mechani cal properties and 20 inproving hot working property. Cr and Mo: Cr
and Mo are effective for enhancing strength, but are not favorable to

corrosion resistance sungslels tdie iepaditiodiré B. | ovf tipemalinse inThRcess
preferabl e range. o h el.e onS|der|n alance .of the.25
strength and t he® coér@ggon Fggnggnégg. é%%n%? rr?fﬁ@%arﬁflsﬁfn?g
utilized to preveéeteriwrata amnidor ahievafofe, h'ome mpemgmpestyet;aelsed by
Cu. However, if gtpds. contained in excess of 0.5% corrosion resistance
tends 30 to deteriorate and t heref ore, is desirable to add N by

setting the upper |ifth: 4t G‘aé'%b\‘fthEﬂnF?“i‘% deRfedhenpPurpogsdofi . Nb, V and
Ti are elenents dddeictd nieon fdarihgr &1 ngf Pt b Prorteds .andowrkenci D it lS

toughness. _Howeygr. fefach cgkeLlesis £oDtal ned LA Q16855 8he Pl %

corrosi on reS|stance ends errorate, ‘and erefore d%3|rable
to add each of t¢ﬁ#ﬁqﬂpﬁ§é@ﬁungnﬁhehﬁfﬁﬁﬁreIﬂhﬁ tupmer0 1ighikhen $etiat added.
23 August 2006 ¢.1Dg.Sn: Sn is an el ement effective for i mprovi ng
corrosi on .r.esi stance. .f the cggfent IS I than 0.01% the

effect doéd not appeng% a5} FP FPPRSLRe 0 % Pogid ho? ﬂnfﬁlhﬁ property
tends to deter|@E@ﬂeabﬁeThereﬁppe¢5$tthasQhﬂnan&bbe mocboasrpdsgitdecont ent

in the range ofrfQ, Q%@ Otaefow@ @rlhmst added. Bt § b§o@ff§£éféfxf‘abq an

sgpent capabl e of supp B e deterioration_of hot working property
he case whéP& fRéSeft ﬁﬁn?s ¥ ¢ H'I5R PReE eCB8PLEsPBR B9re dia® ance such
as Sb, Cu and Sm.anéxcontai ned abundantly. If the content is |ess than

0. 0005% 15 A steel according to the present invention contains
above elements as its fundamental components, and, in
addition to those elements and Fe, may contain the
following elements for the purposes of further improving
corrosion resistance, adjusting mechanical properties and

20 lmproving hot working property.

Cr and Mo: Cr and Mo are effective for enhancing
strength, but are not favorable to corrosion resistance
under the condition of a low temperature. The preferable
range of each element considering the balance of the

" , 25 strength and the corrosion resistance is not more than
1.0%.

Ni: Ni is utilized to prevent the detericration of
hot working property caused by Cu. However, if it is
contained in excess of 0.5%, corrosion resistance tends

30 to deteriorate and, therefore, it is desirable to add Ni
by setting the upper limit at 0.5% when it is added.

Nb, V and Ti: Nb, V and Ti are elements effective
for forming precipitates and enhancing toughness.
However, if each of them is contained in excess of 0.1%,

35 corrosion resistance tends to deteriorate, and therefore
it is desirable to add each of them by setting the upper
limit at 0.1% when it is added.



sufficient effect cannot be obtained, and if it exceeds (r) 0.010% a hot
wor ki ng property rather tends to deteriorate. Therefore, it is desirable
to control the 15 content in the range of 0.0005 to 0.010% when it is
ddded. Furthernore, a steel may contain other incidental conponents, such
as W(Wof not nore than 0.5%tends to inprove strength at J¥ Qfoust 2006
tenperatures) and Ca, My and REM 20 (they_h@vg the effect of inproving hot
wor ki ng property when the addition anount s not nore than 50 ppmin
total), in a range where corrosion resistance, strength and workability do

not deteriorate. A steet sonpsisi ngddmetak@receupossdti Diprayime 25
refined and cast b¥ra usual nethod and,, after thgt%beprocessed |qto t he

051on resigcan e o HoWewer | e vk ﬁg fe€hod

shape of a sheet, pipe of conv
such as forging d;hanr Bl Pihg, tfﬁdaﬂf}%:rt gagesi noo @pa@arcaandjszef iFueiirerdsa

steel, after hot O\A@gklgghogrqyog;&rﬁulgr%%gg t@eﬁ‘d@ ﬁtlrlqﬁtar{%nt such as

anneallng or after fhat, to pi ckl ng d t hen col d-

as the need
ari ses. The’ corr3§?6ﬁf0¥%shgidﬁb@aéﬂrébéﬁeéP ﬁ%ﬂ%ﬁ?%ﬂtﬁﬁ(ﬁﬁﬁiﬁﬂtthﬁoﬁbﬁ t he
above-nentioned pandeicét on. QU are9ses whenoiti é | adwed by the process

conditions, and the ste t I n_he_35 duced in the processes
simlar to those errpl% 2% % eﬁéﬁgtlggdagtfgne%ﬁa&%on e oﬁ’g carbon steel

material. As théulaW$%3étq dﬁ@ @*ret&rspéétl@@n@f|ls¢mqux1kena1bwepg3tﬁugmst

2006 - 10 conposétéin w&@rﬂeow%ekbmdﬁeﬂtsmmSmfgﬁrov%q'élolweeiohlsed ina
enwronrrent h _as E I|t| s around a hoil.er in a thernal
fo

sul furic d
pgmer Iplaalﬁj sul ¥oTT e 3% SH& i PPc8 Ur AT 15 e £90C828P9ge tanks in a
chem cal 5 pl ambuanmthrgilokl | Ad theksonpert sieclamkithgnploafOp58Fe possi bl e.

In particular, thersteind %f@@efteeaﬁwtug@do@éal& meakaht%f@e@&@t

t sfer el errent in an air preheater close . An outline of an

ai preheater 1% Sdn & ﬁoFlﬁorhl“?h%r%ﬁ?ﬁﬁﬁ|4ﬁﬁhﬁ§té&nﬂﬁtﬁ°10 t he
reference numer aletermmanset heThboufote hix edchalestiragas, tbheoRtFOW tid h the

numeral 2 ihe Tlow,Qht NG BhE Lhe SHPPYIHhd WP 020704 Ghen! i AT OW WILN

t he nurreral 3 the
added.

Furthermore, a steel may contain other incidental
components, such as W (W of not more than 0.5% tends to
improve strength at high temperatures) and Ca, Mg and REM

20 (they have the effect of improving hot working property
when the addition amount is not more than 50 ppm in
total), in a range where corrosion resistance, strength
and workability do not deteriorate.

A steel comprising the above composition may be

‘D ‘ 25 refined and cast by a usual method and, after that,
processed into the shape of a sheet, a pipe or a bar by a
conventional hot working method such as forging or
rolling, and then put into practical use. Further, a
steel, after hot working, may be subjected to a heat

30 treatment such as annealing or, after that, to pickling
and then cold-rolling, as the need arises. The corrosion
resistance of a steel material produced through the
above-mentioned production processes is not influenced by
the process conditions, and the steel material can be

35 produced in the processes similar to those employed in
the production of a conventional carbon steel material.

As the applications of a steel comprising the above



direction of the rotation of the rotor, the nuneral 4 the rotor, the
nunmeral 5 the baskets housed in the rotor, and 15 the nuneral 6 the heat
transfer elenents (which are fabricated using steel sheets fornmed into a
torrugated shape) |loaded in the baskets. The air preheater is structured

so as to accunul ate the sensible heat of exhaust gas in theshg fer
el enents and preheat the 20 air supplied into a boiler, and theﬂ%g%?ﬁm§
transfer elements are the menbers which~atfath inmportance to sulfuric
acid dew point corrosion resistance because they are repeatedly exposed to

the exhaust gas INEldiignSQar 20l ENRILTA GonBbPs APBE 0BGl HlifodOlu 2P
application of 25 the presént Tnvention. anpl e %tee s having the
cheni cal conposiitt ch$udBEWAC AC 1 /el rPNRERS  nEREBd2 antias eF HHgHF ia¥ X NFacuum

melting 30 furnageiared ¢ashk +MémmdD gkavd@absc, ABhBfuthatacidie ingots were

hot-rolled into plates_ 12 in. fhickness, .and stri es i ec nmin
t hi ckness, 20 Wrﬁf\hcaﬂl'ﬁoggﬁ%lcﬂ%l?ﬁﬁsl naqdeﬁéfjﬁaaéréélg}?;éphé e"g cglﬁ% scaéb]] ect ed
to sul furbc acipdacdr rodi phckksntg Yerdis inegt steetmélbumg IBLATdUr Srenas

conducted under Jfag;LoWr condidions:0fr (@hedstabt f 14 5ra6d shiigNcRREN Akl on
of 40% and a tenperature of 60 S} (b) a su%lfuric aci d, concentration of 50%
and a 23 August 6ofateridl ebihdiefture BoFt86ceIfB§ M YUIF LAY aci d
concentration ofpred@¥tandc bosdenperathtrid eaf. 140Cuahing Bf eamswifturi c aci d

concentration of 9 t t ura of ,160 j ; p as the
condi tions repr gg%ﬁt:é%%ggae ow E tgnrg(af?'acl’t'u#é rg}#\%ﬂ%}v aﬂﬁlgﬁq‘%grrggggt ure
range in &0 sul the cedereneevryprnil dofmedspvehentlewmierihe £¥&auRsi r

corrosion ratesgaaretABagtF&s wilhe theshuresdl t3 aie shvwvof Rhbalhie 2. As
seen in the table, i

SE5a o' (e o by A RS R ol B
. 1 to 10, wHikectionscfl4thd gotfrt)ios, 880t ge n¥twr i nthehaupasaloft the
conparative exappkg,Noghe Lurdd 2185 22d bBSKELL WSudets ARPANINLLYCBYPEREOT tO
the Iatt?g. the numeral 6 the heat transfer elements (which are

fabricated using steel sheéts formed into a corrugated

shape) loaded in the baskets. The air preheater is

structured so as to accumulate the sensible heat of

exhaust gas in the heat transfer elements and preheat the

20 air supplied into a boiler, and the heat transfer

elements are the members which attach importance to

sulfuric acid dew-point corrosion resistance because they

are repeatedly exposed to the exhaust gas including SOx

and, therefore, are appropriate for the application of

e 25 the present invention.

Example
Steels having the chemical compositions shown in

Table 1 were melted and refined in a vacuum melting

30 furnace and cast into 50 kg ingots. After that, the
ingots were hot-rolled into plates 12 mm in thickness,
and strip test pieces 3 mm in thickness, 20 mm in width
and 40 mm in length were prepared and subjected to
sulfuric acid corrosion test. A dip test, for four

35 hours, was conducted under the four conditions of (a) a
sulfuric acid concentration of 40% and a temperature of

6C0°C, (b) a sulfuric acid concentration of 50% and a



15 Further, the difference between the maxi num value and the m ni num val ue
anong the corrosion rates of the four conditions is smaller in the case of
the inventive exanples than in the case of the conparative exanpl es.

Therefore, a steel according to the present invention can 20 contribute to

expandi ng the degree of freedomin a plant design fronlthezgugmgg ¢ hat
the variation of the corrosion rate of tq steel caused by th rlgglon
of tenperatures and sulfuric acid concentﬁatlons is small. Here,
conparative exanple No. 11 does not satisfy 25 the range of the Sb content

specified in thespresanire lorf\/%rmtﬂcon,(c?ng émkmls;e,ac@da%n&neeatmswn t he

case of the co aratlve exanpl e cont ent 13, Si nd Cu
contents in No.® mg B & STRTERE AtHERo® 1B4§ éﬂﬁi(ﬁﬂ 80ﬁPéﬁP§iFna 3 16, C

content in No. d&hcéﬁﬁkéﬁ;omjmeGoandn$bacmempﬂna;wne NS. 168°ar ewbiklsi de t he
ranges reSpeCtlé/ﬁeéyadsogﬁ%df 0 chd EBRAPL ESANT-dgReRRbORg aThEGel ore, the

conparative exa es r the severe corrosion un any of the four
condition® 23 Vﬁ@ﬁﬁﬁatEWQBrafge ardj aoghigh renreragyrs r2f9e419  dP op 10 m
810 0 :\InCIN IO N sulﬂu@% QicQ@0 de& - 901ﬂt0c£é’r1a$s1prez enviironmbnk] dhd-thdllr . -1 m
co mUl 1 t0 01 0 co co 0O McoU1 00000O0O010O0O0
00000000 CCHF¥0* 85W8r8 g%‘pﬁ%oooo 00000 OO0O0O
0 000000000000 @ MNh®@ rlesM resOLNENREDd BDMIO Gfbéaem?o oAS §48Hin -~ 0 00

4 .-1 - 000 Oxk ¢Bble, the maximum corrosion rate among the four

10 conditions of (a) to (d) is 60 to 99 g/m*/hr in the case
of the inventive example Nos. 1 to 10, while it is 145 to
4,890 g/m*/hr in the case of the comparative example Nos.

() 11 to 18, and the former is apparently superior to the
latter.

15 Further, the difference between the maximum value
and the minimum value among the corrosion rates of the
four conditions is smaller in the case of the inventive
examples than in the case of the comparative examples.
Therefore, a steel according to the present invention can

20 contribute to expanding the degree of freedom in a plant
design from the viewpoint that the variation of the
corrosion rate of the steel caused by the variation of
temperatures and sulfuric acid concentrations is small.

Here, comparative example No. 11 does not satisfy
@gl 25 the range of the Sb content specified in the present
invention, and likewise, C and Si contents in the case of
the comparative example No. 12, Si content in No. 13, si
and Cu contents in No. 14, Cu content in No. 15, Si and
Mn contents in No. 16, C content in No. 17, and S§i, Cu

30 and Sb contents in No. 18 are outside the ranges
respectively specified in the present invention.
Therefore, the comparative examples result in the severe
corrosion under any of the four conditions.
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Industrial Applicability
According to the present invention, a steel material

which can demonstrate excellent corrosion resistance in
all the temperature range from a low temperature to a
5 high temperature in a sulfuric acid dew-point corrosion

environment can be obtained.



14 V) i ri 1r Nr a(9(L .;] ro>ro61a fj -/ E+U'-CG QOO0 23
August 2006 14 Industrial Applicability According to the present
invention, a steel material which can denonstrate excellent corrosion
resistance in all the tenperature range froma |low tenperature to a 5 high

tenperature in a sulfuric acid dew point corrosion environ
obt ai ned. 23 August 2006 15 CLAIMS 1. A steel with excel I@g%uéﬁpgﬁfﬁl C

aci d dew point corrosion resistance, chat@cterized by consisting of, in
mass, 5 C not nore than 0.01% Si: 1.2 to 3.5% Cu: 0.05to 1.0% Sh:
0.01 to 0.30% Wn: not nore than 1.0% OaPugnot nore than 0.05% S not
nore than 0.05% Al: not nore than 0.10%_ an N. not nore than 0.050% and
the bal ance consistilng oft F&eednyathi #%Fe @ deftaifuris a6APoReWTIROHNI/ or

unavoi dabl e i MuBiddASn Zeshsshped, Whdr exealilzedt byubbosiiet ang doflevimpoi nt
corrosion resistance, characterized by consisting of, in mass, C not nore
than 0.01% 20"4§%r 1.2 to 3.5% Cu: 0.05.to 1.0% Sbh: 0.01 to 0.30% Mn:
0.2 to 1.6% P: not norecthantOm@b&qthan 0.01%,

Si: 1.2 to 3.5%,
Cu: 0.05 to 1.0%,
Sb: 0.01 to 0.30%
Mn: not more than 1.0%,
10 P: not more than 0.05%,

S: not more than (.05%,
Al: not mere than 0.10%, and

CD N: not more than 0.050%, and

the balance consisting of Fe containing incidental

15 components and/or unavoidable impurities.
2. A steel with excellent sulfuric acid dew-point

corrosion resistance, characterized by consisting of, in
mass, »
C: not more than 0.01%,
20 Si: 1.2 to 3.5%,
Cu: 0.05 to 1.0%,
Sb: 0.01 to 0.30%
Mn: 0.2 to 1.0%,
P: not more than 0.05%,
Q@‘ 25 S: not more than 0.05%,
Al: not more than 0.10%, and
N: not more than 0.020%, and
the balance consisting of Fe containing incidental
components and/or unavoidable impurities.

30 3. A steel with excellent sulfuric acid dew-point
corrosion resistance, characterized by consisting of, in
mass,

C: not more than 0.010%,
Si: 1.2 to 3.5%,
35 Cu: 0.05 to 1.0%,
Sb: 0.01 to 0.30%
Mn: 0.2 to 1.0%,



25 S: not nore than 0.05% Al: not nore than 0.10% and N not nore than

- 0.020% and the bal ance consisting of Fe containing incidental conponents
“and/or unavoidable inpurities. 30 3. A steel with excellent sulfuric acid
dew point corrosion resistance, characterized by consisting of in nmass,
C. not nmore than 0.010% Si: 1.2 to 3.5% 35 Cu: 0.05 to 14 %ﬁ%;% 01
to 0.30% WMh: 0.2 to 1.0% 23 August 2006 _ 16 P: not nore t %

not nore than 0.05% Al: not nmore than 0718~ and N not nDre t han 0. 010@6
and 5 the bal ance consisting of Fe containing incidental conponents and/or

unavoi dabl e inpurities. 4, Ah§g6ﬁgrémgﬂgneéc§ggent sul furic acid dew poi nt
corrosion resistance accordihg to any one of>clains 1 to 3, characterized
by further containing oneSbriemrerE) t@admBrf8%ef, in mass, Cr: not nore

than 1.0% Mbd: not nore Atwuhat(ﬁ@re MMannotlﬂpyeaﬁ&an 0.5% Nb: not nore
than 0.1% 15 V: not nore_than 0.1% hanl ﬁgﬁ mor e than 0.1% Sn: 0.01 to
0.2% and B: 0.0005 to O 01tR5 BOTead 3 pPehbat ¥ characterized in that a
heat 20 tBansf eheebehente | sonmice: iofy afsfeetoat@nmanm}nQ1d§n¢adne of

claims 1 to 4. components and/or unavoidable impurities.
4, A steel with excellent sulfuric acid dew-point
corrosion resistance according to any one of claims 1 to
3, characterized by further containing one or more
10 elements of, in mass,
Cr: not more than 1.0%,
Mo: not more than 1.0%,
Ni: not more than 0.5%,
Nb: not more than 0.1%,
15 V: not more than 0.1%,
. Ti: not more thaﬁ 0.1%,
sn: 0.01 to 0.2%, and
B: 0.0005 to 0.010%.
5. An air preheater characterized in that a heat
20 transfer element is made of a steel according to any one

of claims 1 to 4.



