; st e3ewNLWKL(t N6TL397 HEAT- EM TTI NG PAI NT FOR COATI NG | NNER SURFACE OF
| NDUSTRI AL FURNACE Technical Field The present invention relates, in
general, to a heat-emtting paint for 5 coating the inner surface of an
industrial furnace such as a thermal cracking furnace, at mmeWMWMmmrng
furnace, an annealing furnace, and a heating furnace to
efficiency and, in particular, to a ceraq:c paint with high emissivity,
nostly consisting of ilnmenite with high bl ackness, being stable under a
hi gh tenperature oxj i : 2P} e e| | known to
those skilled in thgﬁgtrrLI)Yﬁ[I L.ﬂi’i&%@?ﬁf@gﬁ g INTIES SEQEs a heat
source in various industrial furENOAUSTRIAL FSRENAldEr mal cracki ng furnace
used in the petrochem cal industry, a calcining furnace or a heating
furnace in the ceramic industry, a thermal treating furnace and an 15
anneal i ng furnﬂﬁﬁnﬂﬂiiﬂg steel industry can be classified into three types
of energy: en ferred to a heated body in the industrial furnace,
energy transferred to a heat refractory material of the industrial furnace,
and sonme ot her energi es such as preheating energy and dissi pated energy. In
particul ar, energy %@nemasemu ifyention Hrelatgselin igsnerak ttbya Abstasnviesthgt Painb Foneat
refractor na&gr}al 2.4 The heat refractoqy material constituting the

t

i ndustrial furade H5sHmss sa ateg9f aRdndustnial; Wrmace sushragya tthermmb craskingd body
in a .form of figdi@Atthétaml irel 1 i i hof ]l aw. Accordi ng
to Kirchihoft's |aw, tif a Brg%@héﬁgﬁcg%ﬁgﬁﬁeﬁ @ia%gh%:ad%}é?anﬂsgﬁrﬁmﬁ%ﬁ’y,
enissivity s impeaysducltedficiosay ptd, ini partieylar, e a Eeramic pdnbwBHhigh érﬁgglvitg,eal

i's

bl ack body does got act ual l‘%ﬁ .?xi st apld SO em ssivity of a nateria
expressed in PLHY @OFE{08 i menie,withgaigh Mackerssyheing stableatndemss dighal s

have intrinsi gengiBraale\d ri&a?ﬁ/e atmo%hé\@an"‘hi l e, a proportion of radiation
energy in the industriéﬁ urnace IS rapidly increased with an increase in
tenperature in the furnace and, in particular, heat transfer is nostly
acconpl i.§hed EX r adi gti on energy at high tenperatures. For exanple, when a
terrperall re i RAEHREOY trial furnace is about 800 C, near 5 infrared rays
exist in an equal ratio to far infrared rays in the industrial furnace. On
t he other hand, when the tenperature is increased to 1000 to 1300 C, a
proportion of near Whefwell &doways thékeSkild4in! @8)ard Sorl O 20 OF

hi gher and ab?ut 5 %visible rays are gener atfﬁgda.nl' 2%‘3’3?’3‘?1%%%3?&??861“% erial
does not absofYs! isad asng rheaegoutsysip varidus iddstiimlufmaces esweRC4s & MAkrrid)e

mat eri al vvillc&edgi,é.t ar infrﬁ:f\r.ed 10 ra$/s absorbed to itself in the form of
radi ant heat, IPEE@ 308 U564 1 thei detreghemical Hpgustaye decaleiningafusnacel er whi ch
sufficiently b L tnfgpar ay. e ingly.rare on the earth,
and sone mat e?ﬁﬁg ggg%re bimnéﬁ%gggnl{lﬁfl?g‘?% ’réﬁe?gﬁagqf%ﬂﬂﬁ%lfgm@f?d?@e&nby
heat andiSso danneatingfitnace it ey swed] isduUses Sak BE cl@sdiGEDinkd ry
bricks and cerami c fibers have been vvigl_el usedglgiw?gdn%%ﬁﬁgﬁiﬁ{?ggﬁ
refractory naf¥rgnafrasnstirredrac heatads @faﬁe/smdge industsial furhade, energe sranbfaired hese

materials do o} I nfrar rays,. and thus they do not i
sufficiently erﬁ;t @szg?@%@?fgncﬁté;rw %‘ggﬁ in sfrlaii?umace, and some other energies

such as preheating energy and dissipated energy. In particular, energy generated

from the fuel is mostly absorbed to the heat refractory material.

20 The heat refractory material constituting the industrial furnace absorbs
energy and reemits the energy to the heated body in a .form of radiant heat, in
accordance with Kirchihoff's law. According to Kirchihoff's law, if a body
absorbing energy is an ideal black body, emissivity ¢ is equal to absorptivity a,
lLe.e=a.

25 But a true ideal black body does not actually exist, and so emissivity of a

material is expressed in a ratio relative to the ideal black body, and all materials

have intrinsic emissivities.
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The absorptivity of refractory bricks is 75 to 80 % that is to say, the 2
O emssivity of the refractory bricks is 0.75 to 0.80 at a relatively | ow
tenperature, but when the tenperature in the furnace is over 1000 C ,
absorptivity of the refractory bricks rapidly decreases. In addition, the
refractory bricks rapidly deteriorate at high tenperatures. Further, the
ceram c fibers are disadvantageous in ,that their surfaces are 2 5

gl assified by heat. \Wen the surface of a ceramic fiber is glassified, the

surface devel ops | ugfeghwhide,'£HMpErtidhCoBAgAkiBE 'e}ﬂﬂ? rnﬁfthet. ugﬁfa?%ﬁ)afz Rer to

about 30 % thus it is not expefted to obtain d ed radi ant heat romthe
gl assi fi ed cemaidly ifdréased thA&rdesmcasddeemberaaue irthe fefaeecarat, yn bartiekkror t he
ceram c fibers used as.the conventi heat refractory materials for the

i ndustrial fufSFhAERESIEE S MOstly ascomp 39 tiyy"’éifatt?"?@ef@' Bt Bighatemperatyrgsi vel y
| t t
ow tenpera U}f_@- exatipie mﬁ&{ hrigmhﬁ:afu‘?é/ &l el bughibs ﬁ.x'n?zﬂ‘é%s %B%v;tgf%o )C, pear . gh

t enperat ure. wever, en an | ustri a furnace

t enper atsur e, mﬁerahnass iexist yn a5 equdirdliy to Egunfatedangs inhbie bhABkiE Farriage.
gradual ly lowered due to the glassification and deterioration of the
refractory brPekhefthemband rwhenthe trmperatureuis incesasedato leD@dtgclmp Cuel

ff th d. t.o d | i
whi e o hearoRbtioRtent ifFed TR(P 38 4 FEiey Reeed 8 Bota s e e |
surface of i nghsat 5i%Ividible Ragesre kondralRa OV Acestaingly, of 4 ifate s MoaihlBastbhen

the expected life span of the heat refractory meterial . Useful as the
heat - eni t t i ngnegainfrared rayseitps diffienlt tnexpect bat the anajeriad iwilleerin deasiihfrared

carbid n consi dera n_of l.or,and em ssiyity hite, has 10 hest
o ot vidy b gt enusdl iR ke CRpBent Tiietrehenty Bty impo e N
carboni zed, affflciefcy.s not preferable to be used as the heat-emtting paint
of the present invention. Meanwhile, a heat-emtting paint, nostly
consisting of silicdoweerpimigterids Gyhich osufficiedtiyngbsdre neaneinfraredf ee ade t he
i ndustrial furnace, |s co rcialized 15 and sel ectjively ied to sone

i ndustrial fuesedinelyrae af the gamh @a‘ﬂﬁpa’émﬁgwsﬁhﬁ%bm%@ﬁ%rrmgré@darays are

compos 1 on_ AT geRby BUIAE S B RoPRMHR ] LLORISHRNEpR00 Tesh of

less as a nain C anount er an I'tives, and
used imsm m xed sl UR éfyact@ymbeick$ hendc aardsict fibersanaveraie@h - w?aelyhu&dld’ge the

m xed slurry is coated on the inner
conventional heat refractory materials for inner surfaces of industrial furnaces,
but these materials do not absorb near infrared rays, and thus they do not
sufficiently emit desired radiant heat.
The absorptivity of refractory bricks is 75 to 80 %, that is to say, the
20 emissivity of the refractory bricks is 0.75 to 0.80 at a relatively low temperature,
but when the temperature in the furnace is over 1000C, absorptivity of the
refractory bricks rapidly decreases. In addition, the refractory bricks rapidly
deteriorate at high temperatures.
Further, the ceramic fibers are disadvantageous in that their surfaces are
25 glassified by heat. When the surface of a ceramic fiber is glassified, the surface
develops luster to reduce the absorptivity of the ceramic fiber to about 30 %, thus
it is not expected to obtain desired radiant heat from the glassified ceramic fibers.
As described above, the refractory bricks or the ceramic fibers used as
the conventional heat refractory materials for the industrial furnaces have an
30 emissivity of 0.75 to 0.80 at a relatively low temperature, thus securing improved

fuel efficiency at that temperature. However, when an industrial furnace is



2 0 surface of an industrial furnace to a thickness of 0.5 to 1.0 nm using
a spray gun. As described above, the industrial furnace coated with silicon
‘car bi de based heat-emtting paint is advantageous in that tine required to
heat the industrial furnace to a desired tenperature is shortened, the
anmount of energy emtted to the heated body is desirably |ncreased and the
anmount of energy 2 5 dissipated to the outside of the industrial furnace IS
decreased, thereby inproving fuel efficieﬁcy At this |inme, the fuel

ef ficiency dependi on the kind of industrial. furnace. oper ati ng
conditions is PlPﬁfi"Saeﬁf By ‘&Boiﬁmpfr?‘&}re?d%% eSSV I§ PR Bn’eﬂﬁgﬁdt' nndsithg con

car bi de- based g @ﬁne‘ggnxst Pf’a'agﬁlﬁ)}ta'lduer QuPto Yhe &s&ﬁpeft%?‘:%qﬁf d8Lristhlio g b f@ﬁé’ to

the industrial urnace t he eat ems IVIt e 1 nner surtace of
the furnace i srefi@siorpbligksiorahieccsadic fibess, thmenwitablslrédmm felr dfficiendys readily
oxi di zed at 800 C or hi gher under an oxidative atnpsphere. If oxidized,
silicon carbide (Sicpicsrdinghydhersdemans apegdele %RYF@P(“SI"GE?OIQEB inhwhigblor of

the pai it hotelsariaRan S R AR Eis ol SRR R Ml

desirabl e to afiphicet e impltdve Wnefpyr difidRnbRasdldngtien @hé bk pedt:dDdfe Vpat Qf@}{b

i ndustrial furnace operating at 800 C or higher. For exanple, en the

si | i con car bi deeayzefeagtoramaterjal appl ied to a batch type forging furnace,
operating at 1200 to e i ndustr, silicon car.bide
is conpletely oxidi zgaezfiﬁas '“P%gﬁigfe(f?'nWﬁ f’%’ﬁé giﬂf Preé?‘f‘tdﬁg?‘ﬁ{q“nﬂ'el@a? itfe of
72 hours, therghy sNRbnOBirBid 1Y chbARAQYESh fdfeéol@rf bhd! EficYvind SEririieen® the
I nvention Therefore, the present i1nvention been nmade ]keepl ng rn mnd

t he abov&0pr obhxghcstocmmswntmgbutn renddgnmnm wrthl oxygeh - mthid iagogpherd td e
coating the inne surc{ of, an |n H@a furnace, and an, object of the
present i nvent f8RORECE SN 59°p‘|5c5\9it (Hée - enbsedi asghp Aedremiting paiskpf thet
durability, vvh &Ebntﬂ?rﬁ/ E gher emissivity than a heat refractory material of
the inner surface of the industrial furnance, is physically and chenically

stabl e under an oxi dscanwhidé,n®dpitesrritirig Paigt) mesTPEtAisistiag, ofagiicdrs cAibidd ¥
attached to the |nner surface of the industrial furnace. 2 0 The

heat - emi tti ng Pathtfor spatingthenignemaurfacaent theindustiabifumpes, iingommereiblitad nace
accor di ngct o t:ﬂ% J%Teggﬁﬁgﬁ'gﬁlﬁleﬁt |S§%§|1P4@mﬁs a conposition including

il menite as a TaIM 11 FSclay as a binder, and a
smal | amount of sodi TR RIRBRNAHAIASaRdbAREEh ARS8 B Mmpdatin M?snng of

Carrying Qut the Invention 2 5 According to the present’ invention rovi ded
is a heat-em thydrgcarbompowder withfinagesanf 200 atess or (s as @fmaaxlilcbrlﬂ diednit,| ald
furnace, conprisi ng a corrp05|t|on consjsting of 96 to 98.9 wt?9 oilmenite

with fineness HFMISEMANNLOE bind e[r @8d adﬂ“’t"és’éﬁnd usedinadnixgd shiey form of the
30 1060 e 56 cOmmpTnTorh At s MR, YR, HPCH 1y 4 e2EEs Btk hnn ™ O
20 surface of an industrial fumace to a thickness of 0.5 to 1.0 mm using a spray gun.
As described above, the industrial furnace coated with silicon carbide-
based heat-emitting paint is advantageous in that time required to heat the
industrial furnace to a desired temperature is shortened, the amount of energy
emitted to the heated body is desirably increased, and the amount of energy
25 dissipated to the outside of the industrial furnace is decreased, thereby improving
fuel efficiency.
At this time, the fuel efficiency depending on the kind of industrial
furnace and operating conditions is improved by about 2 to 20 %.
The main reason why the silicon carbide-based heat-emitting paint
30 provides improved fuel efficiency to the industrial furnace is that the heat

emissivity of the inner surface of the furnace is desirably increased.



the weight of the m xed slurry. The reason why conponents of the
heat-emtting paint are specifically 5 limted will be described, bel ow
1l menite (FeTi~2) as the nmain conponent contained in the paint of the
present invention is a natural ore wi thout being separately treated, and
generally conprises Ti02 and Fe2Q3 in simlar amounts as main conponents,
and a small anount of inorganic materials, even though conpositions of
ilmenite vary slightly 10 according to adm ne. Because of cont ai ni ng Fez03
as the main conponent, ilnenite has a blacl. color at hi gh tenperature,
much hi gher eni ssi viHopevemsilicha cathideistreastilyl oxidized ateﬂ{)ﬁ)d?at@ﬂyghmwderaan and

h |1 d.ch 000 th b ful
as 5 rateral SFBRIEOARRENTHe | ARERZE IR Groi RS0 i Rige ¢
operating at gcihi @m%e&mieﬂﬁt &816r omﬁé‘m'cb&caﬂn&e%séérﬂamt' WhitAR Rt rlas: been

devel oped, which nostly consists of titaniumdioxide (TiQZ) extracted by
chemical |y smblackmeysi (ensissivisy)orofr ¢lié npay, t thuanbeing s bacg‘, ibufudieefficencyhi s

terper at éf"eox' GEORTER: s P e ablE oriReDt I TIOCSN Ao e B iuc e,
and et al. conpanel A8 RHITHRN Shedly Boot t&g@ﬁ&awre to rapidiy reduce

em ssivity of e titani um di oxi al nt cordingly, the titanium

di oxi de based pai nt Fos exumpleowhen cheahhz@dcarBeieehas&i pdinv &r applied ab @nbaeed
reactions occurring durl ng a chem cal snelti ngé&r ocess for obtaining
titani um di oxtXre forgingifumase.t eperatingoadi 2P tolee0 6 . sussdtinetbn steshpedustiys

based pai ni 1 S15E" sARde B boRalste RRITASE pod FXIPRE, bfers A bt ®

consi dened as tinof172aRAr, VH%chzhﬁt bbthﬁ:mgimﬁb@ﬁlfdﬁ deagiestyheat -eni tting paint
is chemcally unstable at hi t enperatures. However, i I meni te contai ned as

the main conponent in the heat emtting 3 0 paint of the present invention
is not subjected to ar*y cpem cal reaction process but obtained froma
natural il rrenb:—i’?—%ﬁ-‘l@—?—égi—%ﬁ-?%%al |y crushed, so being 6 physically and
chemcally stable to have continuously high emssivity at a high
tenperature atnosphere. In addition, ilnmenite is crushed into powder with
fineness of 150 nmesfherefdreyvre presam mnérhmmhgs tesperadedkeeping im weed sheur ry

cont ai ni ng a bj nder, a 5 di spersi ng agent, g wat er, and desirably
attached to t BROYA@blesfy peruaring in ﬁecqnﬁemsqnﬁt fatregy HingepaiNefaivaortieg thee

clay used as e, BLRHSTo HRHLONG, AB0CLRARCoAMISTUERRLLR TN L b

m xed slurry to stab em s’I urr er surtace

i ndustrisl beW@eWtﬂé@Uémfdiﬁg\ﬂ ;BH]mdQWEh cefxcélmushmbhmy,amnai sasaﬁtgaexas a
10 di spersing agent. \Wen a clay content in the heat-enitting paint is |ess
than 1 % it Eesussiptysthanlacheas rd mtpabmtemai atihe memsuédcasbﬂrthwmgsmale

f f th f h d, t tent
Lhaer 425 | acC et e PBSRICAN 21Q chEpigaly araple Stern oxiqAiyE cmorher al " ©
ffect f
saving ef fect uih | AHEASRs Ol A5HY Litahla 1D0nd HIRASEAQIEE (RULAGNI

Accordingly, it e that content ranges from

% Sodi um phofmhactee used as the dispersing agent functions to uni formy
di sperse the ilnenite powder and clay in the mxed slurry vari ous
di spers@fg agents, Jo@iheat- B‘ﬁﬁ%&d’@é’tlf@r feaking, ther ipnet é“"'tf?ﬁ? ﬁfaﬂwt industyigk

present inven has fer

econom c effi E:f'i"glﬁcey%%%éﬁngt d’%%eﬁf gxb]\fe%ér? cﬁ)'nlprfs%(’seg &&ﬁosﬂfo% §1 ﬁﬂd}? g \hen
the conpositi Ql'&)é?nﬁtetal”s‘eh mam c&ﬁfgddehﬂﬁh ﬁﬁhll‘hn@ﬁﬁpbﬂtlﬂg k@ El‘ﬂﬁelpraﬁ§ QMN¥mall
invention is mxed with 0 produce the m xed slurry, it s preferable

that 40 to 60amo?mmfrspdsxmphmpha;easaédpwslph agéntt o 60 wt % wat er based on a
total weight of the mxed slurry so as to snoothly spray the m xed slurry
to the inner surface 2 5 of the industrial furnace using a spray gun and

dry the m xed E&kym[(gw% mrg}&&in%@@t Rk g{vre}{% i owi ng down al ong the inner
surface of th nore, it is preferable that the
heat-em tting paint of the present
25 According to the present invention, provided is a heat-emitting paint for
coating an inner surface of an industrial furnace, comprising a composition

consisting of 96 to 98.9 wt% ilmenite with fineness of 150 meshes or less, 1 to 4




invention is coated on the inner surface of the industrial furnace in a
thickness of 1 to 2 mm 30 According to the present invention, the
heat-emtting paint has ao emssivity of 0.85 to 0.95, nmuch higher than a
conventional heat refractory 7 material. As described above, because of
its high emssivity, the heat-emtting paint of the present invention
coated on the inner surface of an industrisal furnace allows the painted
inner surface to emit nore energy than an inner surface not 5 coated with
the heat-em ttiwA% clpgiand 0.0 viles sdatihYpHoRsKRAS €T i fashet; ed
body, thus rapidly ?’gachi ng a desi reortegrper at u}?;ﬁ%#)é{rﬁtgm epgﬂgd?lgge yﬁtago
reduce use of fi¥td slpryéemmeef 46t watdiompositiontendpilas éftwivhwardribased@my be
obtained in light of B}? folI(awijJrll_g,exanpl es which are set forth to
illustrate, buftargeMet MBS Bonstrued to limt the present invention.
EXAMPLE || nmenite po 1 i shor | Gl .

sodi um phosphat e m‘;‘gﬁ%riﬂggﬂi»ﬁh);b%ﬁgi@ﬁ%téﬁg{ ik}%ogés’g%%gls@rngb%?fﬁi ar{gbsg%(%\%g#%bl el
to producé a cbmpediwill be dessnibed,thelowmg a heat-emitting paint of the present
invention, and the 1 Con??ﬁei:'ﬁ'i on was mxed with water in the sane weight
ratio (conposition : REEEy (EeHOp) ps thy 8imeomponank santaingd riy thes paint of the

exanpl es and c i LS.t I y nuf act ured by
Kent ucky- Tenneggg{t?:flgﬁﬁgg?i?%gﬁ%ﬂ @lten\gﬂ@g ; e;{@dsektf%&iy %atﬁg?‘ﬂ’%%?ﬁ%?@nt s
and a smal | ancemprises TTOPand FRZ03 in SilaranthbuleCas #am &b?g%neﬁtsoaﬂ_d\glsgéa%
Exanpl es Conposition (wt % || menited aySodi um phosphat e197.02.90. 1298. 0l

. 90. 1396. 53. 403Mayy of inorganig aterials, evon thpugb oomPositiens ofAbferi. vady dlightR

M xed sl ypries j t o exanpl es and conparati ve exanples, and a
convent i glf’)la| h?/%rggagﬁ lgna?lmbnaeSed heat-em tting paint (conventional exanple)

each were put in a hBedausespeioatdiifie TR0 VRCkURRC ESm AL i Ackinkhaly

heating body as a heat source, and for a predetermnied perio

then neasured blaclsceler ata digheteimperatiitey matchdhiigierreenissivieppanahe cegvenkiongt her
words, after the slprr was coated on a brick sanple with a volunme of 65 nm
x 50 mmx 10 W ¢5ira ‘%é W@Eeﬁ'laﬁi BrPisicalinang chemigally stableras 10800 tori al
furnace, heat¢g ] intained faor. 30 m.n at
600 C, and theﬁgﬁn%réglul{rs?gﬁllgﬁaieggé %F‘ agbrﬁagsf‘?'\%a%‘ gfﬁ%‘ﬂ“@%ﬁ?‘?‘fcﬁg&ﬁpa‘éﬁ?@aml e
10 was then hefurmdes epethg aCaihiglsteaiperatwvay that the sanple was heated to an
additional 100 C and then maintained at the increased tenperature for 30
mn, and this proced’eanwite, ra heatenitting tpaindchast been devetdpedf whietc enowaly

o 2 m 1 rom a PRt A1 it risd Wi chemiea bormeldng dimaris or
tenperature inefiiRgltithnlamSslag bat B&ausd &8s titanium dioxide based heat-emitting paint
is chemically unstable at a high temperature, the paint whitens, new undesirable
20 compounds are produced, and metal components are precipitated at high
temperature to rapidly reduce emissivity of the titanium dioxide based paint.
Accordingly, the titanium dioxide based paint is not commercialized.
Because of various chemical reactions occurring during a chemical
smelting process for obtaining titanium dioxide from ilmenite, a bonding force
25 between componehts constituting titanium dioxide is weakened, causing the
titanium dioxide based paint to be physically and chemically unstable, and this is
considered as the reason why the titanium dioxide based heat-emitting paint is
chemically unstable at high temperatures.
However, ilmenite contained as the main component in the heat-emitting
30 paint of the present invention is not subjected to any chemical reaction process

but obtained from a natural ilmenite ore just physically crushed, so being



emissivities (s : % at each tenperature were neasured through a w ndow
positioned on a front side of the furnace by using a Pyroneter (MQ I 31
‘OC-3B) manufactured by Anerican Mcron Co.. The results are described in
Table 2, below. TABLE 2 Tenp.( OC) Ex. | Ex. 2Ex. 3Ex. 4~Co. Ex. |"'"' Co. Ex. 2~
‘Convent i onal

Ex. 60086. | 86. 385. 787. 185. 287. 365. 070085. 786. 185. 186. 883. 986. 866. 480084. 885.
884. 686.182. 786. 367. 890084. | 85. 383. 685. 981. 886. 168. 0100085. 285. 984. 487. 283.
487.772. 31 10087, 28%.786. 787..985. 687. ) . o

73. 4120087. 980‘§’b’é"ﬁa§§8’.“$éé‘.°‘?§9§'§7§§b}52‘6636 contiupusly stieh smissivty ot sbigh 87. 1
88.1 86.7 84. 2tefidperaturt@iridsphere, CONParative exanple 1 9 ' Co. Ex. 2:
conparative exanple 2 Fromthe results of Table 2, it can be seen that in
the case of emni ssi vilniaditadn, slarepitess ¢refhedanto poMdeECwinr firhe O 550 mesh or

em ssivities of sanples acgording to exanples of the present invention
changed only sll°|w§ﬁt y,ge b‘tﬁ'?‘{'ﬁgy éﬁf@éﬁe@i {1y apmixgeh shirgs pentainiogt & dinderh at he

hydr ocar bon bag L N, ' LS. 4 edyced in _canparjson
W th the i) SrPeradk Heeht WAk L0 AR GXRIR Bhabied ROMRCInoR sidieot Bse
by the fact thiatusttidlifamacear bide is oxidized on its surface exposed to a

hi gh tenperature oxidative atnosphere to reduce its blackness (em ssivity).
10 Furthernore, the Mgarwhite,che @&Yhuss:dmpl the \hindep furetiand tbhinoregée adisisiveam
tube after operation t he rnace s stopped and an inside of the
furnace was s ugftfelg’gﬁleor‘fﬁf‘@ ”%%4 gar,ry $%§[\§€]tyi°|‘?§t [Bg r’f‘ﬁ%‘p?‘f‘ﬁéf ioﬁ‘gtﬁf hRRer sunianecaf
according to examdusEiaPifuiaBe RIiBRADUdWINE HoWdN o R hg | gi nal

bl ack col or, but the lsaarr}])l e %oe{t ed wth ?% hygmﬂgﬁiﬁg&ggeg%aﬁgﬁt %14
(conventi®nal disperghg)agentst When ardlay nentetntl incthe IHeacemdttingnshint & o8y frage was
gl assified. | nﬁu trial Ap R) cabjljty As descri bed above, a heat-enitting
pai nt nostly ct r@i'&isi Wb"oég' ’q We‘?ﬁstréblbizfétaﬁhﬂ’&dvaﬁfjaﬁé‘éTbﬂo theginaer surfassiofi ty
to a furnace onerareae? O Bld S84 ahdTRAEE B! conldhe BOMBIC ale ooy leidpfie' °°

hi gher, the hemintewiis trelagiveigi feduted K trediRd uie drukin seVThs it Yoy cidas@ of! ONY
time, time required to heat a heated body to a desired tenpefature iIs

short ened, andMisEVidyefthe durmeee inper sutfacee d Aasotdinglyie it isdprefedable shatethier abl y
i ncreas dj) thecrleb%/ reguci n fue‘l copsunption of the furnace. For exanple,
fuel reduction &f P 18T BOBe!O & he heat-enitting paint 2 5 according
to the present inverdddimiphodssid alddyad il 0 o, 10 % in case
of a heating furnace used pl%r? @f?’é s%ln'leeilg gﬁdﬁﬁ%ﬁggg%gg@ Hn}é]fa?ﬁsl tnod{li%ll{('o’rrb{,]yand
by about 2 to disprrserthe dsenité pawleadnidnday inrthamixedsetdryn Of@afely ARy sihg
refining and petrochem cal industry. 10 Further, the heat-emtting paint
of the present®8FRSeIpdiwn phesphatedsmess vsaful tq thepsinbot Bgtpsesentinyention, aod ned

on a surface (hfasadelgﬁ%le rcﬁ;ﬂe%;lgﬂi)y aggtigr;;rgtlera%ie 1inh%conomic efficiency when its

20 content in the mixed slurry is 0.1 %.

When the composition of the heat-emitting paint according to the present
invention is mixed with water to produce the mixed slurry, it is.preferable that 40
to 60 wt% composition is mixed with 40 to 60 wt% water based on a total weight
of the mixed slurry so as to smoothly spray the mixed slurry to the inner surface
25 of the industrial furnace using a spray gun and dry the mixed slurry without the
slurry flowing down along the inner surface of the industrial furnace.
Furthermore, it is preferable that the heat-emitting paint of the present
invention is coated on the inner surface of the industrial furnace in a thickness of
1 to2 mm.
30 According to the present invention, the heat-emitting paint has an

emissivity of 0.85 to 0.95, much higher than a conventional heat refractory



industrial furnace to prevent the ' heat refractory material from being
eroded and secure a heat-shielding effect, thereby prol ongi ng the heat
refractory material's 5 life and inproving its durability. Furthernore, the
heat-emtting paint of the present invention is readily coated on the whol e
inner surface of an industrial furnace in the formof a slurry with a
desirabl e viscosity using a spray gun, ang the sprayed slurry is firnmy
attached to the inner surface of the furnace due to caking of clay added as
a 10 binder to,l.heiplurry, thereby securing excellent workability during
coating the inner surface of the furnace with the heat-emtting paint. The

present invention hagshdsoriskelsabdvesdecausarofiitd hipthr ehisyidityamNe heatddittidg 1 S
to be understood that the term nol ogy used is intended to be in the nature
of descri pti onPRiat pkthetnsessnomVeERtiAn ¢Aateshon Mignpnerowrfare af aw ndusirial fiemaed i ons

of the 15 presgnt..lnvent.i ; I in_light of the above teachings.
Therefore, it ?lé(;‘%’%“beey %htggrlgéego%?ﬁzaéi? b %ﬁlﬁmrﬁgﬁ@erg%&)@ o Sélb%‘é%&@%
clai ms. he inuaméd oniihe heausding! benwhe lelibadly afcitReciden!dy1de36Td bed
11 Caims |I. A heat-emtting paint for coating an inner surface of an

i ndustrial furheated bedwphusstapidly aeachinp gidesioed tamperatuienef tie RGatddob@B:. & W %
ilmenite with fineness .of 150 5 nmeshes or less, 1 to 4 ww%clay, and 0.1

wt % sodi um phorsegﬁ‘éeilés,e oggﬁ’e&' heat-em tting paint being used in a mxed slurry

formof 40 to 60 W % oRePshddr@ndns of 0 | ght
of the mxed slurry. .A A A9, .rA{ . Aglg %‘e,tb\ .eA F%véﬁﬁayg%sﬁﬁﬂgd\%“@ﬁ'p
of the following examples which are set forth to illustrate, but are not to be

10 construed to limit the present invention.
EXAMPLE

Ilmenite powder with a fineness of 150 mesh or less, clay, and sodium

phosphate were mixed in a mixing ratio as described in below Table 1 to produce

a composition constituting a heat-emitting paint of the present invention, and the

15 composition was mixed with water in the same weight ratio (composition : water
= 1:1) to obtain a mixed slurry used in examples and comparative examples.

At this time, the clay, manufactured by Kentucky-Tennessee Clay Co.,

comprising SiO; and Al,03 as main components and a small amount of TiO,,

Fe;0s, CuO, and MgO, was used.

20 TABLE 1
Examples . Composition (wt%)
Iimenite | Clay | Sodium phosphate
] 97.0 29 0.1
2 98.0 1.9 0.1
3 96.5 34 0.1
4 98.7 1.2 0.1
Co. Ex. 1 95.0 4.9 0.1
Co.Ex.2| 992 0.7 0.1




?~ytoj e’ [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] cLa] ca] ca
] ca] ca] ca] ca] ca] c*a] ca] ca] c*a] c”a] ca] c<a! MCe\ | <' ~| . uE/ } xsni d_Z] ca] ca] ca] ca]
‘ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caJca] ca]calca! e9p K3x&{i

vt ###$a$% %4 val gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca
] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ga] calca! j WW&+++5,,,*-.p..//0031(2
23c3n33444U44455D606} xsni d_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

! 8p9r9: :;
L2215 6o AsobDen ERPRAUA R bt B Sl N G epinen b caf o

i ! 11333
"KARKLOLLLLLCVRANAA NARACES 01 o e 1) Cal oof Caf ¢l caf Cureb eay ey ooy

a] ca] ca] ca] ca] wq]em]mg]}/@g]&mmw?] h;\vt]&ty?g d?halgdj\dg]v?)%] a:it]gﬁ/m]acabaa@bﬁdﬁ‘ 10%
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) - F10% & () - Jtrras dBIY LU St i 0% o0 1071 |
50‘ | &$L<§SO% | E?'(’?- : 16%% ‘f‘%f{ﬁf%%‘“ 'fa%r“’eslv dE~ @#10% & ()-
10% & ()-9nt 10% & ()laoth@¥sdrds) -aftbDMheslury wa¥Ubdied)on a brick sample with a
?dE~_@ 10% & () -#10% & ()-910% & ()-10% & ()- F1l0% & ()- _
10% & () - MCdEYo@ime o &5 mm x50 mag &' 10)mm($)1 Owiresylying besk ogmple (Was put in the
%0% & () - SH1QYE & ()- s ST , ,
Ce\ dE~_@ 6Y103/$@‘§§(’)Q'$ﬂ%%’§23?569 34 B9R12F 10 Gimin%090 C s mpintaingiqn30.mirows & ()
-1 <bCl0%&' () - t6DO%& &nd theAt mé&¥uredOin terms of emissivity. The resulting brick sample
10% & () - SO#10% & () - 710% & () - < ~dEDCLOY& () -\ TOV& ?e) reshllingebrigk samp
10 was then heated to 1200C in such a way that the sample was heated to an
additional 100C and then maintained at the increased temperature for 30 min,
and this procedure was repeated. ‘
A temperature in the furnace was measured using a radiation
thermometer positioned at a horizontal distance of 2 m from a surface of the brick
15 sample. In addition, after the temperature in the furnace is stabilized,
emissivities (¢ : %) at each temperature were measured through a window
positioned on a front side of the furnace by using a Pyrometer (MQ1310C-3B)

manufactured by American Micron Co.. The results are described in Table 2,

below.
20 TABLE 2
Temp.(T) |Ex.1|Ex.2|Ex.3|Ex4|'Co.Ex.1 |2Co.Ex.2 | Conventional Ex.
600 86.1 | 86.3 | 85.7 | 87.1 | 85.2 87.3 65.0
700 85.7 (86.1 | 85.186.8| 839 86.8 66.4
800 84.8 | 85.8 | 84.6 | 86.1 82.7 86.3 67.8
900 84.1 | 853|836 85.9 81.8 86.1 68.0
1000 852 859|844 872 83.4 87.7 72.3
1100 872 | 87.7 | 86.7 | 87.9 85.6 87.8 73.4
1200 87.9 | 80.0 | 87.1 | 88.1 86.7 87.9 75.7
1200TC,
879 (88.0|871 881 86.7 84.2 69.2
after 50 hours

'Co.Ex.1: comparative example 1
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32303n334§44dY§Hﬁiﬂ1t coated with the hydrocarbon based paint (conventional example) is

reduced in comparison with the initial measurement at 1200C.  This
phenomenon seems to be caused by the fact that silicon carbide is oxidized on its
surface exposed to a high temperature oxidative atmosphere to reduce its
blackness (emissivity).

10 Furthermore, the surface of each sample was observed through a stream
tube after operation of the furnace was stopped and an inside of the furnace was
sufficiently cooled, resulting in the finding that samples according to examples of
the present invention maintained their original black color, but the sample coated
with the hydrocérbon based paint (conventional example) lost its original black

15 color and its surface was glassified.

Industrial Applicability

As described above, a heat-emitting paint mostly consisting of ilmenite
has an advantage of higher emissivity than a conventional heat refractory
material. In particular, when applied to a furnace operating under an oxidative

20 atmosphere at 1000°C or higher, the heat-emitting paint is not reduced in
emissivity after a long time, time required to heat a heated body to a desired
temperature is shortened, and the amount of energy emitted to the heated body is
desirably increased, thereby reducing fuel consumption of the furnace.

For example, fuel reduction effect due to use of the heat-emitting paint

25 according to the present invention is desirably increased by about 8 to 10 % in
case of a heating furnace used in the steel and nonferrous metal industry, and by
about 2 to 3 % in case of a heating furnace used in the petroleum refining and

petrochemical industry.
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a composition consisting of 96 to 98.9 wt% ilmenite with fineness of 150

5 meshes or less, 1 to 4 wt% clay, and 0.1 wt% sodium phosphate,

said heat-emitting paint being used in a mixed slurry form of 40 to 60

wt% composition and 40 to 60 wt% water based on a weight of the mixed slurry.



