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VYSOKOTEPLOTNY
ANTIOXIDANT
OCELE

HIGH-TEMPERATURE
ANTIOXIDANT
FOR STEEL



DIAGO SF Vam predstavuje vysokoteplotny antioxidacny prostriedok na rieSenie problémov, ktoré vznikaju
pocas valcovania ocel'ovych materidlov za tepla: - valcovanie plechov za tepla, kde vychodiskovym polotovarom su
bramy. - valcovanie tyci s réznym prierezom, ale aj profilov vyrabanych z predvalkov vyvalcovanych z ingotov za tepla.
Dosiahnuté vysledky ukazuja, ze strata zihanim u beznej oceli klesla z pévodnych priblizne 1,5% pod , 0,5%; strata
zihanim na Specialnej oceli klesla z povodnych 2-3% pod 0,5%, a priama Gspora na Standardnom uhli, spotrebe vody a
znizeni emisii oxidu siri¢itého atd’. je obrovska. Najmd pouzitie pri valcovani Specidlnej ocele, nielen znizi stratu
zihanim, ale aj perfektne riesi problémy povrchovej kvality sposobené zalisovanim zoxidovanych okovin do povrchu
a tym riesi dlhoro¢ny tazko prekonatel'ny technicky problém oceliarskych spoloénosti.

DIAGO SF presents you a high-antioxidant means to solve problems that arise during the hot rolling of steel
materials -eg, hot rolled steel sheets and hot rolled bars with varying cross-section, including steel profiles produced
from billets rolled from ingots. Results show that mass loss during heating process for conventional steel decreased
from approximately 1.5% below 0.5% ; mass loss during heating process for special steel fell from 2-3% below 0.5%, and
the direct savings on the standard coal, consumption of water and reduced emissions of sulfur dioxide etc. are
considerable.

The DIAGO SF process, when used during hot rolling of special steel, not only reducing mass loss during heating
process, but also perfectly solves surface quality problems caused by rolled-in scale, and the other long-standing, hard
to overcome technical problem encountered by current steel producers.
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Technoldégia vysokoteplotnej antioxidacie a
povrchovej upravy ocele

Vznik zoxidovanej vrstvy na oceli pri vysokoteplotnom nahrievani sposobuje oceliarenskym spolo¢nostiam priame straty
na oceli a vazne problémy kvality povrchovej vrstvy. Zaroven ak nie su zoxidované okuje v¢as odstranené, pri valcovani
moézu byt zalisované do povrchu a sposobit’ tak povrchové vady, v niektrych pripadoch az uplné znehodnotenie.
Aby sa neodstranili zoxidované okuje, musi sa pridat cistenie vysokotlakovou vodou, morenie, otrieskavanie,
odstrafiovanie vrchnej vrstvy atd’, ¢im sa vyrazne zvysi pocet vyrobnych procesov a spotreba energii. Okrem toho pri
nahrievani ingotov mézu zoxidované okuje spadnit na dno pece a nielen poskodit’ pec a znizit’ jej zivotnost, ale pri ich
odstrafiovani je aj potrebné pridat’ tazki manualnu pracu; ak sa pouzije mokré odtroskovanie, tak sa zase zvysi spotreba
energii.

Pouzitie vysokoteplotného antioxidantu na ocel’ pri jej vyrobe vo velkej miere zvySuje efektivitu, priamo zvysSuje
vynos a kvalitu ocele. Zaroven znizenie tvorby zoxidovanych okuji zjednoduSuje proces vyroby. Vyrazne znizuje
spotrebu energii a umoziuje plné vyuzitie Zeleznej rudy a tym zvysuje efektivitu vyroby.

Technology and high temperature antioxidant surface treatment of steel

Past practice required to correct scaling and oxidation of steel during hot rolling, causes direct mass loss of steel and
serious quality problems of the surface layer. Additionaly, scale, if not removed on time is rolled-in during het rolling,
resulting in surface defects and in some instances even result in the scrapping of product. Mill scale must then be
removed by high-pressure water jetting, pickling, abrasive blasting, removing the top layer, etc., thus greatly increasing
the number of production processes and energy consumption. Furthemore, during heating process scale can fall down
to the bottom of the furnace and damage the furnace and reduce its life. Removal of this scale then causes additional
manual laborcosts. The wet deslagging method results in increased energy consumption.

The use of high-temperature antioxidant for steel in production process greatly improves efficiency, and directly
increases the yield and quality of the steel produced. At the same time reduction of scaling and oxidation simplifies the
production process, significantly reducing energy consumption and allowing full utilisation of the iron ore resulting in
increased production efficiency.

Brama bez pouZitia antioxidantu po odokovinovani

Brama without antioxidant after descaling

Brama po odokovinovani ( na polovici pouzity antioxidant ) Valcovanie bez aplikacie antioxidantu
Brama after descaling (half of antioxidant used) Rolling applications without antioxidant

Valcovanie po aplikovani antioxidantu na cely povrch Povrch bramy po valcovani bez aplikicie antioxidantu

Rolling after applying to the entire surface of the antioxidant Surface slabs for rolling without applying antioxidant
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Mechanizmus pésobenia vysokoteplotného
antioxidantu na ocel

Hlavnymi zlozkami vysokoteplotného antioxidantu na ocel’ su kovové a nekovové oxidy s odolnostou voci vysokym
teplotam s antioxidacnymi vlastnost'ami.NajéastejSie sa pouziva vo forme nastrekovatelnej suspenzie. Jednotlivé kompo-
nenty vytvoria suspenziu. T4 sa nastrieka aleno natrie na povrch kovu a vytvori vrstvu hrubu cca. 0.3 mm. Po zaschnuti
vd’aka adhezivnemu prasku v suspenzii, prilne na povrch kovu a vytvori ochrannu vrstvu.

Pri nahrievani sa zo zvySujucou teplotou suspenzna ochranna vrstva speka a vytvara uzavretud, husta, pevna a adhéznu
vrstvu a tym sa dosahuje odizolovanie kyslika a zabranuje sa tvorbe zoxidovanych okovin.

The mechanism of action of the high temperature steel antioxidant

The main components of the antioxidant product in high temperature steel production, is the fotmation of metal and
non-metal oxides with high resistance temperatures and antioxidant properties. The most commonly used application is
via suspension slurry spray. After spraying and Aleno painting the metal surface forms a thick layer of approx. 0.3 mm.
After drying, the adhesive powder in suspension, adheres to the metal surface to form a protective layer.

During the heating process, the increasing temperature of the slurry produced a protective layer which begins to
sinter forming a closed and dense solid adhesion layer and thus achieves isolation of oxygen and prevents oxidation
and scaling.







Moznosti vyuzitia

Vysokoteplotny antioxidant na ocel’ sa pouziva najma v oceliarskom priemysle na riesenie problému oxidacie a korozie
povrchu beznej, nerezovej a Specidlnej ocele pocas zahrievania pri valcovani za tepla, ktory sposobuje straty na oceli a
znizenie jej kvality.
Area of use

High - temperature antioxidant for steel is mainly used in the steel industry to address the problem of corrosion and
oxidation of the surface of conventional, stainless and specialty steel during hot-rolling, which causes loss of steel and
reduction of its quality. Advantage of this method can be summarized as follows:

Problém kvality povrchu - bez aplikacie antioxidantu Problém oxidacie pri nahrievani - bez aplikacie antioxidantu

The problem of surface quality - without the application of antioxidant

Viastnosti

Moze sa priamo nasprejovat’ na povrch roznych druhov ocelovych bram, nie je potrebné Ziadna predosla Giprava povrchu.

The problem of oxidation when heated - no application antioxidant

Features

Can be directly sprayed on the surface of various types of steel slabs and no previous surface treatment is needed.

Nastriekavanie na povrch bramu Brama s antioxidantom vyberana z pece
Coating the surface of the slab Brama with an antioxidant selected from the kiln

Nastriekavanie antioxidantu na hranolové ingoty Nastriekavanie antioxidantu na valcovité ingoty
s vePkym priemerom

Coating of the antioxidant rectangular ingots
Coating antioxidant on cylindrical molds

with large diameter



2. Po nastriekani na povrch bramu, ingotu v prostredi s teplotou 20 °C zatuhne po 10 minttach. Po nastrickani neopadava,
je dostatocne pevny, odolava aj zrazke s druhymi ingotami.

2. After spraying the surface of the slab, the ingot solidifies after 10 minutes at ambient temperature of 20 ° C. After
spraying, coating doesn't fall off and is sturdy enough to withstand a collision with other ingots.

Test antioxidantu pri niraze po¢as zdvihania Test antioxidantu pri naraze pocas zdvihania ingotov
Test for antioxidant impact during lifting Test antioxidant on impact while lifting ingots

3. Po nahriati a vybrati bramy, ingotu z pece je farba povrchu kompaktna, bez vyskytu nepravidelnosti.

3. When the slab or ingot is taken out of furnace after the heating process, the color of the surface is compact, free of
irregularities.

Vyberanie ingotov s antioxidantom po nahriati Vyberanie ingotov s antioxidantom po nahriati
Removing ingots with antioxidant after warming Removing ingots with antioxidant after warming

4. Pri valcovani za tepla bramy s antioxidantom, po niekol'kosekundovom vystaveni prudu vody, vrstva sama opadne a
nezanecha stopy.

4. For hot rolled slab with an antioxidant, after few seconds, the current issue of water layer itself fades leaving a trace.

Brama, na ktorej bol antioxidant po ostriekani priidom vody Brama zo Specidlnej ocele, na ktorej bol antioxidant
Brama, the antioxidant which has been sprayed with water after po ostriekani priidom vody



5. Po valcovani je povrch bramy leskly a konzistentnej farby a riesi sa tym problém trhlin a iné problémy kvality povrchu.

5. After hotrolling, the slab surface is glossy and of consistent color; ruptures and other surface quality problems are
eliminated.

Pasova ocel’ po valcovani s pouZitym antioxidantom Brama po valcovani s pouZitym antioxidantom
Strips after rolling with the use of antioxidants Brama after rolling with the use of antioxidants

6. Strata zihanim u beznych oceli bez pouzitia antioxidantu je cca. 1 - 3 %, pri pouziti antioxidantu klesne pod 0.5 %.
6. Mass loss during heating process of conventional steel without the use of an antioxidant is about 1 - 3 %, with the
application of antioxidant it falls below 0.5%.
7. Strata zihanim u nerezovych a Specialnych oceli bez pouzita antioxidantu je cca. 0,8 - 3%, pri pouziti antioxidantu
klesne na 0,01 - 0,02%.
1. Mass loss during heating process of stainless and special steels without the use of antioxidant is about. 0.8 to 3 %,
with application of antioxidant it falls to 0.01 - 0.02%.

BeZna ocel’ s antioxidantom po nahriati Specialna ocel’ s antioxidantom po nahriati
Ordinary steel with antioxidant after warming Special steel with antioxidant after warming

8. Vysokoteplotny antioxidant na ocel’ vyriesil problémy povrchovej kvality a strat zapri¢inenych vysokoteplotnou
oxidaciou ré6znych druhov ocele.

8. High-temperature antioxidant for steel solves problems with surface quality and losses caused by high temperature
oxidation of various types of steel.

R

Porovnanie oxidacie na povrchu oceli ( vI'avo bez a vpravo s antioxidantom )
Comparison of oxidation on the surface of steel (left and right with no antioxidant)



Pouzitie pri valcovani specialnej ocele
Problémy kvality povrchu u $pecialnych oceli. Na povrchu bramy je po vybrati z pece husta, hruba zoxidovana vrstva.
Konvencnym cistenim sa nedokazu tplne odstranit’ okuje a tie sa potom pri valcovani vlisuju do povrchu a vznikaja
trhliny.
Special steels surface quality problems exist when the slab is taken out of the furnace there exists a dense, thick
oxidized layer on the surface. Conventional methods are unable to completely remove this scale which is then during
rolling rolled-in causing cracking.

Brama bez pouZitia antioxidantu po odokujeni Povrch bramy bez pouZitia antioxidantu po valcovani
Brama without antioxidant after descaling Surface slabs without antioxidant after rolling

RieSenie problémov kvality povrchu specidlnej ocele - prikladom je pouzitie antioxidantu na ocel'ovych doskach s
obsahom niklu na 1 % . Konkrétne vysledky pouzitia boli nasledovné:

Solution to special steel surface quality problems - an example is the use of an antioxidant on steel plates containing
1% nickel. Specifically, the results of use were as follows:

Polovica povrchu s pouZitim antioxidantu, druha polovica bez jeho pouzitia
Half of the surface using an antioxidant, the second half without its use

Brama po odokujeni Brama. po od(?ku.jeni
( na polovici pouZity antioxidant ) ( bez pouzitia antioxidantu )

Brama after descaling (half of antioxidant used) SRR S inelne sl



Porovnanie - kontrola oboch stran dosiek. V mesiaci 05/12 bolo valcovanych 10 ocelovych dosiek s obojstranne
nastriekanym antioxidantom. Po troch dioch bola vykonana kontrola oboch stran : povrch na hornej a dolnej strane
ocelovej dosky bol bez trhlin a okuje neboli zalisované do povrchu, kvalita povrchu bola vel'mi dobra.

When both sides of 10 steel sheets, treated with antioxidant on both sides had been rolled. It was noted that
after three days when both sides were checked, that the surface on the top and the bottom side of the steel plate had no
cracks and rolled-in scale, the surface quality was very good.

Povrch po valcovani s pouZitim antioxidantu Povrch po valcovani bez antioxidantu
Surface after rolling using an antioxidant. Surface after rolling without antioxidant

Povrch hornej a dolnej strany po valcovani s antioxidantom
Surface of the upper and lower sides after rolling with antioxidant
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Analyza finan¢nej efektivnosti a zisk

Straty pri tradi¢nom valcovani - strata zihanim: Ako priklad
vezmeme oceliarne, ktoré valcuju ocelové plechy s obsahom niklu
1%. Ak nepouziji vysokoteplotny antioxidant, pocas nahrievania

v peci sa na povrchu materidlu vytvori zoxidovana vrstva hruba
2 mm:

R R R A

Brama s rozmermi 2,1 m x 3,5 m, ¢ize strata Zihanim predstavuje
hodnotu: 2,1mx3,5mx0,004mx7,85t/m'=0,23079 t.

Odstranenie vrchnej vrstvy ocel'ovej dosky.

Kedze zoxidovana povrchova vrstva sa neda dokonale odstranit,
pocas valcovania je zalisovana do povrchu a vytvori 2 - 3 mm hrubt
vrstvu s trhlinami a jamkami. Neskor je potom potrebné odstranenie
vrchnej vrstvy. Priemerne je potrebné na vrchnej a aj spodnej strane
odstranit’ 5 mm povrchovej vrstvy:

2,1mx10mx0.005mx7,85tm’=0,82425 t.
Strata Zihanim a strata pri odstraneni povrchovej vrstvy spolu:
0,23079 t + 0,82425 t = 1,05504 t.

Analysis of cost-effectiveness and profitability

Losses in traditional rolling - mass loss during heating process: As an example we take steel company which is hot
rolling steel sheets containing 1% nickel. If high-temperature antioxidant is not used, 2 mm thick oxidized layer is

formed on the surface of material during heating process in furnace::
Slab with parameters of 2.1 mx 3.5 m, or a weight loss during heating process:

2.1 mx3, 5mx0, 004mx7, 85t/m3 = 0.23079 tons.
Removing the surface layer of the steel plate. Since the oxidized surface layer can not be completely removed, during
the rolling process surface is rolled-in creating a 2-3 mm thick layer with cracks and ruptures. Later the surface layer
must be removed. On average, it is necessary to remove 5 mm thick surface layer on hoth top and bettom side:
2.1 mx10mx0.005mx7, 85tm3 = 0.82425 tons.
Weight loss during heating process and loss caused by removing the surface layer together:
+0.23079t + 0.82425 t = 1.05504 t .

Ekonomicke prinosy pouzivania antioxidantu.

Podla vysledkov testov pri valcovani a kontroly oboch stran bram, pouzitie vysokoteplotného antioxidantu na ocel,
ucinne zabrafiuje vytvoreniu zoxidovanej povrchovej vrstvy pri nahrievani v peci. Vysledky kontroly oboch stran
bram: do povrchu vrchnej a spodnej strany biletu nie je zalisovand zoxidovana vrstva, kvalita povrchu je dobra a na
dosiahnutie technickych narokov stac¢i pouzit’ abrazivnecistenie. AvSak podl'a vyrobnych noriem spolo¢nosti je potrebné
u vrchnej a dolnej strany len 1 mm hrubu vrstvu na dosiahnutie normy.

Odstranenie 1 mm hrubej vrstvy z povrchu predstavuje spolu : 2,1mx10m0,001mx7.85 t/m’=0,16485 t.
Pouzitie antioxidantu predstavuje tisporu na ks : 1,05504 t - 0,16485 t = 0,89019 t.
Priblizna p6vodna hmotnost’ bramy je 25 t, koeficient tispory pre tuto Spwcialnu ocel je: 0,89019/25=0,0356.
Ak spolocnost’ vyrobi 700 000 t Specialnej ocele a vzdy pouzije antioxidant, kazdorocna uspora pre spoloc¢nost
predstavuje priblizne 3560 t. Pri cene 1250 € za 1 t Specidlnej ocele predstavuje kaZdorocna vuispora 4 450 000 €.

Economic benefits of high antioxidant use on steel.

According to the test results of hot rolling and control of both sides of steel slabs, the use of high-temperature antioxi-
dant for steel, effectively prevents the formation of oxidized surface layer during heating process. Results of control
of both sides of steel slabs: the surface of both the top and bottom sides of steel slabs has no cracks and rolled-in scale,
surface quality is good and the technical requirements can be achieved just by abrasive blasting. However, according
to the company's production standards 1 mm thick layer on both top and bottom side should be removed to achieve the
standards.

Removal of 1 mm thick layer from the surface sums up to: 2.1 mx10m0, 001mx7.85 t/m3 = 0.16485 tons.

Application of antioxidant achieves savings on each slab: 1.05504 t - = 0.16485 t 0.89019 t.

The approximate weight of the slab is 25 tons, the savings coefficient for this special steel is: 0.89019 / 25 = 0.0356.

If the company produces 100 000 tonnes of special steel and always applies antioxidant, annual savings for the company
is about 3560 t. At a price of € 1250 per 1 t of special steel, annual savingsfor company are € 4,450,000.
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Priklady pouzitia
Zosumarizované priklady pouzitia antioxidantu: Specialne ocele:

Examples of use
Summarizes examples of the use of antioxidant: Special steel:

Aplikacia antioxidantu na bramu a extra - hrubé kompozitné dosky
Application of the antioxidant slab and extra - thick composite panels

NanaSanie antioxidantu Povrch po valcovani bez antioxidantu Povrch po valcovani s antioxidantom

Application of antioxidant Surface after rolling without antioxidant Surface after rolling with antioxidant




Priklady pouzitia

Examples of use

Specialne ocele Ocel 06Ni9
Special steel Steel 06Ni9

Ocel Ni9

Steel Ni9

Bramy a ingoty

Brams and ingots




EAGO

- POHYB POD KONTROLOU -
- Motion & Control -

CENTRALA / HEAD OFFICE

Zelezniéna 7, 977 01 Brezno, Slovakia

TEL.: +421 48 6711 111 FAX : +421 48 6711 151
E-mail : diago@diago.sk WEB : www.diago.sk




