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(—) Warm-up questions

1. Please introduce what the rolling is briefly.

2. What is your opinion about the hot-rolling and cold-rolling?

(=) Words and expressions

b finishing 1545, 1547 retrieve
#51 rolling i vk pickling
T 5LAR rotating rolls 1B k annealing
g soaking pits L, R breaking down
R, HLPLA train ahay billet
R 7 ] Fininking shop I okt seetian
HEHE stacking up T NG wide-flanged beams
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Steel Rolling

Steel rolling is a continuous or stepwise forming with the aid of more than two ro-

tating rolls. The rolls act on the metal primarily through pressure( Fig. 1 —1). There-

4



- HEeETH

fore rolling is classified among the pressure-forming methods.

superstructure

power-driven rolls

support roller

Fig. 1 =1 Rolling Operation

Steel may be rolled hot or cold. Hot-rolling is carried out at an elevated rolling-
stock temperature ,and cold-rolling is performed without heating.

Hot-rolling mills are generally divided into the following zones: furnace area ( for
heat supply prior to deformation ) ,rolling area ,and finishing area. Rolling stocks will be
homogeneously preheated to defined temperature by soaking pits in the furnace area.
The rolling area completes the rolling process. Rolling trains are normally adapted to
the products to be rolled. Hence ,there are very many different types of trains,such as
roughing trains ,intermediate and finishing trains. The most important tasks of the fin-
ishing shop are: cutting, straightening, surface protection stacking and retrieving, in-
spection , checking, sorting, marking, collecting, bundling and packing. The sequence
and extent of these jobs will depend on the nature of the product.

Cold-rolling mills generally include the following areas: pickling areas, rolling
train, heat treatment, and finishing area. Steel is cold rolled mainly for producing flat
products such as deep-drawing sheet, tin sheet and stainless sheet. Sectional steel
products and tubes are also cold rolled. The most wide-spread process is the cold roll-
ing of strip. Strip is cold rolled on two-high, four-high or multiple-roll mills. In order
to eliminate work hardening after cold rolling, heat-treatment by annealing is frequent-
ly applied. A combination of cold forming and heat treatment permits specified tech-
nological properties to be obtained.

The advantage of hot-rolling is that it can be reduced in thickness much more

easily. But the surface finish and accuracy are not so good as those obtainable by
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cold-rolling. The most general use of hot-rolling, therefore, is for “breaking down”
large ingots; cold-rolling is used to make smooth and accurate thin sheets of metal. As
cold steel is harder than hot steel, cold steel mills need harder rolls and , the power re-
quired for cold-rolling is greater than that for hot-rolling.

Two main groups of rolled steel products are semi-finished products and finished
products. Semis are the blooming and slabbing as well as the hot wide strip. Normally ,
they are deformed in the steel plants into finished products. Finished products are
those whose hot forming has been completed in the rolling mills. Finished rolled steel
products are classified according to the shaped of their cross-sections as;section prod-
uct, flat product,tube,and wire rod.

Section products are subdivided into groups each with different individual pro-
files. They include

(1) Sectional steel Sectional steel include circular, square , rectangular, octago-
nal or semicircular sections, and I, H, U profiled sections and wide-flanged
beams, etc.

(2) Reinforcing steel With a diameter measuring 6 to 8mm, reinforcing steel is
also a bar with a circular cross-section. Its surface is usually ribbed.

(3) Rail accessories This category covers all the parts needed for building rail-
way tracks.

Flats are rectangular in cross-section. The width is much larger than the thick-
ness. The surface is mostly smooth but may also be patterned. Flat products are classi-
fied by thickness into; heavy flat steel( >60mm) ,medium steel plat(4 ~60mm ) and
steel sheet( <4mm).

Tubes are hollow sections. Althoughits cross-section normally is circular, other
forms are also produced.

Wire rod’s surface is mostly smooth. Its cross-section may be circular, oval,
square , rectangular, etc. Thicknesses rang form 5 to 40mm. Most wire rod undergoes

further treatment by cold drawing or cold rolling.
ZRiIFN

(—) Warm-up questions
1. Can you introduce the secondary refining briefly in your own words?

2. Why does vacuum treatment of steel enjoy high priority?
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(=) Words and expressions

secondary refining AN, KR || electromagnetic L 1)

clean steel ali 5N wire feeding My MEZR
inclusion Jede, MEK core wire N Ls, BLARE
micro cleanliness BHER (B deoxidizer WA, o
degas W=, 2% continuous caster L

vacuum Hzs | 25d] vacuum furnace roof | B2 TR
multi-nozzle lamce ZfLEEAE ::al:ielf pduction B ahB N m R as

(=) AX
Secondary Refining

Formerly ,steel produced in the refining processes of the converter or electric arc
furnace was considered “finished” and ready to be cast and rolled. Nowadays, sec-
ondary refining is generally applied after the refining process. The purpose of seconda-
ry refining is to produce “clean” steel,which satisfies stringent requirements of sur-
face , internal and micro-cleanliness quality and of mechanical properties. The tasks of
secondary refining are: degassing ( decreasing the concentration of oxygen, hydrogen
and nitrogen in steel ) ; decarburization ; removing undesirable non-metallic ( primarily
oxides and sulphides) ;etc.

Secondary refining processes have many methods. They are divided into two
broad categories: secondary refining process in vacuum ( vacuum treatment process )
and secondary refining process in non-vacuum( non-vacuum treatment process). The
corresponding techniques are: stirring gas treatment with porous lances, or with the
aid of electromagnetic stirring;feeding refining agent( lance injected solids , wire feed-
ing ) ;heating with cored wire and electric arc;vacuum degassing with the aid of vari-
ous techniques etc. Secondary refining processes can be carried out in the ladle, the
ladle furnace,in some instances,even in the electric arc furnace.

Vacuum treatment of steel enjoys high priority because of its versatility and the
special advantages in second refining. In this passage,some vacuum treatment meth-
ods will be introduce mainly.

Vacuum treatment is based on the following consideration. Dissolved gases only
partly escape while the steel solidifies. For this reason,all steels contain quantities of

gases: hydrogen, nitrogen and oxygen, which cause embrittlement, voids, inclusion,
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and other undesirable phenomena in the steel after it solidifies. This impoverishes the
technological properties of the steel. For example , hydrogen in solution in solid steel
has a deleterious effect upon the mechanical properties ; ductility is lowered without a
corresponding increase in strength and also leads to cracking in highly-stressed com-
ponents. Nitrogen lowers the ability of steels to undergo deep drawing operations. If
the external pressure is lowered, the gas which is dissolved in the metal can es-
cape. Besides degassing , additional metallurgical reactions are carried out in the vacu-
um ,such as decarburization. A combination of vacuum treatment and stirring gas ac-
celerates and promotes the metallurgical reactions.

Nowadays there are many vacuum treatment methods in the steel making, such as
RH process, Finkle process, RH-KTB process, ASEA-SKF process, Finkle-VAD
process, VOD process, etc.

RH process is circulation degassing in vacuum chamber. This method is shown in
Fig. 1 —2. There are two circulation legs under the vacuum chamber and the steel is
caused to flow up into evacuated chamber for degassing by the passage of a small but
continuous flow of argon gas into one leg of the chamber. Gravity causes it to leave
through the other leg and return to the ladle where the outflow creates and adequate
degree of circulation. The average circulation rate is usually some 12 ton per min and
20 min are required to fully treat a 100 ton ladle of steel. The temperature loss will be
40 to 50 C for about 40 ton.

In the case of ASEA-SKF,the equipment comprises a ladle-furnace ,a mobile in-
duction heater,a steam ejector and a vacuum cover fitted with electrodes for heat-
ing. In refining,the ladle is placed in the induction heater and moved to the vacuum
degassing station. The atmosphere is reduced to around 200 pm Hg. After 15 min (30t
heat) deoxidizers are added. After vacuum treatment the ladle is moved to the rehea-
ting as shown in Fig. 1 —3. Here the electrode cover is lowered on to the ladle. Fluxes
are added to make a basic slag and alloys added to meet the specification. After heat-
ing by arcs the steel is tapped ,normally by continuous casting. This method is flexible
and well suited for special steels of high quality,and allows for efficient scheduling of
casters.

There can be considerable overlap in the metallurgical functions that various sec-
ondary steelmaking processes achieve. To determine which process to install , the steel-
maker must reflect on the capability and flexibility of the particular process in its abil-
ity to perform the various metallurgical functions required for a given product

mix. Consideration must also be given to the way in which the process affects the other
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- —svyacuum pumps

electrode roof

vacuum furnace roof
ladle

mobile induction heater
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Fig. 1 =2 RH circulation degassing Fig. 1 -3 ASEA-SKF refining furnace

operations of the shop,the tonnage throughput expected, and the relative capital and

operating costs associated with the process.
(w) H£FEL
KPR EMNE IR

b2, TERP A I ORE R e AR P RO AR AT T T P i
FELH . BUTE, WMk T2 2 )5 W SEAT 4P MK o d MRS HR i B B A
“alivp” B, MEREMSIE XTI P R Al B K g A PR RE S T Y A
FOR, PAOMEHRAAE S R B (AP, ETMAINE
), Bk, EBRALENAESRRRY (FEEALDMHELY) F.

AT AR £, KRBT REIE TS (ER= ) A=
TAME R (EZSAEB) PigE. M RBARA : 2B i RidEa B,
o H AT HRERERE . BRI IR (BT S R . MREZR) 5 B nER A
B (B TR R AT ES B RF . FOMER T LENG,
Proh gy, ASefE LT 2= A LI I TR AT

HS g T RA Z AR L AL, PR 0 SRS b = A L e
o 763X B FEA RS —LT5%

BRI T AT IR HE IR . MR EEFE R, AN UERA
—HRorRE IR . I, FrARNERS A —E A AR AAMAEA
XSS A2 PR A E MG . AR L . B Wy R0 A 6 1] I B AN A B ) B
%, DOHBRICIA AR TERR . Ban, S A B X B Y ) R
AE, EEIBTERAR, MR MR, WSBCT =R AL R

9



