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(54) METHOD FOR IMPROVING SURFACE COARSE GRAIN OF NON-ORIENTED SILICON STEEL

(57) A method for fining coarse crystal grains at sur-
face of non-oriented silicon , comprising the following
steps: 1) smelting and casting; compositions of non-ori-
ented silicon steel by weight percent are: C:
0.001%~0.005%, Si: 0.1%∼1.8%, Mn: 0.10%~0.80%, P
≤ 0.04%, Al: 0.20%~0.80%, S ≤0.005%, N ≤0.005%, and
the rest is Fe and minimal unavoidable inclusions; molten
steel in accordance with the above compositions under-
going smelting and RH refining treatment and then cast-
ed into steel billets; 2) hot-rolling into steel sheets; 3)

normalizing, normalizing temperature is controlled at
800~900°C, normalization soaking period is controlled
at 15∼30S, oxygen content in normalization oven is con-
trolled at 0.5% or less, a ratio of maximum grain size to
average grain size in the normalized steel sheets is con-
trolled below 3; and 4) pickling, cold-rolling, annealing,
coating in order to obtain non-oriented silicon steel prod-
ucts. The invention, under existing conditions, might fine
the coarse crystal grains at the surface of non-oriented
silicon steel, without addition of heat treatment procedure
and without a parallel hot-working.
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Description

FIELD OF THE INVENTION

[0001] This invention relates generally to a manufacture process of non-oriented silicon steel, and particularly, to a
method for fining coarse crystal grains at surface of non-oriented silicon steel.

BACKGROUND

[0002] The composition contents of existing non-oriented silicon steel products are: C ≤0.005%, Si: 0.1%∼1.8%, Mn:
0.10%∼0.80%, P: 0.04% or less, A1: 0.20%∼0.80%, S ≤0.005%, N ≤0.005%, the rest is Fe and unavoidable inclusions.
The above compositions of molten steel are obtained through smelting in a converter and RH refining treatment. After
the molten steel is casted into billets and the billets are successively hot-rolled, normalized, pickled, cold-rolled, annealed
and coated, products of non-oriented silicon steel are then obtained. Surface quality of the products is often poor, as
shown by Figure 1, which have severe coarse crystal grains at the surface.
[0003] At present, solutions to solve the problem of coarse crystal grains of steel products are mainly as follows:
[0004] Chinese patent CN1073982 disclosed a pre-treatment process of "duplex preheating and normalizing" for
forgings, which solves the problems that the existing process is incapable of fully fining crystal grains and of clearly
improving coarse grains and mixed grains. It includes preheat and normalization procedures, features of which lie in
that forgings are preheated to a temperature of 600~710h prior to being normalized. Features of the process lie in that
(1) coarse crystal grains are fined; (2) coarse grains and mixed grains are fined to meet relevant technical specifications;
and (3) it can be implemented by using existing devices. However, this process might be applied to preliminary heat
treatment of large-scale forgings. If coiled sheets of non-oriented silicon steel are subject to this process, an additional
heat treatment procedure would be required and cost would be increased.
[0005] Chinese patent CN1804056 disclosed "a method for preventing low-multiple coarse crystal grains of transform-
able high temperature alloys", which includes two groups of measures. The first group is preventive measures of forging
process, which conducts computerized simulation by use of commercial simulation software DEFORM2D so as to
determine the deformation in the min-deformable portion of a high temperature alloy forging, and to strictly control the
deformation caused by recrystallization generated in the effectively deformed portions in a single heating. The second
group is preventive measures of preparative heat treatment, which strictly hold heating temperature for smithing below
1160h, the measures in the second group are used when the measures in the first group do not work successfully or
some accidents occur. The production process developed by this invention can make low-multiple coarse crystal grains
of the products manufactured of transformable high temperature alloys attain to a qualified grade, and is mainly used
for hydraulic pressing deformation and hammer smithing deformation of conventional high temperature alloys. It is not
suitable for normalization treatment of non-oriented silicon steel sheets because coiled sheets of non-oriented silicon
steel cannot be heat-treated to be deformed by pressing or smithing while being normalized.
[0006] Chinese patent CN1733946 disclosed a treatment process of fine crystal grains of a screw bolt steel used in
a sub-critical steam turbine", features of which lie in adding a heat treatment procedure prior to quenching and tempering
treatment of materials. The process includes steps of: Step 1: the material is heated to 9206 20h, which is then
maintained for 0.5∼2 hours; Step 2: the material is slowly cooled down to 750630h at a cooling rate of 100620h per
hour, which is then maintained for 0.5-2 hours; Step 3: the material is air-cooled to room temperature. This invention
adds a heat treatment prior to quenching and tempering treatment to steel 20Cr1Mo1VNbTiB , to make texture of the
material homogenized before being quenching and tempering treated. The material can obtain complete fine crystal
grain texture after being quenching and tempering treated, so that defects of coarse crystal grains of steel
20Cr1Mo1VNbTiB can be solved. However, the process cannot solve coarse crystal grains problem that generate in
the normalization process of non-oriented silicon steel.
[0007] The above-mentioned three methods can be summed up into two ideas: one is to fine crystal grains so as to
eliminate coarse crystal grain through twice heat treatment; the other is to impose critical forging pressing deformation
to control recrystallization while the material is being heat-treated, and thereby to solve the problem of low-multiple
coarse crystal grains.
[0008] However, the above three methods are not suitable for normalized non-oriented silicon steel products, and the
main reason is that the non-oriented silicon steel products can not be hot worked to be deformed while being normalized;
if of the twice heat treatment to fine grain size of crystal grains is performed, cost will rise.

SUMMARY

[0009] The object of the invention is to provide a method for fining coarse crystal grains at surface of non-oriented
silicon steel. This method, under existing conditions, might fine the coarse crystal grains at the surface of non-oriented
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silicon steel without addition of heat treatment procedure and without a parallel hot-working, and might have surface
quality of the non-oriented silicon steel meeting relevant requirements, without any influence on electromagnetic property
of non-oriented silicon steel.
[0010] In order to attain the object above, the method provided by the invention is:
[0011] 1) smelting and casting:
[0012] compositions of a non-oriented silicon steel, by weight percent are: C: 0.001%~0.005%, Si: 0.1%~1.8%, Mn:
0.10%~0.80%, P ≤ 0.04%, A1: 0.20%~0.80%, S ≤0.005%, N ≤0.005, and the rest being Fe and unavoidable inclusions;
[0013] molten steel in accordance with the above compositions is smelted, RH refining treated, and then casted into
a steel billet;
[0014] 2) hot-rolling into steel sheets;
[0015] 3) normalizing:
[0016] normalizing temperature is controlled at 800∼900°C, normalization soaking period is controlled at 15∼30S,
oxygen content in normalization furnace is controlled at 0.5% or less, a ratio of maximum grain size to average grain
size in the normalized steel sheet is controlled below 3; and
[0017] 4) pickling, cold-rolling, annealing, coating to obtain a non-oriented silicon steel product.
[0018] Furthermore, the ratio of the maximum grain size to average grain size in the normalized steel sheet is controlled
below 2.
[0019] Directing to the coarse crystal grains at the surface of the non-oriented silicon steel product, the invention
normalizes the steel sheet, wherein normalizing temperature is controlled at 800∼900°C, and normalization soaking
period is controlled at 15∼30S. If the normalizing temperature is too high and the soaking period is too long, crystal
grains will unusually grow up, severe coarse crystal grains defect will occur after cold-rolling and annealing process.
Contrarily, if the normalizing temperature is too low and the soaking period is too short, then the post-rolled deformed
texture caused by rolling cannot re-crystallize into fine grains, and so corrugation-like defects will occur, which simulta-
neously deteriorates magnetic induction property. That is, there is a critical normalizing temperature range and a critical
normalization period in process of normalizing treatment of the non-oriented silicon steel with the above compositions
and having undergone the above ante-normalization treatments. It will cause crystal grains unusually to grow up and
then generate coarse crystal grains at surfaces of the steel sheet when the critical normalizing temperature range and
the critical normalization period is exceeded or unreached.
[0020] The ratio of maximum grain size to average grain size in the normalized steel sheet shall be controlled less
than 3. If this ratio is too high, it trends to cause coarse crystal grains to generate at the surfaces. Preferably, this ratio
is controlled less than 2.
[0021] Oxygen content in the normalization furnace shall be controlled below 0.5%. Excessive oxygen content will
result in increment of surface oxide layer, which increases difficulty for pickling and influences surface quality.
[0022] Beneficial effects of the invention are:
[0023] 1) the invention does not utilize twice heat treatments, so that operation of the invention is simple and t energy-
saving;
[0024] 2) the invention can effectively improve surface quality of the non-oriented silicon steel sheet by the normalizing
process, so as to effectively eliminate defects of coarse crystal grains at surface of the non-oriented silicon steel products.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Fig. 1 is a metallographic photo of coarse crystal grains at the surface of a finished steel product as a comparative
object; and
[0026] Fig. 2 is a metallographic photo of coarse crystal grains at the surface of a finished non-oriented silicon steel
product of an embodiment of the invention.

DETAILED DESCRIPTION

[0027] The invention is now described in detail by embodiments and in reference to the accompanying drawings.
[0028] The chemical compositions of embodiments of the invention and comparative objects are listed in Table 1,
while normalizing parameters are listed in Table 2. After molten steel is smelted in a converter, RH refining treated and
then casted into a billet, the billet is successively hot-rolled into slabs, normalized, pickled, cold-rolled, annealed and
coated and finally made into products of the non-oriented electric silicon steel. In this process, the slabs are hot-rolled
into steel strips of 2.6mm; the steel strips of 2.6mm thickness are normalized; the normalized steel strips are cold-rolled
into steel sheets of 0.5mm; the sheets of 0.5mm are then final-annealed and coated. The temperature of the sheets in
the final-annealing procedure after cold-rolling procedure is 820°C, annealing period is controlled at 13∼15S; and then
cold-rolled electromagnetic steel sheets are obtained. Figs 1 and 2 show metallographic textures at the surface of a
steel product as a comparative object and at the surface of the cold-rolled non-oriented silicon steel sheet, respectively.
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embodiments of the invention are obviously better than those of the comparative objects, the finished steel sheet products
of the invention have got rid of the defects of coarse crystal grains.

Table 1

by weight percent

C Si Mn Al S P N Fe

Embodiment 1 0.005 0.250 0.250 0.20 0.003 0.04 0.003 rest

Embodiment 2 0.003 0.760 0.410 0.39 0.004 0.03 0.002 rest

Embodiment 3 0.004 1.210 0.590 0.61 0.002 0.04 0.003 rest

Embodiment 4 0.003 1.760 0.790 0.78 0.003 0.02 0.004 rest

Embodiment 5 0.002 0.270 0.430 0.59 0.004 0.01 0.005 rest

Embodiment 6 0.003 0.710 0.220 0.76 0.005 0.04 0.002 rest

Embodiment 7 0.004 1.260 0.780 0.22 0.005 0.03 0.003 rest

Embodiment 8 0.001 1.740 0.610 0.42 0.001 0.02 0.004 rest

Comparative 1 0.001 0.240 0.220 0.26 0.004 0.04 0.002 rest

Comparative 2 0.006 0.730 0.430 0.41 0.005 0.02 0.005 rest

Comparative 3 0.005 1.240 0.580 0.63 0.002 0.01 0.004 rest

Comparative 4 0.003 1.780 0.760 0.79 0.003 0.04 0.003 rest

Comparative 5 0.002 0.260 0.420 0.54 0.006 0.06 0.005 rest

Comparative 6 0.004 1.770 0.220 0.79 0.001 0.03 0.001 rest

Table 2

Normalizing temperature (°C) Normalization period (S) Ratio of maximum grain size to 
average grain size in normalized steel 

sheets

Embodiment 1 900 20 1.86

Embodiment 2 880 20 1.49

Embodiment 3 850 20 1.25

Embodiment 4 830 20 1.10

Embodiment 5 900 30 2.15

Embodiment 6 880 30 1.94

Embodiment 7 850 30 1.41

Embodiment 8 830 30 1.13

Comparative 1 1000 60 8.5

Comparative 2 980 60 8.3

Comparative 3 970 40 7.8

Comparative 4 950 40 6.3

Comparative 5 980 50 7.2

Comparative 6 990 50 6.1
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Claims

1. A method for fining coarse crystal grains at surface of non-oriented silicon steel, comprising the following steps:

1) smelting and casting
compositions of non-oriented silicon steel, by weight percent are: C: 0.001%∼0.005%, Si: 0.1%∼1.8%, Mn:
0.10%∼0.80%, P ≤ 0.04%, Al: 0.20%∼0.80%, S ≤0.005%, N <0.005%, and the rest is Fe and unavoidable
inclusions;
molten steel in accordance with the above compositions is smelted, RH refining treated, and then casted into
steel billets;
2) hot-rolling into steel sheets;
3) normalizing
normalizing temperature is controlled at 800∼900°C, normalization soaking period is controlled at 15∼30S,
oxygen content in normalization furnace is controlled at 0.5% or less, a ratio of maximum grain size to average
grain size in the normalized steel sheets is controlled below 3; and
4) pickling, cold-rolling, annealing and coating in order to obtain a non-oriented silicon steel product.

2. The method for fining coarse crystal grains at surface of non-oriented silicon steel as defined in claim 1, characterized
in that the ratio of maximum grain size to average grain size in the normalized steel sheets is controlled below 2.
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