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JUSTIFICATION OF THE PRODUCTION TECHNOLOGY EFFICIENCY FOR  
HIGH-STRENGTH, LOW-ALLOY STEELS WITH IMPROVED PROPERTIES  
AND QUALITY AT LOW-COST.  PART 2.  COLD-ROLLED PRODUCTS 
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In this research, the structural state and mechanical properties of nine pilot batches of HC340LA cold-
rolled steel, annealed in bell-type furnaces from the steel of two melts of different compositions using 
Nb or Ti microalloying, were studied.  From the obtained results, the uniformity and stability of the 
structure and properties of rolled products were significantly improved both in each pilot batch and in 
the transition from batch to batch compared with those of mass-produced cold-rolled steel grade 
HC340LA while reducing costs.  Methods for further improving the efficiency of the integrated technol-
ogy for the production of HC340LA rolled products according to EN 10268 were determined. 
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Cold-rolled high-strength low-alloy auto sheet steels currently rank first among the existing types of high-
strength auto sheet steels in terms of production and consumption in automotive engineering and several other 
branches of technology and industry [1].  The resulting indicators of their properties and quality are specified  
at all stages of treatment and steel processing.  However, they acquire their final form at the recrystallization 
annealing stage [1–17]. 

Therefore, this work aimed to analyze the regularities of the evolution of the structure and the complexities 
of the mechanical characteristics of cold-rolled steel produced from hot-rolled steel, studied in detail in [18], 
during annealing in bell-type furnaces and subsequent skin-pass rolling. 

Materials and Methods 

The objects under study were metal samples taken from the beginning and middle of nine strips (batches) of 
cold-rolled steel grade HC340LA annealed in bell-type furnaces from the steel of two pilot melts of different 
compositions using niobium (Nb) or titanium (Ti) microalloying (Table 1). 

According to Table 1, the Nb-microalloyed steel of melt No. 1 has higher contents of Mn, Al, and N at  
a lower C concentration than those of the steel of melt No. 2 microalloyed with Ti. 
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Fig. 1.  Specified and actual temperature regimes of annealing in a bell-type furnace of batches of cold-rolled steel Nos. 1–4. 

Table 1 
Chemical Composition of the Steel of Pilot Melts 

Melt  
number C Si Mn S P Al Cr Ni Cu Ti N V Nb 

1 0.08 0.024 0.58 0.009 0.008 0.054 0.03 0.02 0.04 0.001 0.006 0.003 0.034 

2 0.09 0.06 0.55 0.008 0.006 0.045 0.03 0.02 0.05 0.06 0.005 0.002 0.00 

Cold-rolled steel was made from hot-rolled semifinished products of nine batches (strip 2.7 mm thick, 
1264 mm wide), the structural state and property characteristics of which were analyzed in detail in [18] through 
surface etching and cold rolling into strips 1 mm thick and 1200 mm wide.  Batches No. 1–4 were produced 
from the Nb-microalloyed steel of melt No. 1, whereas batches No. 5–9 were produced from the Ti-microal-
loyed steel of melt No. 2.  Cold-rolled strips (batches) wound into a coil were subjected to recrystallization an-
nealing in bell-type furnaces at 650°C and skin-pass rolling with a relative reduction of 1.49–1.50%.  The actual 
temperature regime of annealing in bell-type furnaces during the production of batches of cold-rolled steel grade 
HC340LA is presented in Fig. 1. 

Samples of annealed cold-rolled steel were taken from the beginning and middle of the strips wound into 
a coil to assess the effect of the metal nonuniform heating on the resulting microstructure and property indica-
tors.  Light microscopy methods were used on a NEOPHOT 21 microscope to study the microstructure of cold-
rolled steel, and mechanical properties were determined on an INSTRON-150LX tensile strength testing  
machine following GOST 11701-84. 

Results and Discussion 

Study of the Metallurgical Quality of Steel.  The microstructure of the cold-rolled steel of the pilot batches is 
finely dispersed, with no significant grain size inhomogeneity identified.  Typical views of the microstructures 
on the examples of batches No. 2 and No. 8 are presented in Figs. 2 and 3. 
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Fig. 2.  Microstructure of cold-rolled steel batch No. 2. 

The results of the estimation of the grain size of cold-rolled steel of the pilot batches are presented in Ta-
ble 2. 

According to Table 2, the grain size of cold-rolled steel varied little along the strip length, especially in the 
case of steel microalloyed with Nb (batches No. 1–4).  This indicates a stable determination of the metal struc-
tural state as the inner turns in the coil (the strip middle) heat up much more slowly than do the outer ones.  This 
also indicates the completeness of recrystallization and the possibility of a further decrease in the temperature  
of recrystallization annealing in bell-type furnaces.  The following circumstance also supports this conclusion.  
For hot-rolled semifinished products, especially batches made of steel microalloyed with Nb, the presence of 
significant structural inhomogeneity and grain size inhomogeneity with a grain size near the surface smaller than 
that in the axial zone of the rolled products was established [18].  Nevertheless, the cold-rolled steel produced 
from these batches has a completely homogeneous structure.  Meanwhile, in cold-rolled steel grade HC340LA, 
produced according to NLMK’s traditional technology, the structural inhomogeneity specified at the stage of 
production of hot-rolled semifinished products was preserved to a certain extent despite the significantly (30–
50°C) higher annealing temperatures in bell-type furnaces [19, 20].  Generally, the grain size of cold-rolled steel 
is slightly larger than the grain size of hot-rolled semifinished products [18], indicating the possibility of increas-
ing the temperature of the end of rolling in the production of hot-rolled steel to 870–880°C.  This will lead to 
some increase in grain size while maintaining or even increasing the strength properties of hot-rolled steel,  
according to results obtained previously [18].  This circumstance creates conditions for using an even more eco-
nomical alloying system and lowering the annealing temperature due to the proximity of the structures of hot-
rolled semifinished products and cold-rolled steel. 
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Fig. 3.  Microstructure of cold-rolled steel batch No. 8. 

Table 2 
Results of the Evaluation of the Grain Size of Cold-Rolled Steel of Pilot Batches 

Batch number, stripes dy ,   µm dx ,  µm dx /dy  dav,  µm 

1 
Beginning 4.71 6.93 1.47 5.82 

Middle 4.32 7.27 1.68 5.80 

2 
Beginning 3.88 7.22 1.86 5.55 

Middle 4.19 6.75 1.61 5.47 

3 
Beginning 4.75 7.03 1.48 5.89 

Middle 4.32 7.22 1.67 5.77 

4 
Beginning 4.18 6.23 1.49 5.21 

Middle 4.13 6.46 1.56 5.30 

5 
Beginning 4.13 7.17 1.74 5.65 

Middle 3.95 6.80 1.72 5.38 
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Table 2 (continued) 

Batch number, stripes dy ,   µm dx ,  µm dx /dy  dav,  µm 

6 
Beginning 4.28 7.38 1.72 5.83 

Middle 4.48 6.89 1.54 5.69 

7 
Beginning 4.50 7.32 1.63 5.91 

Middle 3.82 5.98 1.57 4.90 

8 
Beginning 4.35 6.75 1.55 5.55 

Middle 4.58 6.93 1.51 5.76 

9 Middle 4.18 6.46 1.55 5.32 

Table 3 presents the results of the determination of the mechanical properties of cold-rolled steel of the pilot 
batches. 

According to Table 3, the mechanical properties of cold-rolled steel of the pilot batches comply fully with 
the requirements of EN 10268 for steel grade HC340LA.  The difference in the obtained indicators of the me-
chanical properties of the rolled samples taken from different parts of the strips and different batches is insignif-
icant in the absence of any regular trend in its alteration.  This, together with the data in Table 2, indicates a high 
degree of uniformity of the structure and properties of the rolled products, both in each batch, and in the transi-
tion from one batch to another.  For batches of cold-rolled steel microalloyed with Ti, a slightly higher level of 
strength properties was obtained, relating mainly to the upper half of the range of EN 10268 requirements for 
steel grade HC340LA, than that for batches of steel microalloyed with Nb. 

Generally, the level of strength properties of the rolled products of grade HC340LA pilot batches is compa-
rable with the indicators of rolled products obtained using traditional technology [19, 20].  However, the result-
ing grain size is larger, indicating a more efficient implementation of the precipitation hardening mechanism.  
The steel compositions of the pilot melts are characterized by a much more economical alloying system com-
pared with the composition of HC340LA rolled products produced commercially by NLMK, where the manga-
nese content is significantly reduced (about 30%) and the microalloying of V is excluded.  In microalloyed  
Nb steel, its content corresponds practically to the upper limit of its content in mass-produced steel.  Meanwhile, 
microalloyed Ti steel contains no expensive microalloying elements V and Nb.  The resulting hot-rolled semifin-
ished products have significantly (by 50 MPa) lower strength properties than those of mass-produced steel [18, 
19], which reduces energy costs during hot and cold rolling.  Finally, the proximity of the microstructures of  
hot-rolled semifinished products [18] and cold-rolled steel enabled the reduction of the annealing temperature  
in bell-type furnaces by 30–50°C and, accordingly, reduced costs. 

Thus, several new significant scientific, and technical results have been obtained.  According to the devel-
oped technology, producing cold-rolled steel grade HC340LA with improved structural state and property indi-
cators while reducing costs is possible from economically alloyed steel microalloyed with Nb or Ti.  The possi-
bility of microalloying steel with Ti instead of Nb has been established, which is expedient from technical and 
economic points of view.  Directives for further technological improvement have been formulated. 

Thus, the data obtained and the results of detailed studies of the structure and properties of hot-rolled  
semifinished products and cold-rolled steel of grade HC340LA according to EN 10268 [18–20] show that  
the developed production technology can be adjusted  to further improve the quality of metal products while  
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Table 3 
Mechanical Properties of Cold-Rolled Steel of Pilot Batches 

Batch (sample)  
number 

σy ,  MPa σu ,  MPa δ4 ,  % 

1 – beginning 384 478 22 
1 – middle 365 475 23 

2 – beginning 356 453 26 
2 – middle 359 457 26 

3 – beginning 383 480 23 
3 – middle 382 479 23 

4 – beginning 362 455 26.5 
4 – middle 366 452 24 

5 – beginning 383 480 22 
5 – middle 375 479 24 

6 – beginning 385 482 22 
6 – middle 382 481 23 

7 – beginning 371 477 23.5 
7 – middle 401 490 23 

8 – beginning 369 477 22.5 
8 – middle 378 480 23.5 

9 – middle 389 483 23.5 

HC340LA EN 10268 340–420 410–510 ≥21 

reducing costs.  It should be aimed at optimizing steel chemical compositions to reduce the concentration of 
manganese to 0.5–0.6% when microalloying with Nb and 0.45–0.55% when microalloying with Ti and that  
of Nb to 0.032–0.045% and at regulating higher sulfur contents up to 0.10–0.15%, which should reduce desulfu-
rization costs. 

When smelting, ladle processing, and continuously casting steel, the content of nonmetallic inclusions must 
advizably not exceed 1.0–1.5 points according to GOST 1778 and conditions for the formation of globular  
sulfide precipitates during rolling must be provided.  For this purpose, when billets are heated for hot rolling, 
conditions for the dissolution of a larger proportion of manganese sulfide precipitates must be created to form 
subsequently dispersed sulfide precipitates during rolling. 

In the case of Nb microalloying, lower temperatures than the current level (at least not more than 1050–
1070°C) must be used for the beginning of rolling in the finishing group of stands and the end of rolling in the 
roughing group of stands to obtain a uniform structure of hot-rolled steel.  In the case of Ti microalloying, even 
higher values are possible. 
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An important method for further improving the efficiency of the HC340LA steel production technology  
according to EN 10268 is increasing the temperature of the end of hot rolling to 870–880°C, which causes  
an increase in the grain size of hot-rolled semifinished products while maintaining or even increasing strength 
characteristics as a result of an even more significant contribution of precipitation hardening.  This enables the 
reduction of the annealing temperature in bell-type furnaces to an even greater extent to 600–620°C while im-
proving their mechanical properties as a lower annealing temperature at a full degree of recrystallization can  
exclude the occurrence of secondary recrystallization and the growth of carbonitride precipitates that control 
precipitation hardening.  Thus, in the future, proceeding to an even more economical alloying system is possible. 

CONCLUSION 

From the results of the study of the structural state and mechanical properties of nine pilot batches of cold-
rolled steel grade HC340LA, annealed in bell-type furnaces, from the steel of two melts of different composi-
tions using Nb or Ti microalloying, the following conclusions can be drawn. 

The grain size of cold-rolled steel varied little along the strip length, especially in the case of alloying mi-
croalloyed steel with Nb, indicating a stable structural state of the metal.  The difference in the mechanical prop-
erties of the rolled samples taken from different sections of the strips and different batches was insignificant and 
indicated considerably improved degrees of uniformity and stability of the structure and properties of rolled 
products, both in each pilot batch and in the transition from batch to batch, compared with commercially availa-
ble HC340LA cold rolled steel. 

Several new significant scientific and technical results were obtained.  According to the developed technol-
ogy, cold-rolled steel grade HC340LA with improved structural state and property indicators could be produced 
from economically alloyed steel microalloyed with Nb or Ti while reducing costs.  The possibility of microal-
loying steel with Ti instead of Nb was revealed, which is expedient from technical and economic points of view.  
Directions for further improving the efficiency of the integrated technology for the production of rolled products 
from HC340LA steel according to EN 10268 were formulated: 

 – Optimization of the chemical composition of steel to reduce the concentration of manganese to 0.5–
0.6% when Nb microalloying and to 0.45–0.55% when microalloying with Ti and that of Nb to 0.032–
0.045% and regulate higher sulfur contents to 0.10–0.15%, which reduces the cost of desulfurization; 

 – Obtaining the content of nonmetallic inclusions no more than a score of 1.0–1.5 according to GOST 
1778; 

 – Ensuring the formation of globular sulfide precipitates during rolling; 

 – Limiting the end-of-rolling temperature in the roughing group of stands to a level not exceeding 1050–
1070°C during Nb microalloying to obtain a uniform structure of hot-rolled semifinished products;  

and 
 – Increasing the temperature of the end of hot rolling up to 870–880°C. 
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