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Abstract: In this article boron steel is analyzed on the example of steel grade B27. In view of the fact that steel is supplied in a state after hot 
rolling, and the choice of a suitable heat treatment is left to the buyer - steel were examined after conventional heat treatments. Steel was 
studied in state as delivered, after normalization, after quenching and after quenching and tempering at different temperatures. Examinations of 
the basic parameters of strength, impact test and a tendency to brittle fracture, abrasion resistance and corrosion resistance were performed. The 
studies show big differences of the analyzed parameters depending on the applied heat treatment, which should provide guidance to users to 
specific applications of this type of steel. 
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1. Introduction 
Boron steels are becoming increasingly popular and their application 
is becoming more diverse. Their high properties, at a reasonable price, 
are achieved through advanced manufacturing technology. Although 
boron steels were designed mainly for the hard, wear-resistant 
elements, now they are also advertised for wider applications. The 
steel grade B27, produced by a recognized company  [1], as one of the 
typical steel of the boron steel group [2] were examined in this study. 
The steel is supplied by manufacturer after hot rolling to possibly be 
heat treated in a suitable manner by the purchaser for its specific 
application. In the material cards manufacturer claims only the basic 
mechanical properties of the product, but more knowledge would be 
desirable about these steels by the customer for an accurate selection 
of heat treatment suitable for use of the kind of steels. In the present 
study  not only the basic mechanical properties of the steel in its 
various states were examined, but also  the impact strength along with 
a tendency to brittle fracture, abrasion resistance and its resistance to 
corrosion, after various heat treatments were specifically tested. These 
investigations can allow to customer to choice of suitable heat 
treatment and appropriate use of this type of steel. 
 
 

2. Material investigated 
Chemical composition of investigated steel is summarized in table 1. 
This composition is selected not only because of the need to obtain 
relatively high mechanical properties, but also must be ensured its 
weldability for the applying universality. The study was conducted on 
steel in delivered state and after typical procedures of heat treatment. 
Normalizing, hardening, hardening and tempering in the range from 
200 to 700oC (with the temperature increasing by 100 degrees) were 
carried out.  

Tab.1. Chemical composition of steel B27 
 

Element 
 

Spectral 
method 

Gravimetric 
method 

Manufacturer’s 
data [1] 

Content of elements 
C % 0,230 0,230 0,270 
Mn % 1,330 1,200 1,200 
Si % 0,270 0,200 0,250 
P % 0,009 0,018 no data 
S % 0,009 0,015 no data 
Ni % 0,060 0,100 no data 
Cr % 0,370 0,330 0,300 
V % 0,016 no data no data
Al. % 0,030 no data no data
Ti % 0,040 no data 0,040 
Nb % 0,013 no data no data 
B % 0,001 no data 0,002 
 

Examples of the investigated steel microstructures are shown in 
figures 1 – 6. 

Fig. 1. Steel B27, delivery state. 
Light microscopy. 
 

Fig. 2. Steel B27 after 
normalization. Light microscopy. 
 

Fig. 3. Steel B27 after hardening. 
Light microscopy. 

Fig. 4. Steel B27 after hardening 
and tempering at temp. 200o C. 
Light microscopy. 
 

Fig. 5. Steel B27 after hardening 
and tempering at temp. 400o C. 
Light microscopy

Fig. 6. Steel B27 after hardening 
and tempering at temp. 600o C. 
Light microscopy

 
3. Tests carried out, results and their analyze 
Due to the proposed widespread use of the steel B27 for various 
constructions, operating at different conditions and with different 
loads, both its basic strength properties after different heat treatments, 
the tendency to brittle fracture and its primary function which is 
the resistance to abrasion were tested. The focus was also made on the 
studies of the corrosion resistance of the steel in various its states. 
 

Measurement of basic parameters of the strength R0,2 and Rm 
The results of tensile test depending on the heat treatment are shown 
in table 2. The yield strength reaches the highest average value equal 
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to 1283 MPa after quenching and low tempering at 200oC. Tempering 
at 400 ° C significantly reduced this parameter, but its average value is 
still high. Tempering at higher temperatures reduces the yield strength 
to 519 MPa after tempering at 700° C. It should be noted that the 
average yield strength in delivery state and after normalization are 
much smaller and are respectively equal to 372 and 380 MPa. 
 

Tab.2. Results of tensile test 
Heat treatment 

deliv
-ery 
state 

after 
nor
mali
zat. 

 
hard. 

hard/
temp 
200 

oC 

hard/
temp 
300 

oC 

hard/
temp 
400 

oC 

hard/
temp 
500 

oC 

hard/
temp 
600 

oC 

hard/
temp 
700 

oC 
R0,2[MPa] 

372 380 1245 1283 1224 1072 837 714 519 
Rm[MPa] 

541 598 1762 1585 1412 1177 863 766 595 
 

The highest tensile strength of the steel occurs after quenching, the 
average value is equal to 1762 MPa. The parameter Rm retains high 
after tempering at 200°C and 300°C. Rm is characterized by a 
significantly lower value after tempering at 400°C , but still relatively 
high rate of 1177 MPa. Then the value of the tensile strength 
decreases gradually with increasing tempering temperature, showing 
after tempering at 700°C value of 595 MPa. A similar, relatively low 
value of Rm is characterized by the steel in delivered state and after 
normalization. 
 

Impact test 
Charpy impact test was used to measure impact strength. The 
measurement was carried out both at temperature 20° C and for 
selected states at temperatures 0, -20 and -40°C. The measurement 
results for steel after different heat treatments are summarized in table 
3 for measurements at temperature of 20°C and in table 4 for 
measurements at other temperatures for selected states. 
 

Tab.3. Results of impact test at temperature of 20o C 
Heat treatment 

deliv
-ery 
state 

after 
nor
mali
zat. 

 
hard. 

hard/
temp 
200 

oC 

hard/
temp 
300 

oC 

hard/
temp 
400 

oC 

hard/
temp 
500 

oC 

hard/
temp 
600 

oC 

hard/
temp 
700 

oC 
KCVav[J/cm2] 

39 102 53 61 55 70 177 198 325 
 

Tab.4. Results of impact test at temperature range from 0 to -40oC 
State 20oC 0oC -20oC -40oC 

KCVav[J/cm2] 
as delivery 39 17 9 7 

after normalize. 102 33 19 12 
hardening 53 47 42 39 

hard/temp 200 oC 61 56 45 37 
 

Taking the criterion of minimum impact strength equal to 35 J/cm2, 
which is adopted for construction materials in many applications, steel 
tested meets this criterion in all analyzed states at 20o C. However, 
already at lower temperatures impact strength values for two of the 
four selected states are smaller. The criterion is not met for steel in 
delivered state and after normalization even at 0°C, and their impact 
strength is further lowered in sub-zero temperatures. Steel in delivered 
state and after normalization shows the impact strength at -40°C equal 
to 7 and 12 J/cm2, whereas in the states after quenching and tempering 
impact strength at this temperature is respectively equals to 39 and 37 
J/cm2 and meet the criterion cited. 
 
Fractographic analysis 
Actual type of fracture was evaluated using scanning electron 
microscope JEOL JSM-5800LV. Macroscopic view of fracture 

obtained at 20o C in delivered state is seen in fig. 7. There is a large 
central zone with typical facets brittle fracture in the steel in the state 
(fig. 8). The share of brittle fracture is about 72%. Thus the actual 
participation of brittle fracture indicates that transition temperature 
from ductile to brittle fracture takes place already over at temperature 
of 20oC for the steel in delivered state. The share of brittle fracture 
still increases with decreasing temperature. 
In normalized state surfaces of brittle fracture exceed also 50% for the 
tested steel B27 at 20°C (fig. 9). In this case transition from ductile to 
brittle fracture in examined steel with ferrite – pearlite structure takes 
place at temperatures similar or higher than 20 °C. Microscopic 
structure of brittle central zone for normalized state is shown in figure 
10.  
Another kind of fracture occurs in tested steels after hardening and 
tempering at 200o C. Plastic zones under mechanical notch and in 
lateral areas are visible not only at 20° C (fig. 11), but also in sub-zero 
temperatures up to the temperature of -40o C (fig. 13). At temperature 
20o C the fracture central zone of the steel B27 after hardening and 
tempering at 200o C (Fig. 12) presents ductile-cleavage character of 
fracture. Fracture surfaces of the steel does not change dramatically at 
lower temperatures Fine acicular martensite, which exists in the state, 
provides greater resistance to the development of fracture at all 
temperatures. This resistance is caused by the formation of the small 
facets, partially deformed plastically, in the central zone of sample 
(fig. 14). Thus the state after hardening exhibits more security against 
the occurrence of brittle fracture in comparison to delivery state and 
the state after normalization. 
 

 
Fig. 7.  Steel B27 - delivery 
state. Macroscopic view of 
fracture. Temp. 20o C. 

Fig. 8. Steel B27 - delivery state. 
Central zone of fracture. Temp. 
20o C. SEM. 

 
Fig. 9. Steel B27 – after 
normalization. Macroscopic 
view of fracture. Temp. 20o C. 

Fig. 10. Steel B27 – after 
normalization. Central zone of 
fracture. Temp. 20o C. SEM.

 
Fig. 11.  Steel B27 – hard/temp. 
(200 o C). Macroscopic view of 
fracture. Temp. 20o C. 

Fig. 12.  Steel B27 – hard/temp. 
(200o C). Central zone of fracture. 
Temp. 20o C. SEM. 
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Fig. 13.  Steel B27 – hard/temp. 
(200o C). Macroscopic view of 
fracture. Temp. -40o C. 

Fig. 14.  Steel B27 – hard/temp. 
(200o C). Central zone of fracture. 
Temp. -40o C. SEM. 

 
Wear resistance 
The study was performed in accordance with the requirements of 
GOST 23.208-79. Steel grade C45 in normalized condition was used 
as a reference sample. The aim of this study was to determine the rate 
of wear resistance, Kb,av, compared to standard sample. Values of Kb,av 
after different heat treatment are presented in fig. 15. 
Steel B27 exhibits the greatest resistance to abrasion in states after 
hardening and after hardening and tempering at 200oC. Then the 
resistance decreases with increasing annealing temperature. Steel after 
normalization shows a similar resistance to the last two states, but 
abrasive wear mechanism is more beneficial for hardened steel [3]. 
The lowest value of the wear resistance is present in delivery state. 
Figures 16 and 17 show surfaces after wear test provided for steel B27 
in delivery state and after hardening.  
 

 
1- steel grade C45, 2- B27, as delivery, 3- B27, normaliz., 4- B27, hardening,  
5- B27, hard/temp.200oC, 6- B27, hard/temp.300oC, 7- B27, hard/temp.400oC,  
8- B27, hard/temp.500oC, 9- B27, hard/temp.600oC, 10- B27, hard/temp.700oC. 
 

Fig. 15. The rate of wear resistance, Kb,av, of tested steel B27 after 
different heat treatment. 
 
 

Fig. 16.  Steel B27 – delivery 
state. Surface state after wear 
test. SEM. 
 

Fig. 17.  Steel B27 – after 
hardening. Surface state after 
wear test. SEM. 

Resistance to corrosion 
Study of corrosion resistance of steel B27 in selected states was 
conducted using potentiostatic measurements [4]. Samples were tested 
in delivered state (1), after hardening (2) and after hardening and 
tempering at temperatures: 200 (3), 400 (4) and 600°C (5). Average 
results of the potentiostatic measurements are shown in table 5 and 
densities of corrosion current are also presented in figure 18. 

 

Tab. 5. Average results of the potentiostatic measurements of steels 
B27 after different heat treatment in corrosive solution 3% NaCl. 

Heat 
treat. 

E0 

[mV] 
ik 

[μA/cm2] 
βa 

[mV/dec] 
Βk 

[mV/dec] 

1 -609,15 7,34 56,5 -943,5 

2 -460,20 2,56 43,8 -231,0 

3 -556,45 4,24 45,2 -315,0 

4 -489,45 6,15 49,8 -450,0 

5 -553,30 4,09 64,8 -436,0 

1- B27, as delivery, 2- B27, hardening, 3- B27, hard/temp.200oC, 4- B27, 
hard/temp.400oC, 5- B27, hard/temp.600oC 
 

 
Fig. 18. Densities of corrosion current of steels B27 after different 
heat treatment in corrosive solution 3% NaCl. 
 
 

The study shows that the largest current density occurs in the 
investigated steel in delivered state. Hardening produces a decrease of 
corrosion current density. Subsequent tempering at 200 and 400°C 
causes a gradual increase in density, and again after tempering at 600° 
C density lowered to a value similar to that after tempering at 200o C. 
 
4. Conclusion 
The following conclusions can be drown from presented 
investigations. Basic strength parameters of the steel B27, R0,2 and Rm, 
are relatively low in delivered and after normalization states, whereas 
the high values of these parameters are obtained after treatments such 
as hardening and hardening/tempering at 200oC. Greater toughness 
and less tendency to brittle fracture, in the operating temperature 
range of most devices from 20° to -40° C, also occurs in the states 
after hardening and tempering in comparison to the states as delivery 
and after normalization. In the last two states a large share of brittle 
fracture during the impact test is taking place even at 20o C. Both 
abrasion resistance and abrasive wear mechanism are also favorable 
for the state after hardening and hardening and tempering. Finally, the 
corrosion resistance is also more advantageous for the state after 
hardening and hardening/tempering treatments than in delivered state. 
Thus using boron steel - in this case the B27 grade, but also similar – 
one should pay attention to its insufficient or less favorable properties 
for many applications in delivered state or only after normalization. 
Moreover, without carrying a proper heat treatment - hardening and 
hardening/tempering type, the potential opportunities for high 
mechanical and chemical properties of these modern steels can be lost. 
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