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REPORT ON THE TRIAL PRODUCTION OF HRB500
REINFORCED BARS IN CHENGDE STEEL

Bai Zongqi

(Chengde Iron & Steel Group Co. Ltd . )

1 Introduction

As GB1499 - 98 Hot - rolled Ribbed Bars for

Concrete Use is put into practice, the production

of HRB400 reinforced bars has generally come to

maturity. With the mutual efforts from the metal-

lurgy sector and construction sector, the share of

HRB400 reinforced bars among the bars produced

in China are increasing year on year. In Chengde

Steel, the proportion of HRB 400 reinforced bars

was 32 % in its bar production in 2002.

From the introductions of prints, a great num-

ber of products of higher grades are increasingly

used in foreign countries. For instance, in Ger-

many the application grade has transited to the rein-

forced bars of 500 MPa from those of 420 MPa, giv-

ing rise to resource conservation of more than 10%

with remarkable economic and social benefits.

HRB500 reinforced bars are also covered in

GB1499 - 98 criterion. However, there are few

producers have succeed in development of this

grade in China. Therefore it is of strategic signifi-

cance to research and develop HRB500 reinforced

bars.

From the table 1, it is known that the speci-

fications on the chemical compositions do not offer

a wide adjustable range, while the controlled

rolling and controlled cooling are restricted by the

existing equipment level and hot rolling delivery

(no water - bearing structure on the bar surface)

required by the specifications in the criterion. And

further increasing the content of vanadium is con-

fined by the cost and carbon equivalent.

After analysis and comparison, suppose that

Table 1 The chemical compositions and mechanical properties

of the reinforced bars specified in GB1499 - 98.

Chemical composition (%), no more than Mechanical property, no less than
Grade

C Si Mn P S Ceq O',/MPa O'b/ MPa 85/% Cold bending

6 - 25mm,

HRB335 0.25 0.80 1.60 0.045 0.045 0.52 335 490 16 (d =3a)
28 - 50mm,
(d = 4a)

6 - 25mm,

HRB400 0.25 0.80 1.60 0.045 0.045 0.54 400 570 14 (d =4a)
28 - 50mm,
(d = 5a)

6 - 25mm,

HRB500 0.25 0.80 1.60 0.045 0.045 0.55 500 630 12 (d =6a)
28 - 50mm,
(d = 7a)
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it is a tentative scheme to produce HRB500 rein-

forced bars using VN alloy.

The VN alloy used in the trial production is

self - produced by Chengde Steel. The main anal-

ysis see table 2.

Table 2 Main analysis of the VN alloy %

V N C

4.5 3

Si

70 :!: 2 1O.5:!:1

2 The process Flow and the Results of the

Trial Production

2.1 Process flow

Steel making in the converter of 20t -- al-

loying during tapping -- nitrogen blowing --
150mm bloom continuous casting -- tandem

rolling to the regular schedule -- laboratory test

and trial production

2. 1 Results of trial production

(1 ) The chemical compositions and mechani-

cal properties see table 3. The vanadium yield is

more than 90 %, nitrogen is around 70 % durin!.

smelting.

( 2) The structure grain size and non - metal-

lic contaminants see table 4.

(3) The gas content in the bars see table 5 .
(4) The forms of vanadium and nitrogen ex-

isted in the bars see table 6 and table 7.

3 Analysis and Discussion

3 . 1 Existing forms of V and N

When addition of other V compounds (FeV,

V205, vanadium balls) in the smelting process,

the vanadium content in the V ( CN) precipitate

accounts for 20 % - 24 % of the total vanadium

content in the steel. The rest are precipitated as

Table 4 Metallogenetic structure

Grade Structure Grain sizeSize

HRB500
F+ P

P, about 40%
920mm

Table 5 Analysis of gas content

Grade Oxygen x 106 Nitrogen x 106Size

HRB500 20mm
68 - 84

75
93 - 100

97

VC or remain in the steel in the state of solid so-

lution .

It can be known from the comparison that the

total N content in the steel rises to 93 - 100ppm

from 40 - 60ppm when VN alloy is applied in the

smelting; The precipitate amount of V [ CN ] in-

creases to O. 0199 % - O. 0223 % from O. 012 %

- 0.016% with a increase to 36% - 39% from

20 % -24 % in precipitation proportion.

Table 6 Forms of vanadium Existed and their proportions

Sample No.
Total V/

wt%

11

21

0.054

0.057

Table 3 Chemical composition and mechanical property

Grade Size
Composition/ % Mechanical property

C Si Mn P S V Ceq <1s/MPa <1b/MPa ()s/% Cold bending

HRB500
20 0.20- 0 .42- 1.40- 0.050- 0.48- 510- 645- 18- 25 qualifiedmm 0.24 0.58 1.55 0.030 0.035 0.060 0.52 535 660

Mean 0.22 0.47 1.46 0.022 0.024 0.056 0.50 520 655 20

VC V[CN] Precipitated V Solid solution V

Content/ Proportion/ Content/ Proportion/ Proportion/ Content/ Proportion/
wt% % wt% % % wt% %

0.003 5.6 0.0199 36.8 42.4 0 .0311 57.6

0.003 5.3 0.0223 39.1 44.4 0.0317 55.6
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Compound N

Table 7 Forms of nitrogen existed and their proportions

Solid solution (free) N

In the reinforced bars, V is mainly precipi-

tated in form of V[ CN] (around 36 % - 39 % of

the total vanadium content) , while little in form of

VC, only accounting for 5% of the total.

The increase in the precipitate amount of V

[ CN] is related to the rise in N content. The sol-

ubility of V and N in the steel meets the following
conditions.

Ig[V%][N%] =3.40-8 330/T

Ig [V%][C%] =6.72-9 500/T

Ig[V%] [N%] =1.03 - 6 670/T

(1)

(2)

(3)

where T is the actual temperature of steel, u-

nit: K.

From (1) - (3), it is concluded that addi-

tion of VN alloy at the same temperature almost

doubles N content in the steel, which causes that

the solubility of V decreases and vanadium is

readily to saturate and precipitate when the solu-

bility product is given. ITthe content of solid solu-

tion vanadium increases in the steel, it will also

bring about the rise in precipitate amount of V

( CN). The solidification sequence of carbides and

nitrides is VN > AIN > VC. That is, the ni-

trides of vanadium are more stable than carbides of

vanadium. In austenite, the solubility of nitrides

is at least two orders of magnitude lower than that

of carbides. So the nitrides are much easier to

over - saturate, which gives them more powerful

drives to precipitate. Thus, vanadium is apt to

dispersion - precipitate in form of nitrides.

The particles of nitrides dispersion - precipi-

tated can cause a strong effect of precipitation

strengthening. With vanadium content of 0 .050 %

-O. 060 %, the yield strength will increase about

100MPa, the tensile strength will rise around

65 MPa, and the elongation decreases only 1 .5 % .

That means, with every 0.01 % increase in vana-

dium content the yield strength will rise approxi-

mately 18MPa, tensile strength about 12MPa, but

the elongation does not vary too much, obtaining

such an effect that the strength of the bars is great-

ly improved with almost no damage to the ductility

indexes.

N exists in the steel in two forms: CD solid

solution nitrogen, which will give rise to a high

sensitivity of strain ageing and will seriously dam-

age the ductility and toughness indexes during the

long period of steel service, has a great potential

risk despite it can have an effect of strengthening

as well. As a result, every country has specified

the maximum nitrogen content in their criteria. (2)

compound nitrogen, this is the nitrides formed by

combination with other metals. In this case the ni-

trogen has become an important alloy element in-

stead of harmful one. Therefore the maximum N

content specified in the criteria refers to the allow-

able maximum content of solid solution nitrogen

when no nitrogen fixer exists in chemical composi-

tions of the steel.

In the grade of 20MnSi, Mn and Si cannot

combine with nitrogen. So nitrogen almost exists

in state of solid solution. Generally the nitrogen

content is about 50 x 10- 6. While applying vana-

dium for microalloying, vanadium will combine

Sample TotalN

/ppm
N in V[CN] N in AlN Total content Proportion Content ProportionNo

/ppm /ppm /ppm /% /ppm /%

11 94 47 26 73 77.7 21 22.3
21 100 48 35 83 83.0 17 17.0
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with most nitrogen, and then the free nitrogen in

the steel is lower than that in the grade of

20MnSi. That means the damaging free nitrogen is

decreased effectively. The content of solid solution

nitrogen in vanadium - containing HRB400 bars

produced by our company is about 20 x 10 - 6. The

content in HRB500 bars trial - produced this time

remains at the same level as that in HRB400 bars,

having preserved the advantage of low sensitivity of

strain aging.

3 .2 Metallographic structure

Vanadium, as a microalloying element, will

precipitate due to the deformation induction during

rolling. On one hand the tiny particles of V ( CN)

and VC precipitated can prevent the austenite

grains growing, on the other they can delay the

occurrence of recrystallization so as to refine the

internal structure of the steel. The grain size of

HRB500 bars trial - produced this time is 9,

while that of HRB400 bars produced when addition

of other vanadium alloys is 7 - 9. That is, the

grain refining is the minor factor to the strength

improvement of HRB500 bars. .

4 Conclusionsand problems

( 1) It is practical to produce HRBSOObars by

addition of VN alloy. The increase in strength is re-

sulted from the combined effect of the precipitation

strengtheningof nitrides and gain refiningof ferrite.

(2) In order to enhance the ability to ensure

the mechanical properties, the addition amount of

VN should be properly increased.

(3 ) The ratio of yield to strength is around

1 .25. In case of production of HRB500 bars re-

quired for earthquake resistance, it is hard to sat-

isfy the requirement of the ratio higher than 1.25.

Therefore, further investigation and study are
needed.




