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CONCRETE AND TUBE STEELS MICROALLOYED
BY VANADIUM AND NITROGEN

The quality of microalloyed concrete rein-
forcing steels for building purposes is chiefly de-
termined by precipitation hardening of vanadium
carbide and vanadium carbonitride on the inter-
phase boundary. Their precipitation effect de-
pends first of all upon their disperéuy. Optimal
results of rolling these steels for céncrete re-
inforcement are achieved by high rolling speed
with relatively high finishing mill train tempera-

tures.
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1‘. Introduction

Impfovement of ihe strength properties of the
reinforcing steels for concreté is a permanent sub-
ject matter in the field of metallurgy and building
industry. The rhoving force of that interest isthe
need for ever more effective utilization of metal
that would be otheiwise got lost for ever from
the circulation of raw materials in our national
veconomy. In the ESSR some 600 OOO tons of
reinforcing steels are produced per year; this
asbect is the main impetus for the steel produ—
cers to develop new steel grades that would be
able to meet the demands laid on the concrete
reinforcement with simultaneous reduced consum-
ption of steel, . ’

In the CSSR the concrete steels are produ-
ced in the majority of cases in form of ribbed sec-
tions of 6 to 40 mm in dia. in the quality grades
up to 410 MPa by the yield limit, see Table 1, -
The’ broduced proportioh of ribbed steel with yield
limii:‘ above 430 MPa is negligible. To achieve the
desirable material savings there is indispensable
to pass over to the concrete steels with higher
strength’ properties /with yield limit above 450
MPa/ that would be simultaneously competitive for
the. common grades in view of the technico—eéonb-

mical parameters associated with manufacture and



applicatmn of such steels.
The  desirable strength propertxes can be
achieved either by modu’lcatmn the chemical compo~

sition of steel / mcluaive of mmroalloymg/ y by

rolling and cold torsion or by eontrolle»d coohng Co contribute much to the precipitation hardening,

of the steel bars from the tinal-rolling tempera-
ture. Nevertheless, the evermore sh:wtgent de=
mands for the weldability of steel do not allow in -
any case enhancement of the carbcn content, but
rather the opposne of. it One or the aoceptable
ways how to reaeh yield timit’ above 450 MPa is
microalloying of steel = utilxzatmn of the preci-
pitation hardening and streng}.henmg due to refi-
ning of the ferrite grains. In this regtpeot parti-
cular emphasis should be laid on utilization of the
effect of vanadium in combination w1th mtrdg‘en.

2. Effect of vanadium and nitrogen on y].eld 11m1t

Vanadmm precipltates in steel in form of
carbides, nitrides and/ or mlxed carbomtrxdes.

The chemical compos;tmn, dlspersxty, the size an
and hardenmg effect of the preclpztates vary with
the analyszs of steel /the content of vanacuum 'y
carbon and mtrogen/ » the thermomechanical pro-
cesses and the cooling‘rate trom the final—roiling
temperature. In the case of steel with vanadium,
carbon and mtrogen the thermodynamlcal analy—

~ sis showed the precxpltanon of vanadlum nitrides
in austenite to take place:at first, while preci- ‘
pitation of carbides in austenite has Started after
depletion of free mtrog‘en. At free coolmg of steel
in a1r the vanadium nitnde precxpxtates already
in the austenite. Ttus ls assomated thh a cer-
tain proportmn of vanadmm-smtrzde prpcxpxtates

" strdin induced at the ﬁmt—rollmg temperatures

within 850 and 1 QOO C /en neement of the ‘

rate of precipitation mtba tercrystalhzed

structure/ When the fina.l'-ro »ling temperature ,

varies closely above 850 °L then au n1trogen '

is present in form of preoxpitates of vanadmm
nitride / the amount of nxtrogen in sohd solution
can be neglected/ / 1/ Then, only vanadmm car-
b1de precip;tates at the transform&tton boundery.

V;z}f?u

With decrease of the final-rolling temperature be~
low 850 °C the strain-induced precipitation of
vanadium carbide takes place already in the auste-

nite /2/. This precipitation in austenite does net

‘however, it retards substantially the growing ra-
fe of the sustenite grain, which produces favou-
“rable effect on refining the ferritic grains and

~thus, on steel hardemng.

Considar&ble preexpxtatmn—hardemng role play
such preetpltates ‘only that precipitate at the trans-

formation boundary of ferrite and austenite, and/

“or in the ferrite. In view of the common content

of vanadium /0,01 to 0,12%/, carbon /up to

e} 257/ and nitrogen /0,009 to 0,016%/ in steel
and in v1ew of the d1ssolub111ty of these elements

in austemte and fernte and their mutual mteractwn,
there is possable to consmer preclpltatmn of va=
nad;gm carbide or vanadlum carbonitride at the
tré:neformation boundary and the precipitation of
vanadium carbide only in the ferrite. Accordin-

gly , u{é mtxed vanadxum carbonitr}de ‘precipita-

tes prov1d1ng that hlgher fmal-rollmg tempera-

“tures /above 1 00O °C/ were reached, when

the strain-induced precipitation of vanadium ni=
tride was suppressed. The proportion of vanadium
nitride is also rising with increasing cooling rate
/suppressed precipitation of vanadium nitride in
austenite/. Under normal cooling conditions in
free air the amount of vanadium nitride, preci-
pite.ting at the transformation boundary in the mix-
ed vanadium carbonitride, is given by different

dissolubility of vanadium nitride in austenite and

- ferrite.

Precipitation in ferrite starts at suppressed
precipitation in austenite and at the interphase
boundary especially by elevating the final-rolling
temperature above 950 °C and by a high cooling
rate from the final-rolling temperature.However,
the minimum cooling rate needed for suppressing
the interphase precipitation is not as yet exactly

known, like its dependence on the percentages



of the actempanied elemerits. In case of manufacture

of concrete-steel bars by the orthodox production
technology no precipitation ‘of vanadium nitride take
place in ferrite due to too low cooling rate.

At manufacture of the microalloyed concrete
steels the precipitation hardening is particularly
influenced by the precipitates of vanadium carbide -
and of vanadium carbonitride precipitating at the
interphase boundary. Their precipitation-harde-
ning effect is governed above all by the-dispersity,
i.e. by their size and averagé mutual distance.

By decreasing transformation temperature /by
increasing the cooling rate, by a higher content -
of the alloying elements such as silicon, mangane-
se/, the average distance is falling down and the

dispersity is rising and thus, even the precipita~

tion~hardening effect is stronger and the proportion

of vanadium nitride, precipitating from austenite,
is decreasing.

When summarizing the above~mentioned know= -
ledge for the practical need of rolling concrete~
steel bars micrealloyed by vanadium and nitrogen,
it is obvious that the sptimum mode consists of
a high rolling speed with relatively nigh final-
rolling temperatures /to suppress the strain-
induced precipitation/ associated with intensive
cooling down the bars /to suppress precipitation
in austenite, to decrease the transfo;fmation tem-~
perature and to increase the dis perglty/ .

For the sake of completness, héwever, it is
necessary to emphasize the significant role of
reheating temperatu;?e prior to rolling. L'he opti-
mum utilization of V + N can be ensured by cor-
rectly selected temperdture at which maximum -
dissolution of precipitates and max:.mum growth of
austenite gram ceuld take place.

3. Manufacture of ccncrete steels on V—N bas1s

The efficiency of vanadmm for preclpitatmn
hardening and hardemng due to refmmg of the
ferrite grains is more intensive sofar the steel
is enriched with nitregen to 0,010 - 0,020% -~

precipitation of vanadium nitride and vanadium
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carbonitride, a greater dispersity of precipitates,
a smaller §usceptibility of the precipitates of vana-
dium nitride and vanadium carbonitride to coarsen—
ing in comparison with vanadium carbide.
Nevertheless, attainment of the required ni-
trogen content in steel has been and remains to be
a considerable metallurgical problem, when apply=-
ing the orthodox methods of nitriding, i.e, nitro-
gen~containing ferromanganese or nitrogen lancing
into steel bath /relatively poor and above all va-
riable effiéiency/ « This broblem is almost comple=
tely solved by\ usage of the admixture called NITRO=-
VAN manufactured by the Union Carbide Co. /USA/.
NITROVAN contains vanadium, nitrogen and
carbon in combined form and in view of the possib=

le admixtures such as Si, Mn, Al, 'S and P, the

. producer warrants its high pur‘ity.' In the case of

further undesirable elements such as As, Ti, Ta,
Zr atc their content is limited to O,01% max.,

For manufacture of the concrete steels NITRO-
VAN with designation VN=13 has been used under
Czechoslovak conditions, whereby its basic che«
mical composition was as follows:

79,46% V; 6,85%C; 11,81% N.

The carbon content in VN=13 NITROVAN is
high enéugh, however, in view of the fact that
alloying is made to 0,15% Vat least, it is possi=-
ble, with the help of the above~cited data, to cal-
culate the contribution of 0,0096% N and O,02% C
in the steel. Thus, in the common cases of struc-
tural steels the contribution of carbon is consi-
dered to be immaterial. The uniform graining and
good dissolution power of NITROVAN in liquid
steel provide its rapid dissolution / within several
seconds/ and reasonable homogeneity of the steel
bath. Therefore, NI'ROVAN is added into ladle,
when the ladle is filled approx. one=third the =
height. : )

" 'To ensure maximum yield of vanadium NITRO-
VAN should not be added sooner, untill profound
deoxidation is made. Héwever,"even here the yield

of vanadium dobs not reach 100%, The teeming is



accompanied by vigorous stirring of bath and part
of vanadium is then éxidiz,ed by the oxidic slag and
passes into slag, Accordingly, utilization of vana-
dium /as given by the producer/ attains about 90%
and that of nitrogen some 80%.

4. Field testing

When selecting the basic chemical composition
for melting the eéxperimental heats one has gone
out from both the recjuired quarantees for welda-
bility and the necessity for reaching the yieid li-
mit of 490 MPa at least with a reasonable reserve.

The experimental heats were melted in the
steelworks of L'Finec Ironworks in 80 t = UH fur-
naces and at 'tne évermovy Ironworks at Podbre-
zovd in 50 t = OH furnaces. In total 10 experi-
mental heats were melted out of which 7 heafs at
T¥inec Ironworks and 3 heats at Svermovy Iron-
works. The chemicai compositions are given in
Table 2,

The proper alloying by NITROVAN VN-13 was
done into ladle after thorough deoxidation by
ferromanganese, ferrosilicon and aluminium, The
addition into the individual heats is obvious from
Table 3.

Further processing of the experimental heats
was made in either steelwofks according to the
relevant technological prescriptions for the
10 424 quality at present commonly melted.

The ingots rolled down into billets were
further rolled to get bars of 12, 20 and 32 mm
in dia. The reheating temperatures, the final-
rolling temperatures and the reolling speed in the
last roll stands are well arranged in Table 4.

From the rolled ribbed rods samplés were ta-
ken for each heat and for each diameter. The
measured mechanical properties aré listed in
Table 5. | :

5. Results and,diséussion

As can be seen of Table 2 the contents of car=
bon, manganese, silicon, vanadium aind nitrogen
fluctuated within a wide range. Thus, for the

sake of complex evaluation of the achieved re-

216

sults and expecially for evaluation of the effect of
vanadium in association with nitrogen of the yield
limit of the concrete steel bars it was necessary
to eliminate the effect of other hardening pheno-
mena.,

First of all the effect of manganese and sili-
con was eliminated, i.e. the effect of elements that

do not take part at the precipitation hardening /the

_effect on the total volume and on dispersity of the

precipitates of vanadium carbonitrides/; reduction
of the Ac j-transformation temperature is negligible
in the just-considered scatter range of manganese
and silicon; these elements do not take part at har-
dening due to refining of the ferrite grains. In this
respect the following formula of Gladman /3/ was
applied:

R* = R" + 88 + 37Mn + 83Si + 2920N..  +
e -1/2 free

+15,1Dy (1)
where
R®  is the yield limit of ferrite, MPa
R" precipitation hardening, MPa
D, size of ferrite grains, mm
Mn, Si, N - content of elements, wt-%
Thus, the contribution of Mn and Si to the yield
limit is expressed as
R® = 88 + 37Mn + 83Si (@)
The other terms of Eq (1) are influenced by the

presence of vanadium and nitride. Accordingly,

" the effect of vanadium and nitrogen on the yiela

limit of ferrite can be summarized as follows

Ry =R*+15,1 D~1/24 2920 N

free =

=R" + R}, (3)
The above-cited Eq (1) refers to the case of a pu=
rely ferritic structure. However, our case of
0,20 - 0,25% C is due to a certain proportion of
pearlite, also with hardening effect. For the case
of ferrite-pearlitic structure the following equa-
tion should be taken into acceunt:
R =V'/3 R*s/1-v/1/3RE (@)
where ‘
Ry is the yield limit of pearlite, MPa



as follows.
V* = 1 -1 307 C

v At calculation we have m&ln
"free" carbon, x.e.x %rm n

vanadium precxpita.tas 71 tlze'Ce-mtent m snhd so- ’

lution of ferrite was aonsid:red to be mgligibie/ -

To.express the yxeld limii bzr EQ: 4} tne yield v

limit of pearlite should be eam;:laﬁng&s Lo

RY =178 +"3,'850‘*/32'4&‘63~Si‘ff e

where ‘ . ; ;
s, s the mterlamellar distance, mm. A
Thus, by Eqs (1 -6) one obtains t.he effect of

the 1nd1v1dual tactors on tha yield luait of sbeels

mxcroauoyed by V + N, When expreasad summa- -

rily, one obtuns

_/1-1307c/‘/3 k/R +R +Rv/+ .
+/1=(1=1, 3070)‘/3/ RP I (7)

The contributien:of mcaneae a.nd suieon to
the. yiela limit.of farrin is given by Eq.{2) and to
the total yield limit by the following formula.

RO = /1=1,307 c/‘/3 /88 +3TMa + 83Si/ +-
+/1-0=-1,301Q) 7 Lessi (@)

To enumerate the jusl:-wm&mwmd ’fo:-mnla
there is'necessary firmfdf &l1, to detérmine the -
content of "fres" eatbe m ts’passible pro-
viding that e
- at the end of ptrecipimtien af vanacnum nitrides’

the m’eré;sn oomn ‘in sond somticm of territe :

would be. negligit) ¥
- all the v&nad,ium‘ «
" precipitates. ‘
The’ propmmn;af m&m‘m rminad 4 the
individual precipi [ g

Y

carbon in the pt ind in- -

ted in Table 5.

The effect of present pearlite on the yiaeld limit

in Eq (7) is given by the term /1 = /1/3 RP ana
cau be euumerated hardly due to dlfflculues asso-

. ciated with determination of the interlamellar =

’;taﬂeg. Thu&,’ in the first approach the gontri-

; buticm of pe&rlite ta the yield hmit is considered.
- -such as determined by P;clmrmg and Gladman /4/ 3
5’“i.e. some 2,5 MP& per 1% lamellar peari;te. , ‘

By mbtraqting she aontnbnmou c,t‘ manganese,‘

: ;silicon and pearlite to the yield limit /1/ one abe

tains complex effect of V + N +C co.used by pre~.
cipxtatwn ha,rdemqg and hardening by the feryite

i grain, The figures ‘of the indivgdual contnhutions

ta hardening at the experimental heats axre. gwen i -

: T&bk@ T fud

‘Zhe reheating temperatures were selected

 within 1200 and 1250 °C. Accordingly, all the

vanadium prempmwes were diss olved prior to
rolling. ';?hé final-rolling temperatures at the .

Evermovy ireqynrks varied within 800 and 900°C ;
“and at the T¥inec Iz:qgworks within 980 and 102Q°C.

In no cage the temperature was less than 850 °c.,
Thus, by the ,abov,é-;-mentioned,thepreticai precons
ditions no strain-—indu’ced preéipitation of. .bar‘bidas

: encountered In this respeet only yanadium nityride

precipltates in the austenj.te, i«ts ‘strain~induced
premp;tationﬁ.stams at the gpmpggatpre interval . -
of 850 = 1 000 °C, i.e. in the zane.in which the

: fmal-rolhng draughts were performed in all the - $

investigated cases. . » ,

- The main contribution.of the precipitates of ,
vanadium nitride to eiemtxon of yield limit is due k (i
to refining of austenite / reta.rding its gmowth/ and.
thus, even the fermte m‘ains. s ,

- In the concrete-steel bars of 20 mm in: dia.
made of steel to CSN 10 425 grade the average
grain size is:as a rule 10 by the gcale. ta CSN
420463, Atrseieeted heats on-the: mis of mmo—
VAN, meltad bgr simiur Mmi&g.y Mwith simi:- o

’ lar anmm, theobmimdwnﬁmiaaaﬁﬁe
‘11, No differences in grain size were found out .
among the indlﬁdual experimental heats,. By



alloying the concrete~steel bars with NITROVAN
the size of ferrite grains has fallen from 0,012 mm

down to 0,079 mm. From the above-mentioned for-

mulae, expressing the effect of ferrite grain on the

yield limit, the contribution was found to be 30 MPa.

From the data given in Table 7 follows the
overall contribution of V + N to the yield limit of
the concrete—-steel bars. While the hardening
effect due to rei‘ining of the ferrite grainis con-
stant over the entire interval of the chemical
camposition, say 30 MPa i the role of the precipi-
tation hardening is strongly dependent on the con=
tents of vanadium and niti-ogen in steel and on
their mutual ratio within the range 0,04 to 0,13%
V and 0,009 to 0,016% N. The hai‘dening effect
varied within 150 and 215 MPa. The contribution
of the precipitation hardening to the yield limit
in relation with V-content is illustrated in Fig.1.
The linear regression was applied to determine
the effect of vanadium precipitating at the trans-
formation boundary on the yield limit of the con-
crete-steel bars of 20 mm in dia. For each
0,01% V within the interval of 0,02 - 0,06% V
in the precipitate of vanadium carbide the yield
limit is rising by 20 MPa.

Detailed analysis into the effect of vanadium,
carbon and nitrogen on the yield limit has been
performed foxr bars of 20 mm in dia. Similar
effect on the yield limit can be assumed from the
results attained with diameters of 12 and 32 mm.
Somewhat lower yield timit of bars of 32 mm in
dia. is due both to'a ’sma'uer degree of deforma=-
tion and to a lower cooling speed, ia'a. due above
all to a larger ferrite grains and a smaller pro-
portion of precip;tdtas originating at the trans-
formation bonndiry‘, For the case of bars of
12 mm in dia. the cAirBumstances are to the con=
trary, i.e. a greater deformation and a higher
cooling speed that is & smatler grain and a hi-
gher proportion of precipitates originating at the
transformation boundary. ’

6. Usage of microalloying by vanadium and

nitrogen in carbon steel for seamless tubes

The favourable and encouraging results ob-
tained with usage of NITR_OVAN at melting steel
for concrete reihforcéments under Czechoslovgk
conditions were verified even with further assoré
tment of the rolling stock, i.e. the heavy platés
of weldable structural steels, the helically welded
tubes of KX 7O steel &nd even the seamless tubes
ot lowéalioyved steéyl to be applied at elevated tem=
peratures /5/.

At the Svermovy lronworks some 3 experimen—

~ tal heats were melted with application of micro-

alloying by VN-13 NITROVAN at manufacture of
extruded, hot-reduced and cold-drawn tubes of
quality to VN 12 O25-standard. The fundamental
target parameters of the mechanical properties
of searziless tubes of a wall thickness up to 12 mm
specified in the VN 12025 standurd are as
follows: |
Yield limit Re
strength  Rm

- 320 MPa minim.
- 440 to 600 MPa
ductility AS -23% miniﬂi.

The steel was melted in the electric arc
furnaces of # capacity of 40 tons and then rol=
led ona continuous-rolling mill into billets of
200 mm in dia. and 200 mm long that were sub=
Jected to extrusion to form tubes of 32 mm in dia.
and of a wall thickness of 3 mm. The final-rolling
temperatures after the tube-reducing mill varied,
according to the applied technological regime,
within 800 and 840 °C, i.e. closely to or imme-
diately above the »Arg-transformation temperature.
The hot-reduced tubes of @ 32 x 3 mm were sub-
jected to two-draught cold dra\'?ing without intere
mediate annealing to produce’ tubes of & 28 x
2,5 mmt and tubes of @ 22'x2,0 m:ﬁ. The last dra=
wing operation was followed by normalizing within
900 and 920 °C,

The obtained results of the mechanical pro=
perties and of structural analyses after the re-

a8



levant operations that is after hot rolling, cold dra-

wing and after normalizing are given in Table 8.
From thé results follows that the yield limit, the
strength and the ductility achieved with tubes of
@ 32 x 3 mm surpass considerably the donditions
specified in the 12025 standard and/or in other

cases present sufficient reserve in the properties

even in as-normalized state. Accordingly, eventual

enhancement of the specified values can be consi-
dered with the hot-rolled tubes or possible modi=~
fication of the chemical composition toward a
decrease in carbon and/ or manganese content can
be taken into account. The two possibilities would
lead to further improvement of weldability of thét
steel and/or to more uniferm distribution of the
mechanical properties across the sectional area
and to a drop in the transversal anisotropy due to
a lower susceptibility to origination of bonded
structure,

The size of structural grain in as hot-rolled
state and/or in as cold-formed state varies
within 11 and 13 by the ASTM, By introduction of
normalizing the grain is growing to 11. In any
case these characteristics are by two or three
degrees higher than those commonly achieved with
seamless tubes of VN 12025 quality without usage
of NITROVAN. The proportion of the structural
components such as pearlite and ferrite is here
in mutual relation / 20 and 80%‘, respectively/ .
By cold forming the value of the bonded structu-
re is simultaneously diminished by one degree.

The resu}ts of evaluation of substructure by
the electron microscope showed that the precipi-
tate attains the size of several nanomete;‘s
/10"9 mm/ . Nevgr—@ﬁeless, the substructure is
in principle identical to that of steel to 1202'5’
grade without NI’l'RQVV.AN.A. .

it can be said, on the baéis of the prelimina-
ry results and analyses, thét, apart from impro-
vement of the mechanical properties and/or
possible modification of the chemical composi~ »
tion to improve the weldability of steel, the
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greatest effect would consist obviously in impro-
vement of the creep resistance-of steel melted with
NITROVAN due Jnam’ely to further precipitation
effect of the submicroscopic nitride particles.

7. Conclusion ‘

From the just-described analysis follows that
encouraging results were échieved at enhancement
of the yield limit of the concrete and tube steels
by application of NITROVAN that is alloying by
vanadium and nitrogen. Alloying the concrete and
tube Steels by VN=13 NITROVAN also enables to
attain the required yield limit without any change
in the melting technology.

To attain the yield limit of 490 MPa at relling
of concrete-steel bars of 12, 20 and 32 mm in dia.
The optimum content of vanadium proved fb be
0,06 - 0,10% and that of nitrogen within 0,008
and 0,010%. Thus, the nitrogen content in NV=13
NITROVAN is too high and it cuts considerably
down the precipitation hardenihg effect of véna—
dium. By application of NV-T NITROVAN with
a smaller nitrogen content the minimum required
yield limit is assumed to be attained by a smaller
amount of that admixture.

Application of NITROVAN at manufacture of
seamless tubes of VN 12025 quality is supported
by the fact that the results of the field and laboraw
tory tests confirm reasonable technical and econo-
mical targets by application of microalloying by
means of NITROVAN at the Czechoslovak boiler
steels and/or enables development of new lean-
alloyed steels that would be able to replace and
to surpass economically some boiler-steel grades

melted till now according to the CSN-standard.
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chj.- 1 _‘!'ho qu-uty’mdn of the oonorste
steels welted in the USSR

Y ara s " Tenaile :
Quall Yield limit atron Duotility
; ength

by the . kn‘p’o,a R-v v
. MPa WP ‘ s
10216 aok 539 24
10335 . 328 : 470706 18
10338 325 390 12
104253 k10 570-770 1k
10607 590 850 . ]

Table 2: The chemioal compositiouns of heats for
mapufacture of the ribbed rods

No.of | © | M s P s | v {
heat :
’ .
1 0,25 | 1,41 | o,k2 0,018 |0,027 | 0,07 o,0127
2 10,2% | 1,42 0,48 {-0,017 {0,030 | 0,07 {0,0121
3 0,23 | 1,32 0,33 0,028 {0,032} 0,12 |0,0164
U 0,23 | 1,38 0,44 - | 0,028 |0,032 | 0,09 {0;0136
[ 0,20'] 0,93 ] 0,30 0,011 [0,020 | 0,11 |0,0156
6 0,20 | 1,19 | 0,50 | 0,024 {0,030 | 0,10 |0,0163
7 0,23 | 1,38 | o,46 | 0,020 {0,023 | 0,09 |0,0157
8 0,25 | 1,33 | 0,66 | 0,020 |0,027 | 0,04 |0,0095
9 0,28 | 1,12 0,53 | o,015 |o,024 | 0,0k |0,0093
10 Jo,20} 2,22 | 0,73 | 0,026 |0,022 | 0,07 |0,0098
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Table 3: The amount of NITROVAN added to the conorete

steels
[ Weight of y ,
No, of : 'eLEDE o NITROVAN
h;“ h:.t ke/heat kg/heat
1 BN . 8% 1,1
2 80 85 1,1
3 80 122 L,b
4 7 ' 72 1,0
5 . 80 , 125 1,6
6 80 110 1,bk
7 s 100 153
8 48 - L L2 0,9
9 - 50 b4y 0,9
10 %0 ' 60 1,2
Table 45 The teohnological data on rolling the billets
into ribbed rods of 12, 20 and 32 mm in dia, .
Relled . " n.iii.m:; Holding | Relling | Final-rolling
R orks to-pgr- ure time spesd onpsrnturo
::‘ . . C.. . -4 hours - C
12 T¥ineo Ironvorks| . 1230 | 3,0 15,0 980~1020
Bvermovy . . |- o P ‘ .
Ironworks | 120 - | 5,2~6,0 850.900
Podbremovéd P v S
20 TFineo Ironworks| ' 1270 2,5 11,5, 980-1020
Bvermovy - f 1230 - - 45,0 850-900
32 THinec. Ironwerks| -~ 1300 2,0 © 6,0 980~1020
Svermovy . 1 w230 | . —850.900

&

¥
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Table 53 The mechanical properties of

the rolled ribbed rods

Tensile
No. of Dia of Yield strength | Duotility
heat rod R“’;:i;‘/ Rm ;5
. - ® MPa
12 612 7h7 25,0
1 20 546 710 25,0
32 538 718 23,1
12 575 710 26,7
2 20 553 716 23,0
32 522 701 22,9
12 616 762 23,3
3 20 612 782 20,8
32 587 759 19,4
12 589 723 24,2
[ 20 572 728 24,0
32 548 726 22,5
: 12 594 723 25,0
L] 20 shl 696 21,0
32 529 688 23,1
12 618 742 23,1
6 20 564 794 21,0
32 547 707 20,6
12 618 75k 25,0
7 20 597 737 23,0
32 56k 743 19,4
12 572 775 2a.3
8 20 520 717 2h,s
: 32 527 742 18,1
12 561 770 26,6
9 20 510 707 27,0
32 507 712 18,8
12 565 775 24,1
10 20 595 755 22,0
32 595 735 19,5

Table §3 The proportion of vanadium and carbon in the individudl

types of the precipitates, the proportion of carbon
in pearlite and the volume proportion of pearlite
and ferrite in the examined heats

No, of v V. c c v vt
heat VN ve ve P P
1 0,046 0,024 0,006 0,244 32 68
2 0,044 0,026 0,006 0,24l 32 68
a 0,060 .o,gﬁo 0,018 o,z;z 28 72
0,050 [+] 0 - 0,009 0,221 29 71
5 0,057 o:gza 0,012 0,188 25 7
0,059 0,041 0,009 0,191 25 75
" 0,057 0,033 0,008 0,222 29 7
8 0,03% 0,005 0,001 0,249 33 67
9 0,034 0,006 0,001 0,249 33 67
10 0,036 0,034 0,008 0,192 25 75
VVN proborti.on of vanadium in the precipitates of vanadium nitride
A/ proportion of vanadium in the preocipitates of vanadium oardide
ve
cvc proportion of carbon in the precipitates of vanadium ocarbide
CP proportion of oarbon in pearlite
VE volume proportion of pearlite
v volume proportion of ferrite
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Table 7t The figures of the lndividtal aontribution- of
md% at the mtud ‘heats i

No. of R® R Re¥ R &v
heat MPa MPa MPa MPa MPa
1 178 157 8o 154 184
2 180 162 80 ‘187 187
,:: 151 70 235 265
.1 6 159 7145 185 213
s TZ 138 62,5 181 211
6 161 62,5 176 206
7 177 160 72,% 211 2y
8 192 173 82,5 10k 13k
9 173 156 82,% 112 k2
10 193, . 1.79 61,5 198 228
R® ooam.mnu or Mn -zra 31 to thé yield mu of ferrite
rR** contribution of Mn and 84 to the total nou 1dmit
n; yield limit of pearlite
R oontribution of the precipitation’ hardening
£V° total effect of u:'mamt on the yield Limit
Table 8: The mechanioal and struotural properties of the aecamless
tubes of 12023 quality manufaotured by addition of NITROVAN
Size of | State of Yield  |Tensile " Proportion Bonded
| tube saterial Limit strength D“";"uw of phases G:::: struoture
ma Re /MPa/ |Rm /NPa/ 5 by o 420 469
{in as hot~ ‘ . B |territe aos 2791 | '
$ 223,10 rotied state] 422 551 P15 peariite 208 |12/10/20%/ 2
in .ee eeldw . : : o Jtervite S0% 4 /e k
| arewn state - 750 813 11,0 pearlite 20% 13/12{&0# 1
# 28x2,5 L
in as-nerma~ s
lised atate | = 367 489 33,0 g::;;;;,ﬁgg, 11 -
drav atate | 1 879 897" | 9,0 f,"',.,:::fggg 15/14 1
$ 22x2,0 = i S e
in as-tormge N B an o |ferrite 808 | .
liged” : . 359% *62 33,0 p"m]_yit.: 20% | 11 -
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Fig. 1 The effect of vanadium precipitating in vanadium carbide
on the yield limit of ribbed steel of 12, 20 and 32 mm in dia
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