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The Calculation of the Amounts of the Carbide and Nitride
Precipitates in the Steel at Temperature of the ¥ State

Tadamichi TAKEI,

Synopsis:

Haruo SHIMADA and Teruo YOKOOH]I

‘A method of calculation was studied to determine the amounts of nitides and carbides in the steel to
which various carbide or nitride forming elements were simultaneously added. According to the results

obtained,

the behaviours of these precipitates determined by the calculation were in accordance with

those experimentally determined in the specimen held at the temperature of austenite range, such as heat—
ing temperature of the slab, normalizing, or quenching temperatures.

As an example, the behaviours of carbides and nitrides in y state of .the steel containing niobium and

aluminium are determined as follows by calculation.

1) In the range of carbon content of more than 0-10% and of nitrogen content of 0-006%,, which -
g g

corresponds to the chemical composition of commercial steel,

nitrides.

niobium tends to form carbides than

(2) Only the precipitates of NbC and AIN are formed when carbon contant 1s more than 0:109{ and

_ nitrogen content lies between 0:006 and 0-01%,. -

(Received Aug. 15, 1968)
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Table 1. The relation between the added, dissolved and precipitated amounts of elements
and the solubility products of precipitates.

Region No 1 2 3 4 5 6 7 8
R R <NbN>
The phase of preci- 5 .. N < NbN> <AIN> < NbC>
pitates Not precipitate < NbN> L AIN> <NbGC> SAINS <NbC> <NLNS> jggé))
The dissolved amounts [[Nb]J-CN]<Kq|[Nb]-[N}=&;|[Nb]-[N]1< &;[INb]-[NJ< K;|[Nb]-[NI}=K,|[[Nb].[N]< X, |[NbJ-[NJ=XK,[[Nb]-[N]=K,
of elements and solubi- [[Al]-TNT< K, [[Al]-[N]< K- [[Al]-[N]=K, [Al]-[NI< X, [[AIJ-(N]=K, [[Al]-[NJ=K; [[AI]-[N]J< K, [[AI]-[N]=K,

lity products [Nb].[CI< K3|[(Nb]-LCI< K5|[Nb]-[CI< K3|[Nb]-[C]=K;|(Nb]- LCI< K3|[Nb - [C]=K4[[Nb]-[C]=K3[Nb]-[Cl=K;
[Nb]=Nb | [Nb]J<Nb | [Nb]=Nb | [NbJ<Nb | [NbJ<Nb | [Nb]J<Nb | [NbJ<Nb | [Nb]J<Nb .
The dissolved and add- | [Al]=Al [AlJ=Al [Al]<Al [ALl]=Al [AlJ<AL CAlT< AL CAlT=Al [AlT<Al
ed amounts of elements [ [N]=N [Nj<N [N« N {N]=N [N]<N [NJ<N ENJ< N INj<N
fci=cC [C]=C [C]=C [CI<kC fci=cC fci<c faicc [ci<c
Conditions Nb-N<K, | Nb-N>K, Nb-N>K; Nb-N>K; | Nb-N>K;
The added amounts Al-N< K, Al-N> K, Al-NZK, Al'N>K, Al-N>K, Al-N>K,
(of elements and so- ) Nb-C< K3 Nb-C< K3 Nb-C>K3 Nb-C>K3 Nb-C>K3 Nb-C> K3
lubility products Al.c<£;(_1‘ﬂ_ ALLC> K;{K: ' ALC> K;{Kg
1 1 1

fAl], [Nb], [C], and [N] mean the dissolved amounts of elements.

Al, Nb, C, and N mean the added amounts of elements.
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. The outline of precipitation. For example,
in the region No 2 surrounded by the
surfaces, Okjcba, (kGde, [lafeb, [edeb
and etc. only NbN is precipitated.
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Table 2. The conditions of precipitation and the process for calculation of the
amounts of carbides and nitrides.

w’ 112134156 7| 8] The process for calculation
1| Nb-N<K; Al.N<K, Nb-C<K;| O No needs for calculation
I Nb.N<K, AlLN>K, Nb-G>K, ol ;f/‘svt‘;nf.‘emems Nb-C System
I | Nb-N<XK;, Al'N>K, Nb-C<K; O 4 Al-N System
! ) b-C S
' Nb-C System
¥ | Nb-N<K ALN>K, Nb-C>K, O ” AL-N System
V | Nb-N>K, ALN<K, Nb.C<K; o) ” Nb-N System
- - Three elements Nb-C-N
il Nb-N>K, Al-N<K, Nb-C>K; @) O O system : System
o _ Nb-AL-N
M | Nb-N>K, Al.N>K, Nb.C<K; o|0 @) : ” System
. Four elements Nb-Al-G-N
Vil Nb-N>K; Al-N>K; Nb-C>XK, O Ol OO O system System
The phase number of precipitates 0 1 2 3
* Conditions of precipitation (The amounts of added element and solubility product)
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Fig. 4. The behaviour of NbN, NbC and AIN determined by the
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Metallographic Analysis of Niobium in High Strength Steel

Synopsis:

Shigeo WAKAMATSU

“

A new, simple and reliable method has been develoded for metallographic analysis of Nb in high

strength steel.
The procedure is as follows:
1. Separation of Nb

a) Dissolve 1g of sample in 40 m] of HCI(1 : 1) at room temperature. Filter and wash with water.
b) Dilute the filterate to 250 m/ with water, add 10 mi of phytin solutioa (1%,), and boil for 10 min,

and allow to stand for 5 min.

Filter and wash 2 or 3 times with hot water.

¢) Return the paper and precipitate to the beaker, add 20 m! of HNO;, 3l of HCIOy, and 2 m! of H,SO,
(1 :1), and evaporate to a sirup, and determine Nb as solid solution as described in Section 2 a) to ¢).

d) Transfer the paper and residue (Paragraph a) to the beaker, add 20 ml of HNO; (1 : 1) and 5 m/ of
H,0,, and boil for 5 min. Filter and wash 2 or 3 times with hot water.

€) Add 2mi of HySO, (1 : 1) to the filterate and evaporate to a sirup, and determine Nb as carbo—

nitride as described in Section 2 a) to c).

f) TTransfer the paper and residue (Paragraph d) to the beaker, add 20 m/ of HNO;, 3 m! of HCIO,,
and 2 m{ of H,SO, (1 : 1), and evaporate to a sirup, and determine Nb as oxide as described in Section 2 a) to

c). -

2. Photometric determination of Nb

a) Dissolve each of the salt of section 1-c), €) and f) in 20 m! of tartaric acid solution (209%,) and 10 m/
of HOI (1 : 1) and dilute to 100 m! in a volumetric flask.
- b) Transfer 5 m! portion of solution to 50 m! volumetric flask, add 15 m! of water, and 2 m! of thio—
glycollic acid solution (10%), mix, allow to stand for 2 min, and then, add 10 m! of HCI1 (1 : 1), 5 m{ of
EDTA solution (1%),5 m! of aceton and 2 ml of sulfochloro phenol S solution (0:05%).

¢) Warm to 60 to 70°C for 5 min, cool, dilute to the mark, and mix. Measure the absorbance against

water at 650 m .

"(Received Oct. 14, 1968)
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