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Effect of Carbon on the Determination of Nitrides in Steel

by Cold Nitric Acid Method

Kazuo KAWAMURA, Takashi OTsUBO, and Syunsuke GOTO

Synopsis:

The effect of carbon on the quantitative determination of nitride—nitrogen in steel by dissolution in cold

nitric acid has been investigated.

(1) Nitrides are quantitatively extracted from steel with nitric acid aquaoud solutions at a tempe-
rature of —5 °C and in the concentration range of 1 :6 to 1 :8.

(2) The nitride-nitrogen in low carbon steel is accurately and rapidly determined by this method.

(3) For the steel sample with a higher carbon content, the residue extracted by the method yields an

erroneously higher result.

(4) The reason for the erroneous result is that organic-nitrogen compounds are synthesized from the
carbon in steel with nitric acid during the dissolution.
(5) By heating the residue in a He stream to expel the organic-nitrogen compounds, the nitrogen in
nitrides of Ti, Zr, V in steels is quantitatively determined.
(Received July 11, 1973)

1. #& El

AP AT L7 b osiEREL LT ka2 v
TR — VR Toh-T AT BHERIU—
T AR ESESRAVLRTWS. ZThboAEREh
FrM s 5 D SHBIIELLHAVONE EFE X BRDH D,
O B D DV IFECMEEZE T 5D D
H %V, AT OB SRS L L TRHEEEC X DE
MEEED? PEHELO L AN EL I/ V- T IREDTER
StXnpb, L, Bk, —HEhc o,
WL HEERE LREZERT LI LTI, ZThbD
M OMEEE LTESRFRTH S 2 LrHESN
7230, BIEMPHEMoERC & LTCRIASh Ty
HaVE- &) - LERT O A-T AT AR, TERY
O X T 2 FERABEOME S D DD TS
Frk: LCOREEEZ RWAETHO S LT, BHRDY
TR RENT R # & (il DFZE LI DT L,
L TRFREILDFOBROERCESAEZ VW THRE
L7z

2. EBEBIUHAE

2.1 ¥% &

(1) %32 : v~ MRS —1v5 4 BL-11 #

(2) PoORERIE  FRECELEILAZ I BA

(3) ZEFFHYEE JIS WHEL b DERWcH,
KERFEAE 7 7 2 3 OHCIEEKPTHER LTV HHE
D7 E=TERRL D, HinBELEA NN v T
FHEOMTLOEMHL, REAEE 7 7235 X0 D
VF Y- DEWSIIRRERTHD.
2.2 5

(1) TlEE : IR CTHE 138 b o2 AL
7z,

(2) 7kEgfbr FU DA
& LTHER.

(3) BhlEs LOBREEH Y © & - TR

* 48 4 A 6 HESSEALSBEARRICTHERR

484 7 A L1 E Z 4t
T B AR (0 R A B RS R

: TR RS ® 50% JKIBHK

— 9] —



696 g% & &0 60 £ (1974) 62

(4) Fltt: x o B —FAVKRET ARZ b

Table 1. Chemical composition of samples ().
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Table 2. Heat treatment of samples and identified precipitates.
Sample Heat treatment Precipitates

Fe-V-N(1-2) 1 350°C-2h-WQ-800°C-3h-WQ vCm
Fe-V-N(4-1) 900°C 1 h VN, VCwW
Fe-Ti-C-N 1 300°C- 1h-WQ TiN®
Fe-Ti-N-C 1 300°C- 1h-WQ TiN®
Fe-Ti-N 1 300°C-1h-WQ TiN®
Zr-114 780°C-5h ZrN (f-c-c), ZrO,®
G-9 as forge —
G-13 as forge —
Fe-Al-N(B) 1 300°C-1h-WQ-750°C: 1h-WQ . —
Fe-Al-N(N) 1 300°C-1h-WQ-750°C-1h-WQ AIN®)
Fe-Al-N (Al) 1 300°C-1h-WQ-750°C- 1h-WQ AIN®
N-9 as rolled AIN®@
Fe-N 500°C-2h-WQ 300°C-10h-WQ —
Crl-5~20-5 as forge —
Nb-2C 1 000°C-1h-WQ-625°C.-1h-WQ NbN (hex), NbC®

M- H 950°C - 1h-wWQ —

WQ : Water quenched
Extraction method of precippitates (1) : I-CH3OH method, (2) : Br-ester method, (3) : cold HCL method
Table 3. Effect of nitric acid concentration on AIN determination.
HNO,;+H,0O 1+1 142 144 ‘145 1+6 14+8
Ne, 0-0069 0-0070 0-0076 0-0076 0-0079 0-0078
Nitric acid temperature : —5°C Sample : N-9

Table 4. Determination of Nitride in steel by
cold nitric acid method.

- Method
—— Cold HNO
— Br-ester o
Sample\ (1+8-—5°C)
Fe-V-N(1-2) 0-0165 0-0166
Fe-V-N(4-1) 0-0077 0-0071
Fe-Ti-N 0-0l0l 0-0103
Fe-Ti-C-N 0-0037 00096
Fe-Ti-N-C 0-0076 0:0138
Zr-114 0-0048 0-0048
G-9 0-0034 0-0167
G-13 0-0035 0-0173
Fe-Al-N(B) 0-0220 0-0198
Fe-Al-N(N) 0-0051 00048
Fe-Al-N (Al) 0-0129 00138
N-9 0-0080 0-0076
Fe-N *0-0006 0-0007
Nb-2C 0-0086 0-0088
¥ I,-MeOH
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Effet of carbon content in steel on nitride
determination by cold nitric acid method.
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Table 5. Determination of nitrides after heat treatment of residue extracted with cold

nitric acid.

i

Method Cold HNO, Cold HNO, Breste
Sample (residue heated in air) (residue heated in He) T-ester
Fe-V-N(1-2) *0- 0006 0-0166 0-0165
Fe-V-N (4-1) *0-0007 0-0069 0-0077
Fe-Ti-N *0-0095 — 0-0101
Fe-Ti-C-N 00033 — 0-0037
Fe-Ti-N-C 00073 — 0-0076
Zr-114 *0-0042 — 0-0048
G-9 0-0014 0-0090 0-0034
G-13 0-0024 0-0129 0-0035
Fe-Al-N(B) 0-0061 00061 0-0220
Fe-Al-N(N) *(0-0032 0-0011 0-0051
Fe-Al-N(Al) *0-0102 00070 0-0129
N-9 0-0061 0-0058 0-0080
Fe-N 0 0 *(0-0006
Nb-2C 0 0 00086
Heating temperature
450°C -1-5hr *]-MeOH
*500°C -0-5hr
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