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Determination of the Nitrogen as Nitride in Steel by Alkali
Fusion-Coulometric Titration Method

Atsushi CHINO, Mutsumi IHIDA and Hideo IWATA

Synopsis:

The alkali fusion-coulometric titration method has been studied for the determination of nitrogen as nit-
ride in steel.

(1) The procedure, which has been established by using nitride reagent, is as follows.

a) The nitride reagent is fused by molten alkali (450°C) containing water vapor.

b) Nitrogen in the reagent is extracted as ammonia with carrier gas (Ar) and the ammonia is determined

by the coulometric titration method.

All nitrides excepting CrsN, ZrN can be determined by this method.
(2) This method was applied for the determination of nitrogen in the residues extracted by

15%I,-methanol decomposition method for steel.
The results are as follows.
a) The determination is completed within 20 min.

b) Nitrogen blank of this method is very small. (0-2 pg)
¢) The trace amount of nitrogen as nitride can be determined with excellent precision. (N=7 ppm C. V.=4

~5%)

Key words : determination ; nitrogen as nitride ; alkali fusion ; coulometric titration.

1. #% =l

WhoaFix A, Ti FoKERNTE 2L
LT L, ZoS{WAMoOBIFECRITTREIEE
FIZRKEWD, BtWE LTOBEET L b L{ILEHE
BEOBYTEHICIBTI A LIBOTEELILTH
5.

ek, CoftEPHEREEEL LTHWLR TS
KR, RMoORESREC L HHMBREE JIS CHE
ENBABRBRESRED R THBLERL TV
Ty LABICL, ThEKEREE-TOOLEEICLD
RKOBEWIDBDOTHA., LaLids, Zokhikidsy
Wi B CHB T EL, ST v 7fErmE
5oL EVIREND B, F020, BITOEREIN
bHWLODOFEDD PRIFENRTVEN, Thbi
b—FE—EEdNEFAHSNSEETICEE>TWE

W,

ZITEESR, BITRIRbAIFEEELLT, 7
VA RR-EREEEC LML RERERORS
YRAR. ZOKFER, ROZESREIC X HMIETRE
ET7NA VIO CRELILAWRIZEFE %S NHy L L T
HMHLIADPHOBRBELERELIIETHLOTHS.
AEFAECBVTHT D SizN, 2 EFETHHFEYY &
LTRSS, 1R L ICRBRE- 20122
BT BNy FHRTEENICIERE 2D TH D7,

HEO 1 COFEIEOWTHBRE . 203 EN
Rt B A BE L OMHERETOBRE + EHEMN
R —-EBTAIENTEDLL) 2 HELE LTHAY
N ZFEORE RO 7.

ZORER, ZrN, CroN 2B Etho g icx LA
BEAEE - REEE ST ShGgEL LTHLTAS
EDTE-DTHRET 5.

WEF0 56 4F 11 A RASHEEAKICT AR M 62 4 11 A 5 HZAF (Received Nov. 5, 1987)
* NKK i 7cir (Advanced Technology Research Center, NKK Corporation, 1-1 Minamiwatarida-cho Kawasaki-ku
Kawasaki 210)

*2 NKK #9tfigepr T8 (Advanced Technology Research Center, NKK Corporation)

— 163 —



2042 % & W 8 74 4F (1988) #5105

2. B H &

2-1 HE

FOWERET D720, (BR)RNELZER O 2L
A, REOMESFE L Table 1 IR L.
Table 1 7O FRIIAEOERLEBTE*EELZ
DIED S HRE L 7.
BL, =2a—2YUET774N%— (0.2um, 25mme)
20D ATHIIAHE L7z 2 OMORIEIZ S T, (BR)
BIRALA R OFERAE L v 7o,
2-2 LBERUFHk
WEOWM % Fig. 1 (ISR L7,
= B

I, —o XML 5T (14) 12 NaOH 15 % Ah
BRIKEBICRESETBL. 2L, ZFHay 2 (12)
X OMHFERAE L 5O IFPUCEA LRET 5. BfRICXD
ZEHE L7 NH; @BRAKA 74 (19) 2BAL -0 biEE
EVICEIrNEBEHEINDS. EREIIEEO /SR
TATVINKREND., EEIRT L5 EHKE=H
Ty 7 XOMBEREYRA LBB-EELEVET. (U
T, COFEYEFRAELRLYT) EEHEEBI=%
LB (Bk) @ Total-Nitrogen-Analyzer TN-02 % F\» /-,
ZOBIEIZBWVT, Ar F RFEE X 200~ 300 ml/min,

= OB W

au

ZORIE0.7~1.6mg % IEFEICH

Table 1. Characterization of nitride reagents.
Reagent Crain size Purity Formula  Structure *

Aluminium nitride —200mesh 99.0% AIN Hexagonal
Boron nitride —325mesh 99.0% BN Hexagonal
Titanium nitride 1.43 micron 99.0% TiN Cubic
Vanadium nitride —325mesh 99.0% VN Cubic
Niobium nitride —325mesh 99.5% NbN Hexagonal
Silicon nitride —325mesh 99.9%  SisN, Hexagonal (o)
Chromium nitride —325mesh 99.0% CroN Hexagonal
Zirconium nitride —325mesh  99.0% ZrN Cubic

* : Structure was identified by X-ray diffraction method.
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1. Carriear gas (Ar) 2. Wash bottle (H2SO4) 3. Gas flowmeter 4. NaOH column 5. Electric-furnace
6. Ti column 7. H20 bottle 8. Reactor 9. Glass cover 10. Nickel pot 11. Packing (Silicon rubber)
12. Cock 13. Nozzle 14. Nickel crucible 15. Melted NaOH 16. Thermocouple 17. Electric-furnace
18. Ribbon heater 19. Soda-asbestos column 20. Titration cell 21. Coulometric titration unit

Fig. 1.

Schematic diagram of apparatus for alkali fusion-coulometric titration method.
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Fig. 2. Dependence of the recovery of nitrogen on
the humidity of H,O in NaOH.
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Table 2. Comparison of nitrogen blank between
the batch and continuous methods.

No. Batch method Continuous method
1 21 0
2 18 0
3 25 1
4 25 2

Ave. 23 1

Unit : pg
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BN NoN VN TiN SN, 2rN CrN

Fig. 3. Effect of water addition on the recovery
of nitrogen.
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Table 3. Nitrogen blank of nuclepore filter.

No. 0.2pm 47 mm ¢ 0.2 pm 25 mm ¢
1 4.69 0.10
2 4.64 0.13
3 5.01 0.15
4 4.72 0.13
5 4.92 0.11
X 4.80 0.12
On—1 0.16 0.01g
C. V(%) 3.33 15.72
Unit : pg
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Table 4. The recovery of nitrogen by alkali fusion-coulometric titration method.

No. Amount of reagent (mg) N. calculated (ug) N. found {ug) Recovery (%) Time (min)
1 1.394 30.25 28.74 95.0 16.6

2 0.846 18.36 18.56 101.1 11.6

3 0.987 21.42 20.53 95.8 10.5

4 0.794 17.23 16.95 98.4 8.1

5 0.770 16.71 16.42 98.3 8.2

6 1.357 29.44 28.99 98.5 16.7

7 1.057 22.94 22.15 96.6 10.0

X 97.7 11.7

Reagent : (NHy)3 PO4* 12 MoO3+ 3 H;0

TRREL ] mg BETHORETHEERN 100ug b 2h0, ZITREYVSFY VBT CESASAMBEEV. EYTFY OB
FYEZTLASKHMET AL VBRI E DT ARLPIC NH ¢ T 50 CRIEEEFANL LTHT LW EERT.
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Table 5. Chemical composition of steels and heat treatment condition.

Steel C Si Mn P S N Sol. Al Other elements
A(Fe-Al-N) 0.05 0.30 1.00 Tr. Tr. 0.0065 0.03
B(Fe-B-N) 0.01 0.28 0.30 0.006 0.003 0.0109 0.001 0.0069 Bg
C(Fe-B-C-N) 0.10 0.28 0.30 0.006 0.003 0.0111 0.001 0.0066(B
D Fe-Nb-Ng 0.01 0.28 0.30 0.006 0.003 0.0114 0.002 0.042 (Nb
E(Fe-Nb-N 0.01 0.28 0.30 0.007 0.003 0.0114 0.001 0.043 (Nb
F(Fe-Nb-C-N) 0.10 0.27 0.31 0.006 0.003 0.0127 0.001 0.040 (Nb
G(Fe-Ti-N) 0.01 0.22 0.17 0.007 0.003 0.0072 0.001 0.032 (Tig
H(Fe-Ti-C-N) 0.10 0.23 0.17 0.007 0.003 0.0074 0.001 0.027 (Ti
I(Fe-V-N) 0.01 0.23 0.10 0.004 0.001 0.0111 Tr. 0.052 V;
J(Fe-V-C-N) 0.10 0.23 0.10 0.004 0.001 0.0121 Tr. 0.055 (V
K(Fe—Zr—Ng 0.01 0.18 0.09 0.003 0.001 0.0074 Tr 0.041 (Zr)
L(Fe-Cr-N 0.05 0.42 0.27 0.03 0.009 0.1478 0.014 24.3(Cr) 0.42(Ni) 0.1(Mo)
Unit : wt%

A~C,E~H,KL:900°C 2h—W.Q. D:700°C 2h—W. Q.

Table 6. Comparison of analytical results between
acid dissolusion and alkali fusion methods.

Sample Acid dissolusion (ppm) Alkali fusion (ppm)
B 75 74
C 89 82
D 9 8
E 53 60
F 27 30
G 40 40
1 68 71
Blank 20~40 ug 0~2pg
100 100
80 80
®—A -G
60 60} o—H
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0 15 30 0 15 30
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= 80
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50] 80 a—L
0 Ol —oh0————@a
0 15 30 0 15 30

Reaction time(min.)

Fig. 4. Relationship between the reaction time
and the recovery of N as nitrides.
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Table 7. Precision of analytical results obtained
by alkali fusion (A-F) and acid dissolusion (A-D)
methods. ;

Sample Method Ave. (ppm) S.D. (ppm) C. V. (%)
B A-F 74 1.2 1.6
A-D 75 5.9 7.9
D A-F 8 0.3 3.5
A-D 9 1.6 18.1
n=4
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Table 8. Analytical results obtained by two method about mixed samples.

Analytical results (pg)
N as nitrides . . 1 .
Sample (cal pg) Alkali-fusion Acid dissolusion

1 2 Ave. 1 2 3 Ave.
A:0.5¢g K:0.5¢ 59 29.1 29.4 28.9 29.1 57 60 58 58
B:0.5¢g K:0.5g 67 37.3 37.8 37.4 37.5 69 67 70 69
E:0.5g K:0.5g 60 29.8 30.3 29.4 29.7 58 61 58 59
A:05g L:0.5¢g 739 29.0 29.2 28.8 28.9 743 738 732 738
B:0.5g L :0.5¢g 748 37.5 37.9 37.6 37.7 740 736 750 742
E:05g L:0.5¢g 740 29.4 29.7 29.3 29.5 729 745 733 736

N as nitrides (ppm) : A;58.5 B;75 E;60 K;60 L;1420
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