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Table 1 Chemical composition of samples (%)
C Si Mn P S Cu Sn Fe Mo w
Ferromolybdenum 0.08 1.30 — 0.02 0.05 0.03 — 37.8 60.7 —
Ferrotungsten 0.31 0.07 0.02 0.01 0.03 0.03 0.01 20.8 — 78.7

EBIIESH 99.9%) BOte v IF=y 5 1(99.6%)
ThhH, ThbEamvy v TBEREGEREGR
L, ¥ r—x—rhicffELTCHW .

2.3 REBA*X .
2031 FuH—NE  BUILY OFRic kY, Bk

I0ml, v vE 10ml RUGEE» Y v 10g THKH
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JIS &9 WL TiT» 1. RABHRRER 2~dg &L L,
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BEbLfT- .
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v ) 7F VIIMEKABTH DT, RETIII Y
Fat aLZiAL Akt L. 3BHEEREIL (0.4~
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OhDE— 7D b DED, Zh SRR EET
52y, Bl sdb0tBbhs. X, ASBR
U= o r A ThoBaicd, 2000°C ¢ Fig. 1
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Gas extraction curves of ferromolybdenum
(1) and ferrotungsten (2) by graphite
capsule method

Fig. 1

Upper laveling element indicates using bath metal
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Table 2 \wr v X — Az X 2R R LY.
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Table 2 Nitrogen value of ferromolybdenum and BN T AETRIRDL LD IRBRESELRL, 2
ferrotungsten by modified Kjeldahl D 3.3 TRRDLARNEE S AR L A/ERL 1
method HREOEMBEER L. ThODRELDL, HZSRRE:

Ferromolybdenum Ferrotungsten CENTERS D e L2V, OASIBRE=y ¥ 11

Sample wt.  Nitrogen value Sample wt.  Nitrogen value BA {E}Eﬁ ‘?’I}’Lbj’:, 4.9 K—i’t"\‘\é ) ":rgs‘lt*'l’& BEE,

(2) (%) (8 (%)
1.8230 0.004, 2.0671 0.0015 BrRREORIGHRE L, EEOMEBEYH X2
1.8595 0.0045 1.8013 0.001¢ @7:%‘&1’1355 &%;%_ rohz)'
2.0249 0.004, 1.8882 0.001; T . i
2.3807 0.0045 2.0298 0.0015 TR AVIAT VT, ARV ELR
2.3182 0.0047 4.0754 0.001, 20 5 * o LY R Bl A 2 )g?g‘ EAA
3.0838 0.004; 3.1632 0.001 3 %}17 / &&VCIIAEEJLJ ﬁ'@f?‘%ﬁ e i, R
3.9348 0.004, AT eNER LD RV EE YR L. Lal, B4
£ 0.00% X  0.00ls BT ETOBRHEBOEROGRIILE VED LR
0.000 0.000 . N .
ca. v. 6.6%a : v. 12_77: T, BOTEMEIRS ] TR r A X — Atk X AR
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I TH AR 1T 5 HEITI T 22 BR B 2K A B 3R
DEBMHCKEAEEY 52 5. o Tt
LY OF BT INEBRIABOLEIZ L, DRITILE R . I%gA%f i E%ﬁ
o DREE S BT 2 7o DI RN E R K & < & 5 HEMT
MBS TH ot HEBERENE SRS I© X - C Bix - n
R o oy i e b an, B» 7 HUCEEAIT FONER
B2, 7=wvx) 7T vTIARENN 2 g T (70~80) IR B 5 b = DAEDERC IR 5. W
2, 3 g TIK 120 HThHo . REEAtE TIE, K e e
. . . HHO0.001% BELAVGEBIC L 2B 72 ED
120 3y CHLHEN E TR, HbBARO Y vy 10 - N ; . R
ml oM, 40 SEMRA o b & 5, Sl EETRICH D, o THEFERCAV 2B Tl
- T T FLAEEREOS AREENE SR LR E 2 b
THZENTE, 72w 2V 7257 v TiL, REEN

J=mrEYVTFY, TmarvIATVEREZ, B

2 g T (90~130)%p, (3~4) g Tity 150 5 THMEH K 3.3 TREMH X MR- W R

TLt.71u%i7%v3071n{77XT7v% ITAN-3000 BB IC & 5 S35 B % 04 Frik
hOB A b ERERMRRAIEA G LTV o Tate 4 o 2
_ N - [= - > (R
BEFIIE—E Ml R L. .
3.2 REMEE
Table 3 1= B Z2 Rl 1 COREKIER BN H 7 & L Table 4 ;\Jitrogen valul(z of ferromogybdcnum ang
~ .. R L _ errotungsten by inert gas fusion metho
Lo B, B BHSRE S sl TRL with an apparatus ITAN-3000 (wt.%)
7.
. . , N s Bath F lybde Ferrot
7amE) T T VTR, ARREAGERELBY — Tﬁ?m:m :xfz:
.003; .
i WBEnh S ek L ofER:, 31 or i xa—1 Non { o 0.0010( 0,000,
; N " x 0.0045 (7)t 0.000; (6
B X ORRE B, MEBRE=, r R AVE: N { ] 0:000; 0:a0; ¢°"
P { x 0.005, (3)t 0.0005 (2)t
o 0.000, 0.000,
Table 3 Nitrogen value of ferromolybdenum and Parentheses is the same as for Table 3
ferrotungsten by vacuum fusion method
(Wt.%)
Z7=RE) 7T VTR, BHEEB L LTHSYAV
Ferromolybdenum Ferrotungsten
—_  ~ —_—  ~ Dy Hey- b = 178 - - -
Bath Graphite Graphite Graphite Graphite BEC, RRCHT2REEL R LRI ity A
crucible capsule crucible capsule — AR Z)%%I n 1 %UEE%{E’CB‘&%ﬂl, Egﬂ:ﬂ
Nem {F — 0000, DT = 000 (DT grmen sy S L pic X AR L 013 | MIREEE TS -
MO - e @ = RO e Shun KESRES 7 e LB B LR
£ 0.004,1(4) 0.0055 (5 0.000s1(4)  0.0005 (6 Y] 5w SRRV T N N Y i
peo {0 DOeT@ 0000 Ot L.000TCH  0.0000 Ot A, BKHEHARBROWE L ORIESHMAT

t Pt foil was used. 1} Parentheses indicates number of determi- h?’ 4.2 k:JZEN & C) Eﬁ;@%‘?gﬁ)d\ e & %
nations zbhb.
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Te 5T 5.

Wi, HEZEARE Y 7 ik & ANEN: o AR DT
DRERY BT 5 &, Rkl X - THRT 52D
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BO72rx) 75 vTIE, B8H 7 eriEoEEMErs
TEWET AMREL D bREEETL, 7=2rF X VRD
7 = moAF DY ATIE, NEME S AR OE &l R
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DEDER LY, BAD7 = v 7 v hDEERDHH
LT, ThZThoRp S LcEREOERLER
GO RENRDETH S L350 5T,
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(1T BBty RE SR

Table 6 DERICESE, HUEMMEN Y T iEL
ARGV 7 A BRI R 5 B O iR L ER O D
2B D\ TEERTH.
B iz Lo TREI N CEEMELRCRG
B b D4R LR Table 7ic/;R &8 5. Zhic
$ LT, ANEME S AR S0 % b o IR AR
DFEEIL S E T RINT I, FERMEO Hik
i, NEMETAF + ) ¥ —F, ThbbERSELRD
Regc, Basr 03w AVvORiR Ty AR YT 5 ik
THDHDT, KELCE TS Table 712 Ui KGR
HHBATELLDEEZ LR LS.

Sloman

Table 5 Conditions for determination of nitrogen in ferroalloys by using various methods
Vacuum fusion method
Inert gas fusion method Kjeldahl method
Graphite capsule Graphite crucible
Sample S ) T ’ —_—
ample : emp. Sample : Temp. Sample: Temp. Reagent for sample
Bath bath ratio (°C) Bath bath ratio (°C) Bath ot ratio °C) decomposition
Ferrotitanium Pt-Ce 1:2 1900 Ni-Ce 1:14 1900 Pt 1:4 2800 HCI-H;S50,-K ;S04
Ferrovanadium Pt-Ce 1:4 1850 Pt-Ce 1:50 1850 Pt 1:4 2800 HCI-H,;50,4-K ;S04
Ferroniobium Pt 1:5 1850 Pt-Ce 1:6 1850 Pt 1:4 2800 HF-HBr-H,0,
Ferrochromium Pt-Ce 1:3 1780 Pt-Ce 1:30 1780 — — 2800 H,PO3
Ferromolybdenum Pt 1:4 2000 Pt 1:15 2000 Pt 1:4 3000 H,S0,4-H,;P0;-K,;S0,
Ferrotungsten Pt 1:4 2000 Pt 1:7 2000 Pt 1:4 3000 H,S0,4-H,P0O;-K,S0,

Table 6 Nitrogen content in ferroalloys determined by the methods shown in Table 5 (wt.%)

Sample
Method g

Ferro-titanium -vanadium -niobium ~chromium -molybdenum -tungsten

graphite x 0.003, 0.039; 0.013, 0.026, 0.004, 0.0005

Vacuum crucible o 0.0013 0.0015 0.0005 0.003;5 0.0004 0.000;
fusion graphite k4 0.003, 0.041, 0.018s 0.036, 0.0054 0.0004
capsule a 0.0004 0.001 4 0.0004 0.004, 0.0004 0.000;

Inert fusio % 0.005, 0.044, 0.014; 0.027, 0.005¢ 0.000
nert gas lusion G 0.0005 0.0007 0.0005 0.002;5 0.000; 0.000;
Kieldahl x 0.005, 0.039, 0.0135 0.031; 0.0045 0.0015
Jelda g 0.001 0.000s 0.0004 0.001 0.0003 0.000,
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Table 7 Decomposition mechanism of nitrides

a) Thermal dissociation
[Me.rNyjs = "EMe]s + J’/ZENZJElE

b) Dissolution of nitride in iron or other metal bath
[MezN,TJs = [ MeJgo1. + ]/QENz:lgxs

c¢) Formation of metal carbide
[Me;N,Js + 2LG)s = [Me;C,Js + 7/20N2Jgas

CCTC, a) EMYORLBNRIC L 5EEDN
BERG, b) REBMAWEBR LV 28BRBEBIHE
TAATHRE L AR ERLERET ARG, ) 2%
Ita R LT5 &N BHLOEh b0 KELBR
e4ps TR % tesdic BELY BT 5 RIG Th D0,
Sloman 1010 ik ki, HElgikc kit se
CHBEOEREILD) RIETHH L LTS, Lo b
DEE DO LIRS 7wk, AR/ o
By T e VR CEEBET S en, RELIRE L o
RE LRI TW5., Z0kd, fiokikd Hig
UTERI Y 72 RIc B 5 82t BOERKIGL b )
RIGic, RENPKEES TS ) KEanb-Tw 5
LEZDDONEYTHAS.

—J7, &< R RN & 1T 5 N EM: & A RbAR
BT, B52@ETHVTW SR 0bh 5T
B OB EE T sd, BEEFRESA ) 7w AP i
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b) RIS X 5B OREIERILETeD E#E2 R
5.
RICEBROMIBEEC O\ TEET S, EEOHHM
BT RT=Eo0BBRA55 L £ bhb.

(1) 2 onfic k 5EEDWE

(ii) FRAF~DOEEDU

(ii) AV SRHA~DBEE DI

AR BIP, FIER 51019013 M2 v 351 5 =R DH
HIZDOWT &I L, (i) RO (i) o8 TR T
HHELTVBE, (1)BT 28O RRKEIEDR
CHORTIML BRI TR T, & 2Tl
COEEMK L CUTOEREYTS.

4:2.1 HTMRECEHITZ BRHITEILE BESE
LOBHR BEE, BCASBEYRVERESR Y T
B L 2EREEMIT, HROBBLZOFHH L H2E
RERREE X D SfEA M ST\ 5 (Table 6). EZepifizy:
R W TEEMEE YA LI IV EVEEEYES
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AT 5 & E RGBS - R EA BRNA T SRR <
W% 2 EBRBETH B,

(1) BALRfboSB%L L HMT 5 0T, Br

7 MET ORI RRIE DERIED—>TH % (b)
Rtz b 3.

(2) AEL~DREBFMEIZELD, hi->Tohn
RN & ORBZOBEATZEFE, B#» 7S kT
ZUDERIED—2TH% (c) RIGHAEZ h 30
ZtEx oL 5.

(3) BKEMBMBREEOHMIIE L LTUREOHHE
ROZOPHREIZ Y - TEAIRS. B#HH» 7N
TIHBBRE S —cFEih b 7o, FRBE O HAH
IExh, HTHESORRILCERT 58 ORI
z2 bhHWER, FEMHOBERM - b8k ToR
RIBEEP K EL 5.

72 E DR EERRRSN A 7w T O R B
LB RACER LTV 28D ELEL LR D.

402¢2 HEFTRD BMBOHMANOEE L BEHMH
&= TaRFRAVREUT 2w AF Oy AFOREOE
BB G 7 AR X 5135 2%, EZCEMRESS »
TEAEIZ LB LD REY R LUCERIC OV TEE S
BE, F2VROAF O MR e AL E R
THY, XEhBETIHERBOMMEELE L GDH B0
DT, REBMAVEOMLIIMAL, ZhboTENLE
TLERAF CREROIBEENE LK TTS 2 &
DELR TS, & DD REOERIA ~ DIEMHFiR
L7e% (c) BUts (Table 7) 13z » T EROHHRK
HETIRLFERE LY, #-T (¢) RIEZEFDER
D=2 & T5H B8 Tk I ik, (c) RIGoHF
HAVUNZ ARG 7 ARRE DI 5 HNEEORERIT X
Diml, o CERMBELE D EEZDDIREEYT
H5.

—F, Zzv=F7, BREV=rI7e BT .nm
) 7 FVvhOBROTERMEIL, BN S ek
T, NEM 7 ARFEC L5 chI o bEEERLCW
5. ZOBHKOWTEETSE, =47, /st
Y 7TV ORI REQRFNED Hitks X3 L E»
TWREROMEFHETLIERCI LDV L1 b
TS foC, (b)) RERERIEG E T 5REE» A
BB X D1k, (b)) RO (o) RIGxERG &+ % E2gh
MBS H 7 EDE S B e BEOME A TEE
ETBHEEZLRD.

I
7=rEYT7FVHOBERERBICK\ UL, HASH
B0 =y r Vi ACTCEERBESR 7wkt X 5
T, rAX— 8 X0k 20%, ARG T ARRE X b
3 10% RBE OSEI S bhle.

o
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Comparative study for determination of nitro-
gen in ferroalloys by graphite capsule-vacuum
fusion method and inert-gas fusion method.
Masahiro Kana1, Tadashi KikucHt and Keiichi FURuyA
(Department of Applied Chemistry, Fuculty of
Science, Science University of Tokyo, 1-3, Kagurazaka,
Shinjuku-ku, Tokyo)

For the determination of nitrogen in ferromolybdenum
and ferrotungsten, vacuum fusion method(I), inert
gat fusion method (II), and modified Kjeldahl method
were compared. In ferromolybdenum analysis the
highest value of nitrogen was obtained by the vacuum
fusion method of Pt bath using graphite capsule. In
ferrotungsten analysis, the highest value of nitrogen
was showed by modified Kjeldahl method and the
nitrogen contents at the level of 10ppm could not
be determined by other two methods. Nitrogen ex-
traction mechanisms were discussed in method (I)
and (II) with these data and those ones in ferroalloys
of IVa, Va and Vla groups {Bunseki Kagaku, 27, 424
(1978) : Tetsu to Hagane, 64, 2234 (1978)}. The effects
of bath metal and graphite capsule in method (I) were
discussed from the viewpoint of the nitrogen extrac-
tion mechanisms. Ferroalloy samples such as Nb, Cr
and Mo in which nitrogen can be easily extracted
under the condition of homogeneous contact with carbon,
were given good results by a graphite capsule-vacuum
fusion method using Pt or Pt-Ce as a bath metal.
Owing to the increase of viscosity of carbon saturated
bath, the diffusion rate of nitrogen in the melt becomes
smaller and as the results, lower values are obtained
for the determination of nitrogen in ferrotitanim and
ferrovanadium. In method(II), gas extraction is ac-
complished mainly by dissolution of nitrides in metal
bath, and isolation of nitrogen with quick heating up
to a high temperature. Good nitrogen results were
obtained in ferrotitanium and ferrovanadium when Pt

was used as a bath metal.
(Received Mar. 14, 1979)
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