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Determination of Nitride and Dissolved Nitrogen in Steel by

Hydrogen Hot Extraction

Kazuo KAWAMURA, Takashi OTsUBO, and Takashi MORI

Synopsis:

A coulometric nitrogen analyser for the fractional determination of metallurgically dissolved nitrogen
and various nitride precipitates in steel by hydrogen hot extraction has been developed. Nitrogen as NH;
in a hydrogen stream is successfully determined continuously by every 0:5 ug and printed integrally by
the analyser. Blank values of the determination are less than 0-5ug N.

Aluminium-killed steel with dissolved nitrogen and precipitated nitrogen is heated in a hydrogen stream
through a wide range of temperatures from 50°C to 1 000°C, with the combined application of the newly
developed nitrogen analyser and isochronous heating, in place of both photometric analysis which yields
the only one determination of total extracted nitrogen and isothermal heating that has been adopted by
many investigators, and the extracted nitrogen as NH; provides separate and quantitative determinations
of dissolved and precipitated nitrogen.

Dissolved nitrogen is extracted at about 265°C, which corresponds to the reduction temperature of oxide
film on specimens by hydrogen stream. Precipitated nitrogen as AIN is extracted mainly at about 800°C,
and partially at the temperature between 425 to 950°C depending on the particle size and stability of the
Variations of extraction temperatures, therefore, also provide separative determinations of
‘Above mentioned experimental results

precipitates.
unstable fine precipitates and stable coarse nitride particles,
are confirmed electron—micrographically and supported by the considerations of the reaction mechanism
and the free energies of oxide film and nitride in the steel.

(Received May 23, 1973)
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PEatist DA LSHLRL & BUERE % Table 1 1275

St B IS ARICAER U 72300 A o Ul 2 A E T A
nEEHIS S, HE L, B 1350°C ¢ 2hr Bk
TLAKPTAS LD THS.

stk B LA 2 HE 3 R CEMOR F 2R o &
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Sk L & < ic BUBRIE 2 EL Ue Do JIS 44

(BB 4tp) DLEJIS 74 (7T4p) LDTOLDOET—
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2.2 EBREBHIURBRAZE
i Lo dsB omsM e Fig. 1 wmd. #E lgz
HEA— b @ (20x150mm) 1L & b, FRELFT @

OEFE (NEE 25mm) @ ik Ah?. FrREZECH
KL7cnb, B LEAE (FRE 25°C) % 300 ml/

min OFBTHL FiET5. HEOMBUREXHFHRIE
FufEA SN AEMRE (WE 3mm) o Py/Pi-Rh
BRI X oTElE L, SCR F o ¥ 7 iREHIES @
X oTHERELRIE S0y 5 4 (Fig. 2) Ot
LERIFEEY S8 L. Fig. 2 OFER— 71X
FiEBR OO LRBEOZGFZHRE Ui, FERE T T
LHPHREDEEE +1~—10deg. TdHolz. FAHE
tha i /KEREBER b e — &2 —-@ThEIh
FoH D AERMY, HITAMEE~NTY — 0 HEER
SR O £ LW ErN S, BIRELICADE X
SN ER TS L hic 7T 2= 7R
TR ATT. BN eV 2 F v V28 —F —
THHEL, T2 % O E % kS UIBIREER DR 2L &
kL7 )

FER R e ER[EVE Fig. 2 1T L ERRBRREvh & 0

Table 1. Composition of specimens. (%)
Sample C Si Mn P S Al B N N as AIN Heat treatment
N-2 | 0-0024 |<0-001 |<0-001 |<0-001 | 0-005 - — |oons _ as cast
A | 00054 |0-19 059 |0-001 |0-004 |0-053 — | 00278 | 0:0007 |* 13850°Cx 1 hr
1350°C < | hr
B | 00054 | 0-19 |0'59 |0-001 |0°004 |0-053 — | 00117 — | 200~300 Mesh
1350°C x 2 hr
) 19 o . ) . . . 1350°Cx 1 hr
¢ |o-0046|019 |o059 |0-001 |0-004 |0-053 — |o-0278 | 0-0183 | ' 220.EX I
D |0-0045| 0019 | 032 |0:004 |0-017 |0°038 — | 0-0074 | 0°0011 | Ar, 600°Cx 20 min
E 100045 | 0-019 |0-32 | 0004 |0-017 |0-038 —. | 0°0069 | 0-0052 | Ar, 600°Cx 1 340 min
F lo20 |02 |1-4¢ |0-006 0005 |0046 | 00018 | 0-0155 0-0019 | 20 ~9307C
as forged
¢ lo20 |o023 |1-44 |0006 |0005 | 0046 |0-0018 00155 | 0-0138 | 901N
‘ as quench
H o163 lose |22¢4 |o0-021 |0-009 |0-06¢ |0-0016 | 0-0066 | 0-0008 | 1230~930°C
as forged
i lo163 |03 |22¢ |o0021 |0-009 |0-064 |0-0016|0-0073 | 0-0036 | 990°Cx1hr
as quench
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1. Quarz boat. 2. Electric furnace. 3. Quarz tube. 4, Molecular sieve in liquid nitrogen. 5. Water bubbler.
6. Thermo-couple. 7. SCR-temperature program controller. 8. Heater. 9. Coulometric nitrogen analyser.

10. Absorption cell.  1l. Magnetic stirrer. 12,

Fig. 1.
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Fig. 2. Time-temperature schedule for hot
extraction.

CT 3 NURADATIZE AL ERCESEETD
%.

BBl 2R EIMELFE S, Tib bk % 6N i
FRICIBREL, ' —F Y RTREL P ULETARA MT
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=9 A-RERAB CREBH - KELREELITRES
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BERWER-TEEY Y D 4T 20 min SEEAHE L T B8RS
MERLKELREE-F 27— PIEECTERL, W
HEEEE LTk Fodboid T o sl > F
NER LIBREC DWW THARRLAEGE LEEZEL kD
(Beeghly ¥£). % Zohngimti oz 2w d Akic
LT HRBRIEAZ U BRr B ER : BT AHEELY E8 L
7. BB F, GoWwWTliE@-FRxs o~ '35 T8k
TEEEEERD/.

Cooling coil.

13. Printer. 14. Pulse counter.

Apparatus for hydrogen hot extraction.
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T TR LRSI EFRE (E R oM dht i A8 T 5.
Fig. 3 THLH»L X SiciklrhogFizgy 265°C b
7T THEREEAT S, nBUhHRToR b TEE
(116 ppm) VX, Fe-N RFHIRFER 5 549 33 ppm A3
BEiFLEDEY 85ppm HE{bgk (7' —FeN, F7cid
a'—Fe,N) L LTHFELTWS LEZLNSE S, 0O
FHIXEBCRLEMS D — 7 CRLNDS X S I BIERE
265°C, RfHig%y 100deg. ®» —> D — 4 L LCTF >
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Fig. 3. Hot extraction curve for Fe-N binary
alloy, (N-2).
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Hensa il ShFERE LR X 2TEo®
ommEEE AIN OIS EC Y, Zhpsfy 750°C i
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W3, KERTMEEOREFICERY LgRRIXLh
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LT EIRZEEEE 278 ppm, 265 ppm, 256 ppm L 7%
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Fig. 4. Hot extraction curve for Fe-Al-N ternary
. alloy(A) with dissolved nitrogen. Effect
of sample size.
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Fig. 6. Hot extraction curve for Fe-Al-N ternary
alloy(C) with precipitated nitrogen.

e

X 10000 (3/4)

Photo. 1.

Table 2. Effect of specimen mesh size
on nitrogen content.

Meshl 94 | 98 | 60 | 100 | 200
S RN Y SR
S\ 28 | 60 | 100 . 200 | 350

A 270 | 270 | 274 270 - 270 278

(ppm)

§<350

C 2721 275 | 270 266 279

|w1

AR ETOBLGAI LTS Z EERELTVWES,
BEABE O (Photo. 1) dzhE—FHLTWS. X

SR EIEIIN I X AT R b 3B L h
e Bigvwas, Fig. 6 ToHHgEHEE (250 ppm) &
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70 AT AT OVEERREE & AERIC R S IHN AIN oF
REEZLNKS. O FEHTH ABPEREEE (9
ppm) A A LCHEIRZEFEELF 20ppm REL, &
ERATHBER (750°C L) T7 o€ = FRAERT
ST 7o ETORERFELL LD L2 RLTWY
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Folt, KFEPINBOC £ D LcB R EoiHic b7
2C, AIN ZE&LIOIHEE CIE AIN K280 5
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HHREHIEEZEDNEE L 0D T LAHEDY ShTwy
L3, EHOODEBRTIE Table 2 R$ X 5 AIN %
P S #2250 C bR b X3 - 30k A L RlbRe, B0k
HEW X528 HRE0L TR b,

Fig. 4 X0 Fig. 5 ofiiix AIN 2 [E S €75
FHT B WTIREIENZ XoT AIN offEsERL, &
hic X5EF 2 44 DTolEMImZ T3 2 &
L EDTHE hBEEINER, ThTh EEEECITE
DRI VZ ERZRLTWS. WOl SHBFAL DD
OF[eHExs L HEsRRIRELHBLHARTESZ
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» « 5
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X i.O 000 /9

Electron micrograph of AIN in specimen (C).
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Z2o0 x4 FD AN 4R LTEECIET S Z &
VSERICHRR T L TH B, (ERDOBRCFENHWE
BETRD2—ENEU LOWEHREREINS 21T TH
NEBRRAETH O o044 70 AIN %2451
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Fig. 7. Hot extraction curve for Al-Killd steel(D).
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TUESTHERPIBED, ERLATCE=TOMEME
i 400°C % CHEEIT 45 ppm ¥ THEHN L 400~550°C
TR~ 10ppm L 72D b4y 800°C TR 7%
= 7R R T, 825°C DL L THWY 15ppm AR T S .
REMESEH B ORRIFIZ 3 ppm DEEREE I N,
INLEEFRETS LAERBCRIGT S REEHEIN X
Thwva. ¥ ZOffl%d Beeghly 3 txE& L 11 ppm
HE Bz, T OfEi: 825°C Db A4 15 ppm

%X 3000 (4/5)
Photo. 2.

%X 40000 (4/5) Cubic AIN,

Electron micrograph of AIN in specimen (D).

N

~

x3000 (475)
Photo. 3.

X400 (4/5)

Hexagonal AIN.

Electron micrograph!®) of AIN in specimen (E).
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Fig. 9. Hot extraction curve for Al-Killd steel
(F) (as forged).
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Fig. 10. Hot extraction curve for Al-Killd steel
(G) (as quenched).
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KIS (3), (4) & H#ELTHs b HECTERT 5 AN 0
EE (7) "

AIN —— Fed [AI] 4 [N] cooeerermeeseeeenaes (7)

Fs (6) BEEAD X St RERNE L F ol E
KEVWLOTIXE L WWEAET (Fig. 4¢) D, UL7H
2T 425°C FTCIENENBLERENET TS, K
(6) THF LI AN FEsimilicnsL, K& ()
Klorﬁmﬁuiﬁmmmb<@>ﬁ)7>%*7%
AR () R) 75 stEEImcLs & (Fig
a)%ﬁﬁm(@)i)kﬁﬂa&b,itﬁﬂoiﬁ
EEY vV oEEMSKE LY HMERE (1) X)) bk
a5, LizasoC AN o RERG ((6) X)
X h LT ORE ((0) ) BEELT V5.
TroEEERHiE (S o 300°C fhEo ©— 2
O R IRE O L L e k< b v v — Fistat
#mRLTWw5 (Fig. 4).

I U 720 B EARL L 72308 B odh Hidh#R (Fig. 5)
Tt Fig. 4b R LbD LEENENRCTH DI
b bT, KIS (5), (6) KHIET 2 AAMiED 5
b IR (§7 800°C) Tofhti»ERD LT, FHAKIL
X oTUIHIDOEEMSBREIN AIN FTHIBEHAERL T
NS5 TAES O) BX K 6) BB BHREWVWZ EET
LTWw5.

WolE S AIN D LTw5 sl fhiHighis (Fig.
6, 7, 8, 11 fg5) Tl 450°C &4y 800°C iz tht
nAbEd oo — it AEhS. KERO L~
» (Fig. 7) RENBERC— 20T xRA~~"F 7L
23T MR W T HBH 25, F-BHRFBFEE N-2
(Fig. 3) < Fiskbamae B (Fig. 5) ORI
BLTHRBE, BBEERERC— 7T <HVTARLERLRK
M HOBEBARE I 2 TVWS EFE L b5 . AIN [
B AORBREDOAE VWSO T (Fig. 4c)
400~500°C TEESHE I TV 5, ThbUlER
iR ESh T HEE» HRE(6) TT &2 AIN D 5 HAR

3 min

HELATEDPBERB L D LHF b5, £5800°C
L E S OEEAID ©— 7 2 rhh B E &l
iErs R b, AIN OBNERG (7) BT ORE R X O
REMWDOSHCERINTWHIEEZRLTWVD.

Fi 750°C LT (1) RTERLATE=TH
BOREHNREKEFACHETD B) HIEGR LIV
Wy 5.

2NH3——»N2+3H2--------~---------'--~--------(8)

4.2 FAPEFZOMAMHBEBBECDONT

B ORI X B ORI 700~720°C TR b H
HITHETL, BESINLUTICALS EHERESQBIT
KTFT5EBNTWS. HiE Saver L™ 3P EIRE
FLEb=F T HHIERIC 400°C TORERIGEF]
HLTW5.

EZELOERTREBRERS ICE LG LD T %
= 7RIS (1) OBIRIRED £ 265°C LBlEXh,
PERDOMmENE X D IEF IR

RO WHmEEIT— EMET—E%%M§&9WW@k
mﬁéhtgﬁi®%ﬁﬁk%&owf&méht%@
DEVH, BELPFLACHRB LIS -0 U EEERS
i X o CRUE O IR G U TR & %l & i HiHY
EhHERXYERTHERBLE, ZhiAviziicko
TERATELSNMBLFRTEHEONCRE-ERFA 7
75 0 TR U TIEMRLEISE SR,

(b T¥TISWT T E=74RERS (1) & 1atm T
200°C e BT d 15% OWEEHET B Z Lo bh
TWBH, EELD7 T =74 KEISIEE K 265°C
TH5 &I ERFERIED TR LSEHHC X > T
ZRTHEASHE.

— iR SO EE IE VE LY (FesO) ETEDLIhTW
5. FRT =7 ERERRIGK S WTHMEEEREY T3
DB TR TETHH Wz rmbhTw5.
Lz T, YiHlE =R RG (1) oflEtER % 5
T 50y, REREZE>BILmESKECXD
TETLENEMXEH TS (9 X) TEHLETHS.

FeyOa+4H,; —— 3Fe+4H,0 v veieereenen (9)

KEK X 5B ORITRIG (9) ORaRE X EE{LEk
BXU0 H-H,O BEH 2D BHEERT FANF —DFLE
wrxoTkwbhs, Figo 11 RFELDOAERILY
OIZMEER = A 0¥ —/IREN> LERTVWL DT H
555, T JK BEEEC D 38E b o4£ K
& (10)

3/2Fe+ 0, —> 1/2Fe;0, (10)
OBHMBT FAF - 4G° BEETF o v v ) BT
AG® = —RTIn Kp;=RT In Poy ---eeeeeeeee (11)
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Fig. 11. Free energy temperature diagram for

iron oxide in steel2®,

4G° OiERHEAS K E WERLIE & X D 4G° EfR2S Fig.
12 OFECALE LEETHBH LR ILMbhTVS.
—%, & (12) wH\»,
IH,+ O, =2H,O -evvvvvviviniiniiiinn (12)
H,-H, OB H ADBERT v v iz (13), (14)
X 04 Pu,/Pu,o IREHEHE LTHE 2B 5 ESE
TRENS.

2
AG%=—RTIW—B£@—‘

Py, Po, (13)

BEXRT ¥,

P2y,
RTIn Pp,=4G° —RTIn _ —% -ooooeneen (14)
P2H20

EOLOEBRTIIKEOHE ST 25°C ILFHE L7zds,
ZRHIIAESE 24mmHg w#EY L, Zhiew®EdT s
Pu,/Pu,o 2 SiEfE HL B 50 5. ZhH3EELgko4L
RIS (10) OBERF ¥ v VEE JK L25Hh5 AP
BAKET & 5B EEk (FesO) BTG (9) D BAIAIREE
ZTRTHDTHBHM, Fig. Il ho@misohdaPo
JBEEV3¥ 280°C ¢, Fig. 3, Fig. 4b, Fig. 5 k¥ T
BN OEBREERIUVCEEKIC I DT E= 74K
FIeOBtaRE O EBIME 265°C LiFE —HLTW5.
¥7- Fig. 4a, Fig. 4c, Fig. 7, Fig. 9 CiT 10~
30deg. HVBIBIREAERENTVWEH, ThidkE

300 h ; : .
Sample size L o
<44 u : H €
" >
240 i t g : o
{ b c
i ] ' £
— : i ] E
g. 180 : / ! b ' g“\’
Q. . b <
-~ ; , : €S
< } | i | 0 &
5 120 i 1 i | 150 &~
= i | b e
Z ¢l : f 8=
50 ey f s g
/ P : ; 2
B B ' s Aduus
0 y PANA A Aa fan A uelilld 0
(o] 2 4 (3] 8 10x100
Hot extraction temperature (°C)
Fig. 12. Hot extraction curve in dry hydrogen

atmosphere for Fe-Al-N ternary alloy(A)
with dissolved nitrogen. (to be compared
to Fig. 5a)

OBEPKEE, LTI R IDEEZLNS
(AN 30 CThdizazmPid 300°Cieins z &
LRYLEREELLND).

PRk 5k, T = THEBRRIG (1) OBEtA
IREEDSKFIC X A LB DETTG (9) OERIAIRE T
WESND LV SEEIT, (ECROMHPEFZEDOREILLS
MO CREZBEIN T WV, A ERIICTE
BT HDTHREER TS 0. TihbbLAERS
T 579, Fig. | ongsk ® oKEH LTk
HEETEBHURBRIE L7 ZOEREMEFTKERSIZ O
°C rElEhiz. Fig. 4a gfvizd D e RACHR
B& 2 O&MET KEMEGhE U fER% Fig. 12 R
3. Fig. 12 Tl 7 v &= 74 RNE ORISR G 220
CCETERTLTCWSS, WwoIlEH Fig. 11 wknTZ
DEBOKERE (0°C, KEKE 4 6 mmHg) (TG
THMERT v v VEE HQ v EBgkd B E (10)
OEE JK LE P Txb b P OIEERH 200°C T
BIE L IF—FH L TH Y, LERORCRAEBELEST
LTVv5.

ﬁm%mmf@@%%%gmﬁwmm%ﬁﬁﬁﬁ@T
T5HZ L, MIEERS LMHELDOTIEEEZI L
RS TEHEMSTFERZENRTLEIOTHEH, 5%
CEDDERBFTOTETDHS.

7o = 7HERRER (1) 28 300°C LATF o &8 TBatA
xh, ERANCESL USEEEZ HFLTWHOR KL
T AIN ot (19)

[A[] +[N] s AIN e (]5)
DRIGEEIBEORT L R QL T5. FEL
ORVWERFREFRTE, ZEMTHOE Z 670K
IBTEBEES L OE(LSERE TN THHERE L /2D
LERICERT 50T, FERBHEIRTVWSDY KFEM
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i AIN O I X, ERIKERSITE
BAE NG, R LEERT VIRV k& T FE AR b
L 7stpb e AIN AFHERAF L L, Sl &
DWTHERDHEL ST HLBHD .

4.3 AR POMBRBBRECDONT

4-1 TR~ 7- AR 2 i o HhH R S 35 X OBk
HIBEE, ZmoEBEEh = AV —DFERITE 2T
ZHRIZHEITING.

Fig. 13 3RPE{Lmc >\ T OERELE KB B = vV
¥—/IBERNT (HEsR), Rhofiiseirik 005%
ZEUHrh oA ER(LHOERRIE (16)

a[M](0.05%j5 ) + Ny —— bMNg -+ (16)
DEBT ALY - AG° (BERF ¥ v V) BT .

4G°=—RTInK,=RTIn Py, --oerereveeeee (17)
—7%, K& (18)
3H,+ N, =2NH, e (18)
kT, Hy-NH; RE HAD BERT ¥ v VIR

(19) HEXG (20) it & D% (Pum,)?/(Pr,)® IRE T X
ELUTN S &2 BLEMBETREIND.

P 2
AG° = —RT m(—Nl:a)_ e 1))
(Py,)® P,
P
RT In Py, = 4G° 4 RT In-02” . (20)
(PHz)
(Pus) 7 (P
10" 10°10%010"10%10° 10°10° 10" 10" 107 10]
Temperature, °C 164 P atm,
) 200 400 600 8001000 ol Jict
[ g4 410
104410
B -
20 *szzﬂ“l\ 20 104 {10°
| 8fe ST n=2[Nj(001Y 167 q10°
T |_ | |
D Q S L~ 0 10441
7’(;‘\‘\’ / s A 10
z ,4——""‘ v 104 410
N —p0bl_ ~ $"é AT 1A |7 # -20 i :g,
— P 7
< ,LCV e ,// A,77| 2 //,/’ 164 410
<o 2 3
e < 7 g ’ /’, /// J ] 10
S\ -40 Q\A S ‘ - -4010 | To)
3 ;ﬂ% 27,7 3R+ N=2NH|
5] 0\ iy T 7 7
% q,\\'\ ‘ o ©\<\<~‘, A OIO |6
_ / ’/\l'L ™~ 7 hd 10 o
g ——@\x % S — U 10
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L _ N anl 04 a
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I Ay y =
g S L~ 7 {16
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Fig. 13. Free energy temperature diagram for
nitrides in steel.

EELOERCKITSLT = THEORRE (§925
pg/3 min) X H{K{E (§9 0°1 pg/20 hr) & KFEHFIET
WE L, 3 (20) TERERFUrRETE, EENS &
EENUBESRS. Zhic7 ' =74AERRE (D) ©
BAfaIE B st is T HEM RT 20z 7z 3 RDQEMRTH T
Fhi-4E SRTU 28505, mEdhEBRFFOKE
FHRDEERT ¥ v iE, Fig. 13 kWX om
YR oK LT, I ERMEcmBIhAeT 227
BIHE LT Z BN TER L TWBHLEHEXDH T &N
T&E5.

FEIEEELRMEOEBERTF ¥ v VMIIERCHW
ZIREGHEIC 2T, KEFAKOEZEFF v vib
tHi%k SRTU 055 Bflicds v, HhH EIGBRIATRE L
FCHEEZONEHEHEA FHIT #T TS 2 &2 FLTY
5. EEREELELGOBENTF v ¥y VITHEK
FSBERAIRE w T < iEW{9 300°C TREL, ZOREL
rroB{tgkoBRBER 4) OETEXIRL, mEOH
HE— 2885 E—BI5ERERLDILAHLT
w5

—%, $Ad AIN 0ZERF v v ouiE 800°C LUITFT
o OO 5 Tlicd b, ¥ 800°C T Z DM
L %31, Fig. 7, Fig. 8, Fig. 9, Fig. 10 iy 800
CiexiFsd AIN OSRIZ X 57 v =7 ERDOERE
Fr XS LTWS. Lo L Fig. 7 0 450°C fhik
DO¥—4, HHWE Fig. 7 wRhohs 800°C X b
7r 0 RIEHI s B A EMT 5 -2 B TRRT 5D OE
Buhisgs, hid Fig. 13 © AIN 0ZERKF 7>
v UBEER AFEE AIN T3 7 - 2230 55E
TNERERTCWSZ EEEBELTWE EHEXLNRS.
%7 Fig. 13 2o SAMESEAFD ZrN, TiN, SigN, 728
DR : EIREE, Sk oS BERCOIHEICE
HTxsz L5 FHIENS.

4.4 Beeghly E(C KB BEEDOHE

K EIEEh R X b EREE R 2 IR ER B X OUN
B O BP RGBT b TEET 5 &, Table 3 253
BhD. EMEFOETE [(2%HEE) —(“2°C L
T xh52E%E8)] dohic Beeghly BRORERE
EESTED, M AN OB, ABbhic XHER
EEIFT5

425~750°C DIk T EEASHY BB Sh /T
v, ML T U # OBIABIE T 10A ORHEIT D
%< BD LTS (Photo. 2).

KI?KmmmBm%%ﬁﬁ%TxTNN®ﬁ&WE

575 % 7=18 2 DIRBHT DV TR E B s & Beeghly
O ER # LT, Beeghly (TR TE 2 AIN 13
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Table 3. Comparison of results by hot extraction method and Beeghly method.

» Nitrogen by hot extraction me,ihod Nitrogen
Sam- N;{?égm 0 ) (3) (H* (5) ©® Bc:g}IﬂY
ple. ~425°C | 425~750°C| 750°C~ inr‘;’;‘:c‘i‘;ggn balance | (%) ?5)(4) method

c o8 2 108 140 9 ( 6) 19 168 183

D 74 45 10 17 3 ( 0) -1 19 11

E | 69 0 2 53 13 (12) 1 67 52

F 155 118 | 14 1 (0) 11 26 19

G 155 0 11 122 1 (0) 21 144 138

H 156 27 8 22 7 ( 5) —2 27 8

I 73 10 | 5 42 19 (15) ~3 58 36

* including acid-insoluble nitrogen shown in ¢ ).

80A DiETHBHE BELTHD,
TLTW5B. L
Z{LWBROATED) LALRERMIME LT HY T
LEFEELETIK &L KEZbE (Table 3 (6)) 23k
B B, 13IE Beeghly B R & RGT 2 EBE ST
W5, Beeghly (i Cli 7 o 4 2 2 7 VBMBEEOTEE

IEE—F LR

i TRIEEPEE EE (ZbkE4t) TRHEE
b, REZ(WH 5 X HEEFEWE LTHEEL
TWHREBHPELHTIRESNS. Fig. l4a RFEEEE
(Lg% &) OHESTLHR (N-2), bRrEE T
RT AIN FLTHHRLTWBDREC, cixEBRESE,

; : 100 [
B Z 35 Ziedb e\ DOkt L, Table 3 (4) iR L7z O P pitoted _
= i . ke nitrogen. e
R R BT R R AR U T8 Sh o B A SR 80 4 - — 2
FERELF—4THY, SILHE F.G H.1 Tl & . . -
. S =t
DUEERLTWSRD, ZONATANELNIE, z B2
EEERHACTOTMIMTI X HE R eE N § a0 - - § — S 50 £
- N g : 4 Sht B g
EEROR SIS RNEEZEZLNS. , 4 ; / ' 5'§
20~ ) 75 g
45 ZFFMUA2—-2CKB3BPEROFEREOD N
' HIR) = . §
 WBHBNTDNT, | 0 i | M e
B RE e . b o e = e _ 0 2 4 6 8 10%100
%YMET *ﬂ]ﬂ:’; & hf;%ﬁ ( ﬁf"}*«l»tlﬂg?z %bﬂj— G E“R$ Hot extraction temperature (°C)
~SE SR =y -5l s -~ ) .
Zﬁnﬁgﬂé & “itﬂq:%%@ﬁﬁflkﬁ“‘%%%kmﬁ Uit Fig. 14-b. Hot extraction patterns for various steel
BTE BRI 0%~ X (Fig. 14) BE5HN5. samples with different nitrogen phases.
100 r E I ; 100
m _ : i ¢) Sample D
UMt L . i ol i
8Q oo e - o | 2 go | . nitrogen. g
i e iy
S ” ; €S . 1 ‘ £2
L p | 76 5T 5§ 40fe e . 7e E-
§ ' / | & e ’ f
o« Ypen [ A Z ; c =
20 ey s g 20 f e b e g
’ . ‘ = : o 2
o ¥ A L 0 0 i HIN
e 2 4 6 8 10x100 0 2
! Hot exirection temperature (°C) Hot extraction temperature {°C)
Fig. 14-a. Hot extraction patterns for various steel Fig. . 14- c. Hot extraction patterns for various steel

samples with different nitrogen phases.
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Fig. 14-d. Hot extraction patterns for various steel
samples with different nitrogen phases.
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Fig. 14-e. Hot extraction patterns for various steel

samples with different nitrogen phascs.
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IKEFER D MmEHEET X % HhEROREGTO
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8Fe(a) + N, =2 “Fe,N”

AG,gg —ggoox = — D, 800+24-5T

GEElFIzIE FeN 0 1Z512 FeNy BERK LT WD
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B EE R
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RTALX—aRkDdDTVED, TLERLDTEEDLD
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