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A Study of the Removal of Nitrogen from Steel in

Hydrogen Atmosphere

Toshisada MORI, FEiji IcHisE, and Yasuo Niwa

Synopsis:

A study of the removal of nitrogen from rimmed sheet steel and high carbon piano wire has been performed.
The denitrogenizing annealing was carried out at temperatures from 500 to 1 000°C in dry or wet hydrogen
atmosphere and also in alternating atomspheres of dry hydrogen and vacuum. The following results were
obtained.

The rate of nitrogen removal from rimmed sheet steel containing 0:04 to 0°05% C is increased appreciably
with increase in temperature up to about 700 to 720°C, where the gamma phase appears, while it is decreased
with further increase in temperature. The rate of nitrogen removal is also increased with an increase in flow
rate of hydrogen up to 350cc/min under the present experimental condition, but any more increase in the
rate is hardly observed with further increase in the flow rate of hydrogen.

When the flow rate of hydrogen is higher than 350cc/min under the present experimental condition, the
rate of nitrogen removal is controlled by the diffusion of nitrogen in steel, and when the flow rate of hydrogen
is lower than 100cc/min the rate of nitrogen removal follows the first order rate law, i.e., the logarithm of
the ratio of mitrogen content to that of initial nitrogen is proportional to the time of treatment.

The water vapor up to about 20 vol% in hydrogen of 350cc/min has no effect on the rate of nitrogen re-
moval from sheet steel, and the water vapor up to about 2 to 5 vol% in hydrogen of 100cc/min has a slight
effect to increase the rate of nitrogen removal while the rate is decreased with further increase in water vapor.

Decarburization is not observed by dry hydrogen atmosphere while by the small addition of water vapor
to hydrogen the rate and extent of decarburization are increased appreciably.

Judging from the present experimental results and the previous investigations, it is concluded that 1) if the
process of nitrogen removal is performed in hydrogen of high flow rate, the rate of nitrogen removal is con-
trolled by the diffusion of nitrogen in steel while 2) if it is performed in hydrogen of low flow rate the rate of
nitrogen removal is controlled by the rate of outgoing transfer of the gases produced by denitrogenizing reac-
tion from the reaction chamber. '

It is suggested that the annealing by alternating treatment by hydrogen and vacuum can save the hydrogen
consumption and the rapid and homogeneous nitrogen removal throughout the coil may be possible with a

relatively small consumption of hydrogen when this technique is applied to the open coil annealing.
(Received Aug. 19, 1971)
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Schematic diagram of apparatus for denitro-
genizing annealing under various atmosphere.
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Table 1. Chemical analysis of samples (%).

Sample | ¢ si Mn o Ni Cu P S Al 0 N
Rimmed steel sheet 1 { 004 0-001 0-31 0-008 0:'05 0-0t4 0025 0001 0-020 0-0023
7 I w 0:049 r 0-28 — 0:07 0-016 0022 0:00¢4 0018 0-0028
Piano wire I {064 024 0-54 0-009 0-03 0-10 0-018 0-028 0011 0-022
sol.
# I {059 022 045 0005 005 0-12 0-013 0021 {099 00085 0-0058
0-006
! 0-002
7 m j0-C3 0:25 048 006 009 008 0013 0°0Gl5 ~ 0:0041 0-0082
i 0-005
Keeping at constant Cooling
Heati Keeping at consicnt  Cooling Heoting in temperature in in H,
in Alrng teﬂmperotgre in H.z in H, {dp.-48%C! vacyum Hz or vocuum {dp.-48°C)
(dp.~45°C) ;vrl;:s::nz:sH;:gmol or Ar {dp.—45°C} (10 torr) H, Vacuum
7
—
/ 7
/
/
74
/
py (A) (B)
/

Note dp : Dew point

Fig. 3. Programme of denitrogenizing annealing.
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Table 2. Nitrogen removal during the heating and cooling period
(Rimmed sheet steel 1, 0°00239N, -2 min thick).

Nitrogen content after treatment
0,
No Heat treatment (%)
Analyzed Mean
99 | Heating from room temperature up to 720°C within 20 min 0-0022 0-0022
followed by air cooling. The whole process is in vacuum. 0-0022
Heating from room temperature up to 720°C within 20 min and 00024
23 keeping 10 min followed by air cooling. 0-0022 0-0023
The whole process is in vacuum.
Heating from room temperature up to 720°C 1'2mm 888%1 0-0024
within 40 minfollowed by air cooling. -
115 The whole process is in Ar fow. 06 mm 00833 0-0024
The thickness of sample plates is 12, 0°6 and g 302;
03 mm respectively. . ) -
P Y 0-3mm 0-0022 0-0022
25 Heating from room temperature up to 720°C within 20 min in 0-0023 0- 0023
vacuum followed by air cooling in dry hydrogen of 480cc/ min. 0-0023

Table 3. Nitrogen removal by vacuum annealing

(Rimmed sheet steel I, 0-00232,IN)

Nitrogen content after treatment

Annealing Annealing Thickness (%)

No temperaure time of sample g
(°C) (min) (mm) Analyzed Mean
22 717 0 1-2 0-0022 0°0023 0-0023
23 713 10 7 0-0023 0-0023 0-0023
24 709 20 4 0-0018 0-0019 0-0019
73 705 120 4 0-0018 0-0019 0-0019
119 716 360 ” 0-0022 0-0022 0-0022
120 716 600 4 0-0020 0°0021 0-0021
119 716 360 0-6 0-0021 0-0021 0-0021
120 716 600 4 0-0018 0-0018 0-0018
119 716 360 0-3 0-0020 0:0019 0-0020
120 716 600 4 0-0016 0-0016 0-0016

o (JLHLA) 90 min, ¥HR/KESH 5 min, BE 5min
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{c) Type B {dry H flow,5min+Vacuum,Smin) x 8,90 min

;} :Dry Hs flow rate 100 €¢/min

[ o 204 L

350 ¢C/min

Sample : Rimmed steel sheet I (0°0023%N, 1'2Zmm thick)

Fig. 4. Effect of temperature on the removal of nitrogen.
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Sample : Rimmed steel sheet 1 (0°0023¢5N, 1-2mm thick)

Fig. 5. Effect of flow rate of H, on the removal
of nitrogen.
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Fig. 6. Relation between the nitrogen concentration
and the types of treatment and their duration.
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Fig. 7. Relation between the nitrogen concentration
and the consumption of hydrogen in the
various type of treatment.
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Treatment ; Type A, Dry H; 350 cc/min, at 720°C

Fig. 8. Effect of thickness of specimen on the
removal of nitrogen.
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Sample : Rimmed steel sheet I (0°00239%N, 1-2mm thick)
Treatment : Type A, at 700°C, H; 350 cc/min

Fig. 9. Effect of moisture in the hydrogen gas
on the rate of removal of nitrogen.
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Sample ; Rimmed steel sheet I1 (0°0028%N, 1 mm thick)
Treatment ; Type A, Hy 100 cc/min, at 714°C

Fig. 10. Effect of moisture in the hydrogen gas
on the rate of removal of nitrogen.
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Fig. 11. Effect of moisture in the hydrogen gas

on the rate of removal of carbon.
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The data shown in Fig. 10 are rearranged according to
the contents of moisture in hydrogen gas
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- Fig. 12. Effect of moisture in the hydrogen gas
on the rate of removal of nitrogen.
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The data shown in Fig. Il are rearranged according
to the contents of moisture in hydrogen gas

O ; Annegled for 30min @ ; Annealed for 60min
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Fig. 13. Effect of moisture in the hydrogen gas
on the rate of removal of carbon.
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TWAHEEH & —FT 5. NORWDIEZE Ky ORET
RRIGOZE T XS0 EFE2 D%, Thbbitk
KFERT X BRRERIEKFEOERC LI BHDTH D, K
SRFETHHEI EE LT CO AR ILIDZLDL
Ezbhb. 800°C It kiJ 5 Rk X ONREKEC X %
M IR FEBR 2 AT 75 D 7oL LB D FE B ic X hiE, 885 —36°C
Dk (0°0219% H,O) iz X BHesio P& s 51k CH,
OLBEHEheh3, FBh —10°C (0-269% H,O) Tix
CO & CH, %3, #md 0°C (0°6%H,0) Bl Tk CO
DOHPBB NI EHE LTV 5.

Bk 5X S, KFEREH 100cc/min DIFEIIRG
EHdWERKEEET L0, FREKMICLS, KBS
LA ZADFNA~DIBTH B LE LN BN, Fh~
DO DO E X VI GERST ADHFEB KL DT EFE v &
EZzobhs. WwE 1000°K i BI1T5 280 &G

CH2H,(g) =CH,(g)--we-emremerememeenen (1)

C+H,0(g) =CO(g) +Hy(g) ~rvvreeera(2)
DESEEBEI ALV —EZO2EDEEDTHS.

4G°y=+4610cal, A4G°4=—1910cal

LizdsDT

log (Pcu,/@c- Pu,?)
= —4610/4:575x 1 000= —1-007
log (Pu,- Pco/Pu,0-Gc)
=1910/4-575x1000=0-417
M —RFBIRE X LT
log (Pcu,/Pu,?) + 1007
=log (Pu, - Pco/Pu,o) —0°417

BKFEDYE%R Pu,=1atm, BKEOHE%E Pu,=
0'9atm, Py,o=0'latm L34 5%%, ThFhoFEEo
Pcyu,, Pco Db
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log (Pco/Pcr,) =1"424—log 9

Thbb Pco/Pcu,=3

Pco W& Pcu, DIISFELI Y, KGDFETBIEHN
BRER I ZDHEBEL, TRIZTRLEEBTRIA
B Eh 5 -l RESRHE I T T 5

TG HE % LA Eicis B EIRRBIAE SN DD,
BMEDEE L FER, WREREEIC X D reaction site D
SrERT 5EFEZIONS.

AERBRILIZ ZCHRR- Low HLOEREER X —3
LEEWISIER25D, HOoRRIBEEFEOEL
Tiai L, Bt EoRbZMELTWBDTH D,
7Ky 30% ETHORNL, REEVWS X DTV BHRAT
HEKFRIC < BATRE S 7R R X 2 T ot E
OEBELDIDLEZLNS.

3.7 E7 /BB OBE

— R B RS R 2 RIS T2 5 2>, BB WA
BEEIC IR % S /AR SV Lr LB X DT
W, & A dEREHMOGRGIHRSERHELLS &
THEEE®, BREZHEDR VRSN 21T 5 M3
HhD. IDRDET S EMERCTIER/KEC I D5
ATV, BRZE, BRIKEE~. 861, I, T2HAw
TR DL BRERMOFBRE Fig. HicFLe. N
ORI AOEERER, I B EOEEEEFE R LUK

Y S — M
oede @ L1 1
| S I“'“*—s———c—
060 1
o |
S N i
056 ;“ == —e—
i
i
0010 T
1
|
0008 ¢
0006 ¢—
27T
0004 10\
'\‘\o\\
L
0002 : Ag\ T U S i
1 ro 0™~ L
' ‘?—%o:-m—-—_?..——_)_
O ]
] 2 4 ) 8 10

Annealing time (hr}
Sample ; Piano wire , Imm#
9 ;Wire I (064%C) ®: Wire I (059%.C, 000S8%N)
000s; Wire T (063%C, 00082%N )
Treatment ; Dry H., 350cc/min, at 700°C

© @0 ; Type A, dew point =-50°C
& ; Type B, dew point =—50°C
@O ; Type A, the surfoces of sampl2s ars clightly oxydyzed

Fig. 14. Rate of removal of carbon and nitrogen
from high carbon piano wire.

FZEFLRTH5.

| I RBERZD AL O CHPSENT L OFER
ZaRlic. M1 Al E5E0011% TroER2 @
TARL 8N Al 55 0°002~0°005% TXD
R0, P O, ABITERLE. O, @, OHTRLE
BT RTACERBIT X 53D TH B, O, ORH
AEHERECARHmR DO, FRAPhOBERF v
¥ VT DZERRIT I L TEL DD EE LR S.
O (HMI) & @ (ML) 2T s e, QDM
REERERRTHD. 00X Al DEHBDOEI LS
bDEEZLND. Tihbb Al 25 AIN 2> THE
ZHRELTWDAREM L E Z 5N 505, ZoOMEK >
TREBBHEZETS.

JRRETXTOEMIC>WTELERED LR S, b
DThTrTH5.

BLEW R LAE R, ®MEKEFEIICXL D 700°C
RITHEITIHIT LA ERREZFDTCIREEZTTL S
CENFHRETH 5.

3.8 KFRICKD BEORGEEE BBTHI-OHICTE
Df-=, ZORE

KB BREFSE LTROED 2 DORGHE %

bha.

gzéNz(g) e (3)
3
_N_+—2—H2(g) SNH () cooveererrerreerenneenee(4)

(i) ()X THREWROEEN N, 5F &> TR
~EHEEh D, ZOBAKEEHEERE OB LIER R
DEFTHD. (H)RNTRMPOEEBAELHIGLT
TrE=YELD, [HA~NHHEIhS. ZO2REDS
LWTFhORGEHRIEE LTRZDTWHD R ?

(i) REBEEISOBGEEERE ZLHDDH ?

D 2 Fox BT 5 e TR 5 EBR & {727,

3-8-1 ZEBaFrk

PR MBI SR DINIE A 35 XL RIS ER~E E & B
W, KEXVMHEEETC lam it b X 5icH CRAL N
HCD2EEE Lic. NECIFRS XU EgE i
FRRREERNE </ 2 — &% — 2R TKAE &ER LS
EAS latm TR b X 5T L. T -8esi 4 2 dhic
EENDLST yE-VEBIEER L. TR E 7
= PHIEROKE LIIEBRE AN/ 27 5 2 adh
BLTHISE U7s. $FEFESUESE C DAV, FiE
DN TH, KERMEB L TCHREEBEET S & FRk
iSRG Z B U THE A L, HiIBRELEE TO 40min [
MR E Tl KEADBEZ, FRBET LAER




KEFHIJIK X SHOMETHEH T 5K 1273

TR OEERGEHCT 2 5 LRRICIHER 2 EHE L,
DA nEMR K T 4Omin HIBBNE S THEX T2
7o WETUT=VE ART-HEEE AT EREL
7.

3.8-2 mMEEC X B

PESHIREE 714°C, FROKFEHAO LB C 2 ) 4 Fi
WRLiCigEZ LiciER% Fig. 15 R/ L. RISEON
BTN 250ce, HBIEEL 10g THSH. RERLD
8hr LI EHE & B 55 0°001% iRicEhEd 5. 7
ko EBRTHR PRI 7o E=ve HEFER L.
Fig. 15 oGO IHE L7 € = v EZREH
DOEEWRBCME L-b0% L2 5TRE» D THEDT
B5. LicBo>THElie oz (AificiIEhx
W) VIEEI S E I Lih, FrE=¥ E LT
RSN PO EED% TH D, LOECTDOED
X5V DrDFREEMBE L NS, 1) KE(3), (4)
DRIFRCRZ D P DgEE T N, 3L NH, Lig>T
HEh . i) RERG(4)CX>TETT 555,
R L7 ' =vid No & Hy &WCARRE USRS I
3D ET 5. K LIORRIGE7 v = v4K
RS (REBRIG) KHESTRISCGEST5. 1) BKER
BRI X>THTL, $4R L7 =Y OF
HAIEF BB TIELALET LR WD, 7T =28
RIGZEORIRERS & 5 W IT kS £ TORBEO KRS

005 I if

S

%C
in the sample

o002 —
\ - ocol

0001 O o —
~ 0002

%N in the sumple
}/
[}
Removed %N calculated from the amount of
NH, in the exhaust gas

O R
s} 2 4 6 8 14 16

Anneoling time (hr)

Sample i Rimmed steel sheet T (O0028%N,0049%C, Imm thick) ca 10gr
Treatment ; Semples ore enclosed with dry H, of I aimospheric pressure
in reaction fube ot 714°C

Qi %N and %C of sempies
& 1 %aiv remuves irom ine sample caicuigted frogm ihe amount of
ammonio in the exhausi gos
Fig. 15. Rate of removal of nitrogen and carbon
in a closed hydrogen atmosphere.

0003 ‘;;r
2
[c 40 =
\ :
=
£
b
B z
Y\\ E
0002 5
\ 8
=2 10001 ©
a -3
E o <
g >\ £
© £
P [ \ 4
£ o =
< ] ] T
= 2
2 =
oolv]] 2
i3
- 0002 =
&2
a ©
g | s
3
T g
o
4
o]
o} 30 60 20
Annealing time {min)
Sample ; Rimmed steel sheet I (O0028%N, OO49%C I mmthick )
Tveotmeni Type A, dry H; 100CC/min, at 7145¢C
lg 3 %N of samples
L ]
l} s Removed %N calculated from the amount of ammonia
- in the exhaust.
Fig. 16. Rate of removal of nitrogen in a hydrogen

gas flow.

W, WELC, AR L7 T = FOLENEEMN
CHE I v,

D5, 1) OEZHT2 SO EHRREFICETT S
WS T ERBEAEELZLRITWVWL, 72383
FTX5, MBIAKECILEARIDOENEEL LV
SEE,PSD, BRTHEIXTER Y. LizhoTZ
D i) HBWIT i) OEXTHPEINERETHD
B VIR LT A RER 3 (4) ORIGHE> THST
L, K L7c7 v ® =YX X DB 5D 5 \VId g
BE, RIBH T E~BIEERE L TCRIGRIABEIT S L W
STENEZLESTHS. KBFEBFTITEORRESIT
OFFERBETR L.

3.8.-3 MEARCXBHHE

U & FERER 1z, 714°C ik EHE 100cc/min D
WEPAI X B BERIEE T L f5E% Fig. 16 wRL
#-. MoARIO KL Fig. 15 0BSEFALTHS. #H
E£7 o E = YEIVHELABREELABST I B
RERE L OMICIZRR D ENDEH, ZOEFLNIECO
BEXVDINTHS. ZORCOVTHAEH TS b LKL
B LicEknTHS.

1. £ 5

FEBER LS X IR RHECE SV TRERIE
BT hELLABC LI TFOREOI VIR IDOTWS
RIER X G 0 EEERBC>WITEELX.
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4-1 PB|REGICDONT
BERLD XS REEZESHTITEbhTwbH %
HAFHRQT X RBERERE KL TEETS.
Fig. 15 123 T, 30 10g, #i %N=00028,
SR 250 ce, B %N=0°001 X 9 (3), (4)RoD
B0 FEER(FhFh 714°C 2 3\~ T V' Px,/[%N]
=4"17X%10?, Pyu,/[%N] - Py,¥2=2:60x 10- 10121 2%
FAvT, bz 38 L7 0°0019% N i ¥ 5 StEh
ik
Py,= (417x0°001)2=0"174 atm
P, = (026 x0-001) =0°00026 atm
D Ny XU NHy ¥2ABRFELTHWBRTTHS. o
720U Pu,~latm +§ 5. RGERFHT 250cc TH 5 H
b, ZOSAMHRTEETNDEED g-atomayx ¥, NIGE
NDIBEE—TH 5 FOIFFICH VAR ZBE LT
ny=(2Pn,+ Pnn,) -250/RT
= (0-348+0°00026) - 250/82°056-987=0-0011
—FSRAAPOEZRS R R 2SR S hcEHRiI
XOoTHERENS. Lis>T 10g OoRBOEESH
E25 0°0028% 5 0°001% il Licidr, HHeEs
= nyn' g-atom X
nx' = (0-0028 —0°001) -10/(100-14) =0-000013
M ZEERIEEREBC ST 5RHEEER T 213D
EVICHLTES. LrLl, b LRERERT v & =
VARG 22T TH D, EFECT N, BRI
EFHE, & L TE R NH;—N, OFBEREBIER IR
BTdhs LT, REhOBRFEES L PHT  5MD
DEERSET o =¥ (Pyu,;=000026 atm) D 4T H
5. HErLOMHEEE N BT U E =P RROBRCE
LEINDHETHE, HEEPLHELALT T =FYHE
. Py, ¥
Pigy, =0°000013-82-056-987 /250 =0 0042 atm

L9,
Pyu, > Prug
IDEBRTELHRDOT € = YR HEEE Lo,
TDOEWE, Fig. 15 X BEREEICLT
0°00053 x 10/100=0-000053 g
BRI PD Pyg, ZIERLTWicET5E,
P;(,Ha =0"000053 x82°056 x 987/ (14 x 250)
=0-0012 atm
ThbbBEINAT T = v B TFHRIT S E2 R
LTz Pam, (=0°00026) X &<, BERX VFHE
Ehic Pyg, (=00042) Xy
DLEDOFEERI Y, RBER 7 2= vYERC X DT

fFishbh, £K LA T T = P IIMER TR E~D
BET L 5T, AP LELTVWAERS» LIS ID
BEAREZIRTEY, I5C—HHD NH; 13 N, ~D
FREEDS R 2TV B L WnwE EX 5 MR TE
5. FMBAT LT T = YIREEBROSSE (Fig.
16) #H5 L&, MEMBEIMET = vYROHRITIE
EL, A—REETLbbLR—ERMHERNLTT
E-VHERRMMCICIBFEEIVEL LD2TW 5,
PLVTHhOERICEVTD, FEKFO7 2 =¥H
EERBEERINTVWIEFEZLBAE, RETXOT
tERk L7z NHy ifZ8E LoD RSENA~B LIRS TH
EXNBD, COWMEREDOENELTHD, b LIAE
FHHRIT LT Ny ~OAZEEN R Z 5 KT e
Fig. 15, 16 wRahic 2 X0 rhth—&%+5
RETHD.

4.2 BHERISOREERC DT

4-2-1 7KFEFiE 350cc/min LA X HRECEHE

Zo4E Fig. 6 XU Fig. 8 iR LAERER
DWTEREERINZS. KB X HHECEFERRESE &
LTRERNOEZEDIERIC 5 & v 5 {RERKT, ki
HREREDOERIER D b a kP OBROIEREL E HK D
7-. Tidbb, Fick OS2 5EN

a(x, ;)/33=D(a2C(x, ;)/ax2) (5)
EOEDPEHS LUBEREHD D & THL &,

C(x,0)=Cy, C(x,00)=0, C(L+h/2,t)=0
ZZW, xBFBORSAMOIERETRAIEEZDF.L
(cm), ¢ V3/EREsfE (sec), AEBEOEX, C(xt) &
% LRI DERIRE (%), ColXwiikE=00023%
TH 5.

h?log Co/C (¢) =0-0912 h2+4-288 D.t------ (7 )
BELND®. L (7)RiX 4Dt/R? OfEI 0°1 LA
LOGHETIELENC R T B, 2T, € @) W tsec
TR RO RERE, D IZyEER (cm?/sec)
THb.

(7)) Lichi>oT Fig. 6 X Fig. 8 ofERE%
weEE 7oAt Fig. 17 T 5. My, £XEXxDE
BERE, (7)ROBMREZMR L, BREOHEEREST
FEEERAOITHE 2T LTWS. L L 720°C
RIS aSkPOEROMBER Y TR EHLODEIT
FRELWHETTH D, BRI VBL» X 5 EE
SREODThTrlAbETbLTwS. AiE» bELR
RO ESI >ED XSk 5.

AREE (&) RrBolkgissk D
0-12¢cm 5-2x10-"cm?/sec
0-06 3-2x10-7
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x10 T
st //9(
—_ 88—
=z > -\'LG‘(\
G 5 O
~
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o
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= <
W 2 TOOR
e
B |/o":.3c\1\
o BB 1h=0%

0 600 1200 1800 2400 3000 3600

Annegling time (sec)

Sample : Rimmed steel sheet I (0-002395N)
Treatment : Type A, Dry H, 350 cc/min, at 720°C
Numerical value attached to circles are number of circles.

Fig. 17.

Experimental results arranged on the basis
of the assumption that the rate controlling
step of removal of nitrogen is the diffusion
of nitrogen in the specimen.

0-03 1:4x10-7

—7% Fast, VERRIPY £ GRIEVESON, TURKDOGAN!®
LWE X7 a Sk OBEFEDIEFIERIE 720°C T
ThEFh 5891077 XU 540x10-"cm?/sec TH
D, EERBEREI N SOMEIITE—FHLTWS. Lt
PO TAREBFEHFIC IV TREETITITIEIERTH 5
Enzxs. LrLEEEHEAEBES X >TEELT
WHEWD T LR, AERFHTILSERSIEAENE &1
mHT, %08 NUNOBENEREREICEE Y X
XEFELTVWDLHDEEXLNS.

4-2-2 JKFEFE 100cc/min MIMA X SIREDHE
Fig. 10 WmRIhAERFEROS L, dBkKECXS
FERFER & RO LG, SRR BT 2 ER/IRE
EWVRIRE & DO R R LizDds Fig. 18 TH 5.
BT -2 RIESEBLIEMTRD I, KEBREMHE OK
Fiitzw 100cc/min) CRFEEFIHRECBE LT 1 RD

0 ° | I

3 T~ 9

> To—

10 )
2 I
- 0 30 60 90

Annealing time {min)
Sample : Rimmed steel sheet II (0°002895N, 1 mm thick)
Treaunent : Type A, Dry Hp i00 cc/min, at 7i4°G
Fig. 18. Experimental results showing that removal
of nitrogen under present experimental
conditions is of first order reaction.

BISTEEINE ZENELATHS. Thbb
dC /dt=—kT
ThH5. ,

4-2.3 EAEBRFEROE LD

LLEDERC X 2T, FEBREHFCTRK VT, 1) K
FitE A 350ce/min DEE, REISIEHEEET D
5. ii) KEKED 100cc/min & 755 & BLEEE TR
Bt SFHRERREC LT 5, w5 &R bhD
fo. ZOEPITIREDHREE OB BRE DD & F
bbb REBREREFVETDHLE DEDX S LD
ii) 3.3 TR LA X SIBMAIT LS 700°C kT 5
BB ARMBEORA L & bITHEL 755755, REBRGM
(FEEO~TEE REOELE) Whv Tk KRRE 2
300cc/min iz B & REHREOHE NI LT LD,
EREBEHFANTOLEI LS. iv) HEEREOIREII
X 52T, PKELEHED a kX D/ vy ko Uik
VWHIEHT, EIREEEL LD, v) BEO BRI
WD D EEZ HNBKGDOEIMOFZEVIKERE 350
cc/min OFETTEAE Bbhiv. vi) fHPOEE
WBReElLT7reE= Y i 2THREERS.

4.2:4 fEROWIFEER & AU R & DLk

£+}1)5)9)10)19) ~22)

TKFEIT X B ERDBEEDBEIC S W TIRHEES < OW%E
B HA, TR OLEREEHT 5MIKFE T 700°C
EChEEns L BERI7 == EhoTHRESH
HEVHETIIEE—HLTWS. L LIERGOM®S
FERG B % AL BRI L TRBERBREL
2 Dt b.

Il ORAKEBECLIBRBIREIWVWLT, [FEATODKES X
CRELERMOEE S XA E» LERIE~DODEZEDE
B BGEIC Tt RERMEICRT S Ne 5 vik NH;
DR T o LR B 13 D105 KE AR RE T D
Evidol, 15 1 DRKHETOMERBIFRKICR
WTH D, RERIC D F TGEICET L, BHEERREE
HENE > SRE~DEEOHEHCHH L V5 DT,
1) AUBAPEEEEE £5R T 5 DI1E Fast, VERRIPY,
GRIEVESON, TURKDOGAN!®, BOHNENKAMP'Y) 5, TdH 5.
F /o i) (LERSEE R EIRT 5013 Hubson®, St-
ROCCHI, MELANDRI, TAMBAZ2® 5 TH 5.

ii-a) Hubson 13 OB 11 EE 00 k00 5 2R
R LT IRTHDZ 05, BERBEIPOEEDOFE
REWWHT S LIROFJGERERRC Lich 5. @F 755 H
K[PDOKEGEDOREZRAN, HEER E BKEHED
3/2 Fi 1 ROBGRMEH Y, ZRIEFEEN
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3 :
N+ 5H2 {g) =NH;(g)

BEBEKRIZIDTHY, TORENREEERETHD
LEERLTVS. QKHSOEENINRGDHDH (2°5%
H,O) BR&LHBITEDLR, TOEZEEIFELI LY. @
Low, GensaMER LOEERFERZTFL T, KHyDOHWE

5 (20~30%H,0) REhE SR T D 5 DI,
KGR Lo TIREX NSRRI EOTIRENINEX
Nl THSS. KEDEBRERSICRBEZHALH
W LTwW5b. F7, ENGLEHARDT, WAGNER2D 5,3 152
AL RGEERNT ULcds S G LT3 Ll _Tw 5.

ii-b) StroccHt 5% F - RED HEERMEMS HOKRE
WEITLIRGKHDELTWS. ORZEORMARAX
Ao R RIREC LT 1RO EERIIC Lk
Vv, SRS TOREOIEZEERETH S L LES
DOREFEIIRGA LT E SR B D. OFEERAIKE
SEOFHFRCIHFIT 2. Lich > THER GRS T
LHAKFRIMBRAMCEFRETRESINIKETHD,
B7EH D%/ (poisoning ILAGHIND) HEIGEEK
FELEITET. OXRMOWBERIRE I TFHERIRE
LB T H D, @ Fast, VERrRyP L5/
B (FREUER) L OMERFE U7oKEME OB X
H5PDTHD. LEDEBRER XU RiFx B~<Tw
5.

i) BLED 2 2D 5w~ FDiEsric,
DECBRRS LS HINED D & iCRERELGFZRD T
W5, Tisbhb, OBMEOI VIR A{L¥RESE7 >
EoYEREIGTHDH, ThixfERCREL, AER
DEFERE L FHI{PD Pyu, & OBHTVEEF I WAk
AT 5 QFMARFEIH—KREEGEIRTVWS. 202D
DIRED DS &I, REBEBEFOB LT VERRS & LTHERN
DEFRDOIEIR X OCFHKOES (Pyu, DEET) 020
OBBREEITCTIEMLTEBC KT 2MME, FE, B

ENRIETTO?? |1

B, HiSGEER FOBGRERDTVS.

SLE, BEOREEPECOWT, BiaokikimrEr
2HOMELEDEREH L STV EEOERE R A LI
Bt 5.

StroccHt 2fEDFEEE & Fast, VERRP LODEERR L%
HEE LT, R L7z ESMEOMENS 0 & 5 in@idER
BOoMEZ D72 Ll "Tw5Eh, EMEEOH A
WERTRDIRD, AEMECKEGEVWEH DL
F#xz 5hin\v (Table 4 £M). % 7 Fast, VERRJP 5
(WEBRESE) BB X R L BAkEC XD ERL
B8 L7z &R _T W5, THIREERIC KT S5AE
& 350cc/min DFEDE, E/KRFT XL DFBR FEHL
fE) E—FHLTW5S. F7 Hubson (FISHELE) Ak
4 (2:5%H,0) 13RE% £/ EE T 555 ENIIER T
HTHTHD EBRRTWBEHD, THIIEERITE T BK
Eiiim 100cc/min OFEDNE, BARBC ISR (R
JSEE) E—B LT3, XL KERES 100cc/
min %> 5 350cc/min IZIENT % L REOEE QIS 1k
RICEE D DI E~BT T E VWO FRERER L
o, RERRIC KT 2RMEIGH TR ETL, #A
s LEEM~DEZEDOIRE R L, RELARMOFERELR
PLOREVPREFELAGTOIERLELZ EZE 2N
5. ZhiX ENRIETTO OB WRE LITIE—FHTS. Z
NOOEEN L, MEEOEmES/) o rv—70
WIFEE VKR E D IR & WHIATER TV,
BIGERDOFE M &S/ i) O 7V — 7O R E I KFR
ERLBEANS WA TEREZ TR O, ToX5
TCARESE LA THEVW A EEZLNRS. LHLID
AT, Enrierro DISDOEMEE L KFEL ZAOFHE (I
B) CEEAEEBELZINOTELT L VT TIEDE
ATz LTz,

4-2.5 1 WRANT L7cns S LRSI DWW T DHE

IKBMEBR BT WEH, ThbbHERATD Pyu, ©

Table 4. Experimental condition of previous investigations.

Authors Hydrogen purification train Flow rate of hydrogen
FasT and VErppe Cu Liq. N, No remarks
Grieveson and TURKDOGAN Mg (ClO,), platinum asbestos(400°C) No remarks
—Mg(ClOy),
BOHNENKAMP BT S-cat. Liq. N, 5 Several cm/ sec
Hubson Lig. N, 510~570cc/sec
StroccHI, Melandri, and Deoxo Si0,; gel P,O; ~25cc/ min

Tamba
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Bulk metal Metal Gas film Bulk gas phase

phase surface

tRemoval of NHy from the
Diffusion of N [ Ns +%H2=NH3 L] Diffusion of NHy b{reaction chamber by the
- flow of atmosphere gas.

Fig. 19. Schematic diagram of the transport of
nitrogen.

KT BLWEHTTIE, RERESEEIRE C A
L, KERESKITUETERERIC 0 5 £ 5 I iEH
WEEZD.
MCERLA-2F% N, TOEBREY ¢, KARE
DEFE Ns, TOUREY Cs 75 KEREOT
E= Y DGEE Pru, KESKK bulk o7 2= ¥
DEEE PRy, SHEEEOEXE 6 LT5. HBiEhE
EGvE Fig. 19 @R T X 2 WL 20 0ERBES T Hh
5.

i) 22 CTEBCEFA7 = vARESHEER
fEThHsEEEILRILV. BRERSERERG

3

DRIGEE v 1%

' =%Cs PY2— &k Pxu,
TELINED, ZORIT Pyu, BETTERERE
FRECOWT IR EED L EEZE]R LTV 5, Pan,
PERT SR DEMEARIEDHEATH Y, ERFERRT
W KEFE R /N Ui & SRR EERECOWT L
WERDFERAET S, Lok o CEERIGIIEEENE
TEEL, HTEEHLTWB I EEZ IS,

i) o¥HENO N ofE#ia#E<, [tEdho NH,

DI ERE TH B ET5. OB,

N=N; 134, H5vix €=Cs

F721) &b NﬁEHFNHaﬁﬁﬁ,Lﬁmof

PNH3=K-P‘2§:- Coerrmrmereeereeneenineenane (9)

ZCTRKREG(8)DFHEERKTHS.
e E —dN/di(g/sec) WAKMPD NHy DRI

R X da 2 A

. (2 td kel DT
fANHg/ ¥ — 2 NH3z/4v+ AKX C AV TS

—dN/dt=— (W/100) -d T /dt
=14-A4-D(Pyy,—PRyu,)/RTS --(10)
(9)ERALT
—dN/a't=l4-A-D{KP§{/22§—Pgma}/a.RT...(“)
Z oz WitERER (g). AR mi(em?), DX
SAadboo NH, oyhiieESs (ecm?/sec), § REMAEECRE
& (cm) TH5. :
(DR RV CTREREPTFHERIREWTIHHT 5 X

SEEBORL) OBELFREL PRy, DETTbb
FOEOEME LE LT 5. L LT 2 TCRIFEDEINC
L% PRy, DIERTOENC 6 DA E HL25Z LH T
5. MEOHEIMCX2TINVHL LD LLEALT 5,
& B WITREOSELFRIRAR I 7o T ER P v A P B

CHATT HEAEMIEI S B. L LT 100cc/min A
B 350cc/min ~DEE QNN Z D X 5 TR D
ZbE b7 obT E EXLBHOITEEN HBHX5IT Bbh
5.

FrT i) FELAET T = YIRAZELTECIRS
L, Pym, BEMHATH—THBLBETS. £575
LHEEERSMERDOT = P RAERRR L OTHR
NGBV EDN A EIC KR IND RS Kagy
F(l/sec) &T5 &,

—dN/dt=— (W/100) -dC /dt=14.F-Pyu,/RT
=14-F-KP’;{:-E/RT .................. (12)
Lish, NEHEERTHERRECKMTS. Zogs
b F a3 ki s i E 3R B s BN RE e BT T 5 2 &
iR B. LI ZTHRONGREER PY? A

L, Hupson 2B HEER LR UEEETRT.

()RS TF— 2 2MiIT 2L, (12)RNies%
NEEHKBEIXO>EDL ST D.

W=10g, F=0'1x(1/60)x (987/298)!/sec (&R T
0°1!/min), T=987°K, K=0'26, Py =~ atm,
R=0"08205!-atm/°K -mol
(1) R & +hid,
log ¢ /Cy=—1 400-F-K-P%{:-t/2'303-R-T-W
= — 1 06X 10-3¢ ceereneerienienceeen e (13)
— Fig. 18 oGfE» 5
log ©/Co=—1"6X10"4¢ -vueeurneieninnn (14)

BELNS. FEEIEAED 665 THS. Likost
BRAKEREVRBCENTSHS HE LTTRD
DTH 5D, FHGEOLME*RN5/KED S B, 3k
EERRNGKRLIBEYTHLEEXDE, tEx
EaErEme 20%,
mm DOHIKAE O ETH Smm Ofiflic AN T 5, &
T BKESRBCANTHEETHE, (1)ROEE
ER

—1'06x10-3x0'2=—2"1x10-*
i, ZhIZERE —1'6xX10-* rRIBE LKL S.
4.3 BZNBBCBII3EEVBOYPRICDONT
KEBEALREDEVIRLOMEB #1775 &, KkE
PESICRTABATCHERLT, REBEECRET LY

Ciuid 30mmg OMGEP Tlm 15
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1278 & & 9

%58 4 (1972) 02

BOXREHEHARRLL L TTH, ¥/ ZORRITAER
EAVNI AL BIZ LT LD 2% 340 L. TO
PRI T TURNABEOEE» LOFDX > THE LB
TEMTEBS.

IKEBIREMS TR D & XL, REOHEEEREEVT FEH
NORRDILFTH DM, HEH»/ &y, s iEt
LZREMAAPNOREERY—7 o € = ¥ —DBREBF+5
Cith, 7oE=vOHFEREFHL LS LFEMKPhO T
T = ¥ ORESHEERM LS.

FHASHPO7 cE= v HEDIKTE WS L E2FE 27
56, FRKORIROEXHSRAEE 5. KELELEN
ML TWBEER, HritiixnskER e
YEZYEREETOFENOREOKECHRENT, 7
YEZ¥HEORTRFARS KA 2EE, KERES
INEBIEERRS LD —HKFEEAN BT 2R T
BE, TrE=vEREL, RENOET LiokEizw
DIAFEECIKER DN, WHTT V= ¥4 /E 0 DH
SERIKFERWA SN B /oD T N H T X huadbEi
REXR TN d. WAEOBNEE L i LB E, 0
SHEVIEFAKEREIS/ING BT E, FRIGEASK
LI ETREC LB,

ZREERTIE 1 BOWIREHSF) 10g, KEFHEIE 100cc/
min DRETH L LK 1 g Y7z DKEFHEE 10cc/
min TH 5. —FHLHENTIT b TV 5 REESTIX
15t BE DI % 60m’/hr BEOH A CHE LTV 5.
HANREEKETHHELTHE 1g Y700 mER
0'lec/min LITCTHY, FEROHAIC < HTH 100
5Dl OFETHEBETREOTWADOMNEIXTHS. &
TCRMBICEATNE, REBRTIIER 1g Y7o v cc T
B0, THEMESMTIEERE 15t BEOIMBANER
30m® DEEstEE (open coil annealing) TR XN T
D, ZHIEEk lg Yo b§y 2cc 25D, RERL T
FRERETHS.

L7232 T T DOKRFBLANBHEOH: DR L % T3
ISR Lictha, ZAERTHELNL D DS HIKIRE
WREZWHFTEEMNTES. TOL, ERORESE
Vi7- & 24X open coil HEgEIC 1T BT &L, BE 7 ~
v DT BIC /KR 2 LB R 2 A fi L
DOBEHANCIHI T TH D0 LIFERT 2 Lthkoig—rix
WEERIHREC, LIEUIESERTC A R oEESHRe4LT
5. OGS OFERN R ORIV LA T i
DS LD LD ENREL LD, (LT A LEE
it LTV DS OMMRONETEE S D, #EReks
LTREZEGABCARYS—Tbb (6] 240, 3
WEROEEGARY —ERKELTICERT IR 3720

R AIBRERS BRI L 5 X 5 R G\, LT A
IREBEA LT ALV ET ZORIETAMEI X T, &’
JEE70lT BERT RGBSR S5 AER2 HATEHO
T, WASIN/A AKREI LTH—IC HEERLEICTE
P2y, FHMOSRAIFCHNELKFczsxhsZ
D, HEDRFRTILLSEAED XSS b
FZ Bz <Ah, Lo TREnEmsifo s i
HEhs.

> F & 0B

(1) EKRFV & FEERISIOCEREST /42 A
WCHE &R IR T CREFREKIC X 3 EEs1Tixo
foo TibbkREMI BT 5, BE, FRSKS, 5
$RER, KRG EOREEFI Tk L KER
REBES LARBE L ETTICHEDIRLD2f 2k
ligEgedtic >V T d B OB {40 FE L T~/

FDFREELEDDHE, DEDLENVTH5.

i) AERFOREHNEhD IR X U HNERPS 7o
5O Bli7s BB (InEE T 700°C fHiE) TIafiR
EIIT EAEET L.

i) ZKFEi X BEHOBZET 700~720°C T B iGEiC
HEFTL, IBEXPIRU D WIEL TR S & g s
PBRIKT T 5.

i) JRERE, FEREMCI VT, KERE
350ce/min BEF TR /KRHED HMins & dic AT
545, 350cc/min %Z# x5 LAKERED BT X 55
EHEE DM AT T i 5.

iv) 700°C iz k1 KB X BHEBIT T, KGIE
KFEED 350cc/min DFEIE 20% F CHEFEEIC
HALD BELY ZXIFEIhv. KEHFKEH 100cc/min
DFEVEKS 2~5% FCIRHEERE R LT ic kT
LMD B DH, TNLAEKG S 2B & REREIZK
Ti5.

V) ESUKRLRIC X BHEMBLA L KR - BIE
DR VE LOBENIEB & iR Lige, F—RHemEc
BE 500 KEFHET LEBOIIES B AETT
I, TOINRIKEBRES/ DL DEEHEEC LS.

vi) U4 REEIEESMEC T 500t LB HEE—
0:0003% zE)ET 5 7o LB RHEIIE 720°C, KE
e 350cc/min kT, FHPEXH 1°2, 06, 0°3
mm iZxf LTERhZh 120, 40, 20min & 7gD7-.
Vi) €7 /B OBREEEME T, BEKER LD
700°C hhE CHESIEZTTL XIE, BREZIELA LTI
RERAFETH B EBRLI.

(2) HSECREEBRERICL LSV TAKECLSEE
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KEFHAIC L 5MOBRBICH T 2% 1279

DREEELEE L, X LCECEDEMER R LB
L. TORREENTELEOEDERDTHS.

1) KEZXDMOMEOLERIGERFIL, BN
HIEHE > D, T EHEX 7o 2=v LT RESHO
L. L»LLx0dHE, —HOT7 = YIIERLKEC
FREET D0, BB WVIXEREBECRIREA~ IS, BREL TR
JoR DEERLT B 2 L 2R L.

i) fEKD BT BT U KEBRER L B L
7o TR,

(a) fERDWIFRE IR OREERE & LT, 1 kAl
LSS ARG E DT L0 L, MNIROILEE »
FobDD2 oD T NVv—Fadbs b (b)AMIEER
TUIKBRESTENINT 21T L7ch > THELEERRE S 1 YAl
W L72h 5 BER» O BRI~ BT T2 & Ik Er
5, EdoOW s~ 7L L KEDTGEICK T HECEH IR
Wit B LR RARE AL DEEZLND T EEH L,
|7 B Aal

ill) BEBEOERMB ML, KEREDK LT V&
EWRAFBRCILL 7T = P DOFRINADHRED, T LT
K EFOE DK T UE P OB RO IR HIEERRE T H
5E45E, AEBRBRETFESCHHATCELZL2H
S Lic. WTFhOBAICd, EBERIGIIARERE -
D2 ERR LIS

iv) L7 0TS ELZITR S 2diTid, K
EREEZ KT LT & DI EEERBC LS X 5
BREET RERY fThbhRiE bz s WL L
7z-

v) JKFEEA - WA DE LAEBIE, & IKERE
DINIE BIGE, EBROEEERRE T H 5 s R mlrED
HEAHEAIE S L, BIOBEEOKEIEAT LD
T EESE LSRR S 6IN5 LD 200
BHEIC LT, KEZEGEINCI TSR HE L TK
EERAESHRIN, »OW—RRENRWELLD, L
7o H3 0T IHELEERERI O B IS h b &2 L
7z, B
AR TS0, K2 JRETE L, 2
EBROFEHERIEIPITILLLICBELORRRT
REGDH DR, MEEBHRMRR SR TIEARAH L

B, XA E REREAT A R i FE R S B EH o T i R
<ElB L ETET. £FERIIHBAHA TS DI ESE
HUEE R KK, TE¥+EEUEERICEM VLT T

L8 28

1) J. R. Low and M. GensaMER: AIME. Tech.
Pub., No 1644 (1943)

2) W. WepNeR: Arch. Eisenhiittenw., 26 (1955),
p. 71~98

3) &HFHBZE: $2mM, 51(1965), p. 2336~2358

4) J. A. BauscHer: Iron Steel Eng., (1961, May),

p. 73~84

5) R. M. HupsonN: Trans. Met. Soc. AIME, 230
(1964), p. 1138~1140

6) B. B.Hunpy: Metallurgia, 53 (1956), p. 203~
211

7) 2F F—nAF. 410 }b, 73 VA4 AW. . <X— 1
ET A FEF 39-86506 (4% RR 39.5.27)

8) R. M. Hupson: Trans. Met. Soc. AIME, 227
(1963), p. 695~699

9) J. D. Fast and M. B. VEerrye: JISI, 176
(1954), p. 24~27

10) P. GrievesoN and E. T. Turkpocan: Trans.
Met. Soc. AIME, 230 (1964), p. 1604~1609

11) P. GrievesoN and E. T. Turkpocan: Trans.
Met. Soc. AIME, 230 (1964), p. 344~348

12) J. D. Fast and M. B. VEerryge: JISI, 180
(1955), p. 337

13) % FIE, —#XW: BEAE&EE S, 29 (1965),
p- 1001~1005

14) e R (B8gk (k) iR #E

15) 7o & 2 iEEAKME: REFAHR B43-12503 (&%
43.5.27)

16) mFEHE, BANZES, E & (B) 47 R,
s hF 1812 (1966.4)

17) J. Pearson and U. J. C. Ewnpe: JISI, 175
(1953), p. 52~58

18) D. H. ANxprEws and J. Jounston: J. Amer.
Chem. Soc., 46 (1924), p. 640~650

19) K. Bounenkamp: Arch. Eisenhiittenw., 38

(1967), p. 229~232

20) P. M. StroccHI, A. MELANDRI, and A. TAMBA:
Arch. Eisenhiittenw., 38 (1967), p. 135~140

21) G. EncrLEHAarRDT and €. WacNErR: Z. Phys.
Chem., B18 (1932), p. 369~379

22) J. F. EnrieTTo: JISI, 204 (1966), p. 252~258

— 89 —



