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Ni-Cr RESICL LI TERORE
(BRI BT 5 EETHE LTORROERCDNT— 1)
M Ok E ET-k B
Effect of Nltrogen on Ni-Cr Alloys ,»

(Nitrogen as an alloying element in-heat-resisting materlals—I)

_qz***

Masazs Qkamoto, Dy. Eng. and Renpei Y0da, Dr. Eng.

Synopsis:

The effect of nitrogen on nichrome and Nimonic alloys were investigated. These alloys
were prepared in the following manners by using raw. metals of high pur1ty by melting
rapidly in a Tammann furnace: (a) melted in air, (b) melted in air and added _nitrogen in
the form of mitrided chromium. ! .

The nitrogen content of all alloys melted in air was in the range of 0°03~0- 049,N. Che-

-mical analyses of these alloys showed large amount of solpble nitrogen (soluble in hydro-

chloric acid: water=1:1) in nichrome and of ‘‘insoluble’’ nitrogen (insoluble in hydrochloric
Hence, nitrogen in the former
was presumed to be containéd.as solid éolution, and that in the latter as both aluminium
‘nitride and titanium nitride. ; . i

Small amount of nitrogen in Nichrome modified various ‘properties a little: it strengthened

‘the material without decreasing the ductility so much, increased the electrical resistance,
.decreased a temperature coefficient and increased the expansion coefficient.
‘nitrogen to obtain the sound alloy safely was presumed to be about 0°0559,N

The limit of

The age- hardemng of Nimonic alloys was promoted by a small addition of nitrogen, but
As the nitrogen content in Nimonic alloys was increased,
the alloys tended to show over-aging and to decrease both the high temperature hardness

-and the creep strength. The function of nitrogen was detrimental to Nimonic alloys. Its
vacuum melting was recommended for the purpose of preventing the melt from the contatni- -

nation by both oxygen and nitrogen.
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Ni-Cr AR LT EROWE 35,

ER DELWE B2 BMOBESRDON . R
WA R T2 b, BRBGIRIC Lo T Z ORWHH
D& BT ENDE. REEELZHEL TCIRED
HWEEEBEL Th, ZORWOFMEIC XD TR
Eey ) — FEMNZEDTL 5. Nimonic Z&E&EITHE
%< o Al & Ti L4t b2 R BEbhiy
CELABRSEHEISNE T ETHD, bLXSKBREL
WA BN NETHEBE I EE T 50 L b E 255,

CEEE LT CREREBAS OB E XITTALET

FL L TOEEOERAEZFESIT VWSS, & o TRET
Ni-Cr B4 41w T aNOBES O W THET 5.

II HEEEROAE

HAMR E LT Table | KRi ABOSEE LD,
INHDbDENERLMT 5 L EOEHE . NOR
IR ESEOWEES Cr % 65~100mesh iCFL 7= %
® % NEUEH T 1000°C Ik L T/ 3'5~5°19% N %
EUNLCric X2TiTho7. R £BREM NI &
B OEER Cr T, §# 99°9%, H%BHIX 99°2% @
MEEZLOTVS. ¥72, ChORREEOCEEIEL
NFR 00159, & 070879 T#H 5. Nimonic RE4E
Wwhnzi= Ti, Al, Mo ixvw¥FhbBk&Eca b, Co
FRNVF—BOEDIL I 2. ThHOEBIEE =
FETTv FHRPRRICEREL TERH L WITY =1
B HE L 7. &MECRHINTE D 2R 50% O RELE
L7, ZOBOMTEESICT 5 wic 1000°C
T 1 R AOR DR & RIS AR WEROD
bhoE 1150°C T 15 s L, ok b
7x7x10mm XU 3X5X100mmaIt g0 HL,
FOTEED S DT 700°C -1000 B[ % CORSHEE D
2ot & T OB OB IREE E KD, HOTHEOR
FT700°C itk sy Y — FRBE T2k, 20
) — FRERIE 7Q0°C ¢ 30 SREIRFLAHA DA
FEESE 70mm A RENCHIFEE kg &0 T 15 fi
£, Wic Nichrome OBAIIMFHEL 6ke XL,
Nimonic FO¥AIIMHEL 21ke L, ZhHOH
FTT 700°C -100 BRI M OESZE{LE2 kD

Table 1. Base chemical compositions of alloys.

Ailoys Nigp |Crop | Algy | Tigs | Co% | Mo

.Nichrome 800 20°0.{ — e B U

Nimonic 80| 765 | 20°0 | 1°0 |25 | — | —°

Nimonic 90 58°0 | 200 | 1*5 ~| 2*5 180 —

20°0 | 1*5 25 180 | 4°0C

*
Nimonic 100| 540

* C<0°39%, Cr10~129, Al4~6%, Til~2%,
Mo 4°5~5°59,, Si<0°59%, Fe<29, Co |8~
229, Bal. Ni. :

BDTHD. iz, BELAHEL 730 % 109, B8RS

WMCEMEBEEL, T OBMSSERE BRREZHES,
Lz JIS okIEKIK R MEE TN OIREZ ST L 7c.
FNC Y 2 VBICEIAATER S mm, £ 70mm D
¥l% Nichrome 24 1, 24°C~900°C ¥ CToOEER
#E), T OREGEOTEORIZRRE, LB, EE
B ONSRICE S TIIICE LT 52 LHIC
L. &3, BRO Nimonic 100 13 Table | DI
P 2 d 22, ZoMETHRVwWThoaed Cr
BITE 20% LBEAZOTEE L Croe < T Mo %
EETHDHD® ‘Nimonic 100 EIFRET &iTl 2.

II1. BREZDEE

1. &&F0EFEDOIKE
L4 OEEOFELEKAET Nichrome 442 Nimo-
nic #E4E TRDZ LHTFEENE, Table2 0
BT ERIC VB U D L VWEENS H T EBRLT -
B, b b, Nichrome 44 CHERREMODOS AT
b T HICERERITERERIVDRLINRLS
V28, Nimonic B&ETIHINELHET, HABHIC
Al 2 Ti TEHEBEEENTVD. ZOBE, £OE
FRFERRICAKRT 55 DO TEE L TEEHITHETRA
TWAEELIE 2N, BORFEIREFCEENDD
DT, FL LT AIN 2 TiN THh5. £, @O
IniE Cr og{biciy CrN & CreN 233553, &
D5 b CreN WBHEREICAIE Th 555, Nichrome

Table 2. N content in alloys melted in @ Tammann furnace.

Added 09N 0+0794 N 0+159 N
W Soluble | Insoluble | Total Soluble | Insoluble | Total = | Soluble. | Insoluble | Total
Alloys N Nos N N N N% | N ' | Nw N6
Nichrome 0°0304 0+0020 t 0-0324 0+0472 0+0080 0+0552 0°0536 00108 0-0644
Nimonic 80 0-0034 0-0269 | 0°0303 0+0031 0-0521 0°0552 0+0070 0-1344 0-1414
Nimonic 90 0-0028 0+0359 7+ 0-0387 0-0018 0-0606 0-0624 0+0003 01137 0-1140
Nimonic 100 0-0005% 0-0441 00446 0+0054 | 0-0761 | 0°-0815 0°0054 0-1150 0-1204 ’




. 36 g & &

EAE B 1B

EEVOLBEORIBMEFEIIEL LT CN A TX
V. EBRAEEFCHEMLA L T ALAPOBRETIE, W
THNOEELERD 0°03~0°04% N BESI X 5Tk

L. EEVEEIGRNT 584 % % 51, Nichrome&
& T 0159 N OIRMmTE4P DL NIT Nimonic &
DIGEDEHZLUT L7850, »OERORMMBETICoON
T Nichrome A& TIHAREEDITBMBREZRI LD
#3423, Nimonic RAELTRBEOBENSHITHETO
KR L THTEOEFELT L S mA RS AV, A,
Nimonic 90, Nimonic 100 I Nimonic 80 X b %22
FOIINND 5 VWIREBREOLEDOTMOBRTN %23 E <
75555, it Nimonic 90 35 X% Nimonic 100 @
775% Nimonic 80 L H$ Al RESFHVZI LIS
HEHRIEND.

2. BEDORERE .

Ni-Cr #&4&OTMH ORI E L TRIED THEE3
CDERICOWVTIRN, Z OBOEEDOMESREITT L
T 0°19% LLED ClIFE L {7 L Z2|E L7,
LOMRTHEREBCHECE VO ERL TER
MiTHBL 2o, Cix Table3d wHRT &L WTh
3, 0'025~0°051% FEELRD, FOEELC OV TIHE
ML TENEE LS.

Table 3. C content in alloys melted in a
Tammann furnace. '

Added O%Nb@mmiww%N

All;)ys Analysed Co Co, Co
Nichrome 0°039 | 0°032 | 0°032
Nimonic 80 0°025 | 0+041 | 07046
Nimonic 90 0°044 | 0+051 | 0°050
'Nimonic 100 0032 | 0°050 | 0-046
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a. 0.0324%N

a. 0.0303%N b. 0.0552¢9%N c. 0.14149N
Photo. 2. a~c Microstructure of solution-

treated Nimonic 80 alloys. X 100(i/2)
D& S IR HEE ORI LR gmr
Z9AN _ g
4. FEERE(LiE 3
CEEOERESEE Y S 200
CbBHLAG. Fig 3w §
=% & £ Nichrome 4 =
ETRERFEL THELE % o05 00 Bis
0

R&idh 5 0 T d o0, Fig. 2. Hardness of
Nimonic F4H4 TIiXAlYE  solution-treated Nich-
Ti CXBWHES L Tome and Nimonic
alloys.

HEt B X O @ik '
BIILOR¥WS N9 kDTS, Thbb, EEN
HOEERET LMMOBELIIE T 5058bAREL D,
EHRPE ST LR wE T B L HiFsh

C B LOXIRBRRIROTLLFHTES. BEHD

129

Y



>

, »

e

Ni-Cr RE&C6 T T EROHE _ 37

il 5

2

N
S

Nichrome

Jas ]
S

1 P T S T S Do . |
00 200 300 400 00 609 G 00 00 1000

0030354 4/ P0S5296W
21736, ~3

Mmonic 50

]

Vickers hardness (3049)
“y
Q

S
<

S Y
= 350

N 7 aITE0%H
3 00624%

Rl Himonic, 90

§

[ S S TN N RN MR SR R
100 200 300 400 500 600 700 8§00 900 1000

j%“ 50 =3 00426%N

€ / 020NN
3 008159

%0 Nimonic 100

N

N

g

1 1 1 | | 1 1 ! L
00 200 300 400 300 600 700 &0 3900 1000
Heating time (h) at 700°C

Fig. 3. Hardness versus heating time at
700°C of Nichrome alloys and Nimonic
alloys.

U3 L 7o SR 58 SRS A Vs B NigAl 2 NigTi o
FHBES I D ERECHELT 28, FBKEIhbo
BEDEL LD, EbBEO Al 2 Ti PERTEES
NTWAH-BICEMEL BV, EESSILESEVEERZE
FEORGE/ERETH MB(LICE < <& Al © Ti DEFE
ST 508 EKPKBENET 5. »wFho
Nimonic F=é&4&3 300 BRELLEMEAT 2 L ERDE W
NEWZREEE DK T As K & < /s %%, Nichrome 54 T3z
FEDEF LA LPEMERON CHEET 20 CBEEIIER
BICHFIL TH <, WEBLMELAER bR, |
5. EIGEEE ' ’
700°C T 1000 WfIEFEhLEIE D&ZE D 700°C I
BT 5 EEEENR Fig. 4 @rR7TZEKFEREE I
TVWFh Ly b — REETO~OE A, EERL—
E & 15 & Nichrome 235{%T, Nimonic 80, Nimo-
nic 90, Nimonic 100 DIEIKE 7D,
& Tl Nichrome &4LISHIZERRIC AL TE < 75
DTW5,

6. HFL Y — I

Nichrome 44 CHE 6kg, 700°C opghiF# V) — 7
BERLD E Fig. 5 WRT DL, EERbFricH

FoRIEOE,

T LERBAHN T gy

HOTEBH BB maric 10
SLREEAMT LR S
safr DI L L EREE ';5’; 300 <« Zwe Nmoric 80
FOMMOHICES  §
BEBNBUBLLE S Nimanic 90
5. I TR §200— ’.(ome —Eoomotem;z
F 21kg, 700°C o S Nﬂ?'””“
¥r U — FEESE Ni- -
monic REETHD Yo op ais

N %

L Fig. 6,7,8 WWRT
TEL, BEFREOHMT
1T &S en i ok b e

Fig. 4. High temperature-
hardness of Nimonic alloys
aged 100hrs at 700°C.
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Fig. 5. Creep curves of Nichrome alloys
at 700°C.
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Table 4. Rupture life of Nimonic alloys
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Ni-Cr Re£icis X &i?é%@%g 39

Table 5. Nichrome containing nitrogen. -

Alloy mark _ " Cr ~ N-addition N analysed S O Ni
NC-0 20.0 Not added 0-036 - Balance
NC-05 ' 20+0 005 0-044 7
NC-10 2040 ) 0*10 0-+53 4
NC-15 20°0 0*15 0059 ) 4

NC-0OT 159, NC-05T

00
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Fig. 9. Expansion beha-
vior -due to heating of
Nichrome containing
nitrogen.
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Age-Hardening Characteristics of Nickel-Base
Heat-Resisting alloys

(Studies on Nickel-Base Heat-Resisting Alloys—1I)

Synopsis:

Taro Hasegawa

Age hardening characteristics of nickel-base heat-resisting allovs were studied comparing

with carbide precipitation type heat-resisting alloys.

Age-hardening' of nickel-base heat-

resisting alloys is-much faster and more remarkable than carbide-precipitation-type alloys.
Hardness after aging is above B.H.N. 300 within 10 hours at 750°C, though solution-treated

hardness is below B.H.N. 230. Maximum aging hardness is attained at 750°C, and above this

aging temperature the coaguration of precipitates becomes remarkable and aging hardness

falls down.

As the amount of Ti, Al and Nb increases, hardness after aging or solution-treatment

increases.

Addition of Mo increases aging-hardness of Ni-Cr-Co alloys, though it does not

affect to Ni-Cr alloys. Co, also, does not affect the,hardness after aging or solution-treatment.
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