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VARIOUS PROPERTIES OF SOME TITANIUM-BEARING
STEELS USED FOR HIGH TEMPERATURE (I)

Toshio Saito
Synopsis:
From the standpoint of resistance for high tempreature and higﬁ pressure mixture gases in
an ammonia synthesis industry, ﬁve kinds of steel, e. g. Ni, Ni-Ti, Mo-Ti, Ni-W and Ni-W-Ti steel
were selected and their practical propertles were studied. These sieels were generally low carbon

and low a]loy containing steel, and as for titanium bearing steel, its carbon was ﬁxed by adding
titanium over about five times of the carbon content.

Results of various tests were summalized as follows:—

1> Properties of titanium-bearing steel were changed according to the condltmn of titanium
carbide, whether its carbide is soluble or insoluble. That is to say, when tvamum-bearmg sﬁeel
was quenched from high temperature as its carbide was dissolved, it hardened to high hzirdness,A

. then its carbide prec:p1tated by tempering at about 550°C and caused precipitation hardening and
brittleness. 4 ‘

2) Titanium bearing steel, .ﬁormalized at 800~900°C after hot forging or hot rolling, was greatly
softened and increased its toughness. When it was quenched from these temperatures, its harden-
ability was little.

3 ‘I‘itahium addition to Ni steel and Mo steei, increased its strength at high temperature, but
on the contrary titanium to Ni-W steel decreased ir. Toughness at high temperature was all remar-
kably improved.

4) Rupture strength at 550°C decreased by titanium addition.

5) According to welding test of each plate specimens by 18-8 wélding Tod, titanjum bearing
steel and Ni-W steel were better to adopt preheating to dodge the brittleness at fused zone,

6> By oxygen cuttmg, every plate could be cut easily, except Ni-W-Ti stéel plate which was
difficult a little.

L)

e, Ni g, Ni-Ti 4, Mo-Ti ¢, Ni-W 4§, Ni-
L ® W-Ti 00 5 HC5 3. 4R UT O BRI
7 rve=TF7HRIE rﬁm?&ﬁﬁﬂmmmﬁlﬁomm a, %:f:"l‘i‘comﬁm:‘ X3RO bR D WTREL
BH, T v =2TRAVACHELTE LB 2T . L s
IENBROBERBRA 2 B T3 KK GRS < &

i

ETEEERRAY 2 OPICD 2 BAERFESHT T ~ ﬁaﬁﬁ&mz’*
AT, 4Fc N, W ot TiogiRicvwoTHE LT .m";a“ﬁ@ﬁ"*zzfslz*zﬁ,rl,r ﬁl@@:ﬁmu-f«

=D 2omMECHT IRBER cECTT 2 CRpL 2 = FPOIRERLE D b 0TH B, T
STERBEERARE LTHYLHELERL, UL N @$uroz=7aRAmMHe LTk o FHESLR i
Dfs—% & LThRTEERLEH I & A LE. e

BRI - 2 P oMY S BTh L EISEES * RSt H R340 AT B AVEITE



:zqulmammoﬁﬁﬁhowf 1) 29
1% ﬁa,ﬁﬂmzﬁwﬁ}
— i . .

C I'si |Mn | P 8 M| O W | M| m | Al

NN @l 12 .10 [ .38 -011'i 021 | 3-89 02 1 — - — tr
Ni-Ti @ | -1l .28 41 w018 | 019 | 3-16 ' 05 . - — — | 790 -33
Mo-Ti & | 12 .49 { -ab . 018 | -018 a7 08 | — . 25, -498 .27
Ni-W 4 | -1a | -36 017 | -019 ‘ g12 | w04 |10 1 DD br -
Ni-W-Tig . 15 41| 44 ©-003 | -024 | 206 j 06 | 182 | — -845 ‘18

Rbia@fics v, Ni-W iz C. Bosch % 5o
RBEToTL 2R BH T3P, Ni-Ti, Ni-W-
Ti @iz milicCRO 5 M Lo T 2y LTH
o C 2 252 TIC oBic L THIAEM S - »
RELE b oTH 5. Mo-Ti $dfese » B+ 1
Z~o Mo #ic Ti 2y M LAEbw<TE 3.
ZAERPHE S AR R X v T00kg LB ke L
# e 240 LT Tz~ v~ ~ i T LT £ R 5
BRI L, R B et o Sa ke L < 9mm
Fo@gie Loz olof A Befior. Ti o
mMmxMEtsE o 27- 7% Ferro-Ti KEokn b Al @
WMAREET B e, :
oW b IO 2 LT Macro Jeg e e vx Sul-
phur Print 2§7o%. tofFIg e LicRLER
5 Macro #ifk<ear Ti @ifh‘éﬁn&ifﬁriwmm@ﬁmﬁk

A’f@&%’rfm Macro kK Sulphur Print
f?. 1 L

M LEDEBRO S 35 2 M Ag gD
TR % L ?’57@%77‘ Rd B,
Sulphur Print “cix4 Ti & IXRHES % ¢,
fitv Mo-Ti g 232~ ¥ ¢ Pring -rn%;: < 3.

HL Eﬁ&ﬁ%hﬁk?ﬁﬁﬂo%ﬂ
1. BB OAE JeoIERN X Y 5 HiEosimkey
EELEHPRRSE LA, N i@z Ti
R EEEERE2Z B L E ® 3. 45 Mo-Ti fi<iz

Tiog o

© Mo, Ti JtrcEBERN 2 Fi 2 355, Acs B2 Me4 1000°C

FCEHBDBRTW3. Ni-W @i Ti 2 imiLT

03

N iR
F50C %10’
FC. 3%min

Ne~T¢ 88
930°Cx0’
FL. 3%hin.

Mo-Ti 53
1030°0x70"
FC. 3%hin

Ni-W R
900°€Cx15’
FC 3%Gmin

Ne-W-7T0 58
E50°0xI5"
FC. 3%hin

U BEEER R



30 @‘ﬁ-} Ti Féﬁimﬂiﬁﬂ@v&‘ﬁkﬁ’ikowf CI)

b A, BB VAMER e A BERGD T
d.

2, BEAESIC X BEiEEOEME  800~1300°C o &g
EEF R 1/2hr {RFF LTRSS LBABELZRNZE LE
BRRS2Eom<H 5. TI 28 Lizv N s
Ni-W a8l b o 52 AR EEC IR BRI RS Tr v b
2 Ti gliafTh LA REIED E i<, —K
PAL O SRR EO IS 2T v 3. PHEAMES

H iR s b o Bt % 7 DR BRI LT«
3 #%, 1300°C ldi'\'c % i due Ti 'jﬁa)*tﬁAbEBsu E& 7

akﬁohmim&w

50
20¢ L -
B | . :
\x \{__%
&9 : ’ L AT
.':" _.qr/‘
-
Re ot fw ’ ol
m“-q;w’
o
0k >
ﬂmw
g éo A )

"mABR R T
B2E B A BB

& Ti gokfeiais: LTz 800-~900°C 23 % Xk
. 1300°C kEEAZRTE 900°C 2 o £-40FE o BEiNEE
e RT LERM20M TS 3. 1800°C FEATR
Ni 48, Ni-w _'a?iz'aﬁ Ti %oH34 HKvs Mo-Ti &M%
SHORL{ R BBMEETREL T 3. N-Ti @k
¥ Ni-W-Ti §0sz 900°C ZevisBilk 25k A YR Uciik
PO AIC L H Lk B® bhizv. N ¢, Mo-
Ti 8, KXot Ni-W gi<ciz 900°C & x v Rk o
AR E R VRS SEI NS,

3. BRKXZFEECEL HEE»LEALEZRE
L HIB~T750°0 KR LCHECRLz R LE. 83
ElcAmfmoeiiRzmle. M g cuiiloi
Lz i3, Zofio@BEIcfh L RPorlic X
PEREANRDLATH3. 815 NI
CAFHEAL B b h 2 BEABENE( 23 KBV
MR RS RN~ ST T 28X R 55h 3. Mo-Tig
TihrEIE 1200°0 DL B0 B A 4R EL( B2
650°C oE kR 3. < 500°C irld 2 HrH ik
IoFLBEFS 5. N-WH<caWick 3 =R@Eik
% 550°C k@» b hEBEAREORVWEE/A BELY.

-Ti g<i 550°C

928

Ni-W-Ti ¢ Ni-Ti1 4§ ¢ KRR < 5 2395
12 800°C (AT B HRAEDIDED L.

0;

I T
I e AR
o 30 N 7
\:::f-.l F/ (4 1
20' ‘t&s /"’D.-c )
RN kY
. \d \‘:
;0 N N . - -
T *':._'/“\‘-’\\H
204 ===~ S RS N
& - \.‘*_/‘\\
e e

20
- 20F

/0
40

307

-._-----.c -—-

W0 20 30 40 300 600 W0 8w
R B A D
# 3 B BRERk 3@

4. TR Mﬁ@rxjmmmmo%MH%'
WA YR BCH MO BT SRR IC K IS B
RH 0PI E B~<Ti k. 1300°CH 5 kg A$#550°C
CHENIF L CEEZHEERIEIEHKRLE.
Ni g0, Ni-W gcaikibld CHABRR 2R T v
& Ti gl i2ffn b BB CRMBELesR b h 3. 25
Ni-Ti g3-clsamficE{b e R LY 25hr ORilp: o
L 2788k1E LI ® 3. Mo-Ti §liz— Bk L k= H:884E
L 50br #% % 2@ 20 T 3. Mo-Ti o
&%&u 650°C < 3 5 bz k U Eyvs 350°C Tux#r

KRBBHERT S THE5 2 LB IEBLERIC
ﬁ&*ns leﬂhﬁulﬂmr’LTWMﬁﬁL
E LB#®E RT3

MHEREO BB Y SRS 3 R LE. Ni-



Z=of T BiEfRo#ET contT (1) 31 .

Mo-Ti &8
1300°C x 1/2hr 4%

;\_ - 900°C x 1/2 ser
o TEH 2 RS <250 /2 )
5 BOLx Ry AR

S550°C BERREAE

S S R 7
Y .

AL LR

"

& BALRA- D5 M L BRI b i 3 2%, Ni-W.Tj
#c Smin FOBALIRE & Shy HoBkbimg & <5

AL ORIB R ER BB bhitvd b, BED
L2 3E LB R3 T 5o b o B, Ml o Sinss

MRIEHRNLELCBOLDeFEITITH S 5.

IV. MAICRIZTHRE 0L
5 T & BpEE o R U RERE 900°C o> 2 ik

T IZ DT EE~800°C a)%iﬂ“,{"‘ 1< lhr $ERR L CHEM
W OB 2 Tk, BRI - 12 SR AR
TEMLTEINADERREICS 3 28, 900°C &i4Tixd
Ti o A>T vwkiEcs 3 2 2 aiiEoRg
— RREDW L2 TH S, W RETHRERBEToR 0

JE7 =T ARBEME L Cr/)*”‘)‘ﬂﬂk 2 EBUELTIY

\r Ti 48, Mo-Ti S W ILikEE ORI 8 FM 2 1ITlb~T

“Ni-Ti ¢4 Mo-Ti 4
1300°C K% 1300°C k%4 .
550°C x 10hr. 550°C x 2 hr.
1RIF K 1R K%

Ni-W-Ti 45 Ni-W- T1 @

1300°C k4% 1300°C k%48

550°C x 5min 550°C x 5hr
PREF K% IR AR

2 3 f;ﬁtﬁlfﬁiﬂ:}i}w‘é‘@ gL < 250 (1)2 #5%3)

PrLIOTH D REHERGESEIRLE. 4’}5%&&11“!
b RBR 2~3 KoE#HjE < 3.

1. #RDoBE SESitEhobci, BEEE
REBRRTIEES Ti Ml 3 EH S > 5500~
600°C I BrliIc & 3 EBIF ORI MA Les. 900°C s ic

XY HEHZET LEREEEIC X 38k o (T
3. A Ni-W-Ti g5 900°C #2412 x =T % 550°C



32 m=oh Ti ;u]lmmm@nﬁﬂi’fkﬂw cro 930
‘WA:ai)i::‘:uﬁmth B RRESZRROBE ot Vof 3 IA3 % ¢ 1105 e e ge o fee iR k2T 900°C ’
‘ v 1300°C o =B HER AL BB -
~ SRTEHE A %SRBG g LTI RS & P

RRBRBSS 900°C THAKRR

=y = DGR C KT 2R,
1300°C 13 Fw =4 — v D RTE

4027 20 400 6‘170 a0 00 40 6w mp”o

TS F - R F v % ! o Bm2
/ﬂﬂg: }fl;!”-.i-f!: 00 & BEAMERE 3
1/t

bR (OF i

900°C geA <ixfe Ti gg(ijg-’" Py i
BERSRLTEY N f<id CEBCWE
LR Lo wBWolghic X ¥ AL
HEE(E2Tw3. & Ti i 35

. O )
o a0 M W 6w sl W
w R 2 R T

WO HhRE I BB OB

IR 3T I X B ERETINR & L T v
2. gEofEb IR OBECHIE LT HLiT iR
BEICIANG B eIk AR B B 2%, Hic NI-TE g3
LB TwE. 900°C 288-c b 550~600°CHTHi jsLIE
BT 1A T Sl T2 B BT A RO AL 48
iR b,
3. WRAOME FIRAERD Rkt 5 SR 900°C
2RI kY 2 Bkl IRIE I X U 15 BRA i T %
- i Ni-Ti g Mo-Ti gl i slifliod IRIE < L §Y
PEr AR % 900°C seiric X ¥ 2 BHRFT 2 kDT
v, BRI SEEE T OB R T S5 U LIS R ey
Bk R L SRkl SUR T 3 S AT BB R T
HREHNEPEA L 543 2%, 900°C i X VL (U
WInz. ML Ni-W-Ti ge> 600°C iy 3 Mtk
G EAREEALTHRCAEELTY 2. N-W gk
T 400°C ‘Dlﬂé“lﬁzoiz@f'ihﬁzfnf; 3%, 600°C i 3
Wbk 900°C iic & Y2 AL T v 3. il
*@@ﬂmﬁﬁﬁNKWMthﬁmuébntmo
7. Ni-W-Ti 452 900°C z&M1ck V3% L {$k1bT 3
i b5 600°C o BERCRTE LRIt E: 25
2o, W& Ti oMFfpic X %4—5;}}&9)%27?{4[:{@03%‘&1,;
B b Tihiovd EiEgT 5.

v 7J‘

V. Hardenability @:B5E

Jominy Test iz k ¥V ##fi© Hardenkility %l
LSRR amO i At L. BRARE 38R LB

hardening Steel & FIEkoMHiME AL T 5.

. Jph A FEALREE T EBZDTH WD
&0 s B ERLCGIICAE T, 28
HYREE BRIy
R LCHAEt & T 3 1300°C
o b o AT T faRLeBeiE xR, 2 #
i E B etk A CR—RREICAL U, AR{EOEy Air-

s
s CEEn 27 AT HERD

900°C o
M- Tif -

Mo-Ti nﬁ"‘
M- Wﬁﬂ'—"—‘
N=-W-Tigg ==

®
3oy
Re 20t

s

V——— W H W & B
S mA N0 B
45 65 Jominy FABREIR



