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Uranium Addition to Low-Alloy High-Tension Steels.
(Influence of uranium addition on iron and steel—III)
Masayoshi HASEGAWA and Ichiro ONopa
'Synopsxs

In the previous papers, the authors suggested about the behaviour of Fe.U and UC formed
fin carbon steels that Fe,U was decomposed by the solution treatment over 950°C and UC was
wery stable even by tHe solution treatment at 1200°C.

In this paper, the authors reported the results of investigations into the effect of uranium
-addition on three low-alloy high-tension steels, Si-Mn series, Mo-B series and Cr-Ni-Cu
-series, and into uranium application instead of molybdenum in order to-obtain a bainitic
sstructure. . '

For Si-Mn series, the effect of uranium is almost the same as in the previous papers.
Impact resistance at low temperature is reduced by addition of uranium and the transition
‘témperature increases remarkably. The merit of uranium addition to this series is the for-
-mation of stable carbide and 1mprovement of corrosion resistance against dilute hydrochloric
-acid. .

For Mo-B series, no effect is recognized in normalizing at 920°C, but at 1150°C, the bai-
-nitic structures of the specimen containing uranium become very fine and have an increased
in hardness. The same effect is observed in the hardenability test. This finer microstruc-
ture has h1gher tempering resistance than the standard one, and secondary hardening occurs
at the tempering temperature of 550~600°C. As compared with the effects of other elements,
the effect of uranium is as little as niobium but less than V, W and Ti. It indicates that the
solubility of uranium to austenite is improved by the coexistence of molybdenum and uranium
precipitates in the carbide reattion of tempering. But insoluble carbide is retained at the
previous austenite grain boundary in the steel containing excessive uranium. The bainitic
structure is gained in 0°48% uranium steel normalized at 1150°C, but this structure has not
-s0 high tempering resistance as that of molybdenum-bearing steels.

For Cr-Ni-Cu series, the effect of uranium is similar to that of molybdenum, but of mecha-
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nical properties the ductility and impact resistance are reduced by the addition of ura-
nium. Slight secondary hardening based on the precipitaion of uranium appears in this series
through the high temperature solution treatment. This is different from the Si-Mn series.

I. #

U DRI I XIETEHBRIEREZH S it T 572di1c
FFEDOIBIEDD KB T, 551 CRIEREMC B
% Fe:U OBYABITH T %X o WsE L, 950°C Bk
DEEILIC XD TH —ZFF 4 NeEET 5720, 20
WAL ZHEI® B2 L23CE, BAERS 2275 D BN X
HBHTEBRbr O, LrLE 2Rk T 5hRERNT
¥ UC #AERLUEAIT 1200°C THEET, EYE,

]

COMTHGCHE S EEE B E Lol I s A ETGH

TERVWT ERbOk. TRHDOLENDEITLESR
EERVCERERMTIXUOAETEREE L CoMFITIEE
AEHRTERVD, BI3IXREZEUHETOUDEH)
2, UlbaWmEEEL b5 BIbam@E s UTERILY)

B AR LB A OFENIRETHD, EF DX O

TECOBEENR, EERFOMBE i DA, <174
MR ORI T A HE L EICHT 5 U0 ELZIES
PCT B, BEOKEEFRAMCE XIETUOE
BT OWTIIZE L 7.

II. 88 B A &
Z OWIFE TEIN L 7280fE 1 0°259%C DL Fo Si-Mn
%, Mo-B %, Cr-Ni-Cu %T, #NnhFh7=54 b+

W, N4 A4 MR, BRI 3 ooXEMBicE
SETHELZRL LT EORIRLD0THS. %

(Recieved 5 Feb. 1964)

7o Mo DRRFIL LCUZBAL7BE& D<A+ 4 MERK
ChEIETEELmbs7-» U—B R&mzi. b
OB OB WS EIIRBRRBETH Y, Tihbb/ NER.
Wk FAV T BEARTIC X A1 3 5kg, I
FRIC X DI 18kg OEBE Uis. BREREE L
TEFEME (S10C) 2V, #ek, TR CRHTE
ATV, A EBIERIE 0°05% @ Al ZF\ 7z, UEH
MERIC 7 =v9 5y (U:88%) #EMIROFTFHAL
2. SRBRI A ITECENE ERD 7018, 1100~900°C THH L,
1oL L. 2LTELNFEET 13 74—
TILSS T iER % Table | R 7.

L R & & &

(1) UoHRLBaE

UDKRERINIFRENEM:, FEECKTE2BRTHZ
EHETHD XV AMbNADT, FORMEIL02% T
& L8, Mo-B %, U-B RCIEISHEZHD x St
Bicsd 0°6% AT E Lz, SFEERick 3 U o
Si-Mn TV 35%, Cr-Ni-Cu FR&Ti% 37% TohD
7z. LA2»L Mo-B SRCi3#mL , 68~88% &L 7.
UL U-B RiTH\Tik Mo £H0HBE X ETFL,
48~58% T dH2otz. B 1 HOFERE»S UDHRIMED L\
BEEEESET T 5 2 L asboDiz0s, Si-Mn %,
Cr-Ni-Cu R CIIMBHEM L F— T > T &N TE .
LA LINIMED S Mo-B FRTIIL0 &k T

Table 1. Chemical coﬁposition of s‘teel melted. (wt. %)

Steel c Si Mn Mo Cr Ni Cu B U
U-10 016 0°56 14 —_— — — — —_ Nil
U-11 0*14 0°*55 *50 —_ — — _ _ 0087
U-20 0°15 0°42 0°66 0°58 — — —_— 0°003 Nil
U-21 016 0°38 0°59 042 — — _ (O'OOS) 0°34
U-22 0°17 0°38 0°59 0°29 — —_— — 0°005 0°49
U-23 018 0°42 0°65 0*50 — — —_ (0°003) 061
U-24 (0°12) (0'40) (0*55) (0°20) —_— — — (0+003) Nil
U-25 (0°12) (0°40) | (0°55) | (0°80) — — — (0°003) Nil
U-26 (0°12) | (0°40) | (0°55) — — — — (0°003) | 0°29
U-27 (0°12) | (0°40) | (0°55) — - - — (0°003) | 0°48
U-30 0°24 0°50 1°68 —_ 1°09 0°43 0°68 — Nil
U-3t 0°23 0°+31 181 — 102 0°52 0°*65 . 0122
U-32 0°*23 0°*31 171 028 1°04 0°51 0°63 — Nil

Total uranium 95,. Courtesy of Mitsubishi Metal Mining Co. Ltd.

Parenthesized value is expected one.

Analysis except uranium is cited by courtesy of Nippon Steel tube Co. Ltd.
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Fig. 1. Austenitic grain size of steel used

by JIS carburizing method.
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OFAIIIE S T,

U Bkl TR T 5 A M D T RERI T I B S B 7
DINERE AHic. U z&iekEis AFEMITHE T
UN, US, UO; X Th 0, 2%, &, BRZERIC
EUEMPICEEOURRIML TAERS &, $bb
UNZEEN 2 #9150 g ISR L, RIREFRZHmL T4 N
HPRELE 728U %
THIL 72481 U BRI L, UOs VZEMEk & L T4
LB ULl CAaRESEk. $72U0C1TU
& efl C-Cr-Mo §ii% 1050°C CTERBRL L E
MR AR EN TS DERARL. ThHLOERICID
TELNENEYOTES Photo. 1 (a)~(d)ITRL
7z. UN, US, UO:, UC Wb iS5
THY, ECEAESRORBAU ETH 570, HERHT
B OEEE S Th b oMY
BRINLIC X2T X OBEGITEILL I L Bbh .

(4) BeERIRLE Bk DT HE ' ‘

920°C X1 hr OEEELR{T>T, PEMEHARZHRE
U728, Si-Mn BT U RIS Y = 5 4 MRS
EPIHERLL 7o, BEReeHmL 2. (Table
2 £M8) Mo-B R Tix Mo AL THN4+4 Ml
L LEEE1E Mo B3 T 5

LIETFUL7. &< 006190 $MIRTOF —~ A7 54 b

BRI AR D RE ORI ERIE L. 20X 1T 920

(b) Uranium sulﬁde (boiled sodium picric ac1d)
(c¢) Uranium oxide (as polished)
(d) Uranium carbide (Murakami’s reagent)

Photo. 1. Microstructure showing various
uranium-bearing inclusions.
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Table 2. Mechanical properties at room temperature and impact _strgz;gtp gp}Q?C. ‘

Hardness  (RB) Tensile  Yield 15 . Reductioﬁt v Charpy
Steel : strength point- Elongation | ;¢ 5.eq | impact strength
No °C,1h °C,s8h (%) . -
+ | 920°C ;1br | 680°© 28T | (kg /mm?) | (kg /mm?) o) (%) | at0°C (kg-m)
A.C: A.C. v s , .
U-10 82°5 — 56°3 . 40°3 41°4 . 485 192
U-11 86°7 — 61°9 — A 34°0 -390 | ' 30
U-20 RC11°4 — 70°4 — 26°3 43°5 —
U-21 RC 98 — 67°1 — 246 1350 —
U-22 RC 6°5 — 64°8 —_ 297 37°0 —
U-23 RCl14°5 — 70*1 — 11°7 7°0 —
U-30 R C30%4 RC10°1 72°5 56°1 32°0 44°0 147
U-31 RC32*7 RC106 78°0 49°*5 18°9 320 4°6
U-32 RC35°3 RC12°0 71°1 557 31°5 42°0 13°9

920°C X 1hr—Air Cooled 1150°C X 2hr—Air Cooled

0°29% U-B

0°48% U-B

. Photo.2. Microstructure showing plate-like

pearlite and ferrite of uranium-
boron steel. X400 (2/5)
(2°5% Nital)

°C TORETIZUIC X BT, UILEMITE

PEETH B N5, Fio U-B FRTiX 920°C .

DOEMETIEIANA F 4 bRESC EHSTET, HRRR
DT =4 N, $—F4 ML, BE D 2B
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VIEEHE AN E N e, ez X o TV wOvT
Ha MEBE 7Y, &< UL Mo ZTNNLICRE TS
B s, BEE U, Mo il b ougnt 7.
Wic Mo-B %, U-B RicoWT 1150°C X 2hr DEE
v % 7o T HAMEERE A R L 7. Mo 2&T U
SHOMEHIENERIT < DB E 7R D, RALIAR D S

BT B. TR b RERLCE & O MERE

Photo. 3 IR . F_ERER 2> TRILMOST %
L '“o/%‘f:rk Z %, Photo. 3 b:ﬁ:L,y‘:g: 351z, 0°619%U
TR DI — AT F 4 MEFICARE ORI E 278D
%&k-C@%ﬁ@ﬁ@KlOTU%M%®@§H%@
# (HrC 10) X D2z b3l HrC 17~21 WWEL
Fo. L7280 C Mo o3tfED b & CURIMAD N A 7 4
FEEREER, 272UREDSL A —AFF 4 FICEE

FrborLibns. U-B RTE 029%U @i

©1150°C OEEHE K-> T h 920°C DI L FIFRTH 5 2%

0°48%U TR WA N A F 4 Mz &
amquiﬁxﬁ%ﬁiWW%UﬁnhB81mﬂL,
0-489,U Tt HrB 89 ZRL 7. L LEBEEPDLHD
HBE S ICEOT —AF F 4 PRI DR, R
ROFBERMEZRL T 5.

(5) BHRMECE IETHE

Rt R MO BRI E B JUE T U oI5 IR3E

CxBHEL, RO, ERT AL EHE L. SEON

%ﬁ@KﬁLSPMn%,MWB%Tm9m%xﬁm%
#&, Cr-Ni-Cu & TIL 920°CX1hr pye | 680°C X 8hr
R, JIS 4 SREBA 2RV T3 RARET
v, FoisE#% Table 2 iRLK. Si-Mn FRiTk\
CRURNC Lo TEEER S 2R WmL , WU, Y
PAETFL7z. Mo-B HTIX Mo DEDLLDKET ElE
WATHMETFL, &< 0°61%U $ATIE Mo 0°50% T
LB, %0 BIERIET Lz, Cr-Ni-Cu R CIIBER
WA X <, ERIEREI X o CESEZ HrC 12 Bl
T UTREBE T OREER, Mo FRIMILIEENN L 13
ER—THo7n, URMSINISBRIES 23 I H#m
LS, MR, O BIERIET L. 2o X5 UR
TNEEE 920°C DEEHET ko TIXERATMEZIEL AL
WEF D L, KRERIMEIMY, K0 2ET SR
5. bV TNRLUCORESCHELIHERTD
29, BEHEEE A EDIUE, &< Mo-B RTE\WT
BRI E O E DS HE S . L L CTHAREBEEmIT
Lo TRDBLAFELIBRVWHIRLL2LFEXDNS.

(6) EEECHIETHE

UREES XCEBOHEELETISZ L 2HEL
208, THEEEMCRT DI Si-Mn RiCDOWT2
V. 95y x v E—RBE T X0 TRIEOBEERRZT

— 55 —
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2.5% Nital Etched

Murakami’s reagent Etched

0.58% Mo-B

0°42%Mo-0°34%U-B

© 0'5%Mp-0°61%U-B

Photo.3. Microstructure showing ba
carbide in the bainitic structure obtained by
heat treatment; 1150°C X2hr—Air cooled &
700°C % thr tempered. X400 (1/2)
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Fig. 3. Impact strength of Si-Mn steel at low
temperature (Charpy V-notch)
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Fig. 7. Tempering characteristics of mar-
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kTable 3. Target chemical composition of 0°5% Mo-B bainite steel.

C Si ~ Mn Mo

v w Ti { Nb | B U*

U-50 0°15 0°40 . 0°55 050
U-51
U-52
U-53
U-54-
U-55
U-56
U-57
U-58
U-59
U-60

v

— ' — — | o003 it

{ l

r R
o

| l

|

BEN
l
o)
8

*  Analytical value.
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(Fig. 12 Z18).

ZD XS UOHRE UbNOhO&ETEOMRE
Wit 57, 0°50%Mo-B #~N—2¢1, U,V,W,
Ti, Nb 2L 7z BIREOD skl % B L 72, (LEswt
#®2 Table 3 RLIZ. 920°C X 1hr MHEH¥EL, 400
~700°C T4 1 hr BERE{TROIEHE OBRRRHERV
RV THVIR{CS H B L R0 7o D3R HE T
%0, U, Nb iMEHME SEF—TH2ok. VOBLH

— 59 —




1448 - o Bk a.'em 88 50 4 (1964) 2108

. 120 ' '
Jo0V | 5% HCL sol. 50°¢
Y '__ 80 .
X \W
ol ?V\f\ _
40 x .
20 I~ /
x : * Si-Mn-0.087Y
W e
BHOT | 8% HzS50a 500650 o (B1V—]
S s
S/20 St
g .

\
\

O

Weight loss
3 %8 8

20
- ||
» 9 o, (%)
900 34%@waméﬂ£§Lm
300 i//g 5(; Mﬂ —
200} ////
100 (g
d .
00 / 3 6 10
Dipping time (hr)
Fig. 14. Corrosion resistance of Si-Mn and

Si-Mn-U steels.

K& 2 WHELREL, 600~650°C kT HrC 20
nb 30 NI 7z, BV CHTRCRBR O BmIEEHE (1150
°C x2hr—A.C.) %477x\v, 400~700°C ¢ 1hr, 3hr
BERL , tempering parameter Z{EEIIC & > THERSE
e Fig. 13 WRLE. U BEINRIC Lst > TS
DU RAVE FF 55, BEEED parameter 1305048
Qigof. THEHL V OBE k&<, BEEED
parameter WZLRVAS, 2 WHELEIX 0°25% V T
HrC 15 225 31 IEL. WIXURKRrv ~<vE BF5
BVIEEOEIETV. Ti OFRIZV itk fTws
DEREEED parameter 3R, £ RHACBTL
7z. Nb ORIV TE Y, REOWE, bFEric
REORILIPEEL T 5. BED T & 55 Uik
SLETERE V, Ti oW TERENA 74 MAOTH
BRECrEDTShIR 2 3 2 b0 eExbh,
Mo ®FEDHETIVELF~2FF 4 MEIET BT
Lambni. : :

7tk U-B FikFWVW i Fig. 12 @ HRLELXOSK
0°489%U 4HTIE 0°58%Mo SHX D H B X IXE 58, K
R2f7755 & Mo BOB4 X D iBRRIZ <, Xk
500~600°C T 2 WL DS I ofz. LksoT U

B TB L5 ML CrRRIL T HIEE S5, Bk

D7 =74 , R4 MIBSBIIC R 5T €T,
RAF A FEEROIBDTH D L EDbiD7.

(10) WEHICk Jig g

Si-Mn RicoVT 5% HEER, 5% Wik, 3% Wk
RV 50°C CIEER B 2770 THBITE T A Elk %
L HAT7z. B OB R TIERIC R i Rk o k%
G L7203, &ED Fig. 14 WRTX 5T 5% B
ML TRIME U ORMTHre ) iTEERREsShi. L
L 5% BRERIC3IL T URIEROE EREIZ A X <,
3, 6 hr TUEMTE D DERH LN 5 EREHTIII L
HIFEER LRET, X5 ICERETR oS AET
BT ERTREND. F723 BRBRICH L CIERHE
DREREIIRL, BEATEELAVWEELRS.

IV. #% B

'ﬁéé%&bfso@%@%@%ﬁ%ﬂ” Zhbic
0°6% DITOUZIFIML CHEEZFAER, RO -
L Aotk ' o

(1) URIMAOEEE, 4254 MNERREE
XU THAREIIC B, bFrfRBnsn 513

ERAQAN

(2) Si-Mn RIETIE, ME U OFEIN X 2T5 5k

B X A ORI B, RO TEMREML, FmE
DEEEHUHET L, BRIREL LRSS

Losb BHRD LR O BRIC X > CHE R kT 5,
ZEETEL .

A BHE U O &2 THERMICH T B Ak

RO BEIND.

(3) Mo-B, U-B %Cix

(a) 920°C TOBEUEET, UZEINL T Mo # L 7~
T TV E MR T L, BEXfTao>Td (L.
A '

(b) 920°C TOBEAETIE U-B %0 2 B IZ~ A4 5
A NEBBHZERTER. F72 0°20% Mo i~
474 MBS .

(¢) 1150°C x2 hr OEE#ER T 5 & Mo BARL
7 UTIROTE S IEm L, SR AIRE 78 5. LasL
URBREWHERWOL — 25+ 4 MERICRIB DR
MHFRD. ZOMBET 0°20% Mo, 0°80% Mo ik
LHRARAF 4 MBELRD. o
- (d) 0°29%U $1E 1150°C DEEAETH A F 4 |
RELNILES, 0048% U §lIZZ OMIBTNA F 4
TR T = 5 4 by 19— 5 4 MAKGE 78D, =7

(e) HEARICHOA—ZF + 4 MERICIRED

— 60 —

®



,@\ }

27w a@EaNV MREE L4 2EICWNT - 1449

UibamrmEd+5.

(£) 1000°C OEEABRUBIICE OTHITEAL
ZAEL o8, 1200°C. Tix (d) THE RERIC~ A 7 4
N T D BEAME A BT 5. Lo LIS wE
CHIDOTHEREZRT20EEZI SN,

(g) 1150°C BEUER DRI X 2T U FRhnsiix 550
~600°C i 2 WL R T 5. 2hlE Mo tED S & C
URA—27F74 ML X DELEHBL, HERORILY
FISicsnTUnsik D B82S LEL TV 5. Ll
U-B RTELNIMIRISN A F 4 MROMBIEHBRE
MEVE7n <, %72 Mo M4 X b k(L.

(3) Cr-Ni-Cu FRMo3FRME S 13 U dRhncHiin
B3, FEMER L DIRAT B . FREEE D URINCE
TI5.

Fir A URSVF U4 FOREBRERFE
SEDLICHDETTS. ERTHEKRLTSE, BRICXD
ThTHriT 2 RB(LAH5h5. 2oz Es»d Si-Mn

FEiXz ey, Cr-Ni-Cu H£FD 3 LT UBHE

BT 52 LEnbioi.
B R
2°25 Cr-1 Mo iz E?]*T%)

Hwoy ) —F aﬁ@%%'

I XA, ~0°12% U B EoFsimic &2 Tl $550°C &
)~ TR LIEINT S C LRk, MOBETEE
@@%@&@Lowfﬁﬁkﬁn¢fﬁé

B EEF"

ZDHE3 %’zé’*f@‘ék&)t D, UxofhoftiEs4ricd

L TN 2 1o R 1o ZEE S TR R R A SR

Fifds X O R A BARTRGETICBA 3 5 & £ b, 51
OB X 0\ &V i e AAEIREREA [ 5
VRIS ] OBRICHL TR LS. Ak,
AR — 80 M R B B O T TR A 5L )
S OTHLPNIbOTHS C L ENEL THEL
=15

X A
1) EAN, #ZH: $kedl, 49 (1963) 12, p. 1788
~1797 ’
2) EA/N, BHE: gr8, 49 (1963) 3, p. 536~
538 .
3) BAN, #FH: gke, 49 (1963) 2, p. 174~
194 '

4) K. J. IrviNne and F. B. PickeriNg, J. Iron
& Steel Inst. (U.K.) 194 (1960) 2

Fﬁﬁ]jlx

=DAGINEY: 1 P Xﬁ?fﬂKOPT

moN e B

On the ngh ~-Chromium ngh -Cobalt Type Steels for Hot Work Dies.

Synop51s

Tomitaka NISHIMURA

The fundamental characteristics of 12Cr-7W-0°* 5V 5Co (DSE) and 12Cr-7W-0°5V~10Co (DSF)
type steels for hot work dies have been investigated. The results obtained are as follows:

(1) Transformation temperature on heating, specific gravity, specific heat and coefficient -
of thermal expansion are measured, and particularly it is noticeable that the coeﬁiments of

thermal expansion show small values.

"(2) Secondary hardening occurs in the temperature range from 500 to 550°C, and that
resistance to tempering softening becomes larger with increasing austenitizing temperature.
The temperature range suitable for hardening is from 1050 to 1100°C, so the austenitizing

temperature of 1050°C only is used for all tests.

(3) The nose of isothermal transformation curve situates at the temperature of 750°C
and 15min for DSE, and 750°C and 25min for DSF. M; temperature is 205°C for DSE and

175°C for DSF.

(4) At the testing temperature of 600°C, hardness, tensile strength and impact strength
are Hv 225, 93kg /mm? and 8 kg m/cm? for DSE, and Hv 270, 107kg /mm? and 5kg m/cm? for DSF.
(5) The dimensional change of a round bar at the tempering temperature of 600°C is
10°0459% for DSE and + 0°040% for DSF in the direction of diameter, and 0% for DSE and

—0°010% for DSF in the direction of length.

"(6) The tempering at 600°C gives the best impact strength and wear resistance at room

temperature.
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