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INVESTIGATION OF BORON STEEL (I)
' Sadao Koshiba, Kazuo Tanaka and Asao Inata

Synopsis: . :

Effects of B on the transformation, hardenability, quenched and tempered hardness, and
mechanical properties etc. of Cr and Cr-Mo case-hardening steels and high-tensile steels were
investigated. The results obtained were. as follows.

The Ac, points were not affected by addition of 0.001 to 0.0119 B, but the Aéa points
were raised, while the Ar points were lowered. In this range of B contents, about 0.003%;
B is most effective to increase the hardenability. ‘ :

The quenched and tempered hardness of both Cr and Cr-Mo case-hardening steels containing
B was higher than that of those steels contains no B at tempering temperature of 200~
300°C, but the hardness of the formers decreased remarkably when tempered at about 400°C
at which there was no difference between them. High-tensile steels had the same inclination.

The yielding point and tensile strengtﬁ increased, while the elongation and reduction and
reduction of area decreased by adding B, but the impact value of case-hardening steels
decreased and that of high-tensile steels increased a little. The effect of B on carbufizing
property of case-hardening steels was not so remarkable and the carburized depth increased
a little by adding B.
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" Table 1. Chemical composition of Fe-Ti-B
900°C ,
Name - C | Al B Ti
[}
.Fe-B(2) 07013 ' 11710 | 1°82 | 17749, b L.

Fe-Ti-B % 0°001% (Bi&=) 7RIE L ELE skg

(3) BEA, BERERE
10X 10X 10 mm 53k % F  JUBESHSRO & D1 900°C

SR ESHE, WMREED X SMELSHEREICHEELZ X D iRmMRO 4 013 870°C L b WAL 100~700°C
N Zi Fe-Ti-B 07002, 0°003, 0°005% % % DERE: DOFEREIXZNZ I th MENGEREE= v 7 v = AR »
Al0°01% T THHERBZML &L 1-- COBEERB AL
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i bé@i-ﬁ@{wﬁ%@ Table 2 2Rz $HsBHI2

HEPE 4mmde 4 %*fﬁﬁi?ﬂi‘@iﬁa‘o L v -
B T S BB IUSESHTAD & Did 900°C X 1
BEA L, 200°C BEER, P8BSR O 4 i 870°C SHiEA
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#% 650°C |z THERALEESS, TEHOFTEITHHEL L,

Table 2. Chemical composition and grain size of specimens. * annexation
Specimens . ‘ C Si | ‘Mn - P S Ni Cr Mo ; B*
Cr Case hardening steel ‘ ‘ ‘, ! | E
‘ A—1 0*13 | 008 | 043 | 07015 | 0-0l1 | 0°13 1°06 — i =
A—2 4 1 0*10 | 042 . — — 012 107 — 0°001
A—2 oo ! o005 . 7 1 _ — 0°13 1+05 — 0°003
A—3 7 1 0404 037 . — — . 0712 104 — 0°0C6
A—5 01t 003 - 027 | 0°015 | 07010} 0°15 | 0% — 0011
i !
Cr—Mo Case hardening steel | !
B—1I 0°09 0°09 0°44 ' 0°*016 | 0014 ' 0°13 110 022 —
B—2 0°10 0-08 045 . — — 012 108 021 0001
B—3 7 4 ro = = 0°13 1°07 0°23 0°003
B—4 7 011 039 | — { —  0°l4 1°02 4 0°006
B—5- 4 0°09 0°38 ' 0016 | oo1a 1-03 4 0-011
Cr high tension steel ! | i ‘
C—r 0°49 0*2¢ | 0-70 l 0°016 | 0°013| 0°20 1°07 — 0
C—2 | 0°50 027 070 | — — 019 107 — 0°001
C—s3 | 0+48 0°25 072 — — 022 11t e 0°C03
C—a 0°50 026 0°72 — . 022 1°09 — 0°0C5
C—s | 048 | 0°30.. 0°70 = 0-Ol6 o-mo.é 0°21 1*10 — 0°Cil
, .
3 B .
Cr-Mo high tension steel : : ? ‘
D—1 0°44 | 023 ' 0%67 i 0016 | 0°010! 022 107 | 0723 | O
D—2 0°45 022 ' 065 ' — | — | 021 1°05 024 : 0°001
D—3 1 0%42 4 0732 09 | — | — | 022 110 | 0°24 :@ 0-0C3
D—a | 0°40 |, 0-24 059 | — | — i 0°22 1°06 0°24 ' “0°006
D—5 0740 | 0°21 « 061 0°015 0°010  0°22 1°08 0°24 ' 0°Cll




¥ #H oo # ¥ (1) 603

FAFNOEREET 2 HEL 72 Table 3. Results of transition point test on
5) BHRER case hardening steel (°C) . 9
LSRR AR 10X 10X90mm ﬁg%ﬁﬁ/&a;; ¥y o : Transfor- | 1ransfor- | Transfor-

N . . ) ‘mation due. ‘'mation duemation due

RN T THER SV A BIF T2~ Specimens 1 heating to f1_1rnace to air

FNTERE T U B, 30 b bEVREB20 f —cooling __icooling

~35 x v 2 DH D 30%, 35~50 #* vy . 15%, 50 EBegm! End Beglpi End (Begin| End

~70 % vy 40%}LLF 70~100 # vy a 15% ¥  Cr case

LB b DRKGOEEE— T 5% 100°C g Dardening |

Sh iM%, BREESY T A 35% BLIREET + U T A ﬁ—é 748 | 835: 782. 703 | 683 557

— 749 | 834 ' 780 | 704 | 680 i 566

5% PRAEE 55 OEIRCEER Yy - A HAL, ﬁ—3 751 | 846 | 781 | 721 | 638 | 530
oC 17 ’ _ yr P YA . —a 750 | 847 | 785 | 729 | 656 | 541

900°C iz T Sh JpREEY — AL FHITHR/RE B HDILD X A= 746 | 860 | 797 | 7921 | e98 | 557

kT 7 =7 A4 FOFTHRB I NE 5l h’ 850°C &

SEEALTZE DD 50% < AT vy A4 F450% kb — R Cﬁ;%g;ﬁi:‘

ZA FREPFEENCI D 10 YEELEEAIL T E OIS Ste% 1 756 | 848 | 790 | 711 | 676 | 556

EHesk®, Bo<wA 27wt vyh— 2L HEREL ‘D@@ B—2 752 | 8s4 | 786 | 715| 639 | 537

B—3 756 | 856 | 793 | 726 | 658 | 548

REEbRHIEL 1o B—4 756 | 859 | 792 | 738 | 700 | 605

_ B—5 758 | 854 | 790 | 729 | 553 | 488
M. = 8 & 2 |
1
(A) Cr, Cr-Mo {JLigesH ' gr 0°001% WMEED § DITH L, 07003% LI EM § DaHs:
(1) ZfgR iRl v %%?L\f@ir’]acéé 72 BB DOEE1 BERINE 0°003:
Table 3 ICHRBEEE %574 %D b OHEEHRER L, ThBMETR»ADTE.
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W T BZRME 0°006% M E Tid, ZREBARRE S NFEBIT T AESREBARRIR BRI & A EARZEER DS,
1213 E A XA, ZORTRERBAMEO L - BRI 2B TIREZ BAIMC & ) i bAO-

' ' BRIZRT. X, EADEE L RIE S IHTREOERN %

) . ) Grain size ~T-
Al | Ti.] O H N .
| LG (2) BEARERE
: - T FREARE OB R RET TS ( iz
0°110] 0*010| 0°0079 | 0*00005| 00072 6°2 T WREBEST ~ CFRE BPER |
0-097] 7 | 0°0026 7 - | 00075 6°25
0+123| 0+030| 00065 | 0*00006 0*0073 62 "
0+119| 0*024) 0*0086 | 0*00002| 0*0084 59 o, :
0°048 0*009| 0-0063 | 0*00005| 00073 3°5 af\ S00% End Quenching.
& -
- iy
0°055| 0°033| 00023 | 0*00001| 0*0081 63 2 30} 4
0-125| 0-012| 0-0073 | 0-00002| 0°0088 ' 674 S0
0°130] # | 0°0022 | 000005 070070 | 625 O i -
0°050, # | 070025 | 0-00006| 0°0061 | * 6°2 ° 2 X
0'081 # | 0°0110 | 000007| 0°0049 | 66 5 \N
' sar AN
-‘ | } ! = s\n\\( A3(BOOOD)
! < \
0-048 0,013 0°0014 | 000001 0-0047 60 § R N s 000
0°052{ 0°007| 0*0013 | 0*00001. 0*0045 6°1 3 NG ,\{‘5(300//)
0°024| 0°077| 00039 | 0*00003; 0*0067 @ 59 < ol SNV
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0°034| 07027, 0°0014 | 000001 0°0049 |  6°1 RREEEEEEEEE T
' ‘ A1(80)
AZLE0.000)
0+039] 0°007| 0*0012 | 0*00001| 0*0063 59 g
0°063| 0°007| 0*0019 | 0-00002| 0*0060 59 J ' ‘
0-035| 0+011| 070050 | 0°00003| 0*0051 6°0 istance Jrom quenched end of specimen (mm)
0-015| 0C07{ 0°0013 | 000002, 0°0058 |  6°1 . Fig. 1. Results of hardenability test on.
0°015| 0°011] 070042 | 0°00003| 00079 62 . Cr case hardening steel
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Transfor- | Transfor-
!mTi?(;lIffoé‘;e mation duemation due
Specimens tf). heatin to furnace | to air
£ | cooling cooling
Begin| End |Begin| End gBegin‘ End
Cr High
tension
steel
C—1 761 794 707 673 376 | 279
C—-3 762 | 798 700 666 287 | 193
C—s5 763 799 704 669 340 | 256
Cr-Mo High|
tension _
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- D—1 781 807 727 697 372 | 293
D—3 . 282 8t1 718 692 205 94
D—5 782 811 724 694 322 | 292

35D LINEBOB A TR SRR B3 B 7AW
T DAERRI VK TEER ZNFNENIZ LR
TRERZET. WEAB I OZEEOBEBRIMCE D
FNFNEREEREESETT 52 BAREME 0°0C3%
MDD 3 O ZDERR S K THh 5.

(2) BEAMERER
IR (BIRER) 1wk b 925°C ki) B RERMREE %l
L k% Table 2 iRTHiEEkldk 2 T HREE
Tl 5°9~6"2 OEHEHPANCH D, 3 EAEKRERZL.

\\“\

60

870°C End Ruenching

S
T

a

. .
M{ffiﬁiﬂﬁ c4(8 0006
QX C*Né\

Rockwell Hardness € scale
2
1

X, & A\Q\A .
(. —_—
~ °~o—o_ a
S <Teny
30t cir(8o) 0\ a\a
€2(82.001). \

. o.\x~
20L = 1 1 L ) ) L 1 o

g /0 20 30 40 50 60 70- 80 a0
Dristance yrom quernched end of specimern (mm)

Fig. 7. Results of hardenability test on
Cr high tension steel.

Fig. 7~8 RWFREHMMc > X | 870°C & f)—fc%r%ﬁ
BRERERT-

© g h b mRIREEHIE BRI X b BEAVERBIKT S
25, BIRIIE 0°C01% &;bh"(‘ﬂidi&ht@ib&@

— 27 —



606 g & @ WAL E 5 6 B
-

601 ST o r- F & 3R #9300°C
& —_ 37”? End Q(/enc/nng ‘§:§ 72’”751/? Jfffﬂai£~ - Wi&i b @E%'ﬁ-
s : Sx w0 ) , . .

2 > 5.5 Yietd point T 5 ;b> L'\‘ﬁ“;h,
S &, . AN L8 <
7 50 o e D5(80011) é‘_%, 90} h P DEya B 00003
i X b . . S
3 X, 04(80.006) — Redoction . 4 & %TMD b OILBE
X % 03(80.003 20 . 5285 e
? . % / ¢ ) -l ’ : BEHIEL.
a0t 07(80)" > oofo—s—ta—a—a < s -
§ ) . o\o\ o —e—e i —140 & C(4) @Wﬁ%
' X —0——0-—g NS [ S -
) 02(3000:) = T § b ST 03 PUARIEELEC >
A . S
: S ) ctongation S X EEOBERLE
A R R R R § | T {vs mrwmesmm
Oistance from quenched end of specimen (mm) g 2 iﬁ] xy s s \‘
Fi L . 0 2 L 10 % Fig. 1l ¥
ig. 8. Results of hardenabtlity test on ¢ ¢z 3 ¢4 5 Fi —
Cr-Mo high tension steel. Specimens ig. 12 T/RY-
- Fig. 11. Mechanical property $7bbHIDHE

0°003% MIED b DR ABIFEKRTH 5. 703 L DEEE
BEPIDZRIIEIC ISV TIE 0,003% LI ED { Dz 72
TZDHR2EL T 2 HA%RT. L CrRO S DTtk
LCFM0¥®ﬁm%®%§ixfaa

& 60 c3 04
§ g-qf&—l
0\:°>~<
S S0F - ;° cs
“
3 ci Xﬁ
~§ 40 oﬁ\\ .
S . "870° 0il- Quenched S :
< : ‘9\
ISt ~}
s N
é 20 ! L L 1 | )
0. /00 200 300 400 3500 600 700
- Tempering temperatute (°C)
Fig. 9. Relation between tempering tempera-

ture and hardness of Cr high tension steel.

- 70T Oit- Quenched

2 60

3 : D3
C T A D4

Q [s]

g RS

£ N

S40r 2 \’3’\

E b o7 \9

K

Sw} \\\

&

® g
20 1 1 1 ] 1 1 - J

og - /00 200 300 400 500 600 700
Tempering temperature (C)

Fig. 10. Relation between tempering tempera-
ture and hardness of Cr-Mo high tension steel.

(3) BeAB & OBRA R

ﬁg@ﬂﬂ;ﬁ%@@ﬁ%ﬁk'ﬁﬁ@é%@@@
EliEER 2R

ERAS2S 5ﬁ¥ﬁﬂﬁiﬂf Baamz & b %}‘\ﬁlﬁ%%i%*b
BEAMSBRER E A 2 ERERT. VEREEEOL

_of Cr high tension steel.

R S BERm

N 7e//f‘:¢/e .r!ieng{h ” l [Taliy h B S S
EE”J vl point | BB o5
$E ] KU, DOFHRIE
<8 bAAT 5 &
) ot 46 . .
£3 ‘s SwEbhznz
Reducti <
20 ”fﬁ”$-Jw§ DEFIZER 5 H T
T {3 RO LRdsoT
5\: Impact value g BITRD JUBEED 11T
R
y TP s < BEMmTL A
Sl e 4§ BRERRIOE
2 S amo s,
- 0 1 1 i 10
.01 bz D3 D4 D%
Specimens . IV. £ —p
Fig. 12. Mechanical property
of Cr-Mo high tension steel. SR Cr,Cr—

Mo FRHlges s &
OSREDEIIC O A BN EERGL, BEAME, BEA, WEREE

B, BREOMER, BRI X OHRERME S X RE

Uiz, ZORERIBROMLTHS.

(1) InBERRDBaRRE IR 'féﬂm VIPHTIRE R
AU ZIFH, %O B0 DREEERET T % 5B
0°003% MiED & D5 % DEFRE: S KTH 3.

(2) MiEEILZ DBEAMER AT 255 B 0°003% M
WD b DY EOFFREL A RCLT, T HRMERE
BT 2L, DA DTN R ETFTT 2EAZRT.
2% Cr FRICEL Cr-Mo ROENBZDFHEKRTHS .
IBEA, BEREBERBICH T 3 AR 255R %2 538
B 0°003% 7&HID 4 OOBEEZE WV ERIIC S 3

- (3) COEBEARDBRMITY h RN, FEEHPE
$HMH, W, EEEE PUBHERIC SO T IRE T OER 25

TH3, BESEITIHVTIRRAZE L L, RO RREE

— 28 —



WO W oo W % () 607

BOPEATAEREZRI VT EAERE . - N % - ﬁ
’ (FEFN 29 42 11 HEE) 13" ASM Metals Handbook 1948 p. 489

m 2 $ o & Z i’
(16-25-6 AR DI HMOERFLRRICHNT)
| B m % —
STUDY ON HEAT- RESISTING STEEL (VIII) |

Emchzro Asano

Synopsis: ;

The precipitation phenomena of Timken 16-25-6 alloy, the heat resisting steel for gas |
turbine, have already been reported in this journal. The effect .of solution-treatment was -
studied and reported in relation to aging in (I) and (W) of this series_ In this report, the’
solution phenomena’ of prec;pltated particles were researched. ‘There were . nine kinds of
samples,. each having different amounts of C, Mo, and- N contents, mcludmg the standard l6-
25-6 alloy. For the purpose of studying the influence of varied contents of added elements
on solution-treatment, eight groups were made by vanous combination of the nlne samples.
(see Table 1)

" Before solution-treatment, wh:ch is the purpose of this reports;.ail samples were treated
to finish or almost finish the precipitation in two ways (A) and (B) In (A), samples were
heated at a rather high temperature (ex. 950°C, 900°C, and 850°C etc.) for more than several
hours respectively after usual solution-treatment (1150°C X 1h), 'and then kept at 700°C more
than 100 hours. This meant the coagulating of precipitated partlcles, besides ﬁmshmg the
usual precipitation. In (B), samples were aged at 800°C for from 100 hours to 150 hours"
after- usual solution-treatment. (B) meant the samples got stable high hardness and general :
precipitation more or less by aging. Samples, treated in (A)- way, were heated at three
grades of temperature 1000°C, 1150°C, and 1230°C for 2 honrs respectwely for solution-treat-
ment. Samples,treated in (B) way, were heated at three grades of temperature, 1000°C,
1100°C, and 1200°C for from 10 minutes to 7.5 hours. All samples, which were solution-
treated in each temperature and time, were tested by Vickers hardness tester and observed
~ithrough microscope to study the.disolving phenomena of precipitated particles.

In (A), the precipitated particles  were not yet disolved by heating at- 1000°C for 2 hours, A
but disolved at 1150°C and annealing twins were observed.. When the samples were heated 2
at 1230°C annealing twins were easily seen and grain coarsening ‘was also observed. / '

In (B), the softening of hardness by heating was ‘almost "parallel with the disolv@ing’ ’
phenomena of precipitated particles. Some samples showed that the heating temiperature .
1000°C was not enough for solution-treatment of precipitated particles. The process of disolv-
ing of precipitated particles. was clearly observed during heating.at 1100°C. The temperature-
1200°C was too high to watch the process, because solutlon treatment finished and anneahng
twins appeared after 10 minutes heatlng “The effect of C Mo, and N content in 16-25-6.

. alloy on solution-treatment’ was also discussed. The samples. of low .carbon’ showed' rather - -
low, hardness at both »aged condition -and solution-treated condition. More Mo samples meant.’
more difficulties than with the low Mo- samples. N showed similar influence with.-Mo, except .
the samples denitrolized by "the “addition of Ti. In this report the’ partlcles which were
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