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Yianoshin Imai and Hikotars Imai An Investigation on Boron-Treated
Steels (6th Report) On the Effects of Boron-Addition to Low-Carbon, Low-Alloy
Steels (TII). Following the preceding two papers, this paper describes the results
of mechanical tests on servral series of 0. 15~0.20 % C,1.09% Cr, 0.3~0.7 9% Cu-steels cont-
aining boron, tested in normalized or hardened and tempered conditions. In the normalized
condition, all these series of steels did not show any effects of boron-addition. But in the
hardened and tempered condition of several steels, such as condaining 0.15 9%~0.20% C, 1.0%
Cr,0.3~0.59% Cu, boron is revealed as a very useful element ; i,e., the max. and yield stresses
are enhanced in the degree of 15~25 kg/mm?, the reduction of area and the elongation are not
decreased, only the results on impact tests indicate slight decrease, but their values are rather
high in view of their high max. and yield stresses. Mn-additions, in the order of 0.5~2.0 %,
to these steels, are not so effective in either the normalized or the heat-treated condition. In the
carburizing tests of these steels, the results also indicated very desirable features. From the
results above mentioned, these steels are more suitable as structual low-alloy steels, or as the

carburizing steels, than low-grade Ni-Cr steels.
(Received February 19.1953)

4B 2z

I # -

BRI L ORI 4 DI 3800 T 0.05~0. 15 % C, 0. 3~
0.59 Mo-g§.<#1 % 0.003 % £ O HEMWEDLTHM
12 X 2 BEIRANEEME T D BMLIZ DU CRERIC S U . A8
128\ TR 0.15~0.20 % C, 1.0 % Cr, 0. 3~0.7 % Cu-
SRICBTSEE COX kT 5.

2R Cu lERDBARSIEL AT 3 & v FiEEdh 2

Mn 2ZEME3 3 DI OWTOEED fRefisT 5.

IIL B B& K &%

BRI AL BT T CRIER RS A S T
RRL, 2kg D1 ay P EL, & h 2EED LIRS
Table 1 Chemical Compositions of

the Specimens.

b, FEENEA S OB L b B AL RS gD Series ’ No ! ‘(’:A (3/: ';0! (%1 il\(%n‘ B %
FETHRE L THIRIVBOIATIEELNEELTHS. ‘N 2015 1.06.15 0.3
7 Cu 2S5\ XN BRIC 5 W TS ARRE Series 1 No4s| 2 | sl s 2 Z lo.oos
T BRI S <, sorap fc £ DRUM L b EREA i No.dd v 7 7105 — | oo
HO Cu SHERBHINZL0THS. shakediz O 15X%8CCrCu-Bg sl » | 4| v | 0.7 — 0.5
7 4 7 | — |0.
Cu SHEIE £ OB IL IS 5\ 12 B D B No.47] v | 7 | 7
BT Cu FHEDECTEEL S\ IXH L IRARSL, go.g 2. 30] 1/00.,,15 oI/.S — o 0—03
. 0. 7 4 - .
ZOGHERBZIERE LS5 HESBEHET Sh T\ 0 o Sgeg/le%_%r_ No.50| # | v |7 0.5 — =
Th3. ZDXBIZLT 0.2% RigsD Cu ILEEBhIC CuB’ gg: g; , Z ; o7 =72
BHEELNTL . KEEZBOTURED L 5 iIc LTER No.53| » | » | » | » | — |0.003
FHELNCE Cu b Zhe—D DRSTRE L, 1.0 Series i INo.54[0. 15| 1.0lo. 15| 0.3] 0.5]0.003
%6 Cr ZHARMLTKL L1z 0.15~0.20 %C BEDER 0 5 07 C-Cr-Cu- gg gg A A A A i3
HKDbDIZDF 0.003 % BEE OHNBRHRRMOEES Y Mn-B No.57| » | # | v | » |20 #
RaL7e. S BICHLOBIRD $ Dl 0.5~2.0 % BED Series Iy |No-58[0. 20/ 1.0. 15 0.3/ 0.50.003
* ﬁit*%ﬁﬁ%ﬂf%ﬁf 0.20 9%C-Cr-Cu-~ gg: zg ’; ;’ Z ; e I
(1) 9, S9F, KRS, 17 (1953, 134, Mn'B No-60l v 1ol o133 +
(> 438, 995, K55 17 (1953), 129.




% 8

SWRADOBIE (45 6 B ERRELSH BT S HEMHRAMoKE 1D

403

B (FTH=25mm, PFROE="mm), L~
Rt X VBRI TR BIgIL 2. g5
HEOEAHEL Table 1 (T 1F724DT, Cr fax ¥
Mn O F h Fh €8 Cr L UERE Mo 24
v, Cu (XERESRIC X oFMm L, ¥4 Ti s LU B 1G]
B|oBE& L A 309% Ti © Ferro-Ti 3 X 1710 %¥B D
Ferro-B ®fHL7. RBETICUT L ITRNTHRL L
SICEROTMIL Si IZ X ABBOI I TR RETITL
T, WEBED Ti 230i% Al e Eio & b BRERSs L OB
¥ LEL C L2EETCHOTAHEDHEAIRZ OIBRER
BXORED)D, 2B &4 0.15% Ti 2HEROEM
ICHRITFLTCHEML . ¥hohboiiht Cu 5803
~0.7% 725 d LTI DFEIT B\ T g BRI
SRBBML RS T, HCEEDOWHS & L ¥ B L hsDk.

III. %} B #& R

1. # % K B

Series I. (.15% C,1.0% Cr,0.3~0.7 % Cu,0.003
9% B.

(1) BRDE s DIRBE 1235173 MR A MEROBME :

50° = 30
o 950(30min)~Air-Cooled
E 5gr 0.3% ou 05% Cu O 7%0u ﬁﬁﬂﬂﬂﬁﬁ
Y, s s LT
345
§¥ — 7 T  Jhbbi
9 meLgs
3
£ as| s DY
g Fig. 1 =
5 250 _
£, ® 2] 1 w1 @k
s .
8 | — — bBIL poe
Sz 65 .
857 R
33 45l
N § i D i A @ﬁ
X -
§ E 4! ¢ De/q e BEIC I
2 5L T — FEommik
{- - -~
2 3o / M o &AL
x| 720
< § na[ FORBL
noB addedE rmﬂ addm/ﬂ /mB addfdﬁ bR XA
Fig. 1 Mechanical Properteies of L. ZDZ
0.159%C,1.09% Cr, 0.3~0.7
9% Cu,0.15 %Ti Steels with LRBERE
and without Boron Addition, s b
as Air-cooled from 95¢°. O b T

5P DL ALR—DBESEHE Y RToLXbLT
LEABNCHIS & L AR S . T b BRIEIC R CHEEL
72 0.3~0.59% Mo SRz 50mEE L W IHITAH
BT TIIEBD BT LITHK .

@ BARRENT 3PS OBMREMEROWE : 550°Ic
30 SRINEESKIEAL =t 100~600* DEHEESIC T 30
SBERCELSEE O BE O By Fig.2 12, ¥k
350°,450° s L UF 5%0° I TEERE B E& O BWRHEY

Fig.3 icmt. Fig.2 LOBAL e X 5

iz Cu $FHE

0.3% L 0.5% OHEFIT KT 5 HBWHROTMITE

950 (30min)-Water Oueached
Temperea with Variovs
Tenperature:

aser
3v0
320
300
280
260
240/
ez0
23607
: 340
~ 320
N
28
X 260
n2u
~ 220
S a0;
> 340
> 320
300
280
260
2%0
220

.o Bores
& adaed Boron

07%Cu

Warwo 200 300 400 500 é‘ﬂﬂ
Tempering Temperature

Fig.2 Hardness Changes
of 0.15% C,1.0 % Cr,
0.3~0.7 %Cu, 0.15%Ti
Steels with and without

Boron-Additian, as
Quenched and Tempered.

theq Tsmpered
75 0.3 % v

8

2o

105 i poBoror)

Hax S1r939(03)3 Yinld Strasstls)inlkglom’s
E ~
S

90
a5 "
80 s x N
75
70%
AR
Reductiondf
A 58| —
£
Eoagatioa 29 s
oL 15[ — 7_,&
EXn(Pa). 10
Cparpybapart] & s
/‘—'4
oiant) I:[ .(/.——-—' :7
% 300 “
“s 280
§ 260,
E 240 \\ \\\
E 220%, —

BHTEMZFDR
ANBEE LR,
B I EANSS
Rob Lx5iT.
Fh B BRIC
B2 L C s R
400" 2B ¥ TiX
(T AEBANE
DR R
5% BRI ER
400° Bl kiz 7t B
LR T DOBE RS
XESL, BERY
PN IR e R NP
%D 2R3 X
5ok B, s
#L CugHFE
0.7% = b it %
L, Cu zn D
UEImT X B A
NEFEORM HIC L
O PSRRI DB

9500 30min)~WererQueached and

a T% oo

N
\

zidtn
£a - o/:

/,_;-—'
&
%

P";/

350 W0 550" 350 Y30 550" 357 W5 Ty

Tempering Temperature

Fig. 3 Mechanical Properties of 0..15 %
C, 1.0 %Cr,0.3~0.7 % Cu,0.15 %
Ti, Steels with and without

Boron-Addition, as
and Tempered.

Quenched

RERES B LRE 3, Tihbhd Cu gl
BOEV D DICE W TOLROBMIIMENTELS. XK



404 W

B X s 17 &

e Fig. 3 [Z5R L 350% 450° 331 1F 550° BROBED
HRAREr R 2ic, Cu g BE B 0.3% B L 1T 0.5%
DPE o8 BLW os OEIZIHTFOFRMIC X b FIRRIEE
LB HEBEAELBEREZRLTWS. O L REREED
BRI DOCIBPCOLhARLZATEHS. LhLEdD
o BLW o5 OFLVFERICL 2 A bbb T &b LU
CDMEIREE AEBMER S, EMNCERITHIMETT 5%
350" BROBE Ko=7 kgem/cm? {iif8, 450° R O
& 10 kg-m/cm? Fifs, IHIT 550° HRO BEITIL 12
ky.m/cm? L] k& EIZEFENRFNDOBED o8 35 L °
o5 DIEICHL OO E LTIED TESTb DL
W S EHHIHS. K Cu SHR 0.79% DBE&IL R
L7 X 5 ICEDBANEEE I L ESRBEFIZES\VTIRE A
FERPRIHADRIL, 3507, 450° 35 L UX 550" &R
DA DRI D 12 L AL R—IC U CHEREE IO SR
XT3RS B & IR L. B30k series DERE
125 bTix Cu £FRI.5% LIT i 3 858, BEWED
IRINTEA, BRY Y2 BAED RS R
R ThELLERELRIETRELDBZ RS osic
FUTIE 10~30kg/mm3 ogiZ s\ T 10~25kg/mm?
OMEEL XHRERL, oy, MUK EDMITTE
AL B  BREEEA Ni-Cr SR E U CoirME
bB4DTHS.

Series IT. (. 3%C, 1. 0 %Cr, 0. 3~0. 7%Cu, 0. 003 % B.

(1) SERDE > ORRABICIsiT SMRES % OM 1L : B
BiEEY Fig. 4 17T SOBEE - kRO series

50°(30min)~Air-Cosled DFEEL
@ 85 ".ama/ o580 ii m
gi ” %% 7 % PELD
a8 55 4 4 -
N — / HRRRIC T
3t 2L A
§ s &% EED
34 & . @ T R
X % DIHEE
& L
N R
s W
o AR
$ios bheo
33
G . 0%
s.}. 35 B /“ P Cr, 0' 3~
-~ B G0
S es 0.7 %Cu
7 — 7 miEn
8 760 # ”
§ 140 ..:'/‘ TIRED
é no8 addedd MLETM;B w8 addes RESH
Fig.4 Mechanical Properties of % 0.3
0.3%C,1.0%Cr,0.3~0.7% GEREEA
Cu, 0.15% Ti, Steels with _
and without Boron-Addifion, DHEMZ
as Air-cooled from 950°. X b

D F L DIRARIT 3517 S BBRIEMOFERO BHRIC I LTS
D DT

@O BRARREREEIJLOMBRBEROML :
Series 1 & [RHFIC 950° I 303 RIMBBSKISA L = L% 100
~600° OFREFIC T 30 FHHRRE 2B EOBE OB s
LU 350°,450° 35 L UX 550° ISR 5 A D MR AN
HExthTh Fig.§ 3l Fig.6 ic;%7. Fig.5 X b
Wb hik ok,

G50 (30min)—~Waler-Querohed
Tempered with Varions lemperatares

8O E DHEITIT
ot i Cu S EOW
360 ficm s b sTFE
i I DHANBEE 25

- f_:; EoFIMz koT
S o IR AE SO
Y e TN oBB 5 h i
N \ V. Dz ERC
0 SV psos SEBDRMC X
§ 2;‘; '\ YERBROTMOE
RN v oborer  MRCBEREC,
: i Z © gaded Boron E%h Em—ell
400 RELBANTR
i I ETBEROT
280 60 Bor 506 w0 o5 sy RO
Tempering Temperalvre ik b RS

Ry s oG
Steals withand witbout S0P EBbn
Boron-Addition, as % XRABRIR
Quenched and Tempered. i &iT 258 b

G50 C30min) Water Quenchod,
and then Tempered
. e3we 05% ey

27% 0,

1a5) in kgl wad}

N WO LIINIISS
S uhfeoaSSNEEeR

§ 2ze 708,

Ruictionor Mo $tr255(0p8Yitia Stres:

< - | —— added Boron
(; (2 2 °
X pa
E =
{3 -
20r 4 £ £
70
Coarpytmpoct 10 sz xy %
ﬁ"% /m?; [ PRy /
" N\
N X

420
¥ ssdl -
i \\ X
306}
= >
F

[3 s L [T
350 50 550 350 450 550 350 W50 550
Tempering Tempeéroture
Fig.6 Mechanical Properties of 0.3% C,1.0
% Cr, 0.3~0.7-9% Cu,0.15 % T 1 Steels
with and without Boron-Addition, as
quenched and tempered.

BEREMOEETH L boFidE A FA—ICL Tk
ELRDLILLL. ZDTE L HLTY 350°,450° B XY




7 8

SHEEADOPIE (556 H) ERREALM BT >EmmFEMOLE (1D

550° HROBE DML WREMOAR IZ 2 v b
LFREAEA—DIDTH B LRPHHESD LI AT
5%. Tihbb Fig 6 IR TAMEITL AL R— B
HIMENC LT, Series 123} 5230 % BFERMO IR
BB
AR ET R, - OBOHMEHC s\ T X < BRSO
FELHFE AN DIRED C FHEIX 25N W
SORATE L, 0.3% BEICY RIIBRTOMRLEEE
RSB, F oL OABkaET b Hardenability
L5 EIEE X b duY, Series I st 2 DR X
HECLBEDWEITRMIFBL CATEALBS L
5= LIXBEBOTIRERL b LTHEN R LTS, D
THRAHBDOAIIC X DOTIL Series II iZ 35\ THHHR
HIMC X 2EL TREbh 2P0 BHETS. Thb
BARBEIC B 523 E T O [EER 7 mm BEEO/NG
SESR P S U TR F DRRRICET 5 BB o Ry
LB, ERLA X 5 ICHREMOMRIX
ThD.
Series IIX. (.15% C.1.0 %Cr, 0.3 % Cu, 0.003
% B, 0.5~2.0 % Mn
Series IV. (.20 % C,1.0% Cr, 0.3 % ©u,0.003 %
B,0.5~2.0% Mn
(D BROE s ORI Is(T SMRANERIOWE : ¢
SR L IR OEDHERIC TILEBEO ¥ L DIREICE
WTRIEID 0.3~0.5% Mo iDHAOINE &L W KRR
WOSEILRDEL W ok, HEOTIHIRIhELEDY
DIZ 0.5~2.0 % B> Mn »EML CHEEZOL DA
SABOMEY ML LS SIS RSN 31T 5 2% & BISRER
I X BTN EAEL W 3 0 EShYBRL TR
£, b ORBERY Fig. 7157 Bic k- THR
IS TR LI 950°1c 30 RImBAESTR o ki Tsaill
EFTESLEDD, TABMCCORLUAMITRT C 950°
2 30 SHmEGSEEEC X b BER YD W\ b SR
BHEBLEDDIROWTORBEERTHS. Thbb¥
BOERSHC BT CEHR 0.15 % OBAIE Mn 7§
B 1.09% B ¥ Tk H K2 EFHBEL SRV, Mn
B LS5% L kb LmaDECTCHAEAROAE Lol
X os O fERFRT. ¥ CSHRE 0.20 % O BEIRX
Mn MR DB 3 CERRINC o BX W o5 O
HAT D, RCHRAHDOBET O\ TR CEH
% 0.15 % DFPEIX Ma FME 1.0% X h R TOME
L, B oo BIW os OMEEFRTISRCES. ¥
C 258 0.2% D&z Mn ZEME 0.5% L 2.0 %
~DEINZ AR R CTERRERC 0B 3 X os OBKERT.
LsL&dis o i OBMER BRI T3, o8 BX W osD
A TNTEME L Mn i X 38N L T Ebh
L3 DTHDOT, Mn D BEEMEHC 35\ THEICTREEW
HARFRLTELREV S Z 2k Mn OFRMIZ X bHFIC
BROEEI SR {EERREL DO Wi T

Charpylmpact
give
(Kydint kg mloa?) 70

(nod,

ey 015 %C 0.2% C
% 130¢ IO A Ceoed —— K
gi 120 with Blast -+ i
Sx 19 g
I$o0
3“5 20
$ 40
3
§:> 70
S gﬂ
N 0
S
X oy
-
2 30+
% 70
o
¥ g0
8
wY S50
NNR
Sy
NSRS
[
S 70
r k
20 #emss. N b 1(0
3 4t S
~
0 400
88 # ”
< » 300 - /
x5 .
‘EE 200 / :-//
N - — —
R QNN S ~ ~ N
Mn Content o)

Fig. 7 Mechanicnl Properties of 0. 15~
0.20 9% C,1.0 % Cr,0.3 % Cu,0. 15
9% ~Ti,0.003 % B Steels with
Addition of Q.5 %~2.0 % Mn,as
Air-cooled from 950° with and

without Blast.

BE0C30mia)-Wrier-Guesched
Tampered with Veripus Tompacatvres

Qe A\
\\
N\

.

~—

220

)
»w.;fp P06 300 406 tio 650"
empering mperstui €

Fig.8 Hardness Changes of

0. 15~0. 20 9%C, 1.0 %Cr, 0.3
9% Cu, 0. 15 % Ti,0.003 % B
Steels with Addition of 0.5
9%~2.0 %Mn,a Quenched
and Tempered.

RTHDTIRE
e Thbbig
HORRRIZ D b
TIEMni¥o
7)1 e I 2]
D HE DAY
RoBtEE X
KLTeDOTCH
BROTIRITR
S5 N
DThHH. BT
Siz@izRL
LZAD og B
W os D
BARELLT
mmas hk
Mn OfpRic &
53DTH%5.
RizzhbD
D ALY, &
bk B\ IR



406 B W B X -]

17 %

fEi%x B3I Mn ORI 0.15% OBEIT 35\ T
1.5 9% Mn LIk, ¥#- 0.20% C DE&icisu~TiT 1.0
2 Mn Ll EiCd B EELET L, 8 b REFTHEEY
b FTEOTIIR. B ZICKHEIC 17 5 250
0.15~0.20 9% C, 1.0 % Cr,0.3~0.5 % Cu /D=L &
BRIT 3\ TIXRIEID 0.3~0.5 % Mo #lic s CEL Lz
InF D ¥ « OIS 3511 2 bR B OIRFEWN L%
BROTRMC X 0 i+ 5 2 LITHER RO CH 5.

(O BA, BRENE 3ESOBRHERORME: 950°
IZ 30 MBS EBAL, Zhi 100~600" DREEIZ
thth 30 SBgERL LigdomrEo#by Fig. 8 i
KT BXOMHAL R L 51T 0.5~2.0 % BED Mn ©
ZRIMZ X O THEA R s J TS RBEEE I & M
WEERL TS, ULHLERMEL Mn B0 28 r 3
BEORIROIBHL TR E AL REDEELRT. ch
5 Mn 27 L&D 350°,450° 35 1 UF 550" RO
BOEHNN Y Fig. 9, 10 X U° Fig. 11 iR/ H

N X bR
% Q15 % Q2%
§>730r A o\ﬁ”‘ 0.5~2.0%
15 rz0) = I~ o Mn
S§' 170 /°\A/ T
2800 Lo e DFImMS X
‘gg 80 y Nead
3 got ! =0 v
60 —_— ¥ ¥ hoB&IC
Reducts ~i
Sttt R U e
40
.f""'!.ltr_wﬂ ]50[ 3 é B ¥ LT
oA E)in(% e NG RS- S—,
0 po os DE %
"M/w/npan 0 ~N Ke *y FHENCHA
Vaie 5 { '\'\‘\-\; —— -
(A /rfny,q//u-; 0 R ";"%ﬁ:, Mn
3% . BmEDE
S 560 L o .
ﬁ 340 - “ R‘:ﬁi 5 ﬁ
< 320
§ 300, 7;50730»:/‘”)- Vaie‘;”dwcz'/wa g O K
s 260 lempereg win 35&—0:;;:/,-! » &< b
$ 250[ 4 .
§ 240 - , . X ifsﬁgﬁ
3 0 w Q
;QQ’.E‘«N SRR Mo
3 Mn Contlent (%
E n Content (%) ﬁ;@@z’m:
Fig.9 Mechanicel Properties of  #OTHIK
0.15~0.20 % (2,1.0% Cr, 0.3 (£ F432.
C 0.15 9% Ti, 0.0C3 % B
O 005 %8 T %8 gocmm
teels with Addition of 0.5~ ’
2.0% Mn,as Quenched and EE LT
Tempered with 350°. & DEREEIC

#3~3 Mn O HHIZER b B O TEL, BHic Mo
PEHRMLT oL os DEXDVLEDLI LTS5
BAIRBNTY 1:0 % BE T TORMIIED S DHIEET
3.

22 £ K B

EROFEBHZ ST BB ITSIC 30 % BaCO; %
SUEEBINC X 5 BA 1 REEL 1.0% Cr 28T
BRBELCBEBRYTT. o THEBIMICBRY
BAL TEABRY T oREED—HI% Table 2 IZRT.

ZOBEFF L LUCREE 6 mm, R 15 mm OREL
fEFLJz. Table 2 Xk hBAGL 2v/x X 5 ICBERER MO BRI

o
»
§§ /30, 215% ¢ oz
23 720 %
$s3 770 %, o—o o:%
EQ"’ 100 o
83 g0 //“ s %
S
1§ 0
Reductionof 4 \-"‘2\'\_ el
bon —
Area($)ul%) 50 [ —
40
g £ £
Llongatios [ N Y or—a—,
on WACE)in(%) / Z [ N,
/5
t’lmwlwx-r I A i
Vatu, 0 e s
ik micn) 5 — T
0 (.
2 35[7"
\:' 340 Hy ‘B
e 320 A
N 300
s 950C30min! ~ Water-Quenched
< 280 Temperea witn 450° a4
% 260
< 24o- A ) L i
$a9°99Y wsad
N S~ ~ 0N QN NN
o MpaClontenti%)
N

Fig. 10 Mechanical Properties of 0.15~0.2C
9% C,1.0 9% Cr,0.3% Cu, 0.15 % Ti,
0.003 % B Steels with Addition of
0.5~2,0 % Mn, as Quenched and
Tempered with 450°

)
\: g-‘ 220
w10 215 %% ¢ néve b
3 700 2,
D ] Lo
:_a %‘ g0 _/-'_/’;’f *__@;.b—-‘
&% 80 /’f A
N
$& 70
—__%
Redurtionar [ M N LA
ArealP)iof %/
& 2 ¢ . £
tongdtion on N
4//'(51:»{%}‘2 [ © < g s
o ¥
z'/mmylum Tl L8
70 e—. \-N.

“51”'/@’/"" Y 5 G50C30min)=Water-Quencrea

S 3%01 Tempecsd with 550—Worer Quenchezr

¥

S 320

s 300

3 # ",

}; 280, ——ts —

T 250 /

2 —*

Ky 240 el

A L — [

§ 220 RN R
S o~ ~fyg QNN
< Mo Contert (%)

§

Fig. 11 Mechanicai Properties of 0. 15~0. 20
%C,1.09%Cr,0.3 %Cu,0. 15 % Ti,0.
003 9% B, Steels. with Addition of 0.
5 %~2.0% Mn, as Quenched and
Tempered with 550°.
BIETIE AL RSOBRRILC LT, BREDOHE, ¥
RIENTHS. Tl OBADKMERGRRIERL 1~5(8
] KL THOTEAELR DD THS. EOTE DI



% 8

407

¥R L Cb RS BBICET 530 THS.
Table 2 Carburizing Tests (925° x6 hrs).

Sp. No.
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specimens
before
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wt after
carburizing

wt inc ease (0.0323|0.03320.03180. 03422, 0345/0. 0341

9% of wt
increase

No. 42|No. 43[No. 54|No. 55|No. 56|No. 57

3. 2956/3. 3124/3. 3155/3. 3165|3. 3140/3. 3079

3. 3289|3. 3456/3. 3473(3. 3508|3. 3489|3. 3420

0.98 |1.07 [0.96 [1.03 {1.05 [1.03

IV. RBFERICHT IFTE

ERLAZ X5 0.15~9.20% C, 1.0 % Cr,0.3~0.5 %
Cu #ix 0.003 0§ BEOCHBDMREROAMIZ L b, BA,
BRORBEC S OWTEBDTAE L os B L WosDFAT D
RHTEVS S LIS FD LD ES T C SHEEES,
X ASTHROGMEDL/MNL T, shekiEANTSE
BV EQEBIAOEBGLBANTRL RS L VWOIZE
L, ChCBEDERLRMT5 - LTk b, FoEgEs
ABL SOl LICELS LD THS. 5\ DEANS
RBrBAEL DL WS HROBRICEL UXBRE B3
DTV 2385 < hardenability % K < ERLH S
LVCIIBFROBIE AU L5bDEELLRS.

O TCHGPBANSIELRT L 5 b HE—T b b A
BETBTZINE C SHFRD 0.3% BE~DENE
&, H2Lit Cu §HED 0.7% BE~OEME 5 X
HHEHBESEE OAZIME § O—IZ 8\ TIXEEED

BT L AL FDBBEN\WDTHS. Tiobblifo
IS XD CEBANEE D DO1REAT % § O Ttk
<, SETEEIFES AL THEE § HBHEH O DAL
BRDEEM L OFEEIAD L SIS dITiBF
DTCH%.

FT TSRS o8 BLW os L EDFEDEL
BRI b L TRBRENFIEEET LAV Wb e
LITBROBERIZLOTHHL TS 3 2508w 3
Wikg (bt ¥ T HVRTESSEE D ZRINC X D TR
HELHLIIBRIE IO L BHEE LI 5.

V. #& i

(1) 0.15~0.20 % C,1.0 % Cr,0.3~0.5 % Cu B
L 0.003 % BEOHBOBROGIMT S hiEgA, BR
P2 SEED CEHBLBRMEO R LR RL, BL
Voop 8L os OERERTICE 5 Lh LT, &
RERIZEAEBMEA, EBED FENNETT5D
HCEFRFEER Ni-Cr $§ofRAICET 240 ¢h 3.

(2) ASEEEZET2 Mo ORI b EHTK L,
0.5~2.0 % BED Mn OFIM= Xk b o8 38 W o5 D
TRAT 28R VBRSO TR, MnREngEe Bin
R S BRETT 5% LT 1.0 % LI L7 Mn Z5
(TRETIX V.

() REFRRITEH DBABRE X O D TEHLBSR
AR R L, KWMAORSRES b o 7~8 BEDHM:
O LTSS LTI BERICEELEZ DTS S.






