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JPRS: 26,959

CARBURIZING AND HEAT TREATABLE STZELS DI-2, DI-3,
DI-3A (EP-176) AND DI~

[Following is a translation of an article in fae Kusslane
Iansuage journal Stall (Steel) by M. F. Alckseyenko, CG. Ie
Vasilenko, B. S. Natapov, G. N. Orekhiov, i. V. Pricanisev
and V. P. Frantsov, Moscow, No 7, July 1964, pages 642

645, ]

rf’uvf geplacing hich elloy ghgels 1BKn2KLVA and 20Kh2Nd low-nickel
stecls DIZZ7(1BIMESNAVA) and DI<H (18KhGSNZIL) have been developed, and
cteol DIS3EWor EP-176 (14khGSNZMA) is being designed for replaceancnt of
sheels 12nhli3A and 12Kh2N4A. According to the physical and mechanical
propertics of the new stecls, they ars as good as the steels they are
replacing and the consumption of nickel in their production is oan the
average 20-25 kg/t less.

Up to now, for heavy<loaded parts of responsible rachine building
they use high-alloy stecls 12KnN34, 12Kn2ikd, 12Kh2HAVA and 20Kn2Ms
waich arc characterized by a high content of deficient niclei, a2 sige
nificant quantity of rotained austenite held in the layer afler chemical
heat trcatuent, and & low thermal stability of the carburized layos.:._[

The authors of this article [_goc No’c,gg created 2 grown of low-
. cerourizing stecle which by their physical and mechanical
prosertics are on par with highenicksl stecls and possess cptimum
tice of the carburized layer in parts. ‘

In this worl participated Vo Ye. Pronin, G. Ki, Gabuysv,
Yo Mo Babkov, L. I. Yefreunova, I. Pe Banas, M. S. Kanin,

.
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PrARNAY - Y fo 2k
Ge Vo Ixiygin, Ye. L. Bucshmanova, L. G. Kozyrey, S. Z. Yudovich, Po Ie
Siiyerov, De Do Tishchenkvo, Ve Mo Doronin, and T. V. Levchenks.f
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fgpecial attention was given to the correct provoriion of clements,

promoting carburization and preventing it. For this purplse, on Spee
cially melted low-carbon alloys, the joint infliuence of the basic
elements (Cr, Mn, Si, Ni, W, Mo, V) was investigateld on the concentrae-
tion of carbon in the layer. Here it was rovezled that the biggest
influence is rendered by chromium and silicon, end thc limits of content
of the basic elczents in ncr sieels in § esiabli :J( Tator = upper
limit, denominator - lower) {the abbreviztion DI sig s “Ta f,
Dneprospetsstal? rescarch;® the permissille content of venadiut in all
stomo 0,064 (max), sulfur and phosphorus = 0,035 (umax):

*,

C Si Mn Cr Ni w Mo
IDI.2 0,14 0,35 0,65 1,1 1,8 0,5 0,20 !
(18ZnGSHRVIL) 0,21 0,65 09 1,6 2,4 08 0,30 ‘
Di-3 0,11 0,35 0,65 1,0 1,4 .
(1hGSH2A) 0,17 065 09 1,6 20
DI.3A 0,11 0,35 0,65 1,3 1,4 0,20
(141{}1@51‘32‘1;&) 6]‘7 0,65 0,95 1.7 2,0 0,30
DI-4 0,15° 0,35 0,65 1,0 1.4 0,20
(18:XaGSIZHA) 0,22 0,65 0,9 1,6 2.0 0,30

Stcal DIw3, not contairning molybdenvn, is reccrmended only to re-
place steel 12Mhi3ZA. Molybdonua in stecl DI-34 (alsc designated as EP-
0Y can completely or partially replace tungsten frcm the caleulation

Mo = 123,

4 the Dneorospelisstal? Plant, according to the procduction teche
rology standeed higheclley corburized stecls soveral heats of the new
steels were melted and rolled into variocus shopes for a thorough inves-
tigation of their physical and mechanical propertlese

Critical points were debermiined on & Saevenar cilatoncter (zanples
with a dismeter of 3 mu and length of 50 mm). _Position of the Ms point \
was calculated by the formula of A. A Popov [1/e

Transfornation of austenite during ccoling was investigated on a
toroue mognotenoter of N. S. Alulova, Stebility of austcnite in steels
D34 znd DI-4 (EP-176) was obtained the same as in stecls 12EKnE2L and

12Kn2kkh, but in steel DI-2 =~ somewhat less than in stecl 18Kn2RMVA.

T dmfinoacs of qosnch tamperature in the intervel 8009 509G on
pecianicsd propertics of the steels was obtained as follows (numerators
we quenching in cil, dercminators - in air; in bolth cases ~- teupering
woes done at 18CCC, [ior those samples yhich cracked upon waber quenching,
only oil quench tcuperatures are givep/, dg == ciancter of Brincll ime
pression)s _




Steel t..c © s 8 v I5

Kg/mm? % % Kgufen? M

800 1444 14,3 60,6 12,7 3,05

1440 13,5 60,7 11,9 3,05

80 1230 155 0.0 17,0 3.30

pr-z | 145,0 14,2 60,7 12,0 3,05
80  Tor0 16,6 609 17.5 3.35

140,3 11,2 59,6 12,0 3,03

900 Yoo 4 16,0 0.5 17.8 3,30

800  112,7 15,5 60,5 11,0 3.5

825 1163 145 61.0 1.7 3.5

DI-3 850  115,3 16,0 63,0 12,4 3.4
000 1147 145  59.0  13.4 3.4

950 1143 150 59.0 12.2 3.5

gt

Both thess stodls hed high strength cad ducltilliiy in te 2
gated intorvel of temperatures. The oplimun touperaturc of quenc
thean may be considered to be 820-860°C. Tac averags values
after quc:}ch:mrf from the optimun temperature (for DI-=2 froa 8
and for all other stcols == from 840 + 10°C) in oil and low teu
180°C) wose vory hish (for steel DI-2 and DI-4 the propertiecs of separa'te
heats, scmewhat uf:.emng in chemical composition are givenj.

o a 5 i a,. d

B 0,2 K Ji]
Steel Kg/MMY KO/ M % % Kgmes® MM
140,0 122,0 15,0 55,0 11,0 3,0
DIl 128,56 118,3 14,4 61,2 16,7 3,12
47,0 — 12,5 58,5 12,0 3,08

- 1090 95,0 15,0 62,0 150 3,3
DI-3 { 1300 1056 12,5 64,0 14,5 3,15
132,0 120,4 14,0 53,6 13,8 3,10

DI-4 { 140,5 130,0 10,0 50,5 9,9 —

The infiuence of tempering temperature ty on the mechanicel proper
ties stecl DI-2 was checked after quenching in o_.l from 840-850°C; cool _wg
after tewpering at 400°C was cenducted in alr, and at higher temperatures
- in water. The cobitained resulits make it possible to recommend high
tezpering of stecl DI-2 in the interval 530-600°C.

Ty oy 5 v a, d,
°C KG MMt % % Kgat ] cK? MM

2060 146,0 12,5 59,0 12,2 3,0

300 143,7 15,6 60,0 11,1 3,05
400 153,0 13,4 60,0 9,6 3,10
500 . 114,0 16,9 62,0 16,6 3,30
580 114,5 16 8 66,7 19,25 3,35
600 103,5 15,0 69,5 23,4 3,50
650 90,0 19,3 74,0 23,8 3,70
700 83,5 22,0 69,0 22,0 3,90

s deteramined on slices cut fron
forent dizneters. The

-3 -




investigated melts as to corbon and alloying clemcnis content were made
asically on the lower linit of technical conditicns. It c a1 b8 recome
cnded to use steel DI-2 for quenching in air in rownds up to 80 mm in
d:.amutcr and for quenching in oil -- up to 150200 mm. Stesls DI-3A and
DI-4 is recommended for cross sections up to 80 mm, and steel DI-3 - 0

40 mn.

+teel DI-2 in 100-rm rounds and DI-34 (EP=178) in 75-wmm rounds
maintain high mechanical properties over the centire cross sectuion (quenche

ing from 850-87C°C in oil, temper at 180-170°C, I -~ center, I -- middle
of redius, III == surizce).

Point of

cutting

samples
d, ma froa op %9, 8 v a9
ingots xg/am? xgjunt % KkgmicH® MM
20 I 136,0 118,3 12,3 58,5 11,3 3,05
30 11 148.2 136,0 14,0 57,9 10,75 3,08
D=2 [ 11 120,8104,0 14,0 51,2 14,0 3,15
Di-z ¢ o I1 1160 98.3 15,5 59,9 14,7 3,25
1 1 175 96,0 14,0 57,9 10,75 3,20
»-.,3:& 75 111 122,0 94,0 16,3 62,4 14,0 3,4
3 { I 108,0 82,8 15,8 63,0 15,6 3,4

EP~176)

The infivence of prolonged hlgn-uc.’, era‘cue heating was chscked on
lard rrac,uuu and impact samples aftor blenk carburizing and blank
1ding. It turned out to be lI'lSlgnlI;.C&"lLo The new ’coc’fs are dise
tingaished by 2 finc gwa:l.n, the size whlch during heating to 1,000°C
renains w:z.t‘m.n the limits of 7-6 points Lon the grain index/ .

As to impact stren~1b the new stezls are on par wita
steels wmw and even at ~1989C their impact strength is ad
(in parcatheses is showm R, hardness; stecls DI were que
in oil, h:x.un.-—'qlckel steels ~= from 820 and 860°C; tc....“)e' ing

was done at 180°C).

with hi
equate, ! o/ e
~ed from 850°C

n all cases

g;hmalloy

’_!.

Steal Testing temperatures, °C

(Re) +20 40 =70 ~82 ~:56
Dle? )_:,’J e o 6 6 o o ® 1406 1208 11&5 11a3 209
o1~z (83) {1 o o e u:
3"“-,1 ( \3) O 6 ®© 0 e ¢ @ 12,0 905 607 800 ‘399
J.L"‘_).. ‘:‘") (W‘)_.i?é) .« ® 1191“’-’ 1008 809 - 14-90
D'r b (L(o) o @& ¢ & o ¢ ¢ 1205 1005 905 - 207
::Z.Z'LI\I:;“ (36) ¢ ®» o o o 11.3 1141 805 - 202
otj...?-:».}\' : (39) e o @ 10.0 8.5 800 had 299
1 8.\112&\21‘\[&\ <)1‘O) ¢ o o » 11 05 100 8.7 - 1-“00

>y




Notch sensitivity of the stecls was checked on samples having ring
cuts without torsion (A) and with torsion of 4° and 8° (B and C) after
heat treatment under the same conditions. The ratios of obtained ulti=
mate strengths to their values for smooth samples testify to the low
notch sensitivity of the new steels (for samples of type A from steels
18Kh2NAVA and 12KhN3A this ratio, according to earlier published data
[2.], was, respectively, - 1.32 and 1.13, and for steel DI=3A == 1,47~

1.50):

A B c A B c
’ DI-2 { 1.36 1.17 0081 ’ 1035 1018 0076
1.36 1.15 0.97 DI"B { 1 .26 :o:g 80217

rﬁar carburized parts, operating under conditions of variable load=

ing, an important7property is fatigue strength; it was detemined on an g¢

NU machine for 10’ cycles at a variable bend for diverse variants of heat .
_treatmente|(I -~ quenched from 850-860°C in 0il and tempered at 180°¢;

II -~ blank carburizing at 920°C for 12 hours, quenched from 850°C in

sir, cold treatment (at -70°C) for 2 hours and tempered at 170°C; II ==

the szme, bub qaenched in oily IIT -- carburized at 920°C for 8 hours,

quenched from 850°C in oil and tempered at 160°C for 2 hours). The

fatigue strength for amooth (o.q) and notched (d;¥) samples was obtained

es fallows (for steel DI-3A fatigued was determined on selector samples).

Steel « o o o o DI-2 18Kh2N4VA . DI~ DI~ DI-lA

Treatuent o o I II - IT II II I III

o1, kg/tn . . 61 60 56 5l 52.63 52,6 88

o, kgfum? . . 34 29 29 26 32-42  31.8 43,5

gufol « o oo 1,80 2.07 1.93 2,08  1.66~ 1.65 2,05
1.5

Thus,rghg new economic steels have a high fatf;ge strength, equal
to that of high-nickel steels. Carburizing significantly increases the
fatigue strength which is evident for steel DI-4. ' ~

f“\‘It is known that a decided influence on efficiency of a part is

rendered by the carburized layer: its saturation with carbon, uniformity
of distribution of carbon in the layer, and depth of layer. Up to now,
tho best in this respect were considered to be high-alloy steels 12KhN3A,

< 42528k, and 18Kn2N4VA. The carburized layer of the new grades of steels
was investigated in parallel with the carburized layer of these high-
alloy and high-nickel steels after different variants of chemical and
heat treatment, carried out at a number of plants, ’

Sublayer chemical analysis showed that saturation of the layer

with carbon and its depth in the new steels are obtained the same as in
high~alloy steels, but with less retained austenit?:_J
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“\_n improvement of the new steels is the increased temperature of
softening during tempering (table) which allows to reccmsend them for
parts operating at temperatures up to 250-300°C. The new economic steel
can also be nitrided

- [ =
Thus, steels DI-2, DI-3, DI-3A (EP-176) and DI-% as to physical
and mechanical properties of the carburized layer and center can sSuCesSSw
fully replace high~-alloy steels 12KhN34A, 12Kh2N4i, 18Kh2NAVA and 20Kh2N4A,
where the content of scarce nickel in them is 2.0-2.5% 1less.

At present these steels have successfully withstood long-~time tests
and are being introduced into series production at machine-building plants:v]
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