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(57) Abréegée/Abstract:
A master alloy used to produce the steel part and a process for producing a sinter hardened steel part from the master alloy are
described. The powdered master alloy having a composition of iron, about 1 to less than 5 weight% C, about 3 to less than 15
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(57) Abrege(suite)/Abstract(continued):

welght% Mn, and about 3 to less than 15 weight% Cr, whereln the master alloy comprises a microstructure composed of a solid
solution of the alloying elements and carbon, the microstructure comprising at least 10 volume% austenite and the remainder as
Iron compounds. The process comprises. preparing the master alloy, mixing the master alloy with a steel powder to produce a
mixture wherein the weight% of the master alloy Is from 5 to 35 welght% of the mixture, compacting the mixture into a shape of a
part and sintering the mixture to produce the steel part, and controlling the cooling rate after sintering to produce sinter hardening.
The master alloy powder can also be used as a sinter hardening enhancer when mixed with low -alloy steel powders.



woO 2011/097736 A1 ]I L0 V) OO0 0 00 R R

CA 02789780 2012-08-14

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

%

!

N

Pt

)

S 1

e
(43) International Publication Date
18 August 2011 (18.08.2011)

DA
JY

(10) International Publication Number

WO 2011/097736 Al

(51) International Patent Classification: (72) Inventors; and

C22C 35/00 (2006.01) C22C 38/36 (2006.01) (75) Imventors/Applicants (for US ornly): L'ESPERANCE,
B22F 3/12 (2006.01) C22C 38/38 (2006.01) Gilles [CA/CA]; 23, avenue d'Alsace, Candiac, Québec
B22F 3/24 (2006.01) J5R 5R6 (CA). BAILON-POUJOL, Ian [CA/CA]; 3497,

(21) International Application Number: rue de Bullion, Montreal, Quebec H2X SAT(CA).
PCT/CA2011/050088 (74) Agent: NORTON ROSE OR LLP/S.E.N.C.R.L., s.r.L;
, - . Suite 1500, Complexe Jules-Dallaire/Tour Ogilvy Re-
(22) International Kiling Date: 15 Feh 5011 (1502 2011 nault, 2828, boulevard Laurier, Québec, Quebec G1V

ehmmary 2011 (15.02.2011) 0B (CA).

(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
o AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(30) Priority Data: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
61/304,600 15 February 2010 (15.02.2010) us DZ. EC. FE. EG. ES. FIL. GB. GD. GE. GH. GM. GT
(71) Applicant (for all designated States except US). COR- HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

PORATION DE L'ECOLE POLYTECHNIQUE DE
MONTREAL [CA/CA]; 2900, boul. Edouard-Montpetit,

KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

Montréal, Quebec H3T 1J4 (CA).

NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(34) Title: A MASTER ALLOY FOR PRODUCING SINTER HARDENED STEEL PARTS AND PROCESS FOR THE PRO-
DUCTION OF SINTER HARDENED PARTS

Process 10

C Mn Cr Fe

Mo Si

ATCTION O I T LA TN IO T "
N P S

AT e S T Ty Ier ey
R, e A e e P 22

105

T @ AN
v SRR P
\.'.‘ﬁ':;?,wc,} et

NSO

107

109

V\,-,,og
7 3";}‘&«\3;

.’.'n

:\:w

T T T e T o
R R P

450
¥

FIG. 1

100

200

300

400

(57) Abstract: A master alloy used to produce the steel part and a process for produc-
ing a sinter hardened steel part from the master alloy are described. The powdered
master alloy having a composition of iron, about 1 to less than 5 weight% C, about 3
to less than 15 weight% Mn, and about 3 to less than 15 weight% Cr, wherein the
master alloy comprises a microstructure composed of a solid solution of the alloying
clements and carbon, the microstructure comprising at least 10 volume% austenite
and the remainder as iron compounds. The process comprises: preparing the master
alloy, mixing the master alloy with a steel powder to produce a mixture wherein the
weight% of the master alloy 1s from 5 to 35 weight% of the mixture, compacting the
mixture into a shape of a part and sintering the mixture to produce the steel part, and
controlling the cooling rate atter sintering to produce sinter hardening. The master al-
loy powder can also be used as a sinter hardening enhancer when mixed with low -al-
loy steel powders.
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A MASTER ALLOY FOR PRODUCING SINTER HARDENED STEEL PARTS AND
PROCESS FOR THE PRODUCTION OF SINTER HARDENED PARTS

CROSS-REFERENCE TO RELATED APPLICATIONS

|0001] This application claims priority under 35USC{119(e) of US provisional patent
application 61/304.600 filed on February 15, 2010, the specification of which 1s hereby

incorporated by reference.
FIELD OF INVENTION

|0002] The invention relates to a master alloy used for producing hardened steel part via
sinter hardening and to a process for producing a sinter hardened steel part including the

master alloy.
BACKGROUND OF THE INVENTION

|0003] Hardening alloying elements are widely used in powder metallurgy to produce
high performance steel parts. These hardening alloving elements include: nickel.
molybdenum and copper. One of the disadvantages of these alloying elements 1s their

high and often fluctuating costs.

|0004] In traditional wrought steel metallurgy. additional hardening alloying elements
comprise manganese., chromium and silicon. Manganese 1s a particularly effective
hardening alloy. These additional alloying elements are less expensive and their costs
tend to be more stable. The main disadvantage of these less expensive elements 1s that

they are prone to oxidation which has. until now, limited their use in powder metallurgy .

|0003] There are a number of ways to introduce alloying elements in a powder metallurgy
component. One of the ways involves adding alloying elements 1n the liquid steel before
atomization (pre-alloving). Another way 1s to add the alloving elements to the powder
mix as an additive (admiuxed). Pre-alloved powders exhibit a relatively lower
compressibility but produce more homogenous microstructures/properties. On the other
hand, admixed alloving elements hinder the compressibility less but require higher
sintering  temperatures  to  ensure  atomic  diffusion, thus  homogenous

microstructures/properties.
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[0006] GB 1.504.547 by Zaft et al. assigned to the company Sintermetallwerk Krebsoge
GmbH, teaches a sintered alloy steel made by pressing and sintering a powder mixture
with steel powder and a complex carbide hardening ferro-alloy containing the following
elements: Cr up to 25%. Mo up to 253%. Mn up to 25%. C up to 10% as complex carbides
and balance Fe. This exclusively containing carbide hardening ferro-alloy of Zaft et al..
1s very hard and can cause wear 1n the equipment and tools used in the production of steel
parts (“Process for making alloved steel sintered parts and sinter powder for use in the
process” by G. Zapf et al., Patent GB 1.504.547. 1974). The conclusion that the master
alloy of Zaft et al. causes excessive tool wear 1n processing equipment 1S explained in
“New Cr-Mn-alloyed sintered steel for high-performance applications”™ by Paul Beiss.

Advances 1n Powder Metallurgy & Particulate Materials., Part 7, Page 24, 2005.

|0007| Therefore, there 1s a need for a softer or less-hard master alloy for the production
of hardened alloy steel parts. that reduces the use of costly hardening alloying elements
and minimizes tool wear during production of these parts with a resulting saving in
material as well as in production costs. It therefore makes the process viable. This master
alloy should also protect from oxidation the oxygen-affinitive elements such as

manganese and chromium during processing.
SUMMARY

|0008]| The master alloy and process presented herein allows for the use of less costly
hardening alloying elements that have higher affimity for oxygen.  Particularly.
manganese and chromium are protected against oxidation when in solid solution in
carbon containing phases. such as austenite and other compounds containing carbon. The
presence of carbon in solid solution protects these alloving elements from oxidation
during master alloy production and subsequent processing steps including sinter

hardening.

|0009] In one aspect of the invention, there 1s provided a master alloy comprising a
composition of about 1 to less than 5 weight% C 1n the master alloy, about 3 to less than
15 weight% Mn 1n the master alloy. about 3 to less than 15 weight% Cr 1in the master
alloy. and a remainder Fe and unavoidable impurities: wherein the master alloy comprises

a microstructure composed of a solid solution of the alloying elements and carbon, the
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microstructure comprising at least 10 volume% austenite and the remainder as 1ron

compounds.

|0010] In another aspect of the invention, there 1s provided a process for producing a
sinter hardened steel part comprising: preparing a powder of a master alloy comprising a
composition of about 1 to less than 7 weight% C 1n the master alloy. about 3 to less than
20 weight% Mn 1n the master alloy. about 3 to less than 20 weight% Cr 1n the master
alloy. and a remainder Fe and unavoidable impurities: wherein the master alloy comprises
a mucrostructure composed of a solid solution of the alloying elements and carbon, the
microstructure comprising at least 10 volume% austenite and the remainder as iron
compounds, mixing the master alloy powder with a steel powder to produce a mixture
wherein the weight% of the master alloy 1s from 5 to 35 weight% of the mixture:
compacting the mixture to shape the part: sintering the mixture to produce the steel part:

and controlling the cooling following sintering in order to generate sinter hardening.

|0011] According to a general aspect, there 1s provided a master alloy for sinter hardened
steel parts. the master alloy comprising a composition of 1ron: about 1 to less than about 5
welght% C 1n the master alloy, about 3 to less than about 15 weight% Mn in the master
alloy. about 3 to less than about 15 weight% Cr in the master alloy, and wherein the
master alloy comprises a microstructure composed of a solid solution of the alloying

elements and carbon, the microstructure comprising at least 10 volume% austenite.

|0012] According to another general aspect, there 1s provided a process for producing a
sinter hardened steel part comprising: preparing a powder of a master alloy comprising a
composition of 1ron; about 1 to less than 7 weight% C in the master alloy, about 3 to less
than 20 weight% Mn 1n the master alloy, about 3 to less than 20 weight% Cr in the master
alloy. and wherein the master alloy comprises a microstructure composed of a solid
solution of the alloving elements and carbon, the microstructure comprising at least 10
volume% austenite, mixing the master alloy powder with a steel powder to produce a
mixture wherein the weight% of the master alloy 1s from 3 to 35 weight% of the mixture:
compacting the mixture to shape the part: sintering the mixture to produce the steel part:

and controlling the cooling following sintering in order to generate sinter hardening.
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|0013] According to a further general aspect. there 1s provided a sinter hardened steel part

obtained by the process described above.

|0014] According to still another general aspect, there 1s provided a powder mixture for
producing a steel part, comprising: a steel powder. and a master alloy powder 1n a
concentration ranging between about 5 and about 35 weight% of the powder mixture, the
master alloy powder comprising: 1ron: about 1 to less than 7 weight% C 1n the master
alloy powder, about 3 to less than 20 weight% Mn 1n the master alloy powder, about 3 to
less than 20 weight% Cr 1in the master alloy powder, and wherein the master alloy
comprises a microstructure composed of a solid solution of the alloying elements and

carbon, the microstructure comprising at least 10 volume% austenite.

|0013] In this specification, the term “master alloy™ 1s intended to mean a base metal such
as 1ron pre-alloyed with one or more additional elements, for instance, carbon (C).
manganese (Mn) and chromium (Cr), that 1s added to the base metal melt. Master alloys
are obtained by atomization of a molten bath of the master alloy prepared. with a suitable
high-pressure medium. such as a ligmd or a gas. The master alloy particles are of

micrometer order size.

|0016] In this specification, the term “ferroalloy™ 1s intended to mean various alloys of
iron with a high proportion of one or more element(s). Ferroalloys are obtained by
casting, moulding, and crushing. The ferroalloy particles are of millimeter order size. 1.e.

about 1000 times larger than the master alloy particles.
BRIEF DESCRIPTION OF DRAWINGS

|0017] Reference will now be made to the accompanying drawings. showing by way of

illustration a particular embodiment of the present invention and in which:

|0018] Fig. 1 1s a block diagram of a process for producing a master alloy powder and a

sinter hardened steel part according to an embodiment:

|0019] Fig. 2 1s a graph of particle size distribution (particle diameter, um vs. %volume)
of the master alloy according to one embodiment and two base commercial steel metal

powders:
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|0020] F1g. 3 1s a mucrograph of a sinter hardened steel part produced according to the

embodiment of the process described in Example 1:;

|0021] F1g. 4 1s a micrograph of a second sinter hardened steel part produced according to

the embodiment of the process described in Example 2: and

|0022] F1g. 5 1s a mucrograph of a third sinter hardened steel part produced according to

the embodiment of the process described in Example 3: and

|0023] F1g. 6 1s a micrograph of a fourth sinter hardened steel part produced according to

the embodiment of the process described in Example 4.
DETAILED DESCRIPTION

|0024] The present invention describes sinter hardening that consists of controlling the
cooling rate of the sintering cycle to generate relatively hard microstructures containing a
mixture of martensite. bainite and perlite phases without the use of a separate heat
treatment particularly consisting of austenitization and quenching in oil or water. The less
expensive alloying elements of interest here (manganese and chromium) allow sinter
hardening via the process of the present invention. The absence of a separate heat
treatment reduces the overall operating costs of the process and reduces the distortion of a
part which 1s often induced by quenching the part in o1l or water. Finally, sinter
hardening 1s less expensive and more environmentally friendly than oil quench heat
treatments. Sinter hardening eliminates o1l emissions in the atmosphere and the need for
cleaning the quenched parts and reduces health and safety hazards associated with high
temperature o1l baths. The present invention successfully achieves the production of
hardened steel parts using less costly alloyving elements. Alloying elements are protected
from oxidation by the presence of a high carbon content in the liquid metal prior to

atomization.

|0025] Referring now to the drawings, Fig. 1 1s a block diagram of a process 10 for the
production of a sinter hardened steel part 450 according to the present invention, through

the production of a powdered master alloy 1350.

|0026] The process 10 for producing a sinter hardened steel part includes four main steps.

The first step 100 1s the preparation of a master alloy in a powder form. including
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atomization and grinding. The second step 200 1s the mixing of the powdered master
alloy 150 with a base steel metal powder, SP, where SP stands for “steel powder”. The
third step 300 1s a pressing or compaction of the powder master alloy 150 and the base
steel powder SP. The process 1s completed with a sintering step 400 having controlled

cooling to produce the desired microstructures and properties.

|0027] Step 100 of preparing the master alloy powder 150 begins with the melting 105 of
various elements to produce a molten bath of master alloy. The master alloy has a
composition comprising the following elements: carbon (C). manganese (Mn). chromium
(Cr), and optionally molybdenum (Mo). silicon (S1) or copper (Cu). Other alloving
elements can also be used including but not limited to: V. W. Nb, N1, P and B. The
choice of additional alloying elements 1s usually based on market conditions 1n order to
achieve a relatively low cost master alloy an the required hardening. The typical molten
bath temperature 1in the melting process 105 will be 1n the order of 1400-1700°C although
there will be some variation that depends on the chemustry of the melt. The remainder of

the alloy 1s completed with 1ron and unavoidable impurities.

|0028] The typical concentrations of the elements in the molten bath are: about 1 to less
than 7 weight% C. about 3 to less than 20 weight% Mn. and about 3 to less than 20
weight% Cr, the balance being the master alloy and any unavoidable impurities. The
composition of the master alloy may optionally include 0-10 weight% Mo: optionally 0-
10 weight% S1. and optionally 0-10 weight% Cu. The composition of the master alloy
may optionally also include 0-5 weight% V. 0-5 weight% W, 0-5 weight% Nb, 0-5
welght% N1, 0-1 weight% P and 0-0.1 weight% B. Cross hashed lines in Fig. 1 represent

the optional addition of Mo. S1 and other alloving elements 1n step 100.

[0029] In an alternative embodiment, the master alloy includes between about 1 to less
than 5 weight% C. about 3 to less than 15 weight% Mn. and about 3 to less than 15
weight% Cr. In still another embodiment, the master alloy includes between about 2 to
less than 5 weight% C. about 5 to less than 15 weight% Mn. and about 3 to less than 15

welght% Cr.

|0030] In an embodiment., the composition of the master alloy includes at least 60

weight% of 1ron.

-6 -
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|0031] The term “weight% ™ 1s defined as the weight of the element over the total weight

of a mixture as a whole multiplied by 100.

|0032] With the molten bath of the master alloy prepared. the bath 1s atomized 107 (or
pulverized). with a suitable high-pressure medium, such as a liquid or a gas, which
produces an atomized powder. In an embodiment, a water atomization process 1s used

and the protective atmosphere 102 during the atomizing step 107 1s argon.

|0033] The atomized powder 1s dried 1in a drying unit operation 109 well known to the

person skilled in the art.

|0034] An optional reduction heat treatment can be applied to the atomized/dried master
allow powder 1in order to reduce and remove any oxides that may have been formed
during water atomisation. Furthermore, the heat treatment has the potential to improve the
compressibility of the master alloy powder. In an embodiment, the reduction heat
treatment can be carried out at a temperature ranging between 800°C and 1100°C during

about 0.5 to 10 hours.

|0035] The atomized master alloy powder produced can undergo a milling step 111. The
milling step 111 of the atomized powder can be achieved in any one of the following
equipment: ball mull, planetary mull, impact mill or any other suitable grinding apparatus.
After milling. a ground master alloy powder 1s obtained with a dso between 5-30um, and

in an embodiment the dso 1s between 5-15um.

|0036] dsg 15 the median of the particle size distribution. Thus. 1n volume, 50% of the
particles have a larger size than dsq and the remaining 50% are smaller than dso. djo and
doo represent the particle sizes where 10% and 90% of the particles are smaller than dg

and d.g(),, respectively.

|0037] The usage of a process control agent as an additive during milling can enhance the
fineness of the ground powder. In an embodiment, the process control agent used 1s
stearic acid and 1s mixed with atomized master alloy powder in a proportion of about 0O
weight% to about 2 weight% before milling. The stearic acid molecules adhere to the
fresh metal surfaces created during grinding (fractured particles) and 1mpede the

aggregation phenomenon, thus allowing the production of a finer master alloy powder. By
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using a process control agent, 1t has been possible to produce a ground master alloy

powder with a dso as low as about 6pm.

|0038]| Process control agents are added to the powder mixture during milling to reduce
the effect of cold welding. The PCAs can be solids, liquids, or gases. They are mostly. but
not necessarily, organic compounds, which act as surface-active agents. The PCA adsorbs
on the surface of the powder particles and minimizes cold welding between powder
particles and thereby inhibits agglomeration.One skilled in the art will appreciate that
other process control agents can be used such as and without being limitative methanol.
ethanol, hexane, and the one cited in Survanarayvana, Mechanical alloving and muilling.
Progress 1n Materials Science 46 (2001), pp. 1-184. which 1s hereby incorporated by

reference.

|0039] An optional annealing heat treatment 112 may be applied to the master alloy

powder 1n order to reduce its hardness and improve the compressibility of the powder.

|0040] The ground and optionally annealed master alloy powder can be classified 113,
using any one of a variety of known methods such as screening. or air classification. The
classitying step 113 typically removes particles larger than 45um. The dsg remains 1n the
range of Sum and 30um, and. in a narrower embodiment, Spum to 153um while the dog 15 1n

a range of 20um to 45um and. 1n a narrower embodiment, doo 15 less than 30um.

|0041] The classified or screened particles may optionally be magnetically separated 115
to remove any oxide residues that may have been formed during any one of the preceding
process steps of preparing the master alloy 100. Thus, after the classification/magnetic
separation step or steps. the powdered master alloy 150 1s ready for further processing

towards the production of the sinter hardened steel part 450.

[0042] An important aspect of the present invention 1s the form of the carbon within the
master alloy. Indeed. carbon contained in the master alloy particles 1s present mn solid
solution 1n austenite and in compounds and i1s redistributed during sintering. The
presence of austenite containing carbon in solid solution allows for the reduction of the
hardness of the master alloy 150 without compromising the protection of the elements
with a high affinity for oxygen. In addition, the fact that carbon 1s pre-alloyed to the

master alloy also helps to reduce or eliminate the addition of graphite in the mux. This

-8 -
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however clearly depends on the final chemistry of the part required and the amount of
master alloy 150 used. Reducing the amount of graphite in the mix 1s beneficial to reduce
segregation and therefore to reduce the variation of properties in the final part. This also
reduces graphite emissions in the air which 1s beneficial to health and environment.
Finally. reducing the hardness of the master alloy reduces the wear on the compacting

tools.

|0043] For instance and without being limitative, the composition of the steel powder
mixture may include between about 0 and 0.4 weight% of graphite. This 1s lower than
typical graphite additions used in ferrous powder metallurgy which are generally above

0.5 wt% for sinter hardening and other high strength applications.

|0044| Carbon and alloying elements are then redistributed during sintering by atomic
diffusion. The fact that carbon 1s pre-alloved to the master allov powder also enhances the
effectiveness of the atomic diffusion of the alloying elements 1n the steel particles, when
compared to mixes containing carbon in the form of graphite powder or a mixture of

ferro-alloys and graphite.

|0045] The amount of carbon in the master alloy 1s therefore determined by a number of
factors including the hardness of the atomuzed master alloy, the protection against

oxidation of the alloying elements. and the amount of graphite added to the mix.

|0046] “Austenite” 1s understood to be a solid solution of C 1n gamma-Fe, that 1s a non-

magnetic allotrope of 1ron or a solid solution of 1ron with an alloying element.

|0047] Pure austenite may contain up to 2.1 weight% C 1n solid solution. When the
austenite 1s saturated (1.e. C weight% > 2.1%) another carbon rich phase 1s formed at
equilibrium. particularly cementite (iron carbide) or graphite. To obtain graphite, the
alloy must also contain graphitizing alloying elements such as Si. and the
solidification/coating 1s conducted relatively slowly. This 1s not the case for the present
invention. The relative proportions of the phases when the C weight% 1s > 2.1% may be
obtained by interpolation. Therefore: -an alloy containing 2.1% C contains 100%

austenite saturated in C: an alloy containing 6.7% C contains 100% cementite (Fe;C).

-0
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|0048] Thus, an alloy having a composition between 2.1% weight C and 6.7% weight C.
has a mixture of the two phases of austenite and cementite. The lower the C % weight 1s,

the larger 1s the volumetric fraction of austenite in the alloy microstructure.

|0049] Thus, the master alloy contains a number of iron phases. one of which 1s the
relatively soft austenite phase, in comparison to 1ron carbide phases such as cementite.
The ratio of austenite increases as the amount of carbon in the master alloy decreases.
The presence of austenite in the master alloy lowers 1ts hardness. hence reduces tool wear
during compaction. A level of about 20 weight% of austenite 1s obtained with about 4.5
weight% C 1n the master alloy, resulting in a hardness of approximately 850 HV. The %
volume of the microstructural constituents. which includes austenite and cementite phases
and. possibly, one or more other phases. 1s generally obtained by careful microscopic

observations.

|0050] Thus. the master alloy 1s produced by atomization and the desired particle size 1s

obtained by a subsequent grinding step.

|0051] The second step 200 of the process 10 for producing a sinter hardened steel part
450 1s a nuxing step where the particulate master alloy 150 and a base steel powder SP
are mixed. In an embodiment, a highly compressible steel powder 1s used as the base
steel metal powder. For instance. the base steel powder SP may be a nearly pure steel
powder or a low alloved steel powder., which can either be pre-alloyed or diffusion
bonded. which are commercially available and used 1n powder metallurgy. In an
embodiment, the steel powder SP includes less than about 0.01 wt% of carbon. In an
embodiment. the total content of the alloying elements of the low alloyed steel powder SP

1s lower than about 2 wt%.

|0052] A small amount of graphite powder 201 may optionally be added to the mux
depending on the quantity of master alloy used. the chemustry of that master alloy. and the
final carbon content required in the part. Lubrication techniques well known to those
skilled 1n the art., such as admixed lubricant or die-wall lubrication 203, are used 1n order
to obtain a more compressible mixture. Up to 1 weight% of the total steel powder

mixture may be made up of a lubricant.
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|0053] The new process 1s particularly effective when the master alloy 150 1s used 1n

higher weight percentages.

|0054] The master alloy 130 can also optionally be diffusion bonded to the base steel

powder prior to mixing with the lubricant, graphite and other additives.

|0055] Other powdered additives such as copper and nickel powder can also be optionally
admixed to the mixture 1n step 200. This practice 1s well known by those skilled 1n the

art.

|0056] The present process uses a larger percentage of the powder of master alloy 150 to
the base steel powder SP than previously known in the art. This leads to a more
homogeneous spatial distribution of the alloying elements and therefore, of the
microstructural constituents for a wide range of sintering temperatures. Moreover, the
above-described master alloy 1s not as hard as previously developed hardening ferro-alloy
having carbon exclusively in the form of carbides. The low hardness of the above-

described master alloy reduces tool wear.

|0057] The percentage weight of master alloy in the particulate mixture 250 varies from 3

to 35 weight%. and 1n an embodiment from 3 to 20%.

|0038] For the particulate mixing step 200, the combination of higher weight% of master
alloy to the base steel powder SP, the fine particle size distribution of the master alloy
150, as well as a good spatial distribution of the master alloy within the SP mix, are
characteristics that are particularly well suited for robust sinter hardening. The
atorementioned characteristics afford the produced steel product or part with a good level
of microstructural homogeneity, while the carbon 1n solid solution within the master alloy
protects the more readily oxidized elements such as Mn from oxidation during

atomization and subsequent processing.

|0039] The third step 300 of the production process 10 shown in Fig. 1 1s compaction or
pressing of the mixture 250 described previously. The particulate mixture 250 1s placed
under shape retaining conditions, by any one of several compression methods. known to

the person skilled in the art including but not limited to: room temperature compaction.
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warm compaction, forging and hot 1sostatic pressing (HIP). that produce a compressed

part or compact 350.

|0060] The fourth step of the production process 10 1s sintering 400. The compressed
particulate or compact 350 undergoes a sintering 407 at a high temperature in a range
including, but limited to. 1100°C to 1300°C 1n a furnace using a gas atmosphere such as.
but not limited to, H>/N> atmosphere. These commonly used gas atmospheres are known
by those skilled in the art. The length of time for the sintering step 407 to produce a

sintered part 1s typically between 15 and 60 minutes.

|0061] The final step of sintering 400 1s sinter hardening which 1s produced by a
controlled cooling 409 of the sintered part in a critical temperature range of normally
between 350°C and 350°C at a cooling rate larger than of 0.5°C/second (30°C/minute) 1n
order to generate a hardened steel component. In other words, when the temperature
reaches about 550°C. the cooling rate is controlled until it reaches about 350°C. The
control of the cooling rate allows generating an appropriate microstructure which can
consist mainly of martensite at high cooling rates. bainite/perlite/ferrite at low cooling
rates and a mux of martensite/bainite/perlite/ferrite at intermediate cooling rates. Each
microstructure leads to different mechanical properties. Combined with the appropriate
choice of alloving elements. this controlled cooling step 1mparts the hardening
characteristics to the steel part 430. A final cooling step 411 1s required to attain room

temperature.

|0062] A tempering heat treatment (not shown in Fig. 1) may be applied to the as-sintered
part in order to enhance ductility and toughness of the part. At a microscopic scale.
martensite, the hard phase generated during sinter hardening. 1s tempered. Toughness 1s
imparted by tempered martensite which 1s less brittle than the as-sintered martensitic

phase. In an embodiment. tempering 1s carried out at 150-250°C for up to 60 minutes.

|0063] Optional secondary operations such as machining, impregnation. infiltration, or
coating can be performed on the sintered steel part. prior to or after the tempering heat

treatment.

[0064] EXAMPLES
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|0065]| The process of the present invention 1s further described by way of the following
examples. Table 1 outlines the elemental composition of the different base steel powders
and master alloys used 1n the following examples. Powder A 1s essentially an unalloyed

and highly compressible steel powder while powder B 1s a low pre-alloyed steel powder.

Table 1: Powders used in Examples 1. 2. 3. and 4.

Powder wi% C wt?% O | wtPo Mn | wt%% Cr | wtYe Mo | wt% Si
Powder A 0.004 0.05 - - - -
Powder B 0.004 0.04 0.13 - 0.86 -

Master alloy MA1 4.5 0.21 5.39 5.40 1.27 1.98

|0066]| The particle size distribution of the powders and master alloys are presented in
Fig. 2 where the particle diameter (um) vs. %volume 1s plotted. Table 2 includes the

numerical values of the particle size of various fractions.

Table 2: Particle size distribution characteristics

Powder dio (nm) dso (pm) dog (pum)
Powder A 49 116 214
Powder B 49 110 203

Master alloy MA1 4 14 30

|0067] An optical and electron microscopy investigation was undertaken on a MAI
master alloy. with the composition 4.5 wt% C: 5.39 wt% Mn: 5.4 wt% Cr: 1.27 wt% Mo
and 1.98 wt% S1 (in weight% 1n the master alloy). The as-atomized master alloy (MA1)
contains three different phases: cementite, austenite and a third phase rich in Mo (phase
3). The first phase 1s alloved cementite (Fe;C) containing Cr., Mn and a small amount of
Mo 1n solid solution. The second phase 1s austenite which contains Mn. Cr, S1, and C 1n
solid solution. Therefore. carbon 1s not 1in carbide form in this phase. The third phase i1s

relatively rich in Mo but also contains S1, Mn. Cr and C.

|0068] The results also show that the alloying elements such as Cr, Mn and Mo were not

oxidized during atomization and further processing. The total oxygen content of the as-
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atomized powder was about 0.2 weight% O. In an embodiment, the total oxygen content
of the as-atomized powder should be kept below about 1 weight% and. in another
embodiment, the total oxygen content should be kept below about 0.5 weight%. This can
be further reduced by a reduction heat treatment and/or grinding after atomization since
reduction heat treatment and grinding help remove the thin oxide layer that inevitably
forms around the particles during atomization in water. The concept of using a high C
content melt to protect the alloving elements during atomuzation and subsequent
processing was therefore effective. The formation of these phases containing carbon
protects the alloying elements from oxidation. These phases are a solid solution of

austenite or other compounds and/or phases containing the alloying elements and carbon.

|0069] The calculated final chemical composition of the sinter hardened steel parts for

Examples 1 to 4 are presented in Table 3.

Table 3: Chemical composition of sintered parts

Caleulated final wt% wt% wt% wt% wt% wt% wt%
comp. after Sintering ¢ o M Cr Mo Cu S
Example 1 0.72 0.13 0.86 0.72 0.16 1.00 0.08
Example 2 0.64 0.06 0.40 0.28 0.86 1.07 0.03
Example 3 0.9 0.15 1.1 1.14 0.26 1.00 0.4
Example 4 0.9 0.10 0.50 0.54 0.13 1.00 0.2

|0070] Example 1

|0071] A master alloy MAI1 prepared according to one embodiment of the process
described above was mixed with steel powder A. In Example 1, 15 weight% of the master
alloy MA1 was mixed with 84 weight% of powder A and with 1 weight% of elemental
copper powder. and 0.7 weight% Kenolub (common polymeric lubricant). The lubricant
1s not calculated 1in the composition of the mixture including the master alloy and the steel

powder since 1t evaporates during sintering, leaving no traces on the sintered part.
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|0072] The mixture of MA1 and steel powder A was compressed into rectangular bars of
dimensions 10mmx 10mm x 75mm (Izod Impact Test specimen) at a density of

approximately 6.95 g/cm’.

|0073] The compressed samples were smtered at 1200°C for 30 minutes in a semi-
industrial furnace equipped with a convective cooling system for which the frequency of
operation 1s variable (OHz to 60Hz). The higher the frequency. the faster the cooling rate.
Specimens were sintered under 90N»-10H, atmosphere and exposed to a controlled
cooling at the end of the sintering cycle. The frequency of the convective cooling system

was set to 15 Hz which represents an intermediate cooling rate.

|0074] The microstructure of sinter hardened steel part of Example 1 (200x, etched with
2%nital/4%picral) 1s represented in Fig. 3. The mucrostructure of the steel part of
Example 1 1s composed of approximately 60% martensite and 40% of mixed
bainite/pearlite (% by volume). martensite being the bright phase and the dark areas being

constituted of a mixture of bainite and pearlite.

|0075]| The apparent hardness of the steel part of Example 1 1s approximately 34 HRC
(‘@6.95g/cm’). HRC stands for Rockwell Hardness Scale C.

|0076] Thus., adding about 15 weight% of a master alloy to a substantially pure steel

powder provides a sinter hardening potential to the resulting sinter hardened steel part.
|0077] Example 2

|0078]| In Example 2. the mixture consists of 93.6 weight% of powder B, 5 weight% of
master alloy MA1 and 0.4 weight% of graphite. All process conditions in Example 2
including lubricant and copper additions, compaction, sintering and controlled cooling,

were conducted as in Example 1.

|0079] The microstructure of the sinter hardened steel part of Example 2 (100x. etched
with 2%nital/4%picral) 1s shown 1 Fig. 4 and 1s composed of approximately 50%
martensite and 50% of mixed bainite/pearlite (% by volume). The apparent hardness of

the steel part of Example 2 is approximately 35 HRC (‘@:7.02g/cm’).
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|0080] A reference muxture, free of master alloy, consisting of 98.4 weight% of powder
C. 1 weight% of elemental copper, 0.7 weight% of graphite and 0.7 weight% of
Kenolube, pressed and sintered in the same conditions as Example 2 shows an apparent

hardness of only 89 HRB (~8.5 HRC). HRB stands for Rockwell Hardness Scale B.

which 1s a softer hardness scale than HRC.

|0081] Adding about 5 weight% of the master alloy to the low alloved steel powder B

increases the sinter hardening potential of the resulting sinter hardened steel part.
|0082] Example 3

|0083 ]| In Example 3. the nixture consists of about 79 weight% of powder A. 20 weight%
of master alloy MAI, 1 weight% of elemental copper powder and 0.7 weight% Kenolube.
The compacted samples were sintered 1in a laboratory furnace with controllable cooling
rate under a flowing argon atmosphere. The effective cooling rate for Example 3 in the

temperature range from 550°C to 350°C 1s approximately 0.65°C/second (39°C/minute).

|0084] The microstructure of the sinter hardened steel part of Example 3 (100x. etched
with 2%nital/4%picral) 1s shown 1n Fig. 5 and 1s 70% martensite and 30% of mixed
bainite/pearlite (% by volume). The apparent hardness of the steel part of Example 3 1n
the as-sintered condition is approximately 37 HRC (/@,6.9g/cnn’). After a tempering heat
treatment at 200°C for 1 hour, the apparent hardness of the steel part in the tempered

condition is 33 HRC (/@6.9g/cm’).

|0083] By using a higher cooling rate, it 1s possible to improve the sinter hardening
response of the miux described in Example 3. Hence. for an effective cooling rate of
approximately 1.9°C/second (115°C/minute) in the temperature range from 350°C to
350°C, the apparent hardness of the part after sinter hardening reaches 45 HRC. The as-
sintered microstructure 1s 80% martensite and 20% of mixed bainite/pearlite (% by
volume). An apparent hardness of 37 HRC 1s observed in the tempered state (200°C for 1

hour).
|0086| Example 4

|0087]| In Example 4, the mixture consists of 89 weight% of powder A, 10 weight% of
master alloy MAI1. 1 weight% of elemental copper powder and 0.7 weight% Kenolube.
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The compacting and sintering conditions of Example 4 were conducted as in Example 3.
The effective cooling rate for Example 4 1n the temperature range from 550°C to 350°C 1s

different from Example 3 and 1s approximately 1.4°C/second (83°C/minute).

|0088] The mucrostructure of the sinter hardened steel part of Example 4 (100x. etched
with 2%nital/4%picral) 1s shown 1n Fig. 6 and 1s 20% martensite and 80% of mixed
bainite/pearlite (% by volume). The apparent hardness of the steel part of Example 4 1n

the as-sintered condition is approximately 25 HRC (‘@7.0g/cm’).

|0089] Examples 3 and 4 show the effect of the cooling rate and the following heat

treatment, if any. on the sintered part properties including its hardness.

|0090] The master alloys obtained by atomization and grinding have finer microstructures

than ferroalloys obtained by casting, crushing, and grinding.

|0091] Furthermore, the mixture including the master alloy and the base steel powder 1s
more compressible than prealloyed sinter hardening powders that are commonly used and

mixtures of base steel powder and ferroalloys.

|0092] The embodiments of the invention described above are intended to be exemplary.
Those skilled in the art will therefore appreciate that the foregoing description 1s
illustrative only, and that various alternate configurations and modifications can be
devised without departing from the spirit of the present invention. Accordingly, the
present invention 1s intended to embrace all such alternate configurations, modifications

and variances which fall within the scope of the appended claims.
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CLAIMS:
1. A master alloy for sinter hardened steel parts, the master alloy comprising a

composition of

1ron:

about 1 to less than about 5 weight% C 1n the master alloy.

about 3 to less than about 15 weight% Mn 1n the master alloy.
about 3 to less than about 15 weight% Cr 1n the master alloy. and

wherein the master alloy comprises a microstructure composed of a solid
solutton of the alloying elements and carbon, the microstructure

comprising at least 10 volume% austenite.

2. The master alloy of claim 1., wherein the microstructure comprises at least 20

volume% of austenite containing alloving elements and carbon 1n solid solution.

3. The master alloy of claim 1., wherein the microstructure comprises at least 40

volume% of austenite containing alloving elements and carbon 1n solid solution.

4. The master alloy of claim 1, wherein the microstructure comprises at least 60

volume% of austenite containing alloving elements and carbon 1n solid solution.

5. The master alloy of any one of claims 1 to 4, wherein the master alloy 1s in the
form of particulates produced by atomization.

0. The master alloy of claim 5. wherein the particulate size 1s controlled by
orinding.

7. The master alloy of any one of claims 1 to 6. wherein the hardness of the master
alloy 1s less than 900 Vickers.

8. The master alloy of any one of claims 1 to 6. wherein the hardness of the master
alloy 1s less than 800 Vickers.

9. The master alloy of any one of claims 1 to 8, wherein the master alloy 1s 1n the

form of a particulate having a dso from Spum to 30 pm.
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10. The master alloy of claim 9. wherein dsq 1s from 5 pm to 20 pm.

11. The master alloy of claim 9. wherein dsq 1s about 10 pm.

12. The master alloy of any one of claims 1 to 11, wherein doy 1s from 20um to 60
L.

13. The master alloy of any one of claims 1 to 11, wherein doy 1s smaller than about
45 um.

14. The master alloy of any one of claims 1 to 13, wherein the composition further

comprises less than 10 weight% Mo 1n the master alloy.

13. The master alloy of any one of claims 1 to 14, wherein the composition further

comprises less than 10 weight% Si1 1n the master alloy.

16. The master alloy of any one of claims 1 to 13, wherein the composition further

comprises less than 10 weight% Cu 1n the master alloy.

17. The master alloy of any one of claims 1 to 16, wherein the composition further
comprises less than 5 weight% V. less than 5 weight% W, less than 5 weight%
Nb. less than 5 weight% N1, less than 1 weight% P. and less than 0.1 weight% B

in the master alloy.

18. The master alloy of any one of claims 1 to 17, wherein the remainder of the

composition 1s 1iron and inevitable impurities.

19. The master alloy of any one of claims 1 to 18, wherein the master alloy 1s 1n an
atomized particulate shape having a total oxygen content below about 1

welght%.

20 The master alloy of any one of claims 1 to 19, wherein the master alloy

comprises at least 60 weight% of 1ron.

21. A process for producing a sinter hardened steel part comprising:
preparing a powder of a master alloy comprising a composition of

1ron:
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about 1 to less than 7 weight% C 1n the master alloy.
about 3 to less than 20 weight% Mn 1n the master alloy.
about 3 to less than 20 weight% Cr 1n the master alloy, and

wherein the master alloy comprises a microstructure composed of a solid
solutton of the alloving elements and carbon, the microstructure

comprising at least 10 volume% austenite.

mixing the master alloy powder with a steel powder to produce a mixture
wherein the weight% of the master alloy 1s from 5 to 35 weight% of the

mixture:
compacting the mixture to shape the part:
sintering the mixture to produce the steel part; and
controlling the cooling following sintering in order to generate sinter hardening.

22, The process according to claim 21, further comprising tempering heat treating

the as-sintered steel part.

23. The process according to claim 22, wherein the tempering heat treatment of the
as-sintered steel part is carried out at a temperature ranging between about 150°C

to about 250°C for up to about 60 minutes.

24, The process according to any one of claims 21 to 23, further comprising at least
one of the following operations machining, heat treating, 1mpregnating,

infiltrating and coating the sinter hardened steel part.
25. The process according to any one of claims 21 to 24, wherein preparing the
powder of the master alloy comprises:
melting the composition in a molten bath:
atomizing the composition with a fluid to produce an atomized powder:
drving the atomized powder to produce a dried atomized powder:
orinding the dried atomized powder to produce a ground powder: and

screening the ground powder to produce the master alloy powder.
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26. The process according to claam 25, further comprising heat treating the dried
atomized powder to at least partially remove oxide residues in the master alloy

powder.

27. The process according to one of claims 25 and 26, further comprising milling the

atomized powder to remove oxides from surfaces of the master alloy powder.

28. The process according to any one of claims 25 to 27, wherein said grinding
further comprises adding a process control agent to enhance the fineness of the

oround master alloy powder.

29, The process according to claim 28, wherein the process control agent comprises

stearic acid.

30. The process according to any one of claims 25 to 29, further comprising

magnetic separating the screened master alloy powder to remove oxide particles.

31. The process according to any one of claims 25 to 30, further comprising
annealing heat treating the ground master alloy powder to soften the

microstructure of particles.

32. The process according to any one of claims 25 to 31, wherein the composition
melting 1s carried out at a temperature ranging between about 1400°C and

1700°C.

33. The process according to any one of claims 25 to 32, wherein the atomization 1s

carried out with water 1n an argon atmosphere.
34. The process of claim 21, wherein compacting and sintering the mixture
comprises

placing the mixture under shape retaining conditions to produce a compressed

component;

sintering the compressed component at a temperature between about 1100°C and

1300°C to produce a sintered part, and
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cooling the sintered part at a controlled cooling rate higher than 0.2°C/s from

550°C and 350°C to produce partially or fully hardened steel part.

35. The process of any one of claims 21 to 34, wherein the sintering 1s carried out 1n

a N>/H> atmosphere.

36. The process of any one of claims 21 to 35, wherein the mixture comprises up to

1 weight% of a lubricant.

37. The process of any one of claims 21 to 36, wherein the steel powder 1s selected
from the group consisting of: a substantially pure steel powder and a low alloyed

steel powder.

38. The process of claam 37, wherein the steel powder has a carbon content below

about 0.01 weight%.

39. The process of any one of claims 21 to 36, wherein the steel powder comprises a
low pre-alloyed steel powder having a total content of alloving elements below

about 2 weight%.

40. The process of any one of claams 21 to 39, wherein the mixture including the
master alloy powder and the steel powder comprises about 10 to 25 weight% of

the master alloy.

4]. The process of any one of claims 21 to 40. further comprising mixing the
mixture including the master alloy powder and the steel powder with graphite.
the weight% of the graphite in the muxture being below 0.4 weight% of the

mixture.

42 The process of any one of claims 21 to 41, wherein the mixing further comprises
diffusion bonding the master alloy powder and the steel powder preceding
mixing the mixture of the master alloy powder and the steel powder with at least

one of graphite powder and a lubricant.

43. The process of any one of claims 21 to 42. wherein the sinter hardened steel part

comprises at least one of martensite, bainite, ferrite, and perlite.
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44 The process of any one of claims 21 to 43, wherein the master alloy composition

further comprises less than 10 weight% Mo 1n the master alloy.

45. The process of any one of claims 21 to 44, wherein the master alloy composition

further comprises less than 10 weight% S1 1n the master alloy.

46. The process of any one of claims 21 to 45, wherein the master alloy composition

further comprises less than 10 weight% Cu 1n the master alloy.

47, The process of any one of claims 21 to 46, wherein the master alloy composition
further comprises less than 5 weight% V. less than 5 weight% W, less than 3
welght% Nb. less than 5 weight% Ni. less than 1 weight% P. and less than 0.1

weight% B in the master alloy.

48. The process of any one of claims 21 to 47, wherein the remainder of the master

alloy composition 1s iron and inevitable impurities.

49, The process of any one of claims 21 to 48, wherein the master alloy comprises at

least 60 weight% of 1ron.

50. A sinter hardened steel part obtained by the process of any one of claims 21 to
49,
51. A powder mixture for producing a steel part, comprising:

a steel powder: and

a master alloy powder 1n a concentration ranging between about 5 and about 35

welght% of the powder mixture, the master alloy powder comprising:
1ron;

about 1 to less than 7 weight% C 1n the master alloy powder.

about 3 to less than 20 weight% Mn 1n the master alloy powder.
about 3 to less than 20 weight% Cr 1n the master alloy powder. and

wherein the master alloy comprises a microstructure composed of a solid
solution of the alloying elements and carbon, the microstructure

comprising at least 10 volume% austenite.
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52. The powder mixture of claim 51, wherein the microstructure of the master alloy
comprises at least 20 volume% of austenite containing alloying elements and

carbon 1n solid solution.

53. The powder mixture of claim 51, wherein the microstructure of the master alloy
comprises at least 40 volume% of austenite containing alloving elements and

carbon 1n solid solution.

54. The powder mixture of claim 51, wherein the microstructure of the master alloy
comprises at least 60 volume% of austenite containing alloying elements and

carbon 1n solid solution.

55. The powder mixture of any one of claims 51 to 34, wherein the master alloy
powder 1s produced by atomization.

56. The powder mixture of claim 35, wherein the particulate size 1s controlled by
orinding.

57. The powder mixture of any one of claims 51 to 56, wherein the hardness of the
master alloy 1s less than 900 Vickers.

58. The powder mixture of any one of claims 51 to 56, wherein the hardness of the
master alloy 1s less than 800 Vickers.

59. The powder mixture of any one of claims 51 to 38. wherein the master alloy
powder 1s characterized by a dso from Sum to 30 pm.

60. The powder mixture of claim 39, wherein dsq1s from 5 pm to 20 pm.

6l. The powder mixture of claim 39, wherein dsq 1s about 10 pm.

62. The powder mixture of any one of claims 31 to 61. wherein the master alloy
powder 1s characterized by a dgg1s from 20um to 60 um.

63. The powder mixture of claim 62, wherein doo 1s smaller than about 45 pm.

64. The powder mixture of any one of claims 351 to 63, wherein the master alloy

composition further comprises less than 10 weight% Mo 1n the master alloy.
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635. The powder mixture of any one of claims 51 to 64, wherein the master alloy

composition further comprises less than 10 weight% S1 1n the master alloy.

60. The powder mixture of any one of claims 51 to 65, wherein the master alloy

composition further comprises less than 10 weight% Cu in the master alloy.

67. The powder mixture of any one of claims 51 to 66. wherein the master alloy
composition further comprises less than 5 weight% V. less than 5 weight% W,
less than 5 weight% Nb, less than 5 weight% Ni. less than 1 weight% P. and less
than 0.1 weight% B 1n the master alloy.

68. The powder mixture of any one of claims 51 to 67, wherein the remainder of the

master alloy composition 1s 1ron and inevitable impurities.

69. The powder muxture of claim 68. wherein the master alloy composition

comprises above 60 weight% of 1ron.

70. The powder mixture of any one of claims 31 to 69, wherein the master alloy

powder has a total oxygen content below about 1 weight%.

71. The powder mixture of any one of claims 31 to 70, wherein the mixture further

comprises up to 1 weight% of a lubricant.

72. The powder mixture of any one of claims 51 to 71. wherein the steel powder 1s
selected from the group consisting of: a substantially pure steel powder and a

low alloyed steel powder.

73. The powder mixture of claim 72. wherein the steel powder has a carbon content

below about 0.01 weight%.

74. The powder mixture of any one of claims 31 to 71, wherein the steel powder
comprises a low pre-alloyed steel powder having a total content of alloying

elements below about 2 weight%.

75. The powder miuxture of any one of claims 31 to 74, wherein the muxture

comprises about 10 to 25 weight% of the master alloy.
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76. The powder mixture of any one of claims 31 to 75, wherein the mixture further
comprises graphite and the weight% of the graphite in the mixture 1s below 0.4

welght% of the mixture.
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