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ABSTRACT

Di ffusi on bonded al |l oys have been shown to exhibit excellent
properties. Recent advancenents in conpaction technol ogy have

all owed these materials to reach green density |evels of over 7.3
g/cm in a single conpaction process. Various capabilities of
this new conpaction systemw || be denonstrated utilizing

di ffusi on bonded all oys. Properties of several diffusion bonded
materials will be investigated at these high density levels. A
vari ety of processing techniques will be utilized including high
tenperature sintering and heat treatnment to denonstrate the
flexibility of these materials.

| NTRODUCTI ON

Consi derable growth in the ferrous powder netal |l urgy business has
been the result of several technol ogi cal breakthroughs. These
initiatives have all owed the manufacturers and users of powder
metal lurgy parts to expect higher density and prem um performance
fromcost effective alloys and part manufacturing processes.
Representative of these technol ogies froma powder producers
perspective are diffusion alloyed powder (D staloy) and the warm
conpaction system ( ANCORDENSE™) (1, 2).

Di ffusion Al oyed Powders

The diffusion alloying process represents a uni que net hod of
produci ng ferrous powders alloyed with various conbi nati ons of

ni ckel , copper and/or nol ybdenum wi t hout sacrificing
conpressibility as m ght be expected fromconpletely preall oyed
materials. D ffusion alloyed materials are manufactured by
starting with either a high purity iron powder or a highly
conpressi bl e preall oyed powder (iron with nol ybdenum for exanpl e)
mxed wwth a the desired alloying elenments. The alloying el enents
are then diffused into the surface of the powder during a | ow



tenperature thermal treatnment. Since the alloying elenents are

di ffusi on bonded onto the surface of the iron powder, the bul k of
the material remains generally unalloyed and the powder remains
hi ghly conpressible. Additionally, the possibility of segregation
or dusting of fine alloying additions is elimnated providing a
consi stent alloy content throughout the part and frompart to
part.

Sintering of a diffusion alloyed material also provides for a
uni que mcrostructure resulting in distinctive physical
properties. Typically, when conpared to prealloyed or prem xed
powders of the same conposition, the diffusion alloyed powders
enj oy an advantage in certain physical properties such as inpact
energy and fatigue perfornmance.

Mat eri al and Conpaction System

A patented conpaction and material technol ogy, known as
ANCORDENSE, has recently been introduced. The systemutilizes
heated tooling and heated powder to achi eve inproved green
density, higher green strength and inproved ejection
characteristics. During the conpaction process, diagramred in
Figure 1, both the tooling and the powder are heated to about
290°F (140°C). The press ready powder is a derivative of the
ANCORBOND®** (3) systemutilizing a |ubricant/binder system
optimzed to work at this tenperature. The powder can be heated
by a variety of heating methods including screw heating (4),

m crowave heating (5) or a slotted heat exchanger (6). Beyond the
application of this relatively | ow tenperature, normal conpaction
procedures are used. The process has been shown to be applicable
to all high performance base materials. A detailed description of
how t he system operates is avail able in other papers (7,8,9).

Patented Single Pressed
ANCORDENSE » Fowder Heater » Heated Tooling » High Density
Premix PIM Part
Press Ready, Serew Heater ;
Binder Treated [ty P“ﬁ;gﬂ‘:ﬂﬂm 0.10 to 0.25 glem®
Premix Siot Heater 265.310°F Improvement in

& Green Density
+|:' 130-135°C) High Green Strength
~5°F (2.5°C) Improved Ejection
Figure 1: The ANCORDENSE Process
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Materi al s

In order to evaluate the advantages of warm processing in

conbi nation with diffusion alloyed powders, prem xes were
prepared with two diffusion alloyed powders according to the
chem stries listed in Table |I. Both prem xes were prepared
utilizing the lubricant and bi nder systemrequired for the warm
conpacti on process.

Tabl e |: Conposition of Tested Prem xes
Basse Materi al Adm xed Conponents
Di ffusion Alloyed
Conponent s- Nomi nal
Conposi tion
Mat er ai | Base |ron Ni Cu Vb G aphite Lubri cant
G ade (w o) (w o) (w o) (w o) (w o)
A Distaloy | 4.00 1.5 0.5 0.5 0.6
4800A/
Di st al oy
AE
B Dstaloy | 1.75 1.5 0.5 0.5 0.6
4600A/
Di st al oy
AB

Preparation and Testing Procedures

The apparent density and flow of the powder were neasured under
MPI F St andards 03 and 04(10), respectively, with several

i nportant nodifications. In order to better understand the powder
behavior at the desired tenperature, both the Hall funnel and the
receiving cup were heated to 290°F (145°C) prior to testing. An
appropri ate anmount of powder was wei ghed and al so heated to 290°F
(145°C) just prior to testing. The hot powder was then poured
into the heated apparatus in order to test the powder at a
tenperature typical of the warm conpaction process.

A variety of test specinens were conpacted on a 100 ton hydraulic
conpaction press utilizing a tool tenperature and powder
tenperature of 290°F (145°C). The die material for all specinens
was Crucible CPM9V. Both the die and powder tenperatures were
controlled to +/- 5F° (+/- 2.5C°). In all cases, the results of
five test specinmens were averaged to obtain the reported results.
Speci nens were tested to evaluate green density according to MPIF
Standard 45(10), green strength according to MPIF Standard
15(10), green expansion fromdie and ejection forces froma

nom nal 1.25 inches (4.92 mm) by 0.5 inches (12.7 mm) bar
conpacted to a height of 0.5 inches (12.7 mm.




Sintered properties were obtained by sintering specinens at

ei ther 2050°F (1120°C) or 2300°F (1260°C) in an atnosphere of
25v/o0 N, and 75v/o H, for 30 mnutes at tenperature. In all cases
sintered carbon val ues of between 0.48 and 0.50 w o were

mai nt ai ned. \Where appropriate, heat treatnment was perfornmed by
austenitizing at 1600°F (870°C) for thirty mnutes in an

endot herm ¢ atnosphere with a carbon potential of 0.55%
guenching into 165°F (75°C) oil and tenpering at 375°F (190°C)
for two hours in air. Sintered density, dinensional change from
die according to MPIF Standard 44(10), transverse rupture
strength according to MPIF Standard 41(10), and sintered hardness
were nmeasured from specinens nomnally 1.25 inches (4.92 nm by
0.5 inches (12.7 mm conpacted to a height of 0.25 inches (6.35
mm) . | npact properties were generated utilizing a test specinen
of 2.165 inches (55 mm by 0.394 inches (10 nm conpacted to a
hei ght of 0.394 inches (10 mm) and tested according to MPIF
Standard 40(10). As-sintered tensile properties were neasure on
speci nens according to MPIF Standard 10(10). Heat treated tensile
properties were generated utilizing machi ned round specinmens with
t hreaded ends. These speci nens were prepared by conpacting

bl anks, sintering, rough machining, heat treatment and final
grinding. The finished test specinens have a gauge di aneter of
0.2 inches (5 nm and a gauge length of 1 inch (25.4 mm.

RESULTS AND DI SCUSSI ONS
Powder Properties

The apparent density and flow of the powders were neasured at
290°F (145°C) as described above and the test results are |listed
in Table Il. This data clearly indicates that the material system
provi ded prem xes with the capability to flow rapidly even at the
el evated tenperature. If traditional lubricants with nuch | ower
melting tenperatures had been utilized, the lubricants woul d have
mel ted, becone tacky and prevented a free flow ng powder.

Table I'l: Flow and Apparent Density
Mat eri al Fl ow at 290°F/ 145°C | Apparent Density at
(sec/ 509) 290°F/ 145°C
(g/ cnt)

A 23.9 2.96

B 23.9 2.94
Green Properties
The green properties generated are listed in Table IIl. Pore free

density values for each mx were determ ned on each mx utilizing
a pycnoneter and are included in Table 11

along with a




cal cul ation of the percent of pore free density achieved at 50

t si

(690 MPa) .

the green conpact would reach if al
The val ue for

addi ti on of

The pore free density represents the density that

t he pores could be renoved.

pore free density is greatly affected by the
| ubricants and graphite which have a much | ower

specific gravity than iron and thus occupy nore volune for a
gi ven wei ght
close to the pore free density is possible in the warm conpacti on

process,
is critical

% of additi on.

knowi ng the val ue for

achi eved by that prem x conposition.

i n understandi ng the potenti al

Si nce obtaining green density val ues

pore free density of a given mx
density that can be

The data indicates that the green densities for the two materials

are essentially identical

(Figure 2).

uni que characteristic of the diffusion alloyed materi al s.

the much higher alloy content of materi al
remains simlar to materi al

These results point out a
Despite

A, the conpressibility

B. The diffusion alloying process did

not significantly affect the conpressibility of the base iron. In
both cases, the materials reached over 98% of pore free density
The green strength of the material is typical of that expected
fromwarm conpacted materials and represents a significant
i nprovenent over traditionally conpacted materi al s.
Table I'l1l: Green Properties
Mat | . Conp. G een G een G een Peak Pore Free | % Pore
Press. Density Strength Exp. Ej ecti on Density Free@
(g/ cn?) From Force (g/ cn?) 50t si
D e
(%
A 30(tsi) 7.14 3945(tsi) 0.20 2.96(tsi)
415( MPa) 27. 2( Mpa) 40. 8( MPa)
40 7.31 4137 0.27 3.18
550 28.5 43.9
50 7.36 4000 0.33 3.00 7.507 98. 04
690 27.6 41. 4
B 30(tsi) 7. 14 3912(tsi) 0.20 2.69(tsi)
415( MPa) 27. 0( Mpa) 37. 1( MPa)
40 7.31 3956 0.27 2.85
550 27.3 39.3
50 7.34 3712 0.33 2.85 7. 475 98.19
690 25.6 39.3
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Sintered Properties

Tables 1V and V lists the sintered TRS properties obtained at
2050°F (1120°C) and 2300°F (1260°C). The sintered densities
obt ai ned by each material are presented in Figure 3. This figure,
along with the dinensional change results, indicate that materi al
A shrinks nmore during sintering than material B. The increased
shrinkage is a result of the higher nickel content in material A
At the high density values obtained fromthe warm conpaction
process, both materials are highly ductile. As a result, tensile
properties are a better indication of relative strength than

t hose obtained fromtransverse rupture strength testing.
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Table I'V: Sintered Properties from Transverse Rupture Bars
Sintered at 2050°F (1120°C)

Mat | . Conpact i on Si nt ered TRS Dim Chg. HRB
Pressure Density From D e
(g/cnd) (%
A 30(tsi) 7.08 216. 7( 10°psi ) 0.04 86
415( MPa) 1494( MPa)
40 7.24 237. 1 0.14 92
550 1635
50 7.32 244. 8 0.17 93
690 1688
B 30(tsi) 7.06 181. 7(10°psi ) 0.24 81
415( MPa) 1253( MPa)
40 7.22 205. 3 0. 32 86
550 1415
50 7.29 216.6 0. 38 87
690 1493

Table V: Sintered Properties from Transverse Rupture Bars
Sintered at 2300°F (1260°C)




Mat | . Conpact i on Si nt ered TRS Dim Chg. From HRB
Pressure Density Die
(g/ c) (%
A 30(tsi) 7.16 223.2(10°psi) -0.23 21C
415( MPa) 1539( MPa)
40 7.32 261.0 -0.08 25C
550 1800
50 7.39 275. 2 0. 00 26C
690 1897
B 30(tsi) 7.11 167. 6(10°psi ) 0. 05 80
415( MPa) 1156( MPa)
40 7.28 195.9 0.14 85
550 1351
50 7.35 203.5 0.19 86
690 1403

As-Sintered Tensile Properties

Resul ts obtained from dogbone tensile testing of the two
materials are listed in Tables VI (2050°F/ 1120°C) and VI |
(2300°F/ 1260°C). The 0.2%offset yield strength, ultinmate tensile
strength and el ongation are presented in Figures 4, 5, and 6,
respectively. As expected, the data indicates that the strength
of material Ais significantly higher than that of material B
Additionally, material B exhibits a slightly higher elongation at
a given sintering tenperature than material A Both of these
findings are consistent with the higher alloy content in material
A whi ch provides greater hardenability and thus higher strength
and |l ower ductility. In all cases, the strength of the materials
i s dependent strongly on density. In all but one case, the
strength val ues are enhanced by increasing the sintering
tenperature. However, material B showed slightly Iower ultimte
tensile strength for a given density at the higher sintering

t enper at ur e.

The el ongation results are nore conplex. In nost cases for a
given density, the materials sintered at the | ower tenperature
exhibit slightly higher elongation values. This may be due to
nore conplete alloying occurring at the higher sintering
tenperature and thus nore uniform and hardenabl e m crostructure.
In material B, the elongation also drops slightly at the higher
density when the materials are sintered at the | ower tenperature.
This effect is thought to be the result of a rapid increase in
yield strength at higher densities while the ultimate tensile
strength increases only slightly. The result is a |lower ratio of
ultimate strength to yield strength and thus | ower el ongation.
The effect has been observed in a variety of ANCORDENSE material s
and, as noted in this set of experinents, appears to be nore
prom nent at | ower sintering tenperatures.

Table VI: As-Sintered Tensile Properties for the Materials




Sintered at 2050°F (1120°C)

Mat | . Si nt ered 0.2% Yiel d Utimte El ongati on HRB
Density Strength Tensil e (%
(g/ cn?) Strength
A 7.06 55.7(10°psi) | 92. 7(10°psi ) 2.1 90
384( MPa) 639( MPa)
7.25 59.0 108.0 2.5 94
406 744
7.32 65. 4 113.8 2.4 96
450 784
B 7.04 52.0(10°psi) | 83.2(10%psi) 2.5 82
358( MPa) 573( MPa)
7.21 54.7 93.0 2.9 86
377 641
7.27 56. 3 95.7 2.7 91
388 659
Table VII: As-Sintered Tensile Properties for the Materials
Sintered at 2300°F (1260°CQ)
Mat | . Si nt ered 0.2% Yiel d Utimte El ongati on HRB
Density Strength Tensil e (%
(g/ cn?) Strength
A 7.14 67.8(10°psi ) | 107.0(10°psi) 2.0 91
467( MPa) 737( MPa)
7.33 75.7 124.9 2.8 93
521 861
7.37 76.3 134. 1 3.0 98
526 924
B 7.11 56. 6(10°psi) | 83.4(10°psi) 2.3 83
390( MPa) 575( MPa)
7.28 60.9 94.0 2.8 89
419 648
7.35 62.5 101.9 3.8 89
430 702
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As-Sintered | npact Properties

Resul ts of un-notched charpy inpact testing of as-sintered
materials are listed in Table VIII and are presented as a
function of sintered density in Figure 7. In all cases, the

i npact properties are significantly inproved by increasing
density. In the case of material A inpact properties are
slightly decreased when the material is sintered at higher
tenperatures. This is nost likely due to a simlar explanation as
was noticed with elongation. A nore conplete alloying as a result
of increased sintering tenperature results in a harder

m crostructure and decreases the inpact properties. Material B
with a smaller alloy content, indicates the expected increase in
i npact resistance with increasing sintering tenperature.
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Table VIII:

Sintered at 2050°F (1120°C) and 2300°F (1260°C)

As-Sintered | npact Properties for the Materials

2050°F (1120°C) Sinter 2300°F (1260°C) Sinter
Mat | . Sintered | npact Ener gy Sintered | npact Ener gy
Density Density
(g/ cnf) (g/ cnf)
A 7.13 19. 0(ft-1IDbf) 7.15 18.0(ft-1Dbf)
25. 8(J) 24. 4(J)
7.26 27.0 7. 30 23.4
36. 6 31.7
7. 30 30.6 7.38 30.0
41.5 40.7
B 7.07 14. 4(ft-1bf) 7.09 17.0(ft-1Dbf)
19. 5(J) 23.0(J)
7.25 21.8 7.27 24. 4
29.6 33.1
7.28 22.6 7.34 26. 6
30.6 36.1

Heat Treated Tensile and | npact Properties




The tensile and inpact properties of heat treated specinens are
avai lable only for materi al
tensile properties are presented in Figures 8 9 and 10 for

tensil e strength,

agai n,

el ongation and i npact,
the resultant properties are highly dependent on density.

B and are listed in Table | X. The

respectively. Once

The yield strength shows essentially no change when the materi al
is sintered at the higher tenperature.
tensile strength and el ongation are highly influenced by
sintering tenperature with the ultimate tensile strength

i ncreasi ng approxi mately 20 percent at the higher sintering
tenperature while the elongation is inproved by about 75 percent.

However,

the ultimte

Heat treated inpact values also indicate a strong dependence on
sintered density and are excellent for the strength | evel

exhibited by the material.
resulted in greatly inproved inpact properties with the sanples

conpacted at 50 tsi

show ng i nmpact values in excess of 16 ft-1bf (22 J).

Table I XX Heat Treated Properties of Material B

I ncreasing the sintering tenperature

(690 MPa) and sintered at 2300°F (1260°C)

Si nt. Si nt. 0. 2% O f set Utimte El ongati on | npact
Tenp. Dens. Yi el d Tensil e (% Ener gy
(g/ cnt) Strength Strength
2050° F/ 7.06 141.9(103psi | 158. 3(103psi 1.1 8.5 (ft-Ibf)
) 11. 5(J)
978( MPa) 1091( MPa)
1120°C 7.11 157.9 176.6 1.1 8.8
1088 1217 11.9
7.27 174.9 188. 6 1.2 10. 2
1205 1300 13.8
2300° F/ 7.11 154. 5(103psi | 190. 3(103psi 1.8 9.0 (ft-Ibf)
) ) 12.2(J)
1065( MPa) 1312( MPa)
1260°C 7.28 166. 9 209. 1 2.0 15
1150 1441 20.3
7.35 174. 6 220.5 2.1 16. 2
1203 1520 22.0
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CASE STUDI ES

The warm conpacti on process has been shown to be comrercially
viable(11). In order to further understand the warm conpaction
process and how it perforns in actual production, several parts
wer e conpacted on production equi pment to eval uate the process's
capability.

Trials 1-3

Three parts were run utilizing a Dorst 45-ton nmechani cal press
equi pped with a powder heating systemas shown in Figure 11. This
powder heating system consists of a specially designed heat
exchanger. In this design, the powder is filled into 0.4 inches
(10 mm slots which are heated by oil to the required
tenperature. As the powder is consuned by the conpaction process,
a level indicator in the hopper below the heater signals the
valve in the bottomof the heater which then opens and closes to
keep the powder in the hopper at a constant |evel. The heated
powder is then feed through a hose into the shuttle. Both the



hose and shuttle are heated and insulated to ensure agai nst heat
| oss. This heating unit has been shown to easily neet the

requi renent of maintaining powder tenperature control to within
+/- 5°F (+/- 2.5°C).

In these three trials, a prem x identical in conposition to
material A was used (Distaloy 4800A {Distaloy AE}+ 0.5 w o
graphite + 0.6 wo lubricant). An automatic wei ghing system was
utilized to evaluate the weight variability of the parts. For
these three trials a powder tenperature of 265°F (130°C) and a
die tenperature of 300°F (150°C) was nmi nt ai ned.
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Figure 11: Powder Heating Unit Utilized in Part Trials

Trial 1--Gear

In the first trial, a commopn gear shape (Figure 12-part A) with a
nom nal wei ght of 15 grans was conpacted at 51 tsi (700 MPa). A



green density of 7.35 g/cn? was achi eved and netal | ography again
i ndi cated that excellent density distribution throughout the part
was achi eved. Total weight scatter through the run was good at
+/-0 79% as shown in Figure 13.

Trial 2--Q1 Punp Gear

A second test was made with an oil punp gear wwth a nom na

wei ght of 47.5 granms. This part is shown in Figure 12 (part B)
Again, the part was conpacted at 51 tsi (700 MPa) and a green
density of 7.35 g/cn? was achi eved. Each part was wei ghed and the
results are shown in Figure 14. Total part weight variability was
+/-0.43% and, again, the density distribution throughout the part
was nore consistent than that found previously in conventionally
processed materi al s.

Trial 3--Sprocket Cear

For the third trial, several hundred sprocket gears, with a

nom nal wei ght of 14 grams, were conpacted at 51 tsi (700 MPa). A
picture of the part is shown belowin Figure 12 (part C. As a
conparison, the part was again conpacted at 51 tsi (700 MPa) but
at roomtenperature and 0.8w o0 zinc stearate as the |ubricant.
The warm conpacted part obtai ned an average green density 0.15

g/ cn? higher than the conventionally processed part (7.37 g/cn?
versus 7.22 g/cn® ). The weight scatter is shown in Figure 15 and
indicates a much smaller total weight variation for the warm
conpacted parts (+/- 0.63% conpared to the parts conpacted at
roomtenperature (+/- 1.02% . netall ographic exam nation of the
gear also indicated that the density distribution throughout the
war m conpacted part to be much nore uniformthan the part
conpacted at room tenperat ure.
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Figure 12: Trial Parts

15.4 |

15.2 ;LHM‘H‘W""\AA"“}'.*-&A/W ..l.ll,."w;"'"'; .:'r"'.:‘_l)ﬂl'ih ﬂ‘;’\.f*‘l

: I
14.8 £ MCompaction at 300°F(150°C) ;
146 E Density=7.35 glem®
ok Average Weight=15.12 g
144 F Standard Deviation=0.051
Waeight Scatter=+0.T9%

Part Waight (g)

14.2 |

14.0 ©
Number of Parts

Figure 13: Wight Variability fromTrial 1 (Part A)
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CONCLUSI ONS

A new conpaction technol ogy known as ANCORDENSE was eval uated
utilizing several diffusion bonded alloys. The foll ow ng can be
concluded fromthe test:

1 G een density values of over 7.3 g/cn? were achi eved on test
pi eces conpacted at 50 tsi (690 MPa). Green density val ues of
over 7.1 g/cn? were achi eved at conpaction pressures of only 30
tsi (410 MPa).

2. Both materials obtained green densities in excess of 98
percent of pore free density. This result represents the hi ghest
| evel possible for ferrous materials.

3. G een strengths in excess of 3700 psi (25.5 MPa) were
denonstrated in both materials



4, Densities of 7.32 g/cm and 7.29 g/cn?® were achi eved for
materials A and B, respectively, when sintered at 2050°F
(1120°C). Densities in excess of 7.35 g/cn? obtained by both
materials when sintered at 2300°F (1260°C)

5. In the as-sintered condition, excellent 0.2% offset yield
strength, ultimate tensile strength, and el ongations were
obtai ned by both materials for each sintering condition.

6. Un- not ched charpy i npact properties in excess of 30 ft-IDbf
(40 J) for material A and 26 ft-1bf (36 J) for material B were
denonstrated when conpacted at 50 tsi (690 MPa) and sintered at
2300°F (1260°C). When conpacted at the sane pressure and sintered
at 2050°F (1120°C), material B achieved inpact val ues of 22.6 ft-
I bf (30 J) while material A reached inpact val ues of 26. ft-Ibf
(36.1 J).

7. Heat treated tensile results for material B indicated
excellent results. Wien the material was conpacted at 50 tsi (690
MPa) and sintered at 2300°F (1260°C), ultimate tensile strengths
of 220,000 psi (1520 MPa) were achi eved.

8. Trials on a variety of parts denonstrated the capability of
t he warm conpacti on systemin a production environnent. G een
density levels of 7.35 g/cn? were achieved at 51 tsi (700 MPa)
whi l e showi ng excell ent weight control. It was al so observed t hat
density distributions within the part density were nuch inproved
over conventionally processed materi al s.

ACKNOALEDGVENTS

The authors would like to recognize the work of F. Kaad-Hansen,

T. Lindstrom A. Rawlings, D. Miuetz, T. Gmno, C diver, J.
Pechulis, and M Pechulis along with the rest of the | aboratories
of both Hoganas AB, Sweden and Hoeganaes Corporation, USA W
woul d also like to thank S. Tworzydl o for her help in making the
manuscri pt | ook the best.

REFERENCES

1. Rutz, H G, Luk, S.H, “Mthod of Making a Sintered Meta
Conmponent”, United States Patent No.5, 154, 881.

2. Luk, S.H, “Metal Powder Conpositions Containing Binder
Agents for Elevated Tenperature Conpaction”, United States Patent
No. 5, 368, 630- Addi ti onal Patents Pendi ng.

3. Luk, S.H, Hamll, J. A, Jr., “Dust and Segregation-Free
Powders For Fl exible P/ M Processing”, Advances in Powder
Metal lurgy & Particul ate Materials-1 993, Vol.1l, pp 153-169,



Met al Powder | ndustries Federation, Princeton, NJ.

4. Snyth, D.C., Jr., Halley, MA , “Polynmer Coated Powder
Heati ng and Feeding System for a Conpacting Press”, United States
Pat ent No. 5, 213, 816.

5. Nar asi mhan, K. S.V.L., Arvidsson, J., Rutz, H G, Porter
WJ., Jr., “Methods and Apparatus for Heating Metal Powders”,
United States Patent No.5, 397, 530.

6. Stroémgren, M, “Method and Device for Heating Powder and Use
of Such Device”, Swedish Patent Application No.9401239-0.

7. Rutz, H G, Hanejko, F.G, “H gh Density Processing of Hi gh
Performance Ferrous Material s”, Advances in Powder Metallurgy &
Particulate Materials-1 994, Vol.5, pp 117-133, Metal Powder

| ndustries Federation, Princeton, NJ.

8. Rutz, H G, Hanejko, F.G, Luk, S.H, “Warm Conpaction
O fers H gh Density at Low Cost”, Metal Powder Report, Vol. 49,
No. 9, El sevier Advanced Technol ogy, Oxford, United Kingdom

9. Engstrom U., “H gh Density PM Materials for Future
Applications”, PA 94, Vol.1l, pp 57-64, European Powder Metall urgy
Associ ati on.

10. “Standard Test Methods for Metal Powders and Powder
Metal l urgy Products”, Metal Powder |ndustries Federation,
Pri nceton, NJ, 1993.

11. Chnelar, J., Nelson, B., Rutz, H, Lutz, M Porter, J., “An
Eval uation of the ANCORDENSE Si ngl e Conpacti on Process and HPP
Processi ng Techni ques on Fine Pitched Spur and Helical Gears”,
Advances in Powder Metallurgy & Particulate Material s-1994,

Vol .5, pp 73-83, Metal Powder Industries Federation, Princeton,
NJ.

Not es
* ANCORDENSE is a trademark of the Hoeganaes Corporation.

**ANCORBOND is a registered trademark of the Hoeganaes
Cor poration



