PROPERTI ES OF HI GH DENSI TY FERROUS P/ M MATERI ALS
A STUDY OF VARI QUS PROCESSES

S H LUK H G RUIZ AND M A LUTZ
HOEGANAES CORPORATI ON
RI VERTON, NJ 08077

PRESENTED AT 1994 | NTERNATI ONAL CONFERENCE &
EXH Bl TI ON ON POANDER METALLURGY & PARTI CULATE MATERI ALS
MAY 8-11, 1994- TORONTO, CANADA

ABSTRACT

Several nethods of achieving higher density in ferrous P/ M parts
are possi ble. Double press/double sinter allows densities in
excess of 7.3 g/cn? but is limted by cost and geonetry

consi derations. A new nethod of single processing high
performance materials is evaluated and conpared to other nethods
of processing. The conparison is performed utilizing Ancorsteel
85HP and Di stal oy 4800A base materials. Various green and
sintered properties are evaluated including; green strength,
transverse rupture strength, tensile properties and i npact

val ues.

The data clearly denonstrates that the patented (1) ANCORDENSE™
process offers performance conparable to doubl e press/doubl e
sinter processing. Geen density values of approximtely 98. 5% of
the pore free density limt are achieved with a single conpaction
st ep.

| NTRODUCTI ON

The ANCORDENSE process is a patented powder prem xing and
conpaction technol ogy that enables the production of powder

metal lurgy parts by single press and single sinter operations to
densities of approximately 7.4 g/cnf. The ANCORDENSE preni xes are
a derivative of the ANCORBOND®** process (2), thus insuring good
flowability and segregation resistance. The ANCORDENSE process
utilizes traditional powder netallurgy conpaction equi pnent but
requires that the powder and tooling be heated to noderate
tenperatures in order to achieve high as-conpacted densities. The
ANCCORDENSE process is represented schematically in Figure 1. The
press ready powder is heated to a tenperature in the range of
265°F to 310°F prior to conpaction. It is reconmmended that the
powder tenperature be controlled to a maxi mumvari ation of +/-
5°F to insure mnimumpart to part variability. The ANCORDENSE
process utilizes a highly engineered | ubricant systemto optim ze



performance within this tenperature range.
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Figure 1: The ANCORDENSE Process

Fol | owi ng heating, the powder is held in a storage container t at
provi des powder to the shuttle. The die, top punch and any | arge
core rod assenblies are heated to the sanme tenperature as the
powder. The warm powder is fed into the heated die and conpaction
proceeds as in normal powder netallurgy processing to provide
hi gh density/ hi gh performance conponents. Rutz and Hanej ko (3)
offer a nore detail ed description of the conpaction process. The
ANCORDENSE process has been proven to be capabl e of conmerci al
production of high performnce powder netallurgy parts.

This paper will docunent various properties obtained by the
ANCORDENSE process and conpare these results to conventi onal
singl e and doubl e conpaction processes. Two hi gh perfornance
Ancor st eel ® ** based prem x conpositions were chosen for

eval uation. Test specinens were prepared and eval uated accordi ng
to standard procedures (4) for green density, green strength,
sintered TRS, sintered tensile and sintered Charpy i npact
properties. Additionally, data was collected to eval uate the
effect of the ANCORDENSE process on di mensi onal change and

ej ection characteristics.



PROCEDURE

Two prem x conpositions were prepared using both the ANCORDENSE
process and conventional prem x nmet hods. The ANCORDENSE process
utilized the newy devel oped | ubricant systemwhile the
conventional prem x utilized Acrawax as the lubricant. Typical
base material chem stries and specific prem x additions are
listed in Table I.

Table I. Prem x Conpositions Eval uated
Base Materi al Prem x Additions
Base Ni Cu Mo Ni G aphite | Lubricant
Powder (W.% | ((W.%9 | ((W.%9 | (W.% (W.% (W.%
D st al oy 4 1.5 0. 50 -- 0.5 0.6
4800A
Ancor st ee -- -- 0. 85 2 0.4 0.6
I
85HP
Test specinens were conpacted at 30, 40 and 50 tsi. In all cases,

between 5 and 10 test specinmens were eval uated for each test
condition. The green strength, transverse rupture strength, and
tensil e test speci nens were conpacted on a 10-ton hydraulic press
whil e the Charpy inpact speci nens were conpacted on a 22-ton

G ncinnati press. On both presses, the conventional m xes were
conpacted at anbient tenperature and speci nens were only
collected after the die had reached steady state tenperature
condi tions. The ANCORDENSE processed sanples were conpacted at a
powder and die tenperature of 290°F

In addition to the single press/single sinter sanples, both TRS
and tensil e speci nens were al so prepared using doubl e

press/ doubl e sinter techniques. Follow ng the first conpaction,
both the ANCORDENSE and conventionally processed naterials were
pre-sintered at 1400°F for 30 mnutes at tenperature in a 25%

No/ 75% H, at nosphere. These speci nens were then repressed at the
sane pressure used in the first conpaction step. The second
conpaction step was perforned at anbient tenperature for both the
ANCCORDENSE and t he conventionally prepared material s.

Once conpaction was conpl eted, sintering was done in a production
sintering furnace. The Di stal oy 4800A- based speci nens were
sintered at 2050°F and the Ancorsteel 85HP-based specinens were
sintered at 2300°F. In both cases, a 10% H,/ 90% N, at nbsphere was
used.

Green density, green expansion fromdie size, and green strength
were determ ned fromthe green strength bars. Density was




determ ned by i mrersion techniques for al
sintered hardness and sintered di nensi onal
change fromdie were determ ned on the TRS speci nens.

Addi tionally, TRS,

0.2% of fset yield strength
el ongation were determ ned fromflat unmachi ned tensile specinens
gauge length and at a strain rate of 0.1” per
Un- not ched Charpy i npact val ues were neasured on the Charpy bars.

with a 1"

RESULTS AND DI SCUSSI ON

Green Properties

sintered speci nens.

Val ues for
ultimate tensile strength and tensile

m nut e.

The green properties for the two mxes are listed in Table 2. For

both material s,

t he ANCORDENSE pr ocess achi eved hi gher green

density than the conventionally processed sanples (Figure 2). The
increases in green density ranged fromO0.08 g/cnf to over 0.14
g/cnt for a given conpaction pressure.
Table I1: Green Properties
Base Processing | Conpaction G een G een G een Peak
Mat eri al Techni que Pressure Density Strength Expansi on Ej ecti on
(tsi) (gl cnt) (psi) (% (tsi)
Ancorstee | ANCORDENSE 30 7.14 3370 0.19 2.15
! 40 7.31 3685 0. 26 2. 43
50 7.37 3580 0. 29 2.32
85HP Conventi on 30 7.00 1430 0.17 2.70
al 40 7.19 1770 0.23 3.68
50 7.29 1950 0. 27 3.90
Distal oy | ANCORDENSE 30 7.07 4100 0.17 1.99
40 7.29 4445 0. 23 2.30
50 7.36 4515 0. 29 2. 37
4800A | Convention 30 6. 93 1770 0.19 2.70
al 40 7.15 2170 0.24 3. 52
50 7.26 2450 0. 28 3.77
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Figure 2: Green Density versus Conpaction Pressure for Two
Material s (Ancorsteel 85HP+2% Ni +0. 4% G aphite +0. 6% Lubri cant
and Di st al oy 4800A+0. 5% G aphi te+0. 6% Lubri cant) Conpacted by
ANCCORDENSE and Conventi onal Techni ques
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Figure 3: Green Strength versus Green Density Conparing
ANCCRDENSE and Conventi onal Processing

For both materials, the ANCORDENSE process achi eved hi gher
densities at 40 tsi then the correspondi ng conventional prem X
did at 50 tsi. At 50 tsi, both ANCORDENSE prem xes attai ned
densities of over 7.35 g/cnt. This density |evel corresponds to
approxi mately 98.5% of the por-free density for those m x
conpositions. Past experience wth the ANCORDENSE process has

i ndi cated that obtaining this high percentage of pore free
density is typical for these two base material s.

The ANCORDENSE process shows significantly higher green strength
than the conventionally processed materials (Figure 3).
Dramatically higher green strengths were achieved relative to the
conventionally conpacted sanples, both at a given pressure and at
a given density. For both materials, the green strengths obtained
at approximately 7.2 g/cn?f with the ANCORDENSE process were 85%
hi gher than the conventional prem x strengths. The ANCORDENSE

Di st al oy 4800A achi eved the highest green strength of the group,
reachi ng over 4500 psi at 50 tsi.

Green expansion fromdie size is presented in Figure 4. At a



gi ven density, the ANCORDENSE processed materials exhibit
slightly | ower green expansion than the conventionally processed
materials. This may be an indication of the nmechani sm by which

t he ANCORDENSE pr ocess achi eves hi gher density conpared to
conventional conpacti on.

Wil e conpacting the green density sanples, the peak force during
ej ection was recorded. This neasurenent should be an indication
of lubricant performance. The data is presented in Figure 5. At
all conpaction pressures and green densities, the ANCORDENSE
process exhibited significantly |lower ejection forces than the
conventionally conpacted materials. This result confirns

previ ously observed results (3) and may provide significant
benefits to the powder netallurgy part producer.

Sintered Density and Transverse Rupture Strength

TRS bars were prepared from both conpositions utilizing four
di fferent processing techni ques:

ANCORDENSE si ngl e press/single sinter (SP/SS), Conventi onal
SP/' SS, ANCORDENSE doubl e press/ doubl e sinter (DP/DS)
Conventional DP/DS. Sintered density, dinensional change from
die, TRS and sintered hardness results fromthese tests are
listed in Table I11.

Figure 6 presents the sintered densities achieved for the

Ancor steel 85HP conposition utilizing all four conpaction
processes (sintered at 2300°F). The densities achieved through
ANCORDENSE SP/ SS were very simlar to those reached by
conventional DP/DS. Over the conpaction range, these densities
were on average ~0.15 g/cn? higher than the standard single press
results. Doubl e processing the ANCORDENSE sanpl es increased the
density even further, reaching over 7.6 g/cn® at 50 tsi.
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Figure 7: Sintered Density of D stal oy 4800A+0. 5% G aphi te+0. 6%
Lubricant Utilizing Various Conpaction Processes (Sintered at
2050°F for 30 mnutes in 10% H/ 90% N,)

The sintered densities (2050°F sinter) achieved with the Di stal oy
4800A conposition are shown in Figure 7. These results indicate
that the ANCORDENSE SP/ SS densities are once again about 0.15

g/ cn? hi gher than conventi onal

SP/ SS processi ng. Conventi onal

DP/ DS obt ai ns densities of about 0.1 g/cn? higher than the

ANCORDENSE SP/ SS for a given conpaction pressure.
ANCCRDENSE DP/ DS,

g/cnt to 0.12 g/cn? higher than the density achi eved by

By utilizing
the sintered density is increased, about 0.06

conventi onal DP/DS.
Table I'll: TRS Properties
Base Processi ng Conpact i on Sintered TRS D m Har d.
Mat eri al Techni que Pressure Density (10° psi) Chg. ( HRB)
(tsi) (g/ cn) (%
Ancor st eel ANCORDENSE 30 7.18 159.5 -0.25 83
SPI'Ss 40 7.36 192.1 |-0.13| 88
50 7.47 194. 6 -0.07 91
85HP ANCORDENSE 30 7. 36 194. 6 89
DP/ DS 40 7. 54 216. 7 92




50 7.63 221. 7 94

(2300°F [ Conventi onal 30 7.01 144.3 [ -0.27 | 79
Sinter) SPISS 40 7.22 166.0 |-0.16| 85
50 7.32 185.7 |-0.09| 88

DP/ DS 30 7.22 180. 2 87

40 7.42 212.0 92

50 7.50 221.9 94

Di stal oy ANCORDENSE 30 7.04 174.8 0. 17 90
SP/ SS 40 7.27 199. 6 0.25 94

50 7.35 210.1 0. 30 97

4800A ANCORDENSE 30 7.20 218.5 94
DP/ DS 40 7.40 245. 4 97

50 7.49 246.0 100

(2050°F | Conventi onal 30 6. 90 141. 4 0. 11 81
Sinter) SPISS 40 7.08 183.5 0. 24 87
50 7.20 194. 1 0.28 91

Conventi onal 30 7.12 199. 4 90

DP/ DS 40 7.34 238.8 94

50 7.46 261.1 96

Di mrensi onal change fromdie size is presented in Figure 8 for
both materials. For a given density, the ANCORDENSE processed
materials exhibited slightly nore shrinkage (Ancorsteel 85HP) or
| ess gromh (D stal oy 4800A) fromdie size than the
conventional ly processed materials. The difference in di nensional
change between the two processes can be correl ated back to the
difference in green expansion (Figure 4). The results indicate
that the two processes obtained the sanme degree of sintering.
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Figure 11: Hardness Values for the Ancorsteel 85HP and the
Di stal oy 4800A materials Conpacted Utilizi ng ANCORDENSE and
Conventional Processes

Transverse rupture values for each of the four processes are
shown in Figure 9 for the Ancorsteel 85HP material and in Figure
10 for the Distaloy 4800A material. Both graphs clearly show the
i nportance of density on strength. For both materials, the
ANCORDENSE SP/ SS process provides approximately a 12% strength

i ncrease over the conventionally processed prem xes for each of
the conpaction pressures. It is inportant to note that at the
hi gh density | evels achieved, the TRS speci nen deflects
significantly during the test. This suggests that tensile test
results are a better nmeasure of material performance. Hardness
val ues generated on the TRS specinens are shown in Figure 11
These results generally follow the TRS val ues and agai n i ndi cate
t he dependency of physical properties on density.

Tensil e Properties

Tensil e properties, including 0.2% offset yield strength,



ultimate tensile strength, elongation and hardness, were

determ ned for both m xes. Both SP/SS and DP/ DS data were
collected for each material and conpaction nethod with the
exception of the ANCORDENSE processed D stal oy 4800A, where only
SP/ SS data were determ ned. The results are listed in Table IV.
The data for ultimate strength, 0.2% offset yield strength and
el ongation for the Ancorsteel 85HP conposition are shown in
Figures 12 through 14, respectively, and for the Di stal oy 4800A
conposition in Figures 15 through 17, respectively. In a simlar
fashion to the TRS results, the strength and el ongati on val ues
all show a significant dependence on density.

For the Ancorsteel 85HP conposition, the yield and ultimte
strength obtained with the ANCORDENSE process are inproved for a
given density level relative to the conventional prem x

Eval uating the SP/SS processes for a given conpaction pressure,

t he ANCORDENSE process provided an average increase in yield
strength of 11% and an average increase in ultimte strength of
13. 5% over conventional processing. In review ng the DP/ DS
processes, the ANCORDENSE prepared sanpl es achi eved an i ncrease
of 8.3%and 8.8%for yield and tensile strength, respectively,
over the conventional process. Even though the conventional DP/ DS
process provided marginally higher sintered density than the

SP/ SS ANCORDENSE process, the strength values are nearly

i dentical at equivalent conpaction pressures. Elongation val ues
(Figure 14) indicate a very strong dependence on sintered
density. Noteworthy anong the data is the nearly 6% el ongation
obt ai ned by the DP/ DS ANCORDENSE process.

Simlar trends were obtai ned when the D stal oy 4800A chem stry
was eval uated (Figures 15-17). The yield and ultimte strengths
i ncreased an average of 11.3% and 17.3% respectively, for the
ANCCORDENSE 5P/ SS sintered sanples over the conventionally
processed SP/ SS sanpl es. The SP/ SS ANCORDENSE sanpl es i ndicate
only slightly lower yield and tensile strengths conpared to the
conventional DP/DS sanples for a given conpaction pressure.
However, the ANCORDENSE SP/ SS sanpl es do indicate nmuch hi gher

el ongati on val ues.
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Table I'V: Tensile Properties
Base Pr ocessi ng Conp Sinter | Sinter 0.2% uTs El ong Har d
Mat eri al Techni que Press Tenp Den Yield (10® (% ( HRB)
(tsi) (°F) | (g/cnt Strg psi)
) (1_0)
psi
Ancor st eel ANCORDENSE 30 2300 | 7.17 | 61.3 | 82.0 | 1.91 84
SPI'SS 40 7.39 | 67.7 | 92.9 | 2.76 | 88
50 7.46 | 70.3 | 97.4 | 3. 27 90
85HP ANCORDENSE 30 2300 | 7.33 | 68.9 | 92.4 | 2.49 87
DP/ DS 40 7.51 | 72.6 [101. | 4.17 | 92
50 7.60 | 76.9 6 5.81 95
105.
5
Convent i onal 30 2300 | 7.02 | 56.2 | 70.8 | 1.50 79
SPI'SS 40 7.26 | 60.6 | 82.1 | 2.30 | 87
50 7.36 | 62.6 | 87.2 | 2.70 88
Convent i onal 30 2300 | 7.23 | 61.7 | 82.5 | 2.20 85
DP/ DS 40 7.44 | 69.0 | 94.5 | 3.20 | 91
50 7.55 | 71.8 | 98.8 | 4.10 92




Di stal oy ANCORDENSE 30 2050 [ 7.07 [ 53.4 [ 92.0 [ 2. 24 89
SP/ SS 40 7.27 | 55.8 | 102. 2.79 92
50 7.34 | 57.7 2 2.95 93
106.
9
4800A Conventi onal 30 2050 | 6.91 [ 45.9 | 76.8 | 1.98 83
SP/ SS 40 7.12 | 50.8 | 87.4 | 2.36 89
50 7.24 | 53.8 | 92.8 | 2.42 90
Conventi onal 30 2050 | 7.13 [ 55.5 | 91.1 | 2.05 91
DP/ DS 40 7.34 | 62.3 | 105, 2. 49 95
50 7.45 | 65.3 9 2.65 97
115.
0

| npact Properties

| npact testing was perfornmed on SP/SS sanples only and the
results are listed in Table V. The results are plotted versus
sintered density in Figure 18 for the Ancorsteel 85HP base
material and in Figure 19 for the Di stal oy 4800A base materi al .
As expected, both figures indicate that the inpact energy is a
function of density for each chem stry and not a function of
conpaction technique. The higher density achieved for the
ANCORDENSE processed materials allow significantly higher inpact
properties to be realized. The highest val ue achi eved by the
Ancor steel 85HP m x processed by the ANCORDENSE techni que was 39
ft-1bf at a sintered density of 7.42 g/cn? This value is over 33%
hi gher than the highest val ue achieved by conventional conpaction
t echni ques.
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Tabl e V: | npact Properties
Base Pr ocessi ng Conpactin Sintering Si nt ered I mpact Har d
Mat eri al Techni que g Tenp Density Ener gy ( HRB)
Pr(etsssil;re (°F) (g/ cnB) (ft-1bf)
Ancor st eel ANCORDENSE 30 2300 7.09 13.8 79
SPI'SS 40 7.34 27.8 86
50 7.45 39.3 90
85HP Convent i ona 30 2300 6. 90 12.6 77
' 40 7.23 21.0 82
SPI'SS 50 7.37 29. 6 86
D stal oy ANCORDENSE 30 2050 7.04 17. 4 84
SPI'SS 40 7.25 20.0 89
50 7.34 20.0 92
4800A Convent i ona 30 2050 6. 90 13.6 81
' 40 7.10 16. 6 85
SPI'SS 50 7.24 19. 8 87




CONCLUSI ONS

A conparison was nmade bet ween ANCORDENSE processi ng and
conventional conpaction techniques utilizing two prem xes
(Ancorsteel 85HP+2% Ni ckel +0. 4% G aphi t e+0. 6% Lubri cant sintered
at 2300°F and Di stal oy 4800A+0. 5% G aphi t e+0. 6% Lubri cant
sintered at 2050°F). Both single press/single sinter and doubl e
press/ doubl e sinter techniques were perfornmed. The foll ow ng can
be concl uded fromthe study:

1) Green density increases of up to 0.14 g/cn? were obtai ned
fromthe ANCORDENSE process. The single press/single sinter
density increase realized by the ANCORDENSE process ranged from
0.14 to 0.19 g/cn?. Single press/single sintered density val ues
of over 7.45 g/cn? were obtained fromthe ANCORDENSE processi ng
of the Ancorsteel 85HP chem stry.

2) Sintered density inprovenents on the doubl e press/double
sinter sanples utilizing the ANCORDENSE process ranged from 0. 03
to 0.14 g/cn? over conventional processing for a given conpaction
pressure. Sintered density values in excess of 7.6 g/cnt were
obtained for the Ancorsteel 85HP material utilizing the
ANCCORDENSE pr ocess.

3) The ANCORDENSE process produced green strength enhancenents
of over 85% when conpared to the conventionally processed prem x
Green strengths in excess of over 4500 psi were obtained fromthe
Distaloy material utilizing the ANCORDENSE process.

4) Al'l physical properties showed a strong dependence on
sintered density. For a given conpaction pressure, the ANCORDENSE
processed materials consistently achi eved higher density and thus
hi gher physical properties, than the conventionally processed
materials. O particular note are the inpact values of nearly 40
ft-1bf for the ANCORDENSE SP/ SS processed Ancorsteel 85HP

mat eri al and the el ongation values of nearly 6% for the
ANCORDENSE DP/ DS processed Ancorsteel 85HP materi al.
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